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Jlexuus 1. ATOMHBIM U MOJIEKYJISIPHBI COCTAB XUBBIX OPTAHU3MOB
AmomHulil cocmas JHCUgbixX OP2aHUIMOS - OP2AHO2EHbL, MAKPOINEMEHMbL U

MUKDPOITIEMEHMbL - buono2uyeckoe qbpaKL;MOHupogaHue usomonos - pa0u0u3omonnoe
0np€()€]l€HM€ uckonaemblx ocmamkos - MOJleKy]Zﬂprlﬁ cocmaes JHCUBblX OpPcaHU3IMoe6 - 600a -
HeopeaHuvecKkue UuoHvl - nozmcaxapudbz - aunuoel - Oeaxku u HYKJIEUHO8ble Kuciombsl -

pa3H006pa3ue HCUBBIX OPSAHU3IMOB HA ANMOMHOM U MOJNEK)ISIDHOM YPOBHAX

ATOMHbBIN COCTAB XMBbBIX OPIAHU3MOB

B xuBbIX opranusmax oOHapy:kuBaroTcsi ToJbkKO 40 Hanbosiee JErKUX 3JIEMEHTOB U3 92
MPUPOJHBIX XUMHUYECKHX 3JEMEHTOB, MPHUCYTCTBYIOIIUX B 3eMHON kope. [lpuyem u3 stux 40,
BEPOSITHO, TOJIBKO 27 CyIIECTBEHHBI ISl )KU3HEACSITEILHOCTH OPTraHU3MOB, OCTAJILHBIE 3JIEMEHTHI
(Hampumep, BUCMYT, CBUHEII, OJIOBO, KaMUH, CypbMa, TaJUTHA U JIp.) SBJSIOTCS 3arpsA3HIIONIMMHU
MpUMECSIMA. ATOMHBIA COCTaB JaK€ OYCHb pAa3HBIX 110 YPOBHIO CIIOKHOCTH OPTaHH3MOB
pa3nuyaeTcss 3HAYUTENBHO MEHBIIE, YeM COCTaB JI0OOr0 OpraHu3Ma OTJIMYaeTcsl OT COCTaBa
nutocdepsl (puc. 1).

Ha nonto gersipex xumuueckux 3meMeHToB - C, O, H u N - npuxoautcs okono 98% Beca
opranusma. M3 3TUX 3JIEMEHTOB COCTOSIT BCE OPraHUYECKHUE COCAMHEHUS, IIOPTOMY UX HA3bIBAIOT
OPTAHOT'EHAMMU. OctaibHble 3JI€MEHTbI, COCTABIISIOLIME OPraHu3M, MOAPA3ACIAIOTCS Ha
MAKPODJIEMEHTHI (K, S, P, Cl, Mg, Na, Ca u Fe), koTopble coziepKaTcsi B KOJIMISCTBE
0.01-0.1 BecoBwix %, 1 MUKPOSJIEMEHTHI (Zn, Cu, I, F, Mn, B, Br, Co, Mo, Si, Ba, Se, V, Cr,
Ni), conepxanue koTopsix MenbIe 0.01%.

HecMoTpst Ha maible KOIMYECTBA, MUKPOIJIEMEHTHI BHITIOTHSIIOT HEKOTOpPhIE He3aMEHUMBIE
byHKIMK (HampuUMep, BXOIAT B COCTaB (DEPMEHTOB), MOITOMY HEIOCTATOK JIOOOTO W3 HUX
MPUBOJIUT K CEPhE3HBIM HApyUICHHsIM oOMeHa BemiecTB. M30BITOK MHUKPOARIIEMEHTOB CTOJb XKe
OMMACeH Wu3-32 BO3MOXXHOCTH WX BCTYIUICHUS B Hecnenupuueckne XUMHUYSCKHAE PEAKITHH.
HeoOxomumo, 4TOOBI WX KOHIIEHTpAIMHM OBbLTA TOYTH TOCTOSIHHBIMHU, T.€. MEHSUINCh B OYEHD
MaJIBIX TpeAenax oT 10* no 10° momeit BecoBbIX MPOILICHTOB. XOTSI OpPraHU3Mbl 00JIaJAI0T
CIIOCOOHOCTBIO BBIBEJICHHS M30BITKA MHKPOIJEMEHTOB W TSDKEIBIX METAJJIOB, OHM HE BCErja
MOTYT CIIPaBUTBCS C OTOW 3amadeil, OCOOCHHO B YCIOBHUSX TEXHOTCHHOTO 3arps3HEHUS,
MOCJIEJICTBHSI KOTOPOTO €I1Ie BO MHOTOM HE SICHBI.

Bo3HMKHOBEHHE W CYIIECTBOBAaHWE 3E€MHOW KH3HHU, OYEBHIHO, CTAJIO BO3MOXHO JIHIIb
OJilaroapsi yHUKaJIbHOW CIIOCOOHOCTH yTJIepoia 00pa30BBIBaTh OOJBIITNE MOJIEKYJIBI. 13-3a ManbIx
pa3MepoB M HaJgW4Yus BO BHENIHEH 00OJOYKE YETHIPEX OJIIEKTPOHOB aTOM YIIIEpoJa MOXKET
00pa3oBBIBATH YETHIPE
MPOYHBIE KOBAJICHTHBIC CBSI3W C JPYrUMH aTomamu. HauOonee BaKHOE 3HAYCHHE MMEET
CIIOCOOHOCTh aTOMOB YTJIEpOJa COSAUHATHCS APYT C IPYroM, 00pa3ysi 1Ny M KOJIblla U CO3/1aBast
B pe3ysbTare OOJBIINE U CIIOXKHBIE MOJIEKYJIbI, HA pPa3Mepbl KOTOPBIX HE HAKIIAABIBACTCS HUKAKUX
orpanudeHuil. J[0 HEKOTOPOU CTETIEHH aHAIOTMYHON CITOCOOHOCTHIO 00aaaeT Si, 4TO Jano MOBOJ
JUISL PACCYXKIEHUM O BO3MOYKHOCTH CYILIECTBOBAaHMSI BHE3EMHOM XM3HM HAa OCHOBE COCIUHEHHUI
kpeMmHMs. OHAKO OH YCTYyMaeT Yriepoay B YCTOMYMBOCTH COCTMHEHUM, COJEPIKAIINUX CTPYKTYPhI
W3 OJMHAKOBBIX aTomoB. [locne yrimepona HamOoniee ATWHHBIC IEMH U3 OJAMHAKOBBIX aTOMOB
W3BECTHBI JIJIS1 CEPBHI.

Kaknpiii U3 XMMHYECKUX 3JICMEHTOB MMEET HECKOJIbKO M30TONoB. OHM 00JIaIal0T MOYTH
OJIMHAKOBBIMH XWMHUYECKHUMH CBOMCTBAMH, OJTHAKO MOJICKYJIBI, COJIEpP KAl JIETKHE H30TOIIbI,
MOJIBIDKHEE, YEM MOJICKYJIbI, COICPIKAIIUE TSHKENBIE U30TOIBI, U XUMUYECKHE CBS3H, 00pa3yeMble
TSOKETTBIMU  M30TOMAMHU, TMPOYHEE, YeM TaKHe e CBsI3U, 00pa3yemble JIETKUMH HW30TOIMaMHU.
[ToaToMy MoOJIEKYJIBI, COAEpIKAIIUE JETKUA W30TOII, JIerde BCTYMAIOT B XUMHYECKHE PEAKIUU U
Takue mporecchl, kak auddysus, adcopOuus, ucrnapeHue u T.1. B pesynbrare yriaepos >KHBBIX
OpPraHU3MOB OKa3bIBA€TCSl OOOTAIIICHHBIM H30TOTIOM "2C 1o oTHOWICHNUIO K HCXOJTHOMY JUJISl BCETO
XKUBOrO yriepoxay armocdepHoro CO,, moToMy dYro B Tporecce (OTOCHHTE3a pPACTCHHS
MPEIMOYTUTENBHO TOTIOMAIOT 2C0o,, a OpraHWYECKH KHUCIOPOJ OKa3bIBaeTcs oboraiieH
u30TonoM °O cuibHEe, YeM BOXA M KHCIIOPOJ aTMocdephl, HO MEHbBIIE, YeM aTMOc(hepHBIi



yriekucibiid Ta3. 9to sBieHue HazpiBaeTcss BIOJIOTMYECKUM ®PAKIIMOHUPOBAHUEM
N30TOIIOB.

B cocTtaB XKuBBIX OpPraHM3MOB BXOJAT U HEKOTOpbIE PaJMOAKTUBHBIE H30TONbBI, U 3TO
UCTOJB3YETCs AJIsl ONMpEAEIeHUs] Te0JOrMYECKOro Bo3pacTa HCKOMAaeMbIX OCTaTKOB. IIpupoaHsii
YIIepo comepxkuT mpuMepro 99% “C u 1% "C. KpoMe Toro, mpe BO3LEHCTBHE KOCMUYECKHX
Jydeii Ha aTMOC(epHBIH a30T 06pasyeTcs paaHoaKTHBHbI yruepos 'C. dtor *C okucmnsercs 10
'“CO, n ycBamBaeTcs pacTEHHSMH, a 3aTeM MONANACT U B TKAHU KHBOTHBIX. [TOCKOIBKY TIEPHOL
noytypacrnaza “C T =5 668 ner, To MEXTy 00pa3oBaHHEM U pacHaioM 4c yCTaHaBIUBAETCA
CTAIMOHAPHOE PABHOBECHE, TAK YTO OTHOCHTEIbHAS KOHIEHTpAIMs 'C B KHUBBIX OPraHH3MAax
paBHa 107 r C ma 1 r "°C. Tlocne CMEpTH OpraHu3Ma OOMEH MeXay HUM U aTtMochepoit
TpeKpamaeTcs, u A0 'C, COMEpIKAIErocs B ero TKAHAX, HAYMHACT yMEHBIIATHCS BCICICTBHE
paZMOAaKTUBHOIO pacnajga. OTOT pachaj MPOUCXOAUT KaK IPOLEcC MNEepBOr0 MOpsIKa 0
AKCIIOHEHIIMAJIbHOMY 3aKOHY:

A = A, exp(-t7In2/T),

rae A, - 0y o COBPEMEHHBIX JKUBBIX OpraHu3Max, A - 10Js o

MCKOTMIAeMBIX OCTaTKaX, t - BO3PACT HAMIEHHBIX MCKOMMAEMbIX OCTaTKOB. B

IIPEJIIONOKEHHIH, 9TO CKOPOCTh 0OpasoBanust | 'C B arMochepe ObLIa ITOCTOSHHA B HCTOPHH
3emun, U3MepUB A, MO’KHO pacCUMTaTh t.

[IpoBepka 53TOro mnpeaAnonoxkeHus ObljIa MpOBEIeHAa CpaBHEHHMEM Bo3pacTa o00pasloB
JpeBEeCHMHbl MaMOHTOBOro J1epeBa (Sequoia gigantea), ONpPEIECNCHHOTO IO COJEPKAHHIO
PaZMoaKTUBHOTO YIJIEpOJa, C BO3PACTOM, MOJACYUTAHHBIM IO YHCIY €ro TOAMYHBIX Koiyel. Takas
MIPOBEPKA, TaK ke, KaK U MPOBEPKHU C UCTIOIB30BAHUEM JAPYTUX YIIIEPOJCOIEPKAIIINX MAaTEPHAIIOB,
HarpuMep, IPEBECHHBI M3 3axOpoHEHWW mnepuona llepBoil JUHACTUM ETUINETCKUX (PapaoHOB,
JATUPOBAHHBIX HCTOPUYCCKUMHU METOAAMH, Jalld YIOBICTBOPUTENIbHBIE pe3ynbTaThl. OIHAKO
pPaguoyTIIEpOAHBIA METOJ NaTHPOBAHUS HE MPUMEHUM IS 00pas3ioB ¢ Bo3pacToMm meHee 2000
JIET, TMOCKOJIbKY JJII HUX BENUKa OIMOKA, CBSI3aHHAS C COKUTAHMEM YT M HepTH, B KOTOPBIX
nouts Het ' *C ¥ KOTOpBIe Pa3baBIAIOT COBPEMEHHbIH arMocdeprbii 'C, a B MOCTIEIHEE BPEMS - C
yBeIMUeHHEeM 06pa3oBaHus | 'C B pe3ylbTaTe SACPHBIX B3PHIBOB.

Jpyroe orpaHuuyeHue paguoyTIEpPOAHOIO METOJA AATHPOBAHMS CBSI3aHO C OIIMOKaMU B
M3MEPEHHH OYCHb MaybIX KOMHYECTB | 'C, OCTABIIErocs B 00pasIax, BO3PACT KOTOPBIX MPEBHIIIACT
20 000 met. ITosToMy B TakMX Cilydasx JUIsl OIPEAESICHUS T€OJIOTUYECKOr0 BO3pACTa UCTIOIb3YIOT
oiee MEIICHHO PACTafAlONIMecs PaHOaKTHBHBIC H30TOIBI, HAPHMEp, ' K, pacragarommiics 10
P Ar ¢ meprogom momypacmaga T = 1.3710° xer u npexcrasistommii co6oit "ocrarku” toro “K,
KOTOPBI MPUCYTCTBOBAI MPH 00pa30BaHUU 3€MITH.

3amaua 1. CaexecpyOjeHHass IPEBECHHA COJICPKHUT H3OTOI 14C, pacnajarouumcst co
cKopocThio 15.3 aToMa B MUHYTY B pacueTe Ha | T yriepoaa (3TO COOTBETCTBYET YHCITY b-4acTull,
HCITY CKa€MbIX M30TOIIOM HCaal MUHYTY, ©3MEPEHHOMY cueTdukoM I eiirepa). Y cTaHOBIICHO, UTO
JPEBECUHA JIEPEBbEB, 3aChIIAHHBIX IEMJIOM IMPU HU3BEPKEHUM ByJIKaHa Mas3aMa Ha lore mrara
Operos (CILIA), maer 6.90 b-pacragos atomos ''C B MuHyTYy B pacuere Ha 1 r yrmepona. Koraa
MIPUMEPHO MPOU3OILIO U3BEPIKEHUE ByIKaHA?

3amaua 2. Haiinennsie B BoctouHoit Adpuke CkeIeThl CHHAHTpPONa ObLIA HM3BICYCHBI W3
BYJIKAHMYECKOr0 TIeIjia, COAEPIKAIIEro MHUHEepasibl Kanus. MeToJoM Macc-CIEeKTPOCKOIUU
YIAJIOCh OMPENEIUTh, 4YTO “Ar B memme cocramser 0.078% ot 0o0IIero KOIMYECTBA
IIPUCYTCTBYIOLIETO “K. B nauHoMm ciIy4ae OAr oOpa3oBaiics B pe3ysibTaTe b-pacnajaa YK,
COJIEp>KaBIIETOCs
B TIEIUIC, BHIMABIIEM TP U3BEP)KEHUU BYJIKaHA, a paHee 00pa30BaBIINNACS
O ArrBeieIUICS W3 TaBBI B nporecce u3BepxkeHus. Kakoil Bo3pacT MMEOT OOHapy>KCHHBIC
CKEJICThI?

MOIJIEKVJISIPHBIN COCTAB XXHUBBIX OPT AHU3MOB



Tak ke, Kak W IO aTOMHOMY COCTaBy, MO COJEPKAHUIO OCHOBHBIX KJIAaCCOB MOJEKYJ
pa3IU4HbIE OPraHU3Mbl HE CWIBHO OTJIMYAKOTCS APYT OT Apyra. MOJeKyJIApHbIA COCTaB TUITMYHOMN
YKUBOM KJIETKH MPUBEJICH B TaOIHUIIE

1.
Tabmura 1
Kommnonent Jons ot o6mieit % MoneKynﬂpgaﬂ
MAacCChl KJIETKH, macca, [a
Pora 70 18 1-
Heoprannueckue noHsl 1 100
Benku 15-18 10°-10’
PHK 1.1-6 23710°-10°
JIHK 025-12 107-1012 57103-
[Tonucaxapus 2-53 103
JTHIHIb! 500-103
HuskomMosnekyisipHbie METaOOTUTHI 102-103
*TanbToH ([la) - mpuHsTass B OMOJIOTMH SAMHMIA MACChl, MPAaKTHYECKH paBHas Macce atoma Bojopoaa (T.e. 1.0000 1o mikaige aTOMHBIX

Macc).

BOJIA

Boga - 310 camoe pacnpOoCTpaHEHHOE COEIMHEHHE B JKMBBIX opraHu3max. OHa 3aIoyIHsAeT
KJIETKH W MEXKJIETOUYHbIE IPOCTPAHCTBA W IMPEJCTaBIsieT coOOi Ty cpeay, B KOTOpOM
ocyIecTBIsAOTCS AU Py3us BelecT, XUMUYECKUE PEAKIIMU U B3aUMOJEHCTBHS MAaKPOMOJIEKYI
(6enKOB M HYKJIEMHOBBIX KHCJIOT) Ipyr ¢ Apyrom. Kpome Toro, Boja cama HEMOCPEICTBEHHO
y4acTByeT BO MHOTMX XHMMHUYECKHX peakUusiX KiIeTKu. /[Ba cBoilcTBa BOIBI - cnocoOHocmb
06paszosvieams  6000pOOHble C6A3U W obpamumas UOHU3AYuUs - OKA3bIBAIOTCS BEChbMa
CYLLIECTBEHHBIMU AJIs1 IPOTEKAHUSI BHYTPUKIIETOYHBIX MPOLIECCOB.

ATOMBI KHCJIOpPOJAa W BOJOpOJAa OOJAaJalOT pa3HbIM  CPOJCTBOM K  DIIEKTPOHY
(27EKTPOOTPULIATEIBHOCTBIO), M, XOTSI MOJIEKYJIAa BOJIBI B IIEJIOM
JJIEKTPUYECKU HEWUTpallbHA, HA KUCIOPOAE JIOKAIU3YETCs YAaCTUYHBIA OTPULIATEIBHBIM, a Ha
aTOMax BOJOPOJA - YaCTUYHO IOJIOXKHUTEIBHBIN 3apsanbl. biarogaps TakoMmy MpOCTpaHCTBEHHOMY
Pa3leNIeHNI0 3apsA0B COCEAHME MOJIEKYJIbl MOTYT 3JEKTPOCTATUUECKHM INPUTATUBATHCA IPYr K
apyry. TakoW THII 3JIEKTPOCTATHYECKOTO NPUTSHKEHUS MEXKIYy YaCTUYHBIMHU 3apsiIaMH DJICKT-
POHEHTpanbHEIX ~ Monekyn HasbiBaercs BOJOPOJHOM  CBS3bIO, mockombky — nBa
JIEKTPOOTPHULIATENIBHBIX aTOMa OKa3bIBAIOTCSl CBSI3aHbl 4epe3 aToM Bojaopoaa (puc.2).
Bopmoponnsie cBSi3M XapakTepHbI HE TOJNBKO Jis BoAbl. Kak Oyner ommcanHo manee, OEIKd H
HYKJICMHOBBIE KUCJIOTBI COZAEPKaT OOJBIIOE YMCIO BHYTPUMOJEKYJSPHBIX BOJAOPOAHBIX CBs3El,
KOTOpbIE WIPalOT BaXXHYIO pPOJb B OpraHU3allMd CTPYKTYphl W (YHKIMOHMPOBAHUHM 3TUX
MaKpOMOJICKY L.

Bopopoanbie ¢BS31 HaMHOTO cilabee KOBAIEHTHBIX. DHEPTHsl BOJOPOIHBIX CBSA3EH B KHJIKOM
Bojie (T.e. PHEprus, HeoOXoauMasl NIl pa3pylICHHs] OJHOW CBSI3M) COCTaBisAeT mpuMepHo 18.8
k/x/Monb, TOrza Kak SHeprust KoBajeHTHBIX cBsizei H-O B Monekymax Boasl paBHa 460
k/x/Monb. Monekynasl B JKHIKOW BOJE HAXOIATCS B HENPEPHIBHOM TEIUIOBOM JIBUIKEHUH,
MO3TOMY O0O0pa3yIoIIMecss BOJOPOJHBIE CBSA3M IOCTOSHHO W OBICTPO pa3pbIBAIOTCS U BHOBb
BOCCTAaHABIMBAIOTCA. CpeiHee BpeMs KU3HU BOAOPOJHON CBSI3U IIPU KOMHATHOW TEMIIEpAType HE
IIPEBBIIIACT 1.57107 ¢. Kaxmas MOJIEKYJIa BOJBI B MPHHILIUIIE MOXKET 00pa30BBIBATh BOJOPOIHbIC
CBSI3M MaKCUMAaJIbHO C YETBIPbMs COCEJHUMH MOJIEKYJIaMH, OJHAKO TP KOMHATHOM TEMIIEpaType
B JIIO0OH JTAaHHBIM MOMEHT KakJ1asi MOJIEKYJia BOAbI 00pa3yeT BOJIOPOIHBIE CBS3H B cpelnHeM ¢ 3.4
IPYTHX MOJIEKYJL.

bunonspHelil XapakTep MOJEKYJIbl BOJBI J€JacT €€ 3HAYUTEIbHO JYUIIMM PAaCTBOPUTEIIEM,
4yeM OOJBIIMHCTBO JAPYIMX OOIIEHU3BECTHBIX JKUAKOCTEH. B Bome pacTBOpAIOTCS OYEHb MHOTHE
BEIIECTBA, NMPUYEM PACTBOPHUMOCTb HEKOTOPBIX BEIIECTB OMPEAEISETCS CIIOCOOHOCTBIO BOJIBI



00pa3oBBIBATH BOAOPOAHBIC CBSI3U C THAPOKCHIBHBIMH M KapOOKCHIIBHBIMU TPYHIIAMH JIPYTHX
MoJiekys. Kpome TOro, BBICOKOE MEXMOJIEKYJIIPHOE CLEIUIEHHE B BoOJE, OOYCIOBICHHOE
00pa3oBaHMEM BOJOPOJIHBIX CBS3CH, UMEET CIIEJCTBHEM aHOMAJIBHO BBICOKHE IO CPaBHEHHIO C
OOJIBIIMHCTBOM JIPYTMX KHJKOCTEH YAEIbHYIO TEIUIOEMKOCTh M TEIJIOTY MCIApEeHUs BOABL. DTH
O0COOEHHOCTH BOJIbI Ba)XKHBI I MOJJEPKAHUS MOCTOSHCTBA BHYTPEHHEW TeMIIEpaTypbl KUBBIMU
opranu3mamu. IIpy HM3MeHEHMM TemIepaTypbl BHEIIHEH cpeabl B KIETKE MPOUCXOIUT IOIJIO-
LIEHWE WIN BBIJEIICHHUE TeIia Onaronapsi pa3pblBy WM HOBOOOPA30BaHHIO BOJOPOAHBIX CBS3EH
MEXJy MOJEKyJaMH BoJbl. TakuMm oOpa3oM, KojeOaHHs TeMIepaTypbl BHYTPH KJIETKH, HECMOTPS
Ha pe3KHe ee M3MEHEHHUs BO BHEUIHEW cpejie, OCIalisfoTCs; BOJIa BEICTYIIAET B POJIM TEPMOCTATA.
bnaronaps

BBICOKOM TETUIOTE UCTIAPEHUST OPTaHU3MbI MOTYT Y (PEKTHBHO 3AIUIIATHCS OT

IeperpeBsa, OCKOJIbKY Ha MCIapeHue 1 T BOABI C MOBEPXHOCTH JIUCTA WU

B BU/JIE TI0TA C IOBEPXHOCTH KOXH pacxoayercs 2.26 k[ TernaoBoil SHEpruH.

X0Ts MOJEKyJbl BOABI 00Jaal0T JHIIbL c1a00 BBIPa)KEHHON CIIOCOOHOCTBIO K OOpaTHUMOI
MOHU3AIMH, 06pasyonuecss Ipu 3ToM HoHsl ruapokconus (H;O') u rugpokcuna (OH') urparor
UCKJIIOUUTENIFHO BaXHYIO pOJIb B OHONOrMYeckHX mpoueccax. IlocKoibKy — MossipHas
KOHILEHTpalusi HMOHA THUJIPOKCOHUS Majla, €€ NPHUHATO BBIPAXKATh 4Yepe3 BEIMYUHY €€
OTPULIATENILHOTO AECATUYHOTO Jorapudma, KOTOpbIii 0003Ha4YaeTCsl CHMBOJIOM D:

pH = -Ig ((H;0")).
Ot BennuuHbl pH 04eHb CHIIBHO 3aBUCAT CTPYKTYpa, pACTBOPUMOCTb U OMOJIOTHYECKast
aKTUBHOCTb MaKpOMOJIEKYI.

3agaua 3. Paccuutaiite, kKakoe KOJUYECTBO PHEPTUU HEOOXOAMMO Uil OJHOBPEMEHHOIO
paspbiBa BCEX BOJOPOIHBIX CBsizel B 1 J1 BOJbI, Haxosmiemes mpu 25°C.

HEOPI'"AHMYECKHWE NOHBI

M3 HeopraHm4eckux BEIIECTB KIETKM Oojblllas 4YacTb HAXOAMTCA B BHAE COJIEH.
KoHueHTpanuy KaTMOHOB M aHMOHOB B KJIETKE M B Cpelie €e OOMTaHHWs, KaK MPaBUIIO, CHUIIBHO
oTnuyarotrcs. Hampumep, BHYTpPH KMBOTHOW KIJIETKHM KOHLEHTpauus Kainus paBHa 140 MM, a
HaTpud - OoT 5 10 15 MM , Torza Kak B MEeKKIETOYHOW WM BHEUIHEH cpene Mano kanus (5 MM) u
JOBOJILHO BBICOKass KoHIeHTpauusi HaTtpus (145 mM). Kak Oyner BHOHO W3 JaibHEHIIETO
U3JIOKEHUS, ATO pa3jvyue B KOHLEHTPALIMM HOHOB MEXKIY KIETKOW U CPENON BBINOIHSET
CTIEUUANBHYI0 (DYHKIUIO CO3[JaHHMS PAa3HOCTH MOTEHIMAJIOB Ha IUIa3MaTHYecKOW MeMmOpaHe W,
IIOKa KJIETKa >XMBa, aKTMBHO mnoxnepkupaercsa. Ilocime cmepTtu KIeTKHM colep)kaHHe HOHOB B
KJIETKE U cpefie ObICTPO BHIPABHUBAETCS.

OT coneil B 3HAUMTENBHOW Mepe 3aBHCAT IMOCTYIUIEHHE BOJAbI B KJIETKy M OydepHble
CBOMCTBa KJIETOK M TkaHeW. Kiierounele MemOpaHbl MPOHMLIAEMBI JJIS MOJIEKYJ] BOJbI H
HEMPOHULAEMbl JUIsl KPYNMHBIX MOJEKyl1 MW HOHOB. Ecinm B cpene coxaepikaHue Bojabl Oojee
BBICOKOE, YEM B KJIETKE, TO BBIPABHMBAHME KOHILIEHTPALlMM BOJbBl MEXAY KIETKOH U Cpenoi
IIPOUCXOJUT IyTEM NPOHMKHOBEHMs BOJBI M3 Cpenbl B KiIeTKy. Ha 3ToMm cBolicTBe, Hanmpumep,
OCHOBAHO BCACHIBAaHUE BOJIbl KOPHSIMU PAaCTEHHIA.

Y Bcex JKHMBBIX OPraHM3MOB BHYTPUKIIETOUHBIE M MEXKKJIETOYHBIE MKHIKOCTU HMEIOT
XapaKTEepHYIO U MOCTOSHHYIO BeMuuHy pH, KoTopas moaaepx usa-
eTcs ¢ MOMOLIbI0 Oy (EepHBIX CUCTEM, COCTOSAIIMX U3 cIa00i KUCIOTHI (JIOHOP
MPOTOHA) U COTPSDKEHHOTO ¢ HEel OCHOBaHMS (aKLENnTop MpoToHa). JIBe Hanbosee BaKHbIE
OydepHbIe CUCTEMBI - 3TO hochamuasn N OuKapOOHAMHAL CUCTEMBI.

JloHopom mipotoHa B (hocdaTtHOU OydepHO cucteme ciryxut uoH H,PO4’, a aknenropom
[IPOTOHA - UOH HPO,”. OTa cictemMa 061a1aeT MaKCHMATbHOI s dextuBHOCTHIO BONMHM3U pH 6.86,
CIOCOOHA COMPOTUBIATHCS M3MeHeHussM pH B unTepBane 6.1 - 7.7 u obecrieunBaeT 10CTATOUHYIO
OydepHyr0 €eMKOCTh BHYTPHKJIETOYHOM KHMAKOCTH. J[OHOpOM mpoTOHa B OMKAapOOHATHOM
OydepHoii cucreme cirykut yroipHas kuciiota (H,COj3), a akuentopom mporona - non HCOs'.
OCOOEHHOCTBIO 3TOW CHUCTEMBI SIBISIETCA TO, YTO YroOJIbHAs KUCIIOTa O0pa3zyercs B pe3yJibTaTe
00paTUMOH THIpATAIlA PACTBOPEHHOW JIByOKHCH yTJIEpOa, KOTOpas B CBOIO OYEpeb HAXOIUTCS



B PaBHOBECHM C YIJIEKUCIIBIM Ta30M, COAEPXKAIIUMCS B JIETKUX WM OKPY’KAIOLIEM BO3IYyXE.
ITostomy BenunuuHa pH OukapbonatHoro Oydepa 3aBucHT oT napuuanbHoro nasieHus CO; B
ra3oBoii (aze. bukapOboHaTHas cucTemMa CIY)KUT TJIaBHOW Oy(epHO# crcTeMOW TuIa3Mbl KPOBH H
s dektuBHO hyHKIIMOHUPYET BOMM3U pH 7.4.

HexoTopsie Heopraumdeckie HoHb (Hampumep, Ca’ u Mg” ) yd4acTBYIOT B peryisiuu
KaTaJINTUYECKOM CIIOCOOHOCTH MHOTMX O€lIKOB-()EpMEHTOB, CBS3BIBAsICh C HUMH M TE€M CAMbIM
akTHBHpYs, apyrue (takue kak Cu’’, Fe*', Zn’") camm BXOZAT B COCTAB PEaKIMOHHOTO LEHTPA
HEeKOTOPBIX (epMentoB. Mon Ca’" urpaer BaxxHyi0 poib B IPOBEICHHH HEPBHOTO MMITYIbCA H
MBIIICYHOM COKpAIIEHUH, a HeopraHumdeckuii Qocdar sBisercs HEOOXOAUMBIM KOMIIOHEHTOM
BHYTpUKJIeTOUHOM AT®-3aBUCMMOI CHCTEMBI TIepeHoca 3Hepruu. Heopranunueckue coau
COJIEp)KaTCsl B KJIETKE HE TOJbKO B PACTBOPEHHOM, HO U B TBEPJAOM COCTOSIHUM, BBIIIOJIHSS
CTPYKTYpHYIO (YHKLHIO. B 9acTHOCTH, MPOYHOCTH M TBEPIOCTh KOCTHOM TKAHW U pPaKOBHHAM
MOJUTIOCKOB ~ TPUJAET  HEPACTBOPUMBIM  THUAPOKCHANATUT, COCTaB  KOTOPOIO  MOKHO
npuOIM3UTENbHO onucath popmynoit [Caz(POs4):];.

3anaya 4. Paccuwnraiite, kak u3MeHutcs pH mnasmbl kpoBu, ecnu KoHueHTpanus CO; B
Jerkux yBenuuurcs Basoe. PactBopumocts CO; nmpu 36°C cocrasiser 0.1115 /100 r Boasl, a
KOHCTaHTHI PaBHOBECHUS PEAKIIUM

CO, (pactBopennsiit) + H,O " H,CO; u H,COs " H' + HCOy'

paBHbI 4.5710-7 M 11 4.8710-11 M cOOTBETCTBEHHO.

BEJIKU U HYKJIEMHOBBIE KUCJIOThI
[TpakTHyecku Bce MPOLECCH B )KUBBIX OpraHU3Max CBA3aHbI C (PYHKIIHO-

HUPOBAHHEM OEJIKOB M HYKJICHHOBBIX KHCIIOT. DTO CaMble KPYITHbIE U CIIOKHBIE
MOJIEKYJIBI B KJIETKe (Tabnuia 1), sBIstolecs: HeperyspHBIMH MOIUMEpaMH,
T.€. MOJIEKyJIaMH, ()YHKIIMH KOTOPBIX CYIIECTBEHHO OIPEEINISIOTCS YHUCIIOM,
COCTaBOM M MOPSIIKOM PACTIONOKEHHSI BXOAAIIUX B HUX MOHOMEPOB.

Ha nonro OenxoB MpuXOAWTCS HE MEHEE IMOJIOBHHBI CyXOH Macchl KHBOTHOHM KieTku. B
KUBBIX OpraHM3Max OHHU BBINOJHAIOT CaMble pa3HOOOpa3Hble (YHKIHMH (CTPOUTEIHHYIO,
KaTAINTHYECKYI0,  3alacaiollylo,  TPAaHCHOPTHYIO,  JBHUTraTelbHYIO,  DHEPreTHYECKYIO,
PETYISTOPHYIO, 3AIIUTHYIO) U CIYXaT TEMHU MOJEKVIAPHLIMU UHCMPYMEHMAMU, C TIOMOIIBIO
KOTOPBIX pean3yeTcsi reHeTHYecKas nHpopMalus.

benku - 3T0 onHOIETOYEUYHBbIE JIMHEWHBIE HEPA3BETBIICHHBIE HEPETYJISPHbIC MOJIUMEPHI,
MOHOMEpaMH KOTOPBIX CIIy’KaT aMMHOKHCIOTHI 20 BHmoB (Tabmuma 2). OOmas cTpyKTypHas
(dbopMyIsia aMUHOKHUCIIOT BBITJIAIUT clieAyomuM oopazom: H

2

H,N-C-COOH ,

2

R
rne HoN- - amunorpynma, -COOH - kap6okcusbHas rpymmna, a R - 6okoast
LeNb, pa3u4Hast sl pa3HbIX aMUHOKUCIIOT. braronaps cnenuduyeckum
0COOCHHOCTSIM OOKOBOM IIEMH Ka)<1asi aMUHOKHUCIIOTA HaJIeJIeHa XUMHUYECKOH
WHIUBUYaTbHOCTHIO. [To3TOMY BCIO 3Ty rpynmny u3 20 aMUHOKHUCIOT MOKHO
paccMaTpuBaTh Kak angaBuT "sA3bIKa" OEIKOBON CTPYKTYPHI.

AMUHOKHUCIIOTHI 00pa3yloT O€lKH, COeNUHSAACHh MEeXKIY coOoi B anmuHHbIEe nenu. [Ipu aTom
aMHHOTPYIIIIAa B3aUMOJICHCTBYET C KapOOKCHIBHOW TpyMIIOH, M TOCJIE OTIICIUIEHUS MOJICKYJIBI
BOIBI 0Opasyercsi KOBaIeHTHas cBsi3b, HaseiBaemas IIEIITUIHOM (puc. 3). [sa
aAMUHOKHCIIOTHBIX OCTaTKa (n = 2) 00pa3yroT dunenmud, Tpu (n = 3) - mpunenmuo, 4eteipe (n = 4)
- mempanenmuo, nATh (n = 5) - neumanenmuo; ecnu n = 10 _ 40, To MOJIEKyTy MPUHATO HA3HIBATH
noaunenmud, a ecnu n > 40, to Oenok. Tunuunas OemkoBas menb coiepxkutT or 100 mo 500
AMUHOKHCIIOTHBIX OCTAaTKOB, a HauOOJIbIIas M3 M3BECTHBIX OEIKOBBIX IIeTeil cocTouT u3 Oosee
yeMm 3000 aMUHOKHMCIIOTHBIX OCTaTKOB. BecTpeyaeMocTh TaHHON aMHHOKHMCIIOTHI B O€NKE CHIIBHO
MEHseTCs OT Oenka K 0enky. OaHako B 001IeM HEKOTOPhIE aMUHOKHCIIOTHI (Takue, Kak METHOHUH



U Tpunto(haH) BCTPEUAIOTCS OTHOCUTEIBHO PEIIKO, a AIAHMH M JICHIIMH BCTPEYAIOTCS YaIlle BCETO.
CpenHsst MoJIeKyJIsIpHas Macca aMHHOKHCIOTHOI'O OCTaTKa B THINHWYHOM Oenke cocramiser 110

Ha.

Jing  xaxnod W3 aMMHOKMCIOT (MCKIJIIOYas IVIMIMH) CYIIECTBYIOT [JBa 3€pKaJbHBIX
crepeonzomepa - L- u D-dbopma (puc. 3). YV HUX OIWHAKOBBI BCE XMMHYECKHE U (PU3UUECKHE
CBOHCTBa, OJJHAKO B COCTaB MOJIEKYJ OEJIKOB BXOAAT TOJbKO L-cTepeomsomepsl. JXKuBble KIETKH
0o07afaloT YHUKaJbHOW CIOCOOHOCTBIO CHHTE3UPOBaTh L-aMHUHOKHCIOTBI €  IOMOIIBIO
cmepeocneyuguyeckux (HEPMEHTOB, CTEpeOCHeNM(PUIHOCTh KOTOPBIX OOYCIOBJICHA AaCHMMET-
PUYECKHM XapakTEPOM HX PEaKIUOHHBIX LEHTPOB. OnNTUdyeckne H30Mepbl aMHHOKHUCIOT
IPETEPIICBAIOT OYEHb MEUIEHHOE M CaMOIPOM3BOJIbHOE HE(PEPMEHTATHBHOE B3aHMMHOE
MPEBpAILIEHUE, TAK YTO 3a KAaKON-TO BEChbMa JJIMTENIbHBIN MEpUO] BPEMEHH YMCThIM L- wim D-
HU30MEp MOXKET NPEBPAaTUThCS B SKBUMOISIPHYIO cMech oOoux wu3omepoB. [IpeBpamenue L-
aMUHOKHCIIOTHI B D-hopmMy mpu MOCTOSIHHOM TemmepaType UIIET ¢ TOCTOSHHONW CKOPOCTBIO, M 3TO
MHOTJa YJAeTCsl MCIIONIb30BaTh JUIsl ONPEAEICHUS BO3pAcTa JIOAEH, KUBOTHBIX MM MCKOMAEMBbIX
ocTtatkoB. OJTHAKO M3-3a YCJIOBUS MOCTOSHCTBA TEMIIEPATYPhl 3TOT METOJ ONPEIEIICHHS BO3pacTa
HE BCErJa NPHUMEHUM, B OTJIMYME OT METOJOB, OCHOBAaHHBIX Ha paJMOaKTUBHOM paclaje,
ITOCKOJIBKY €r0 CKOPOCTh HE 3aBUCUT OT TEMIEPATYPBHI.

HecmoTpss Ha OTHOCHTENBHO HEBBICOKOE II0 CpaBHEHHIO ¢ OelkaMH Ccofep)KaHue,
HYKJIEMHOBBIE KHUCJIOTHI UTPAIOT HEHTPAIbHYIO POJb B KJIETKE, TOCKOJIBbKY MX (DYHKIIUU CBSI3aHBI C
XpaHeHHEM W Tepefaueii reHeTudeckoil nHpopmanuu. HykienHOBbIE KHCIOTHI - 3TO JIMHEHHbIE
HeperyssipHbie mosmmMmepbl. Monomepamu PHK ciyxat pubonykieotuas, a Mmonomepamu JIHK -
ne30KkcupuOoHyKiIeoTHIbl. Kaxkapiii Hykieotus (pUOOHYKICOTHA WU JE30KCUPHOOHYKICOTHN)
COCTOUT M3 Tpex vacTeil: 1) octaTka GochopHO KUCIOTHI, 2) MATUYTIAECPOTHOTO MOHOCAXapuia B
ukiyeckor gopme - D-pubo3ssl (B ciaywae PHK) unu 2-nezokcu-D-pu6o3sl (B cinydae THK), 3)
azotuctoro ocHoBanus. B coctaB PHK BXomsT ToipkOo deThipe TuIa pHOOHYKJICOTHIIOB, a30-
TUCTBIE OCHOBaHMs KOTOPBIX HpezcTaBieHbl ageHuHoOM (A), ypaumwiom (U), ryanunnom (G) u
uuto3uHoM (C), a B cocrtaB JIHK - ne3oxcupuOOHYKIE€OTHIBI YETHIpEX BUIOB, Aa30TUCTHIMU
OCHOBaHUSIMU KOTOPBIX sBisitoTcst aneHuH (A), tumuH (T), ryanun (G) u nwurosun (C).
[TocnenoBarenbHO pacnonokeHHble HyKJIeoTu bl B Mosekyiax JJHK u PHK koBaieHTHO CBsI3aHbI
Mexay coboii B 1emb uepe3 OCTaTok (ocopHON KHUCIOTHI: S'-TUAPOKCUIIBHAS Tpymma
MOHOCaxapuaa OJHOIO HYKJIEOTHAA MPHUCOEAMHEHA K 3'-TMAPOKCUIIBHON TpyMIe MOHOcaxapuia
COCEHEr0 HYKJIEOTUAA C IOMOIIBIO CDOC@OI[MS@HPHOPI CBS3U (puc. 4).

Takum 00pa3oM, KOBaJIEHTHbIE OCTOBbI HYKJIEMHOBBIX KHCJIOT COCTOST M3 MOHOTOHHO
yepeayromuxcs gochaTHbIX U caXapUIHBIX TPYTIT; OCHOBAHHUS
K€ MOXHO paccMaTpuBaTh Kak OOKOBbIE TPYIIIbI, IPUCOECTUHEHHBIE K OCTOBY
Ha paBHBIX paccrostHUsX apyr oT aApyra. llemm JHK u PHK o6mapmator ompenenenHoit
MOJISIPHOCTHIO, WIIM HAIpaBIIEHUEM, TTOCKOJIbKY BCE MEXHYKJICOTHIHBIE (hochoandpupHbIe CBS3H
OpPUEHTHUPOBAHbl  BIOJb LENM  OAMHAKOBO. biaromaps 3TOW  NOJAPHOCTH  Kaxaas
MOJTMHYKJICOTHIHAS 1IeTlh uMeeT S'-koHen U 3'-xonen. Caxapodocdatasrii octoB u JJHK, 1 PHK
HECeT OTpPULIATENbHBIN 3apsl, TMOCKOIbKY (ocdaTHble TpyNmbl AEMPOTOHUPOBAHBI MPU
XapakTepHbIX uid KiaeTok pH. B uBBIX opraHm3Max HUKOIZa HE BCTPEYAIOTCS MOJIEKYJIBI, B
KOTOPBIX PHUOOHYKIICOTHIIBI M JI€30KCUPUOOHYKICOTHABI CBSA3aHBI B OAHY lleNb. BeposaTHO, 3TO
CBSI3aHO C TEM, 4YTO, KaKk OyJeT ommcaHo naainee, pu0o- W Je30KCHPHOOHYKICOTHIBI OOpa3yroT
JBOWHBIE CIIUPAJIA C COBEPIIEHHO Pa3HOU CTPYKTYPOH.

A30TUCTBIE  OCHOBAaHMS  MPEACTaBISAIOT COOOW  MPOW3BOJAHBIE  JIBYX  MCXOJHBIX
TeTePOLMKINYECKUX COCAUHEHUN - AUpuMuouHa W NypuHa. AJEHUH W TyaHWH SBISIOTCS
IIypPUHOBBIMUA OCHOBaHHUSIMH, a LIUTO3UH, THMUH U Ypalll - TUPUMUIUHOBBIMH OCHOBAHUSIMHU
(puc. 4). luto3uH, BXONAUIMI B COCTAaB HYKJICHMHOBBIX KHCIOT, 00JaJaeT HEKOTOpOi
TaOMIBHOCTBIO B BOJHOW Cpele: OH O4YeHb MEICHHO CaMONPOHM3BOJIBHO TEPSET CBOIO
aMMHOTPYIILY B pe3yJbTaTe TUAPOJIU3a U MPEeBpaIlaeTcs B ypauil. IT0 00CTOSATEIbCTBO, BEPOST-



HO, 00BsicHsieT, mouemy JIHK BMecTto ypammna comep uT THMHUH. J[eo B TOM, YTO ypaiui,
nosisuBimiics B JIHK, y3Haetcs crnenmanbHbIM epMEHTOM
- ypayun-/{HK-enuxo3uoa3otl, KOTOPBIA yAaIseT HEPaBUIbLHOE OCHOBaHUE
u3 JIHK. Ecnu 651 B coctaB HopMmanbHOU JIHK BXOoaum u uto3uH, u yparmi,
TO OTJIMYMTH OCTaTKH ypaunwia, ucxogHo mnpucyrcrByrome B JIHK, or ocratkos ypamwia,
MOSIBUBIINXCS B pPE3yJIbTaTe CIIOHTAHHOTO JI€3aMUHHPOBAHUS IIUTO3HHA, OBLJI0 ObI HEBO3MOXHO. B
ornnuue ot JIHK, monexynel PHK npucyTcTByIoT B KiieTKe B BUJE MHOKECTBA KOMUNA U ">KUBYT"
CPaBHHUTEIHHO HEAOJT0, Paclaaasch MOcje BHIMOMHEHUS cBoed (yHKIMH. [103TOMy CrIOHTaHHBIH
rugposan3 uuro3mHa He Tak omnaceH s PHK, xak gnsa JJHK. Ilpenmonaraercsi, 4To mepBbIMHU
MOJIMHYKJICOTUAAMH, MOSBUBIIMMIUCS B X07e OMOIOTUYECKOM 3BoIoIUH, O Mosiekyisl PHK, u
JUIIb Ha Kakoh-To Oosiee MO3AHEW CTaAuM HBOJIOLMOHHOIO Ipolecca Ui Lenei
JOJTOBPEMEHHOT'O XPaHEHUS TeHEeTUYEeCKOW HH(POPMAINH MOSBIIUCH XUMUYECKH OoJiee CTabuib-
ueie monekynsl JIHK, u, ciemoBarensHo, 3ameHa ypanuia Ha TuMuH B JIHK, Bo3MoxkHO, Oblia
OJTHUM U3 IBOIIOLIMOHHBIX MPUOOPETEHUN OPTraHU3MOB, CTAOMIN3UPYIOIIUX UX T€HOM.

[MoxppoOHee 0COOCHHOCTH CTPYKTYPHON OpraHHU3AIMK OSIKOB M HYKJICHHOBBIX KHCIIOT Oy IyT
PacCMOTpPEHBI B CIAEAYIOIIECH JIEKINH.

3amaua 5. BeiBenure dopmymy mis ONpeiesieHHs BO3pacTa OWOJIOTHYECKOTO 00pasia Io
OTHOIIEHUIO coniepxkanusi D- u L-popM aMMHOKHUCITIOT:
k
L"  Dd[DJdt=k([L]-[D]).
k
B HauvanbHBIi MOMEHT BpPEMEHH BCE€ AMHUHOKHCIOTHI Haxomwiuchk B L-dopme, m ux
cojaepkaHue coctapisuio [L],.

YI'JIEBO/IbI

Ha pomto yrmeBomoB mpuxonutcsi 10 80% cyXxoro BemiecTBa HEKOTOPBIX PACTHUTEIBHBIX
TKaHed u 10 20% HEKOTOpBIX KUBOTHBIX TKaHeHl. [IpocrelimMu yrieBoJamMu, BCTPEUAIOLUMUCS
B JKUBBIX OpraHU3Max, SBJISIIOTCS MOHOcaxapuowl, uMmeroriue oomryio Gopmyny (CH,0),, rme n =3
_ 7. IlpakTuuecku BcCE€ NPUPOJHBIE MOHOCAaxXapuIpl, TaK K€ KaK M AMHHOKUCIOTBHI, MOTYT
cyumectBoBath B D-dopme u B L-popme, HO, B oOTIMYME OT aAMHHOKHCIOT, IIOYTH BCE
MOHOCAaXapuIbl KUBBIX OPraHU3MOB OTHOcATCS K D-psmy. MoHocaxapunbl, couepxxamue 5 U
0ojiee aTOMOB yIJiepoJia, B pacTBOpax CYyIIECTBYIOT B BUJE 3aMKHYTBHIX HHKIMYECKUX CTPYKTYD
(puc. 5). OcHOBHBIMH MOHOCAXapHJIaMH >KUBBIX OPraHU3MOB SBISIIOTCA D-entoxoza, D-gppykmosa,
D-pubosza (Bxomut B cocraB PHK) u 2-dezoxcu-D-pubosza (Bxoqut B cocta JIHK).

MoHocaxapuabl MOTYT COEIUHATBCA Apyr ¢ Apyrom, obpasys I'JIMKO3UHYIO CB3b,
KoTopasi o0Opa3yercss MEXIy THAPOKCHUIBHON TPYIMION OZHOrO MOHOCaxapuaa U allbJeruIHOU
IpyNION WM KETOrpyNnol Apyroro MoHocaxapuzaa. IIpu sTom oTiienisieTcs: MOJeKyJia BOAbI, U
obOpasyercs Oucaxapuo (puc. 5). IlpucoeauHeHue aHAJTOTHYHBIM ITyTEM JIOMOJHHUTEIbHBIX
MOHOCAaXapuJ0B TMPUBOIUT K OOPa30BaHUIO 0aU20CAXAPUOO8 BCE BO3PACTAIOIIEH JUIMHBI
(mpucaxapuoos, mempacaxapuoos 1 T.J.) BIUIOTh 10 OY€Hb OOJBIINX MOJEKYJ HOIUCAXAPUOOS,
COJZIpKAILIMX COTHU M THICSIYM MOHOCAXapUAHBIX OCTAaTKOB (pHc. 5). ITockombKy y Kaxkaoro
MOHOCaxapuga HMEeTCS HECKOJbKO CBOOOJHBIX THUAPOKCWIBHBIX TpPYyMN, CHOCOOHBIX
00pa3oBBIBATh CBSA3b C JPYTMM MOHOCAXapHIOM WM KaKUM-THOO MHBIM COEAMHEHHEM, YHCIIO
BO3MOXXHBIX CTPYKTYp TIOJIMCAaXapuJOB HCKIIOYUTENbHO Benuko. Ilockonmpky Kaxkmas u3
THJIPOKCHIIBHBIX TPYMI MOXET HAaXOJUThCA C Pa3HBIX CTOPOH OT IJIOCKOCTH Kojbla (a- u b-
TTOJIOXKEHUS ), TO KXKIYI0 KOHKPETHYIO TIMKO3HIHYIO CBsI3b 0003HAYAIOT Kak a/b-m,n-CBs3b, Tae m
¥ n 0003HAYaI0T HOMEP YTIJIEPOJHOTO aTOMa, HECYIEro THAPOKCUIBHYIO TPYIILY, Y4aCTBYOIIYIO
B 00pa30BaHMM TJIMKO3UAHOU CBs3u. Hampumep, Ha puc. 5 moka3ansl a-1,4- u a-1,6-ruKo3uIHbIC
cBA3U. J[ayke MpOoCTeUIINI JUcaxapul U3 IByX OCTaTKOB IIHOKO3BI
MO3KET ObITh 00pa3oBaH 11-10 pa3nHMUHBIMU MIUKO3UIHBIMU CBSI3SIMU, a TPU
pa3NuYHbIe TeKCO3bl (HampuMep, TII0K03a, (PpyKTOo3a M rajakros3a), COSAMHSSACH MEXIY COOOH,
CIIOCOOHBI 00Pa30BaTh HECKOJIBKO THICSIU PA3IMYHBIX TPUCAXAPUIOB.



B kuBBIX oOpraHu3Max YrieBOJABI BBIMIOJHSIOT CTPYKTYpHYIO, SHEPreTHUYECKYI U
cnenuanbHbie GyHKIMH. OCHOBHBIMH CTPYKTYPHBIMH TOJHCaXapuAaMH CIy)XaT: y pPacTeHHUH -
Yennon03a U NeKmMuHul, &'y 5KUBOTHBIX U TPUOOB - XUMUH.

L]enntonosza - camoe pacrpoCTPaHEHHOE OPTaHUYECKOE COeTMHEHUE Ha
3emiie, MOCKOJIBKY U3 HEE MOCTPOCHBI KJIETOUHBIE CTEHKH pacTeHuil. B
YaCTHOCTH, JPEBECHHA U XJIOTIOK MOYTH IIEIMKOM COCTOSIT U3 IeJUTI0I03b. B
JIEHb Ha Ka)KJI0T0 KUBYILEro Ha 3eMJI€ YelI0BEKa PACTEHHsI CHHTE3UPYIOT
npumepHo 50 kr nemmono3sl. Llenmonosa - mpoyHoe, BOJOKHUCTOE, BOJJOHE-

PACTBOPHMOE BEIIECTBO, KaXKaasi MOJIEKyJIa KoToporo coctout u3 10* u Gomnee ocrarkos D-
TJIIOKO3bI, COETUHEHHBIX B HEPA3BETBICHHYIO 1IE€TIb TOCPEACTBOM b-1,4-TTHKO3UIHBIX CBS3EH.
[TonumepHbIe 1IENH 1EUTI0I03bI CUIILHO BBITSIHYTHI M COSIMHEHBI IPYT ¢ IPYTOM BOJIOPOTHBIMHU
CBSI3SIMH.

Xumun, KaKk W ULEJUII0I03a, - JIMHEWHBIA HEpPa3BETBICHHBIA IOJIMCAXapUZ, OIHAKO
CTPYKTYPHBIMH €IMHUIIAMU €T0 CIyXHUT He D-rmokosa, a N-anetun-D-rmroko3amut. M3 xutuHa
MTOCTPOCHBI IIPOYHBIC HEPACTBOPUMBIC TTOKPOBEI paKOOOPa3HBIX U HACEKOMBIX, a TAK)KE KIIETOUHBIC
CTCHKH TpuOOB. XUTHHOBBIA KapKac MHOTMX PaKOOOpa3HBIX YCHJIEH 3a CUET BKIIOYCHHH Kap-
OoHaTa KalblIHs.

VYrneBoabl CllyKaT TJIaBHBIM ONEPAaTUBHBIM MCTOYHMKOM SHEPTUM B KJIeTKax. B pesynbrare
MOCJIEZI0BATEIBHOIO PsiJia peakUni OKUCICHUS TJII0OKO3a U JIPYTMe MOHOCaXapuibl pacnaaaroTcs
1o CO; u H,O u BrIcBOOOXKAAIOIMIAACS MPU 3TOM XUMHUYECKasi SHEPTUs HCMOJIb3yeTCs KIETKOM.
Jlyist 3armacanusi SHEPTUU BIPOK MUCIOJIB3YIOTCS MOTUCaXapUIbl, TOCTPOCHHBIC U3 TMTOBTOPSIFOITUXCS
OCTaTKOB TIIOKO3bI, - kpaxman (y pacrteHuil) u eauxoeen (y >kuBOTHBIX). Korma neobxommnma
SHEPTUsI, MOJEKYJbl TJIOKO3bl OTHICIUISIOTCS OT Kpaxmalia WM TJIUKOreHa, a TMpU H30BITKE
TJIIOKO3Bl €€ MOJIEKYJIbl MPUCOSAUHSIIOTCS K TMOJMMEPHBIM ILIEMsAM Kpaxmajia WIH TJTUKOT€Ha U
VUIMHSIOT UX. TakuM o0Opa3om, pe3epBHBIC MOJIHCAXapHIbl BCE BpEeMs MEHSIOT CBOW pa3Mep B
3aBHCHMOCTH OT OTPEOHOCTH OpraHU3Ma B YHEPTHH.

Kpaxman mnpencraBnsger coboli cMmech IBYX IMOJIUMEPOB D-TIIOKO3BI - a-amunossl W
AMUNONEeKMUHA. a-aMuiio3a COCTOUT M3 JUIMHHBIX HEPA3BETBIIEHHBIX LIENEld C MOJEKYJSPHOU
Maccoil OT HECKOJIBKUX THICSY JI0 57105, MMOCTPOEHHBIX U3 OCTAaTKOB D-TIIFOKO3bI, COEJUHEHHBIX a-
1,4-TIUKO3UTHBEIMH
CBA3SIMU. AMUJIONIEKTUH TAK)KE€ UMEET BBICOKYIO MOJIEKYJISIPHYIO Maccy, HO, B
OTJIMYHE OT a-aMHUJIO3bI, €r0 MOJIEKYJIbl CHJIBHO pa3BeTBIICHbI. B Hepa3BeTBIEHHBIX yyacTKax
AMUJIOTIEKTUHA OCTaTKU D-TIII0K03bI COeIMHEHBI a-1,4-TTTMKO3UIHBIMU CBSI3SIMH, @ B MECTAX
BETBJICHHUS - a-1,0-TJIMKO3UIHBIMU CBSI3SIMU.

I nukozen - CUTBHO PA3BETBJICHHBIN MONIMCAXapul, TaK K€, KaK U aMUJIONEKTUH, COCTOSIIIHIMA
U3 OCTaTKOB D-TJIOKO3bI, CBSI3aHHBIX a-1,4-TIMKO3UAHBIMU CBA3SIMH, @ B MECTaxX BETBJICHUS - a-
1,6-rIUKO3UAHBIMU CBSI3IMH. BoJblie BCero riiMKoreHa COJEPKUTCS B KJIETKaxX IEYeHHU, TN Ha
€ro JI0JII0 MpuXoauTcs 10 7% ob1ero Beca opraHa. B kieTkax rneyeHu INIMKOreH MPUCYTCTBYET B
BHUJIE€ KPYMHBIX TpaHyJl, COCTOSIIMX B CBOIO OYEPEIb M3 MEHBIIUX IpaHysl, KaxXaas U3 KOTOPBIX
oOpa3oBaHa OJHOW CHJILHO DPa3BETBIICHHONW MOJIEKYJIOH CO CpeaHEd MOJICKYJSPHOW Maccoi B
HECKOJIbKO MWUIHOHOB. C STUMH TpaHyJIaMH TPOYHO CBsI3aHbI ()EPMEHTHI, OTBETCTBEHHBIE 3a
CUHTE3 M pacmaj INIMKOreHa.

XOTs ¥ LEJUII0103a, U KpaxMaj, U TJIMKOTEH COCTOSIT U3 OCTATKOB TJIIOKO3bI, OHU CHJIbHO
pa3ianyarTcs MO0 CBOMM CBOICTBAM H3-3a PAa3iMYUs TIMKO3UIHBIX CBS3EH, KOTOPHIMU COEAMHEHBI
OCTaTKH TJIOKO3BI B O3TUX MOJIEKylIax. brarogaps TreoMeTpU4ecKMM OCOOCHHOCTSIM a-1,4-
TJIMKO3UIHBIX CBSI3€d JIMHEHHbIE y4aCTKU MOJUMEPHBIX LIeTel B MOJIeKyJlaX IJIMKOTeHa U Kpax-
Maja CTPEeMATCS TMPHUHATh CKPYUYEHHYIO, CHUPATbHYI KOH(POPMAIMIO, YTO CIOCOOCTBYET
0o0pa30BaHMIO MJIOTHBIX IPaHyJ KpaxmMaja U IIMKoreHa, oOHapyKHBaeMbIX B KieTkax. Hamportus,
U3-32 CTPYKTYPHBIX OCOOeHHOCTeH b-1,4-TTUKO3UIHBIX CBSI3€H MOJEKYJBI MEJUTFOJIO3b MMEIOT
CHWJIBHO BBITSHYTYIO JIMHEHHYIO KOHpoOpMaIuio. a-1,4-CBA3U JIETKO THAPAIU3YIOTCS (epMEHTOM
amunazou, O3TOMY KpaxmaJ JIETKO YCBaUBAETCS )KMBOTHBIMU U YEJIOBEKOM, paCIIEIUISsACh 10 D-
rioko3bl. OIHAKO B KHUIIEYHUKE >KMBOTHBIX HET ()epMEHTa, CIOCOOHOro TuAposn30BaTh b-1,4-



TJINKO3HUJHBIE CBA3H, MO3TOMY LEJUIIONI03a HE NMEPEBAPUBACTCA, U €€ D-III0KO3HBIE OCTaTKU HE
MOTYT CIYXHUTb NMUIIEH A7 OOJBIIMHCTBA OpPraHU3MOB. TeM He MeHee )KBauyHble U TEPMUTHI
WCTIONB3YIOT IIEJUTIONIO3Y B KayecTBE MHINM Oyiarogapss OOWTAlOIMM B WX KHIICYHHKE
MHUKpOOpranuzMam (OakTepusiM U MPOCTEHIINM), KOTOPbIe CUHTE3UPYIOT yeanronasy, - HepMeHT,
rupoausyonuii b-1,4-ruuko3uansie cBa3u. Llenmona3zy CHHTE3UPYIOT TakKe HEKOTOphIE IPHOBI,
BBI3bIBAIOLINE THUEHUE JPEBECHHBI.

K nonucaxapuaam co cnenuanbHbIMU QYHKIUSMU OTHOCATCSL OYEHb CIIOXKHBIE COCAMHEHNUS,
Onoxumuueckue (YHKLIUH KOTOPBIX HE BCEr/a M3BECTHBI TOYHO, HapuUMeEp, Kameou W CIAU3U.
Kpome Toro, yrineBombl MOTYT KOBAJIEHTHO CBA3BIBATHCA C O€IKaMu M JUOHAAMU, 00pasys
2NIUKONPOMeEUuHbl 1
enuxoaunuovl. Kak npaBuio, Takue ruOpuaHbIe MOJIEKYJIbI BXOISAT B COCTaB
000JI04YeK KJIETOK, U MX OJMIocaxapuaHas 4acTh y4acTBYET B IpoLeccax
MEKKJIETOYHOI'O Y3HABaHUs U PELENIUN CUTHAIBHBIX MOJIEKYJI. JKECTKOCTh
OJIMTOCAaXapUIHBIX CTPYKTYp, UX PACTBOPUMOCTH B BOJE U OTPOMHOE Pa3HOOOpa3ne BO3MOMKHBIX
KOHQUTypaluii JenaloT WX HauOoyee TMOAXOMIIMMHI Ui BBIIOJHEHUS OTHUX (QYHKIHUI.
I'mukonpoTenHsl, B KOTOPBIX HA JOJIIO NOJUCAXapuAa MPUXOJUTCS OCHOBHAS 4acTb MOJIEKYJIBI -
oonee 95%, Has3bIBarOTCA npomeozauxanbi. OHU BXOAAT B COCTaB OCHOBHOTO BEIECTBA,
3aIOJIHSIONIET0 MPOCTPAHCTBO MEXy KJIETKaMU B OOJIBIIMHCTBE TKaHEW, a y OakTepuil ciyxkaT
CTPYKTYPHOM OCHOBOM KJIETOYHBIX CTEHOK.

JIMTINIbI

Jlunuoamu Ha3bIBAIOT MPUPOJIHBIE COEIUHEHUS, KOTOPBIE MOJYYalOT U3 PACTUTENIbHBIX WU
KMBOTHBIX TKaHEH IKCTpaKIMel HEeMOIAPHBIMU PaCTBOPUTEISIMU (Hampumep, 3pupom, 6eH30JI0M
WK XJ0opopopMOM) M KOTOpblE HE pacTBOpUMBI B Bojae. K HUM OTHOCATCS TPOIYKTHI
B3aUMOJICHCTBUS JHCUPHBIX KUCAOM CO CIUPTAMU (npocmule aunuodvl), aMUHOCIIUPTAMU U JIp.
COCTMHECHUAMU (CNIOJHCHbIE TUNUOLL), NPOCMALIAHOUHBL U U30NPEeHOUOHble aunudbl (HarpuMep,
KapOTHHOUIBI, Xxs10poduiut, BuTamMuusl E n K).

Tpuayunenuyeponvt - MPOCTHIE JHIUABI, TPEACTABIAIONNE COO0H APUPHI TPEXOCHOBHOTO
CIUpTa TJHIEpPOJa W TPeX JKUPHBIX KUCHAOT (puc. 6). OHU OBIBAIOT pPA3NMUYHBIX THUIIOB B
3aBHCUMOCTH OT MPHUPOJIBI TPEX OCTATKOB YKUPHBIX KUCIOT, MPUCOCTUHEHHBIX K THIPOKCHIBHBIM
rpynmnam rimiepuHa. boiabIIMHCTBO MPUPOIAHBIX KUPOB U Macell MPEJCTaBIAIOT OO0 CIOKHBIE
CMECH TPHALMITIIAIEPOIIOB, B COCTAB KOTOPBIX BXOJAT XHUPHBIC KHCIIOTHI, PA3IMYArOIINECs KakK
MO JUITMHE 1IeMH, TaK ¥ MO CTENEeHH HACBHIIIEHHOCTH CBsi3eil. TpHalMIrInuIepossl, coaepsKaIiue
OCTaTKM TOJBKO HACHIIICHHBIX JKHUPHBIX KHCIOT, TPH KOMHATHOW TeMIeparype HMEIoT
KOHCUCTCHIIMIO TBEPAOTO BEIIECTBA, a TPHALMITIUIEPOIBl C BBICOKUM COACpPKAHHEM
HEHACHIIEHHBIX KUPHBIX KUCIIOT - KHUJKHAE TIPU KOMHATHON TeMIiepaType.

OcHoBHast GYHKIUS TPHALMITIUIEPOJIOB B )KUBBIX OPraHU3Max - 3TO 3alacaHhe YHEPTHUU.

JI1st TOr0 OHM HAKaIUIMBAIOTCS B IMTO30JI€ KJIETOK 3aIacalonIiX TKaHEH (HampuMmep, MoIKOKHOM
KJIETYAaTKH) B BUJAE MEJIKOJUCIEPCHON SMYIIbCUU MACIHSHBIX KameleK U MOTYT 3aHUMAaTh MOYTH
BeCh 00BEM 3amacaroneld KIeTKH. B pacdere Ha eIWHUIy Beca TPUAIMIITIHUIICPOJIBI 3aracaroT
BJIBOC OOIBIE PHEPrHM, YEeM YTJICBOJBI, M, HAKAIUIMBAsCh B OOJBIIUX KOJHMYECTBAX, MOTYT
o0ecrieunBaTh YHEPTeTHUECKUI OOMEH OpraHm3Ma B TEUCHHE HECKOJBKHX HEJENb, TOTJa KaK B
(dbopMe TITMKOTeHa OpTraHu3M MO-
KET 3amacTh PHEPruio0 He Oosnee yeM Ha cyTku. OJHAKO SHEprus, 3amaceHHas B YTJIEBOAAX,
CTAaHOBUTCSI JIOCTYIHA JJI MCIIOJNIb30BAHMUS OPraHU3MOM ObICTpee, 4eM 3amaceHHas B (opme
Tpuauuarauueposios.  Ilostomy  mommcaxapuipl  (Kpaxmal M [JIMKOT€H) M KHUPBI
(TpuaIMITIULEpOTIbl) paboTal0T KaK OIepaTHBHAs M JOJITOBPEMEHHAs CHUCTEMBI 3alacaHus
SHEPTUU COOTBETCTBEHHO. JlOMOJHHUTENBHO TPHALMITIHALEPOIBI MOTYT CITY>KUTh JUIS TETUIOU30-
JSUUU U KaK UCTOYHUK BOJIBI: MPH OKUCICHUU TPUALMIITIHIIEPOIIOB 00pazyeTcss BABOE OOIbIe
BOJIbI, YEM U3 YTIICBOJIOB, U 3TO MCIIOIB3YETCs MyCTHIHHBIMU )KMBOTHBIMH, @ TOJCTBIH ITOIKOKHBIH
CIIOM JKUPOBOM KJIETUATKU HAACKHO 3alIMINACT TIOJNIEHEH, MOpKeW, NMUHTBUHOB U JPYTUX
MOJISIPHBIX TETUIOKPOBHBIX )KUBOTHBIX OT XOJIOJIA.



Bocka - IpocThIe JUMABI, TPEICTABISIONIHE cO00H 2(UphI, 00pa30BaHHbIC HACHIIIEHHBIMHU
WIM HEHACHIIIEHHBIMH JKUPHBIMU KHCIOTaMH (C YHCIOM YTJIEPOAHBIX aToMOB OT 14 mo 36) u
JUTMHHOLIETIOYEYHBIMU CIHUPTAMH (C YMCIOM YTJIEPOIHBIX aToMOB OT 16 go 22) (puc. 6). YV
MO3BOHOYHBIX CEKPETUPYEMbIE KOKHBIMH >KEJI€3aMH BOCKA BBIMOJIHAIOT (DYHKIHIO 3aIIUTHOTO
MOKPBITHS, CMAa3bIBAIOMIETO M CMATYAIONIETO KOXY M TPEIOXPAHSIONIETO €€ OT BOIBL. Y BO-
JOTIIABAIONINX TTHUIl BBIACISIEMbIE KOMYMKOBOW >KEIe30M BOCKa MPHUIAIOT MEPHEBOMY MOKPOBY
BOJIOOTTAJIKMBAIONINE CBOKCTBA. [IpuMepaMu KUBOTHBIX BOCKOB CITYKaT TaKXKe NueauHbvlll 60CK U
cnepmayem, COACPKAIIUNCSA B YEPEMHOM MOJIOCTH KamanoTa. JINCTbsT MHOTUX CyOTpONMUYECKUX
pacTeHuil TOXKE TIOKPBITH 3alIUTHBIM CJIOEM BOCKA, KOTOPBIA MPEMATCTBYET HW3OBITOYHOMN
TpaHCcIepalyy B YCIOBUAX 3aCyIUIMBOTO KIMMAaTa.

Doconunudvl - CIOKHBIE JUIMHABI, TOXOKUE HA TPHALMITIIHIEPONBI HATMIHEM >KHPHBIX
KHCIIOT, CBSI3aHHBIX ¢ riuieposioM. OgHako B (ochonunuaax TIULEpOa CBs3aH HE C Tpems, a
JMIIB C IBYMSI IETISIMU JKUPHBIX KHUCJIOT, @ OCTaBIIEecs CBOOOTHOE MECTO B MOJIEKYJIE TIIUIEpOIIa
3aHuMaeT QocdarHas rpymnmna, KOTopas B CBOIO OYepeIb COCAMHEHA C MOJEKYJOH MOJISIPHOTO
CTIHPTA, Pa3IMYHOTrO JJIs pasHbX ¢GochommnunoB (puc. 6). [lomsapHblil ciupt oOpa3yer Kak Obl
"ronoBy" Mousekyibl Gochonunuaa, K KOTOPOU uepe3 IIIHIEPOIT MPUCOSTUHEHBI 1BA HETIOISIPHBIX
"xBocta". Cehuneonunudwvl - CIOXKHBIC JTUIHIBI, KOTOPBIE TOXE UMEIOT MOJISIPHYIO "TOJOBY" U J1Ba
HEMOJISIPHBIX "XBocTa", OAMH M3 KOTOPHIX SIBISETCSA OCTAaTKOM JUTMHHOIEMOYEYHOH >KUPHOMU
KHUCIIOTBI, @ JPYrod - OCTaTKOM JJIMHHOLIETIOYEYHOTO aMUHOCIUPTAa c@uueosuna (WA €ro
npousBoHOr0). 3 hochonunuaos u cHUHTONMUNUIOB TOCTPOSHBI BCE KIETOYHBIE MEMOPAHBI.

3amaua 6. DHEPreTUYECKHE 3amachl YeJIOBEKa.

B neuenn uenoseka coaepxurcs 10 500 r TIUKOreHa, B CKEJIETHBIX

Mblax - 10 200 r, B cepJIeYHON MBIIILE U B MO3ry - 0KOJi0 90 T riukoreHa. Pe3epBHbINA KUp
cocTtaByisieT 67 r Ha 1 Kr Macchl TeJa M CTOJBKO K€ COCTaBIISIOT pe3epBHBIC Oenku. Paccunraiite,
Ha CKOJIBKO CYTOK XBAaTHT 3THX JHEPreTHYECKHX 3allacoB YeJIOBEKY Maccoi 70 Kr IpH IOJIHOM
TOJIOJAHUU a) B COCTOSIHUM TOCTEIBHOTro pexuma (pacxox sHeprun 6500 xJx/cyT); 0) mpu
WHTEHCUBHOW MbImeuHoi Harpyske (pacxox sHeprum 20000 x/x/cyt). Ilpm pacmeruieHun 10
CO,u H,O 1 r yrneBonoB u 6enkoB Boiensiercss 17.6 kJIx, a 1 r xupos - 38.9 xJ{x.

PA3HOOBPA3UE XUBbLIX OPI'AHM3MOB HA ATOMHOM U MOJIEKVYJISIPHOM

YPOBHSIX ITonBoast UTOT KpaTKOMY paCCMOTPEHHIO XUMUYECKOTO CTPOEHUS KUBBIX
OpPraHU3MOB, MOYKHO CJ€JaTh BBIBOJ, YTO KOJIOCCAJIbHOE pPa3HOOOpa3ue >KUBBIX OPIraHHU3MOB,
Habmrofaroneecss B MPUPOJE, ONMpEAEsieTcss He aTOMHBIM, a MOJIEKYJISIPHBIM pPa3HOOOpasueM,
KOTOpO€ HOCUT B OCHOBHOM KOMOUHAMOpPHbLU  Xxapakmep. J|eHCTBUTENbHO, THICSYH
pa3sHOOOpa3HbIX OOJBIIUX M CIOXKHBIX MOJIEKYJ, BXOAALIMX B COCTaB JKHMBBIX OpPraHHU3MOB,
MOoCTpoeHbl JUIIb M3 30 OCHOBHBIX MPOCTHIX OPraHMYECKHUX MOJEKYJ, HIparoliuX poJib
CTpOUTENBbHBIX 070K0B: 20 L-aMHHOKHCIIOT, 5 a30TUCTBIX OCHOBaHMU (ypauui, TAMHUH, [IUTO3HH,
aZicHUH W ryaHuH), 2 caxapa (D-rmoko3a u D-pubo3a), 1 azorcomepxariuii cnupT (XoiauH), 16-
aTOMHasl HaCBIIICHHAs )KUPHAsA KUCIO0Ta (MaJIbMUTHHOBAs) U 1 3-aToMHBINA cnupT (riuuepon). [pu
ATOM B CIIydae HEPETYJSPHBIX MOJUMEpPOB (OETKM W HYKJICHMHOBBIC KHCIIOTHI) WX pa3HOOOpas3ue
orpeneNnseTcss pa3sHooOpa3HeM YepeNOBaHHs HECKOJBKMX THUIIOB MOHOMEpOB, a B Ciydae
PETYJISIPHBIX TOJIMMEpPOB (MOJUCaxapuabl) - pPasHOOOpasueM XHMHUYECKUX CBS3eH MExXITy
OJIHOTUITHBIMH MOHOMEPaMHU.

OrpoMHOe pa3HOOOpa3ue OWOJOTHYECKHX MOJICKYJ Mpeaomnpeneiser eme Oomee
3HAYUTENILHOE pa3HOoOOpa3ue B3aMMOJCHCTBUI Mexay HHUMH. Takoe pa3sHooOpasue uMeeT
TEHJCHIIMIO K B3pPBIBHOMY pOCTY u3-3a 00pa3oBaHUS BCE HOBBIX OOBEKTOB B pe3yJbTaTe
B3aUMOJICHCTBUS YK€ CYLIECTBYIOIIUX, U, CIEIOBATEIbHO, KOMOMHATOPHBIA MPUHIIUIT CTPOCHHS
OCHOBHBIX OHMOJIOTMYECKUX BEILECTB MPEICTABIISETCS COBEPIICHHO HEOOXOAUMBIM ISl SBOJIIOLIMU
KHUBBIX OPraHU3MOB, IIOCKOJBbKY, BEpPOSITHO, TOJBKO TakuM o0pa3oM MoxeT 3((EeKTHBHO
BO3HUKATh HOBBIN MaTepuan TUISE otOopa.



Tabmumna 2

HaszBanue O0o03HaueHue

Moz. macca CBo#CTBa U PYyHKIIUU

Amanun Ala A
AprunuH Arg R

Acnaparud Asn N
AcnaparunoBas k-ta Asp D
Banun Val V

Tuctunuu His H

I'munun Gly G

I'mytamun Gln Q
I'myramunoBas x-ta Glu E
W3oneitnun lle |

JleviuyH Leu L

JInzun Lys K

Metnonun Met M
[Iponun Pro P

Cepun Ser S

Tuposun Tyr Y
Tpeonun Thr T
Tpunrodan Trp W

Denumnmananug Phe F
Hucrteun Cys C

89.09 T'mapodobHas
17421  IlonoxuTeNbHO  3apsyKEHHAs;
Y4aCTBYCT B CBA3bIBAHUU

AHUOHHBIX (HhOC(hATHBIX TPYIII
132.11 Hesapsrkennas noaspHast 133.12
OtpunarenbHO 3apsKeHHas
117.16 T'mppodobHas; He3aMeHUMAs
155.16 ITonoxuTeNbHO 3apsyKEHHAS; 4aCTO
ydacTByeT B (HOpMHUPOBAHHUH
PEaKUMOHHBIX LIEHTPOB
75.07 HezapsokeHnHas nossipHas 146.35
Hesapsbxennas MoJIsipHas 147.13
OtpunarensHo  3apsbkeHHas  131.18
I'mapodobnas; nHezamenmmas 131.18
I'mapodobuas; Hesamenumas 146.19
[TonoxxuTenpHO 3apsHKeHHAas;
He3aMeHUMast
149.22 I'mnpodoOHasi; He3aMeHUMast
115.14 TunpodobHast; BHI3bIBAET U3TMO
HOJIMIICOTHUIHOMN IETTU
105.09 T'mppooOHasi; yacTo ydacTBYeT B
o0pazoBaHUH PEaKIIMOHHBIX
IIEHTPOB (PEPMEHTOB
181.19 Hesapsbxennas MoJIsipHasi;
o0pa3yeT BOAOPOIHBIC CBS3H
119.12 Hesapsbxennas MoJIsipHasi;
He3aMeHUMast
204.22  T'mppodoOnas;  He3aMEHHMas
165.19  Tumpodobuas;  HezaMeHUMAs
121.16 HezapsixenHas moJisipHasi;
o0pasyeT Tucyib(puIHbIC CBI3U

Jlexuus 2. CTPYKTYPHBIE YPOBHU BEJIKOB 1 HYKJIEMHOBBIX KUCJIOT

Cmpykmyphvle yposHu O6e1Ko8 - CmpyKmypHbie YPOGHU HYKIEUHOBbIX

KUCTIOM - pACMBOPUMOCTb OEIK08 U HYKIeUHOBLIX KUCIOM - CIPYKMYpHble nepexoobl 8 OenKax u
HYKNIEUHOBbIX KUCIOMAX - CMPYKMypa u @QYHKYUs HeKOMOPbIX pACHNpPOCMPAHEHHbIX OelKOo8 -

cpaeHumeﬂbezﬁ AHAIU3 NOCAE008amenbHoCHmel 6u0n0ﬂuMep06 - Kpamkue 6b186000bl

CTPYKTYPHBIE YPOBHMU BEJIKOB

ITocnemoBaTeENbHOCTE AMHHOKHCIIOT, COCTAaBIIIOMINX Oelok, HaseiBaeTca I[IEPBUYHOU
CTPYKTYPOU OGenka. Jlns coOKpalleHHOM 3amucy TOCIEeI0BATEIbHOCTH aMUHOKHCIOT B
OCITKOBBIX IIEMSAX HCIOJB3YIOT TPEXOYKBEHHBIC WM OIHOOYKBEHHBIC YCIOBHBIC O0003HAYCHHS

(Tabm. 2).

3anuch NEPBUYHOMN CTPYKTYPHI O€JIKa BBITIIUT CIACAYIOLUM 00pa3oM:

12345

124 125




N-koHerr H,N-Arg-Gln-His-Ser-Ser-.-Pro-Leu-COOH C-xoHen
Hywmeparus amuHOKHCIIOT npuHsTa ¢ N-KOHIIa 0enka, T.€. ¢ KOHIIA, HA KOTOPOM HaXOJIUTCS €ro
aMHHOTPYIITIA.

Ha ocHoBe momsipHocTH GOKOBBIX R-rpymnmn aMHUHOKHCIOT, T.€. HA OCHOBE HUX CIIOCOOHOCTHU
B3aMMOJICHICTBOBATh C BOJOW, AMHHOKHCIOTHI AENAT Ha 4 Tpymmel: 1) HEMONspHBIE, WIH
ruapodoOHble (amaHWH, BadWH, W30JEWIIMH, JEWIWH, METUOHHWH, MPOJHH, TpUNTOpaH W
¢dbeHnnananuH); 2) MOJSAPHBIC, HO HE3apsHKEHHbIE NpU KIETOYHOM 3HadeHmn pH (acmaparus,
[NIAIUH, TIyTaMUH, CEPUH, TUPO3WH, TPEOHUH WU IMCTEWH); 3) OTPULIATENBHO 3apsSKCHHBIE MPH
KJIeToyHOM 3HaueHuu pH (acmaparuHoBas W TJIyTaMUHOBas KHUCIOTHI); 4) TOJOXHUTEIBHO
3apshKeHHbIE (ApPTUHUH, TUCTUAMH U Ju3uH). OT TOro, Kakue aMHHOKHUCIOTHI BXOISAT B COCTaB
Oenka W TpeoOsafaroT B HEM, 3aBUCAT €r0 CBOWCTBA, B YAaCTHOCTH, XOPOIIO JIA 3TOT OENoK
pacTBOpPUM B BOJIE.

B cTpykType Momnekynsl OenKa IOIMyCTHMBI BpAlIeHHS BOKPYT OJWHAPHBIX KOBAJICHTHBIX
cBs3eil. B pesynbprare juiMHHAs OenmkoBas IeMb CIIOCOOHA M3THOAThCS U MPUHUMATH PA3IUYHYIO
IIPOCTPAHCTBEHHYIO CTPYKTYpy. OHAKO Kaxjas OelKkoBas MOJIEKyJa UMEET He MPOM3BOJIbHYIO, a
OTIpeIeNIEHHYI0 MTPOCTPAHCTBEHHYIO CTPYKTYpY. [Ipeamnomnaraior, yTo 3Ta CTPYyKTypa Ompeaesiercs
TaKUM IOJIO’)KEHHEM aMHHOKHCIIOTHBIX OCTATKOB M UX OOKOBBIX TPYIII, IPU KOTOPOM JIOCTUTAETCS
MUHUMYM CBOOOJHOW dSHepruu OenKkoBOM Monekynbl. [lpu 3TOoM BechbMa CyIIeCTBEHHBIMU
OKa3bIBAIOTCSl Pa3HBbIC THUIBI JOTOJIHUTEIFHBIX B3aUMOCHCTBUI MEXay OOKOBBIMH R-rpynmamu
aAMUHOKHCIIOT.

CymecTByloT TSATh THIIOB  B3aUMOJCHCTBHH, COYETaHHE KOTOPHIX OOECTIEYMBACT
dbopMupoBaHUE U TOAJAEPKAaHUE MPOCTPAHCTBEHHOUW CTPYKTYpbl Oenka (puc. 7): 1) BogoponHbie
CBSI3U MEXKAY R-rpynmamMu aMHHOKHCIIOTHBIX
OCTaTKOB (HampuMep, TUAPOKCUIIbHAS TPyIIa OCTaTKa CepUHa B OJJTHOM
yYacTKe TOJHMIENTHIHONW HENH MOXXET 00pa30BaTh BOJOPOTHYIO CBS3b C aTOMOM a30Ta B KOJIbLE
oCTaTKa TUCTHIMHA, HAXOIAIIETOCS COBCEM B IPYTOM MECTE TOH e LIETH); 2) AIEKTPOCTaTUIECKOe
NPUTSHKEHUE MEXIY MPOTUBOIOJIOXKHO 3apsDKEHHBIMH R-rpynmamu (Hampumep, OTPHIATENBHO
3apshKeHHasi KapOOKCWIIbHAsg Tpyla OCTaTka TJIYyTaMUHOBOW KHCIOTBHI MOXET NPUTSATUBATHCS
MOJIOKHUTEIHHO 3apsDKEHHONM aMMHOTPYIION ocTaTKa JIn3uHa); 3) ruapodoOHbIe B3aMMOICHCTBHS
(rumpodoOHbIe R-rpymiibl HEKOTOPHIX aMUHOKHCIIOTHBIX OCTaTKOB (Tabi. 2) n30eraroT KOHTaKTOB
C BOJHBIM OKpPY>KEHHEM M CTPEMSTCS] COOpaThCsl BMECTE BHYTPH OEIKOBOI CTPYKTYpBI, I/Ie OHH 3a-
IIUIICHBI OT CONMPHUKOCHOBEHUSI C BOMOM (puc. 7)); 4) BaHAEpBAaIbCOBB B3aMMOJICHCTBHS (M3-3a
GyKkTyanuili 3MeKTpHYEcKOro Mois JioOble JIBa aToMa Ha OuYeHb OJIM3KMX PACCTOSIHUAX CI1abo
npuUTATHBAIOTCS (pUcC. 8); 5) KOBAJICHTHBIE TOMEPEUYHBIC CBS3M (HEKOTOpBIC OCIKH COAep aT
OCTaTKH LUCTEHHA, KOTOPhIE CIIOCOOHBI 00PA30BLIBATh NUCYIb(QHUIHYI0 KOBAICHTHYIO CBS3b (PHC.
7), JIeTKO pa3phIBAIONIYIOCS TpH OOpabOTKE pa3IMYHBIMU BEIIECTBAMHU-BOCCTAHOBUTEIISIMH).
XapakTepUCTUKH CpPAaBHUTEIBHOW CHJIBl PA3IMYHBIX B3aUMOAECUCTBUN (IIPEICTABICHHBIE Kak
SHEPTHsl CBsI3W, T.€. JHEPrus, HEOOXomuMMasl JyUisl €€ pa3pbiBa) CyMMHUpPOBaHbl B Tabm. 3.
WunuBuyanbHble CBA3M 3HAYUTEIBHO BAphUPYIOT IO CHJIE B 3aBHCHUMOCTH OT KOHKPETHBIX
YYacTBYIOLIMX aTOMOB U MHKPOOKPY>KEHHS, TaK YTO IMPHUBEACHHbIE BEITUYUHBI MOTYT CIYXUTh
UMb A7 TpyOol opueHTUpoBKU. CyIIECTBEHHO, YTO BOJHAs Cpela 3HAYMUTEIBHO OCNabiseT
MOHHBIE ¥ BOJJOPOJIHBIE CBSI3U MEXKYy MaKpOMOJIEKYJIaMHU.

Tab6muna 3
TimuHa, |aM DHeprus cBs3u, |KJ[k/Mob
Tun cBs13u ’
B BaKyyme B BOJIE
KoBanentnas 0.15 375 375
Honnas 0.25 33016.7 4.2
Bonmoponnas 0.30 4.2 4.2
BanpnepaanbcoBa 0.20 4.2




OnpeneneHI/Ie aMUHOKHUCIIOTHOM IOCIeA0BATEIBFHOCTH OCIKOB B HACTOAIICC BPEMA
ABTOMATU3HUPOBAHO U JOBEACHO 10 COBCPIICHCTBA. Takum 06pa—

30M, JlaHHbIE O TEPBUYHOM CTPYKType OeiKa OTHOCHTEIbHO JETKO NOXy4uTh. OgHAKO
(yHKIIMOHATIBHBIE CBOMCTBA O€lIKa 3aBUCAT MPEX/E BCETO OT €ro MPOCTPAHCTBEHHON CTPYKTYPHI.
OTcrofa BO3HMKAeT BaKHAs 3a7aya O MpeJCKa3aHUM MPOCTPAHCTBEHHOMN CTPYKTYpPHI Oelika Mo ero
NepBUYHON CcTpykType. KOHEWHO, TpexmepHyro CTpPyKTypy Oenka MOXXKHO HaWTH M JKCIe-
PUMEHTAIBHO - C TIOMOIIBbIO PEHTICeHOCTPYKTYPHBIX HcchenaoBaHnuid. Ho, Bo-mepBbIX, 3TO
JOCTaTOYHO TPYIOEMKUN METOI. BO-BTOPBIX, /17151 3TOr0 HAJ0 MOJIYYUTh KPUCTAJIBI UCCIEAYEMOTO
Oenka, HO HE BCe OCJIKM KpUCTAUTM3yIoTCs. M, HakoHel, 3TOT MeToa He 00JIajaeT JOCTaTOYHBIM
pasperieHrneM, 4ToObl Oblila BUIHA BCS MOCIIEI0BATEIBHOCTh aMUHOKHUCIIOT.

HemocpenctBeHHslii pacder HambOojee CTaOWIbHON KOH(poOpManuu OEIKOBOM MOJIEKYJIBI
MMyTEM MUHHUMM3ALUUA CYMMapHOM 3HEPrUU BCEX BUIOB BHYTPUMOJICKYJSIPHBIX B3aUMOACHCTBUI
HEBO3MOXKEH M3-3a HEMPEOAOIUMBIX TPYAHOCTEH, CBA3aHHBIX C UCKJIIOUUTEIBHO OOJIBIINM YHCIIOM
BO3MOXXHBIX KOH(popmanuii 6enka. Tak, eciu cuuTaTh, YTO B CPEIHEM Ka)Iblii aMHHOKUCIOTHBIH
OCTaTOK M3 N WX 00mero umcia B OenkoBod 1enu oOsamaer 10 HU3KOIHEPTETUYECKUMH
KOH(pOpMAIHAMHU, TO OOIIee YUCIO CTPYKTYpPHBIX BapuaHToB cocrtasisier 10". Takwe pacdyers
MOYXHO BBITIOJTHUTH C TOMOIIEI0 DBM ToNbKO 1151 5-6 -4JIEHHOTO MEeNTUIHOTO (hparMeHTa.

3amaya  HECKOJIBKO O0Jieryaercs TEeM, YTO B IPOCTPAHCTBEHHOM CTPOCHHM OEJIKOB
MIPOCIICKUBACTCSI MEepapXusi YPOBHEN. B CTpykType mMOCTaTOYHO OOJBINON MONMMICHTHIHON IEMH
MPAaKTUYECKH BCETAa OOHApYXHMBAIOTCS PETYJSIPHO MOBTOPSIOLIMECS y4acTKu. X HasbIBaroT
BTOPUYHOI CTPYKTYPOM Genka. B tunmunom 6enke o6baHO 60% aMHHOKHCIOTHBIX
OCTaTKOB y4acTBYET B (JOPMHUPOBAHUHM BTOPUUHBIX CTPYKTYyp. Hanbonee oOBIYHBI MATH 37€MEHTOB
BTOPUYHOU CTPYKTYpHI - TIpaBast U jeBas a-CIupajy, napajuieIbHbli U aHTUIIApaJUIENbHbIN b-ciou
U b-u3rud, KOoTOphle CTAaOMIU3UPOBAHBI BOJOPOAHBIMH CBsi3AMU. Hambosiee pacrnpocTpaHeHHbIE
npaBasi a-CIUpalib U aHTHUIApaJUIeNbHBIN b-cioii mokaszansl Ha puc. 9. Ha 1 BuTOK mpaBoii a-
CIMpaIN OIpUxoauTcs 3.6 aMUHOKHUCIIOTHBIX OCTaTKa, U 1ar cnupanu coctasisteT 0.54 HM, Tak 4To
Ha | aMUHOKHUCIOTHBINA ocTaTok nmpuxoautcs 0.15 HM; nuameTp Takoi crupaiu 0e3 yuera O0KOBBIX
rpynn - 0.6 HM. a-ciupaib MOXET OBITh MOCTpoeHa Tudo u3 L-, mubo u3 D-aMUHOKUCIOT, HO BCe
aAMUHOKHCIIOTHI JTOJKHBI MPEACTABIATh COOON CTEPEOU30MEphl OJHOTO U TOTO K€ TUIa, TaK Kak
MEenTHAHAS LeMb, COCTOsINAs U3 CMEeCH OCTaTKoB L- 1 D-aMHHOKHUCIIOT, HE crmocoOHa 00pa3oBaTh
CIHpajb, U XOTS U3 HNPUPOJHBIX L-aMHUHOKHCIOT MOXHO MOCTPOUTH KakK IMpaBylo, TaK U JIEBYIO
CIHMpab, paBble CIIUPau B O€TKax BCTPEYAIOTCS HAMHOTO Yaile. B b-cnosx nmonunentuaHbie
LENU HAXOMATCS B MAaKCHUMAJbHO BBITSHYTOM COCTOSHUM M Ha | aMUHOKHCIOTHBI OCTaTOK
npuxoautcs 0.347 HM.

AHanu3 4acTOThl BCTPEHYAEMOCTH PA3JIMYHBIX AMHUHOKHCIOT B OIPEAEICHHBIX 3JIEMEHTaX
BTOPUYHOU CTPYKTYPHI HIIM pacUeThl YHEPTHUH B3aMMOICHCTBHI B OJUIONMENTUIHBIX (DparMeHTax
MEPBUYHOI TOCJEI0BATEIBHOCTH JIEKAT B OCHOBE PA3JIMUHBIX METOJOB NPEACKA3aHUS HAJTUUMS
3JIEMEHTOB BTOPUYHOIN CTPYKTYpHI B Oenike. B HacTosiee BpeMsi paciojioKeHue a-crupaneit u b-
U3ruO0B JOBOJBHO XOPOUIO MPEACKa3bIBACTCS HECKOJbKMMM Pa3IMUYHBIMM METOJIaMH, TOTJa Kak
TOYHOCTb JIOKAIHU3AINH b-CIIOEB BCE €IIE OCTABJISET JKeNaTh JyUIIero.

[IpocTpaHCTBEHHOE  pPACHOJIOXKEHHWE  SJEMEHTOB  BTOPHUYHOW  CTPYKTYphl — 00OpasyeT
TPETUYHVYIO CTPYKTVYPYV 6enka. Harnsaano npeacraButh cede TPETUUHYIO CTPYKTYpy Oelka
OueHb CJ0XHO. Eciau mnpenctaBuTh aTOMbl B BHJAE IIAPOB M HE NPUHUMATh BO BHUMAaHHE
BOJOPOJIHBIE ATOMBI, MOYKHO MOCTPOUTH 00BEMHYI0 MOAeNb. OAHAKO JeTally X0a MOTUNEeITHIHOM
LIENHU U XapaKTep BTOPUYHBIX CTPYKTYp MO TaKOW MOJENIN YCTaHOBUTh HEBO3MOXKHO (puc. 10A). B
IPYyroM THIE MOJENeH KaxJA0H XUMHUYECKOH CBSI3U COOTBETCTBYET OTPE30K MpsiMoi juHMH. Ho
JakKe B 9TOM CiIy4yae TPYIHO pa3oOpaThcsi B 3amyTaHHOU ceTke cBsizedt (puc. 10b). [Toatomy, kak
MIPABHUIIO, UCTIONB3YIOT a0CTPAKTHBIE PUCYHKHU, HA KOTOPBIX M300pa)KEHBI JTHUIIb XOJ IIENU aMHHO-
KHCJIOTHBIX OCTATKOB, 3JIEMEHThl BTOPHYHOM CTPYKTYyphl, HaubOosee Ba)KHblE OOKOBBIE LENH U
MOJIOXKEHUS JUCYIbGUAHBIX cBs3eil (puc. 10B).



HccnenoBanust TPETHYHOW CTPYKTYpHI OCITKOB IMOKA3aJId, YTO THITMYHBIA OEJIOK CpEeIHEro
pazmepa (300 aMHHOKHMCIOTHBIX OCTAaTKOB) COJIEPKUT OT 3 10 7 a-ciupaieil, a TUNU4YHAas a-
CIHUpaIb COCTOUT U3 10 aMUHOKHCIOTHBIX OCTAaTKOB. YHCII0 b-CII0EB OOBIYHO MEHBIIIE, HO KaXK bl
COJICP>KUT 3HAUYUTEIHHO OOJbIlIe AMUHOKHCIOT. BONBIIMHCTBO OOMIMPHBIX b-ClioeB cocTout u3 4 -
6 uernerr u coaepkut ot 20 1o 40 aMMHOKHUCIOT. AHTHIApAJUICIIbHBIE CJIIOM BCTPEUYAIOTCS Yalle,
yeM TMapajulefibHble, HO OBIBAIOT W CMEIIaHHBIE b-ClIOM, coueTarolue napajuieJbHble WU
AHTHITAPAIUICITBHBIC YYaCTKH. a- U b-CTPYyKTyphl HE UMEIOT TCHJIICHIIUU PACIONIaraThCs B KaKUX-
00 OMpEeEeNIeHHBIX MECTaX TPETUYHON CTPYKTYpbI, HApuMep, BHYTPH WJIM HA MOBEPXHOCTH, B
obmactu N-xonma wiu C-xoHma u T.4. He cymecTByeT Takke KakoW-TuO0 TCHIICHIIUU 3JIEMEHTOB
BTOPUYHOU CTPYKTYpPHI OOpa30BBIBATH KJIACTEPHl B TPETUYHOW CTPYKType. Bce aTo 3arpymHsieT
MpeACKa3aHue TPETUYHON CTPYKTYPhI OCIKOBOM MOJIEKYJIBI 110 €€ TIEPBUYHON CTPYKTYpE.

MHorue 6eTKOBbIE MOJIEKYJIBI MOJKHO pacCMaTpUBATh TOJIBKO KaK €IUHOE 11e10€, HO 4acTO
BCTPEUACTCS TAKKE CUTYAIHs, KOT1a OSJIOK MOYKHO pacc-

MaTpHUBaTh KaK COCTOSIIIUN U3 OTIENbHBIX JOMEHOB. Hannuue 10MeHOB MOXKET

OTpa)kaTh X0J CBOPAYMBAHUS TPETUYHOU CTPYKTYPBI U3 PA3BEPHYTOU LIEIIH.

CBopaunBaHue B TPETHYHYIO CTPYKTYpY HIET MO MEpe CHHTe3a OeNKOBBIX Iernel Ha pudocoMax.
Cunte3 6enkoB uaet ¢ N-KOHIA U MO3TOMY MOJIEKYJIa TOKE€ HAUYMHAET CBOPAaYMBATHCS ¢ N-KOHIIA.
B pesynbrare TpexmepHas CTPYKTypa IpU TaKOM IIO3TAallHOM, CONPSDKEHHOM C CHHTE30M,
CBOpPAUMBAaHUM MOXKET OTIMYAThCS OT CTPYKTYpbI, KOTOpas (OpMHUPYETCs IPU CBOPAUMBAHUU YKE
rOTOBOH O€NKOBOM Ienmu. JTO OOCTOSTENBCTBO TOXKE CIIEAYET YUYHTHIBATH HPU TEOPETHUECKUX
pacdyeTax MPOCTPAHCTBEHHOW CTPYKTYphl OenkoBoi menu. COBpEeMEHHOE COCTOSTHHUE MPOOJIEMBI
npeJCcKa3aHus WITIOCTpUpyeT pHuc. 11, Ha KOTOPOM CpaBHUBACTCS CTPYKTypa HEOOIbLIOro (BCEro
58 aMUHOKMCIOTHBIX OCTAaTKOB) O€JKa, MOJyuyeHHas METOAOM PEHTTCHOCTPYKTYPHOTO aHaJn3a
(cmeBa) M paccuuTaHHas IMYTEM MUHUMHU3ALUU CYMMbl SHEPrUil B3aUMOAECHUCTBUS MEXKIY
pasUYHBIMM AMMHOKHUCIOTHBIMU OCTaTKaMU M MOJIEKyJaMHM pacTBopurens (cmpasa). XOTs
MOJyYeHO KayeCTBEHHOE COTjlacHue, OYEBUIHO, YTO MPOOJIEMYy TaKHX PacyeTOB HENb3sl CUUTATh
PEILIEHHOM.

HHTEpecHo, YTO OYEHb MOXO0XKHUE MO TPETUYHOW CTPYKTYpE IOMEHBI BCTPEUAIOTCS MHOTIA B
OeJKax, BBITOJHSIONINX COBEPIICHHO HEMoxoxue QyHKIuH. [Ipn 3TOM BO3HUKAET Psii HHTEPECHBIX
BOIIPOCOB, Ha KOTOPBIE MTOKa HET O0TBeTa. UeM BbI3BaHO 3T0 cxoAcTBO? MiMenu u Bce Takue OeNku
B JIaJIEKOM IpouuioM obiero npeaka? Mimu, MoxkeT ObITb, CXOACTBO IOMEHOB BBI3BAHO MPOCTHIMU
CTPYKTYPHBIMH OTpaHMYCHHUSMH, HaJlaraeMbIMU Ha Oenku? Bo3MoXKHO, UTO CyIIeCTBYeT HE TaK YK
MHOT'O CIIOCOOOB CBEPTHIBAHUS MOJIUIENTHAHON LENU, NPUBOJAIIMX K SHEPreTHUECKU BBITOJIHOM
cTpykrype. Wiu, ObITh MOXET, TaKue JOMEHBI 00JIaal0T KAKUMHU-TO YHUKAJIbHBIMHU (PU3NYECKUMU
CBOWCTBAMH - HANpUMEp, CTPYKTYPOH, TMOKOCTHIO WIJIM JKECTKOCTBIO, UYTO JIEJIAeT MX OCOOEHHO
HNOJIXOASIIMMHU JUIsl BBIOJHEHUS Kakou-nmubo ponu? JlanpHeilmue uccinenoBaHus IOJKHBI OyayT
OTBETUTH Ha 3TU BOIPOCHI.

benok npencrapiseT co60i H0BOJIBHO IUNIOTHYIO MOJEKYIy. Eciau cuntate, 4To KaXkablil aTom
npenacraBisier coboil cdepy, paauyc KOTOpOW paBeH BaHIEPBAAIBCOBY paauycy aroma, TO
IUIOTHOCTh YMAKOBKM MOKHO OLIEHUTh KaK OTHOLIEHHE CyMMblI OOBEMOB aTOMOB K IOJHOMY
00bEeMy, 3aHUMaeMOMY MOJIEKYJION OeJKa. DTO OTHOIICHHUE IS OSTKOB OKa3hIBACTCS PABHBIM
0.75, 4to cooTBeTCTByeT Hambojee MJIOTHOW ymakoBke chep. Tem He MeHee CTpyKTypy Oelnka
HEb3sl cuuTaTh KecTkod. McecnenoBanus meronom SAIMP u pacdersl MOJEKyISpHOW ITHHAMHUKA
IIPUBOJAT K MPEACTABICHUIO, YTO IOJIOKEHHS OTIAEJIBHBIX aMHUHOKHCIOTHBIX OCTATKOB HE CTPOTO
(UKCUPOBAHBI, TAK YTO CTPYKTYpa Kak ObI "IBIIIUT", IPH STOM HOJBMKHOCTH HEKOTOPBIX
aMUHOKHCIIOTHBIX OCTaTKOB HAaCTOJIBKO BEJIMKA, YTO UX MOJIOKEHHUE, HAICHHOE METOAAMHU
PEHTTEHOCTPYKTYPHOTO aHAIN3a, CTAHOBUTCS HETIOKA3aTEeIbHBIM. DTU PE3YJIbTaThl OOBSICHSIOT
TaKXe CIOCOOHOCTh HEKOTOPBIX MaJIbIX MOJIEKYJ IPOHUKATH BIIyOb Oenka.

HekoTtopsie OelIki COCTOST HE W3 OJHOM, a M3 HECKOJIBKUX MMOJHICIITUAHBIX meneid. Kaxmas
Takas Ielb Ha3bIBaeTCA CYObeouHuyeli Oelka, a caM COCTaBHOU OeNoK - onucomepHuim. Takue
GelIKH MMEIOT elle OJMH CTPYKTYpHbI ypoBeHs, ypoBens YETBEPTUYHOM CTPYKTVYPBI. ITox



YETBEPTUYHON CTPYKTYpOH IMOHMMAIOT B3aUMHOE PACIOJIOKEHHE CYOBEAMHHUI], T.€. CIOCO0 HX
COBMECTHOHM YKJIQJIKH M YIIAKOBKH C 0Opa30oBaHMEM HATHBHOHW CTPYKTYPBHI OJMTOMEPHOTO Oelka.
OtnenbHbIe CyOBEIWHUIBI COCAMHSAIOTCS MEXIY C000i MO0 BOMOPOIHBIMU CBSI3SIMH, JIHOO
"cnumnatorcs" cBOoUMH IHIPO(GOOHBIMU MOBEPXHOCTSIMU. OOBIYHO OJIMIOMEpPHBIE OETIKU COCTOST U3
3 - 6 cyOpeauHull, HO BcTpedaroTcs Takxke coiepkamue 10 - 12 cyObenuHun, U Kak KpaHHi
NpUMep M3BECTEH IMUPYBATIETUAPOreHa3HbII KOMILIEKC, COCTOSIIMHA U3 72 CyObeANHHII.

3amaua 7. MplmeyHblid O€IOK TPOMIOMHO3MH HMEET MOJIEKYyJIsspHylo Maccy 70 k/la u
MPEJICTaBIsAeT COOOM Cylepcnupaib, COCTOSIIYIO U3 JBYX a-CIUPAM30BAaHHBIX TshKe. CpemHss
Macca OJHOTO aMUHOKHUCJIOTHOro octatka cocrtasisier 110 Jla. Paccuuraiite mivHYy MOJEKYJIbI
TPOTIOMHO3HHA.

3agaya 8. OCHOBOM CTPYKTYphl BOJIOCA CIIYXKUT NOJIMIENTHIHAS IIE€Nb a-KepaTHHA B a-
cnupaibHOW KOHpopmauuu. Jlo Kakod MaKCUMalbHOW JJIUHBI MOXHO pacTsaHyTh 10-
CaHTHMETPOBBI BOJIOC TIOCIE €ro HarpeBaHusi M OOpaOOTKM BOCCTAHABIMBAIOUIMM AareHTOM,
pa3phIBAIOIINM BCE AUCYIb(UIHBIC CBI3U?

CTPYKTVYPHBIE YPOBHUN HYKJIEMHOBBIX KUCJIOT

[TocrnenoBarenbHOCTh PACIIONIOKEHNS HYKJIEOTHJIOB B KOBAJEHTHOM LIENMU HYKIEUHOBOMN
KHCIOTH HaseiBaetcs ee IIEPBUYHOM CTPYKTYPOM. KommieMeHTapHBIE a30THCTHIE
OCHOBaHUSl CIIOCOOHBI 00pa30OBbIBaTh BOJAOPOAHBIE CBSI3U APYr C JAPYroM, M 3TO HPUBOJUT K
dopmuposanmo BTOPUYHOM CTPYKTYPhl wuyknenmHoBoii  kucmotel. IlomaBisiomnee
oompmmHCcTBO  Mosiekyn JIHK sBisitorcst aByxuemodedyHbiMH (puc. 4), W 3TO HAKIIAJbIBAeT
OrpaHUYEHUS Ha WX HYKJICOTHIHBIHA cocTaB. [[na nByxuenoueunsix JIHK Bcerna ca = cru cg = cc,
IJI€ C - MOJIbHAA J0J151. DTOT (PaKT, OTKPBITHIN U 00CTOSATENBHO N3yUEHHBIH
3. Yaprapdom (E. Chargaff), 66u1 0oqHUM U3 BaXKHEHIINX CpeAM TEX JaHHBIX, KOTOpPbIE MPUBEIHU K
koHuenuu neoitHon cnupanu aias JJHK. On o3Ha-

YaeT, 4To JJs onucaHus coctaBa JaByxuenodeyHoit /IHK HeoOxonuma TONBKO OHA MepeMeHHast
cg+c (mmu casr). OmHako w3 BeIMONHEHWs npaBuin Yapradda eme He ciemyer, uro JJHK
00513aTENbHO SABJSETCA ABYXLEMOUYCUHOM.

GC conepxaHue NPUPOAHBIX HYKJIEHHOBBIX KHMCIOT CYLIECTBEHHO pa3in4aeTcs, HO HET
HHUKaKUX yKa3aHuM Ha TO, yTOo HykiaeoTuAHbI coctaB PHK wnu JIHK x0Tk Kak-TO KOppenupyer ¢
OMOJIOTHYECKUMHU (PYHKUUSMH 3THX MOJIEKY]. Bce e i OoNbIIMHCTBA OPraHU3MOB OTHOIICHHE
CA+T/CG+c HE CIMIIKOM JAJeKO OTKJIOHSETCS OT cpemHero 3Hadenus 1.3 (puc. 12). UckmrodyeHue
COCTABJIIIOT HEKOTOpble OakTepud M MHUHOpHass ¢pakuus sykapuotuueckoi JIHK - Tak
HazeiBaemasi camennumuas JJHK. B coctaB wuekoropeix JIHK um PHK Bxomst HeoObruHBIC
MOJTU(UIMPOBAHHBIE OCHOBAHMSA, Ha3bIBa€Mble MUHOPHbIMU. BeposiTHO, OHHM HEOOXOAMMBI JUIS
BBINOJIHEHUSI KAKHX-TO CIELUUAIbHBIX (YHKIMH HYKJIEMHOBBIX KHCIOT, IOCKOJBKY y Ooee
Pa3BUTHIX B SBOJIIOLIMOHHOM OTHOILICHUHM OPraHU3MOB COJAEp)KaHHE HEOOBIYHBIX HYKJICOTHJIOB
BBIIIIE, yeM y Oosiee MpuMUTHUBHBIX. HekoTopbie ocHoBanms oTaenbHbIXx JIHK merumupoBansl,
IpUYeM NPUCYTCTBYIOT OHM B OYEHb CHEUU(UYHBIX IMOCIEIOBATEIBHOCTIX. JTa MOIUPUKAIHSI
CIIy’)KUT MapKepoM [uls Olo3HaBaHMs coOCTBEHHBIX Mosiekyn [IHK oT uykeponHbIX u sBIseTCA
MEXaHU3MOM 3alUTHl IPOTUB BHYTPUKIIETOUHBIX (PePMEHTOB-pecmpuxmas, KOTOpble B OTCYTCTBHUE
MetunupoBanus pacmerisiu 01 JIHK B aTHX MecTax.

BropuuHnoii ctpykrypoil nByxuenodeuHelx Mosiekyn JHK sBnsercs cTpykrypa aBoiHOMN
cnupai, peayioxenHas Jl. Yorconom (J. Watson) u
®. Kpukom (F. Crick). Onnako ¢pukcupoBaHHasi CTPYKTypa yOTCOH-KPUKOBCKUX Iap OCHOBaHWUMN
nomyckaeT Oousiblioe MHorooOpasue ¢Gopm nBoWHON crmmpanu. Ha puc. 13 cxemaTudecku
n3zo0pakeHa BropuuHas ctpykrypa Au B-dopm JJHK. THK B BogHbIX pacTBOpax mpuHHMaeT B-
¢bopMy, KOTOpasi CUUTAETCS YOTCOH-KPUKOBCKOM CTPYKTYpOH, HO IPU OINpPENEIEHHBIX YCIOBUIX
OHa MOXeT ObITh mepeBeneHa B A-cnupanb. Haxomsrces nu npupoausie JIHK B A-dopme -
HEU3BECTHO, HO MOYKHO C JIOCTaTOYHOH OIpPENENEeHHOCThIO0 CKa3aTh, YTO KOMILIEMEHTapHbIE
komriekcel PHK-JIHK cymectBytor B A-, a He B B-opme. O6e cTpyKTyphl SBISIOTCS MPABBIMH
cnupasiMi, omgHako B-dopma moxoska Ha OOBIYHYIO BHHTOBYIO JIECTHHILy M coaepkuT 10 map



OCHOBaHUI Ha BUTOK, a A-popma - Ha BUHTOBYIO JIECTHHILY, CTYIIEHbKH KOTOPON HAKJIOHEHBI K
LEHTpY, U uMeer 11 map ocHoBaHuil Ha BUTOK. B nutueBoit conu JJHK npu HHM3KOH BiakHOCTH
obnapyxena C-popma JIHK, KOTOpyr0 MOXHO paccMaTpuBaTh KaK Pa3sHOBHIHOCTH B-popmbr ¢
YKCJIOM OCHOBAaHUN Ha BUTOK, paBHbIM 9.3. CylIecTBYIOT M ApyrHe BapHaHThl Kak A-, Tak u B-
¢dbopM, Tak 4TO OHH MIPEJCTABISAIOT CKOPEE CEMEWCTBA CTPYKTYP, YEM CTPOTO OIpEIeIICHHBIE
KoH(popManuu ABOWHONM crnupanu. Hapsgy c cemelicTBamu mpaBocmupanbHbiXx B- u A-dopm
cyumecTtBytoT yyactku JIHK, B KOTOpBIX perynsipHO uepenyroTcsi MypHUHOBBIE U MUPUMHUIUHOBBIC
OCHOBAaHHS U KOTOpBIE MOTYT MEPEXOAMTh B JieBOCHUpaibHYylO Z-popMmy. Ha3BaHHas Tak u3-3a
3UTr3aroo0pa3HOro BUAa TUHUK caxapodocdarHoro octoBa Z-hopmMa MOKET BOSHUKAThH B KJIETKE B
BUJIe HEOOJBIINX YYaCTKOB B cocTaBe B-(popMbl py BO3ZHUKHOBEHHUH CTEPUUECKUX HAIPSKEHHUH
(npu cBepxcnupanuzaiuu) B mojekyne JJHK. JIsyxuenoueunsie PHK oGpa3yior mpaBsie crimpanu
¢ 11 nmmu 10 ocHOBaHusAMU Ha BHUTOK. [Ipm ompenencHHbBIX yCIOBUSX B HYKJIEHHOBBIX KHCIIOTax
MOTYT (POPMHUPOBATHCS TPEXILETIOYEUHBIE CIIUPAJIbHBIE YUACTKU (Mpuniexcst).

OpHouenoueyHble MOJIEKYJIbl HYKJIEMHOBBIX KHCJIOT, KaK M JIBYXILIETIOYEUHBIE, TOXKE 4acTO
00pa3yloT CIUpajH, CKPy4YHBasCh caMd Ha ce0s u (HOpMHpYs TaKUM 00pa3oM OIpeNeIeHHYIO
[IOCJIEAOBATEIbHOCTD  METENb, WIM wnulek. 3Hasg HYKICOTHIHYI IOCIIEI0BaTEIbHOCTD
OJTHOLIETIOYEYHOM MOJIEKYJbl, MOKHO IMOCTPOUTH MPEANOJIOKUTENbHBIE MOJAEIU €€ BTOPUYHOU
CTPYKTYpBbI, IPUYEM YaCTO MOXKHO OOOWUTHCH 0€3 NMPUMEHEHUs CIEIHATIbHBIX AJITOPUTMOB, €CIIU
PYKOBOJCTBOBATbCS OINpEACIECHHbIMU MpaBuiaamMu. Tak, JAJIUHHBIE HENPEPHIBHbIE B3aUMHO
KOMILIEMEHTapHbIE Y4aCTKU MOYTH Bcerza OyayT 0Opa30oBbIBaTh JABYXIIEIIOYEUHbIE IIMUIBKU; OJUH
JUIMHHBIM JIBYXIIETIOYEUHBIH Y4YacTOK MPEANOYTUTENIbHEE ABYX 00Jjiee KOPOTKHUX C CyMMAapHOM
JUIMHOM, PaBHOW MNPOTSHKEHHOCTH 3TOIO y4yacTKa; M3 JBYX SKBUBAJICHTHBIX B3aHMHO HCKIIIOYaA-
IOIUX CIHPAIbHBIX YYacTKOB Oojiee CTaOWIBHBIM SIBISIETCS TOT, y KoTtoporo Bbime GC-
cogepxkanue (mockonbky G m C o00pa3yroT Tpu BOJOPOAHBIE CBA3M NPU KOMIUIEMEHTapHOM
cnapuBanud, a A u T - Tonmpko naBe) M T.A. O B3aMMOJECHCTBUIX HYKJICOTHIOB H3BECTHO
JOCTaTOYHO MHOIO JUIi TOTO, 4YTOOBl 3TH MpaBUia MOXHO OBUIO HCHOJB30BATh JaXe JUIs
KOJINYECTBEHHON OLIEHKU CTa0MILHOCTH KOHKPETHBIX CTPYKTYDP.

[ToMumo ¢GopmMUpOBaHHS CHHMPAIBHBIX YYaCTKOB BTOPHUYHOM CTPYKTYpPbI, HYKJIEHHOBBIE
KHCIIOTHI CTIIOCOOHBI M K 00pa30BaHHIO crienu(pUuecKoil MpOCTpaHCTBEHHOUW KOH(pUTYypaluu, T.€.
TPETUYHOM CTPYKTVPBI. IlepBoii HYKICHHOBOH KHCIOTOH, i KOTOPOH METOIOM
PEHTICHOCTPYKTYpPHOTO  aHajM3a JIeTaJbHO yCTAHOBJIEHA TPETHYHAas CTPYyKTypa, Oblia
¢dbenunananmHoBass TPHK w3 nppoxokeit (puc. 14). BepositHo, Bce TPHK wumeror cxoanyro
TPETUUHYIO CTPYKTYpY. JeranpHas unpopmanus o tpetuyHoit ctpykrype JJHK moka orcyrcTByer,
XOTs MPEIIONaratoT, YTO B HEH MOTYT 00pa30BBIBATbCS M3JIOMBI C HAPYLIEHUEM CIIApUBAHUS JABYX
COCE/IHUX TIap OCHOBaHMU U HEOOJIBIINM PAacKpy4YHBaHUEM ocToBa. [loBTOpssCH, uepes kaxasie 10
1ap OCHOBAHMI TaKHe U3JIOMBbI CIOCOOHBI IOPOXKIATh JIEBYIO C6EPXCRUPATL C TUAMETPOM OKO-

10 10 HM, Kax10€ 3B€HO KOTOpOoil cocTouT u3 10 nap ocHOBaHuU, TaK 4TO

Ha Kaxple 140 map ocHOBaHUH PUXOAUTCS IPUOTU3UTENBHO 1.5 BUTKA.

Jlpyroii THUI HM3JIOMOB NPHUBOJUT K OOpa30BaHHUIO MPABOW CBEpXCHHpaNH, coiepxameiit 9.6 map
ocHoBaHMi Ha BUTOK. OmHako B kierke JIHK oObIYHO HaXoaWTCS B MOCTOSSHHOM KOHTAaKTE C
Oenkamu, oOpasys pasnuunble JIHK-OenkoBble KOMIUIGKCHI, i (OPMHPOBAHUS KOTOPBIX
CYIIECTBEHHOM OKa3bIBAETCSI, BEPOSITHO, JIUIIIL BTOpru4Has crpykrypa JIHK.

Hpumepst YETBEPTUUHON CTPYKTVYPHI B cucreMax, COCTOSIIMX HCKIIOUHTENHHO M3
HYKJICHHOBBIX KHCJIOT, O4YE€Hb HEMHOrOYMCIeHHbl. OIMH W3 HHUX - OYEHb IPOYHBIN
MEXMOJICKYJISIPHBI KOMILJIEKC, KOTOpBI oOpasyiorT Monekyiasl TPHK ¢ kommuiemeHTapHBIMU
aHTUKOJIOHAMM in Vitro. POJIb 3TOTO SIBIEHUA in Vivo HE SICHA, HO MOXET CIIy>)KHThb yKa3aHHEM Ha
CYLIECTBOBAHME €LIE HE W3BECTHBIX B3aUMOJEHUCTBUN HYKJIEHHOBBIX KHCJIOT Ha YPOBHE
YETBEPTUYHON CTPYKTYPBI B KIIETKE.

3anaga 9. JIHK nmeer monexynspayto maccy 250 miH. [la. Berunciure ee 1IMHY B CM,
npeanonaras, uro JJHK naxomurcs B B-dpopme; B A-popme. Crosibko BUTKOB coaepkuT 3Ta JJHK
B Kakaou u3 popm?



PACTBOPUMOCTD BEJIKOB 1 HYKJIEMHOBBIX KUCJIOT

benku sBnstores amgporumamu (CokpaiieHue ot cioB "ampoTepHbIe
AMCKTPOJUTHI"), T.€. OHM COJAEpPKAT KakK IOJIOKUTEIHHO, TaK W OTPUIATEIBHO 3apsKCHHbBIC
AMUHOKHCIIOTHBIE OCTATKU MPH XapaKTEPHBIX Il KIeTkH 3HaueHusx pH (tabu. 2). 3apsn 60KOBBIX
R-rpynn aMMHOKHCIOT 3aBUCUT OT 3HaueHus pH: mpu Bblcokux 3HaueHUsX pH kapOOKCHIIbHBIE
TPYIIIBI B BOZHOM PAacTBOPE JIETKO TepsatoT H' 1 mprobpeTaroT oTpuIaTeIbHbIH 3aps/l, TOraa Kak y
aMHHOTPYIII 3apsii OTCYTCTBYET, a MPH HU3KUX 3HaYeHusx pH HaOmogaercs oOpaTHasi CUTyalus -
KapOOKCHUIIbHBIE TPYIIBI HE HECYT 3apsa, TOT/Aa KaK aMHHOTPYMIBI 3aXBaThIBAIOT U3 BOJHOTO
pactBopa noH H' u mpuobpeTaroT monokutenbHeii 3apaa. [lostomy mpu Huskux pH Genku 3aps-
KEHbl TOJIOKUTENIBHO, a TMPU BBICOKMX - OTpUIAaTeNbHO. [IOCKONBKY coaep:kaHHe U COCTaB
AMHHOKHCIIOT, CHOCOOHBIX K OOpaTMMOW HOHW3ALWH, PA3IMYHBl U Pa3HBIX OEIKOB, TO IS
KOKIOro Oelka CyIIeCTBYeT CBOE XapaKTepHOe 3HaueHue pH, mpu KOTOpoM OH SBIseTCS
HE3apsUKEHHBIM; 9TO 3HAUCHUE Ha3bIBaeTCs usoaekmpuyeckou mouxou (MIT) u obo3nagaeTcs kak
pl. HykienHoBbIE KHCIOTHI B BOJHBIX PAacTBOpPax BCEI/a CUIBHO OTPULIATEIBHO 3apSKEHBI, T.K.
caxapodocdatasriii ocroB JJTHK u PHK nmeer orpuniatensHbiit 3apsa pochaTHBIX TPy, KOTOPBIE
JNENPOTOHUPOBAHBI ITPU XAPAKTEPHBIX JUJIS KJIETOK 3HaueHusx pH.

Monekyny Oenka WIM HYKJIEHHOBOW KHUCJIOTHI HEBO3MOXKHO NPEJCTaBUTH ce0e B YHUCTOM
BUJIE, TTOCKOJIBKY SIBJISSICH IIOJIMAJIEKTPOJIUTAMH, OHM HYKIAIOTCS B MpoTHBOMOHaX. Kpome Toro,
BCerJa HaOJII01aeTCsl CHIIBHOE CBS3bIBAHUE MOJICKYJI OOBIYHBIX PACTBOpPUTENEH (Hampumep, BOIBI)
c Ouononmumepamu. IlosToMy peanbHBIM OOBEKTOM B BOJHOM pPAacTBOpE BCerja sBISETCS
rUpaTUpOBaHHasl MOJIEKyJa, Hecyllas NpOTUBOMOHBI. (CTeneHb B3aUMOJCIHCTBUS OENKOB H
HYKJIEMHOBBIX KHUCIJIOT C BOAOW HE MO3BOJSET CUMTATh MX PAcCTBOPBI MJ€aJIbHBIMU HU NPU KaKUX
KOHIeHTpauusx. Jlaxke cyxue mieHKu OeaKoB MpOYHO copOupyroT okoio 0.4 Mo BOJbI HA MOJb
AMUHOKHCIIOT. JlomoaHuTEeNbHO Oojiee ci1abo cBsA3bIBalOTCA eme oT 1 jgo 2 monaeid Boxbl. Emne
HEKOTOpasi 4acTh BOJBI MOXKET 3aJEepKUBATHCS B IMOJOCTAX WIM yIIyOJIeHHUSIX MOJEKYJbI Oenka.
Jaxe He Oyayuu CBSI3aHHOW, OHa OyJeT IBUTAThCS C OEIKOM, YTO NPHUBENET K YBEIMUYCHHIO
Kaxylerocs pasmepa Oenka. Ha mpakTHke CIUIIKOM CJIOXHO HMCIOJb30BaTh BbHIIICONUCAHHYIO
MOAPOOHYI0 KapTUHY B3aWMOJCUCTBUS BOAA-OMOMONMMEp A pacueTa TUAPOAMHAMUYECKUX
CBOMCTB O€NKOB WM HYKJIEUHOBBIX KHUCJIOT, U OOBIYHO HCHOJB3YIOT YIPOLICHHYIO MOJENb
rUapaTalyy, COrJIaCHO KOTOPOM BOJA 3aMOJIHSAET BCe BHYTPEHHEE MPOCTPAHCTBO MAKPOMOIIEKYIIHI,
pPaBHOMEpPHO TOKPHIBAE€T BCIO €€ IOBEPXHOCTh M CBfA3aHAa OJMHAKOBO. OKCIIEPUMEHTAIBHO
onpejeNieHHbIe MPH TaKUX MPEAMOIOKEHHUSIX 3HAUYEHHUs IJIOTHOCTH O€3BOJHBIX OENKOB JIEKAT B
npegenax ot 1.33 mo 1.45 r/em’ (cpenree 3Hauenue 1.37 r/cm’). HyKIeHHOBBIC KHCIOTHI HMEIOT
ropaso GOJBIIYIO MIOTHOCTH; TaK, €CM MPOTHBOMOHOM sBseTcsa Na', To mIoTHOCTH paBHa 2.00
r/eM’, a ecin npotuBonoHoM sBisercs Cs', To oHa paBHa 2.27 r/em’. JIns OOBSCHCHHS
TUIPOUHAMHUYECKOTO MMOBEACHUS TUITUYHBIX OETTKOB HEOOXO0MMO, YTOOBI THApaTalus Obllia paBHa
or 0.3 10 0.4 r H,O Ha 1 r Genxka.

3anmaga 10. PaccmoTpum TBepAyro ceprudeckyro MOJEKyy Oelka ¢ MOJICKYJISIpPHON mMaccoi
30 x[a cpeaneil miotHocTH. Kak H3MEHUTCS paguyc THAPATUPOBAHHOW MOJIEKYJIBl IIPU
ruapatanuu 0.34 r H,O /r Genka B mpeanonaoKeHU , YTO BCS BOJa PAaBHOMEPHO paciipeseieHa o
MOBEpXHOCTHU Oenka?

PacTBOpUMOCTh O€NKOB B PAa3IUYHBIX PACTBOPUTENAX OMpPENEISIeTCS COOTHOLICHUEM U
pactipeneneHueM ruApoPpUIBHBIX U THAPOPOOHBIX OCTATKOB Ha TIOBEPXHOCTH OEIKOBOI MOJIEKYITBI
(puc. 15A) wu, cnemoBaTenbHO, 3aBUCUT TMpexnae Bcero oT pH u wuouwmoii cunsi pactBOpa.
Haumensbieir pacTBopuMocTbio 0estok obsafgaetr npu pH, paBHOM €ro M303J€KTPUUYECKON TOUKE:
OJIMHAKOBBIE 3apsDKEHHBIE MOJIEKYJbl OTTAJIKMBAIOTCA, a €CIOM 3apsi CHIDKaeTcs 10 HyJs,
AJEKTPOCTATUYECKOE OTTAIKUBAHUE YMEHBILIAETCS, U [10 MEpe
npubnmxenns k UOT Monekyibl mputAruBaroTcs Apyr K apyry (puc. 15b).

DTOT Mpolecc Ha3bIBAETCS U303JEKTPUUECKUM OcakeHrueM. MloHHas cuiia pacTBOpa onpeesiercs
kak m = 0.5SCiZ?% rme Ci 1 Zi - COOTBETCTBEHHO KOHICHTPAIWMS U 3apsiq MOHa i. JUis KaxIoro
JAHHOT'O 3JIEKTPOJIMTA MOHHAS Cujla MPONOpIUOHAIbHA €ro KoHUeHTpauuu. Hanpumep, 11 anekt-



pomnra A, By ipu MonspHoit kormentpamun C umeem: Ca=pC, Cg=qC u m = 0.5SC(pm*+qn°).
HoHBI 3KpaHUPYIOT 3apsiibl OEIKOB U 3TUM YMEHBIIAIOT CUJIbl OTTAIKUBAHHUS MEXIY OJHOMMEHHO
3apsDKEHHBIMH  MOJIEKYJIAaMH, TI03TOMY PacTBOPUMOCTh OEIKOB OOBIYHO CHM)KAETCS IO Mepe
YMEHBIICHUS! HOHHOW Cuilbl pacTBopa. OJJHAKO MPH BHICOKON MOHHOMN CHJIe PACTBOPUMOCTh OEIKOB
TOXKE PE3KO Majaer, U ITOT 3(pQeKT Ha3pIBaeTCs 6Gvicarusanue. BbpicanuBaHuE TPOUCXOIUT B
pesyibTaTe TUApaTallid MOHOB COJM: KOIJa CBOOOAHBIX MOJIEKYJ BOJABI OCTaeTcsi Malo,
YMEHBIIAETCSl THApaTanus OenoB, a CIIeAOBATENbHO, U MX PAacTBOPUMOCTh. Temreparypa TOke
OKa3bIBaeT JIEHCTBHE HAa PACTBOPUMOCTH OenkoB. Hanpumep, noBbliieHre TeMuepaTypbl IpU BbICO-
KOM KOHIIEHTpalMM coJied ycuiauBaeT ruApodoOHble B3aUMOJCHCTBHS, TMOBBILIAS UX
SHEPreTUYECKYI0 BBIFOJHOCTb B PAcTBOPE, M TEM CaMbIM YMEHBIIAET PACTBOPUMOCTb OEJIKOB.
HyxiienHOBbIE KHCIIOTBI XOpOIIO pPAacTBOPUMBI B BOJE, HO OCAXKIAIOTCS CHHPTAMH; 3TO
UCTOJIb3YETCsl ISl BBIICTICHUS M OUUCTKU HYKJIEMHOBBIX KHCIIOT.

CTPYKTYVYPHBIE IIEPEXO/IbI B BEJIKAX 1 HYKJIEMHOBbBIX KUCJIOTAX

BonbmHCTBO GENKOBBIX MOJIEKYJI COXPaHsET OMOJIOTHYECKYIO aKTHB-

HOCTb, T. €. CHOCOOHOCTh BBIMOJHATh CBOMCTBEHHYIO UM (DYHKIHIO, TOJIBKO B IpeJeNax JOBOJIBHO
y3Koii o6macti pH u Temnepatype He Bbime 50-60°C. ITpu HAPYIICHUN STHX YCIOBUIA TIPOMCXOIST
HapyIICHUs] YeTBEPTHYHON, TPETUYHOW ¥ BTOPHUYHON CTPYKTYpP OCIIKOBOM MOJICKYJIbI, HA3bIBaCMbIC
JIEHATYPAILIMEWN. Pa3peiBa KOBANEGHTHBIX MENTHAHBIX CBS3eil GelKa NPH ero JeHATypaldd He
MPOUCXOJUT, OJHAKO MOTYT DPa3pblBaThCsl BOJOPOJHBIE, HMOHHBIE U AMUCYJIb(UIHBIE CBSI3U U
HapymaThCcst TUAPOo(OOHbIE B3aMMOACWUCTBHUS, UYTO BBI3BIBACT IMOTEPI0 €ro OHWOJOTHYECKOM
aKTUBHOCTH M 4YacCTO MOTEPIO PaCTBOPUMOCTH. B JIeHATypHpOBaHHOM COCTOSHHU IOJIMIIENTHAHAS
LeNb NPEeACTaBIseT ClydyailHbIil U OecriopsnouHbIi KiyOok. JleHarypauusi ObIBaeT MojHast U He-
MIOJIHAS: MOJIHAsl IeHATypalysi 0ObIYHO HEeoOpaTHMa, a MPH HEMOJIHOM JeHaTypaluu OeJI0K MOKET
peHamypuposams (IIOBTOPHO CBEPHYTHCA) MPH BO3BPALICHUU K MEPBOHAYAIBHBIM YCIOBUAM (pHC.
16). Penaryparus BO3MOXHa TOJIBKO TOTZA, KOrja O€JOK HE oOJafayl CIOXKHOW apXUTEKTYpOu
BTOPUYHOW U TPETUYHOM CTPYKTYpPBI; B IPOTUBHOM CJIy4ae IPOUCXOJUT HENIPaBUIIbHOE
CBOpauMBaHKE TOJMIENTHIHON HEeNu ¢ 0O0pa3oBaHWEM HOBBIX, paHee HE CBOWCTBEHHBIX OEIKY,
JONOJTHUTENbHBIX B3aMMOJAEHCTBHM MeXay OOKOBBIMH TIpyINIaMH €ro aMHUHOKHCIOT, H
Ouoslornveckass aKTUBHOCTh Takoro OelKa HE BOCCTAHABIMBAETCS. XOPOUIMMHU IPHUMEpPAMHU
JIeHaTypaluy CIIy’KaT CBEpThbIBaHME Oejika MpH Bapke Aull (TeIuloBas JeHATypalus) U MoTeps
pacTBOPUMOCTH OEJIKOB MpU CKUCAHUU MOJIOKa (M3MeHeHue pH mop nelicTBHEM MOJIOYHOKHUCIIBIX
OakTepuit).

VBenmnuuBas Temneparypy, Hu3sMeHssd pH HM KOHUEHTpamuu CoJied WM € ITOMOIIBIO
XUMHUYECKOH 0O0pabOTKH, MOXHO BbI3BaTh pacruietanue aodHou crnupanmu JHK. Ilpu stom
npoucxoauT aeHarypamus B Buae nepexona CIIMPAJIb-KJIYBOK, Ha3BaHHOTO Tak MOTOMY, 4TO
CIMpaJin30BaHHasl JBOIHAs IeNb JOBOJBHO JKECTKas, a OJHOHUTHEBas MOJIEKyJa - ruOkas (puc.
17). TlosTomMy miepexo cupaib-KiIyOOK 4acTo €Il Ha3bIBAIOT IUJIABJIEHUEM CIUpaId. AHAIOTHUS C
OOBIYHBIM IIJIABIIEHUEM TBEPJIOTO BELIECTBA YIIIyOJseTcs TEM, YTO MEepexXo]l CIUpallb-KIyOoK MpH
W3MEHEHUN TEMIIEpaTypbl MPOUMCXOAUT OYEHb PE3KO - B y3KOM TEMIEPATYpHOM HHTEpBajlE - U
COIIPOBO’KIAETCS 3aMETHBIM TOTJIOIEHUEM TEIUIOThI, KOTOpasi UIET Ha pa3pblB CTAOMIM3HPYIOIIUX
crupalib BOJOPOAHBIX cBs3el. Kpome Toro, nmpu mnasnenun JIHK paspymarorcs He OTAEIbHBIE
BUTKU clivpaiu (4To ObUIO Obl QHAJIOTMYHO BBIIUIABICHUIO OTIEJIBHBIX SUEEK KPHCTATMYECKOM
pelIeTKH), a cpa3y BecbMa JJIMHHBIE KYCKH - 3TO CBOMCTBO Ha3bIBAIOT KOONEPAMUBHOCMBIO.
OpHaKko €CTh M OTVINYUE OT HACTOALIETO IJIABJICHUS: CIUPAIbHBIE U JECIUPATU30BAHHbBIE YYACTKH
HE pa3JeisAioTCs BIOJb LENH, & OCTAKOTCS IIEPEMEIIaHHBIMU, YTO O3HAYAET, YTO MEPEXO0] CIUPAIIb-
KIIyOok He sBisercst pa3oBbiM. C TOUKM 3peHus TeopeTnyeckoi ¢usuku miasnenue IHK Bce xe
€CTh HACTOsLIECE IUIABJICHHUE, HO HE TPEXMEPHOIO0 KPUCTAJLIA, & OJHOMEPHOTO, II0O3TOMY COTJIACHO
teopeme JI.JI. Jlanaay OHO MPOMCXOIUT XOTS U PE3KO, HO K pacciioeHuto ¢a3 He Bener. Cuenyer,
OJIHAaKO, UMETh B BHJYy, 4TO TeopeMa Jlannay Obuia goka3aHa JAJsl CTPOTO OJHOPOJHBIX CUCTEM, a
moutekyna JIHK conepxut nBa copra 3BeHbeB - mapel A7T u G7C, paznuyaromuecs CHUION CBS3H.
[Tapa A7T ctaOunu3upoBaHa TOJBKO ABYMsI BOJOPOAHBIMHU CBSI3SIMH, [TIO3TOMY €€ JIErye MOpBaTh,



gem mapy G7C, cTaOMIM3UPOBAaHHYIO TPEMs BOAOPOAHBIMH CBs3siMu (pHc. 4). [losTomy yuyacTku
JTHK, oGoramennsie nmapamu A7T, mnaBstcst ObicTpee wiu mpu 0ojiee HU3KOW TeMIeparype, 4Yem
y4acTku, oboramennsie mapamu G7C, u, clegoBaTeNbHO, MEPEX0 CIHPATB-KIYOOK MPOUCXOIUT
HE CKa4yKOM, a IMO3TAINHO, YYaCTOK 32 y4acTKOM. Eciu MepuTh 3aBUCHMOCTD MOIJIONIEHUS TEIJIa OT
TeMreparypsl s pactBopa Mosiekyn JIHK, To Ha rpadumke, orpaxkaromeMm 3Ty 3aBHUCHMOCTD,
BMECTO OJIHOTO

0ECKOHEYHO Y3KOT0 INMHKa, KOTOPBIH XapakTepeH IS TUIaBJICHHS JIbJa, HAOII0AeTCI MHOXKECTBO
MMKOB C IIUPUHON NPUMEPHO 0.5°C, OTPa)KaIOIIUX BBIIUIABICHUE OTJAEIbHBIX YYaCTKOB B MOJIEKYJIE
(puc. 18).

JenarypupoBaBmmii  OelOK  WIM  HYKJIEMHOBas  KHUCIOTa  MPEACTaBISIOT  CcOOOM
Oecrops/I0uHbId KIyOOK, W €r0 B NEPBOM MNPUOIMKEHUH MOXKHO TPEJICTaBUTh KaK JIMHEWHBIN
MOJIUMEP, 3BEHbS KOTOPOTO CIIOCOOHBI CBOOOJIHO BpAIllaThCsS BOKPYT CBS3BIBAIONIMX HUX B IICTh
CBSI3€H, U B KOTOPOM HET CYLIECTBEHHOI'O B3aUMOJIEHCTBUS MEXIY OOKOBBIMU rpymmnamu. Takoii
MOJIMMEP HAa3bIBACTCS CBOBOI[HO—CO‘—IHEHEHHOP'I LETTBIO. OH He obnagaeT onpeaeneHHoi
TPEXMEPHOU CTPYKTYpOH WM (POPMOM, TaK KaK OHA IMOCTOSIHHO HM3MEHSIETCS TOJA JCHCTBUEM
OpOYHOBCKOTO JABIKEHHA. Ero pasmepbl OMUCHIBAIOTCS YCPEIHEHHOW BEIUYHMHON - CpPEIHHUM
paouycom uHepyuu:

AN
Ri-/ SR,
7n

TZIe N - YUCIIO 3BEHbEB B MOJIEKYJIE, a R; - cpeqHee paccTosiHue 3BeHA 1

OT LEHTpa TsKecTH MOJIeKyJIbl (puc. 19). CBOOOIHO-COUNICHEHHYIO LIETTh

MOXHO  paccMaTpuBaTh KaK TPAeKTOPUIO B  TPEXMEPHOM  IPOCTPAHCTBE  CIIy4alHO
nepemematonieiics (auppynaupyromeit) MoIeKkyiabl HIM  OpOyHOBCKOW dacTUIpl. Teopus
CIIy4yalHOTO OJy>KIaHUsI COACPKUT MPOCTOM M JTOCTATOYHO BAXKHBIM PE3ybTaT, OMUCHIBAEMBII
dbopmynoit DiiHTeitHa-CMOITYXOBCKOTO: €CIIA TPACKTOPHS CIy4daifHOro Oy >KIaHMs PEICTaBIISIET
co0OH 3amyTaHHYIO JIOMaHYIO JIMHHUIO, COCTOSIIYIO M3 N TNPSMOJIMHEHHBIX OTPE3KOB (3BEHBLEB),
KaKIBIA ATUHOMN |, TO cpefiHee paccTOsSTHUE MEXAy HadajoM U KOHIIOM JIBHKEHUS, T. €. Haubosee
BEPOATHOE PE3YJbTUPYIOIIEE CMEUICHHE YacTHIbl W3 Ha4daJbHOM TOYKHU r* = nl’* wm, ecmm
0603HAYNTD JUIMHY IyTH BIOJb KOHTYpA TpackTopuu Kak L = nl, o r* = IL (puc. 19). Ananorus
MEXIY CBOOOJHO-COUWICHEHHONW WEMbI0 M TPAeKTOpHEH CiydallHOro OJIy>KTaHHUs IO03BOJISET
HCIIONB30BaTh GopMyiny DiHITEHA-CMOITYXOBCKOTO JIJIsi ONMUCAHUS HEYMOPSA0YEHHOTO KITyOKa,
paccMaTpuBas | kak ATUHY 3BeHa OWOMoOIMMeEpa, n Kak YHCIO TaKUX 3BEHbEB, L - Kak oOIIyro
(KOHTYpPHYI0) JUIMHY MaKpOMOJIEKYJIbI, a T - KaK CpeJJHee CTaTUCTUYECKOE PACCTOSIHUE MEXIy KOH-
[aMu JTOH MOJEeKynbl. B mpenmene OeCKOHEUYHO MNUHHBIX Memed r M Rg OKaswIBalOTCA
HETOCPEICTBEHHO CBSI3aHHBIMMU: RG2 = /6. OIHAaKO 3Ty CBSI3b MOYKHO TaKXe MCIOJIb30BaTh B
OOJIBITMHCTBE OLEHOYHBIX PACYETOB CPEIHUX PA3MEPOB MAKPOMOJIEKYJI.

Yro Takoe JUIMHA 3BEHa OHMOIOIMMEpa, paccMaTpUBAaEMOro Kak CBOOOIHO-COUYJICHEHHAas

nens? Mnes 3axirodaercss B TOM, 4TO TOJIBKO JOCTa-

TOYHO yAAQJICHHBIE APYT OT APyra MOHOMEPBI OPUEHTHUPOBAHBI IO OTHOILIEHUIO

JPYT K IPYTY CIyYaiHBIM 00pa3oM, TOITOMY peaibHasl IIeTh MOXKET OBbITh

npUOIMKEHHO MpeCTaBlIeHa Kak Lelb U3 CBOOOIHO-COYTICHEHHBIX 3BEHbEB,

KOTOPBIE€ BEIOMPAIOTCS JOCTATOYHO OOJBIIMMHE, YTOOBI BHIMOTHSIIOCH YCIOBHE

Cy4aliHO#M opueHTanuu. TakuMm o0pa3oM ompeeeHHOE 3BeHO OOBIYHO COCTOMT HE W3 OJIHOTO, a
U3 MHOTMX MOHOMEDPOB, U HAa3bIBACTCA CMAMUCMu4eckum ceemenmom. JIIMHA CTaTUCTUYECKOTO
CErMEHTa 3aBHCUT OT JKECTKOCTH OMOMOJIUMEPA U - B Ciiydae OeJIKOB - OT IPUPO]Ibl OOKOBBIX TPYIIT
aMHHOKHUCIIOT. [lo3TOMY pa3Mep CTaTUCTHYECKUX CETMEHTOB CHUJIBHO pa3jinyaeTcs AJs OCNIKOB C
pa3HbIM AMUHOKHUCJIOTHBIM COCTABOM, Hampumep, st noiuriuuuHa - 0.86 HM, s moau-L-
anaHuHa - 3.7 HM, a Juia noau-L-nponuna - 46 uM. JIByxuenodeunsie monekyisl JJHK obnagaror
0O0JIBILION KECTKOCTHIO U IJIMHA UX CTATUCTUYECKOTO CErMEHTa B 3aBUCUMOCTU OT HYKJICOTHHOTO
coctaBa coctaBisier 100 + 10 HM, T.e. Kaxablii cTaTUCTHUECKUI cerMeHT AByxuenoyeyHou JJHK
conepxut 6osee 294 map oCHOBaHUH.



3amaua 11. HeoOxommmocTs ymakoBku B xpomocombl. Cpemssis mamuHa Moinekynsl JTHK,
BXOJISILEell B COCTaB OJHOW XpOMOCOMBI uenoBeka, coctaBisieT 4.3 cM. IlpencraBere cede, uTo
mouiekyna JIHK mnpencraBnser co0oil cTaTHCTUYECKUH KIyOOK, M pacCUMTalTe XapaKTEpHBIH
00BeM Takoro K1ybka. CpaBHHTE ero ¢ 00beMoM Kietkn Terma (47107 ev?).

3amaua 12. Kak m3meHuTcst 00beM Oenka, mpeCcTaBIsIonero co0on a-crupaib JUIMHOW 45 HM
u auameTpoM 1.1 HM, mocie ero MoyHOW JeHaTypaluy, KOrja OH MPeBpallaeTcss B CTATUCTHYECKHUH
kiy6ok? Mcmonb3yite it pacdera MOJeinb CBOOOIHO-COWICHEHHOUW IENH, TPHHUMAS CPEIHIO0
JUTMHY CTaTUCTHYECKOTO CETMEHTA B OJHOCTBIO JIEHATYPUPOBAHHOM MOJIEKyJ1e, paBHOU 10HM.

Mopnenb cBOOOJHO-COUJIEHEHHON LIENHU SIBISIETCA KpailHe uaeanu3upoBaHHON. Bo-mepBbiX,
SCHO, YTO TMOCKOJIBKY JIBa 3BE€HA IIeNM HE MOTYT 3aHMMaTh OJHY U Ty kK€ 00JacTh MPOCTPAHCTBA,
KOH(UTypalyu C camolepeceueHreM, BO3HUKAIONINE TpH "ciiydyailHOM Ony>kmaHuu', HE MOTYT
peabHO CyIIECTBOBaTh. BO-BTOpBIX, r€OMETpUsi KOBAJEHTHBIX CBSI3€H MeXAy MOHOMEpamH B
OouomnonmMMepax 0OBIYHO TAKOBA, YTO YTIIBI MEXKY CBS3SIMH SIBIISTIOTCS (PUKCUPOBAHHBIMH, a U3THOBI
MaKpOMOJIEKYJIbl BO3MOXHBI JIMIIb B pe3yJibTaTe CBOOOJIHBIX MOBOPOTOB MOHOMEPOB BOKPYT
CBSI3€H, YTO OIMCBHIBACTCS MOJEIBIO yenu co c80000HbiM epawyeHuem. W, B-TPETBUX, MEXIY
MOHOMEPHBIMH 3BEHBSIMM MOJKET CYIECTBOBAaTh B3aUMOJECHCTBUE - NPUTSHKEHUE WM OTTaj-
kuBaHue. Eciau Bo B3aMMOJEHCTBIM 3BEHbEB JOMUHUPYET OTTAJIKMBAHHE, TO MOJIMMEPHBIN KIIyOOK
HaOyxaeT. Ecnu npeoGnagaer npuTsHkeHUE 3BEHbEB,
TO, KOTJIa XapaKTepHas SHEPrus MPUTSKEHUS BEJMKa MO CPaBHEHUIO C TeruioBoi >Hepruen kT,
MaKpoOMOJIeKyJla [JOJDKHA CXXHMAThCS OTHOCHTEIBHO pa3MepoB ciydaiiHoro kiyOka. Korna
MPUTSDKEHUE 3BEHBEB CTAHET JIOCTATOYHO CHUJIBHBIM, B MAaKpOMOJIEKYJE JOJDKEH IPOU30NTH
Nepexo TUMa ra3-KUAKOCTh: YYaCTKU MOJIMMEpHOH Lienu "CKOHICHCHPYIOTCS caMu Ha ceds" u
BMECTO BECbMa Pa3peKEHHOI'O MOJUMEPHOIO KiIyOKa BO3HMKHET IJIOTHAs CKOHACHCHPOBAHHAA
"Karis" - moJMMepHas 210oyia. TOT Mepexo i Ha3bIBaeTCsl EPEX010M KIIyOoK-Ti1o0ya.

CTPYKTYPA U ®VYHKINA HEKOTOPBIX PACITPOCTPAHEHHBIX BEJIKOB

[To oOmwM CTPYKTYpHBIM OCOOCHHOCTSIM OETTKM MOYKHO Pa3feliuTh Ha JIBa OCHOBHBIX KiIacca:
@ubpunapusie Oenku - pacroNOKEHHBIE MapAJUIETIHHO IPYT APYTY BBITSHYTHIC MOJUICTITHIHbIC
1enu, oopasyrouie JIMHHbIE HUTH WU CIIOH, U 2100)1spHble OelKu, B KOTOPhIX MOTUNEHTHIHbIC
ETH TUIOTHO CBEPHYTHI B KOMITAKTHBIE CTPYKTYPHI - TII00yibl. Harpumep, 6enku-hepMeHThI
- OHM U3 HamboJee BaKHBIX OMOIOTUYECKUX MAKPOMOIEKYNI - OOBIYHO CYIIECTBYIOT B KHBOM
KJIETKE B BUJIE TUIOTHBIX TJIO0YII.

a-KEPATUHBI - 310 OcHOBHOW THN (GUOPHIUISIPHBIX O€JIKOB, W3 KOTOPBIX 00pa3yroTcs
Hapy’KHBIC 3aIIUTHBIE TTOKPOBHI MO3BOHOUYHBIX. Ha MX MO0 MPHUXOIUTCS TOYTH BECh CyXOH BeEC
BOJIOC, IIEPCTH, TMEPHEB, POrOB, HOI'TEeH, KOITEW, UIJ, YEIIyH, KOIBIT, Yepenallbero MaHIbIps, a
TaKKe 3HAYMTENbHAs YacTh CYXOTO Beca KOXH. a-KepaTHHBI MPEICTaBISIOT COOOH Iienmoe ce-
MEHCTBO OENKOB, CXOJHBIX MEXIY CO00il MO0 aMHUHOKHCIOTHOMY COCTaBY. a-KepaTHHBI OOTaThI
ruIpoOOHBIMH AMHUHOKUCIOTaMHU ((EHIIAIaHUHOM, HW30JICHIIMHOM, BAaJMHOM, METHOHHHOM H
aJlaHWHOM) M TI03TOMY TOJHOCTBIO HE pacTBOpuMBbI B Boje. [lonmumentuaHas 1enb a-KepaTHHA
MMEET TUIMUYHOE CTPOEHUE MPABOM a-COUPAIM, OMUCAHHOW B pa3feie O BTOPHUYHOU CTPYKType
O6enkoB. Bce menTuaHble TpyMNmbl a-KepaTHHA Y4YacTBYIOT B 0Opa30BaHUM BHYTPHUIIECIIOYEUHBIX
BOJIOPOJIHBIX CBSI3€H, CTAOMIIM3UPYIOMINX a-CIHPATb.

Bosocel npenctaBnsioT cobol CKpydeHHBIE HAmoA00Ne KaHaTa MHOTOXWIJIBHBIE CTPYKTYPHI,
OCHOBHBIM 3JIEMEHTOM CTPYKTYPBHl KOTOPOTO SIBJISIETCSI TOJIMIENTHIHAS ILENb a-KepaTWHa B a-
cnupajgbHOW KOHpOpMAIUMU: TPU a-COUpajbHble Ilemu OOBHBAIOT Jpyr Japyra, oOpasys
TPEXKWIBHYIO Cylepcrnupais, a 11 Takux cynepcnmpaiiell COCTaBISIIOT MUKPOGUOPHILTY BOJOCca
(puc. 20). a-xkepaTuHbl OoraThl OCTaTKaMHU ILHMCTEHWHA, CIHOCOOHBIMHU, KaK yKe ObUIO CKa3aHo,
00pa3oBbIBaTh MUCYNb(UIHBIE CBA3M ApYyT ¢ apyrom. OOpa3oBaHue TUCYIBPUIHBIX CBI3EH MEXITY
COCETHUMH MOJUTIENTHIHBIMHY IIETISIMU TIOBBIIIIAET MPOYHOCTh a-KePaTHHOBBIX BOJIOKOH. Pa3Hebie a-
KepaTHuHBI
pasIuyarTCs CoAepKaHUEeM LUCTEHHA, TPH STOM CaMble MPOYHBIC U KECTKHE
a-KepaTHHBI, HAIIpUMep, a-KePaTHHBI B MTAHIBIPE Yepenaxu, COACpKaT J10



18% uucrenna.

b-KEPATHHBI (Hanbonee TUMTMYHBIM MPEICTABUTENIEM KOTOPBIX MOXKET CIIYXKUTh uOpouH -
O€JoOK MmIeNka W TAayTHHBI), B OTIMYHE OT a-KePaTWHOB, MMEIOT MAaKCHMAJIbHO BBITSHYTYIO b-
koHpopmanuto. CoceqHue TMOJUNENTUIHBIE IEMU b-KepaTHHOB COEAMHEHBl MEXIy CcO00i
BOJOPOJHBIMU CBSI3SIMH M 0O0pa3yloT aHTHUIAPAUICIbHBIA CKJIaI4aThlii b-CJIOW, ONMMUCAaHHBIA B
paszene O BTOPUYHOM cTpykType OenkoB. OOpaGOTaHHBIN TOpSAYMM MapoM U PACTAHYTHIA a-
KepaTuH npuodpeTaet b-koHpopManuio.

KOJUJTAT'EH - camblii pacipocTpaHeHHBIN O€JI0K y BBICHIMX >KUBOTHBIX. Ha o110 KoutareHa
MPUXOIUTCS TOYTH TPETh BCEH Macchl OEITKOB MO3BOHOYHBIX. Hampumep, Teno KOpOBBI, BeCsIIeH
okoso 400 kr, ckpersieTcss U MOAJIEPKUBACTCS B OCHOBHOM CHUCTEMOH MPOYHBIX KOJJIAr€HOBBIX
BOJIOKOH, HaXOJSAIIUXCS B KOXE, CYXOXKHWIHAX, XpsIlax M KOCTSIX JKUBOTHOro. BosoknHa
(¢uOpusIIBI) KOJITareHa MOTYT BbIAEP)KUBATh Harpy3Ky, Bec KOTOpoil mo mensuiei mepe B 10000
pa3 MpeBbIIIAET UX COOCTBEHHBIN BEC, T. €. IO IPOYHOCTH OHU MPEBOCXOAST CTAIBHYIO IIPOBOJIOKY
PaBHOI'O MONEPEYHOTo ceueHUs. B cyxoxunusax GuOpuiisl KoJlareHa pacroioKeHbl B BUIE MoTie-
PEYHO-CBSI3aHHBIX MapajuIeIbHBIX IMyYKOB, 00JaJat0IUX OYEHb OOJIBIION MPOYHOCTHIO HA pa3phbiB
U TPAaKTUYECKH HepacTsHKUMbIX. B  koxke ¢(uOpmiiasl KomareHa oOpasyloT HeperyssipHO
CIUICTCHHYIO U OYEHb T'yCTYIO CE€Th. B poroBuile riaza clouW KOJUIAT€HOBBIX (DPUOPMILT YIIOKEHBI
KpECT-HaKpecCT.

OuOpmIBl  KOJUIar€Ha COCTOAT M3 MOBTOPSIIONIMXCA MOJUNENTHIHBIX CyOBbEAMHHLL,
Ha3bIBAEMBIX MponokoiazeHom. TpOMOKOJUIareH MpeACTaBiIseT Cco0OH MaJoyKooOpa3HyIo
MOJIEKYJIy C MOJEKyJsipHOH Maccoil okoio 300 x/a, mmuHoit 300 HM u TonuuHOM 1.5 HM. DT
CyObEMHHULIBI YJIOXKEHbI BIO0Jb (UOPWIUIBI B BHUJAE MapauleibHbIX IyYKOB IO THUMY 'ToyoBa K
xBocTy" (puc. 21B). ['onoBkM nmapayiiebHO PACTIONOKEHHBIX MOJIEKYJ TPOIOKOJUIAreHa CABUHYTHI
OTHOCHUTENIBHO JIpYT Apyra CTyIEHYaThIM 00pa3oM Ha OJHO M TO K€ PAcCTOSHUE B MPOJOJHLHOM
HaIpaBJICHUU. OTUM OOBACHAETCS XapaKTepHas JUIsl KOJIJIar€HOBBIX BOJIOKOH IONEpEeYHast
HCYEPUYCHHOCTH C nepuoaom 64 um (puc. 21A).

TpomokosutareHoBble CYyOBEIUHUIIBI COCTOAT M3 TpeX MOJUIENTHIHBIX [eNel, MIOTHO
CKPYYEHHBIX B BHJI€ TPEXKWJIBHOIO KaHAaTa, a KaX/1as MOJUIENTHAHAS LIeNb TPOIOKOJIareHa TOXe
npenacraiseT codoii cnimpains (puc. 21b). [TomunentuaHas 1enb TPOMOKOJIAreHa 00pa3yeT JIEBYIO
CMpallb, IEPUOAUYHOCT U Pa3Mepbl KOTOPOI CHIBHO OTJIMYAIOTCS OT COOTBETCTBYIOLIUX
napaMeTpoB a-CIUPATU. ITO 0OBACHACTCS HEOOBIYHBIM AMHHOKHUCIIOTHBIM COCTAaBOM KOJUIAareHa, B
KOTOPOM 4E€ThIp€ AaMMHOKHUCIOTHI 3HAUUTENBHO IpeoOsafaloT Haja BceMu apyrumu: 35%
IIPUXOANUTCS Ha TIuIuH, 11% - Ha ananuH U 21% - Ha OPOJNMH U TMIPOKCUIMPOBAHHBINA MPOJIUH.
N3-3a o0uinus NpoiavHAa W TUAPOKCHUIIPONIMHA, COAEpKAIlMX B OOKOBOW TIpyIIe KECTKHE
IIUPPOJINJIOHOBBIE KOJIbLIA, 3aTPYJIHSIOLIME CBOpPAYMBAaHUE B a-CIUPab, TPOIOKOJUIAr€HOBAs
CIHpaJIb COJAEPAKUT TOJIBKO 3 aMMHOKHCIOTHBIX OCTaTKa Ha BUTOK M OKa3bIBAaeTCs ropasfo Ooiee
Pa3BEPHYTOH 110 CPABHEHMIO C TYI'O 3aKPy4ECHHOU a-CIIUPAIIBIO.

B komiareHe OTCyTCTBYIOT BOJOPOJHBIE CBSI3M, BMECTO HHMX INPOYHOCTh KOJUIAr€HOBOTO
BOJIOKHA MOBBIIIAIOT KOBAJICHTHBIE MIONEPEYHbIE CBA3H: BHYTPUMOJICKYJISIpHBIE (B Ipeeiax) OaHOM
TPOIOKOJJIAr€HOBOM €IMHUIIBI) U MEKMOJIEKYJIISIPHbIE (MEXY OTAEIbHBIMU TPOIOKOJIAar€HOBBIMU
enununiamu). Ilo Mepe crapeHust B KoyiareHe oOpasyercs Bce OOJbIle MOMEpPEeyHbIX CBs3eH, uTo
nenaer ero (GuOpWLIBI Oojee KECTKUMU, HO Oojiee XPYIMKHUMH. DTO H3MEHSIET MEXaHHUYECKUE
CBOWCTBa XpsIIEH M CyXOXWIMH, AenaeT Oojiee JOMKUMH KOCTH W TOHMXKAET IMPO3PAYHOCTH
poroBulsl rnasa. [Ipu kuns4eHuu B BoJe MPOUCXOAUT TUAPOIN3 HEKOTOPhIX KOBAJIEHTHBIX CBSI3EH
1 BOJIOKHHUCTBIM, HEPACTBOPUMBIM M HENEPEBAPUBAEMbIN KOJUIATEH MPEBPALIACTCS B JHCeIaAMuHy -
PacTBOPUMYIO CMECh MOJIMIENTHIOB.

OJIACTUH - ¢ubpunnsapHelii Oenok, Mo psay CBOMCTB HamoMUHAIOMMK KosuiareH. OH
BXOJUT B COCTaB 3JaCTUYHOIO CJIOS CTEHOK apTepuil, B JKENTYIO JIACTHYECKYI0 TKaHb CBA30K U
HEKOTOpBIE IPyTrHUe TKaHH, CIOCOOHBIE K 00paTUMOMY pacTshkeHuto. [10100HO0 KomtareHy, 31acTHH
0orar IJIMIMHOM U aJJaHMHOM, HO COJEP’KUT MHOIO OCTAaTKOB JIM3WHA U MAJIO OCTATKOB IPOJIMHA.
[TonunenTuaHble LEMU 3JIACTHHA 00pa3yloT CIUpaad 0co0Oro THIA, OTIMYAIOIIMECs Kak OT a-
cvpajiel, Tak ¥ OT KOJUIareHOBbIX cnupaneid. CrhupanbHble Y4YacTKM pacTATMBAIOTCA MpHU



HATSDKEHUH, HO BO3BPAIIAIOTCS K MUCXOMHOM JUIMHE TIpH CHATHW Harpy3ku. OOiacTH, coiepikamiie
OCTaTKU JU3WHA, TPUHUMAIOT ydacTue B (HOPMUPOBAHMM MEXKMOJIEKYISIPHBIX KOBaJCHTHBIX
cimBoK. Kak mokazano Ha puc. 22, 31aCTUYHOCTh 00YCIIOBJICHA CIIOCOOHOCTHIO WHAMBHTY aJTbHBIX
MOJIEKYJ 00paTUMO pa3BOPAUYMBATHCS MO ACHCTBUEM PACTITUBAIONIETO YCHUITHUSI.

I'moOysipHbIe OEKK 3HAYUTEIIBHO CIIOKHEE 10 KOH(GOpMaIud, YeM (UOPWILISpPHBIE OCITKH.
OHM CcnocOOHBI BBIMIONHATH CaMble pPa3HOOOpa3Hble OHWOJOTHYEcCKHe (YHKIHH, MPUYEM HX
AKTUBHOCTh HOCHT HE CTaTWYCCKUHU (KaK y (UOPWILIAPHBIX CTPYKTypOOOpa3yrIIUX OCJIKOB), a
nuHamuueckuid xapaktep. K rmoOynsapHbiM OenkaM OTHOCSTCS TMPAKTUYECKH Bce (DEPMEHTHI.
HexoTopsie
rIoOyIsIpHBbIE OEJKH BBIMOIHAIOT TpaHCTIOPTHBIE QPyHKIHH. K 3TOMY ke Kiaccy
O€JIKOB MPHHAJICKAT AHTUTEIA, HEKOTOPHIE TOPMOHBI, a TAKKE KOMIIOHEHTHI
MeMOpaH u pubocoMm.

3agayva 13. Jlo kakoil MAKCUMaJIbHOM IJTMHBI MOYKHO PacTAHYTh 10-CaHTUMETPOBBIN BOJIOC
1ocJie ero HarpeBaHusi 1 00pabOTKHU BOCCTAHABIMBAIOIIMM ar€HTOM, Pa3pbIBAIOIINM
nucyabGuaHbIE CBA3U?

3anava 14. Ha cxonbpko craneT kopoue ("csier") mepceTsHas HUTh JUIMHOM 1 M mocie cTupku
B ropsiueii BOJIe U BBICYLIMBAHUS B 3JIEKTPOCYIIMIIKE?

CPABHUTEJIbHBIA AHAJIN3 HOCHEI[OBATEHI)HOCTEﬁ BHUOITIOJIMMEPOB

CpaBHeHUE EPBUYHBIX MOCIEIOBATEILHOCTEH OEIKOB U HYKICHHOBBIX
KHCJIOT Pa3HbIX OPTaHU3MOB IMO3BOJISIET CYAUTH 00 WX IBOJIIOIMOHHOM pojacTBe. Hampumep, ecnu
CpPaBHHMBATh IOCIEIOBATEILHOCTH AaMHHOKHCIOT T€MOTJIOOMHA 4YeNoBeKa, JOMAAN W aKyJbl, TO
OKa3bIBaeTCs, 4To W3 141 aMHMHOKHCIOTHOTO OCTaTKa A3TOro OejKka y 4dYelioBeKa M JIOMIAIu
OTIMYaTCs 18, a y 4enoBeka W aKyybl - 79 aMUHOKHUCIOT. SICHO, 4TO 3TO CBHAETEIBCTBYET O
Ooubliell OIM30CTH HAIIETO POJCTBA C JIOMIAJbIO, YeM C aKkyJiol. Takum oOpa3oM, CpaBHHBas
MEPBUYHBIE TIOCIEIOBATEIBHOCTH AMHUHOKHCIOT 20MOA02UYHbIX OENKOB (T.€. BBITOJIHSAIOMINX
OJIMHAKOBBIC (PYHKITUH Y Pa3HBIX OPTAaHU3MOB), MTPEAIIOJIaras, YTO BCe OHU MIPOUCXOIAT OT OOIIEro
MPEANICCTBEHHUKA, W TIPUHUMAsi B KauyeCTBE MEPhl MCTHHHOTO YKCJIa BOJIIOIMOHHBIX COOBITHI
(MyTanuit) 94MciI0 3aMeH, KOTOpoe HEO0OXOAWMO MPOU3BECTH IJISi TOTO, YTOOBI MPEBPATHTH OJHY
MOCJIEIOBATEILHOCTE B JIPYTYIO, MOXHO CTPOWTH OSBOJIOIHOHHBIE JIEPEBbs, TOJ00HBIC
n300paxkeHHOMY Ha puc. 23. [ moCTpOCHHUs SBONIOIMOHHBIX JEPEBHEB MOXKHO HCIIOIH30BAThH
TaKXe€ CpaBHEHUE HYKJICOTHAHBIX nocienoBarenbHoctert JJHK n PHK.

B mocnennue ronapl ObUIO HAKOIUIEHO OOJBIIOE KOJIWYECTBO HMH(GOpPMAIMU O IMEPBUYHBIX
CTPYKTypax OTHAEIbHBIX OCJIKOB, T€HOB, & TAKXe IeNbIX TeHOMOB. OJHAKO 3aJada MOCTPOCHHS
9BOJIFOIITMOHHOTO ﬂepeBa OKas3bIBACTCs HCO,Z[HO3H8.‘IH01>1 Hn3-3a HCAAAUTHUBHOCTHU MYTaI_[I/IOHHBIX
paccTosiHUHM (Yucia 3aMEH) MEXIY Pa3HbIMHA MapamMu OPTaHU3MOB. DTO MPOUCXOIHUT BCIEACTBHE
COYETaHUs MPSAMBIX, MOBTOPHBIX, OOPATHBIX M MapaUICNbHBIX MYyTalMid, KOTOpPbHIE B3aWMHO
KOMITCHCHPYIOT M MAacCKHpPYIT Apyr apyra. [loaTomy cymecTByeT HECKOJIBKO TPYIIT METO0B
peKOHCprKI_II/II/I SBOJIFOIIMOHHBIX nepeBLeB 110 CpaBHI/ITeJII:HO-MOJIeKy.IIHpHBIM JAHHBIM. HepBaﬁ
rpyIilia OCHOBaHAa Ha METOJOJIOTHUH TPATUIIMOHHOTO KJIACTEPHOTO aHajan3a, HO ¢ HEM30EKHOCTHIO
npeano-

JlaraeT PaBHOMEPHOCTh HAKOIUJICHHUSI MyTalluid BO BCEX ABOJIONMOHHBIX JIMHUSX, YTO, KaK MPABUJIO,
HeBepHO. Bropas rpymnma MeTo10B, 00bEAMHIEMBIX MPUHITUIIOM MaKCUMAIIbHON YKOHOMUH, CTABUT
3a/1auell TIOCTPOCHUE TaKOTO JIEPEeBa, B KOTOPOM PACCTOSHUS MEXIY BCEMH IMapaMu OPTaHU3MOB
ObUIM HE MEHBIIIE MYTAIllMOHHBIX PACCTOSHHI MEXIy HHMH, a CyMMapHas JJIMHA BETBEU JepeBa
OblJITa MUHUMAJIBHOW. DTH METOJBI 00JIaJIal0T YpE3BhIUAHON BBIYUCIUTEIIBHON CIIOKHOCTBIO TIPH
OTCyTCTBI/II/I paSYMHOI;'I GI/IOJIOFPI‘ICCKOﬁ OCHOBBI IJIA Tpe6OBaHI/I$I MHUHHUMAJIBbHOCTHU OJINHBI nepeBa.
W, HakoHen, TpeThs TpyIlia METOJIOB OCHOBAaHA Ha MPHUHITUIIE MAKCUMAJIBLHOTO TOIMOJIOTHYECKOTO
momoOust M CTaBUT 3a7ady HAXOXKJICHUS TaKOrO JIepeBa, TOIMOJIOTUYECKUE CBOICTBA KOTOPOTO
MaKCUMaJIbHO OJIM3KA TOIMOJOTHYECKHM CBOMCTBAM HMCXOJHOW MATPHUIBI  MYTallMOHHBIX
paCCTOSIHI/Ifl. 3TI/I METOAbI HEC BBOIAT HHUKAKHUX HOIIOJHHUTCIIBHBIX I[OHYH_IGHI/Iﬁ 110 HOBOIIy Xoaa
ABOJTIOIIMOHHOTO TIPOIECCa M CKOPOCTEH HSBOJIIONMHM M, JaBas OICHKY BEIMYMHBI JIOKAJBHOTO



TOMOJIOTHYECKOIO HECOBMAJIEHUS, TMO3BOJSIOT BBISIBIATH MECTa B O3BOJIOLUOHHBIX JEpPEBbIX,
KOTOpbIe TpeOyIoT 0oJjiee OCTOPOKHON TPakTOBKU. TakuM 00pa3oM, HECMOTpPSI Ha CBOIO LIEHHOCTb,
ABOJIIOLIMOHHBIE JIEPEBbSI, TIOCTPOEHHBIE IO CPABHUTEIbHO-MOJIEKYJISIPHBIM JAHHBIM, HE SBIISIOTCS
OoJsiee TOUHBIMU, YEM JAEPEBbs, IOCTPOCHHBIE TPAJAULIMOHHBIMU CPAaBHUTEIbHO-aHATOMUYECKUMU U
CPaBHUTEIbHO-IMOPHOJIOTUYECKUMU METOJAMHU.

KPATKHWE BbIBO/IbI

OYHKIIMOHUPOBaHWE  OHOJIOTUYECKUX  MaKpPOMOJIEKYJ  OMNpeAeNsercs HUX  CIOXKHOU
IIPOCTPAHCTBEHHOM apXUTEKTYpOU. 3aaua ONpeesICHUsI ATON IPOCTPAHCTBEHHOM CTPYKTYpPBI IIOKa
HE MOXKET OBITh JIETKO pellleHa HU METOJaMHU MPSIMOIO SKCIIEPUMEHTAIBLHOTO OIpeAeTeHUs, HU
pacueraMu 0 U3BECTHOM MEPBUYHON MOCIEA0BATEILHOCTH MOHOMEDOB.

[Tpu GYHKIMOHUPOBAHUM OMOJIOTMYECKUX MOJIEKYJ CYIIECTBEHHBIMU OKAa3bIBAIOTCS TaKKe
NepexoAbl MEXIy pasHbIMH IPOCTPAHCTBEHHBIMU CTpyKTypamu (koHpopmarusamu). Ilpu
HapyUIeHUM MPOCTPAHCTBEHHON CTPYKTYphl (ZI€HAaTypaluu) MaKpOMOJEKYJbl TepexXoasT B
COCTOSIHUE HEYNOPAJOYCHHOTO KIyOKa, OMMCHIBAEMOI0 MPOCTHIMU CTaTUCTUYECKUMHU MOJIEIISIMHU,
HO TIOJIHOCTBIO TEPSIIOT CBOIO OHOJOTHYECKYIO (YHKIHMIO. MoOJaenb CTaTHCTHYECKOro KiyOKa
I10JIE3HA JUIsl OLICHKU pPa3MEPOB MaKpPOMOJIEKYJIBI.

CpaBHHUTENBbHBIA aHAIM3 TIEPBUYHBIX TIOCIEIOBATEIPHOCTEH MOHOMEPOB OCIKOB |
HYKJIEMHOBBIX KHCJOT U3 pa3IMYHBIX OPraHM3MOB TMO3BOJSIET CTPOUTH KJaccU(UKaIUH,
OCHOBAaHHBIE HA HBOJIIOLMOHHBIX CBA3SX MEXAYy OpraHu3MaMHi, OJHAKO PEKOHCTPYKIMS
HBOJIIOLIMOHHBIX  JEPEBbEB 110  CPAaBHUTEIBHO-MOJEKYJSAPHBIM  JIAHHBIM  HEOJHO3HAYHA.



Puc.23. ®unoreneruueckoe aepeBo, MOCTPOCHHOE Ha
OCHOBE JIaHHBIX O YHCJIE AMUHOKHUCIIOTHBIX 3aMEH B
MOJICKYJIaX IIUTOXPOMA C Y PA3TUUHBIX KUBBIX
OpPraHHU3MOB

Temneparypa Termonoriomenue S'-KoHel

3'-aKLeNTOPHBIH
KOHEI[

YBenuuennasa D-cniupanib
OcHOBaHUS aHTUKOJOHA

Puc. 13. JIpoitnas cnmpans JJHK B B- u A-popmax: A - ocu cnmpaneil B INIOCKOCTH
pucyHKa; b - ocu ciupasieil nepneHuKyJIspHbl INIOCKOCTH PUCYHKA

Benmuunnaa mossipaoro otHomeHus map A-T/G-C reromuoit JJHK

YacroTa BCTPCHACMOCTHU OTHOLICHUSA Y PA3JIMYHBIX OPTraHU3MOB
(oTH. ex.)

Jlexmus 3. METO/IbI UCCJIEJJOBAHUA CTPYKTYPbI MAKPOMOJIEKVYIJI
Hccneoosanue cmpykmypvl MAKpoMONeKYl - mpenue MaKkpoMOIeKyl 8
pacmeope - ough@y3us MaKpomMoaeky - yibmpayeHmpughyeuposarue - xpomamozpagpus oenxos u
HYKNIEUHOBbIX KUCIOM - 21eKmpogope3 06eNKo8 U HYKIEUHOBbIX KUCIOM - CHEKMPOCKONUSL
noenoweruss 6eIK08 U HyK1euHOB8bIX KUCIOM - Opyaue ONMuyeckue Memoobl - Kpamxue 6b1600bl

NCCIEAOBAHUE CTPYKTYPbl MAKPOMOJIEKVYJI

QOYHKIIMOHUPOBAaHUE OMOJIOTHUYECKUX MaKpPOMOJIEKYJ OMpEeseTcss UX MPOCTPAaHCTBEHHOMN
CTPYKTYpOH#, ompejelneHue KOTOPOH MpeacTaBisieT coOOW HempocTyio 3amady. B Oenke wim
HYKJICMHOBOM KHCJIOTE€ CpPEIHEHl BeJIWYMHBI, Macca KoTopoil coctamisier 30 k/la, comepxkurcs
npubimmsurensHo 4000 atomoB. IIpocTpaHCTBEHHass CTPYKTypa TakOM MOJIEKYJbl OyneT
MOJIHOCTBIO OIMCaHa, eciu OyAyT ompeieNeHbl KOOPAWHATHI BCEX aTOMOB, BXOMSIIUX B 3Ty
Monekyny. Jnst storo tpeOyercs Hait npumepHo 16000 HemsBecTHBIX mapameTpoB. Ecim
UCKJIIOYUTh U3 PaCCMOTPEHUSI aTOMbI BOJIOPO/Ia, TO ATO YKCJIO COKpAIIAETCs HAMOJIOBUHY. 3aja4ya
PE3KO YIpOoIIaeTcs, €Clii U3BECTHA MIEPBUYHASL CTPYKTYypa UCCIETyeMONH MaKpOMOJIEKYIbl. YTOObI
OmucaTh OTHOCUTEIHHOE PACIHOJIOKEHHE JIBYX COCEIHHUX AaMHHOKHCIOTHBIX OCTaTKOB B
MOJIMTIENTUAHON 1IeNu, JOCTATOYHO 3a7aTh JIBa YIJia, a A OMHCAHUS OpUEHTAIMU OOKOBOM IeTnH
Ka)X/IOTO aMHHOKHCIIOTHOTO OCTaTKa HY>KHO B CpeTHEM ele 2 mapamerpa. B Oenke ¢ Moir. Maccoit
30 x/la comepxwutcs mpubmusutTensHo 300 aMUHOKHCIOTHBIX OCTaTKOB, T. €. HEOOXOIUMO
onpeneauTs okojo 1200 mapamerpoB. JJis HyKJIEHHOBOW KHCJIOTHI TOHM K€ MacChl OTpedyeTcs
800 mapamerpoB. ToIbKO OAMH METOA - PEHTTEHOCTPYKTYPHBIA aHAINU3 - MOXET JaTh TaKoe
KOJIMYECTBO HWH(GOPMAIUU ISl OMPEICTICHUS MPOCTPAHCTBEHHONW CTPYKTYpPbl MaKpOMOJICKYJIBI.
OpaHako 3TO OYEHb TPYJOEMKHUI METOJI, MPUMEHEHHE KOTOPOTO CBSI3aHO C PAJOM OTPaHHUUYEHUH U
HE BCerja JaeT JOCTaTOYHO XOPOIIee KaueCTBO IaHHBIX, YTOObI HA X OCHOBE MOKHO ObUIO HalTH
TOYHBIE KOOPJIUHATHI AaTOMOB.

K cuactpio, MHOTHE BOTIPOCHI, CBSI3aHHBIE C (DYHKITMOHHUPOBAHUEM OMOJIOTHYECKUX MOJIEKYJI,
MOXKHO PEIINTh, pacCMaTpHUBas UX CTPYKTYpy HE Ha YPOBHE aTOMHOTO pa3pelleHHs], a C Topasio
MEHBIIIEH TOYHOCTHIO, WM UCCIEAys JHIIb HEOONbIIyl0, HO Haubojee BaXHYIO B
(GYHKIIMOHATLHOM OTHOIIEHHHM YacTh MOJEKyJbl. HemocpeAcTBEHHO YBHUIETh KakKue-InOo



CTPYKTYpHbIE OCOOEHHOCTH MAaKpPOMOJIEKYJl MOXHO JIMIIb C TIOMOIIbIO TYHHEIHHOIO
CKaHHMPYIOIIEr0 MUKPOCKOMA, O KOTOpPOM OyJeT pacckazaHo B cieayromied jekuuu. Ilostomy
CBEIICHMSI 0 pa3Mepax U popMe MaKpOMOJIEKYJ MOITy4aroT pa3IuYHbIMU KOCBEHHBIMU METOJAaMH,
MHOTHE U3 KOTOPBIX OBbUIM CHELHAIbHO pa3padoTaHbl A

UCCIIEI0BaHMs OMOJIOTUYECKUX MaKpoMoJieKyl. Kaxaplii U3 3TUX METOJ0B

MMeeT CBOM MPEUMYIIECTBA, HO M CBOM OTPaHUYEHHUs, KOTOPble HE0OX0IUMO

CO3HABaTh, IS TOTO YTOOBI TPABHILHO HHTEPIIPETUPOBATH TTOTYICHHBIC

3TUM METOJOM JaHHbIE. PacCMOTpUM HEKOTOPBIE U3 ITUX METOJOB.

TPEHUE MAKPOMOJIEKYJI B PACTBOPE

JIBrmKeHHE MOJIEKYJI B KUAKOCTU MPOUCXOIUT CO 3HAUUTEIBHO MEHBUIEH CKOPOCTBIO, YEM B
razoBoi (asze, mM3-3a CHWJI TPEHUS MEXIy MOJICKYJaMH B KOHJIEHCHPOBaHHOU (aze. YpaBHEeHHUE
JBIDKEHUST MOJIEKYJIBI C Maccoil m mox aerictBueM cuiibl F B Bakyyme onmceiBaercs: popmynoii F
= ma = m(dv/dt), rae v - CKOpocTh MOJIEKYJIbl. PealbHO B KUIKOCTH Ha JIFOOYIO JIBMKYIIYIOCS
4JacTUIly JAECUCTBYET TOpPMO3slas cuia TpeHUs. Eciau CKOpocTh IBM)KEHUS HE CTOJIb BEJIHKA,
4TOOBI BBI3BaTh TypOYJIEHTHOCTh, TO CHJIa TPEHHsI JOJDKHA OBITh MPONOpPLUOHATIbHA CKOpOCTH. B
pe3ynbTaTe ypaBHEHHE IOCTYMATENBHOTO IBMKeHHs npuHuMaeT Bun F-fv = m(dv/dt), roe
napametp f - koapdurmeHt Tpenus. 1o JMHeHoe AuddepeHIuaIbHOe YpaBHEHNE JIETKO pellia-
eTcs, U, €CJI CKOPOCTh MAaKpOMOJIEKYJIbI B Ha4UaJIbHbBII MOMEHT BPEMEHH PaBHA V, U MapajuieibHa
npuioxeHHoi cuie, a F = const, To pemenue umeet Bun v(t) = (F/f) + [vo-(F/f)]exp(-ft/m). U3
3TOrO pELICHHs CIEAYIOT JBa Ba)KHBIX BbIBOJA: |) CKOPOCTh YacTHIIBI M3MEHSETCS JHIIb B
TE€YEHUE OUYEHb KOPOTKOI'O OTpe3Ka BPEMEHH IIOCIE TOro, KakK IMPHUIIOKEHAa BHELIHSS Cuia; 2)
CKOPOCTb YMEHBIIIAETCS IKCIIOHEHLIUATIBHO OT HAa4aJbHOW BEJIMYMHBI V, 10 TOCTOSHHOW KOHEUHOU
BenmunHbl V($) = F/f, xoTropas mpomopuuoHadbHAa TPHIOKEHHOW cwiie. Bpems mocTmkeHHs
MOCTOSTHHOM CKOPOCTH Ui MaKpOMOJIEKYJ BecbMa Maio. [ oOBIYHON MaKpOMOJIEKYJIbI, UMe-
fomeit Mo Maccy 30 Toic. Jla, 3HaueHue f mopsiaka 5710% r/c, a m pasra 57107 r. Tlostomy
nepeMeHHbI wieH exp(-ft/m) B ypaBHEHHM ABMKCHHMS MOJEKYJbl CTAaHOBUTCS IMPEHEOPEKUMO
MaIBIM yake depes 107 c.

Koaddumuent tpenus f3aBucut oT BsazkocTu xkuakoctu (h), a Takxke ot pazmepoB u Gopmbl
IBUKYLIEHCsT Makpomosiekysbl (dactuipsl). Hambonee mpocras 3aBUCMMOCTb, Ha3bIBaeMas
3axkonom Cmoxca, BBIIONHAETCS Ul MOCTYNATEeIbHOrO JIBMXKEHUs chepuueckoi yactuusl. [lpu
3TOM OOBIYHO PACCMATPHUBAIOT JBa MNPECIbHBIX I'PAHUYHBIX YCJIOBHS IMOTOKA KMJKOCTH Yy IO-
BEPXHOCTH MOJIEKYJbl. B mepBOoM M3 HHMX MOJAraroT, YTO CIOW KHUJIKOCTH, CONPHKACAIOIIUICS C
MOBEPXHOCTHIO YaCTHULIbI, IBUKETCS CO CKOPOCTBIO YacTUIlbl. Takyro cMauyuBaeMyro MOBEPXHOCTb
Ha3bIBAIOT JIMIKOM, U B 3TOM ciydae f = 6phr, rne r - paauyc yactuipl. B apyrom npenensHoM
Clly4ae rPaHUYHbIX YCIOBUN MPEANONAraeTcs OTCYyTCTBUE B3aUMOICHCTBUS MEXKTY
YacTUI[AMHU U MOJIEKYJaMH HJKOCTH; MHJIKOCTb MPOCTO CKOJIB3UT IO MOBEPXHOCTU YaCTHIIBI,
obTtekast ee. s TakuMxX TrpaHWYHBIX ycinoBuid f = 4phr. OpHako, Kak OBUIO TIOKAa3aHO B
npeabayned Jekuuu B pasnene "PacTBOpUMOCTh O€lIKOB M HYKJIEMHOBBIX KHCIOT", BCerja
HaAOJIIOaeTCsl CHIIBHOE CBSI3BIBAHUE MOJIEKYJT OOBIYHBIX PACTBOPHUTENCH (HampuMmep, BOIBI) C
ouononuMepamu. [loaToMy Ha MpakTUKe peanu3yercsl ciaydail JMIKON MOBEPXHOCTH, a paanuyc
MOJIEKYJIBI 7 B BBIp@XXCHUU 3akoHa CTOKca JOJDKEH OBITh 3aMEHEH Ha PaguyC THIPAaTHPOBAHHOM
MOJIEKYJIBI 7rynp (CM. 3aJa4y
10).

BonbmuHCTBO OMOJOrMUYECKUX MOJIEKYJ He uMmeeT chepuyeckoit ¢opmbl. buonornueckue
MOJIEKYJIBI B  OCHOBHOM TpEJACTaBISAIOT COOOM  KOMIIAKTHbIE, TJIOOYJSpHBIE, YacTo
HECUMMETpPUYHbIE TBepJble dacTHlbl. [losToMy crenyrommum nmpuOIMKEHUEM sl OMMCAHUS UX
(OpMBI SBISETCS SILTUTICOU/T BPAIIEHUS, CIUTIOMIEHHBIN WIIN BBITAHYTHIH (puc. 24). CIUTIONICHHBIH
IUIMIICOM]T HMEET JUCKOOOpaszHyio ¢opMy, 0Opa30oBaHHYIO BpALICHHEM JJIIMIICA BOKPYT
KOPOTKOW ToJdyocu b; o0e ero IUIMHHBIE MOJYOCH OJMHAKOBBI. BBITSHYTBHIA SJTUIICOMA MMEET
cTep>kHeoOpas3Hyto hopMy, 00pa30BaHHYIO BpalllEHUEM 3JUTUIICA BOKPYT JJIMHHOMN MOJIYOCH a; €To
KOpPOTKHE moiyocu b oauHakoBbl. IIpu paBHBIX 00bEMax MOBEPXHOCTh JIIOOOT0 3IUIMIICOMAA



Oosplie, YeM MOBEPXHOCTh c(ephl, MOITOMY ODIUIMIICOMIBl HWMEIOT Oonbmuii Ko3dduimeHt
TpeHus, 4yeM cepa paBHOro oobema. [ rpaHUYHBIX YCIOBUH JMIIKON MOBEPXHOCTU MOKHO TO-
JYYUTh AHAJUTUYECKOE BBIPAKCHUE 3aBHCHUMOCTH KOX(Q(UIMEHTAa TPEHUS OJUTUICOMAA OT
COOTHOILIEHUs Toilyocel, aHanornyHoe 3akoHy Ctokca. OnHaKoO OHO BecbMa IPOMO3JKO, M Ha
MPAaKTHUKE MCIIONB3YIOT YUCICHHBIE 3HaYeHHs OTHOIIEeHUs Koddduuumenra Tpenus sumnconna (f)
K K03(¢dunueHty TpeHus cepsl Toro xe oovema (fop) F = f/feq, Ha3bIBaeMoe dakTopoM (HopMbl
wm (dakropom Ileppena (tabmuma 4). OQHO W TO XK€ 3HAYCHHWE BEIWMYMHBI F COOTBETCTByeET
MHOTMM BO3MOXHBIM (OpMaM MaKpPOMOJIEKYJIbl, JIB€ M3 KOTOPBIX SBIAIOTCA 3JUIMIICOMIAMU
BpAIEHHs, TO3TOMY HEOIPENIEICHHOCTh B ONMCAaHWU (OpMBI ¢ momompio F odeHp BemmKa.
OnHako B IpeebHOM Cilydae, Ipy OOJIbIINX 3HAYCHUAX BEJIWYMHBI F, MO)KHO YBEPEHHO CUMTATh
YacTHUIy BBITSHYTOH, TaK Kak AuckooOpa3Has dactuna ¢ F > 1.5 ngomkHa MMETh HUYTOXHYIO
BEJIMYMHY MaJlod IMOJyocH, 4TO HepeanbHO. Ilpu oueHbp ManbIx 3HadeHusX F mocrynarenbHble
KOO(QQHUIUEHTHI TPEHUS BBHITAHYTOTO W  CIUTIONICHHOTO OJUIMTIICOMAOB IPAKTHYECKH He
pasnuyaroTcs, X0Ts, KaK 3TO BUAHO U3 pUC. 24, BBITSHYTBHIA M CIUTIOLICHHBIM 3JUIMIICOMIBI (002 C
a/b = 2) ABIAIOTCS COBEPIICHHO PA3IMYHBIMU (PU3UIECKUMHU OOBEKTaMH.
Taxum 00pa3oM, B IPUOIMIKEHUH IIUIICOM A BpaIleHUs | =

6phrpF. Mcnone3ys ¢gopmyny mis obbema mapa, yaOOHO CBSA3ATh Fruyy € IMapLUAIBHBIM
YIEJIBHBIM O0BEMOM MAKPOMOJIEKYNBl Viygp = Vwon T dVeoma, THE Viopa U Vyon - HaplMaIbHBIC
yIeNbHBIE 00bEMBI PACTBOPUTETIS (BOIBI)
Tabnuia 4 YucneHHble 3HAYCHUS
dakropa [leppena nsst BRITAHYTOTO U CIUTIOILIEHHO-
T'O DJITUTICOUIOB BPAIICHHS.

OrHowenu |a/b BoITsiHy THIIM CILTIOIIEHHBIN
e
1 1.000 1.000
2 1.044 1.042
5 1.250 1.224
10 1.543 1.458
50 2.946 2.375
100 4.067 2.974
200 5.708 3.735

Y TIOJTHOCTBIO JIETUAPATUPOBAHHOM (O€3BOAHOIM) MOJIEKYJIHI, a d - CTeTIeHb

ruapaTanuy (KOJIUYECTBO BOABI B I HA 1 T CyXOro BEMIECTBA): Fyp =

[(3/4p)(M/NA) (Vo + dVeora)]", Tie M - MonekyssipHast Macca, a N

- qucio ABoranpo. [lapyuanvhviil yoenvnuiii 00bem - 3T0 yBeIHICHUE 00b-

eMa, BbI3bIBAEMOE NMPUOABIEHUEM K PACTBOPY €AMHUIIBI MACChI PACTBOPSIEMOTO

BEIIECTBA. Vgoua - ITO IPOCTO BEIMUMHA, O0OpaTHAS TUIOTHOCTU YHCTOMN

Bozbl (1 cM>/T), CieHoBaTEIBHO, KO (HUIMEHT TPEHHS SBISIeTCs (yHKIHeEH

4-X TIEPEeMEHHBIX, a HUMEHHO: YJIEIBbHOTO MapIUAILHOTO 00beMa Oe3BOJHONW MOJEKYIIHI,
COOTHOIICHUS Tonyoced sumncouna ((axropa ¢Gopmbl), MOJEKYJIIPHOH MacChl U CTEIICHHU
rugparaiui. Kosd¢uiueHT TpeHus MOXKHO HAWTH M3 JaHHBIX IO H3MEpeHuio nudQys3uu
MaKpOMOJIEKYJI, MOJIEKYJSIPHYI0O MAacCy MOXHO ONpPENENIUTh MHOTHMHU SKCIIEPUMEHTAIbHBIMU
MeTolaMu  (HampuMep, PaBHOBECHBIM  IICHTPU(DYTUPOBAHMEM WU  JCHATYPHPYIOIINM
anekTpodopezom), GopMy MaKpOMOJIEKYJ U YACTUI[ MOYKHO MHOTJA BBISICHUTH U3 JTAHHBIX JJIEKT-
POHHOI MUKPOCKOTIHH, OJTHAKO Vyoy M d, KaK MPABUIIO, OTHO3HAYHO OIPEIEIUTh HENb3sT U MOXKHO
JUIIb OUEHUTh MX Ipe/eibHble 3HaueHUs (OCHOBHAs CJIOXHOCTh 3/1€Ch COCTOUT B TOM, UTO
MOJIHOCTBIO YJAIUTh TPOYHOCBS3AHHYIO C MAaKpPOMOJIEKYJIOH BOJYy OYEHb TPYIHO). SIcHO, d9TO



JanpHelIee yTOUHEHHE TeOMETPUIECKON (POPMBI MaKpOMOJIEKYJ U TMPEJCTaBICHHE UX KaK Tel
OoJee CIIOKHBIX, YEM AIUTHIICOUIBI BPALIICHUS, PE3KO YBEJINYHNBACT YHCIIO He-
HU3BCCTHBIX MapaMCTPOB, ACIasd HEBO3MOKHOH HHTCPIIPETAINIO SKCIICPUMCHTAJIBHBIX AJAHHBIX I10
NepeMEeIeHUI0 MaKPOMOJIEKYJI B pacTBOPE.

3amaua 11. Mcnonp3ys mMomens cBOOOIHO-COWICHEHHOH IenH, paccunTaiTe Koddduuument
TPEHHUS fo TOTHOCTBIO JEHATypHpOBaHHOTO Oenka ¢ Moi. Maccoil 30 k/la, mpeacTaBiIsIOLIEro
co0oii Oecrops0UHBIN KITyOOK, HEB3aUMOAECUCTBYIOLINI C MOJIeKyJlaMu pacTBoputens. CpaBHUTE
C fep» PACCUMTAHHBIM UCXOAS M3 JaHHBIX 3a71a4u 10.

JNODY31A MAKPOMOJIEKYIJI

B nmpeapinymem paszene ObUIO MOKa3aHO, YTO Ui TOTO YTOOBI MOJyYUTh MHPOPMALHUIO O
pasMepe U (GopMe MaKpOMOJIEKYJBI MOXHO HCIIOIb30BaTh KOADPHUIIMEHT TpeHUus [ MExIy
MaKpOMOJIEKYJIOW M MOJIeKyJaMH pacTBoputeis. Ilpome Beero uist onpeneneHus f UCroyib30BaTh
nporecc oughghyzuu, T.e. IPoIEecC MEPEMEIICHUS MOJICKYJT U3 00JIaCTH ¢ BRICOKOW KOHIICHTPAIHEH
B 005acTb C HHU3KOM KOHLEHTpAIlMed STUX MOJIEKYJ TpPU OTCYTCTBUHU JABIIKYIIEH CHIIBI
(6ecriopsimouHoe TETUIOBOE JBMXKEHHE), sl kotoporo f = kT/D (ypasnenue Ounwmetina-
Caszepnenoa), rae k - koncranta bonbeivana, T - abconmoTHast Temneparypa, a D - koaghguyuenm
ougppysuu.

Kosddunment muddy3nn Makpomonekysn OOBIYHO H3MEPSIOT IyTEM CO3JaHUS TPaHUIIbI
MexXay OydepoM W pacTBOPOM MAaKpPOMOJEKYJ C HW3BECTHOW KOHIIEHTpaIuel, HaOIromaas
VIIMpPEHUE STOM TpaHUIBI BO BPEMEHU. XOTSA O3TO HM3MEpPEHHE BBIIVIAAUT OYEHb IPOCTHIM,
MPAKTUYECKOE €ro MPUMEHEHHE CBS3aHO C OONBIIMMHU 3KCHEPHUMEHTANbHBIMU TPYAHOCTSIMHU.
Koncrantsl muddys3uu MakpoMmonekyn umeroT mopsgok or 107 go 10° cm®/c, mosromy mms
MOJTy4YEHHUsI U3MEPSIEMOr0 YIIMpeHusi TpeOyeTcsi MHOTroO 4acoB. B TeueHue Bcero 3Toro BpeMeHH
CUCTeMa HE JOJKHA HCIBITHIBATh HUKAKUX MEXaHWYECKUX BO3ICHCTBHI, a TOYHBIH KOHTPOJb
TEMIIEpPaTypbl TOJKEH HCKIIOYUTh TEPMHUECKYI0 KOHBEKIMIO. Ecaum Makpomosekyna 3apsikeHa,
TO HaJM4YUE B PACTBOPE HU3KOMOJIEKYJISIPHBIX MOHOB, KOTOpBIe TUPPYHAMPYIOT OBICTpee, uem
MaKpOMOJIEKyJia, MPUBOAUT K O0OPa30BaHUIO TPATUCHTA DIIEKTPUYECKOTO TOTEHIIMANA, KOTOPBIHA
HAYMHAET BIUATH Ha ABM)KEHHE Makpomoliekyn. OTcioa cieayer, 4To u3MepeHue KodppuiueHTta
maddy3un HaO0 MPOBOIUTH B M30DJIEKTPUUECKON TOYKE WIIM B PACTBOPE C JOCTATOYHO BBICOKOM
MOHHOW CHUJION, 4TOOBI HEHTpanu30BaTh BIUSHUE BO3HUKAIOIIETO 3JIEKTpUYeckoro mois. Kpome
TOTO, TOCKOJBbKY Teopusi Au(Qy3un OCHOBaHA Ha JONMYIIEHWH O HE3aBUCUMOM JIBIKCHUH
MOJIeKY (T.€. OHU He JOJDKHBI B3aUMOJAEHCTBOBATH), HEOOXOAMMA SKCTPANONSAIUS 10 OECKOHEUHO
00JIBIIIOTO pa30aBICHHUS.

Jpyroit MeTos; OCHOBaH Ha U3MEPEHUH BO3SHHUKAIOLIETO BCIEACTBUE (-

¢dekra [loruiepa OTIAMYMS YaCTOTHI CBETOBOTO JIyda Jja3epa OT YacTOThl PACCESIHHOTO CBETa,
OTPaXXCHHOTO AUPPYHIUPYIOMUMU MOJIEKYyJIaMH. DTOT CABHUI YacTOTHI cBsi3aH ¢ D mpocToii
3aBUCUMOCTBIO M 00ECIIEYMBAET TOYHOCTh M3MepeHuid 10 1%. OgHako METOJ HEe MPUTOACH IS
ompeneneHuss D Monekyn ¢ OdYeHb OONBIIONW AMWHOW Ienmud. B HacTosiiee Bpems HET
YIOBJIETBOPUTEIBHBIX METOJIOB JIJIsl M3MepeHuss D Ooybmux HecPepruuecKruxX MOJICKYJI, TAKUX KaK
JIHK, nockonbKy B 3TUX ciaydasx 3HaueHue D oueHs maio.

Koaddumument nuddy3un Monexkybl T10KeH ObITh PYHKIIMEH TeMIepaTyphl, IPH KOTOPOM
npoBoaATcs u3Mepenusi. OH 3aBUCUT TaKkKe OT BSI3KOCTHU PAaCTBOPUTENS, a OHA B CBOIO Ouepeib
TaKke sABIsSeTCS (PyHKIMEH Temmeparypbl. BMecTo TOro 4roObl MMETh IO CO BCEMH ATHUMU
3aBHCHMOCTSIMU, OOBIYHO MPUBOMASAT 3HAUCHUSI U3MEPEHHBIX KOHCTAHT MU dy3uHn K TOM BEIMYUHE,
KoTopas 6buta 66l moayuena npu 20°C B 4uCTOM BOJE: D2o,w/D=(293/T)(hy 1/hw 20)(hp 1/hy 1), TOE
Dy - KoHCTanTa auddysuu B uuctoit Boge npu 20°C, T - aGconroTHas TeMIiepaTypa B OIbITE,
hy20 - BA3koCTh umcToM Bojasl npu Temneparype 20°C, hyr - BA3KOCTH YMCTOM BOJBI TIPH
temnepatype T, h, - BI3KOCTb HccieayeMoro pacTBopa npu temmeparype T.

B Tabnune 5 mpuBeneHbl xapakTepHble 3HaueHHs KoddduuuentoB muddyszun Digy ans
BEIIECTB M YaCTUIl, MOJIEKYJISIPHBIE MacChl KOTOPBIX JIeXKaT B MHTEpBajie oT MeHbInX, yem 100/]a,



10 Gompumx weM 10/la. Kak BUAHO M3 TaGiHIbl, 3HAYCHHS KOd(DQHIHEHTOB AH(QY3HH TexaT
ropaszio B 6ojee y3KOM HHTEpBaie, YeM MOJIEKYJISIPHbIE MaCChI.

Tabmuma 5
Obpazen Monn. |macca, Jla Dzo,w7107, cme/c

['munyn 75 93.3
Caxapo3a 342 459
®depMeHT puboHyKJI€a3a 13 683 11.9
benox simuHbIi ankOyMuH 42 000 10.4 6.9
benox remornoOun 40 68 000 1.98
benox ¢pubpunoren 400 000 0.44
Bupyc tabaunoit Mmo3auku 000 000

Jnist 6eNKOB OTHOCHTEINIFHO JIETKO OMPEACTHTh MX MOJ. MacCy W M3MEPUTh KOd(PPHUIMEHT
muddysun. ITockonbKy 3HaYCHHS TUIOTHOCTH OE3BOJHBIX
O€JIKOB M CTETIEHb MX TUAPATAIINH JISKAT JTOBOJIBHO B Y3KHX Tpeaeax oT
1.33 o 1.45 r/em’ 1 ot 0.3 10 0.4 r H,O Ha 1 r Geska COOTBETCTBEHHO, TO MOYKHO MCIIOJIB30BATH
WX CpenHue 3HavYeHus - 1.37 r/em’ (Vmon= 1/1.37=10.73 CM3/r) n 0.34 r H,O /r Oenka - 11 OLeHKH
¢dopmbl O6eKOBOM MOJEKyJbl ¢ momoulbio (akrtopa Ileppena. Pe3ynpTaTbl HEKOTOPBIX TaKUX
pacyeToB MoKa3aHbl Ha pucC. 25.

3amava 12. na panHoro Oenka ompenenwid Digy = 3.77107 cm¥c u M = 30 kJla.
[IpuHNMas yeIbHbI TapHHaIbHEI 00beM 6e3BOIHOrO Geika paBHbIM 0.73 cM/r, paccduTaiite
a) Fugp A cepudeckoil Monekynsl Oenka; 0) cremeHb ruaparanuu d Takoi cdepudeckoit
MOJICKYJIBI; B) OTHOIICHHE oceil s ruaparupoBanHoi (d = 0.34) momnekynasl Oenka, UMErOIIeH
hopMy BBITSHYTOro Smmuncounna. hy, = 0.01 r7¢” 7em™,

YIIbTPAHEHTPUDOYTUPOBAHUE

KpynHble yacTuibl, CyCieHIUpPOBAaHHBIE B BOJE, OCENAIOT HA JIHO MOJ JIEHCTBUEM CHUIIBI
TSOKECTH, €CIM HUX IUIOTHOCTh BBIIIE IUIOTHOCTH pacTBopurensd. OAHAKO XOTS IUIOTHOCTh
OMOJIOTUYECKUX MaKPOMOJIEKYJl HAMHOT'O BBIIIIE IJIOTHOCTH BOJIbI, OHH OCTAIOTCSI BO B3BELICHHOM
COCTOSIHMM B PACTBOPE CKOJIb YTOJHO JIOJITO, TaK KaK IPABUTALIMOHHOW CHJIE B 9TOM CIIydae yc-
MIEITHO IPOTHUBOCTOMUT TEIIOBOE ABIKeHUE (muddysms).

3amaua 13. CpaBHHTE BEIWYHMHBI TPABUTANUOHHON  (TMOTCHIIMAIBHOW)  OSHEPIHH
MakpoMoJieKybl ¢ MoJl. Maccoit 100 x/la (Ep.s= mgh) Mexay nByMs TOUKaMH, OTCTOSIIUMU JPYT
ot apyra Ha h = 1 cm, u TemnoBoii sHeprud (B en,=kT) Toli ke camoii monekynl pu 20°C.

s ycuneHuss TIpaBUTALMOHHOM COCTAaBISIOIIEH CKOPOCTH JABUXKCHUS MaKpOMOJIEKYJ
IPUMEHSIOT ceoumenmayuio ¢ MOMOIUBIO yrempayenmpughyeu. CeauMeHTauus - 3TO OOLIMi
TEPMUH a7 OOO3HAYCHHs IBWXKEHUS B TIOJ€ LEHTPOOSKHOM cuibl. M3mepeHune IBUKEHUS
MOJICKYJl BJIOJIb HAINPaBJICHUsS JEMCTBUS LIEHTPOOEKHON CHIIBI HA3bIBACTCA oOnpeoeneHuem
cKoOpocmu ceOumMeHmayuu, B pe3yibTaTe 4ero pacCUUTHIBACTCS KOdpuyuenm ceoumenmayuu,
3HA4YeHHEe KOTOpOro JaeT MHPOpPMALHI0 O MOJEKYJsIpHOW Macce M ¢opme dvactuubl. Korga
CO3JIAIOTCSI TaKUe YCIOBUS LEHTPU(DYTUPOBAHUS, MPU KOTOPBIX pACIpeesieHHe YacTHIl BIOJb
LHEHTPUPYXKHOH MNPOOMPKM HE HU3MEHSeTcs BO BpPEMEHM, T.€. YaCTHIBl JOCTHUIJIH
CeOUMEHMAYUOHHO20 pAaBHO8ecUsl, TO ITOT METOJ| PAGHOBECHO20 YIbMPAYEHMPUPY2UPOBaAHUs.
JacT CBEJICHUS O MOJIEKYJISIPHOM Macce U INIOTHOCTH YacTHLL.

[Ipu KOHCTPYHPOBAHUHU YIBTPALEHTPUPYT - TPUOOPOB, B KOTOPHIX HCCIETYyEMbI pacTBOP
BpAIIaeTCsl CO CKOPOCTSAMHU BIUIOTH 10 70 ThIC. 060po-

TOB/MHH, OBIIIO MPOSIBICHO HEMAJO U300peTarenbHoCcTH (puc. 26). [lpu

OOBIYHO MCIIOJIb3YEMBIX CKOPOCTSAX TPEHHUE MEKIY BPALIAOIIUMCS pOTOPOM U

BO3JlyXOM MOXET BBI3BATh HENOIIYCTUMBIM pasorpes poropa. Ilostomy B kKamepe, B KOTOpOM
Bpalaercs poTop, HEOOXOAMMO CO3JaTh BBICOKMH BakyyM. UToObI M30€aThb KOHBEKLIMOHHOTO



nepeMeIMBaHms, TeMIepaTypa UCcCiIeyeMoro oopasia J0DKHA TOAIEPKUBATHCS Ha MTOCTOSTHHOM
YPOBHE C JIOBOJILHO BBICOKOH TOYHOCTBIO, @ 3TO MOMKET OKa3aThCs HeJerkoil 3amaveit. Cuibl,
KOTOpBIE Pa3BHBAIOTCS BHYTPH POTOpPA, OTPOMHBI, M CIY4aeTcs, YTO NMPH OOJBIINX CKOPOCTSX
poTOp paszieraercs Ha KycKd. UTOObI 3TH OCKOJIKU HE Pa3NeTeNCh, KaMepy C HaXOIALIUMCS B HEell
POTOPOM JOJDKHBI OKPYXKaTh TOJICTHIE CTAJIbHBIC 3alIUTHBIC IMHIMHIPHL. KpaitHe BakHO, YTOOBI
potop ObLT MexaHWdecku cOanmaHcupoBaH. [lomMycTHM, YTO MacChl JBYX SYEEK C BEIIECTBOM,
PaCIIOJIOKEHHBIX CHMMETPUYHO OTHOCUTEILHO OCH pOTOpa, paznuyatorcs Ha 1 mr. IIpu 400 000 g
BO3HUKIIIAS 32 CUET ATOTO Pa3HOCTh CHJI, ACUCTBYIOUIMX Ha poTop, coctaBuT 400 r. ITO Bechbma
OLIyTUMasl CHJIa, KOTOpask MpUBEAET K BUOpamuu potopa. Ho, Kak HE BaXKHO YPaBHOBECHUTD STYCHKH
poTopa, 3TOT0 HEeNb3s caenaTth uaeanbHo. [losTomy B 000 yibTpalleHTpUudyre UCHOIb3yeTCs
rHOKUi Bajl, YTOOBI POTOP MOT CaM HAWTH TOYHOE TTOJIOKEHUE CBOETO IIEHTPAa Macc M BPamaThCs
BOKPYT OCH, TPOXOJSIICH dYepe3 3TOT LEHTP. DTO MO3BOJSET YpPAaBHOBEIIMBATH OOpaslbl C
JOITy CKOM

0.5t 6e3 HexxenaTeNbHBIX MOCTIEACTBUM.

Kak Obuto mnokazano B pazzene "TpeHue Makpomosiekyal B pacTBope', CKOpoOCThb
MaKpOMOJIEKYJIbI, Ha KOTOPYIO JeHCTBYeT mocTosHHas cuia F, B pacTBope oOdeHb OBICTPO
JOCTUTACT MOCTOSIHHOW KoHewHo BeruuuHbl V($) = F/f. Cuna F npu ynsrpanentpudyrupoBanuu
claraetcs U3 LeHTpoOexkHoi cribl Fy = mw R, Tile m - Macca YacTHII, W - YIIOBasi CKOPOCTH
BpaleHuss poropa, R - paccTosiHHE A0 IEHTpa BpAIICHUS, W MPOTHBOIIOIOKHO HANPABICHHOM
LEHTPOCTPEMUTENBHON CHIIBI BBITAIIKMUBAHMS, KOTOpash BO3HHUKAET BCIEACTBHE BBITCCHEHUS
JBIDKYIIEUCS YacTULEH MOJIEKYJ PaCTBOPUTENS W paBHA FVyoul, TAE Vyon - NMAPLUUAIBHBIN
yAETbHBIA 00BeM ABMXKYIICHCS YacTHIBI, a I - TUIOTHOCTh PAacTBOPHUTENS (TI0J pacTBOPUTEIEM
3[IeCh TOHMMAeTCS CYCICHAMPYIOIas cpela, T.e. €CIM YacTUIla HaXOAWUTCS B BOJE, TO
pacTBopuTeNeM SBISETCS BoJa, a ecnu oHa HaxoauTcs B NaCl ¢ ompeneneHHOM KOHIEHTpalueH,
10 pactBoputeneM 6yner pacreop NaCl). CnemoBarensto, v($) = mw’R (1 - Vyosl)/f. CKOPOCTH
MOJIEKYJIbl ~ TPOMOPIMOHATbHA  BEJIWYMHE  ILEHTPOOSKHOHW  CHibl, ©  KO3(POUIUEHT
MPOMOPLHMOHATIBHOCTH 3aBUCUT TOJBKO OT CBOMCTB JIBMXKYIIECHCS 4acTUIBl M pacTBopHuTes. OH
0003HaYaeTCs S M Ha3bIBACTCS KOIPDuUYUeHmom ceoumenmayuu. s =
v($)/W'R = m(1-vyont)/f. 3amensist m Ha M/Ny, rae M - MosekyspHast
Macca, a Ny - uuciao ABoraapo, W HCIOJIL3ysl ypaBHeHHe ODiHITelHa-Casepnenna f = kT/D,
nonydaeM ypaguenue Cgedbepea: s = MD(1-Vyout)/KNAT = MD(1-vy0,r)/RT, roe R - razoras
noctosiHHast. Kod(GHIHEeHT ceMMeHTaIii 00BIYHO MMeeT BennduHy mopsiaka 107 ¢, mostomy
3Ty BEJIMYMHY NPUHUMAIOT 3a €IWHUIY CEAMMEHTAllMd U Ha3bIBAIOT cBeabeproM (S) B 4YeCTb
pa3zpaboTurka U KOHCTpyKTOpa nepBoit yaerpaneHTpudyru T. Cendepra (T. Svedberg, 1923): 1S
=1710"c.

Taxke kak u B ciydae ¢ kodddurmentom nuddys3un, u3-3a CIOXKHBIX TEMIIEPATypPHBIX
3aBUCUMOCTEH KO3(PPULIMEHT CelMMEHTalul MPUBOAAT K TOM BEJIWYHMHE, KOTOpas Obuia Obl
nonyuena npu 20°C B YKCTOM BOJE: $y0.w/S= = [(1-Vuontw,20)/(1-Vuontp 1) ] (hw 1/hw 20)(hp 1/hy 1), THE
S20.w - KO3 dunuent cequmenTarui B yrctoir Bojge npu 20°C, T - abconoTHas Temreparypa B
OIIBITE, Ty 20 - INIOTHOCTH BOAbI Tipu 20°C, Ip.1 - ITIOTHOCTB pacTBOpuTens mpu TeMmneparype T, hy 2o
- BA3KOCTh YHCTON BOAbI pu Temmeparype 20°C, hy, 1 - BA3KOCTb YHCTON BOIBI IPH TEMIIEPATYpe
T, hyt - BA3KOCTBH HcciemyeMoro pactsopa mnpu Temneparype T. B tabmuume 6 npuBeneHs
OTIpeJIEJIEHHBIE OMBITHBIM ITyTEM TUITUYHBIEC 3HAUECHUS S0 -

Tabmauia 6
Obpazen Mou. [macca, Jla $20.w» S
®depMeHT puboHyKIIEa3a 13 683 1.85
benox remornoOun 68 000 431
benok ¢pubpuHoren 40 1400 000 7.60
Bupyc tabaunoit Mmo3auku 000 000 192




KoaddunmeHnT cequMeHTaIiuu onpeAesissioT H3MEPSst ¢ IIOMOIIBIO CIICIHATFHOW ONTHISCKON
CUCTeMBl CKOPOCTh TEpepaclpelelieHuss MaKpOMOJEeKyJl B IEHTpUYXHOH mpoOHpKe
HEMOCPEACTBEHHO B XOJ€ YJbTPALlEHTPUPYTrupoBaHUs. XOTS TEOPETUUYECKH 3HAYCHHE
koddduUIMeHTa cCeIUMEHTAIINH TIPU OJJHOW U TOU e TeMIlepaType JOJIKHO OBITh TOCTOSTHHBIM JIS
YacTULIbI B JAHHOM PACTBOPUTEIE, HA MIPAKTUKE 11 MAKPOMOJIEKYJI S OKa3bIBAETCS 3aBUCSILUM OT
KOHIEHTPAlUU MAaKpPOMOJIEKYJ, CKOPOCTH LIEHTPU(PYTUPOBAHUS U MOHHON CHIIBI PaCTBOPUTEIS.
Kak mpaBuno, HaOmogaercs yMEHbIIEHHE HAOJIIOAaeMOi CKOPOCTH  CEAMMEHTAIMUA C
YBEJIMYEHUEM KOHUEHTPALM MaKpOMOJIEKYJI, CBSI-
3aHHOE C HEJIMHEMHBIM YBEJIMUEHUEM BSI3KOCTH PacTBOpa U C yBJICUEHUEM
KPYIHBIMH MaKpOMOJEKYJaMU 3a COOOW MOJEKYNl PacTBOPHUTENS W JApYyrux Ooliee MeIJIEHHO
cemuMeHTUpyromux — Modekyn  (3dpdexr  Ikonctona-OrcroHa). YBEIWYCHHE CKOPOCTH
HeHTpU(yrupoBaHus MPUBOIUT K YBEIUYCHHUIO M3MEPSEMOr0 3HAYEHUS S U CBA3aHO C TEM, YTO
npu OOJBINION CKOPOCTH KpyITHAsh MaKpPOMOJICKyJia OCTaBisieT mociie cedst ciex (1momoOHBIHM
KUJIbBaTEPHON CTpye, OOpa3yromieicss MpH JBIKEHUM KOpaOJisi), yBEIUYMBAIOUINI CKOpPOCTH
JBUKEHHSI MAaKpOMOJIEKYJI HEMIOCPEACTBEHHO M03aau Hee. YacTo Takoil mpolecc conpoBoXKaaeTcs
arperupoBaHUEM MAaKpPOMOIIEKYJ U U3MEHEHHEM UX (DOPMBI, YTO TOXKE MPUBOJAUT K YBEIHMUCHHUIO S.
[TockobKy MakpOMOJEKYJIBI 3apsKEHbI, TO NMIPU HU3KOM MOHHOW CHJIE HEUTPAJU3YIOLIUE WOHBI,
CEAUMEHTUPYIOIINE MEJICHHEEe, Ye€M MAaKpOMOJEKYJbl, OTCTalOT, U 3TO MPUBOAUT K BO3-
HUKHOBEHUIO TOPMO3SILEr0 MaKpPOMOJIEKYJIbl 3JIEKTPUYECKOr0 MOJs. DTO OCII0XKHEHHE JIETKO
yCTpaHSETCS UCIOJIb30BAaHUEM H30BITKa MPOTHBOMOHOB MPH BHICOKOW HOHHOW cuie. M3mepus
S2ow M Daow, MOXHO 10 ypaBHeHMIO C(Bendepra paccuuTaTh MOJIEKYJSIPHYIO Maccy
MaKpOMOJIEKYJIbl. YUTsl BCE NEPEUMCICHHbIE BbILIE 3aBUCUMOCTH, 3HaueHue s ansa JJHK moxHo
U3MEPUTH C TOYHOCTBIO 110 2%, YTO MPUBOAUT K MOITYUYEHHIO 3HaueHUst M ¢ ommbkoii B 4%, a s
OENKOB S MOXET OBITh M3MEpPEH C TOYHOCThIO A0 1%, uTo maer ommMOKy B ompeneneHud M,
paBHyto npumepHo 1.5%. Ecnu 111 MakpOMOJIEKYJIbl U3BECTHBI S20.w, D2o.w U M, TO U3 ypaBHEHUS
CBenbepra MOXHO PaccUUTaTh €€ Vyor.

l'opa3no Gornee TOYHO ONpEAENSATh MOJIEKYJSPHYIO MacCy MaKpOMOJEKyN (omuOka He
npeBbimaer 1%) MO3BONSIET METOA CeOUMEHMAYUOHHO20 PABHOBeCUs, 3AKITIOYAIOIIUNCI B TOM,
4YTO LEHTPU(PYTHPOBAHUE MPOBOIUTCS TNPH OTHOCUTEIBHO HHM3KOW CKOPOCTH, INPH KOTOPOM
CeIMMEHTAIUsl MaKpOMOJIEKYJI HACTOJIBKO MEAJIeHHa, 4TO ypaBHOBemuBaercs auddysueil. B
3TOM Cllydyae OTIaJaeT HEeoOXOIUMOCTh ormpeneneHuss koddduuuenra muddys3un, HO I
JOCTHKEHHsI paBHOBeCHs OOBIYHO TpedyeTcs He MeHee CyTOK. PaBHOBecHOe 1eHTpudyrupoBaHue
B TpaJueHTE IUJIOTHOCTH pPACTBOPUTENS SBISETCS 4YpEe3BbIYAHHO 3S((HEKTUBHBIM METOJIOM
paszeneHuss MakpOMOJIEKYJ. 3JeCh pPAaBHOBECHE YCTAHABIMBAETCA B TPaJMEHTE IUIOTHOCTH
Tsokenoi conu tuna CsCl. [lanHas mMakpomoJjeKkyja B TaKOM pacTBOpe JIMOO BCIUIBIBAET, JTHOO
MOTPYKAETCsl, IOKA HE TOCTUTHET UZONUKHUYECKOU MOYKU, B KOTOPOU INIOTHOCTHh PAaCTBOPUTEIS
paBHa niaagyuel NIOMHOCMU MaKPOMOJIEKYJIbI (KOTOpasi He COBIAAAET € IIOTHOCTHIO COOCTBEHHO
MaKpOMOJIEKYJl HM3-3a CIIOKHBIX TepMoauHamudeckux 3¢ dextoB). Ecau mioTHocTh pacTBOpa
JMHEWHO U3MEHSETCA Ha HEOOJIBIIOM PACCTOSHUH, TO MAKPOMOJIEKYJIBI C TaHHOW MOJIEKYJISIPHON
MAacCOU OKa3bIBaIOTCS B Y3KOM 30HE C [IEHTPOM B M30MUKHUYECKOW TOUKE U
IIUPUHOM, OOpaTHO NPOMOPLMOHATBHON KOPHIO KBaJpaTHOMY M3 3HAUCHHsS MOJECKYJSPHOM
Macchl. bonpnioe JAOCTOMHCTBO 3TOrO METOJAa COCTOMT B TOM, YTO IIOCIE PA3ICICHHS
KOMIIOHEHTOB CMECH MaKpOMOJIEKYJ] TpoObl pacTBOpa MOXKHO OTOMpaTh Ha pPa3HOMl BBHICOTE
HeHTpUu(y K HOH TPOOMPKH U OINpPEAeNsATh COAECpKaHHWE B HUX HCCIEAYEMBIX KOMIIOHEHTOB
XUMHYECKH (1, CJII0BATEIbHO, OYEHb CEJIEKTUBHO).

3amaua 14. Vcrionb3yst qaHHBIE TaOIHI] S U 6, PACCUUTANTE Vyon AJIT PUOOHYKIICA3HI,
reMorjaoonHa u pUOpUHOTEHA. Ty = 1 r/em’.

3amaga 15. ®epmeHT pHOOHYKIEOTHIpENyKTaza € Syw = 9.7 S mnomumepusyercs B
HEaKTHBHYIO OpPMY C Syw = 15.5 S. Paccuuraiite BeposiTHOE YMCIO MOHOMEPHBIX MOJIEKYJ B
cocraBe noyumMmepa, ecinu paxktopsl [leppena kak MOHOMeEpa, Tak U MOJIMMEPa MaJlo OTJIIMYAIOTCS OT
1.



XPOMATOI'PA®MA BEJIKOB 1 HYKJIEMHOBBIX KUCJIOT

[Tpunnun xpoMarorpaduu COCTOUT B TOM, YTO BEIIECTBA MOMEHIAIOT B CHCTEMY, KOTOpas
COJICPKUT JIBa (DM3MYECKH PA3TMUHBIX KOMIIOHEHTA - HOOGUICHYIO U HENOOSUJICHYIO (Pa3bl, U B
KOTOpPOM pasfelieHne MO TUIaM MOJIEKYJ MPOMCXOMUT 3a CYeT pa3iuuuid (J4acTo BechbMa
HE3HAYUTEILHBIX) B PaCTIPEICIICHUN MEXTy dTUMH IByMs (pazamu. OTHOCUTEIbHAS ITOBHKHOCTD
KKIOW MOJIEKYJIBI 3aBUCUT OT COOTHOIICHHUS MEXIY IBIXKYIIEH CUION (JABM)KEHUE TMOJBHKHOM
¢daspl) W cwiaMu yjaepkuBaHus (pacupenenenue u ancopomms). Korma sddextsr agcopoumm
HEBEJIMKH, TO TOBOPAT O pacnpeodeiumenvHol xpomamozpaghuu, a Koraa aacopOuus sBIseTcs
TJIAaBHBIM ~ TIPOIIECCOM, TMPHUBOMSIIAM K PAa3/IENCHUI0 BEIIECTB, TO 00 adcopOoyuonHol
Xpomamoepaguu.

K pacnpenenurtenbHolt  XpoMarorpauu  OTHOCATCS  KOJIOHOYHAA — Xpomamozcpagdus,
Xpomamoepagusa Ha Oymace U moHKocaotHas. Konowxoti cimyxutr TpyOKa, 3amoiHseMas
HENoJIBIKHOU (ha3oit u pacTBopuTesieM. Korma HemoasmxkHas (ha3za COCTOMT M3 MEIKHX YaCTHII
WHEPTHOTO MaTepuana, KOTOPBIA COMEPKUT MalIeHbKHE MOPbI, XpoMaTorpadusi Ha3bIBaeTCs 2eib-
NpOHUKAowel WA  MOJeKVIAPHO-CUMOoBol xpomamoepaguen. Ecimm pacTBOp, COIEpKaIIHiA
MOJIEKYJIbl PA3IMYHON BETUYMHBI, MPOMYCKATh Yepe3 TaKylo HEMOJABIKHYIO (a3y, TO MOJEKYIIbI,
pa3Mep KOTOPBIX MPEBBIMIAET pa3Mep Mop, OyAyT IBUraThCA TOJIBKO B MPOCTPAHCTBE MEXKITY
YacTUIIaMU M TIO9TOMY HE OyAyT 3aJepKHBAThCsl HEMOJBIKHOW ¢azoil. OgHAKO MOIEKYIbI,
pa3Mepsl KOTOPBIX MEHBINE pa3mepa mop, TuGPYHIUPYIOT B YaCTUILI H 0OpaTHO, IPUYEM BEpPO-
STHOCTH 3TOTO MOBBIIIAETCS C YMEHBIIEHUEM UX pa3Mepa, T.€. UX JABHKEHHE BJIOJIb HETIOABHKHOM
dassl 3amemisiercs (puc. 27). Ecim maTepuan yacTui
B HENoJBIKHOW (aze (renb) HE ancopOUpyeT MBIKYIIMECS C PacTBOPOM MOJEKYIbI, TO
BEPOSITHOCTH MIPOHUKHOBEHUSI MOJIEKYJI B MOPHI SIBJISETCS OCHOBHBIM (DaKTOPOM, OMPEACIISIONINM
CKOPOCTh WX ABW)KCHHUS BIOJb HEMOJABIKHON (has3pl. CreoBaTeabHO, MOJEKYJIbI BEIMBIBAIOTCS U3
HEMOJIBIKHOW (Da3bl B MOPSIKE YMCHBIICHUS WX pa3Mepa WU, eciau (opMa MX OTHOCHUTEIHHO
MoXoka (Hampumep, Trao0yNspHas WM JUHEWHAas), TO B MOPSAKE YMEHBIICHHUS MOJEKYJISPHOM
Macchl. J{7sl pa3mTUYHBIX TUIOB Teliel YCTaHOBIEHO, YTO 3aBUCHUMOCTh mapameTpa K = (V.-V,)/V;
ot IgM npakTruyecku JIUHENHHA A BCeX MOJIEKYJI, HCKIIIoUas O4€Hb OOJIbIINE U OUYE€Hb MaJIeHbKHE.
3neck V.- 00beM pacTBOPUTEIIS, TpeOyEeMbIi 1711 BRBIMBIBAHUSI MHTEPECYIOIIETO COeUHEHUS, V,,

an

- "xonocToii" 00beM, HEOOXOAMMBIN /1715l BHIMBIBAHUS COSJIMHEHUS, KOTOPOE HE MPOHUKAET B HEMOABIKHYIO a3y, Vs - 00beM HEMOABIKHOM (ha3bl
n M - MonekysipHas Macca. TakuM 0Opa3oMm, Ut onpenesieHHss M TOCTaTOYHO MPOITYCTUTH Yepe3 HellOBIKHYIO (pa3y HECKOJIBKO THIIOB MOJIEKYII
C M3BECTHOI MOJEKY/SIPHOH Maccod, MO MOJy4YEHHBIM [JaHHBIM I[OCTPOMTH NPSAMYIO JIMHHIO, Tociae dero M oOpasiia MOXHO ONPEACIHTh
uHTepnomsinuei. Takoit xpoMaTorpaduaeckuil MeToJ HCIIONIB3YeT sl LIS TIIO0YISIPHBIX OEIIKOB M MHOTHX YIJIEBOJOB, O3BOJISISL OIPENENSTh HX M ¢
TOYHOCTBIO OKOJIO 10%. OnHako Oojee TIIATENbHBIH TEOPETUUECKUI aHaIM3 NMPUBOMUT K JIMHEHHOW 3aBucumoctu K ot lgrruap, rae rruap -
3¢ EeKTUBHBINA paHyCc T'HAPATUPOBAHHONW MOJICKYJIBI. DTO Ta caMasi BeJIMYMHA, KOTOpas Moiydanach Obl U3 AU((Y3HOHHBIX U3MEPEHHH, eCIIi OBl
MBI, HUKaK He YYUTBIBasi popMy MOJEKYJIbl, IpocTo (hopMasibHO npuMeHu 0bl 3akoH Crokca: kT/D = f= 6phrruap. Jluneinas 3aBucumocts K ot
lgrrunp mydmre coryacyeTcsl ¢ 9KCHEpPUMEHTAIbHBIMU JaHHBIMH, 4eM 3aBHcHMMOCTh K oT IgM. Pe3ynbrarsl, moiydeHHBIE C HOMOLIBIO T'ellb-
[POHHUKAOIIEH XpoMaTorpaduu, MOXKHO CKOMOMHHPOBATh C M3MEPEHHSAMH KOA(QHIMEHTA CEAMMEHTALMH, YTO MO3BOJISET TOYHEE OIPEACIATH
MOJIEKYJSIpHYI0 Maccy. Kak MeTon resb-IipoHHKAIOIas XpoMarorpadus Ioje3Ha Takke IPH U3YYSHHH CHCTEM B3aWMOJEHCTBYIOIIMX MOJEKYIL.

OnHako OCHOBHOE NIPUMEHEHHUE Tellb-TIPOHUKAIOIEH XpoMaTorpaduu
- pasaciICHUC BCIICCTB. Ona Haxo4uT MUPOKOC NPHUMCHCHUC IJIA OYUCTKU 6€JIKOB, B 4aCTHOCTHU

(bepMeHTOB, 1 HyKJIEUHOBBIX KHCIIOT.

B cnywae xpomamocpaghuu na 6ymace HEMOIBUKHON (Pa30i CIyX HUT LEIIIION03a B BUIEC
aucToB Oymaru. JIBwkeHue pacTBoputeis Mo Oymare oOecreurBaloT KamwuisipHble cuiibl. C
pacTBOpUTENIEM JIBUTAIOTCS W PACTBOPEHHBIE BEIIECTBA, KaXJO€ CO CBOEU CKOPOCTBIO,
OTpeesieMO TIPUPOION BEIIECTBAa, COPTOM OymMaru W MpUPONON pacTBopuTens. Kak TOJIBKO
(bpoHT pacTBOpUTENS TPUOTUIUTCS K IPOTHBOIIOIOKHOMY KOHITY OyMaru, ero BhICYIIUBAIOT.
Pa3nenennble BellecTBa pacmojiaraloTcsl MATHAMU U Pa3IMYarOTCs MO HUX OTHOCUTEILHOMY
pacmonoxkeHuto Ha Oymare. Xpomartorpadus Ha OyMare MO3BOJSET OCYIIECTBISATH O8YMEPHYIO
Xpomamozpaguro: TOCIe TPOBEAEHUs XpoMaTorpaguu B OJHOM HaIlpaBICHUU Oymary
BBICYIIMBAIOT M 3aTeM MOBTOPHO XpOMAaTOrpadUpylOT MO MPSMBIM YIJIOM K HAaIlpaBICHHIO
MEePBOHAYAIILHOTO JABM)KEHUS PACTBOPUTENIS C UCIOJIB30BaHUEM APYroro pacteopurens. [lpu stom



4acTO NMPOMCXOJUT pa3/ielIeHUE BELIECTB, KOTOPbIE HE Pa3JesAiOTCsl B NEPBOM pPaCTBOPUTEIE.
BaxxupiM mpumeHeHHeM XxpoMaTorpaguu Ha Oymare B UCCIICJOBAHHH OCJKOB SIBISIETCS Memnmoo
nenmuonslx kapm. Ecinm 0Oenok moaBeprarh pacileIUIEHHIO B CTaHAAPTHBIX YCJIOBHUAX C
UCIIONIb30BaHWEM Halopa pas3IUyYHbIX crneyughuyeckux npomeuras (PEpMEHTHI, pa3phIBAIOIINE
MENTHIHbIE CBA3M TOJBKO IMOCIE ONPENCICHHON aMUHOKHCIOTHI WM Kjacca aMUHOKHCIIOT), B
KauecTBE MPOJYKTOB OOpa3yroTcsi HeOonblIne MenTuAbl. [IenTuabpl MOKHO 3aTeM paslelHTh C
MIOMOIIIBI0 TBYMEPHOM XpomaTorpaduu Ha Oymare, mosrydasi Ipyd 3TOM pacIlpenesieHHe ISTEeH,
KOTOpO€ MPaKTHUYECKH HHUKOTJAa HE COBMAAAET IS pa3iiMuHbIX OenkoB. Takas menTuaHas KapTa
HazbIBaeTcs "oTnedatkamu naibleB” (fingerprinting) (puc. 28). MeToa NenTUIHBIX KapT MOKHO
UCIONB30BaTh JUIsl MACHTU(UKALMKA BBIACICHHOTO Oenka, [Jisl YCTAHOBJICHUS W3MEHEHHI
AMUHOKHCIIOTHOT'O COCTaBa B MyTaHTHOM O€JIKe (€CJIM 3aMEHa aMUHOKHUCIIOTHI HE BIIMSIET HA MECTO
pa3pbiBa CBSI3U MPOTEHHA30M, HA MENTUIHON KapTe OyJeT ucue3aTh OJIHO MSTHO, BMECTO KOTOPOTO
OyZeT MOSBIATHCS JPYTOe; €ClIM 3aMEHa MPUBOJUT K U3MEHEHHIO MECTa pa3pbiBa CBSI3H, U3MEHSIT
CBOE TOJIOKEHUE CPa3y HECKOJBKO IMSTEH) WU JJIS T0OKA3aTeIbCTBO TOTO, UTO OENOK A sBIsSeTCSA
MPOJYKTOM paciieruieHus: Oospirero 6enka b nnm momydaercst B pe3ynbTaTe MpeKaeBPEMEHHOTO
oOpbIBa IIEMU aMHUHOKHMCIOTHOHN TMOCJIEeIOBAaTENIbHOCTH (€CiIM Ha MEeNnTHAHON KapTe Oenka A
MMEIOTCS BCE T€ e IMATHA, YTO U Ha MENTUAHON KapTe Oenka b, BecbMa BeposiTHO, 4TO Oelok A
SBIIIETCS YaCThIO aMUHOKHUCIIOTHOM MOcNeoBaTeabHoCTH Oenka b).

Tonxocnounas xpomamozpagus MPUHIAIAATBHO HIYEM HE OTINYACTCS
oT OyMaXHOH, HO TIO3BOJISIET WCIONIB30BaTh OONBIIOE pa3HoOoOpa3ue MarepHaioB IS
HenoABIKHOW (a3pl. Yactunsl HemoaBrkHOW (a3el mMoryT ObiTh MeHee 0.1 MM, modTOMY
COOTHOIIIEHHE TTOBEPXHOCTH/00BEM OUeHb BENUKO (0OJbIlas aKTHBHAS MOBEPXHOCTH). AKTHUBHAs
MOBEPXHOCTh B KOJIOHOYHOM XpomaTorpaguu HaMHOTO MEHbIIE, YeéM B TOHKOCJIOHHOM
xpomaTtorpaduu, Tak KaK CIMIITKOM MEJIKUE YaCTHUIIbI CIIPECCOBBIBAIOTCS MO/ ICHCTBUEM CHIIBI TS-
KECTU B KOJIOHKE, YTO NMPUBOJUT K YMEHBIICHNUIO CKOPOCTU JBUKEHUS JKUIKOCTH, a 3TO KpailHe
HEeXeNaTeNbHO U3-3a Pa3MbIBAHUS 30H 3a CUET Jud-
¢by3un npu OYeHb MaJOW CKOPOCTH MOTOKa. IIpu 3TOM MsATHA B TOHKOCIOWHOW XpomaTorpadpuu
MOJTy4aloTCs MEHbIe, 4eM B OyMaxHol Xxpomarorpaduu, M, ClIeAOBaTeIbHO, BO3PAcTalOT
paspemiamomas CrocOOHOCTb W YyBCTBHTEIBHOCTh (A1 TOHKOCIOWHOW XpomaTorpaduu
Tpedyercss B 50-100 pa3 MeHbIIe BemiecTBa sl pa3feieHHs, 4YeM JUisi OyMaKHOW: st
aMUHOKHCIIOT - B 10 pa3 meHsie, ansi Hyki1eoTuoB - B 100 pa3 mensbiie). C moMoOIb0 TOHKOC-
JIOMHOM XpoMaTorpaguu MOKHO OOHAPYKHUTH BEIIECTBO B KOJIMUECTBE 10 1 HMOJISI.

K aGcopbumonHoit xpomaTorpaduu OTHOCATCS UOHOOOMeHHAsA N aghghun-
Has xpomamoepadghus. [TpuHIIUTT HOHOOOMEHHOM XpomaTorpaduu COCTOUT B
TOM, YTO 3apsDKCHHBIE MOJIEKYJIBI 33 CYET 3JIEKTPOCTATHUECKOTO B3aMMOJCHCTBUS 0OpaTHMO
aZIcCOpOMPYIOTCSI TBEPAOW HEMOJBIKHON (Da30il, HecyIel 3apspKeHHBIC TPYIIBI U Ha3bIBAEMOM
uoHoobmenHuxom. PazneneHne Ha HOHOOOMEHHHKaX OOBIYHO MPOBOJUTCS B JIBE CTAIHMH: CIIEpBa
COE€IMHEHHE, KOTOpoe TpeOyeTcsl OTHENSTh, CBS3bIBACTCSI C MOHOOOMEHHUKOM B YCJIOBHSIX 00-
pa3oBaHUs CTAOWIBLHOU CBSI3H, 3aT€M MOHOOOMEHHUK MPOMBIBAIOT OyhepoM ¢ IPYyruM 3HaAUYCHUEM
pH wiu ¢ apyroil MOHHOW CWIJIOH, B Pe3ysIbTaTe 4Yero KOMIIOHEHTHI Oydepa KOHKYPUPYIOT CO
CBSI3aHHBIM BEILIECTBOM 3a CBS3bIBAIOIIME LIEHTPbl M BBI3BIBAIOT €r0 BHIMBIBAHME U3
noHooOMeHHUKa. MloHOOOMEeHHYI0 XpoMaTorpaduio 4acTo MCIOIB3YIOT JJIs pa3feicHus] OCIKOB,
MOJICAXapUA0B, HYKJICOTHIOB, AMUHOKHCIIOT U JIPYTHX OMOJIOTHYECKH BAKHBIX HEOOJBIIMX MO-
nekyn. Ho wambonee crnenuduyeckuMm "OHONTOTHYECKUM' METOIAOM XpomaTtorpaduu sIBISETCS
appunHas xpomaTtorpadus, KOTOpas HCIIONB3yeT OTHOCUTENBHO ciaboe obOpaTtumoe
B3aUMOJICHCTBUE (OUON02UYUEeCKOe CPOOCME0) MEXKIY BBIIEISIEMBIM BEIIECTBOM M CHelU(pHIeCKH
CBSI3BIBAIOLLEHCS C HUM MOJIEKYJION (auranaoM). Takue cuibl AEHCTBYIOT, HallpUMEp, MEXKIY
(dbepMeHTOM H ero cyOCTpaTOM WM HHTUOMTOPOM, AHTHUT€HOM M AaHTUTEIOM, TOPMOHOM H
peuenTopoM u T.1. [y ocymecTBieHus GpakIUOHUPOBAHUS 110 OMOIOTUYECKOMY CPOJICTBY, T.€.
MerogoMm adduHHONW Xpomarorpaduu, OJAMH U3 '"mapTHEpOB" TakoW Mmapbl KOBAJICHTHO
"mpummBaercs" K dYacTUIAM HEMOJBWXKHOM (a3bl, a copOIueld M BBHIMBIBAHUEM BTOPOTO
"mapTHepa" YNPaBIAIOT IyTEM HW3MEHEHUs YCIOBUU OWOJOTHYECKOTO B3aWUMOJICHCTBUS B



pe3yibTaTe BBEACHUS B MPOMBIBAIOLINI PACTBOP COJIEH, MOUEBUHBI, IETEPIeHTOB, KOHKYpPUPYIO-
IIMX 32 CBSI3bIBAHKME MOJICKYJI HJIH ITyTeM U3MEeHEHHs ero pH.

3amaua 16. [Ipu npoBeieHUN rellb-IIPOHUKAIOIEH XpomMaTorpadun 00beM pacTBOPUTEII,
TpeOyeMBIii 17151 BRIMBIBAHUS M3 KOJIOHKH BBICOKOMOJIEKYJISIPHOTO TTOJIMCaxapyia roiayooro
JEKCTpaHa, KOTOPBI HE MPOHUKAET BHYTPb T'eJIsl, COCTABUII 78 MJI, @ 00BEMBI PAaCTBOPUTEIS IJIS
BBIMBIBaHUA OeNKOB (puod-

PUHOTEHA, KaTaJla3bl U SMYHOTO aTbOyMHuHA cocTaBmwin 86, 118 u 172 mu
COOTBETCTBEHHO. Mcromnb3ys gaHHbIE TAOMUIBI 5, OLEHUTE M U Fpypp JUIS
(dhepMeHTa KaTanasbl.

DJIEKTPO®OPE3 BEJIKOB 1 HYKJIEMHOBBIX KHUCJIOT

Ecnu Monekyna o6nagaer cyMMapHBIM 3apsJoM ( M HaXOAWUTCS B OJHOPOJHOM
anextpuueckom mone E, To Ha Hee neictByer cuna F = qE. Kak Obuto mokaszaHo B pasuene
"TpeHue MakpoOMOJIEKYJl B pacTBope", CKOpPOCTb MaKpOMOJIEKYJbl, Ha KOTOpPYIO JeHCTBYyeT
noctosiHHas cuiia F, B pacTBope 04eHb OBICTPO JOCTUTACT MOCTOSIHHOW KOHEYHOM BeTUUUHBI V($)
= F/f = qE/f. OnHako Takoe yHpoIIEeHHOE ONUCaHHue 3JeKTpodopes3a (T.e. sSBICHUS NepeHoca
3apsDKEHHBIX YaCTHUI[ MO/ ACWCTBUEM JJIEKTPHUYECKOTO TOJS) XOTS W HPUBOIUTCS BO MHOTHX
yueOHHKax, COBEPIIEHHO HE COOTBETCTBYeT peajbHOM KapTuHe. [Ipexae Bcero BO3HUKAET
HEOIPEICIEHHOCTh C CyMMAapHBIM 3aps0M MaKpOMOJIEKYJIbI, KOTOPBIA 3aBUCHT OT MOHHOM CHIIBI
pactBopa. Ilpu masom KojaMuyecTBe NMPOTUBOMOHOB MaKpOMOJIEKyJia OyAeT CTpEeMHUTbCs Mepe-
MEIIAThCsl B OJHY CTOPOHY, @ TMPOTHBOHMOHBI - B JIPYTyI0. DHEPrusi, KOTOPYIO MPHUILIOCH OBI
3aTpaTUTh Ha MPEOJOJCHUE HIIEKTPOCTATUYECKOTO NPUTSDKEHUS NpU pas3/eleHUuU 3apsiioB,
Ype3BbIUAfHO BENMKA, MOITOMY pEaTbHO MPOUCXOJAIIAs MHTPAlUs MaKpPOMOJEKYJ OyneT
He3HauuTenbHa. [Ipyu n30bITKE MPOTUBOMOHOB JIEKTPOJIUT 00pa3yeT HOHHYIO0 aTMOC(hepy BOKPYT
MOJIMMEpa, W JJIsl TOTO, YTOOBI y4ecTh 3TOT 3(QeKT, MOKHO HCIONIb30BaTh aBa moaxona. [Ipu
OJTHOM TOJXOJI€ CYUTAIOT, YTO MOHHAs aTMoc(epa ymeHblIaeT 3pPEeKTUBHBIN CyMMapHbIi 3apsa
MakpoMmoJekyJbl. [lpu apyrom mosararoT, 4To HMOHHAsE aTMoc(depa MOPOXKIAET ANEKTPUUECKOE
10JIe, B KOTOPOM HaXOAMUTCS MaKpOMOJIEKYJIa U KOTOPOE CIIeyeT yUUThIBaTh HAPABHE C BHEIIHUM
noseM. IlpuHATO oOmMchIBaTH 3Ty arMocepy C MHOMOIIBIO HEMPEPHIBHOTO pacIpeesieHus,
UTHOPUPYS AUCKPETHBIN XapakTep 3apsAnoB. Jlanee 3a cueT IBUKEHUS MAaKPOMOHA U MaJIbIX HOHOB
MOHHOE 00JIaKO MOCTOSHHO Aedopmupyerca. YueT Bcex 3(p(HeKToB MpeacTaBisieT co0oil OueHb
TpyAHYIO 3azady. B pesynbrate, cymiecTByromas Teopusi 31eKTpodopes3a, HECMOTPsl Ha BCIO €€
CIIO)KHOCTh, HE B COCTOSIHUM YJIOBJICTBOPHUTEIBHO OOBSICHUTH HKCIEPUMEHTAIbHBIC NaHHBIE IO
anekTpodopesy.

HecmoTps Ha CIOXHOCTH Teopuu, 3JeKTpodope3 sBIsSETCS ACHCTBEHHBIM U YIOOHBIM
CPEACTBOM aHa/IN3a OEJIKOB M HYKJIEMHOBBIX KUCJIOT, €CJIM HE TPEOOBATh OT HETO KOJIMYECTBEHHBIX
JaHHBIX O CTPYKType MOJIEKYJI. Bce Teopuu coriacoBaHHO INPEICKa3bIBAIOT, YTO IMOABHKHOCTD
IPSIMO MPOIMOPIHOHATIBHA OTHOLIEHUIO CYMMapHOTo 3apsijia kK ko3dduuuenty tpenus. Takas 3a-
BUCUMOCTbh TIO3BOJIIET HCIOJB30BaTh AJIeKTpodope3 [uig moiyueHuss HHpopMamuu 00
OTHOCUTENIbHOW BEJIMYMHE 3apsAfa (A7 MOJIEKYJ, KOTOpbleé HMMEIOT OJMHAKOBBIE pa3Mepbl U
dbopMy) wiM 00 OTHOCHTENBHBIX pa3Mepax (IIE MOJEKyl C OIMHAKOBBIMU 3apsiaMu).
Cy1ecTByIOT, OJIHAKO, /B€ Pa3HOBHIHOCTH 3JEKTpodope3a, KOTOpble MOTYT JaTh HEKOTOPYIO
KOJINYECTBEHHYIO0 MH(DOPMAITUIO O MOJIEKYJIaX - 3TO U302IeKmpuieckoe GoKycuposanue u 21eKm-
pogopes 6 npucymemauu 000eyuncyib@dama Hampus.

Nzydenne »srekTpoopeTHUECKONW TOABMKHOCTH OenkoB Kak ¢yHkumu pH wmertomom
U3032JIEKTPUIECKOro (POKYCHPOBAHHMS TO3BOJSET HAWTH W30IJIEKTPUUECKYI0O TOYKY MOJIEKYJIBI, O
BaKHOCTU KOTOPOM KaK XapaKTEpUCTUKU OeJKa paccKa3aHo B paszene "PacTBOpuMOCTb OEIKOB U
HYKJIEMHOBBIX KHUCJIOT" B MpeblAyLIed JeKUuu. ODTOT METOJ, HpPU KOTOpPOM B Teje IpH
n00aBIeHNH cMecH aM(OJIHMTOB TOA JICHCTBHEM 3JIEKTPUYECKOro IOJIs co3JaeTcs rpagueHt pH,
SIBJSIETCSI TIPSIMBIM @HAJIOTOM PaBHOBECHOTO LEHTPU(YTHPOBAHHS B IPAJMCHTE TUIOTHOCTH. B aToT
rpagueHT pH 7no6aBistror HeOonbIIOE KONMM4ecTBO Oenka. benkoBas Mousiekyna IBHXKETCS K



Karoay, ecinu pH MeHbllle 3HaU€HUS €€ U303JEKTPUUECKON TOUKH, UM K aHOXy, eciii pH Gombiie
3TOro 3HaueHus. belok Murpupyer, Moka He JOCTUTHET pH, COOTBETCTBYIOIIETO €ro
M302JICKTPUIECKOH Touke. TaM OH KOHIIEHTpUPYETCs, 00pas3ys Y3KYIO 30HY.

Bropoii, oueHb nmonmymnsipHbI METOA - 3TO 1eKTpodope3 B MPUCYTCTBUU AOJCIHICYIbdara
Hatpust ([ICH) - H3C-(CH2)10-CH20803'Na+. 31ecs OCHOBHAs HIESI COCTOUT B TOM, YTOOBI
MPEBPATUTh BCE OCNKH B MOJIEKYJBI CO CXOAHOM CTPYKTYpOM, KOTOpbIE OTIMYAIUCh ObI APYT OT
Jpyra JHIIb 3HAaYeHUAMU MoJieKysipHoil Macchl. JICH - cuiibHBIN JeHATypUpYIOMIMNA peareHT 1o
OTHOIIEHUIO K Oenky. OH CBSI3bIBa€TCA CO BCEMHU OelKamMH MPUMEpPHO OJWHAKOBO: 1.4 rHa 1 T
amuHokucnor. Kaxnas monekyna JICH necer oauH oTrpunatenbHblil 3apsn. biarogaps takomy
konnuectBy JICH B xommekce JICH-0enok o0mias IioTHOCTh 3apsiioB B KOMIUIEKCE Oosee Win
MEHee OIMHAKOBa MJISi CaMBIX pa3HBIX OEIKOB, HECMOTPS Ha Bapuallil B BEIMYMHE 3apsia
UCXOIHBIX OENKOBBIX MOJEKyJ. JloOaBnsieMble MOMONMHUTEIHHO BOCCTAHABIMBAIOIIUE PEAreHTHI,
TaKkMe KaK b-MEepKanTo3TaHOJ, pa3phIBAIOT BCE MUCYIb(HIHBIE CBA3HM KaK BHYTPU LIENEH, Tak U
MEXIy pa3HbIMU LIETAMHU. B 3THX yCIIOBHSX YK€ HUYTO HE MEIIaeT MOJEKyJaM Oelka mocie
JCHATypallid HaxXOJUTbCS B TEX paBHOBECHBIX (hopMax, KOTOpBIE OOYCIIOBIEHBI B3aUMO-
neiictBusimu B komruiekce JICH-Genok. ['mapommHamudeckre M3MEpeHHs] MOKa3aiH, YTO 3TH
KOMIUIEKCHI TIPEACTABIISIFOT COOOM BBITSHYTHIE AIUTHIICOUIBI MIIM CTEP)KHHU MOCTOSIHHOTO CEYEHUS,
IaMeTp KOTOPBIX COCTABISIET IPUMEPHO
1.8 HM, a nmIMHA ¥ MOJEKYJISpHAsh Macca CBSI3aHBI JTMHEWHOW 3aBUCHUMOCTBIO JUIS OEJIKOB, MOJ.
Macca kotopbix Oombiie 15 k/la. TouHOCTh ompeseneHuss MOJEKYIIpHOW Macchl OEIKOB TaKUM
METOZ0M OOBIYHO HE MPeBOCX0UT 5%.

[Tpu n1060M OOBIYHOM 3NEKTPOGOPETUUECKOM OIBITE pa3pelieHue, IOCTUTaeMoe TMpHu
pa3eneHny HECKOJBKHX KOMITOHEHTOB, 3aBHCHT OT JIBYX (DaKTOPOB: IIMPHHBI 30HBI 00pasla B
Hayale »JKCIepUMeHTa U oOycioBieHHoro auddy3uell pasmbiBaHHA €€ B IIpolecce
anekTpodopesa. Juck-anekmpogopes (ot aHrmmiickoro "discontinuous" - TPEPHIBUCTHIN)
MO3BOJIUJI YMEHBUINTh IMUPUHY 30HBI HCXOAHOTO oO0pa3ia A0 HECKOIbKMX MKM BMECTO
HECKOJIBKUX CM, IMOJy4yaeMbIX NPH MEHEE COBEPIIEHHBIX METOAUKax 3JekTpodopesa. CyluHOCTh
METOJla COCTOMUT B HCIOJIb30BaHUM OydepoB ¢ pasHbiMu pH Ha koHuax rens. I'enb cocTouT u3
Tpex obmacreit: 1) craproBoii 061acTH, B KOTOPYIO BBOAMTCS UCXOAHAs CMECh MaKpOMOJIEKYJI; 2)
KOHIIGHTpUPYIOIIeH obnacth u 3) paszaensmomer o0jgacTu, B KOTOPOH MPOUCXOAUT CaMo
pas3zieneHue KOMIOHEHTOB. l'enb rotoBsAT Ha Oy(epHBIX pacTBOpax, KOTOpPBIE HCHOJIB3YIOT B
KauecTBE OJJIEKTPOAHBIX cpeA. MoHBL, JBHMXKyIIHMEcs BO BpeMsl dieKTpodope3a B OJHOM
HaTpaBIIeHUHU ¢ PpaKIIMOHUPYEMBIMU MaKpOMOJIEKYIaMH, pa30MBAIOT Ha JIBa Kjacca - BEAyIIHe U
3aMbIkatonue. B Havane snekTpodopesa Benyline WOHBI HAXOSATCS B Telie, 3aMbIKAIONINe - B
anekTpoaHoM Oydepe. Koraa yepes cuctemy mporyckaroT TOK, Beayiiue (0ojee MoJBUKHBIE U3-
3a MaJIoTO pa3Mepa) HOHBI OOTOHSIOT MaKpPOMOJICKYJIBl M 3aMBIKAIOIIE MOHBI, OCTaBJIss 32 CO0O0M
30HY C MEHBIIEH 3JIEKTPONPOBOAHOCTHIO. VI3BECTHO, UTO yenbHast 3JeKTPOIPOBOIHOCT 00OPAaTHO
MPOIMOPLUUOHANIbHA HAMPSKEHHOCTH 3JIEKTPUYECKOTO TIOJIA, CIEeAOBaTeIbHO, B JTOW 30HE
HaNpsHKEHHOCTh Oy/eT MOBBIIIEHA, YTO YCKOPUT JBM)KEHHUE MAKPOMOJICKYJI U 3aMBIKAIOLINX HOHOB
M 3aCTaBUT HX JABUraThCs BCIEA 3a BeOyIIMMH. B cucTeMe YCTaHOBUTCS peEryjupyemoe
paBHOBECHE, T.€. MEXAY BEIyIIMMHU M 3aMBIKAIOIIMMH MOHAMU BO3HHMKAET MOJBMYKHAS IPAHULA.
Tak kak y MakpoMOJIeKyJ HOJIBHXHOCTb MEHbILE, YeM y BEAYyIIUX HOHOB, W OOJblIe, YeM Y
3aMBIKAIOIUX, TO OHU OyIyT KOHIIEHTPUPOBATHCS B y3KOH 30HE, ()POHTOM KOTOPOM M CIYKHUT
MOJBWKHAS TrpaHuna. Ha 3ToM »3Tame HauMHAeTCs pa3[esieHHe MakKpOMOJIEKYJd IO 3apsiy:
MOJIEKYJIbI OyJIyT pacroyiarathCsi B rejie MOCIeI0BaTeIbHO MEXy BEIYIIUMH M 3aMBIKAIOIIIMHU
MOHAMHU B COOTBETCTBHUM CO CBOEH IMOJBMIKHOCTBIO, omnpesensiemMont 3apsnom. Korga 30Ha Oenka
JOCTUTHET TPaHMIBl MEXAYy KOHLEHTPUPYIOIIMM M Pa3IeisaiolIMM TIeleM, OHAa CTOJIKHETCS C
MEHBIIUM pa3MepoM Mnop u ApyruM 3HaueHnem pH. Benuuuny pH pazgenstomero rens
noa0UparOT TaKUM O0pa3oM, YTOOBI YBEIWYHTH CTENEHb IWCCOLHUAIMU, A CJIEJOBATENbHO, H
MOJIBU’KHOCTD 3aMbIKAIOIIMX HOHOB. 3aMbIKAIOIINE HOHBI OOTOHSIOT MaKpO-

MOJICKYJIbl ¥ JIBIDKYTCSI 32 BEAYIIMMH HOHAMH, & MaKPOMOJICKYJbI TEHEPh MBUXKYTCS B TOJE C
MOCTOSSHHOM HAanpsbKEHHOCThIO. CTapTOBBIM M KOHUECHTPUPYIOIIMI Telld UMEIOT CPABHUTEIIHHO



KpPYIHBIE TIOpBI, yMEHbIIaonme aupQy3uro, HO HE CHIKAOIINE CKOPOCTh JABIKCHHS
MaKpPOMOJICKYJI TIOJ] IEHCTBUEM 3JIEKTPUYIECKOTO TOJIs. Pasznenstonuii renb 60ee MEITKOTIOPHCT,
9TO 3aMeJUISeT JBM)KEHUE MAaKPOMOJIEKYJI COOTBETCTBEHHO MX MOJIEKYJSIPHOW Macce W yJIydIlaeT
paszencHue, 00yCIOBICHHOE PA3IUYHON AIMEKTPO(HOPETHUECKON MOBUKHOCTBIO ATHX MOJICKYI.

3amaua 17. Ilpu uccnepoBaHuM 3IeKTPOGOPETUUECKON TMOABUKHOCTH OEJIKOB JIM30IMM
MPOIIIeN B TeJIe IMyTh, PaBHBIN 2.5 cM, ObIYHIA CHIBOPOTOYHBIN aJIbOYMUH - 1.8 cM, a puOpHHOTEH -
1.1 cm. Mot macca mu3oruma u guodpunorena - 14.1 u 330 x/la coorBercTBeHHO. Paccuuraiite
MOJI. MAaCCy CBIBOPOTOYHOTO ajIb0yMHHA.

CIIEKTPOCKOIINA ITOTI'JIOMEHM A BEJIKOB U HYKJIEMHOBBIX KUCJIOT

MakpoMoIeKyJIbl OTJIOA0T CBET. JJIMHBI BOJIH, IPU KOTOPBIX MPOUCXOAUT IOTJIOLICHHE,
U CTENEHb IOTJIOIIEHUSI 3aBUCIT OT CTPYKTYPhl U OT OKPYKEHUS MaKpPOMOJEKYJIbI, [O3TOMY
CHEeKMPOCKONUs NO2I0oujeHUs, U abCOpOYUOHHASL CNEKMPOCKONUs, MOXKET CIYXKHTh IOJIE3HBIM
WHCTPYMEHTOM IS XapaKTePUCTUKU MaKpoMoJjekyn. DHeprus cera paBHa E = hc/l, roe h -
nocrostHHas Ilnanka, ¢ - ckopocTh cBeTa, | - mmHa BonmHBI cBeTa. Korjga cBeT BCTpedaercs C
MOJIEKYJIOH, OH MOXeT IJMbo pacceusamovca (T.e. U3MEHATh HANpPaBIEHUE CBOETO
pacripocTpaHeHus), 00 nocnowamuvca (T.e. €ro SHEpPrus mepenaercs Moiekyine). Ecmu
MPOU30IUIO TOTJIONIEHHE 3JEKTPOMAarHUTHON SHEPTrUU CBETa, O MOJIEKYyJe TOBOPAT, YTO OHa
nepenuia B 6030yaicoennoe cocmosinue. Bo30yxkaeHHas Mosekyna o0nagaeT HabopoM JUCKPETHBIX
KBAaHTOBAaHHBIX JHEPreTUYECKUX COCTOSHUN, HA3bIBAEMBIX OHEpemudecKumu  ypoGHAMU
MoJieKyJibl. TlornomeHne SHepruu MPOUCXOIUT C HAaUOONbILICH BEPOATHOCTHIO TOJIBKO B TOM
clly4ae, €clIM KOJMYECTBO TIOIJIONIEHHONM JHEPrMH COOTBETCTBYET Pa3HOCTH DHEPIHid
kBaHTOBaHHBIX coctosiHui: | = he/(E -E,), rae E| - sHepreTrueckuii ypoBeHb MOJIEKYJIBI 0 TIOTJIO-
meHusi, a E, - sHepreTudyeckuii ypoBeHb, JOCTUTAEMbIM B pe3ysbTare noriouieHus. M3MeHeHnus
HHEPreTUYECKOT0 COCTOSIHUS MPU MCITyCKAHWW WIIU TMOTJIOIICHUH KBaHTA HA3bIBACTCS NEPExX00oM.
3aBUCUMOCTh BEPOSITHOCTHU IOTJIOIIEHUS OT JJIMHBI BOJHBI HA3bIBACTCSI CHEKMPOM NO2LOUJCHUSL.
BeposiTHOCTH Tepexona TMpH JTAaHHOH JJIMHE BOJHBI XapaKTEPHU3YETCs  Koaghduyuenmom
nocawienus (IKcmuukyuy) Tpyu TOW nauHe BoiHBI (€). Ecnu cBeT nHTeHCHMBHOCTH [, poxoaut
4yepe3 pacTBOP C TONIIUHOMN ¢10s d ¥ KOHIEHTpaIu-
ell ¢, M~HTEHCUBHOCTH Ipolienuiero ceera | noguunsercs sakony byee-
pa-Jlambepma-bepa: 1g (1,/1) = edc. Benmuuuny Ig (I,/I) HazbiBatot on-
MuYyecKou nJI10mMHOCmbI0, €€ yI00HO UCTO0Ib30BaTh, TAK KaK OHA JTMHEWHO
3aBHCHT OT C. B HEKOTOPBIX Cclydasx, €CH ¢ BETUKO, € CTAHOBUTCS
byHKIMEH c, ¥ TOTJa TUHEWHOCTh MEXIY ONTHYECKOH IIIOTHOCTHIO M KOHIICHTPALMEH pacTBopa
Hapymiaerca. JTO MOXET OBITh pe3yJbTaTOM pAaCCesHUS CBETa WU CTPYKTYPHBIX H3MEHEHHIA
(Hampumep, AUMEpU3ALMM, arperaudd WIA  XUMHYECKUX HM3MEHEHHWI) TMpH  BBICOKHX
KOHICHTPAIUSX.

JlroGas MoseKkyia MOTJIONIAeT CBET B JOCTATOYHO HIMPOKOHM oOmacTu IiiuH BoJiH. OmHAKO
MpU JAAaHHON JUIMHE BOJHBI B CIIEKTPE OOBIYHO MpeoOsIagacT MOTJIOMICHHE XUMHUYECKUX TPYMII
TOJIBKO OJHOTO THma. DTH Tpymnnsl HazbBaroT XPOMO®OPAMMU. Xpomodopsl, BXxomsmme B
cocTaB OENKOB M HYKJIEHHOBBIX KHUCIIOT, MOTJIOMIAIOT CBET TOJBKO MPH JAJIWHAX BOJIH, MEHBIIUX
yem 300 M. Hcrnonb3oBaHue BOABI B KaueCTBE PACTBOPUTENS aBTOMATUYECKH OIPaHUYMBAET
CHEKTpalbHbIE WU3MEpPEHHs] O0ONacThl0 HNJIWH BOJH, Oonbmux, 4dem 170 mM. Hmke »sToro
MIpEIeIbHOrO 3HAYEHMsI MOTJIOUIEHUE Jjake oueHb TOHKUX (* 1 MKM) BOJHBIX IJIEHOK TaK BEJHKO,
YTO perucTpanus Ha ero oHe kakoro ObI TO HU OBLIO BKJIaJa OT MaKpOMOJEKYJ TpedyeT 0co0oii
BBICOKOW TOYHOCTH. 2

Xpomodopamu 6enkoB sBastoTcs nentuaneie rpynnel O=C-N-Hu  6oxko-

2

Bble TPYINIbl AaMHHOKHCIOTHBIX OCTAaTkoB. Kpome TOro, HeEKOTOpble O€NKH coaepx ar
JIOTIOJIHUTENbHBIE XPOMO(OpPBI: HAaIpUMEpP, aTOMbl MEIU WJIU Keje3a, KeJIe30CEPHbIE KIIaCTephl,
peTHHANb B poaoncuHe, (hiaaBuHbl U T.M. [lonoca moriomenyus NenTUIHON TPyl HAOMI0JaeTCs
mpu 210-220 M, HO sBisSeTcs cia0oi. J[ims OOKOBBIX TpyIil OOJNBIIMHCTBA aMHUHOKHCIOT



MaKCHUMYyMBbI TMOIJIOIIEHUS Jie)KaT B TOW k€ 00JIACTH, YTO M MOTJIOUICHHE MENTUIHOW TPYIIIHIL.
3aperucTpupoBaTh UX MOTJIOLICHNE B OelKaX MOYTH HEBO3MOXKHO, IOCKOJIbKY 110 HHTEHCUBHOCTH
OHO CHJIBHO YCTYIaeT MEeNTUAHOM Ipynre U K TOMY K€ YUCJIO COOTBETCTBYIOIIMX OOKOBBIX TPYIII
OOBIYHO MEHbIIIE, YeM YHUCIO MEeNTUIHBIX rpynmn. VcKiroueHne cocTaBistoT aMUHOKHCIOTHl Phe,
Tyr nu Trp, nornomeHue apoMaTU4ecKUX OOKOBBIX TIPYII KOTOPHIX MMEET MAKCUMYMBbI IpH
JuIMHax BoJiH, npesBblmarommx 230 HM. CHexkTpsl NOIVIOIIEHHS 3THX TPEX apOMaTUYECKUX
aMUHOKUCIIOT TIpu HeuTpaybHbIX pH mpeactaBnensr Ha puc. 29. [lornomenue Trp 3HaYUTETHHO
cunbHee, yeM Phe u Tyr, oqHako OH peAKo MPHUCYTCTBYET B Oenkax B OOJBIIMX KOJUYECTBAaX B
ornuune oT Tyr, BKIaA KOTOPOro B TMOIJIOIIEHHWE OEJIKOB TaKKe€ OKa3bIBaeTCs BeChMa
3HauuTenbHbIM. [Tornomenue Phe ropa3no MeHble 1 OOHApYKUTh €ro NPUCYTCTBHUE B O€J-

Kax, COJAEpXKalUX JApyrue apoMaTUYeCKUe AaMHUHOKHCIOTBHI, ONTUYECKUMHU METOJaMU TMOYTH
HEBO3MOJKHO.

XpomodopaMu HYKIIEHHOBBIX KHCJIOT SIBJISIOTCSI ITYPHHOBBIC U MPUMUIHMHOBBIE OCHOBAHHS
(puc. 30). DnekTpoHHas CTPYKTypa IypPUHOB M MUPUMUIAMHOB TOPA3J0 CIOXKHEE, 4eM OEIKOBBIX
xpomodopHbIx rpymi. [IoaToMy kaxkyliuecs: MpOCTHIMU MOJIOCHI MOTJIOUIEHHS MOJIMHYKICOTH/IOB
B JICHCTBUTENIBHOCTH SABIIIOTCSA PE3yJbTaTaMHM HAJIOKEHHs HECKOJBKHMX pa3HbIX mojoc. Ilomocer
TIOTJIOIIEHUS] OTACIBHBIX XPOMO(OPOB THUIMHYHOW HYKJICHHOBOW KHCJIOTHI CIMBAIOTCS M JAIOT
MPOCTYIO Ha BUJ] TIOJIOCY C MAKCUMYMOM Tipu 258 HM (puc. 31).

CrekTp mNOrJjoUmIEHUs TOJUMEpPa OTJINYAeTCs OT CYMMbl CIEKTPOB COCTABJISIOIIUX €r0
MOHOMEPOB 10 HECKOJIBKUM NpuuuHaM. [1o1 BausiHHEM OKpyKeHHsI (HanpuMmep, 3apspKeHHbBIX W
SKpPaHUPYIOIIMX TPYII) MPOUCXOAAT HEOONIbIINE W3MEHEHHUS IIOJIOKEHUS MaKCUMyMa
MOTJIOIEHUs] XpoModopa - CABUT MOJIOCH! MOriomeHus. [103ToMy cekTpbl MHOIHX XpoMo(pOpoB
3aBHUCAT OT pacTBopHTeis. [Ipu cOmmkeHnn XpoMohopoB Ha PACCTOSHHUE, TIPH KOTOPOM MEXKIY
HUMH BO3HUKAIOT JIEKTPOHHBIE B3aWMOJEHUCTBHUS, CTAHOBATCS BO3MOKHBIMM €ILE B SBICHUS -
pacIleneHue TOJIOChl TMOIJIOIIEHUS HAa HECKOJBKO II0JIOC MEHbIIEH WHTEHCUBHOCTH U
T'MIIOXPOMMU3M, KOTOpBI NpPOSABIAETCS KAaK CHIWKECHHME CYMMapHOW HMHTEHCHUBHOCTH
MIOTJIOIEHUS TTOJIMMEpPA TI0 CPABHEHHUIO C MHTEHCHBHOCTBIO IMOTJIOIIEHUS HA0opa COCTABIISIOMINX
€ro MOHOMepoB. D (dEeKT rumoxpoMusma OTYETIMBO mposiBisercs B ciydae JIHK, koropas,
HaxoasAch B (opme IBOMHOM crnupanu, morjomiaer npuMmepHo Ha 30% MeHble, 4eM CMech
COCTABJISIFONIUX €€ HYKJICOTHA0B (puc. 31).

3amaga 18. B HemossipHOM pacTBOpHUTENIe OCIIOK UMEET MoJocy moriomeHus ¢ 1 = 280 HM.
[IpennonoxuM, YTO B BOJE BIUSHUE PACTBOPUTENS CBOJUTCA TOJBKO K OOpa30BaHMIO
BOJIOPOJHBIX CBSI3€M MEKIY MOJIEKYJaMHU BOJbI U OCTaTKaMU THUPO3MHA B BO30YKIEHHOM (HO HE B
OCHOBHOM) COCTOSIHMM Oeika. PaccumrtaiiTe, Kak M3MEHUTCS MOJOXKEHHE IMOJIOCHI MOTJIOMIECHHS
3TOro OeJika B BOJJHOM PacTBOPE, €CIIU SHEPTHUS BOJAOPOTHOM CBS3H cocTaBsieT 4.2 k[ /Mob.

3agaua 19. 3puTenpHblil 60K POJONICUH COAEPKUT XPOMO(DOPHYIO MOJIEKYJIy PEeTHHANS C
MakCUMyMoM ToryomeHust npu 498 HM. KoappuumeHT SKCTHHKIIMKA pOIOTICHHA TIPH ATOH JTMHE
BONHBI ¢ = 348 (M7cm)’ npu d = 1 cm. Ontuyeckas MIOTHOCTh HCCIIEAYEMOIO pacTBOpa
ponoricuHa okazanachk paBHou 1.6. Ilpu pazbaBnenuum 1:1, 1:2, 1:3, 1:4, 1:5 u 1:6 Benuuuna
OIITHYECKOM INIOTHOCTH CHMIKalach U cocTasisa 1.52, 1.42,
1.05, 0.84, 0.70 u 0.61 coorBeTcTBeHHO. KakoBa KOHIIEHTpAIMsI HCXOAHOTO pacTBopa?

3agaua 20. KoapdunmeHnTsl 3KCTUHKIUM 4HMcTOro mpenapaTta Oenka mpu 260 u 280 HM
paBHBI COOTBETCTBEHHO 5248 1 3150 (M7cmM) ™ mpur d = 1 cM. J{iist BBIIEICHHS G€ITKA HCIIOTB3YETCs
pearent ¢ e = 311 u 350 (M7cm) ™ ipu 260 1 280 uM u d = 1 cm. Tlocie BbieneHns GeIKa ONTH-
yeckasi IUIOTHOCTh €ro pactBopa mpu 260 HM cocrtaBisuia 2.50, a nmpu 280 um - 2.00. Kakosa
KOHIIEHTpAaLUs BblJeIEHHOTO Oenka?

JAPYI'ME OIITUYECKHUE METO/bI UCCJIEAOBAHN A MAKPOMOJIEKYJI

[IpakTHyeck Bce MOJIEKYJIbI, CHHTE3MPYEMbIe IKHBBIMH OpraHu3Mamu, 00JanaroT
ONnmMu4ecKou aKmueHoCmbio, T.€. CIIOCOOHOCTBIO BpalaTh IIOCKOCTbh HOJSPU3ALUN CBETA U TO-
pa3HOMY HOIVIOUIATh MIPaBbIid U JIEBBIM MOJIIPU30BAHHBIA IO KPYTy CBET. JTO CBOMCTBO SBISAETCS
CTOJIb YHUBEPCAIBHBIM Ul KUBBIX CHCTEM, YTO €r0 HAJIMYME WM OTCYTCTBUE CIY)KUT OIHHUM U3



KPUTEPHEB B CYXICHUSAX, HANpuUMep, O TOM, HECYT JIM METEOPHUTHl JI0Ka3aTeIbCTBA
CYILLIECTBOBAHMSI >KM3HH THe-mnbo eme Bo BceeneHHol. OmnTudeckass aKTUBHOCTh OMOMOIEKYI
CBSi3aHA C HAJMYUEM AaCHMMETPHYHBIX aToMOB yriepona (Hampumep, y L- u D-dopm
AMUHOKHCIIOT W MOHOCAXapHJOB, ONHCAHHBIX B TEPBOM JIEKIMH), C BIUSHHUEM STHUX
ACHMMETPUYHBIX aTOMOB Ha COCEIHHE XpOMO(OpBL, a TaKXKe CO CIONKHOH acCHMMETPHUYHOU
MPOCTPAHCTBEHHON CTPYKTYypoil MakpoMosiekyld. ONTHYeCKYyI0 aKTHBHOCTh OHOIOTHYECKUX
MaKpOMOJIEKYJl HUCCIEIYIOT METOAaMH oucnepcuu onmuueckoeo spaujenus (JJOB) u xpyeosozo
ouxpouszma (KJI). I'maBHbIM npenmy1iecTBoM peructpauuu cnektpos JJOB n K/l no cpaBHeHuto ¢
IPYTUMH ONTHYECKMMH METOIAMHU SIBIISIETCS. OYCHb BBICOKAsi UyBCTBHTEIBHOCTh K HW3MEHEHHSIM
JIOKAJIbHBIX B3aWMOJCWUCTBUN B MaKpOMOJIEKYJaX, YTO MO3BOJSET C YCIEXOM HCIIONb30BAaTh ITH
METOABI IJIi W3YYEHUS CTPYKTYPHBIX IMEPEXOJ0B MAKPOMOJIEKYJ WM JUIS M3YYCHUS CBS3BIBAHHS
0ENKOB M HYKJIEHMHOBBIX KUCJIOT ¢ ManbiMu Mosekyinamu. Crnektpbl KJ[ a-cnmpanu, b-cnos u
OecropsIouHOr0 KIIyOKa YeTKO pa3inyaroTcs, W IyTeM MOAroHKH crekTpoB K]l GenkoB K
TaOJIMYHBIM 3HAYEHUSM CIIEKTPOB MOJUIENTHIOB C U3BECTHON KOH(OpManuen yaaeTcs 10BOJIBHO
HA/IEKHO YCTAHOBUTH JONIO KaXJOTO W3 THUIIOB BTOPUYHOM CTPYKTYpbl B AaHHOM Oenke. B
OTIMYME OT OENKOB, JUIsl HYKIEMHOBBIX KHCIOT CO3[laHa MpueMieMas TeOpHs, CBS3bIBAIOIIAs
cuextpsl JJOB u KJI co crpykrypoit mosnekyn. OHa mo3BOJIIE€T JAeiaThb OJAHO3HAYHBIA BBIOOD
MEXIy Pa3IUYHBIMU albTEPHATUBHBIMU CTPYKTYpaMHU, MPEICKa3bIBAEMbIMH JIPYTUMHU METOIAMH.
Crnextpst OB u KJI

MO3BOJIAIOT TAK)KE OMPEAEIATH OPUEHTAIMIO OTACIBHBIX TPYIII MO OTHOLIEHUIO

K OCH MOJIEKYJIBI.

B cnyuae HEKOTOPBIX MOJEKYJ MOTJIONIEHHE KBaHTa CBETA MPUBOIUT 3aT€M K HCITYCKaHHUIO
KBaHTa CBETa C MEHbLIEH 3Hepruer (T.e. OOJbIIEH NIMHON BOJIHBI). DTO SIBJICHUE Ha3bIBaecTCA
dnyopecyenyueu (wnu ghocghopecyenyueti, ecnu UCIyCKaHUE AOITOXHUBYIIee). DiyopecieHIIHs
xpomodopa Oosiee UyBCTBUTENIbHA K €ro OKpPY)KEHHIO, YE€M IMOIJIOLIEHUE, IO3TOMY IyTEM
U3MEpPEHUs] CIEKTPOB (IIyOpeCUEHIIMM MOXXHO B psAde CIydyaeB IMONYyYHUTh CBEACHUA O
MPOCTPAHCTBEHHOW CTPYKTYpe, MECTaxX CBS3bIBAHMS, B3aMMOJCHCTBHIX C pPAacTBOPUTEINEM,
cTeneHn THOKocTH M Kod(duimentax BpamareabHoi mauddysun Makpomosnekyn. Ho camoe
IJIaBHOE, YTO (hIyopecyeHmuas chneKmpocKonus TO3BOJSET HCCIEN0BAaTh IEPEHOC SHEPTHH
BO3OYXICHUS MEXAY COCEAHHUMH XpomModopaMH, TOCKOIBKY, BO30ykIas OAuH Xpomodop,
MOKHO HaOI0IaTh (IYOPECUEHIUI0 Ipyroro, a oreHuBas 3P(EeKTUBHOCTh MEPEHOCA IHEPTHH
(koTopass OOpaTHO MPOMOPIHMOHATBHA IMECTOM CTEMEHW PACCTOSHHUS MEXIy Xpomodopammu),
MOXKHO pAacCUMTBHIBaTh BHYTPU- U MEXMOJEKYJsIpHbIe paccTosHus. IloMumo mormomeHus
BHJIUMOTO CBETa, MAaKPOMOJIEKYJIbI CIIOCOOHBI MOTJIONIATh CBET M B MH(MpakpacHOW oOnacTu (OT
1000 mo 100 000 uwm). Paznuume monoc mornomenus uHppakpacHoro (MK) uzmyuenus mis
pa3HBIX DJIEMEHTOB BTOPUYHOW CTPYKTYpbl O€JIKOB W ISl pa3HbIX THUIIOB Map OCHOBaHUI
MO3BOJISIET HMCMOJIB30BaTh METON uH@paxpachol cnexkmpockonuu (MK-cnekmpockonuu) IUis
OTpeJIeJICHUS OTHOCUTEIIBHOTO COJIEpKaHUsl a-CIUpaiu, b-cjosi U OecropsiovHOro KiyOka B
O6enkax u coortHomeHus: yucna map A7U k uucny G7C map B monekynax PHK. I'maBnas
TpyaHocTh UK-criekTpocKkonuu COCTOUT B TOM, UTO HEJIb3s UCIOJIb30BaTh BOJHbBIE PACTBOPHI U3-32
cuipHOTO noriomeHust Boas! B MK-ob6nactu.

B Monekyne, mpencraBisioniel MHTEpeC Ui HCCIIEeNOBaTelNs, 4acTO COACPKHUTCS MHOTO
XpoMo(OpOB, HO HU OJIMH M3 HUX HE HAXOJUTCSA B YYacCTKE, OTBETCTBEHHOM 3a OHMOJOTHYECKYIO
GYHKIUIO MOJIEKYJIbI, WU PAJIOM C HUM. OTYy CUTYallUIO YAAeTCid WHOTJAa HCIPaBUTh, BBOIS B
HY>KHBI Y4aCTOK JOIMOJHHUTEIbHBI XpoModop, Ha3zblBaeMblil "penopmepmnoti” epynnou. Jns
YCIICIIHOTO HKCMOJb30BaHMs 'penoprepHas’ Trpynmna JOJDKHA HMETh CIHEKTP, OTJIMYHBIM OT
OCTAJIbHOW YacTH MaKpOMOJIEKYJIbl, OHa JOJKHA MPUCOECTUHATHCS TOJBKO B OAHO TOJOXKEHUE, U
ee BBEJICHHE HE JIOJKHO BIIMATH Ha CIIO-

COOHOCTh MAaKPOMOJIEKYJIBI K OCYIIECTBICHUIO €€ OMOIOTUYECKON (PYHKIIUH.
Yamre Bcero B kKauecTBe "penopTepHBIX" TPy MPUMEHSIOTCS (DITyOopecupyroIiue XpoMoQopsl,
Ha3bIBAEMBIE (h1yOpecyeHmMHbIMU MEMKAMU UIU 30HOAMU.



KPATKUE BbIBO/IbI

Pa3zpaboTaHo MHOKECTBO Pa3IMYHBIX METOAOB HMCCIEIOBAHUS CTPYKTYpbl OHMOIMOJIMMEPOB,
TOJIBKO HEKOTOpPbIE M3 KOTOPBIX KpPAaTKO PACCMOTPEHbI B 3ToW Jekuuu. OJHaKo Jaxe Takoe
KpaTKOE€ PACCMOTPEHHE II0Ka3bIBA€T HEAINCKBATHOCTb TEOPETHUECKONM M OSKCIIEPUMEHTAIBHOU
CIIO)KHOCTHM METOJIOB CKYJHOCTH, IIOJIydaeMOHl TMpH UX NPUMEHEHUH KOJIMYECTBEHHOU
uHpopmanuu. I¢p(PEeKTUBHOCTh KAXKJOTO U3 METOJIOB BO3pPACTAET, €CIM UX KOMOMHUPOBATH APYT C
JPYTOM JUIsl UCCIIEOBaHMs OJTHOM U TOM e MaKpoMoJeKyJibl. TeM He MeHee, TOCKOJIbKY MHOTHE
BOINPOCHI, CBSI3aHHbIE C (YHKIMOHUPOBAHUEM OHOJOTMYECKUX MOJEKYJ, 3aBUCAT TOJBKO OT
ONpEACNEHHBIX JleTaled MOJIEKYJISPHOM CTPYKTypbl WM MOTYT OBIThb pELIEHbl MyTEM
NPUOJIN3UTENIBHBIX KOJMYECTBEHHBIX OLEHOK, HAa0Op COOTBETCTBYIOIIMX METOJIOB H3 UX
COBPEMEHHOI'0 apceHasla, KaK IpaBWiO, IMO3BOJSET MOJYYUTh OTBET HAa KOHKPETHBIN BOIpPOC.



Puc. 24. Yetsipe >rmunconia BpaiieHus paBHOro oobema. [lepBbeiil OKTaHT BBIPE3aH U B
paspese moka3aHsbl JuinHHAs (a) 1 kKopoTkas (b) momyocwu.

Puc. 25. PazMepsl 251IMIICOM0B BpallleHHsI, KOTOPbIE HaWIy4IIUM 00pa3oM OOBSICHSIOT
TMJIPOAMHAMHYECKUE CBOMCTBA (BA3KOCTh U KO3(-

(GUIHMEHT TPEHHS) Pa3TMYHBIX OSIKOBBIX MOJIEKYII.

Puc. 26. O6umwmii Bupa ynbrpaueHTpudyru: A - ynprpauneHtpudyra Beckman (Beckman
Instruments Inc., CIIIA), b - ananutiaeckas yiasrpanentpudyra MSE (Measuring and Scientific
Equipment Ltd., BenukoO6puranus).

Puc. 27. [lpunnun renp-nipoHuKaronieid xpomarorpaduu. Paznenenrue aByX THIIOB MOJIEKYJT
IIPU IPOXOKICHUN Yepe3 KOJOHKY, COJIEPrKaIly 0 YAaCTULIbI TOPUCTOTO Telis.

Puc. 28. IlentuaHbie KapThl MPOYKTOB PACIICIUICHUS! TPUTICHHOM JIBYX Pa3IHYHBIX
reMoryioonHoB uenoBeka. [loMedeHHbIH B cilydae HopManbHOTro remornoduna A (Hb A) nentua
orcytctByeT 1y remorsiobuHa C (Hb C), 3aTo mosBisoTcs ABa HOBBIX NeNTHA, 4a U 4b, 4TO
cBsi3aHo ¢ 3aMeHoll Glu Ha Lys Ha ydacTke, MOKa3aHHOM MO/ MENTHIHBIMU KapTaMH.

Puc. 29. CnexTpbl NOMIOMIEHUS TPEX apOMaTHUYECKUX
aMMHOKHUCIIOT. YTOOBI M300pa3uTh BCe TPU KPUBBIC HA OJTHOM PUCYHKE,

MCTIOJIb30BaHa JIorapu(MudecKas Kaa.

Puc. 30. CnexTphbl MOTIOIMIEHHUS YEThIPEX J1€30KCUHYKICOTHI0B. CIIeKTpbl puOOHYKICOTHI0B
BeChbMa OJIM3KK K HUM, 32 UCKITIOUYEHUEM CIIEKTpa YPUAUHA, TSI KOTOPOTO I = 260 HM, a He 268
HM, Kak s T.

Puc. 31. Cnextp AHK. I - HaruBnas JJHK; II - ta sxe JIHK, o6paborannas ¢pepmenTamu,
PacCLICIUIAIONIMMU €€ JO MOHOHYKJIEOTHIOB.

Jexuus 4. KJIETOUHAS TEOPUS
Knemounas meopus - onmuueckas MuKpOCKORUSA - 91eKMPOHHAA MUKPO-CKONUS - CIMPOEHUE
IYKAPUOMUHECKOU KIeMKU - PUOOCOMbL - MUMOXOHOPUU - NAACMUObL - KDAMKUE 8b1600bL

KIIETOYHAS TEOPUA

HecmoTpss Ha CHOXHOCTH CTPOEHHUS OMOJIOTMUECKUX MAaKpPOMOJEKYJI U HMX CIIOCOOHOCTb
CaMOCTOSITENIFHO ~OCYIIECTBIISITh MHOTHE (DYHKIMH, DJIEMEHTAPHBIMH JKUBBIMH CHCTEMaMH,
OCHOBHBIMHM CTPYKTYpPHbIMH U (YHKIMOHAJbHBIMH €IMHUIIAMU BCEX JKUBBIX OPIaHU3MOB,
CIOCOOHBIMH K CaMOOOHOBIICHHIO, CAMOPETYJSIIMH W CaMOBOCHPOHM3BEACHUIO, SIBIISIOTCS HE
makpomonekyisl, a KJIETKU. IlpencraBnenue o KiIeTKax Kak O MaJeHbKHX, OKPY>KEHHBIX
MeMOpaHOH TOJOCTEH, 3alOJHEHHBIX KOHIICHTPUPOBAHHBIM BOJHBIM PAacCTBOPOM XHMHUYECKHUX
BemiecTB, ycrapeno. CoBpeMEHHBIE HCCIENOBaHUS  IOKa3bIBAIOT, YTO  crneyuguueckue
gzaumooeticmeusi MAaKpOMOJIEKYJT 00pa3yIoT U MOIACPKUBAIOT CTPYKTYPHBIE DJIEMEHTHI KJICTKU U
00pa3yloT yHOpsI0UYEHHBIE MOJIEKYJISIpHbIE KOHBEWEpbl, Jenas KIETKy IOXOXell ckopee Ha
MaIlHy, YeM Ha XUMHYECKH peakTop. [laske cample IPOCThIE KIIETKM 3HAYUTENBHO CIIOKHEE, YeM
OOBIYHO CYMTAIOT, U TIOCTPOCHbI OHM KyJa Oojiee HCKYCHO, 4eM JII0OOH M3 [0 CHX IOop
CKOHCTPYHPOBAHHBIX KOMITBIOTEPOB. V3JI0KEHHBI B 3TOW M TMOCIEIYIOIIUX JIEKIUSAX MaTepual
ABJISICTCS TONBITKOM TOKa3aTh HCKJIIOYUTENIBHYI0 TOHKOCTb M THOKOCTh OMOJIOTHYECKOMH
OpTaHU3aIMH KIETOK, 00ECTIEYHBAOIIYIO X BEICOKOPAIIMOHAIBHOE MTOBEICHHE.

Knetka 6puta otkpsiTa PoGeprom I'ykom (R. Hooke) B 1665 r., oH ke BBen caM TepMUH
"kmerka" ("cellula"). OmHako 000OIICHWE OCHOBHBIX MPEICTABICHHA O KJICTOYHOM CTPOCHHH
KUBBIX OPTaHU3MOB, U3BECTHOE KaK KiIemouHdas meopus, Ob1o cHOpMyIUpOBaHO NUIIL B 1838-
1839 rr. 6oranukom Mattuacom llnerinenom (M.J. Schleiden) u 300morom Teomgopom IlIBanHOM
(T. Schwann). CoBpemMeHHasi KJIETOYHAsE TEOpUs BKIIIOYAET CIEIyIOIIue MOJOXKEeHUs: 1) KieTka -
OCHOBHAsI €IMHHWIIA CTPOCHUS M PpA3BUTHS BCEX J>KUBBIX OPraHM3MOB, HAWMEHbBIIAS €IWHHIIA
KHMBOTO; 2) KJIETKM pa3HbIX OPraHU3MOB CXOJHBI (TOMOJIOTMYHBI) IO CBOEMY CTPOEHHMIO,



XUMHAYECKOMY COCTaBYy, OCHOBHBIM IPOSIBJICHUSIM JKH3HEICATEILHOCTH M OOMEHY BEUIeCTB; 3)
pa3sMHOXKEHHE KIETOK OCYLIECTBISIETCS TOJIBKO IMyTEM JIeJeHUs (KIETKa OT KJIETKH); 4) B CIIOKHBIX
MHOTOKJIETOYHBIX OPTaHU3MaX KIIETKH CIIEIHAIN3UPOBAHBI U 00Pa3yIOT TKAHH; OHU TECHO CBS3aHBI
MEXy cOOOH U BKIIIOUEHBI B €IUHYIO CUCTEMY HEPBHOM U T'yMOpPaJbHON peryJisiiuu.

CymectByer naBa Oosbmux kiacca kietok - [I[POKAPUOTHUYECKHUE wu 3JVY-

KAPUOTUYECKUE. Haubosnee npocTo yCTpOSHHbIE Melbyaiiiue NpoKapruoTHIeC-

KH€ KJIETKH UMEIOT CaMoe JIPEBHEE MPOUCXOKACHUE: HCKOMTAeMbIe OCTATKU

3THUX KJIETOK, BO3PACT KOTOPBIX COCTABIAET Oojiee 3 MIIp. JeT, ObLTN

HaiiIeHbl B IpeBHUX claHmax B Adpuke u B ABctpanuu. [Ipokapuorudeckne

KJIETKH MTPEJICTABICHBI PAa3IMUYHBIMU BUIaMU OHOKJIETOUYHBIX MUKPOOPTaHU3MOB

- baxmepuii. B mpokapuoTHYeCKO# KiIeTke reHeTrnueckuid Mmatepuan (JJHK)

JIOKAJIM30BaH B JIOBOJILHO HEYOPSAA0YEHHOM, HE OKPY>KEHHOM MeMOpaHOoii

TEJbIIE, HA3bIBAEMOM HYK1€0UOOM. DyKapUOTHUUECKasl KJIETKA, HAalIPOTHB,

COJZIEPKUT BBICOKOOPTAHW30BAaHHOE, OUYEHb CJOXKHOE SJIp0, OKPY)KEHHOE sIepHOl 000JI0YKOil,
COCTOAIICH M3 ABYX MeMOpaH. DyKapuOTHYECKHE KIJIETKH, BO3HHUKIINE, BEPOATHO, Ha 1 MIp[. Jer
MO3/IHEE MPOKAPUOTHUYECKUX, OTIUYAIOTCS Takke OONBLIIMMM pa3MepaMu M OoJiee CI0XKHOM
opranuzamuei. M3 3yKapHOTHYECKHX KJIETOK COCTOAT BCE OIHOKJIETOYHBIE M MHOTOKJIETOYHBIC
pacTeHusi, ’)KUBOTHBIE U IPUOBI.

Knetkn moutn Bcerma MMEIOT MHUKPOCKOIHMUYECKHE pa3Mephl. Pazmepbl MpoKapHOTHYECKUX
KJIETOK cOocTaBJstoT oT 0,5 10 Heckonbkux MKM. Hampumep, kiieTku Hanbosee pacipocTpaHEeHHOM
U U3Y4YEeHHOU OakTepuu kuweunou nanrouxku (Escherichia coli) nmerot Gpopmy HUIMHIPA BBICOTON 2
MKM U auameTrpoM 0.8 mxM. CpenHuil AuaMeTp KUBOTHBIX KJIETOK - 10-20 MKM, a paCTUTEIbHBIX -
30-40 mxmM. Takue pa3Mmepsl KIETOK SIBISIIOTCSI CJIEICTBUEM ONpPEIENIEHHBIX orpaHuueHuil. Camas
MaJIeHbKasi U3 M3BECTHBIX KIETOK - Mycoplasma - nmeetr nuamerp okoio 0.33 MKM U HE MOXET
OBITh HAMHOTO MEHBIIIE, Y€M OHa €CTh, MPOCTO M3-3a TOTO, YTO MOJIEKYJbI, U3 KOTOPHIX OHA
MIOCTPOCHA, UMEIOT pa3Mephl, 3aJjaBacéMble pa3MepaMu aTOMOB YIJIepoJa, BOAOPOa, KUCIOpOoJa U
azota. Jlms obOecrieueHUs JKU3HENEATEIILHOCTH KIETKM HEOOXOAMMO, YTOOBI OHAa cojeprKaa
OIPEICJIEHHOE YHMCIO0 MAaKpOMOJIEKYJ, MO3TOMY, €CIM Obl KJIETKM ObUIM MEHbIIE, OHU JOJKHBI
ObUIM OBITH MOCTPOEHBI U3 O0Jiee METKUX aTOMOB WM MoJieKysl. C Ipyroil CTOpOHBI, KIETKH, HE
MOTYT OBITh HAMHOI'O OOJIbLIE, YEM OHU €CTh, IOTOMY YTO B 3TOM CIy4ae CKOPOCTU XUMHUYECKUX
peakiuii B KJIeTKax ObUIM Obl OTPaHUYEHBI CKOPOCTHIO TU(Y3UH MOJIEKYJ MUTATEIbHBIX BEIIECTB
BHYTPHM KJIETKH. J[pyroe orpaHuyeHHe Ha OOJIBLIME pa3Mepbl CBS3aHO C CYLIECTBOBAHHUEM OIl-
TUMAaJIbHOTO COOTHOIICHUSI MEX/Ty TUIOIIAAbI0 TIOBEPXHOCTH M 00beMOM KieToK. Ilpu yBennuenuu
pa3MepoB KJIETOK 00bEM BO3pacTaeT ropaszo ObICTpee, YeM IUIONaAb TOBEPXHOCTH, YTO IMPUBOJIUT
K PE3KOMY YMEHBIICHUIO YHCIIa MOJIEKYJ MUTATEIbHBIX BELIECTB HA €AUHUIYY 00beMa, MPOHUKIINX
B KJIETKY 32 €IMHHIlY BPEMEHH.

CymectBoBanue aAu((y3MOHHBIX OrpPaHUYEHUH OOBICHSACT, IMOYEMYy 3YKAPUOTHUYECKHE
KJIETKH KpyTIHEee, YeM ITPOKapHUOTHUYECKHUE: LINTOIIa3Ma dyKa-

PHOTHYECKUX KIIETOK pa3zieieHa MeMOpaHaMH Ha KoMnapmmeHnmsl B 3HAUUTEIIBHOW Mepe IS TOTO,
9TOOBI  OOJIETYUTHh BO3MOXKHOCTh  OBICTPBIX  B3aMMOJEHCTBHA MEXIy Crenu(uuecKumMu
MOJICKYJIaMH 33 CUET COKpAIICHHUs ITyTH, KOTOPbI OHU MPEOI0JICBAIOT, PEXK/IE YEM BCTPEUAIOTCS
U BCTYIAIOT B PEAKLHUIO JIPYr C IpyroM. PacTuTenbHble KIETKM KpyIHEE KHUBOTHBIX, BO-IIEPBBIX,
13-32 IPUCYTCTBUSI KPYITHOH IEHTPaJIbHOM BaKyoJId, KOTOpasi camMa sIBISIETCS JOBOJIBHO XMMHUYECKH
MHEPTHBIM KOMIITAPTMEHTOM, TOTJAa KaK 00beM LMTOILIa3Mbl PACTUTEIBHON KJIETKH OTHOCHUTEJIBHO
HEBEJIUK, U, BO-BTOPBIX, M3-32 OCYILECTBIICHUS YUKIO3d - TIOCTOSIHHOTO aKTMBHOTO (C 3aTparoif
SHEPTHUH) JABMKCHUS IHUTOINIA3Mbl CO cKopocThio 0,2-0,4 MM/MuH, cHIKaromero auddy3noHHbIS
orpanudeHus. OJHAKO HEPENKO BCTPEUAIOTCS OCOObIe Cilyyad OOJIBIIOrO pasmepa KJIETOK. DTO
HaOJII0AaeTCs B CllyyasiX, KOrja KJIeTKa He OCYILECTBIIAET aKTUBHbIE XUMHUECKUE MIPEBpAILEHUs, a
CITy’KUT TIPOCTO KaK pe3epByap JAJs 3alacaHus M XpaHEHUs BEILECTB, HApUMep, SHIeKneTku ((y
NITUI] OOBIYHO HECKOJIBKO CM B JIMAMETPE, PEKOP. - SUIEKIIETKA CEJIb/IEBOM aKyJIbl THaMeTpoM 22
CM) WJIM KJIETKH MSKOTH IJ10710B (y IMTPYcoBbIX 10 10 MMm). J[pyroit yacTslil cirydaii - yBeanueHue
pa3sMepoB KJIETOK Oyiarofapsi MHOTOKPAaTHOMY I[OBTOPEHHIO BHYTPEHHHMX 3JIEMEHTOB KJIETOYHOMH



CTPYKTYPBHI. Hanmpumep, =~ MHOToOsS€pHOCTb  YBEJIWYMBACT  KOHLEHTPALUMIO  MOJIEKYI
unpopmanmonupix PHK B 1muTomnasMe u mo3BosisIeT MHOTOSICPHBIM KJIETKaM OBITh KpyIHee
OJTHOSIICPHBIX, TIOCKOJBKY CHW)KAeT OTrpaHWYeHHs, cBszaHHbie ¢ auddysmeit PHK wu3 smpa.
[ToBTOpEHHS BHYTPEHHUX CTPYKTYPHBIX 3JIEMEHTOB YaCTO MPHUBOJIAT K YBEJIMUEHHUIO JITHHBI KIETOK
MIPU COXPAHEHUH MX MUKPOCKOIUYECKOTO JuaMeTpa (HampuMep, Y KUBOTHBIX MBIIICYHBIC KICTKU
JUIMHOM 10 HECKOJIBKHUX CM, HEPBHBIE KIETKU C OTPOCTKAMHM JJIMHON A0 1 M, a y pacTeHUi KIEeTKH
(hII0dMBI JUTHHOH 110 5 MM).

Yucno KJIETOK B  MHOTOKJIETOYHBIX  OpPraHM3Max  pa3iuyHo. Y  IPUMUTUBHBIX
6ECIO3BOHOYHBIX OHO COCTABISIET OT HECKOTBKHMX COTeH 10 10°, a B UelOBEYecKOM OpraHmsMe
HacunTeBaloT mopsaka 10'* kmerok. Takoro e mopsaka YMCIO KIETOK B jaepeBe. B ciioe
IIpUMEPHO B 6.5 pa3 Oobllie KJIETOK, 4eM B uesoBeke. [lomyuuBiiecs neaeHueM 0JHOW UCXOTHOM
KIIETKU 3U20mbl, KIETKA MHOTOKIETOYHOTO OpraHu3Ma pa3HOOOpa3Hbl MO CBOEMY CTPOCHHUIO U
dyrxumsiv. Tak, cpenn 10" kieTok demoBedeckoro opranusma BoiemsioT 6oxee 1000 pasTHaHbIX
pasznoBuaHocTeil. [Ipomecc mpuoOpeTeHus KIETKaMU CTOWKHX BHYTPEHHUX pa3IUuUid MEXIy
cOo0OH, CBS3aHHBIX C BBIIOJHEHHEM crenUpUUecKuX (YHKIHHA, Ha3bIBAeTCA KIETOYHOU
JINOOEPEHIIMPOBKOM. MuddepeHuupoBka BCera CBA3aHa C CHHTE30M CHENU(DHUECKHX
6enxoB. Hanpumep, KIIeTKH snuiepMuca KOXXKH CHHTE3UPYIOT CTPYKTYPHBIH
OENOK KOJIJIareH, MBIIICUHbIe KIETKH - COKPATUTENbHBIN 0€I0K MUO3HH,

KJICTKH CETYATKH TJ1a3a - 3pUTENbHBINA OEJIOK OTICHH U T.J1. Bo3HHKaeT
BONPOC: UMEIOT NI AU PepeHIInpOBaHHbIE KIETKH OJMHAKOBBIN T'€HOM WU YTPAuMBaIOT YacTh
TFEeHETUYECKOr0 MaTepHrala B X0Je JIeJIeHUNH?

B 1958 r. ®@. Crroapr (F. Steward) BnepBble BBIPACTHJI U3 OJHOM €IMHCTBEHHON KIIETKH
(GI103MBI B3pOCIION MOPKOBHU II€JI0€ HOPMAJIBHOE PACTEHHE C KOPHSIMH, JHCTBIMH, CTEOIeM H
usetkamu. B 1968 r. Ix.b. I'épmon (J.B. Gurdon) ycmemHo mnepecagun siipa U3 KIETOK
KHUIIIEYHUKA TOJIOBACTUKOB B SMIICKICTKU JIATYIIKH, JHUIICHHBIE COOCTBEHHBIX SACp, U TOIYYUIT
B3pPOCJIBIX HOPMANbHBIX JISATYIIEK, CAMOK M CaMIIOB, CIOCOOHBIX Pa3MHOXKAThCA. DTH OMBITHI
MOKa3aiu, 4TO Jro0as KIeTKa MHOTOKJIETOYHOTO OpraHu3Ma o0JalaeT OJUHAKOBBIM MOJIHBIM
(OHIOM TEHETHYECKOro MaTepualia M TOTEHUMSIMH JJIs TPOSBICHUS JTOM T'€HETUYECKOU
nH(pOopMaIi. DKBUBAJICHTHOCTh KIETOK MHOTOKJIETOYHOT'O OpPTaHM3Ma MO0 COIEpKallelcs B HUX
reHetudeckoil mHpopmaruu HaszpiBaeTcs TOTUIIOTEHTHOCTBIO knetok. OgHako ObIBalOT U
uckIroueHus. Tak, mpu IpoOJICHUH SIUI] aCKapUAbl KJICTKH, JAIOIINe HA4ajIo TKAHSIM Tela, TEPSIOT
4acTh TE€HETHYECKOro MaTepHalia, COJIEpKallerocss B KIETKAaX IMOJIOBBIX 3a4aTKOB. CXOJIHBIM
mpolecc HabmogaeTes Uy HaceKOMBIX-TautiH. OJHAKO MOMOOHBIE pa3MUYHs U3BECTHBI TOJIBKO
MEX/1y TOJOBBIMH M COMATUYECKUMHU KJIETKAMU; Pa3iIuyuii B HaOOpe Ie€HOB MEXIY pa3HbIMU
KJIETKaMU Tella He 00HapyKEHO.

Takum oOpa3oM, T€Hbl B XOJle¢ Pa3BUTHsSI HE YTPAuMBAIOTCS, OHHM MPOCTO MEPEXOMAAT B
pernpeccupoBaHHOe  "BBIKIIIOUEHHOE" cocTosiHue. VI3MepeHo, UTO KOJIMYECTBO AKTUBHO
paboTaronux reHoB 3Ha4UTENbHO yMmeHbInaercs (Ha 80%) B auddepeHurpoBaHHbIX KieTkax. Ha
3ToM ()oHE "BBIKIIOYEHHBIX" TEHOB pE3KO AaKTHBHUPYETCS CHHTE3 CIEHU(PUUECKUX OEIKOB:
KOJIJIaTeHa B KJIETKaX KOXKM, MHO3MHA B KJIETKaX MBIIII, ONICHHA B KJIETKAX CETYaTKH Ija3a u T.1.
"Brikmouator" win, HaoOOpoT, "BKIIIOYAIOT" T'eHBI CIEIHaIbHBbIE OCNKH-pernpeccopbl U OeNKH-
aKTUBATOPbI, KOTOPBIE CHHTE3UPYIOTCA C PEryjasTopHbIX TreHoB. [lo oleHkaMm, B KJIETKax
BBICOKOOPTaHMW30BAHHBIX OPraHu3MoOB TOJbKO 10% Bcex TIe€HOB OTBETCTBEHHBI 3a CHHTE3
(epMEeHTOB U CTPYKTYPHBIX OeNKOB, a ocTanbHble 90% - 3T0 "aAMUHUCTPATUBHBIN anmapatr” KJeT-
KH.

Hecmotpst Ha Oomblioe pa3sHooOpaszue KIETOK, BCE OHM IMOCTPOEHBI MO €AMHOMY IIJIaHy.
Jletanu uX BHYTPEHHETO CTPOCHHUS MOXHO HaONIONaTh C MOMOIIBIO Pa3HOOOpa3HBIX METOO0B
CBETOBOM U JIEKTPOHHON MUKPOCKOIHH, O KOTOPBIX OyI€T paccKa3aHO HUXKE.

3anaya 21. CKOJIbKO BECUT OJIHA KJIETKA KMILIEYHON NAJIOYKH, €CIIU €€ IIOTHOCTD (TJIaBHBIM
06pa3oM 3a cueT BoJbl) paBHa B cpeHeM 1.1 r/em’?



3amaga 22. CornmacHo Teopuu muddysmm DitHmTeitHa-CMOITYXOBCKOTO CpPEIHEE CMEIICHHE
(r) MOIIEKyJIbI OT MCXOIHOM TOUKH 3a BpeMs { OMHChIBAeTCA ypaBHerueM: r = (2D¢) "% Hcnons3ys
TaHHbIe TAOJHMIBI 5, paccyWTaiiTe cpenHee BpeMs, KOTOpOE IOHAIO00UTCS MOJIEKYJe TIIHIMHA,
caxapo3sbl, puOOHyKJea3sl U QuOpuHOreHa, 4YTo0bl MpoaudPyHIUPOBATH B BOJE Ha PACCTOSHHE,
paBHOE TUAMETPy HEOOBIION KUBOTHOM KIeTKH (10 MKM).

OIITUYECKASA MUKPOCKOITHUA

YenoBeueckuii T71a3 B COCTOSIHUM PA3IMYUTh 1Ba OOBEKTA, €CIIH YIIOBOE PACCTOSHUE MEXKIY
HIIMH COCTaBIseT He MeHee 37107 pan. Pa3penienue riaza onpenensercs Audpakiuei Ha 3padke,
abeppayusamu XpycTaiuka (SBI€HUE, KOTJa He BCE JIyYHd, BBIXOJAILIME U3 JAHHON TOYKM OOBEKTA,
(boKycupyIOTCS B OZJHOH TOUYKE) U YIJIOBBIM PACCTOSIHUEM MEXAY KOJOOUKaMU CeTYaTKU (1.5710™
pan). Ecnu 00beKThl HaxomaTCsl Ha pacCTOSHUM 25 CM OT IJ1a3a (caMoe MEHBIIIEe pacCTOSHUE, Ha
KOTOpPOM 03 0COOBIX YCHJIMH elle MOXKHO BHJETh YETKO IMPEIMET), TO pa3pelieHHe BO3MOXKHO
JUIIb B TOM CIly4yae, €CJIM pPAcCTOSHHE MEXIy HUMH cocTaBisgeT He MeHee 0.07 mwm. s
paspenieHust Oojiee MENKUX AeTaneid HeoOXOAMMO, 4TOObI Yroj, Ha KOTOPOM HX HM300pa)keHue
IPOCLIUPYETCs Ha CeTYaTKy, 6bu1 Gombie 37107 pan.

Takoro s¢dexra MOXKHO TOOUTHCS € MOMOLIBI0 MUKpockoma. OJHAKO W B 3TOM cllyyae
pazperaroniasi crnocoOHOCTb MHUKpPOCKOINA oOrpaHuyeHa audpakiueil cBera B €ro ONTHYECKOM
cucreme. [Ipu sToM pasperaromniasi crioCOOHOCTb MUKPOCKOTA MPOMOPIHOHANIBHA JITMHE BOJIHBI
CBETa, M €€ MaKCUMaJbHOE TeopeTnyeckoe 3HadeHue cocrtaBiasieT 200 HM, IOCKOIBKY
yIbTPpa(UOIETOBOE U3IYUYECHUE SIBISIETCS CaMbIM KOPOTKOBOJHOBBIM, KOTOPOE€ MOXET OBITh HC-
M0JIb30BAaHO B CBETOBOM MHKpockorne. [Ipu mompITKax yBENIMYUTH Pa3pelIaronlylo CocoOHOCTh
MyTEeM HCIIOJIB30BaHMU W3Ty4YeHUs ¢ Oojiee KOPOTKOW JIMHOW BOJHBI BO3HMKAIOT CIIETYIOIIHE
TPYJIHOCTHU: BO-TIEPBBIX, B 001acTu AyMH BoJH < 200 HM BoJia ¥ BO3yX UHTEHCUBHO MOTJIOLIAIOT;
BO-BTOPBIX, PEAIbHO CYIIECTBYIOIIME MCTOYHHMKH eI1e 0ojiee KOPOTKOBOJIHOBOTO M3ITyYEHHS HC-
MyCKalOT PEHTT€HOBCKUE JIyYH C JUIMHOW BOJTHBI TpuMepHO 0.1 HM Wiy g-1y4u ¢ JJIMHOW BOJIHBI BO
MHOro pa3 xopoue, yeM 0.1 HM. IToCKONIBKY HE CYIIECTBYET JIMH3, CIIOCOOHBIX C(OKYCHPOBAThH
PEHTTEHOBCKUE WM Z-Ty4YH, TO U HEJNb3sl IOCTPOUTh MUKPOCKOIA, paOOTAIOUIEr0 Ha 3THUX BUAAX
U3ITyYeHUSI.

BOJBIIMHCTBO KOMIIOHEHTOB KJIETOK IPO3PAYHBI [Tl CBETOBBIX JTyUei,

MO3TOMY JJIsl TOrO, 4YTOOBI cHenaThb HMX BUIAMMBIMH, HCHOJB3YIOT OPraHMYECKHE KpacUTEIH,
M30MPATENIFHO CBSA3BIBAIONINECS C PA3IMYHBIMU KJICTOYHBIMH CTPYKTypamu. [y BBIABICHUS
cieun(UYecKUX MaKpOMOJIEKYJI IONy4daloT aHTuTena K HUM. OCYIIecTBUB KOBaJCHTHOE
CBSI3BIBAHME OJTUX AaHTUTEN C (epMeHTOM WM (IIIOOPECHUPYIONUM KpPacHuTelIeM, MOXKHO
OTIPENICNIUTh BHYTPUKICTOUHOE pacIlpelielieHue HCCIeyeMbIX MakpoMousieKysl. OKpalleHHbIe
YYaCTKH KJIETKH U3MEHSIOT HHTCHCHBHOCTH (YMEHBIIAIOT aMILUTUTYLY ) IPOXOSIINX Yepe3 o0pasery
CBETOBBIX BOJIH ONpE/EICHHON JJIMHBI U B pe3yibTare (JOpMUpPYETCS OKpAILIEHHOE H300pakeHue,
JOCTYIHOE sl mpsiMoro HabmroneHus. [lpyroi cmoco0 caenars BHAMMBIMU JETald CTPOCHUS
KJIETKH OCHOBaH Ha SIBJICHUM W3MEHEHHs (pa3bl CBETOBOM BOJIHBI MPH MPOXOXKACHUU CBETA Uepes3
Ononorndeckue TKaHu. B gpazoso-konmpacmuom u unmepghepenyuonnom Mukpockonax pasinaue
¢da3 cBera, MPOXOASAIIETO Yepe3 YUACTKU KIIETKH, Pa3IMYaroIMecs] TOIIUHONW WU TUIOTHOCTHIO,
npeoOpasyeTcss B pas3iuuue WHTEHCHBHOCTeH cBera. C momoIipio (pa3oBO-KOHTPACTHOW U
UHTEPPEPEHIIMOHHON MHKPOCKOIIMU MOXHO HaOIO/aTh JKUBbIE KIETKH, TOTAA KaK OOJIBIIMHCTBO
OMOJIOTUYECKUX 00pa3IOB Mepel OKPAaCKOH (PUKCUPYIOT IJIsl CTAOMIIM3AIUN UX CTPYKTYPBHI.
Wnorpa, Hampumep, Korjaa CTPYKTYpY HENb3s OKPAacUTh MM KOTAa €€ KOHILEHTpAlus |
MIOKa3aTelb MPEJIOMIICHHS CBETa HACTOJIBKO MaJIbl, YTO HE MOTYT NPUBECTH K JOCTATOYHO OOJIBIION
pasuuue a3, mIs TOro 4ToOBl YACTUIBI MOXKHO OBUIO YBUAETH B (Pa30BO-KOHTPACTHBIM WU
UHTEP(EPEHIIMOHHBI MUKPOCKOII, €AMHCTBEHHBIM CBOWCTBOM, JAETAIONINM CTPYKTYPY BHANMOH,
ABISICTCA 08OUHOE Jyyenpeiomienue, T. €. pa3HHULA IOKa3aTeleld MpPeIOMIICHUS CBETa B JABYX
B3aMMHO MEPHNEHAMKYJISIPHBIX HAIPaBICHUSX. J[BOMHBIM JTydyenperomieHUeM OObIMHO 00NagaroT
o0pasupl, coaep)Kalue OAHOTHIIHBIE OIMHAKOBO OPHEHTHUPOBAHHBIE CTPYKTYpbI, HalpHMED,
MHUKPOTPYOOUKH BEpeTeHa JIEJIEHUS] WIM CTONKHU THJIAKOMJIHBIX MEMOpaH B XJIOpOIUIACTaX, U €ro



HaOIIOJAI0T C TIOMOIIBIO NOIAPUSAYUOHHO20 MUKPOCKOonad. Bo MHOTHX ClTydasiX MOJISIPU3AIllMOHHAS
MHUKPOCKOMNHUS JAaeT A€TAIbHYI0 HH()OPMAILHIO 00 OpUEHTALIUN MOJIEKYJI.

Tor e mNpUHLOUI, 4YTO M B OOBIMHOM NPOCBEUYHMBAIOIIEM CBETOBOM MHUKPOCKOIIE,

UCTONb3YyeTCsl B paboTe )abmpazeyko8020 MUKpOCKOna - pa3jindyHble OMOJIOrMYecKHe TKaHU I10-
Pa3HOMY MOIVIOLIAKOT YJIBTPA3ByK M KOHTPACTUPOBAHME OCHOBAHO HA PA3JIMUUAX B MOIVIOLIEHUU
yIBTpa3ByKa pPa3HbIMHM YacTAMHU 0ObekTa. VICTOYHMKOM YJIBTPa3ByKOBOI'O M3JIyUEHHs SIBIISETCS
MIbE302JICKTPUYECKUM  KPUCTAJI, a JETEKTUPYIOTCS MPOXOIAIIME BOJHBI €  IOMOIIBIO
IJIACTMACcCOBOTO 3€pKalla, B KOTOPOE OHM yAAPSIOTCS MOCIIE IPOXO0XK-
JeHusl yepe3 obpaszen u nedopMaIio KOTOPOr0 MOXHO HAOII0AATh ONTUYECKUMH METONAMH C
BBICOKUM TIPOCTPAaHCTBEHHBIM pa3perieHueM. B Haubonee TUMMYHBIX OMOJIOTMYECKMX TKAHAX
JUIMHA 3BYKOBOMW BOJHBI Npu yactoTe 2 I'T' paBHa npumepHo 750 HM, 4TO CONMOCTAaBUMO C JJIMHOM
BOJIHBI DJJIEKTPOMarHUTHOTO M3JIy4Y€HHMsT B ONTHMYECKOM JMana3oHe. Bo MHorumx ciydasx
IIPUMEHEHNE YIbTPa3BYKOBOI'O MUKPOCKOIA OKA3bIBAECTCS MPEATIOUTUTEIBHEE, YEM HUCITOJIB30BAHNE
ONTUYECKOM MHUKPOCKONHH, IOCKOJIbKY OH He TpedyeT, uToObl OOBEKT HCCIeIOBaHMUS ObuI
OKpAIlEH.

DJIEKTPOHHA I MUKPOCKOITH A

B npenpiaymem pasnene ObulO paccKazaHO IPO  OTPaHUYEHHs MO JJIMHE BOJIHBI,
UCTIOJIb3YEeMO B CBETOBBIX MUKpOcKomax. [IpoBuHyThCS nanblie B 06JacTh 601ee KOPOTKHX BOJH
yJaJoch, WCIOJIb3ys BOJIHOBBIE CBOWMCTBa BemiecTBa: I|=h/mv, rme 1 - jnmHA BOJHBI,
COOTBETCTBYIOII[Asl YaCTHIIE C MAaCCOM M, JABMKYILEHCS CO CKOPOCTRIO V, a h - mocrosHHas [1nanka.
B kauecTBe wu3iIydyeHHs OKa3ajJochb BO3MOXXHBIM MCIIOJIB30BaTh 3JEKTPOHBI: OHU 0O0IaJaroT
MaJICHBKOM Maccoil OKOs, 3apsDKEHBI U 32 CUET 3TOr0 MOTYT OBbITh pa30THAHBI JO OYEHb OOJBIINX
CKOpOCTEH, MM03TOMY COOTBETCTBYIOLIAsl MM JUIMHA BOJHBI OueHb Mana. KuHermueckas sHeprus
SIeKTpoHa MV>/2=eV, TJIe € - 3apsi MMEKTPoHa, a V - ycKopsiollee Hanpsukerue, o 1=1.23/V 07
(HM), W, CIELOBATEIBHO, DIEKTpOHaM ¢ sHeprueil 40 k9B - 3 MadB (1 aB ~ 1.67107"° Jix)
coorBeTcTBYIOT 1 = 0.006 - 0.001 H™M. Kpome Toro, nBuxeHne 3J1EKTPOHOB JIETKO KOHTPOJIHPOBATH
HAJIOKEHUEM DJJIEKTPUYECKMX M MAarHUTHBIX I[OJIEH, YTO TMO3BOJSET CO3/4aTh '"JMMH3BI" JUId
(OKYCUPOBKH ITy4KOB 3JI€KTPOHOB. OHAKO HA MPAKTUKE HEBO3MOXHOCTh TOUHOT'O PETYJIMPOBAHUS
YCKOPSIOIIETO HANpsHKEHUS M KOPPEKTUPOBKM abOeparii B JIEKTPOHHOM Iy4YKe OTpaHHUYMBACT
BO3MOKHOCTH 3JIEKTPOHHBIX MUKPOCKOIIOB MIPEeNIbHBIM pa3perieHueM B 0.2 HM.

B npoceeuusarowem (mpancmuccuonnom) sneKmpoHHOM MUKPOCKONE YacTh BJIEKTPOHOB,
KOTOpbIE MPOXOJAT uepe3 oOpasel, pacceuBaroTcs (B 3aBUCUMOCTH OT IJIOTHOCTH BEIIECTBA B
JTAHHOM MECTE), a OCTaJIbHBIE (DOKYCHPYIOTCS ¥ OPMHPYIOT N300paskeHNe Ha (DOTOTUIACTHHKE HITH
dochopectupyromem 3kpane. ICTOUHUKOM 3JIEKTPOHOB CIYXKHUT HUTh KaTo/1a, PACIONOKEHHAs Ha
BEPIIMHE MINHAPUIECKON KOJIOHHBI, BBICOTAa KOTOPOH COCTABISIET MPUMEPHO 2 M. DJIEKTPOHBI B
BO3JyX€ HE MOTYT MPOXOAUTH OOJBIIMX PACCTOSIHUN, M MO3TOMY H3 KOJIOHHBI MHKPOCKOIA
OTKa4YMBAIOT BO3IyX, CO3/aBasi BBICOKMI BakyyM, a oOpasell MOMENIAI0T B MHKpPOCKOIl 4epes
BO3AYIIHBIN 1UTI03. IT0CKOJIBKY TKaHU MOJBEpraoTcs BO3ACHCTBUIO BaKyyMa, UX HE00X0-

VMO BBICYIINTh, W HAOJIOJCHHE >XHMBBIX OOBEKTOB HEBO3MOXXHO. HO mTpw BHICyIIMBaHUH
CTPYKTypa BI@XHBIX TKaHEW MOXXET HapylaTbcsi, U BO M30€XKaHHE ITOr0 TKaHH (PUKCHPYIOT
MOCJICIOBATENBHO TIIyTapAIbJCTHAOM, KOTOPBI KOBaJICHTHO CBSI3BIBAET COCEJHHE OEIKOBBIC
MOJIEKYJIbl, U1 TETPAOKCHUIOM OCMHUS, KOTOPbII CBA3BIBACT U CTAOMJIM3UPYET JMIHUIbI KIETOYHBIX
MeMOpaH M TKaHEBbIe OCNKH. OJIEKTPOHBI O00JaNal0T OYEHb OTrPAaHMYCHHON MPOHUKAOIICH
CIOCOOHOCTBIO, ¥ IOATOMY TKaHU CJIelyeT Hape3aTh Ha Cpe3bl TOJNIMHOM 50

- 100 uM™.

PaccesiHue >7€KTPOHOB MNPONMOPLHOHANBHO KBaJIpaTy aTOMHOIO HOMEpa pPacCeMBAIOLIETO
aroma. II03TOMy, HampuMmep, paccemBaromias crocoGHocTh ypama B 10° pas Gompme, uwem
pacceunBaroias CiocoOHOCTh Boopoaa. bronornyeckre o0pasibl U MIEHKU-MIOJUIOKKH COCTOST B
OCHOBHOM W3 JIETKHX aTOMOB, M KOHTPACT JJISl BBISIBIICHUS CTPYKTYPHBIX OCOOCHHOCTEH 00pasia
OKa3bIBaeTCsl HeNoCTAaTOYHbIM. [lo 3TON NpUYMHE NPUXOAUTCS NPUMEHSITHh MO3UTHBHOE WIH
HETaTUBHOE KOHTpacTHpoBaHue. [lO3UTHBHOE KOHTPACTHPOBAHUE 3aKIIOYACTCS B BBEICHUH



TSOKETIBIX aTOMOB B oOOpasen. JTO MOXXHO CHelNaTh XUMHYECKHM ITyTeM (Hampumep, IMyTeM
cBs3bIBaHusl MOHOB ypanuna ¢ JJHK wnm ¢dukcanueir ocMueM nunuaoB MemMOpaH) WIH METOJIOM
OTTEHEHUSI, T.C. HAMBUICHHUS TSHKEIBIX METAUIOB Ha 00pa3ell, Ipu KOTOPOM 00pa3yroTcs 00JIacT ¢
BBICOKHM M HU3KHM COJEp)KaHHUEM TSHKENIOr0 MeTalljia, OTPaKaIoIlUe CTPYKTypHbIE 0COOCHHOCTH
obpasna. [Ipy HEraTUBHOM KOHTPACTHPOBAHWU OOpasel] MOMEMIACTCs B PacTBOP, COACPIKAIIUNA
TSDKENBIE aTOMBI, HAapuUMEp, B pPacTBOp YpaHWJAIETaTa, U PACCEHBAIONIME TSDKEIbIE aTOMBI
3aIlONTHAIOT BCE IMPOCTPAHCTBO BOKPYT HEPACCEHMBAIOIIMX KIIETOYHBIX CTPYKTYp. KoHTpactupo-
BaHHE O0pAa3IOB, MO3BOJIAS BBIABIATH OTACIBHBIC AETATU WX CTPOSHUS, OMHOBPEMEHHO CHUKACT
pa3penaIyo CoCOOHOCTh MUKPOCKOTIA 10 2 HM.

Cy1iecTByeT HECKOJIbKO THUIOB B3aMMOJCHCTBHUS SJEKTPOHOB € 00pas3moM: 1) OTCyTcTBHE
B3aMMOJICHCTBHSA, T.€. MPOXOXKICHHE UYepe3 MEKaTOMHBIE MPOCTPAHCTBA, 2) yNPYroe paccesHue
(6e3 moTepu SHEPTUHN) OPOUTATBHBIMU AJIEKTPOHAMH aTOMOB 00pasia u 3) Heynpyroe paccesHue (¢
noreper >Heprum) sapamMu aromMoB. COOTHOIIEHHE MOCIEIHUX ABYX BHIOB B3aMMOJICHCTBHS
SBIIETCS XapaKTEPUCTHUECKUM JJISi KaXKIOTO 3JEMEHTa, MpUUeM s 0ojee TsHKEIbIX AJIEMEHTOB
YBEIIMYMBACTCS JOJsI HEynmpyroro paccesaus. Mcxoms w3 3Toro, Obul pa3paboTaH HOBBIN
CHEIHMANbHBI THI MHUKPOCKONOB. B TO BpeMs kKak B OOBIYHOM DJIIEKTPOHHOM MHUKPOCKOTIIE
MO TTYyYOK DSJICKTPOHOB ITOKPHIBAET BECh OOpa3el, B 2/1€KMPOH-CHEKMPOCKONUYECKUX
MUKpOCKONax TMy4oK CxXUMaeTcs 10 odeHb manoro (0.5 HM quameTpoMm) msaTHA. ITO MATHO OBICTPO
oberaeT oOpaszelr, moJ00HO TOMY, KaK 3TO
JIeNIaeT JIyd Ha dKpaHe TeneBu3opa. [Ipu ABMKEeHUH MydYKa B KO0 TOUKe
M3MEPSIETCS] COOTHOIICHHE AIIEKTPOHOB C PAa3HOW YHEPTHUEH H MOIyUYSHHOE
COOTHOIIIEHHE 00pabaThiBaeTCsi KOMIBIOTEPOM U TpeoOpasyeTcs B u3obpakeHue Ha MOHHUTOpe. B
pe3yibTaTe CTAHOBSTCS BO3MOXKHBIMH HACHTU(UKAIMS aTOMOB WHAWBUIYATbHBIX XHUMHUYECKHX
AJIEMEHTOB M HAaOJIOICHNE UX pachpezesieHus: B o0pasiie.

Cranupyrowuil 31eKmMpOHHbIN MUKPOCKON 00pamno2o paccesnusi TO3BOJIAET IOJIydaTb
TpeXMepHbIe HM300paKEHUSI KIETOUHBIX TMOBEPXHOCTEH. 31eCh SJICKTPOHHBIA Iyd, CXKAThId B
Manenpkoe (10 HM guameTpom) MSATHO, HE MPOXOTUT yepe3 oOpasei, a oOeraeT MOBEPXHOCTH
oOpasia, MOKPHITOTO TOJCTHIM (20 HM) cloeM 30J10Ta WIH JAPYroro Tsbkenoro metawia. Korma
MYYOK IMaJaeT Ha METAI M MPOXOJUT B HEM KOPOTKOE PACCTOSIHHE, 30JI0TO HAYMHAET UCITyCKaTh
AJIEKTPOHBI BCJIEJCTBUE BTOPUYHOM SMHMCCHUM WJIM CaMHU 3JIEKTPOHBI MydYKa 3a CUET OOpaTHOTro
paccesnus. KonmdecTBO pacceMBaeMbIX 3JEKTPOHOB 3aBHCHT OT yrjia HaKJIOHAa Jyda K
MOBEPXHOCTU 00paslia, U B 3aBUCHUMOCTH OT KPUBU3HBI 3TOW IMOBEPXHOCTH pPE3YJIbTHpYIOIIEe
n3o0paxeHne OyAeT COCTOSTh M3 SPKUX TOYEK M TIYyOOKUX TEHEH, YTO W CO3[aeT WLIIO3UIO
TpexMepHOCTU. Pa3penieHne Takoro MUKpocKora orpanndeHo 10 HM, MO3TOMY OH UCIOJIb3YETCs B
OCHOBHOM JIJIs1 HCCJIEIOBaHUSI O0BEKTOB, pa3Mephl KOTOPBIX JIeXkKAT B JUAMa30He MEXAY pa3MepaMu
MHTAKTHBIX OJUHOYHBIX KJIETOK U HEOOIBIINX OPraHU3MOB.

CrienuanbHble  METOJABI 3JEKTPOHHOM MMKPOCKOMHUH TO3BOJIAIOT YBHJIETh OCOOECHHOCTH
CTPOCHHMSI KJIETKU U YJIYyYIIUTh Ka4eCTBO U300pakeHuss. MeTOl 3aMopadcu8anus-cKanbl6anus 1aet
YHHUKAJIbHYIO BO3MOXKHOCTh HAOJIOJaTh BHyTpEeHHee cTpoeHHe MeMOpaH kieTku. OH OCHOBaH Ha
TOM, YTO €CJIM OMOJIOTHYECKUN OOBEKT OBICTPO 3aMOPO3UTH JI0 TEMIEPATYPhl KHUIKOTO a30Ta (-
196°C) B npucyTcTBHH aHTH(PHU3a, & 3aTEM CIIOMATh PE3KHM yIapoM, TO JMHHH U3JIOMa TIPOUIYT
[0 MyTH HAUMEHBILIETO COMPOTUBIICHUS. A TaK KaK CHUJIbl, CKPEIUISIONINEe BHEIIHUI U BHYTPECHHUMA
clion OMONOrHYecknx MeMmOpaH, ciabee, YeM CHIIbI CLEIUICHUS MOJIEKYJ PAcTBOPUTENS M CHIIBI,
KOTOpBIE€ CBSI3BIBAIOT PACTBOPUTENb C MOBEPXHOCTbIO MEeMOpaHbl, TO TPEIIMHA YaCTO BO3HHUKAET
BHYTpH MeMOpaHbl, U TpPH 3TOM OTKpPBHIBACTCA €€ BHYTPEHHSAS IOBEPXHOCThb. HapykHyio
MOBEPXHOCTh KJIETOK U U MeMOpaH HCCIEAYIOT C TOMOIIBIO METO/AA 3aMOPANCUBAHUSA-MPABIEHUS,
oOHaxasi ee Tocie OBICTPOTO 3aMOpaXUBaHKsE 00pasiia mpu Temieparype Kkuakoro remus (-269°C)
BO3TOHKOW BOJbl B BakyyMmMe IpU TMOBBILIEHUH Temmeparypbl. K MeronaMm, MOBBIIIAIONINM
paspelieHne U YeTKOCTh JEKTPOHHOW MUKPO(GOTOTrpaguu, OTHOCATCS METOIBl MAMeMamuieckol
dunempayuu uzoopaxcenuii. Hanbdonee sppexruBHbBIC pE3yh-

TaThl TIPU 3TOM IOJyYaAIOTCsI, €CIM OOBEKT MCCIIE0BaHUS 00sagaeT cuMMeTpueil. B aTom ciryuae
dotorpadus NEKTPOHHO-MUKPOCKOIUYECKOTO H300paKEHUSI HUCIOJIb3YEeTCsl Kak pelieTka Jis



MoJy4eHus IU(GPAKIMOHHONH KapTHHBI, KOTOpas MOKET OBITh BHOBb NpeoOpa3oBaHa B
n300pakeHue, anepruoJUUECKUil IIyM UCXOIHOTO N300payKeHHsI IIPH TOM OTCEKaeTCs.

B 1982 r. ObI1 CKOHCTPYHPOBAH TIEPBBIN MYHHEIbHbIN CKAHUPYIOWUL MUKPOCKON, B KOTOPOM
B KauecTBE 30HJIa HCHOJb3YETCs CHEeUMalIbHBIM O0pa3oM 3aToueHHas Hria. Mexnay Hrioil u
aTOMapHO-TJIAJIKON TO/JIOKKON, Ha KOTOPYIO TOMEIIAETCS HCCIEAyeMblii 00pasel, Cco3maeTcs
3a30p BEJIMUMHOM MoOpsAlKa aecarbix nojieil HM. Ilocne coznanus paznoctu noreHnuanos 10-1000
MB Mexny Urion W MoJUIOKKON BO3HHMKAET TYHHENBHBIM TOK, KOTOPBIM IPpU M3MEHEHUH 3a30pa
MEXJy WIJIOW M TMOBEPXHOCThIO O0paslia Ha JECATYIO JOJI0 HM M3MeHseTcs Ha nopsnok. Mria
IepeMEIAeTCs BJI0JIb IOBEPXHOCTH 00pa3la, a pe3yJIbTaTOM U3MEPEHUN CITy>)KUT peibed IToH mo-
BEpXHOCTH. Pe3ynbraThl M3MepeHuil xpansaTcs B Buje (aitna B namsitu 9BM u Bocpou3BOAATCS
Ha I[[BETHOM MOHHUTOPE aHAJOTMYHO TeorpauuyeckuM KapTaM, Ha KOTOPBIX BBICOTY MOKAa3bIBACT
YCIOBHBIA LBET. TyHHENbHBIA CKaHUPYIOIIMNA MHUKPOCKOI MMEET YHUKAIBHOE pa3pellieHue -
TBICSIYHBIE JIOJIM HM I10 BBICOTE M COTBIE JIOJIM HM II0 TIOBEPXHOCTH - M O0JIaaeT psAoM 0COOEH-
HOCTEH, JenalonMx ero BecbMa NEepCHEKTHBHBIM Il TNPUMEHEHUS B  OHOJIOTMYECKHUX
nucciaeaoBaHusaX. Bo-nepBeIX, B OTVIMYKAE OT TPAJIULHUOHHOM 3JIEKTPOHHOW MHUKPOCKOIMH HOBBIN
METOJ He TpeOyeT co3aHMs BaKyyMa BOKPYT MCCIIEyeMOoro o0pasla H, ClIe0BaTeNIbHO, SBIAETCS
METOZOM HEpa3pylIarolIel MUKPOCKONUHU. BO-BTOpBIX, IO JOCTUTHYTOMY pa3pelICHUIO HOBBIN
METOJ COITOCTABUM JIMIIb C PEHTT€HOCTPYKTYPHBIM aHAJIM30M, HO, B OTJIMYUE OT HEro, He TpedyeT
CHEIHaIbHOM KpHUCTaNIN3alul 00BEKTOB.

[lepBbiMM OHONOTHYECKMMU OOBEKTAMHU, MCCIEJOBAHHBIMU C IOMOIIBIO TYHHEJIBHOTO
CKaHUPYIOLEro MHUKpockona, Oputu Oenku. K HacrosiieMy BpeMEHHU yXe MCCIEeNOBaH IIMPOKHMA
Ha0Op caMbIX pa3HbIX (PEPMEHTOB U CTPYKTYPHbIX OenkoB. C MOMOIIBI0O HOBOTO Mpubopa ynaercs
Pa3IMYUTh HEKOTOPbIE AMUHOKHCIIOTHI, a-CIIAPAIH TOJHUIIENTHIHON HenH U 00Jiee KPYIHbIE CTPYK-
TypHble OcoOeHHOcTH OenkoB. PexopaHoe paspemeHue - 1 HM - OBUIO JOCTUTHYTO IIpU
HCCIEA0BAaHUM CTPYKTYpPBI KoJimareHa. TyHHEIbHBIM CKaHUPYIOIIMI MUKPOCKOI ITO3BOJISET TaKKe
u3ydaTh TONOrpaduio aHTUTEN U OENKOB-PELEeNTOPOB, HAXOAALIMXCS HENOCPEICTBEHHO Ha
KJIETOYHOM moBepXHOCTH. Cpenn MCCIeJOBAHHBIX OOBEKTOB - OMOMEMOpPaHbl, MUTOXOHJIPUH, XJIO-
pOIUIACTBl M CHUPAIbHBIE JKTYTUKH (PEHTIEHOCTPYKTYPHBIM aHaIU3 I03BOJIAET MCCIENOBATh
TOJIBKO MPsIMBIE XI'yTHKH). HOBBIN pubOop momor takxe mpu
U3Y4YCHHUH CTPYKTYPBI TJIMKOT€HA, 111 KOTOPOrO HE YaBal0Ch IOJIYy4UTh
KPHUCTAJIOB JUIsl PEHTTEHOCTPYKTYPHOT0 aHainu3a. CKOPOCTh MOIy4YeHUs! HHPOPMAIIUH C TIOMOIIIBIO
TYHHEJIBHOTO CKaHUPYIOIIEr0 MMKpPOCKOIA HACTOJIBKO BEJIMKA, YTO MO3BOJIAET CO3AaTh (HIbBM O
¢byHkuroHnpoBaHuu Onomostekysl. Takoit puiabM ObLI CHAT 0 cOopke (HPUOPUHOBBIX BOJIOKOH.

[lpy nomomM HOBOrO METOAAa TONY4YEHbl H300pakK€HUs HYKJIEHHOBBIX KHCIOT B
€CTECTBEHHBIX AJI1 HUX YCJIOBMSIX B pacTBope cosei. Y asyxuenoueunbix JIHK xopomo BuIHBEI
JeTalny, KOTOpbIE NpPEeXae MOKHO OBbUIO YBUAETh TOJBKO HAa MAaKeTax 3TUX MAaKpOMOJEKYHd -
CHpalibHasl CTPYKTypa, Ooibinas W Manas Oopo3aku, QocdaTHble ocTaTkM M caxapa. B
OJIHOLICTIOYEYHBIX  HYKJIIEMHOBBIX  KHCJIOTaX IIypHHBl OTJIMYAKOTCS OT  IMPUMHUIUHOB.
3aperucTpupoBaHO IOJyY€HHE C MOMOIIBI0 aTOMHO-CHJIOBOM TYHHENBHOW MHUKPOCKOIHMH H300-
paxenus JIHK Ha cimroge, Ha KOTOpOM yJaeTcs pa3juyuTh J1aK€ OTIEIbHbIE HYKICOTHABL. ITO
COOOIICHNE OTKPHIBAET HOBBIE BO3MOXKHOCTH JJISI PELICHHUS NMPOOJIEeMBbl OBICTPOTO ONpeAeiICHHUs
HYKJICOTUAHON IIOCJIENOBATEIbHOCTH TeHOB. IIpenckaseiBaercsa, 4YTO CKOPOCTb OIPEIEICHHUS
MIEPBUYHOM HYKIICOTUAHOW IIOCJIEJOBAaTEIBHOCTH IIPU IIOMOIIM CEPUHUHOIO CKaHUPYIOLIETO
TYHHEJIBHOTO MUKPOCKOIIA COCTaBUT He MeHee 600 HyKJIeOTHI0B/C.

3anmaga 23. Chepudecknii BUpyC ObLI CMEIIIAH ¢ MapaMy U3 TOJUCTEPOJIa TUAMETPOM 75 HM.
[Tocne HambUICHHS CII0S 30J10Ta JJTMHA TEHH TOJIHCTEPOJIOBBIX IAPOB cocTaBmiia 125 HM, a BUpyca
- 82 am. Uemy paBeH nuametp Bupyca?

3amavya 24. Kak cuibHO OyIyT pa3nuyarbes pa3sMmepbl ABYX chepHuecKux 00e3BOKEHHBIX
OCITKOB Ha JJICKTPOHHO-MUKPOCKOIIMYCCKOW Qororpaduu, €clii WX MOJCKYJISIPHBIE MAaCChI
paznuyaroTcs BIBoe?

CTPOEHUE DYKAPUOTUYECKOU KJIETKU



CrpoeHne >XKHUBOTHOM M pacTUTEIbHOW KIETOK TIIOKa3aHO Ha puc. 32, a OCHOBHbBIE
KOMITOHEHTBI 3YKapUOTUYECKON KIETKH MepeurcieHbl Ha cxeme puc. 33. OCHOBHBIMH COCTaBHBIMU
JacTsMHM €€ sBIAIOTCS o0ojouka, sapo u mutomnazMa. OBOJIOYKA kieTku cOCTOUT U3
NIazMamuyeckol Memopamsl, HaOMemMopanHo2o Komniexca (TIMKOKAITUKC WK KIETOYHAsl CTEHKA)
U cyomembpanno2o onopho-coxpamumenvrno2o annapama. [lposiBiss TecHOe (yHKUIHMOHAIBHOE
€IMHCTBO, 3TH TPU KOMIIOHEHTa KJIETOYHOW OO0OJOYKH O0O0pa3yloT HOBepXHOCMHbBINU Annapam
K1emKuy, BBIIOJHSIOIUI TP YHUBEPCAJIbHBIE Ui BCEX Pa3HOBUAHOCTEM KIETOK (YHKIMHU:
OapbepHyI0, TPAHCIOPTHYIO U pelenTopHyo. KpoMe Toro, y oTAeIbHBIX pa3HOBUIHOCTEH KIETOK
Hapsiy C
o0IMMH PYHKIMSIMHA OH MOXET BBITIONHATE U P cienupuueckux GyHKIHUH,

MPUCYLINX TOJIBKO TaHHOMY THUITY KJIETOK (HalpuMmep, MeXaHudeckasi TypropHas QyHKUIus
KJIETOYHOM CTEHKHU y KJIETOK PacTEHUMN).

AIPO obecnieunBaeT BaKHEUIIHE METAOONMYECKUE W TEHETHYECKHE (QYHKIMH KIICTKH.
BONbIIMHCTBO KIETOK COAEPKHUT OJHO SIPO, HM3PEIKa BCTPEUYAIOTCS MHOTOSAEPHBIE KIETKH
(HexoTopble TpUOBI, MPOCTENIIINE, BOJOPOCIIH, TONEPEYHO-II0JI0CATHIE MBIILIEYHbIE BOJIOKHA U Ap.).
Jlumiennas siapa kinetka ObicTpo morubaer. OgHAKO HEKOTOphIe KJIETKH B 3penoMm (auddepen-
LIMPOBAHHOM) COCTOSIHMM YTPauMBaIOT siApo. Takue KIETKU JU0O0 KUBYT HENOJITO M 3aMEHSIOTCS
HOBBIMU (HAmpUMeEp, SPUTPOLHUTHI), JTUOO TMOANEPKUBAIOT CBOIO KU3ZHEACITENLHOCTh 3a CYET
IIPUTOKAa META0OJIUTOB U3 TECHO MPUMBIKAIOUIMX K HUM KJIETOK-"KopMmuien" (Hampumep, KIETKH
¢brosmel y pacrenuit). [lo ¢gopme aapo MoxeT ObITh MIAPOBUIHBIM, OBaJIbHBIM, JIOMACTHBIM,
JTUH30BUIAHBIM ® T.0. Pasmep, ¢opma u CTpyKTypa saep H3MEHSIOTCS B 3aBHCUMOCTH OT
(GYHKIIMOHATIBHOTO COCTOSIHUS KJIETOK, OBICTPO pearupysi Ha U3MEHEHUE BHEIIHUX yCIOBUH. Snpo
OOBIYHO TIEpEeMENIAeTCs IO KIETKE MACCUBHO C TOKOM OKPY’KAIOIIEeH ero MUTOIIa3Mbl, HO HHOTIA
OHO CTIIOCOOHO CaMOCTOATEIHHO MEPEIBUTATHCS, COBEPILIAs ABMXKEHUS aMeOOUTHOTO TUTIA.

HOUTOIINIABMA - 3710 BHyTpeHHee coaepkumoe kieTkd. OHa IpoHW3aHa T'yCTOH CEeThIO
OENKOBBIX BOJIOKOH, COCTABJISIONIMX IIUTOCKENET, COJCPKUT OPTraHoOuAbl U MeMOpaHHYIO
BaKyOJIIpHYIO cucTeMy. B3aumozeiicTBue Mexay HHMMM OCYIIECTBISETCS 4e€pe3 IOy KHUIKYIO
cocrapisttontyto nuroriamsel - [IMTO30JIb. [{uTo30b - 3T0 cBOe0Opa3Has KOJUIOUIHAS CHCTEMA C
YHOPSIIOUYEHHON CYOMHKPOCKONIMYECKOH CTpyKTypo#. Lluro3ons conepxur 75 - 80% Boasl, 10 -
12% GenkoB 1 aMMHOKUCIOT, 4 - 6% yrieBonos, 2 - 3% nunuaoB u 1% HeopraHMYecKux U APyTux
BeliecTB. Bce 3Tm BemecTBa 00pa3yloT MONYKHUIKYIO CIM3UCTYI0 OECLBETHYIO Maccy, He
CMEIMBAOIIYIOCs ¢ Bomod. OHa 3aHMMaeT B CpelHeM OKoyio 54% o0miero oobemMa TUITHMYHOMN
KJICTKH (Tabauia
7). LINT03011b CYIIECTBEHHO HEOOHOPOOeH: HalIpUMep, LIUTO30JIb HETTOCPEICTBEHHO OKPYKAIOIIHA
anmapart ['oJib/pKH, He UASHTHYEH [IUTO30JI10, KOHTAKTHPYIOLIEMY C KJIIETOYHBIM SIIPOM.

OPTAHOW/IbI nwTOomnasmsl SIBISIOTCA  OOs3aTEBPHBIMA  CTPYKTYPHBIMH  DJIEMEHTaAMHU
SYKapUOTHYECKOM KIETKU: NMPH MX OTCYTCTBHU KIIETKA TepseT CMOCOOHOCTh K JalbHEHIIeMy
cyniectBoBaHuto. Opranouwgamu 1urtoruiasmel sBisgiorcs PMMBOCOMBI, MUTOXOHIPUU u
I[TJIACTUBI.

Tabmmma 7  OTHOCHUTEIILHBIE
00BEMbI, 3aHUMaeMble OCHOBHBIMU BHY TPUKJICTOYHBIMH
KOMITOHEHTaMH{ B TUITMYHOM KUBOTHOMN KJIETKE (TenaToLUTe TIeUeHN ).

BryTtpukiierounsi % ot ob1ero Uucno Ha
KOMITOHEHT o0bemMa KIETKH KIIETKY




Anpo 6 54 1
ITuTo30i5b 9 1
[Tonocte rpanynsiporo D11P 1
Huctepusl rmaakoro D1IP + 622 o

LHUCTEPHBI annapaTa [ onbKu 1 7 OZ*
MurtoxoHapuu 1 200*
Ilepoxcucomsl 300¢
JIn30coMebl

*Cpennee uncno. **Anmapart I 0Ib1KH IPEJICTaBICH B KOKIOH KIETKe

PSAIOM Pa3pO3HEHHBIX TPYMI COOPAaHHBIX B CTONKHU IIUCTEPH; B KAKOW CTETNIEHH 3TH TPYIIIIbI
B3aMMOCBSA3aHbl, OKOHYATEIHHO HE YCTAHOBJICHO.

PMBOCOMBI

N3-3a manbIx pa3mepoB pruOOCOMBI BUIHBI JIUIIb B 3JEKTPOHHBIH MHUKPOCKON KaK IUIOTHBIE
chepuueckue WUIM  TPUOOBHIHBIE TpaHyibl. PuOOCOMBI  SBISIOTCS  HEMEMOpPaHHBIMU
HAJMOJIEKYJIPHBIMU CTPYKTYpaMH, CIIy>KAllUMHU HMCKJIIOUUTENIbHO AJII OCYIIECTBJIEHUS CHHTE3a
nonunenTUAHbIX 1eneil. CymlecTByeT [Ba TUHa pPHOOCOM -  NPOKAPUOMUYECK020 W
aykapuomuyeckozo tama. 06a Tuna pubocoM ycTpoeHsl moxoxe, coctosaT u3 PHK (~ 65%) u Genka
(~ 35%), Ho paznuuarorcst pazmMepamu. Kaxxaas pubocoMa cOCTOUT U3 ABYX CyOUaCTHUI] HEPABHOTO
pazMepa M MOXET AMCCOLMHPOBaTH Ha CyO4acTHIbI M BHOBb COOMpPAThCSA, TaK YTO B KIIETKE
MOCTOSIHHO ~ CYIIECTBYET JIWHAMHYECKOE paBHOBECHE MEXIy AHCCOMUPOBAHHBIMU |
acCOMUPOBaHHBIMU  pubOocomamu. PHK, Bxoxsmias B coctaB puOOCOM, Ha3bIBacTCS
pubocomansroit PHK (pPHK) u BbImONHSET, MO-BUAMMOMY, POJb KapKaca, HA KOTOPOM B CTPOTO
OTIPEeICTICHHOM TOPSIKE KPETSITCs OETKOBBIE KOMIIOHEHTHI pUOOCOMBI.

Pu6ocomMbl mpokaproTHYECKOro TUIAa UMEIOT cpeiHue pa3mepsl 21&29 um, maccy ~2.8 MIIH.
Ha u xoappunment cequmentanuu 70S. Bonbmas 1 Manas cyObeTUHHUIIBI IMEIOT COOTBETCTBEHHO
Mmaccel 1.8 u 1.0 man. Jla u koo durments! cequmentanuu 50S u 30S. B coctaB 50S cyOGuacTuiis
Bxo1aT ogHa MoJekyna pPHK ¢ koaddunuentom cenumentanmu 23S (~3200 HyKI€OTUIOB), OHA
mosnekyna pPHK ¢ koaddunmenrom cenumentanuu 5SS (~120
HyksieotunioB) u 34 6enka. Cybuactuna 30S conepkut onny monekyiry pPHK
¢ koahdunmernTom cequmentanuu 16S (~1600 nykineoTnmoB) u 21 GeoK.
Mo:n. Maccel pubOcOManbHBIX OENIKOB NexaT B mpeaenax or 6 go 75 k/la. pPHK oGmagaror
crenuUUecKo TPEXMEPHON CTPYKTYpOid, OOYCIOBJIICHHONW XapaKTepOM BHYTPHMOJIEKYJISPHOTO
CIapvBaHUs OCHOBaHW. B memom, kaxnas w3 cyObeIUWHUI] UMeeT 3ambicioBaryio (opmy. B
aCCOIIMMPOBAHHON PUOOCOME CyOUaCTHUIIBI XOPOIIIO "MPUTHAHBI" IPYT K APYTY, HO B ONIPEICTICHHOM
MECTE MEXJIy HUMHU OCTaeTcs ILEb, Yepe3 KOTOPYI MpoXoAuT Moiekysa marpuuHoil PHK, u
MOSIBIIICTCS. ~ HOBOCHHTE3UpPOBaHHAs  moswmnentuaHas  1enb  (puc.  34).  PuGocombl
MPOKAPUOTHYECKOTO THUIA COAepXkKarcs B KieTkax Oakrtepuil. Hampumep, B Kaxaod KIeTKe
KuIIeuyHoi nanouku (Escherichia coli) umeercst 6ombine 15 Thic. puO0OCOM, KOTOPBIE COCTABIISIOT
MOYTH YETBEPTh CyXOro Beca KieTku. Kpome Toro, puboCoMbI MpOKapHOTUYECKOTO THUIA BCETIa
MPUCYTCTBYIOT BHYTPU MHTOXOHAPUN U TUIACTHA JYKAPUOTUYECKOM KIETKH, TOrjJa Kak B
[IUTOIIJIa3ME TOU e KJIETKH HAaXOSATCS pUOOCOMBI DYKapHOTHIECKOTO THIIA.

PubGocompl 3yKapuOTHYECKOTO THUIIA UMEIOT CpeaHue pasmepsl 22&32 M, Maccy ~4.5 MIIH.
Ha u korddunment cequmentanuu §0S. bonbinas u Manas cyObeAMHUIIBI UMEIOT COOTBETCTBEHHO
Maccol 3.0 u 1.5 muH. Jla 1 ko durmentsr cequmentanuu 60S u 40S. B coctaB 60S-cyOuacTuiipi
BxoaaT ogHa 5S-pPHK (~120 nmykneortunos), onna 5.8S-pPHK (~160 nykneorunos), ogHa 28S-
pPHK (~5 ThIC. HyKII€OTHIOB) M TIpMEpHO 45 pa3HbiX O0enkoB. B coctaB 40S-cy0yacTHIBI BXOIAT
omHa 18S-pPHK (~2 Teic. HyKJI€OTHAOB) M TpuMepHO 33 pasznuuHblx Oenka. B mutoruasme
AYKapUOTHUYECKOH KJIETKH HacuuThIBaeTcs nopsaka 10 MitH. pubocoM 3yKapuOTUYECKOTO THIIA.

HoBble pubocombl  00pa3yroTcs B KIETKaX B pe3yibTaTe  caMocOOpKu — W3
HOBOCHUHTE3MPOBAHHBIX PHUOOHYKIEHHOBBIX W OENKOBBIX KOMMOHEHTOB. Ecim 21 Gemok m 16S-



pPHK mnpoxapuorndeckoit 30S-cyObeMHUIBI BBIACIUTH B YUCTOM BHJE, a 3aT€M CMEIIaTh B
COOTBETCTBYIOILIEH IIOCIEN0BATEIbHOCTH TPU ONPEACIEHHBIX YCIOBHSX, TO MaKpPOMOJEKYJIBI
camMoIpou3BoJIbHO 00pa3ytoT 30S-cyObeAMHHULIbI, WIEHTUYHBIE IO CTPYKTYpE U aAKTUBHOCTH
coJiepKalMcs B KIIEeTKe. AHAJIOTUYHBIM 00pa3zoM S50S-cyObequHMIIa MOXET CaMOIPOU3BOJIEHO
PEKOHCTPYHPOBATHCS U3 cMecH cBouX 34 OenkoB U cBoux 5S- u 16S-pPHK mpu ycnmoBum, uto B
CMeCH NPUCYTCTBYET Takke U 30S-cyobequuuna.

Heckonbko  cioxHee MHPOUCXOAUT COOpKa OJyKapHOTHYECKMX pubocoMm, KoTopas
OCYILECTBIISICTCSI B ONpEAENICHHON Oosee MIOTHOW M MOTOMY XOpPOIIO 3aMETHOM B MHMKPOCKOII
obmactu sinpa, HazeiBaemoit SJIPBIIIIKOM. B cocraBe siaphimika BBISIBISIFOTCS OOJBIINE TMETIIN
JHK (s0psiwkoswvie opeanuszamoput), co-
JieprKalie MHOTOKpaTHo noBTopeHHble reHbl pPHK, ¢ koTopbix ¢ 601b1110i1
ckopocTbo noctostHHO uaet cunte3 PHK. 5,8S-pPHK, 18S-pPHK u 28S-pPHK
CUHTE3UPYIOTCA B cocTtaBe onHoM wmousekynbl 45S-PHK, koropas morom chnenuduuecku
pacuerisiercs, oopasys pPHK. 5S-pPHK cunresupyercst BHe sapsimika. 45S-PHK chauana
00pa3yloT KpyIHBIE KOMIUICKCHI, CBS3BIBAsACh C OOJBIINM KOJHMYECTBOM pPA3JIUYHBIX OEJIKOB,
UMIOPTUPYEMBIX B SIIPO U3 LUTOIUIA3MbI (puc. 35). DT KOMILIEKCHl cojepxar, kpome Tex 70
0€JIKOB, KOTOPBIE COCTABIAIOT puOOCOMY, emie Apyrue 0enku u Mansie Mojiekyiasl PHK, koTopsie,
BEPOSITHO, KaTaJM3UPYIOT COOPKY pHOOCOM M OCTAIOTCS B SIPBIIIKE IOCHIE TOrO, KaK I'OTOBBIE
pubocoMHbIE CyOBEAMHUIIBI BEIXOAAT U3 si/ipa B IMTOIUIa3My. B mpornecce co3peBaHus TUTaHTCKUE
PHK-6enkoBble KOMIUIEKCHI MTOCTENEHHO TEPSIOT 4acTh OeslKoB M mocienoBarenbHocTeid PHK u
3aTeM CIeU(UICCKU PACIICIUISIOTCS, 00pa3ys CaMOCTOSTEIBHBIC TIPEIIICCTBEHHUKH OOJIBIION |
Majoi pubocomMHbIX cyObenuuull. Coopka 40S-cyOobenunuuibl 3aHuMaeT okono 30 MuH., a 60S-
cyObeauHuLbI - 0koio 1 4. [ToaToMy B siApBINIKE HaKaIJIMBAaeTCsl ropa3o 0O0JIbLIE HETOCTPOSHHBIX
OonpIIMX CyOBEAMHUI, YeM MaJbIX. 3aKIIOYUTEIbHBIE CTaJWU CO3PEBAHUS JYKAPHOTHUECKUX
puUOOCOM  OCYIIECTBIISIIOTCS TOJBKO TIOCIE BBIXOJAa PUOOCOMHBIX CyOBEAMHMII W3 sIpa B
LUTOILIIa3MYy .

3anaua 25. PaccuunTaiite Dyg w NPOKapHOTHUECKON U 3YKapUOTHUYECKON pUOOCOM.

MUTOXOHAPUN

Nx ocHOBHass (QyHKIMS CBSi3aHA C OKHUCJICHHEM OPraHUYeCKHX COCIUHEHHH U
MCIIOJIb30BaHUEM OCBOOOXKIAOMICHCS TpU pacmafe ATHUX COEAMHEHHW OHHEPruM Ha CHHTE3
anenosuaTpudochara (ATD). [ToaToOMy MUTOXOHAPUH TIOTJIONIAFOT U3 IIUTOILIA3MbI OPTaHUIECKIEC
BEIIECTBA M KUCIOPOJ, a BBIACIAIOT B IIUTOILIA3MY - YTIEKUCIbIN Ta3 (KOHEUHBIN MPOIYKT pachaia
yraeponHoro 'ckenera" opranmdeckux coeauHeHwit) m AT®D. B cBsm3u ¢ ux QyHKuuen
MUTOXOHJIPUM HA3bIBAIOT '"SHEPreTUYecKUMHU cTaHuusMu" kinetkn. OHHM ecTb y  BCeX
SYKapUOTHUYECKUX KIETOK KakK aBTOTPOPHBIX (Y (OTOCHUHTE3UPYIOUIMX pAcTeHHi), Tak U
reTepoTpoHbIX (Y )KUBOTHBIX U TPUOOB) U OTCYTCTBYIOT y MMPOKAPUOTHUECKHUX KIIETOK (OaKTepuit).

KonmnyecTBO MUTOXOHApPUN B KIETKaX 3HAYUTEIBHO BapbUPYEeT B 3aBUCUMOCTH OT
MOTPEeOHOCTEl B OSHEPrUM JAHHOTO THIA KIETOK. B KiIeTkax HEKOTOPBIX BOJOpOCHel Hu
MPOCTEUIINX COACPIKUTCS JIUITL | MUTOXOHIPHS, B CIIEPMATO30MIaX PA3IMUHBIX BUIOB KUBOTHBIX
- ot 20 no 72, a B KJIeTKax Teja mieKonutaromux - or 100 10 HECKOJbKUX ThIC. MUTOXOHIPUH.
Bosbie
BCEr0 MUTOXOHJIPHI COAEPKUTCS B KJIIETKAX TKAHEH, MOCTOSHHO MCIIOJIB3YIOMIUX MHOTO SHEPTHH
JUTS BBITIOJTHEHUSI CBOMX (DYHKIIU - B MBIIIIIIAX, B IEYCHU U B TTOUKaX. MUTOXOHIPUH MOTYT
3aHUMAaTh OT 2 110 48% OT 00111ero o6beMa KIETKH, HO B CPETHEM 3Ta BeJIMUMHA cocTaBiseT 18%
(cm. Takxe TabIUILy
7). MUTOXOHAPUU JTOKAIM30BAHbBI B KIIETKE, KaK MPaBHUIIO, TMO0 B T€X y4acTKax, IJIe PacXoIyeTcs
SHEprusi, JUOO OKOJO CKOIUIEHHWH cyOcTpata (Hampumep, JUNUAHBIX Kallelb), €CIM TaKOBBIE
UMEIOTCA.

MuTtoxoHIpuu OECIBETHBI, MOATOMY JJIsi U3YUYCHHS] UX CTPYKTYPHI 3TH OPTaHEIIbl OOBIYHO
OKpAaIllIMBAIOT  pa3NUYHBIMU  crmocobamMu  mocie  ¢ukcanmu  ocmueM. Ha — 0OBIYHBIX
YIABTPAMUKPOCKOTTMYECKUX CpPE3aX MHTOXOHJIPUU OBbIBAIOT HUTEBUJIHBIMH, MaIOYKOBUIHBIMH,



OKPYTJIBIMH U TaHTEICO0PA3HBIMH JTAKe B TIpEIesiaX OHOW KIETKH C XapaKTepHBIMU pa3MepaMu OT
1 1o 10 mxm. OgHAKO HCClIEOBaHUs, B KOTOPBIX ObUIM MOJYYEHBI OOBEMHBIE PEKOHCTPYKIMH
MUTOXOHJIPHI MO CepUsiIM CPe30B, MOKa3alH, YTO YUCIO MUTOXOHJPUN B KJIETKAX, MO-BUIUMOMY,
3HAYUTENIBHO MEHBLIE, YeM Npeanojaragoch panee. Yacto B KJIETKaxX NPUCYTCTBYIOT KPYIIHBIE
CWJIBHO Pa3BETBJICHHbIE MUTOXOHAPUH, KaXAas U3 KOTOPbIX Ha Cpe3€ BBIMNISAUT Kak TIpymma
OTAENbHBIX MEIKHUX MHUTOXOHIpHH. Kpome Toro, ¢a3zoBo-KOHTpacTHAass MHMKpPOCKONHUS U LEHT-
padepHasi MUKPOKHHOCHEMKA KMUBBIX KJIETOK IOKA3bIBAIOT, YTO MUTOXOHIPUU SIBISIOTCS OYEHBb
JUHAMWYHBIMHM CTPYKTypaMHU: OHH MOTYT PacTH B JJIMHY, C)KUMAaTbCs, BETBUTHCS WIH JCIUTHCS 3a
BpEMEHa MopsiiKa HECKOIbKUX MUHYT.

OOumii miaH CTpPOEHHs MUTOXOHJPUH OJMH M TOT XK€ Yy Bcex sykapuoT (puc. 36).
MUTOXOHIpHH UMEIOT BHEUIHIOI M BHYTPEHHIOIO MeMOpaHbl. BHemHAs MemOpaHa, OTaesnstonas
MUTOXOH/IPHIO OT LUTOIUIa3Mbl, MMEET POBHBIE KOHTYpPBI, TOIJa KaK BHYTPEHHsSS oOpasyeT
MHOTOYHCJICHHbIE BISYMBAHMS BHYTPb MUTOXOHJApHUH. Takue BISYMBAHUS Ha3bIBAIOTCS KPUCMbL,
OHU OOBIYHO MMEIOT BUJ| IUIOCKUX I'pPEOHEH, PacIoNOKEHHBIX MEPNEeHAUKYISPHO K JUIMHHON OCH
MUTOXOHJIPUM, HO MHOIJIa OHU MOTYT BETBUTHCS WJIM OOpPa30BHIBAaTH MaJbLEBUAHBIE OTPOCTKH,
u3ru0aThCsi U HE HMMETh BBIPAKEHHOM OpHEHTaluH. Poib KpUCT 3aKiIrodaeTcsl B YBEIMUEHHUH
IUIOUIA/IM TOBEPXHOCTH BHYTPEHHENH MeMOpaHbl MUTOXOHAPUH, TOCKOJIbKY UMEHHO OHa, KaK OyJeT
MOKa3aHO JaJibllle, BHIIOIHIET OCHOBHYIO POJb B (DYHKIIMOHUPOBAaHUM MUTOXOHIpUN. PaccTosiHue
MEXJ1y BHYTPEHHEH W BHEIIHEW MeMOpaHaMu M pacCTOSHUE MEXIy MeMOpaHaMHU B KpHUCTE
cocraBisaoT 10 - 20 HM. BHyTpeHHee conepkumMoe MHUTOXOHIPHM Ha3blBaeTcsi Mmampuxc. B
MaTpUKCE MUTOXOHJpHI coaepxkarca Takxke MuroxonapuanbHas JIHK, pubocomsl U pa3iuuHble
BKJIIOYEHHUS (B OCHOBHOM OTJIOKEHHUS COJIEH MarHus M KaJjbIys).

MHUTOXOHIpUN TNPENCTABIAIOT cO00 OOHOBIAIOIIMECS CTPYKTYPBl C JIOBOJIBHO KpaTKUM
KU3HEHHBIM IIMKJIOM (B KJETKax I[E€YEHHU, HaIpUMep, MUTOXOHIPUM >KUBYT okosio 20 nHel).
['MOHymMe MHMTOXOHIPUU CMEHSIOTCSI HOBBIMH. OTOT MpPOLECC MOXET HHOIZAa HMIATH OYEHb
WHTEHCUBHO, HANpHMEp, NpPU aJaNTHBHBIX NepecTpoiikax. HoBble MHUTOXOHAPUU 00pa3yrOTCA
TOJIBKO B pe3yJIbTaTe POCTa U AEJICHUS paHee CyIIeCTBOBABLUIMX MUTOXOHAPUN. JledeHne ux MoxeT
INPOUCXOIUTh MNEPeTSHDKKOM M OTHOYKOBBIBAaHMEM. JleneHuto (penpoiyKuuu) MHUTOXOHAPHI
MPEAIIECTBYET PEMPOIYKINUS COOCTBEHHONW T'€HETHYECKON CUCTeMbl - MuTOXoHApuaisHoi JIHK.
Permmukanus JIHK mutoxonapuil mpu AelIeHUM KIETOK HMPOUCXOJUT HE3aBUCHUMO OT SJEPHOM,
00BIYHO TOT /1A, KOoT1a sinepHas JJHK yxe perumnupoBanacs.

Kpome cBoell OCHOBHOWM 3HepreTMyeckod (PyHKIUHM, MHUTOXOHJPUU YyYacTBYIOT B
CHEM(PHUUECKUX CHUHTE3aX, HAmpUMep B CHHTE3€ CTEPOMJHBIX TOPMOHOB B HAJMOYECYHHKAX.
OtpaboTaBuiue MUTOXOHAPUHM MOTYT HAaKaIlJIMBAaTh MPOIYKTHI SKCKpelnu. HakoHel, B HEKOTOPbIX
Cllydasix MHUTOXOHJIPHU TIE€YCHHU M TIOYEK CHOCOOHBI aKKyMYJIMPOBaTh BPEIHBIC BEIIECTBA H SIbI,
MOMAJAIONIUE B KIETKY, U30JIUPYs UX OT LUTOIUIa3Mbl U YaCTUYHO OJIOKMPYS BpeAHOE JAEHCTBHE
3THX BemecTB. TakuMm 00pa3oM, MHTOXOHIPHUU CIIOCOOHBI OpaTh Ha ce0st (QpyHKIUH OpyTux
OpPraHOUJIOB KIIETKH, KOrja 3T0 TpeOyercsl Ajs IOJIHOLIEHHOrOo OOeCHeyeHHs TOro WIM HWHOTO
IpolLecca B HOPME UJIU B SKCTPEMAJIbHbBIX YCIOBHUSX.

IJIACTUbI

[TnacTuael BCTpeyaroTCs TOJIBKO Y (OTOCHMHTE3UPYIOUIMX JIYKApPUOTHUECKHUX OPraHu3MOB
(BBICIIME pACTEHMSI, BOAOPOCIH, HEKOTOPBIE OJHOKJIETOUYHbIE MpocTeimue). [lo nmurMeHTHomy
COCTaBy, CBfA3aHHOMY C HX (QYHKUMSAMH, pa3IU4alOT TPU OCHOBHBIX THIA TUIACTHI:
XJIOPOIUTACTHI (3enensie maactuasr), XPOMOITIIACTDI (xenThie Uau OpaHKeBbIE TIACTHIBI)
u JIEMKOITJIACTDBI (6ecuBeTHBIC TIACTUIBI). B KaXI0# KJIETKE BCTPEYAIOTCS TIIACTHABI TOJIBKO
OJTHOTO THIA. XJIOPOIUIACTBI COAEPIKAT 3EJICHBIM MUTMEHT XJI0pOGuil U OCYIIECTBISIOT HA CBETY
gomocunmes, B pe3ynbTare KOTOPOrO SHEPIHsl CBETa MPEBPAIAETCs B XUMHUYECKYIO SHEPTHIO U
WCIIOJIB3YETCS JJIsI CUHTE3a HY>KHBIX PACTEHUIO BEIIECTB. XJIOPOIUIACTHI BCTPEUAIOTCS MOUYTHU BO
BCEX KJIETKaX pacTeHMsl, KyJa MPOHUKAET CBET, HO OCOOEHHO MHOTO UX B KJIETKaxX JIUCTHEB.
JlelikomacTel BCTpEYaroTCs B TEX KIETKAaX PacTEHHUs, KyJa HE IPOHUKAET COJIHEUHBbIN cBeT. MX
rNIaBHasg (PYHKIMS - HAKOIUIEHWE U XPAaHEHHUE 3alacCHBIX MUTATENIbHBIX BEIIECTB. XPOMOILIACTHI



HAKaIlJIMBAIOT YKEJThIE, OPAaH)KEBbIE U KPACHbIE TUTMEHTHI (Kapomunouosl). XpOMOIUIACTHI TakK e,
KaK

Y OKpalICHHbIE BaKyOJIU, IPUAAIOT SIPKUI LBET HEKOTOPBIM YaCTAM PacCTEHUH.

Hampumep, xpoMoriacTsl IpUarOT IBET JICTIECTKAaM JIOTHKA, OJlyBaHUYHMKA WIH TIOJbIIAHA, 3PEIbIM
IJI0/IaM TOMAaTOB, psiOMHBI, apOy3a WM aneabChHA, MOPKOBU M CBekie. [lmacTuapl criocoOHBI
nmpeBpamaTbesi Apyr B Apyra. Eciam ocBemarh OeClBETHYIO MOJ3€MHYIO0 YacTh PACTEHHs, TO
JEWKOIUTACTHI TOJI JCUCTBHEM CBETa HAYHYT HAKAIUIMBATH XJIOPOPHIUT W TPEBPATATCS B XJO-
pormnacTsl. 1o 3Toil mpuynHe, HaNpUMeEp, 3eJIeHEET OCTABICHHBIN Ha CONHIE KIyOeHb KapToders.
XJopomaacTsl ke, cTapesi, TEPSIOT CBOIO 3€JEHYI0 OKpacKy M INpeBpallaloTcs B XpPOMOILIACTHI.
Taxoif mpoiiecc MPOUCXOIUT B JTUCTHSIX OCEHBIO: 3€TEHBIA XJIOPOGUIT B XJIOPOIUIACTaX HaYMHAET
pa3pylaThCsl U TOTJIa CTAHOBSTCS BUJIHBI KapOTHHOMJIbI, KOTOPbIE BCE BPEMs MPHUCYTCTBOBAIN B
XJIOpOIUIacTaX, HO OBUIM 3aMacKUpOBaHbBl XjopoduioM. B pesynbTare 3eieHbIE JHCTHA
CTAaHOBATCSA JKEITHIMU, OpAH)XEBBIMU WM KpacHbIMU. B3auMHblE npeBpalieHus] IUIaCcTUA
MO3BOJIAIOT PaCCMaTPHUBATh UX KaK pa3lUYHbIe TUIBI TU(PEepEeHITUPOBKH OJHOTO THIIA OPTaHEILIbI.
DTO MOATBEPKIAACTCS OOLIHOCTHIO CTPOCHHUSI Pa3HBIX TUTACTHI.

OCHOBHBIM THUIIOM TUIACTUJ SIBISIFOTCS XJIOpOIUiacTel. OHU OOBIYHO HMEIOT TMOCTOSIHHYIO
(opMy BBITSHYTOT'O SJUIAIICOW]IA BPAIICHUS C JUIMHHOW M KOPOTKOW mosryocsimu 2 - 3 u 0.5 - 1.5
MKM COOTBETCTBEHHO. BONBIIMHCTBO PACTEHHH HMEIOT XJIOPOILIACTH 066eMOM OT 30 10 60 MKM’.
Menkuie mmacTHasl (MeHbme 30 MKM') HalIEHBI y TOMOJS, OCHHBI, SCCHS, HEKOTOPHIX BHIOB
ocokd. OdYeHb KpPYIMHBIE XJIOPOIUIACTHI THUIMHMYHBI IS TEHENIOOMBBIX PACTCHUU, HANpUMEp Y
KOTIBITHS - 227 MKM, 3astabeii KamycTsl - 240 mMxm®, duanku - 100 Mxm’. UHCITIO XIOpOILIACTOB Ha
KIeTKy BapbupyeT oT 3 10 400, 00b14HO B cpeHeM Ha KieTKy npuxoautcs 10 - 30 xJoporuiacTos.
bonee 400 mnnacTux Ha KIETKYy HailieHo y Tabaka, peBEHsA, Yy HEKOTOPBIX BHUAOB JIMJIUH.
ManomiacTuIHbIMU SBISIOTCS, HapuUMep, KIeTKU TpocTHUKa (4 - 10), 3emmsiHuku (8 - 12),
nuMoHa (5 - 10). Yucno mmactu B KJIETKE 3HAYUTENBHO KoppenupyeT ¢ conepxkanuem JIHK B siape
u ropazno cinabee ¢ oO6beMoM KieTkH. TeM He MeHee M OLEHOYHBIX pPAacYeTOB MOKHO
HCIOJIb30BaTh CPEIHECTATUCTHUECKYIO0 BeNM4MHY - 14 xsoporutactoB Ha 10 TeIc. MKM® 00BeMa
KJIETKU.

Tak ke, KAK U MHTOXOHJIPUH, XJOPOIUIACTHI OTTPAHUYEHBI OT IUTOIUIA3MbI 00O0JIOUKOH U3

IBYX MeMOpaH - BHEIIHEW W BHYTPEHHEH, - OTAENEHHBIX JPYr OT Jpyra MeKMeMOpaHHBIM
npoctpancTBoM mupuHoi 20 - 30 uM (puc. 37, A). BHyTpeHHsss MeMOpaHa XJIOPOIUIACTOB, KaK U
AOpYyTUX IUIacTUl, o0pa3yeT CKJaJuaThle BISYMBAHMUS BHYTPh XJoporuiacta. OHM HpPeaCTaBISIOT
co00i BHYTPEHHIOI0 MEMOPAHHYIO CUCTEMY XJIOPOIUIACTA, OKPYKEHHYIO
CMpoMOoli, KOTOpasi aHaJIOTUYHA MaTPUKCY MUTOXOHApUi. B 3pesioM xiopor-
JacTe BBICIIMX PACTCHUH pa3IMyaroT JBa THIA BHYTPEHHHX MEMOpaH: IUIOCKHE NpPOTSHKEHHBIC
CKJIaJIKh, 00pa3oBaHHBIC BHYTpPEHHEH MeMOpaHOW OOOJOYKH M CIOCOOHBIC MPOCTHPATHCS MOYTH
Yyepe3 BCIO IUIACTHILY, - IaMelIbl CMpOoMbl U TNIOCKUE 3aMKHYThIe MEMOpaHHBIE MEIIKH, HMEIOIIHe
dbopmy mucka, - muraxkouosl. BHyTpeHHsISI IOJIOCTh THIIAKOUI0B uMeeT mmpuny 20 - 30 HM U Ha-
3bIBaeTCs JtomeH. HacTo THIIaKOUIbl 00pa3yIOT CTONKM HArmoaoOue cToIOMKa MOHET, Ha3bIBaeMbIe
epanamu (puc. 37, b). Unucno TWIakoWI0B Ha OJHY TpaHy MOKET BapbHpPOBATh OT HECKOJIBKHX
mtyk 10 50 u 6onee. KonmndyecTBo rpaH B xioporuiactax MoxkeT nocturaTth 40 - 60. Tunakouns! B
rpaHe COMMKEHBI JAPYT C JAPYroM TaK, YTO BHEUIHHE CIOM UX MeMOpaH TECHO COEAUHSIOTCS (puC.
37, B). B coctaB rpanbl, KpoMe THJIAKOHIOB, OOBIYHO BXOJAT M YYaCTKU JaMEJUI CTPOMBI, KOTOpBIE
TakuM 00pa3oM CBSI3BIBAIOT MEXKTy CO00# OTIenbHBIC TpaHbl Xyoporiacta (puc. 37, b).

B crpome xmnopomsactoB oOHapyxkuBaroTcs Mosekynbl rutactuanoi JIHK, pubGocombr u
paznuuHble  BkIoueHHs. Cpeau BKIIOYEHHMM Hauboyiee  pacHpOCTPAaHEHHBIMU  SIBIISIFOTCS
KpaxmanvHvle 3epHa W naacmoznodynevl. OTIOKEHHE KpaXMalbHBIX 3€pEH TECHO CBS3aHO C
(GYHKIIMOHUPOBAHUEM XJIOPOILJIACTOB: YacTh 00pa3yIoIIUXCsl B Mpolecce POTOCHUHTE3a YIJIEBOOB
UJET Ha CHHTE3 Kpaxmajia B cTpoMe. KpaxmanbHble 3epHa MMEIOT OBAJIbHYIO, C(HEPUUECKYIO WIIH
HEeTMPaBUIBHYIO0 (HOpMY, XapaKTePHYIO JJISl KaXKJO0T0 BHUIA PACTEHHUs, UMEIOT TUIOTHOCTH 1.5 - 1.6
r/cM’ i 0671a/1a10T ABOMHBIM TydenpetomieHreM. JJHamMeTp KpaxMaibHbIX 3epeH Bapbupyer ot 0.2
o0 7 MKM, KOrja KpaxMajbHble 3€pHa 3aHMMAIOT IIOYTH BECh OOBEM IUIACTUIBI, OOBIYHO



JEMKOIUIacTa, Ha3bIBAEMOI0 B 3TOM citydae amunoniacmom. CaMble KPyIHbIE KpaXMaJIbHbIE 3€pHA
y Kaprodens, a camble MEJKUE - y puca U rpeduxu. Pazmep KpaxmalbHBIX 3€peH, Kak MpaBuUiIo,
HenoctosiHeH. Hampumep, OH OOBIYHO YBEIMYMBAETCS JHEM Ha SPKOM CBETy, KOrja B
XJIOpoIIacTaXx MAET aKTUBHBIA (POTOCHHTE3, U YMEHBLIAETCS HOYbIO, KOIJa MpeobsajaeT OTTOK
MOHOCAXapuA0B U3 XJIOPOIUIACTA, OTIIEIUIIONIMXCS OT MOJIEKyJ Kpaxmana. [lmacrornoOyiisl
XOPOILIO OKPAIIUBAIOTCS COJIIMU OCMUS U UMeroT tuameTp oT 0.2 10 1 MKM B 3aBUCUMOCTH OT BHUJa
pactenus. X 4ncino ¥ BeTMYMHA B OOIIEM CiIydae YBEIMYMBAIOTCA C BO3PACTOM XJIOPOILUIACTOB,
JOCTUrasi MakCUMyMa B TII€pHOJ OCEHHEro OTMHpaHHs JHUCTheB. bpicTpas cOopka MemOpaH
TIWJIAKOWZOB MpPU MPeoOpa30BaHUHM JICHKOIUIACTOB B  XJIOPOIUIACTBI HAa CBETY OOBIYHO
COIIPOBOKAAETCS YMEHBLIEHMEM YHWCla IUIacToriao0yia. B 3Toil  cBa3u  muacTornoOyiisl
paccMaTpUBAIOTCS KaK pe3epBHBIN (POH/I JUIUIO0B TUTACTHIHBIX MEMOpaH.

CrpoeHre XJIOPOIJIACTOB HU3IMIMX (POTOCUHTE3UPYIOIIUX PACTCHU (3eneHble, Oypble |
KpacHble BOJIOPOCIIN), HA3bIBAEMbBIX Xpomamogopamu, B OOIIUX YEepTaX CXOJHO CO CTPOCHHEM
XJIOPOIIJIACTOB KJIETOK BBICIIMX pacTeHuil. Bomopociam uyacTo conepkaTr Mo OJHOMY OOJBIIOMY
xpoMatodopy Ha KJIETKY, opMa KOTOPOTO MOKET ObITh OUYE€Hb Pa3HOOOpa3Ha, HAIIPUMED, TTHHHAS
crMpaibHas JICHTA WIM pPa3BEeTBIEHHAs CeTh. Tak ke, KaK Yy BBICHIMX PACTEHUH, XPOMATOPOPHI
OKpYy>eHbl 000JIOUKOW W3 BHEIIHEH M BHYTpPEHHEeW MeMOpaH, MOCHeHss M3 KOTOpBIX oOpa3yer
BHYTPEHHHE BIISIYMBAHUS B BHJE TMapaUICNbHBIX IUIOCKUX MemkoB. OJHAaKo TpaHbl B
xpomaTtodopax BOJOpOCIEH HE BCTpeyaroTcs. Y 3eJeHBIX BOJOpociell B cocTaB xpomaTodopa
BXOJISIT NUPEeHOUObl, PEICTABIAIONINE cO00M OKPYKEHHbIE MEITKUMHU IMy3bIpbKaMH 30HBI, BOKPYT
KOTOPBIX MPOUCXOAUT OTIIOKEHHE Kpaxmara.

Tak e, Kak HOBbIE MUTOXOHJIPUH, HOBBIE TUIACTUIBI B KJIIETKE 0Opa3yOTCs TOJBKO 3a CUET

JIeJIEHUs] WM TIOYKOBAHUS YK€ CYIIECTBYIOMIUX. YBEJIUYEHUE YNCa TIACTHI OOBIYHO MPOUCXOTUT
3a CYeT JICJNIEHUS] HEMMEIOUINX PAa3BUTOH CTPYKTYPBI Mponiacmud WU UHUYUATbHBIX 4acmuy C
MOCIEAYIOIUM pa3BUTHEM U UG HEPEHIUPOBKON UX B XJIOPOILIACTHI WIIN JEHKOIIACTHI (pUC.
38). OnHaKko B MOJIOJBIX PACTYLIUX KJIETKAX JENATCS HE TOJIBKO IMPOIUIACTUIBI, HO U XJIOPOIUIACTHI
C XOPOIIIO Pa3BUTON BHYTpPeHHEH MeMOpaHHO cuctemoi. [Ipu co3peBannu XJ10pomiacToB, KOraa B
HUX HakarjauBaeTcs OoJblliasi Macca IIacTOTI00YI, UX CHOCOOHOCTh K JIEJICHHUIO YTPauyUBaeTCs.
Tem He MeHee OOBIYHO KJIETKAa HA NPOTSHKEHHH BCEH €€ JKU3HU TOAJEpKUBaeT (HoH.
XJIOPOIUIACTOB, UMEIONINX OoJiee MENKHE pa3Mephbl M COXPAHSAIOIIUX CIHOCOOHOCTH NenuThes. B
MOJIOJIBIX JIUCTBSIX TaKHU€ XJIOPOILIACTBI COCTABISIIOT 5%, y 3penbix - 1% or obmero uwucna
mwiactun. Kak mpaBuio, AeneHHe W pOCT KIETKH CONMPOBOXKIAIOTCS JEJIIEHHEM XJIOPOIUIACTOB, W
JIeJIEHUE XJIOPOIUIaCTOB IpEeKpallaeTcs, Korja KIeTka JTOCTUraeT MaKCUMalbHBIX pa3MepoB. B To
e BpeMs POCT KJIETKH U JEJIEHUE XJOPOIJIACTOB OTHOCUTENLHO HE3aBUCHUMBI APYT OT APYyTa, 4TO
CJIEyeT U3 BO3MOKHOCTH 3KCIIEPUMEHTAIBHOTO Pa300IeHNs ITUX POLECCOB.

3amaya 26. B nucThax sS0JOHU COAEPKHUTCS B CpeaHEM 7 MIIH. XJIOPOIUIacToB Ha 1 cMm
miomau smcra. Cpegnsst IUIOMAns JMcTa s6IoHH - 18 cm’. Paccunraiite 06liee KOIMYECTBO
XJIOPOIUIACTOB Y JiepeBa S0JIOHU C KOJTUYECTBOM JIUCTHEB 0KOJIO 20 ThIC.

2

KPATKUE BbIBO/IbI

Krerka - 3T0 camas aieMeHTapHas eIuWHUIA, o0Jajaromas BCEMH MPU3HAKAMH YKHBOTO
opraHusma (JIBIKEHHUEM, MTUTAHUEM, POCTOM, CITOCO0-
HOCTBIO K CAMOBOCIIPOU3BEICHUIO, PA3IPAKUMOCTBIO U IPUCTIOCOOISIEMOCTBIO K
MeHsrormumMcst  ycioBusiM).  CymiecTByroT —emie  0ojiee  TPOCThIE  CHUCTEMBI, CIOCOOHBIE K
CaMOBOCIIPOU3BEJICHHUIO, - upycbl (HAIMOJICKYJIISIPHBIE CTPYKTYpHI, cocTosimue u3 Monekynsl JJHK
nmu PHK wu okpyxaromeir ee OenkoBOM 000JIOUKH) U 6upoudst (HEOOmbImHMe GparMeHThl
HYKJIEMHOBOM KHCIOTHI). OfHAKO JUIsI UX BOCIIPOM3BENCHHS 005A3aTEIIbHO HY’KHA KHUBAasl KIETKa,
KOTOPYIO OHHU 3acCTaBIIIOT BOCHPOM3BOAMTH KOMUU CBOEH CTPYKTYpPhl B COOTBETCTBHU C CO-
JepKalieiicss B UX HYKJIEWHOBBIX KHUCIOTaxX TeHeTHueckod mHpopmanueil. Bue chopmupoBaBmmx
UX KJIETOK BHUPYCHI HPEJCTABIAIOT COOOW MPOCTO HEKUBBIE YACTHUIIbI, MHOTAA JlaXke CIIOCOOHBIE
KPUCTAIITU30BATHCS.



Kax mpokapuornueckue, Tak 1 0ojiee CIIOKHbBIE DYKapUOTHUYECKHE KIIETKH MOCTPOEHBI MO
€IMHOMY TIUIaHy W3 OJHOTUIHBIX "zmeraneil" (MemOpaHbl, HAOOp OpPraHOMIOB, MUKPOHUTH H
MUKpOTpyOouku). Tem He MeHee y pa3HbIX OpraHU3MOB 3TH "zAeTanu" MOTYT UMETh pa3IMuYHBIN
MOJIEKYJISIPHBIN COCTaB.

Pa3znooOpasne KIeTOK B MHOTOKJIETOYHOM OPTaHW3Me JOCTUTAeTCA 3a CUeT creruduaeckoro
"BBIKJIIOUEHHA" OHOM TpyIIBl TEHOB U aKTUBALUU Apyroil. OGpaTUMOCTh 3TOro "mnepexinoyeHus”
MO3BOJISIET KJIETKE B AKCTPEHHON CUTyallMd CMEHHUTH CBOIO crienuanu3anuio (auddepeHunpoBKy) B
COOTBETCTBUU C HYXJAaMU MHOT'OKJIETOYHOT'O OpraHusMa.



Puc. 34. TpexmepHas
ctpykrypa 50S- u 30S-cyObenuHuIl, MOCTPOCHHAsT Ha OCHOBE
JAHHBIX PEHTICHOCTPYKTYpPHOTO aHalIM3a M 3JICKTPOHHOU
Mukpockormmu. A - moxaenu 30S- (BBepxy) u S50S- (BHMBY)

CyObeqMHHUILI, TOKAa3aHHbIE B Pa3HBIX pakypcax. b - coOpaHHas
70S-pubocoma B n1ByX pakypcax (30S-cyoneaunua
- cBetnas, 50S-cyObenuHUIA - TEMHAs).

Puc. 35. Cxema cuHTe3a 3yKapHOTHIECKUX PHOOCOM.

Puc. 36. Cxema opranuzanuy MUTOXOHApHH: | - HapyXHsAs MeMOpaHa, 2 - MeKkMeMOpaHHOe
MPOCTPAHCTBO, 3 - BHYTPEeHH:sT MeMOpaHa, 4 - KpUCTHI, 5 - Matpukc, 6 - JIHK, 7 - pubocomsr.

Puc. 37. A - obmas cxema opraHu3anuu Xjoporuiacta: 1 - HapyxHsis MemOpana, 2 -
MEKMeMOpaHHOE TPOCTPAHCTBO, 3 - BHYTPCHHssI MeMOpaHa, 4 - TWIAaKOWIbl, 5 - rpaHa, 6 -
riactorsioOyiel, 7 - JIHK, 8 - pubocomsl, 9 - ctpoma, 10 - namenist ctpomsl. b - oOmmii Bug u B -
cxeMa paspesa rpassbl: | - Tusiakou, 2 - gjamessia CTPOMBI.

Puc. 38. Pa3Butne xnopomiactoB. CieBa - HOpMaJIbHOE Pa3BUTUE XJIOPOIUIACTOB Ha CBETY,
CIpaBa - UX Pa3BUTHE B TEMHOTE.

Puc. 33. CtpoeHune 3yKapuoTHYECKON KIETKH.

DyKapuoTHUyecKas KJIeTKa

000JI0YKa SIPO UTOINIa3Ma

OpraHelibl BaKyOJIApHas MUTOCKEIICT

BHYTPUKIICTOYHBIC
(opraHoubI) cucreMa 1) MuKpoTpyOOUKH BKJTFOUCHUS
1) mnactuasl 1) sHgomIa3ma- 2) MUKpOHUTH
2) MUTOXOH- THYECKas 3) ueHTpuoIn
Ipun CeTh 4) IpOMEKyTOUHBIE
3) pubocoMBI 2) ammapar (buIaMeHTHI
I'onpmxu

3) IU30COMBI
4) MUKpOTETbIIA
(TTTMOKCHCOMBI,
MEPOKCUCOMBI H T.]I.)
5) Bakyonu

Jlexuus 5. CTPYKTYPA U CBOMCTBA BUOJIOTUYECKUX MEMBPAH



Cmpykmypa u ceolicmeéa 6uoio2udeckux Memopan - yYCmaHogieHue pasHogecust o pasHvle
CMOPOHbL MeMOpaubl - MPAHCNOpm uepe3 OUOMEeMOPAHbl MANbIX MOJEKYI - MPAHCNOPM uYepe3
OUOMEeMOPaHbL MAKPOMONEKYI - KPAMKUe 8bl800bL

CTPYKTYPA 1 CBOMCTBA BUOJIOTMYECKX MEMEPAH

®dochonunuael, 0 CTPYKType KOTOPHIX ObLIO KPaTKO paccKa3aHO B MEPBOM JEKIUU, UMEIOT
o0IIKe CTPYKTypHBbIE 0COOEHHOCTH. Bece OHM MMEIOT MONSPHYIO, U CIIEI0BATEIbHO, THAPOPUIHHYIO
"rosioBy" U THAPOGOOHBIC KUPHOKUCIOTHBIE "XBOCTHI". [Ipu B30aJTHIBaHUM B BOJIE WJIM BOJIHBIX
pacTBOpax TaKHEe MOJIEKYJIbI CIOHTaHHO (DOPMUPYIOT Muyenivl, B KOTOPHIX YIJIEBOJOPOIHBIE
"XBOCTHI" JIMIUAOB CHOPSATAHbl OT BOJbI, a MOJIAPHBIC "TOJOBBI" pacrojararTcsi Ha MOBEPXHOCTHU
YacTHUIIbl, B3aUMOJICHCTBYSI C BOJHBIM OKpyxeHueMm (puc. 39, A). Jlunuapl COCOOHBI TaKxke
pacTekaThCsl M0 MOBEPXHOCTU BOJHBIX PacTBOPOB, 00pa3ysl CJIOW TONIIUHOW B OAHY MOJEKYIy -
MoHocnol. B MoHOCTIOE yTaeBoJOpoAHbIe "XBOCTHI" OOpallleHbl K BO3AYIIHON cpeae u u30eraror
TakuM 00pa30M KOHTAaKTa C BOJAOMU, a TUAPO(HIbHBIE "TOJIOBHI" MOTPYKEHBI B BOJIHYIO (azy (puc.
39, b). Ha mnoBepxHocTH pasfena OBYX BOAHBIX (a3 JUMHUABI JIETKO M CaMOIPOH3BOJIBHO
dbopmupyroT Ouciou. B OuCIoSIX yriaeBoAoOpoaHbIE "XBOCTHI" JIMIHMIOB HANpaBiCHbI BHYTPh OT
BOJIHOW (pa3bl M 00pa3yIOT HEMPEPHIBHBIN YIIIEBOJOPOIHBIN CIIOH, a pacroyararouecs: CHapyX H
ruaApoUIbHbIE "TONOBBI" OKa3bIBAIOTCS MOTPYKEHHBIMU B BOAHBIA pactBop (puc. 39, B). Ilpu
CHJIbHOM BCTPSIXMUBAaHUHM OHCIIOEB M3 HUX (OPMHUPYIOTCS JIUNOCOMbL - 3aMKHYTBIE IYy3BIPHKH,
OKPY>KE€HHBIE HEMPEPBIBHBIM JIMMUIHBIM OucioeM (puc. 39, I).

Bce Ouonornueckne MeMOpaHbBI yCTPOEHBI cXOAHO. OHU TPEICTaBISIIOT COOOM JHIUTHBIC
Oucnon, B KOTOphIE BKpAIrieHbl OENKOBbIE MOJIEKYJbl. BecoBoe cooTHoIIEeHUE OETKOB U JIUMUIOB
u3Mensiercsa ot 1:4 no 4:1. B cocraBe 6uosnornueckux MeMOpaH OOHapyKMBAIOTCS JHUIUIBI TPEX
OCHOBHBIX KJIACCOB: @ochorunudvi, eauKoIunuobl W Ccmepouodsvl. XOTsS HauboJiee YacTo
BCTpevaronuecs: GochoIUMuIbl MOCTPOSHBI MO AUHOMY IIJIaHy M MX MOJIEKYJIbI TPOCTPAHCTBEHHO
xopomuro "cooTBeTCTBYIOT" npyr apyry (puc. 40), 3TO HE HMCKIIIOYACT HAJUYHs OIPOMHOTO YHCIIa
dochonununos, odecrieanBaeMoro pazHooOpa3ueM KUPHBIX KUCIOT, KOTOPBIE BXOJAT B COCTaB UX
MoJiekyd. Tak, CyIIecTByeT HECKOJbKO JECATKOB NPUPOJIHBIX BUAOB OJHOr0O JuIlb (hoc-
(baTUAUIXONMHA, TPUYEM OHH CYIIECTBEHHO OTIHYAIOTCS APYT OT Apyra Mo CBOMM (DU3UUYECKUM H
XUMHUYECKUM CBOMcTBaM. ['NMUKONMMNUIBI CONEpKaT YIJIEBOJHBbIE KOMIIOHEHTBhI U IPEACTABIICHBI
yepebposudamu, cyrvpamuoamu v
eanenuosuoamu (puc. 40, A). Crepousibl MEeMOpPaH MOCTPOCHBI HA OCHOBE
KECTKOTO CKeJleTa U3 HECKOJIbKUX YIIEPOAHBIX KOJEI U y KUBOTHBIX MPEICTaBICHBl B OCHOBHOM
xonecmepunom (puc. 40, B). Ilmockue crepowaHbple KOJbIA XOJECTEPUHA YMEHBIIAIOT
MOJIBIKHOCTD KUPHOKUCIOTHBIX "XBOCTOB" OKpyKarommx ero junuaoB (puc. 40, B), cHmxkas
TEKy4eCTb JUMHUIHOTO OUCIIO0S U YBEINYMBAs €T0 MEXaHUUECKYIO TPOYHOCTb.

OcHOBHBIE CTPYKTYpHBIE OCOOEHHOCTH OHMOJOTHYECKHX MEMOpaH OMpEeAeIsIoTCS COCTaBOM
JUOUAHOTO Ouciod. MHorue cBoiicTBa MEMOpaHBI CBSI3aHBI C €€ MeKyuecmvlo, 3aBUCAIIEH OT
MOJIBIPKHOCTH  YTJIEBOAOPOIHBIX "XBOCTOB" nUNUAOB. VCKyCCTBEHHBIM JUMUIHBIA OHUCIOH,
COCTOSIIIMKA U3 JUMHUIO0B OJAHOIO TUIIA MPHU MOHMKEHUU TEMIEPATYpPbI JO CTPOrO ONpPEAEIEHHOTO
3HaYeHUs (TOYKH 3aMep3aHus) MEePEeXOTUT U3 JKUAKOTO COCTOSHUSA B KPUCTAJUTMUECKOE (MIIH
reneo0pazHoe). DTOT MEePEexXo SBIACTCS (paz06bim nepexodom. brarogapss MHOTOKOMIIOHEHTHOMY
cocTaBy MeMOpaHa MOXET TMpeTepreBaTh IOCTENEHHbIE W3MEHEHUS CTENEeHU TEKYYeCTH B
IIMPOKOM HMHTEpBaje TEMIIEpaTyp, 3a CUYET 4Yero KJeTKa MOXKET IMepecTpauBaTh CBOIO paboTy B
COOTBETCTBUH C TEMIIEPATypor OKpy»karomiei cpeabl. TeMieparypa mepexoaa OKa3blBaeTCsl HUXKE
(T.e. TEKydecTb BBINIE), €CIU YTJEBOJOPOAHBIC IIEMH KOPOTKHE (B3auMOJAEUCTBHE "XBOCTOB"
CTAaHOBUTCSI MEHEE BEPOSITHBIM) HIIM €CJIM B HUX COJEpP)KATCS ABOWHBIE CBSI3U (KOTOpPHIE MEIIAIOT
Oosee KOMMIAaKkTHOM ymakoBke "XBOCTOB"). IloHMKeHHE TemIepaTrypbl OKpYJKaromeld Cpemsl
YBEJIIMYUBAET COJEP)KAHUE JIUMHUIOB C MOJMHEHACBHIIEHHBIMUA B 00Jee KOPOTKUMHU YIIIEBOAOPOI-
HBIMH "XBocTaMu'" B MeMOpaHax OaKTEepHid, TPOXIKEH, paCTeHUH W XOJOAHOKPOBHBIX KHBOTHBIX
TakuM 00pa3oM, 4TOOBI TEKy4eCTh MEMOpaHbI OcTaBajach MPUMEPHO MOCTOSHHOM. Tak, HampumMep,
COOTHOLIEHHE HACBHIIIEHHBIX U HEHACBIIIEHHBIX OCTATKOB JKUPHBIX KUCJIOT B JUIHUAAX MEMOpaHBbI



KUILIEYHOM MaJ04YKU CHIKAIOCH ¢ 1.6 10 1.0 npu moHWwKeHun TeMueparypbl cpeasi ¢ 42 no 27°C. Y
9YKapUOTHUYECKUX OPraHU3MOB €CTh €lle JAPYrod cHoco0 peryssiud TeKyuyecTH MeMOpaH -
BCTpaWBaHHUE XOJECTEpUHA B JUMHUIHBIN Oucioi. M30BITOK XOecTepuHa YBEIWYHBACT BSI3KOCTH
OuCI0s, YTO MOXKET MOHMXKATh CKOPOCTb TPAHCHOPTHBIX U APyrux IudQy3MOHHO-3aBUCHUMBIX
MPOIECCOB B MeMOpaHaxX, MOATOMY Y MHOTHX OPraHM3MOB €CTh CHeEIHaIbHbIC (hepMEHTATHBHBIC
CHCTEMBI, PEryJUpyIoLre MeMOpPaHHOE COJIepKaHUE X0JIeCTepUHA.

JIMmuHBI COCTaB HEKOTOPHIX JKHBOTHBIX M OaKTepHATBHBIX OHOJOTHYECKHUX MeMOpaH

nokaszaH Ha puc. 41. B ¢oTocuHTe3npyIOIMX THIAKOMIHBIX MEMOpaHax XJOPOILUIaCTOB OCHOBHBIM
KOMITOHEHTOM SIBJISTFOTCS TJTUKOJTATIATBI: OUayUICAIaKMOo3UNIUYEPUO (45%),
ouayunoueanakmoszuneauyepuo (30%) n ouayuncynvghoxeunogosunenuyepuo (8%), a HebOIbIINE
konudecTBa docdo-
JUMUJOB MPEACTABICHB! JHUIIb (HOCHATUAMITIULEPHUHOM, COJIEPKAIIUM HEOOBIYHYIO JKUPHYIO
KHUCJIOTY - MpaHc-eeKkcaoeyeHogylo. AHaIorn4eH JIMMUIHBIA cocTaB MeMOpaH BoAopociel (XoTs y
HUX HE BCTpEYaeTCs mpanc-TeKCaJlelleHOBOW KHCIOThl) M nuaHoOakTepuil. B To ke Bpems
MeMOpaHbl JIPYTHX PACTHTENBHBIX OpTaHEII COAEpKaT B OCHOBHOM T€ JK€ JIMMUABI, YTO |
MeMOpaHbl >KMBOTHBIX KIETOK. VX Ii1aBHas OCOOEHHOCTh - HHM3KOE COJAEp)KaHHE WJIM TOJHOE
OTCYTCTBHUE C(OUHTOMHEITMHA U BBICOKHI YPOBEHb MOJMHEHACHIIICHHBIX JKUPHBIX KUCIOT.

XO0TS OCHOBHBIE CTPYKTypHBbIE OCOOCHHOCTH OHOJOIMUECKHX MEMOpaH ONpeaessoTCs
CBOWCTBAMH JIMIUIHOTO OuWCos, WX cnenuduyeckrne QYHKIUU OCYIIECTBISIOTCS TJIABHBIM
oOpa3om OenkamMu. Tumbl OENKOB M UX KOIMYECTBO B MeMOpaHEe OTpakaloT ee (YHKIUIO: B
MHUEIMHOBOM MeMOpaHe, KOTopasi CIYXXHT TJIaBHBIM 00pa3oM sl M30JISIIUK HEPBHBIX BOJOKOH,
OenKu cocTaBisIOT MeHee 25% maccel MeMOpaHbl, a B MeMOpaHaX, CBS3aHHBIX C IPOLECCAMHU
MIpeBpaIleHNsl SHEPTUH (HalpuMep, BO BHYTPEHHUX MEMOpaHaX MUTOXOHJAPHHA M XJIOPOIUIACTOB),
Ha OenKu mpuxoauTcss okoio 75% maccel MemOpaHbl. B oObI4HON mtazmMaTHueckoi MeMOpaHe
0enKu cocTaBIsIOT 0Kosto 50% ee macchl. [10CKOIBKY pa3mep JIMITUAHON MOJIEKYJIBI BECbMa Mall TI0
CPaBHEHHMIO C pa3MepaMM MOJIEKYJIbl Oellka, U3 3TOro CIEAyeT, YTO B MEMOpaHe BCET/1a COAEPKHUTCS
3HAYUTENILHO OOJIbIIIe MOJEKYJ JUMHI0B, 4yeM OenxoB. Hampumep, ecnu Oenku coctaBisioT 50%
Macchl MEMOpaHBbI, TO Ha OJIHY OEJIKOBYIO MOJEKYJIY HPUXOAUTCSA MPUOIU3UTENBHO 50 JTUMHUIHBIX
MOJIEKYJI.

BonbIIMHCTBO GENIKOB, HA3BIBAEMBIX MPAHCMEMOPAHHBIMU, TTPOHU3BIBAIOT OUCION HACKBO3b
(OOBIYHO OJHUM WJIM HECKOJBKUMH a-CIIUPAJIbHBIMH y4YaCTKaMHM) U KOHTAKTHPYIOT C BOJHOMU
cpenoit mo obenm cropoHam mMeMOpansl (puc. 42 u 43, 1). JIpyras rpynma 6eIKOB CONPUKAcAETCs C
BOJIOM TOJNBKO C OJHOM CTOpOHBI OHcios. HexoTopble M3 HUX IMpHUKpEIUIEeHBl K MeMOpaHe IpH
MTOMOIIIM HEKOBAJCHTHBIX B3aWMOJCHCTBUI ¢ TpaHCcMeMOpaHHbIMU Oenkamu (puc. 43, 3). [pyrue
CBSI3BIBAIOTCA C MeMOpaHO 3a cyeT ruApo(OOHBIX IMOCIEAOBATEIBHOCTEH WM KOBaJEHTHO
CBSI3aHHBIX C HMMHU LENeH JKUPHBIX KHUCIOT, BHEAPSIOIMUXCA B OAMH WM JPYrod MOHOCIOW H
"3agkopuBaronx" 6e10k B MemOpane (puc. 43, 2, 4). U, nakoHel, TpeTbH OEIKU U3 3TOU TPYIIIBI
"mpununator" K MeMmOpaHe 3a CuUeT JJIEKTPOCTaTHUYeCKHX B3amMmozeicTBuii (puc. 43, 5). ITlo
CTENEHU IMPOYHOCTHU CBSI3U C MeMOpaHOil Oelku AENAT Ha nepugepuueckue W UHMeESPANbHbIE.
[Tepudepuyeckue OenKu BBICBOOOXKIAIOTCS M3 MEMOpPaHbl B CPaBHUTEIBLHO MSTKHX YCIOBUSIX
(HampuMep, MyTeM PKCTPAKIUH COJIEBBIM pacTBOpoM). MHTerpaibHbie OClIKH MOXKHO BBIJCITUTH U3
OUCII05 TONBKO C MIOMOIIBIO Jemep2eHnio8 1 OPraHNueCKUX PacTBO-
pureneii. [lomumo MeMOpaHCBSA3aHHBIX H PACTBOPUMBIX OEJIKOB, CYIIECTBYIOT
amgumponHvle benxu - OENKU ¢ IepeMeHHON THAPO(GOOHOCTHIO, CTOCOOHBIE
CYLIECTBOBATh TO B CBOOOAHOM, TO B MEMOpPAHCBA3aHHOM cOCTOSTHMH. CrienanbHble ()epMEHTHBIC
CHCTEMBl YIPABIAIOT TUAPO(YOOHOCTBIO TAKMX OENKOB, KOBAJEHTHO WJIM HEKOBAJEHTHO
NPUCOETUHSSI K HUM JKUPHBIE KUCIOTHI WM TUTIHLEPHIBL, U TEM CaMbIM YYaCTBYIOT B PETYJISIHH
IIPOILIECCOB B KJIETKE.

OTtnenbHBIE MOJIEKYJIBI JIMOUAOB CIOCOOHBI CcBOOOMHO auddyHaAMpOoBaTH B mpenenax
JUNUIHOTO Ouciios MeMOpaHbl. OHM OY€Hb OBICTPO BpAILlAIOTCSI BOKPYT CBOEH MPOJOIBHON OCH U
JIeTKO OOMEHHMBAIOTCS MECTaMH CO CBOMMH COCEISIMH B IIpelieiax OJHOTO MOHOCTOS (IIPUMEPHO
10" pa3 B 1 c¢). Takoil 0OMeH IPHBOAUT K OBICTPOil AU(dY3HH JIMIHIOB BIOIb MOBEPXHOCTH



MeMOpaHbel  (tamepanvhas Ou@dysus) ¢ kodbdumumentom D = 10° cm’/c. CrnonranHOE
NepeMeleHIe JTUIMHUI0B U3 OJJHOTO CIIOSl OMCIONHON MeMOpaHbI B Ipyroi (nonepeunas oughghysus,
i flip-flop-nepeckok) TOXe MOXKET MPOUCXOIUTh, HO OYSHb MeIeHHO. JIfo0as MHIMBH Ty alTbHAS
MOJIEKYJIa JIUMHJIA OCYLIECTBISIET TaKOW MEPECKOK peke, YeM OJMH pa3 B JBe Henenu. Juddysus
JUIMHAOB 3aBUCHT OT TEMIEpaTypbl, KUPHOKHUCIOTHOTO COCTaBa €€ KOMIIOHEHTOB M XapakTepa
B3aUMOJICHCTBUH MOJIEKYJ JUMHUIOB JApYyT ¢ ApyroM. IIoaBMXKHOCTE JIMIIUAOB MPU COXPAHEHUH UX
YHOPSIIOYEHHOTO PACIIONIOKEHHUST B MEMOpaHe MO3BOJISIET CUUTATh JUIMHIHBINA OMCION 08yMepHOll
AHCUOKOCIBIO WITH HCUOKUM Kpucmaniom. JIunuasl cnocoOHbl 00pa3oBBIBATh Klacmepyl - 00JIaCcTH,
B KOTOPBIX TUIOTHOCTH YITAaKOBKH MOXKET CYIIECTBEHHO OTIMYATBhCS OT COCETHHMX obmacteil. Bpems
KH3HH KIacTepoB mopsaka 10° - 107 ¢, KONMMYeCTBO MONEKYT B KIACTEPE - OT HECKONBKHX
JIECSITKOB JI0 COTEH, @ MEXKJIaCTEpHbIE 30HBI MOTYT 00pa30BbIBaTh 30HBI 1€(hEKTOB, 00JIEryaronuX
IIPOHUKHOBEHHE B OMCIIONH HEOOBIINX MOJIEKYII.

[MomBMXHOCTh JNHUMUAOB O00ECIEUYNBACT TaKXKe M TMOJBMKHOCTb MEMOpPAaHHBIX OEIKOB.
CrniocoOHOCTh MeMOpaHHBIX OEJIKOB MEePEIBUTATHCS B IIIOCKOCTH MEMOpaHbl MOKET ObITh, O/THAKO,
OrpaHUYEHA MPUTSHKEHUEM MEXIY (PYHKIMOHAIBHO CBSI3aHHBIMU OelTkaMu M 00pa3oBaHUEM HMH
KJIACTEPOB, YTO MPHUBOAUT K MO3aUYHOMY pAaCIpElesIeHUI0 MEMOpaHHBIX OCJIKOB B JIMIUJAHOM
oucnoe. [lpemmonaraioT, YTO TakKWe KJIacTepbl MEMOpPAHHBIX OEIKOB MOTYT JaTepabHO
mipPyHaupoBaTh Kak OJHO Iefoe. OTOT Hpolecc JEKUT, MO-BUAMMOMY, B OCHOBE TakK
HA3bIBAEMOTO  KINNUHed, T.€. TIEPEMEIICHUS ONpEACICHHBIX MEMOpaHHBIX OCIKOB B
cneun(puyeckue y4yacTKM U 30HBI MEMOpPaHbl, IPOMCXOJAIIEI0 Ha MPOTSKEHUU MX KU3HEHHOTO
uKta. [1oABMKHOCTH JIMIUIOB, KOTOPBIE HEMTOCPEICTBEHHO MPUMBIKAIOT K MEMOpaHHBIM OejKaMm,
CHJIBHO YMEHbIIaeTcs (Ha 2 - 3 mopsika) BCIEICTBUE UX B3aUMOJICHCTBUS ¢ OEIKOBOM
MOJIeKyJIOM. Takne Tunuabl Ha3bIBAKOTCA AHHYAAPHLIMU, VI CB3aHHBIMHA, U
MOTYT CYIIECTBEHHO BIMATH Ha (YHKLIMOHHPOBAHHE MEMOpaHHBIX O€NKOB. M3/10)keHHBIE BBILIE
NPEJCTAaBICHUS O CTPOCHHHM OHMOJIOTUYECKHX MEMOpaH Ha3bIBAIOTCS JHCUOKOCHMHO-MO3AUYHOLL
Mmooenvio MeMOpanbl (puc. 44). OcHOBHbIE ee MoJokeHHs Obutn chopmynupoBansl B 1972 1. C.
Jlxonotanom Cunrepom (J. Singer) u 'aprom Hukonconom (G. Nicolson).

Bce Guonornueckue MeMOpaHbl acummempuunsl. ITO BBIPAXKAETCA B TOM, YTO UX HApYKHAs
U BHYTPEHHSS MOBEPXHOCTH BCETJa pa3iMyaroTcs MO COCTaBy M ()epPMEHTATUBHOW AaKTUBHOCTH.
Tak, Hanpumep, BHYTPCHHHUH JTUMUIHBIA CJI0M MeMOpaHBI YPUTPOIMTOB UYEJIOBEKA COJCPKUT B
OCHOBHOM (oc(haTHIMIATAHOIAMUH U (QochaTHIWICEPUH, a BHEIIHHNA - (ochHaTHIAMIXOIUH U
CMHIOMHUENNH. ACHUMMETPUYHOE pAacClOJIOKEHUE JHMIUAOB B MEMOpaHE OTYacTH CBS3aHO C
TEPMOJMHAMHYECKOW BBITOJHOCTHIO HMX pacHpeAesieHHs MO COOTBETCTBUIO MPOCTPAHCTBEHHOMH
KOH(QUrypaluy JUMHIOB JIOKAJIbHOW KPUBU3HE MOHOCIOSA, & OTYACTU - C (YHKIMOHHPOBAHUEM
JTUMU-TIEPEHOCSIINX OSTKOB M ACUMMETPHYHBIM PACHOJI0KEHUEM (PEPMEHTOB JIMITUAHOTO OOMEHa.
Kpome Toro, TpaHCopTHBIE CUCTEMBI B MEMOpaHax, Kak MpaBWIO, ACHCTBYIOT TOJIBKO B OJHOM
HaNpaBJICHUH, TIOCKOJIBKY TpaHCMEMOpaHHbIE OEIKH-IEPEHOCYMKH OPHUEHTUPOBAHBI B MeMOpaHax
CTPOTrO B OJTHOM HalpaBJICHUM.

B MeMOpaHax HWMEIOTCS TakKe YIJIEBOJHBIE KOMIIOHEHTBHI, CBS3aHHBIE C JIUIHMIAMH
(enuxonunuovl) U OenKamMu (eauxonpomeunvl. W npomeociuxauvl) (CM. TEPBYIO Jeknwio). B
MeMOpaHax IIIMKO3UINpoBaHo okoyo 10% Bcex 6enKoB u OT 5 10 26% JIMNUI0B B 3aBUCUIMOCTH OT
00beKTa. YTJIEBOAHbIE LIENU OEJIKOB KOJEOIIOTCS MO COCTaBy OT JIBYX3BEHHBIX CTPYKTYp 1O pas-
BETBJICHHBIX |8-4JIEHHBIX OJIMTOCaxapu7OoB BeChbMa pPa3HOOOPA3HOTO CTPOCHHMS, Ha3bIBAEMBIX
enukanamu. HecMOTpst Ha OrpoMHOE pa3HOOOpa3ue MeMOpaH-CBA3aHHBIX OJMIOCAaXapUI0B, B HUX
OOBIYHO BCTpeyaroTcsi ToJdbKO 8 u3 Oonee yem 100 cymiecTBYIOIUMX B TMPHPOJE Pa3IMYHBIX
MOHOCAXapua0B, & UMEHHO: INII0K03a, raJlakTo3a, IaJaKTO3aMUH, TJI0KO3aMHH, CHAIoBas KUCJIOTa,
HellpaMHHOBas KHCIOTa, (hyko3a M MaHHO3a. TakuM 00pa3zoMm, 37ech TaK *Ke, KaK U B CTPOCHHUH
0€IKOB, HYKJIEMHOBBIX KHCIOT U IOJUCAXApUAOB OCYLIECTBISETCA KOMOUHAMOPHBIU NPUHYUN
obecneuenusi pasznoobpaszus. B cocraBe MeMOpaH COEIMHUTEIBHOW TKAaHHW BCTPEYAIOTCS
IPOTEOTTIMKAaHbI: YIJIEBOJHBIE KOMIIOHEHTbl B HUX CYJb(aTHUPOBaHBlL. YTJIEBOAHBI KOMIOHEHT
TJIMKOJIUIIMIOB TOXKE MOXKET OBbITh cynbdarupoBaH. B mmazmaTuueckux mMemOpaHax yTrieBOAHBIC
KOMIIOHEHTbI 3KCIIOHHMPOBAHbI B MEKKIETOYHOE IPOCTPAHCTBO, TOIAa KAaK HAa BHYTPEHHEH



MOBEPXHOCTH TUIa3MAaTHIECKOH MEMOpaHbI OJMTOCaXapUAHBIX T'PYNIAPOBOK MPaKTUYeCKH HeT. B
LIEJIOM B IIa3MaTHYECKOM

MeMOpaHe coepkaHue yrieBoaoB Bapbupyet ot 2 10 10% mno Becy. Crnoit

YIJIEBOJIOB, PACIOIOKEHHBIN Ha MOBEPXHOCTH OOJIBLIIMHCTBA 3YKAPUOTHYECKHX

kietok, HazbiBaeTcs [ JIMKOKAJIMKC. OcoGeHHO XOpOIIo TMIMKOKAIUKC Pa3BUT

Ha MOBEPXHOCTH XKHUBOTHBIX KJIeTOK. Hanpumep, "mymmucras" yrieBoaHas

000J109Ka Ha TTIOBEPXHOCTH IPUTPOIIUTOB (pHC. 45) UMEET TOJIINHY OKOJIO

100 HM, yTo mMpuOAM3UTENLHO B 10 pa3 mpeBbIIaeT TOJILMHY JIMOUAHOTO Oucios. OCHOBHOM
(GyHKIMEH TIMKOKAIMKCA, BEPOSTHO, SBISIETCS pEUenTOpHas (YHKIUS W ydacTHe B Tpoleccax
MEXKJIETOYHOTO y3HaBaHMs. VIMEHHO pa3nuuus B CTYKType OJMIOCAaXapUIHBIX TPy
[JIMKOIIPOTEMHA MEMOpPAHbl SPUTPOLMTOB 2IUKOGDOpuUHA ONPENENSIOT pa3ivuus TPYNI KPOBH Yy
JOAEH, CYyIIEeCTBEHHble Ui ee MepeiauBaHus. M HUMEHHO Wu3-3a pPa3Iuyuus YIJIEBOIHBIX
KOMITOHEHTOB TJIMKOIPOTEHHOB TIMKOKAIMKCA NPU TMEPecasike KOXH MM KaKOro-JIHO0O Jpyroro
oprasa (HarmpuMmep, MO4eK WK cep/ia) OT OJHOrO YesIoBeKa JAPyroMy Heo0XoaAuMa WACHTUYHOCTh
TKaHEW JJOHOpPA U PELUIIMEHTA /ISl YCIEIIHOTO IPHKUBIICHUS TPAHCIUIAHTUPYEMOI TKaHH.

3agaua 27. CKOJIBKO MOJIEKYJI JIUIIHIOB CONEPKUTCS B TUIa3MaTHUECKOI MeMOpaHe
cheprudecKoi KIETKH MIICKOITUTAIOIIETO 00BEMOM 4710° eM’, ecim oHa MOJIEKYJIa JTUMHUIA
3aHEMaeT rromaznp 0.7 HM>?

3amaua 28. 3a kakoe cpeaHee BpeMs MOJIeKyJla MEMOpPAaHHOTO JIMMHUIA COBEPIIUT
"KpyTroCBETHOE MyTemecTBHe" [0 SKBATOPy cheprueckoil KieTku oobemom 47107 cm’?

3amaua 29. [Ipeanonoxum, 4To OEIOK SBISETCS HETUAPATUPOBAHHOM, )KECTKOM ChepruIecKoi
qacTuIeii ¢ mIoTHOCTHIO 1.35 T/eM’ 1 Mon. Maccoii 100 kJa. Uemy pasen kodddurment auddysun
storo Genka npu 37°C B MeMOpaHe, BS3KOCTb KOTOPoii coctasisier 1 myas (1 myas = 1 apric/em’)?
CpaBHUTE TONY4YEHHOE 3HadeHHE C KOd(p(UIMEHTOM JarepaqbHOW AU(Py3un IUNUAOB U C
JTAHHBIMU TaOJIUIIBI 5.

YCTAHOBJIEHUE PABHOBECHS 10 PASHBIE CTOPOHbBI MEMBPAHBI

Ecnu memOpana siBisieTCsl IPOHULIAEMOM JJI11 MOJIEKYJI paCTBOPUTEINSI M HEMTPOHUIIAEMOM st

MOJICKYJl PacTBOPEHHOI'O BEILIECTBA, TO OHA HA3bIBACTCS noaynpoHuyaemou. Ecnu Monekynsl,
HECIIOCOOHBIE NMPOWTH CKBO3b MEMOpaHy, HaXOAATCA TOJBKO IO OIHY CTOPOHY MEMOpaHbI, TO
CTpEeMJICHHE K BBIPABHHUBAHUIO KOHIICHTPAIIMI BBI3OBET MEPEHOC MOJEKYJI PAaCTBOPUTENS depes
MeMOpaHy, HalpaBJCHHBIM Ha pa30aBiIeHHUE pacTBOpa 3THX MOJIeKyJ (puc. 46). DTOT mepeHoc
pacTBOpUTEN TMPEKPaTUTCS JIMIIbL TOTJa, KOTJa OH OyJeT CKOMIICHCHPOBAH BO3HUKIIUM
M30BITOYHBIM THPABINYECKUM JABICHUEM PACT-
Bopa. Oto maenenue HazpiBaercs OCMOTUUYECKUM JABJIEHUEM (p) u B npubausicenuu
uoeanvHoco pacmeopa onucbiBaeTcs ypaBHeHueM p = cRT/M, rage ¢ - KOHIEHTpanusi He
MPOHHUKAIOIIUX Yepe3 MeMOpaHy MOJEeKyd B /i, R - yHuBepcanbHas razoBasi moctostHHas (8.31
I[>K7M0JIL'I7K'1), T - abcomoTHas Temriepatypa, a M - MoJeKyJspHas Macca HETpPOHUKAIOIINX
MOJIEKYI.

Jly1s OMOJIOTMYECKUX CUCTEM 3TO YpaBHEHHUE MOKA3bIBAET, YTO B CIIy4ae HAKOIIJICHUS MO OJHY
cTopony (docdonunuaHol MeMOpaHbl OTHOCHTEIHHO MAJIbIX KOHIICHTPAIMH KPYMHBIX MOJEKYI
MO>KET BO3HUKATh BECbMa 3HAUMTENbHAsI pA3HOCTDH JaBieHuil. Harpumep, pa3dnuuue KOHIEHTpAIHii
OENKOB B
0.1 Monwp/n1 MmO pa3Hble CTOPOHBI MeMOpaHbl MPUBOJUT K BO3ZHUKHOBEHHIO OCMOTHYECKOIO
naBienus 2.5 atm. VIMEHHO OCMOTHYECKOE [aBliCHHE TMPUBOAUT K pPa3pblBy OOOIOUKH
MIPOPACTAIOIIET0 CEMEHU, OHO TAaK)K€ UTpaeT OOJBIIYIO0 pOJib B MpOLEccax BCAChIBAHUS BJIArU U3
MOYBHI KOPHSIMU M TIOJBEME BEIIECTB MO CcTeONI0 pacTeHus. JKuBas KJI€TKa 4yBCTBYET ceOs 1mo-
pa3HOMY B pacTBOpax ¢ pa3HbIM OCMOTHYECKUM JAaBiieHHEM (puc. 48): B pacTBOpax C MOHUKEHHBIM
OCMOTHYECKHM JaBIECHUEM (2uUnomonuyeckuti pacmeop) KIETKHU MOTJIOLAI0T BOLY, U €CIIM OHU HE
3alUIICHb] KJIETOYHOW CTEHKOM, TO JIOmaroTcsl (7zu3uc); B pacTBOpax C TOBBIIIEHHBIM
OCMOTHYECKHM JaBJICHUEM (cunepmoHuyecKull pacmeop) KIETKH TEpsSIOT BOAY, COAEPKUMOE



pacTUTEIbHOM KJIETKM OTCTaeT OT KIETOYHOM CTeHKU (nmra3monu3), a >KUBOTHas KIIETKa
cMOpLIUBaeTcs. XOPOIIO ce0sl UyBCTBYIOT KJIETKH TOJIBKO B U30MOHUYECKOM PACMEope.

WN3mepenuss ~ OCMOTMYECKOTO  JaBJEHMs ~ pacTBOpa  H3BECTHOM  KOHLEHTpALUU
HEMPOHUKAIOLIET0 4epe3 MeMOpaHy BeIIecTBa I03BOJIIOT OMNPEAETUTh MOJIEKYJSIPHYIO Maccy
3TOrO BelecTBa. /{1 peanbHBIX paCTBOPOB MOXKET ObITh UCIIOJIB30BAHO 00JIEE TOUHOE YpaBHEHHE B
BUJIE BUPHUAIBHOIO pa3jokeHus mno creneHsMm c: p = RT (M'lc + Bc? + .), tae B - BToOpoii
BUPHAIBHBIN K03 duiuertr. OObIYHO MJI 3TOTO CTPOSAT TpaduK 3aBUCHUMOCTH p/c OT c. B
OOJIBIIMHCTBE CIyuYaeB TaKoW rpaduk MpeAcTaBiseT cOOON MpsSMYIO ¢ HakIoOHOM, paBHbBIM RTB,
KOTOpas mepecekaer och opAauHaT B Touke RT/M. OmHAaKO JOCTaTOYHO TPYAHO OCYIIECTBUTH
TOYHBIE H3MEPEHUs HEOOJBIIMX 3HAYEHUH OCMOTHMYECKOTO JaBJCHHS, MOITOMY ISl TaKHX
M3MEPEeHUH HEeOOXOIUMBI JOBOJIGHO OOJIBIIME KOJIHMYECTBA M3MEPSEMOro BEIIeCTBA, OCOOEHHO IO
CPaBHEHHUIO C APYTHMMH METOJIAMHU.

Ecnn makpoMounekysbl, HaxXoJsdLIUecs MO OAHY CTOPOHY IOJIyIPOHUI[AEMONH MeMOpaHbl,
JIEKTPUYECKH 3apsDKEHBI, KaK 3TO OObIYHO M ObIBaeT, TO OHU OyIyT BIMATH HA PacHpelesieHHe
MaJIbIX MOHOB MO pa3Hble CTOPOHBI MeMOpaHbl (puc. 47). DTo siBieHHe Ha3biBaeTcs dhdexkrom
Jlonnana (Donnan
FJ., 1911). Ecam 3apsg MakpoMmoJeKylbl 2z, a KoOHUeHTpauus [M], To ypaBHEHUS
ANIEKTPOHEUTPAIIBHOCTH PACTBOPOB JJIsl CUTyalluH, IOKa3aHHOM Ha pucC. 47, ClelyeT 3amucaTh Kak:

[A+](1):[B'](1) 1 [AT1%+ z[M] = [B]?, rae nHmexkc B CkOOKAax MOKa3bIBAcT CTOPOHY OT
MeMOpanbl. W ecnu KOHIIEHTpalusi MajablX HOHOB Ha CTOpOHE 1: [A+](1) = [B'](l) = [C], 10
PaBHOBECHOE COOTHOLIEHHE

o= [A+](1)/[A+](2) = [B_](l)/[B-](z) =

= z[M]/2[C] + 1 + (z[M]/2[C])* ',
Ha3bIBAEMOE TaKXKe JOHHAHOBCKUM OTHOLIEHHEM, B 00lIeM citydae OyaeT OTIMYHO OT 1. Dddext
JlonHana OyneT TeM cuiibHee, 4eM OOJIbIIe 3aps] MaKpOMOJIEKYJl M BBIIIE MX KOHIIEHTPAIHS,
HaNpoTHUB, MOBBIIIEHUE HOHHOM CHJIBI pacTBOpPA, T.€. KOHIEeHTpauuu [C], yMeHbIIaeT 3TOT 3P PeKT
BIJIOTh JO IIOJHOTO YyCTpaHeHus. Jlaxke mnpu OTCYyTCTBUM B pacTBOPE HMOHOB COJEM H3-3a
JIMCCONMAIIMK BOJIbI B HEM Beeria ecth noHsl H' 1 OH, 1 B pe3ynbTate NPUCYTCTBUS 3apAKEHHBIX
MaKpOMOJIEKYT C OfHOH CTOpOHBI MeMOpaHbl koHueHTparuu H' u OH™ mo pasHble CTOPOHEI
MeMOpaHbl pazianuHbl. HepaBHOMepHOE pacnpesieseHre B CBOIO 04epelb IPUBOAUT K HOJSPU3ALUH
MEMOpaHbI U MOSBICHUIO Ha HEeW membpannozo nomenyuana (RT/F)lnrp, Tne R - yHuBepcanbHas
ra3zoBas rnocrosiuHas, T - abconoTHas Temmeparypa, a F - uncno dapanes (96 487 Kn/moinb).

3amaua 30. B 1 M Boabl pactBopeno 80 mr ucciemnyemoro 6enka. OCMOTHYECKOE AaBICHUE
sToro pactopa npu 25°C okazanoch paBHbIM 12 MM pT. cT. (1 atm = 760 MM pr. cr. = 101 325 ITa).
KaxoBa moi. Mmacca uccnemgyemoro 0enka?

3amaua 31. KoHLEHTpany MCXOIHBIX PacTBOPOB cjieBa U ClpaBa OT MOJYNPOHHUIAEMOM
MeMOpaHbI paBHBI cooTBeTcTBeHHO [MgCl,]| = 0.003 M u [Mg(Prot),] = 0.001 M, rxe Prot - 6emoxk.
Ipenebperas IUCCOLMALIAEH U IEPEHOCOM BOJIBI, PACCUHTAlITE PABHOBECHBIE KOHIEHTpari Mg
u Cl' o 00e cTopoHBI MEMOpaHbl U MEMOPAHHBIH TOTSHIIHAIL.

TPAHCIIOPT UEPE3 BUOMEMBPAHBI MAJIBIX MOJIEKYJI

B mpeapiaymiem paszzgene ObUIM ONMUCAHBI (PU3UKO-XUMUYECKHE OCHOBBI HEPaBHOMEPHOIO
pacmpeneneHrss MOJEKYJl M HWOHOB TIO pa3Hble CTOPOHBI IJUMUAHOW MeMOpaHbl B Ciydae
TepMOJUHAMHUECKOro paBHoBecHs. OJHAaKO »HUBas KIETKa HE JOBOJLCTBYETCS IaCCHBHBIM
nepepacnpe/ie;icHueM  BEIIECTB  MEXKAy  OOJacTsIMH, pa3[eICHHBIMH  TOJYNPOHUIIAEMOM
MeMOpaHOii, a aKTUBHO BIIUSET Ha 3TO paclpejesieHue, T.e. OCYIIECTBISET mMpPaHCnopm BEUIECTB.
Mounexyiibt
TPAHCIIOPTUPYEMBIX BEILIECTB MJIK HOHBI MOTYT NIEPEHOCUTHCS Uepe3 MeMOpaHy
1) He3aBUCHMMO OT HAJIUYUS U MEPEHOCA NAPYTUX COCAUHEHUU - YHunopm, 2) UX MEPEHOC MOXKET
OCYIIECTBIISITHCS OJTHOBPEMEHHO M OJHOHAMNPABIEHHO C APYTMMU COCIUHEHUSIMU - cumnopm 1 3)
TPAHCIIOPT COCAMHEHUH MOXKET OBITh OOYCIIOBIEH OJHOBPEMEHHBIM W IPOTHUBOIOIOKHO
HAIPAaBJIEHHBIM TPAHCIIOPTOM JAPYTOro COeAMHEHUs - anmunopm (puc. 49). CUuMOoOpT U aHTUIOPT



MIPEJCTABISIIOT CO0OM BHIBI Kompancnopma, TPU KOTOPBIX CKOPOCTb CYMMAapHOIo Ipolecca
KOHTPOJHMPYETCS HAJIWYMEM U JOCTYIMHOCTBIO JJIi CHCTEM IepeHoca O00OMX MapTHEpPOB
TPaHCIIOPTHOTO Mpolecca. Eciau TpaHcnopT uaeT caMonpou3BOJIbHO 10 TPaJueHTy KOHLEHTpAuU
U(MIM) SJEKTPUYECKOMY T'PaJUEeHTy, OH Ha3blBaeTcsl naccusHvim. HampoTuB, mepeHoc BeEIEeCTB
IIPOTUB TpaJMeHTa KOHUEHTpaluuu HW(WIM) 3JIEKTPUUYECKOTrO TIpajueHTa, TpeOyroluil 3arpar
SHEPTUH, Ha3bIBaeTCs akmusHuiM (puc. 50).

K maccuBHOMY TpaHCTIOPTY OTHOCST npocmyro oughqhysuio, KananibHulil
mparncnopm u obnezuennyio oughgysuro (puc. 50). [Ipocras g dysus ocy-
IIECTBIISIETCS, HE TpeOysl CIeMaIbHBIX MeXaHNU3MOB. JIunuaHas nBycioiiHas MeMOpaHa o0ianaeT
OYEHb MAJION MPOHMIIAEMOCTHIO JUUIsl HOHOB U OOJIBLIIMHCTBA MOJIAPHBIX MOJeKys. VckiroueHue u3
IpaBWJIa COCTAaBJSIET BOJA, MPOHUKAIOIIAs dYepe3 Takue MeMOpaHbl. OKCIEPUMEHTAIBHO
ToJTydeHHbIe KO3(HIMEHTE MPOHHIAEMOCTH PA3HBIX BEIIECTB BapbHPYIOT B mpegenax or 1077
cm/c st Na' o 107 em/c s Bogsl. KoddyHIMenTs MPOHHIIAEMOCTH JUTS HA3KOMOJCKYIPHBIX
COEMHEHUI KOPpEeNupyOT ¢ OTHOLICHHEM HX PAaCTBOPHUMOCTH B HEMOJIIPHBIX PACTBOPUTENSAX K
pacTBOPUMOCTH B BOJ€. JTa 3aBUCHUMOCTb JA€T OCHOBAaHUE JAyMaTh, YTO HU3KOMOJIEKYJISIPHbIE
COEZMHEHUS MPOXOJAT CKBO3b JIBYCIOWHYIO JIMITUAHYI0 MeMOpaHy ClIeIyIolmM o0pa3oM: cHavana
OHU TEPSIIOT OKPYKAIOIIYI0 MX THAPATHYIO O0OJIOUKY, 3aTEM pPaCTBOPSAIOTCS B YIVIEBOAOPOIHOM
BHYTPEHHEM CJIo€ MEMOpaHbl, ocie yero AuGyHaupyoT yepes3 3TOT BHYTPEHHHH CI0i K Jpyroi
CTOpOHE MeMOpaHbl, IJle BHOBb pPacTBOPSIOTCS B Bojae. KaHanbHBIN TpaHCHOPT OCYLIECTBISIOT
CriellMabHble TpaHCMeMOpaHHbIe OeIKH, (GOpMUPYIOIIHME B JIMIUAHOM CJI0€ CKBO3HBIE NMPOXOIbI -
kananwl. KaHanel Aenarcs Ha unougepenmuule, ariocmepuyeckue U nomenyuai-3asucumsie. Ecam
UHAM(EpEeHTHBIE KaHallbl OTKPBITBI BCE BpPEMs, TO MOCIEAHHE JABE PA3HOBUIAHOCTH HMEIOT
"BopoTa", KOTOpbIE OTKPBIBAIOTCS TOJBKO IMPU HATUYUU MOJEKyNbl-tueanda (puc. 51, A) wiu
U3MEHeHUH MeMOpaHHoro noreHuumana (puc. 51, b). Ob6neryennas nuddysus ocylecTBiIseTCs
benkamu-nepenocuuKamu, KOTopble CIeUU(UUYECKH CBS3bIBAIOT U IMEPEHOCAT MOJIEKYJbl 4epes3
JUNUIHBIA OUCioi. DTO He TpeOyeT nepecKkakuBaHus OesIKa-MepeHOCYrKa U3 OJJHOI0 MOHOCJOS B
JIPYro¥ WK NepeMELICHUs
€ro B3aJ-BIIEpe]] Yepe3 JUMMIHBIA OMCION, OH IPOCTO MpeTepreBaeT OoOpaTUMble U3MEHEHHUs
MPOCTPAHCTBEHHON CTPYKTYPBI B PE3yJIbTaTe CBSI3bIBAHUSA-OTCOCAMHEHUS MEPEHOCUMBIX MOJEKY
(puc. 52).

AKTUBHBIN TPAHCTIOPT ObIBACT nEePEUUHO-AKMUEHBIM (OCYIIECTBIISIETCS
HETMOCPEJCTBEHHO 3a CYEeT MCIOJIb30BaHUA KAaKOU-JIMOO HHEPIUU) W GMOPUUHO-AKMUBHBIM
(ocymiecTBisieTcss MO TPajMEHTy, CO3JAaHHOMY B MpOIECCe MEPBUYHO-AKTHBHOTO TPAHCIIOPTA).
[TepBuYHO-aKTUBHBIN TPAaCIOPT MOKET MPUBOJUTCS B ACHCTBUE PHEPTUEH CBETA WM XUMUYECKOM
sHeprueit ruaponusa ageHosuHTpudochara (ATD). [Ipumepom cBETO3aBUCUMOTO HAcOCa SBISIETCS
0enok baxkmepuopoooncun 6axrepun Halobacterium halobium. 10T TpaHCMEMOpPaHHBIA OEIOK C
Moi. Maccor 26 kJla (248 aMHHOKHCIIOTHBIX OCTAaTKOB) COJEPXKUT B CBOEM cocTaBe Xpomodop
pemunansy. Ilornomenne KBaHTa cBeTa peTHHAJIEM BBI3BIBAET €ro mpanc 6 yuc N30MepU3alnIo, 4To
IIPUBOIUT K M3MEHEHHIO KOH(OpMAIH GaKTepHOPOIONCHHA ¥ OTIIETNIeHHIo HoHa H' B BoxHYIO
a3y cHapyxu KieTkH. JlenpoToHu3anus 0aKTepHOPOAOIICHHA ONATh MEHSET €ro KoH(opMaluio,
Tocyie 4ero oH MPOTOHHPYETCS, HO Ul STOH IeTH HCHomb3yeTcs H', MOoCTymarommii H3HYTpH
OakTepHaTbHOM KJIETKU. TakuMm oOpa3oM, Ha KaXKIbIi IMOTJIOMICHHBIH (OTOH M3 OaKTepuaIbHOM
KJIETKN "BbIKauuBaeTcs" MpOTOH. Yale Bcero BCTpeyaeTcsl UCHOab30BaHuE sHepruu AT s
aKTHMBHOT'O TpaHCIOpTa 4epe3 MeMOpaHy. B ruiazmatuueckoil MeMOpaHe Kak *KMBOTHBIX, TaK U
PACTUTENBHBIX KIETOK BCET[a UMEIOTCS Hampueso-kanuesvie Hacocwl (Na K -ATDazvt), KOTOpEIE
paboTAIOT MO NPHHIMITY aHTHIIOPTA, MepeHocss 3 moHa Na' u3 KIeTKH B 0OMeH Ha 2 moHa K
IIPOTMB TPaJHEHTOB HMX KOHIEHTpaluii (a B clTydae HOHOB Na U IPOTUB IIEKTPUYECKOTO
rpajiieHTa). OTOT OOMEH HyX€H KJIeTKaM JUlsl TeHepaluy U MOAJEePKAHUSA Pa3HOCTH MOTEHIMAJIOB
Ha IUTa3MaTHYecKkoil wmemOpaHe. B m000i kMBOW KIETKE BHYTPEHHSS IOBEPXHOCTH
IUIa3MaTUYECKOM MeMOpaHbl 3apsyKeHa OTPULATEIbHO 110 OTHOUIEHHIO K €€ HapyKHeH
MOBEPXHOCTH, ¥ BEJIMYMHA MEMOPAHHOTO MOTEHIIMAa BapbupyeT B npeaenax ot -20 xo -200 mB B
3aBUCUMOCTH OT OpraHW3Ma, TUNA U (PYHKUMOHAIBHOTO COCTOSIHMSA KJIETKH. OJTa pPa3HOCTb



MIOTEHLIMAJIOB MOXKET B CBOIO OYE€pEllb CIYX HUTh KaK MCTOYHHMK 3HEPIMH JUIsl TpaHCMEMOpaHHBIX
TPAHCHOPTHBIX IPOLECCOB, HCIOIb30BAThCS I PETYJIATOPHBIX HYXI (Hampumep, peryssiiuu
COCTOSIHUSI KaHalla, KaK IMOKa3aHo Ha puc. 51), a B HEPBHBIX KJIETKaxX Ha €e OCHOBE (hopMHUpyeTCs
TIOTeHIHAN AeicTBus (Hepaubiii umnyise). Na K -ATda3a moMoraer Takke peryImpoBaTh 00beM
KJIETKU, TaK KaK OHa KOHTPOJUPYET BHYTPHUKIETOUHbIE KOHIIEHTPAlUU PACTBOPEHHBIX BEILECTB, a
CJIeZIOBATENIbHO, 1 OCMOTHUYECKUE CUJIbI, TPUBOSAIINE K pa30yXaHUIO WIN CKaTHIO KieTku. [lo-
3TOMy IpH 06paboTKe KMBOTHBIX KIETOK yaGamHoM, mHruOupytommm Na',K'-ATdasy, onu
pa30yxaroT U paspeiBatoTcsi. BoT mouemy Ha oGecriedeHne paboOThl 3TOrO HAacoca 3aTpauMBaeTCs
Oosiee TpeTH HEOOXOAUMOM KUBOTHOH KJIETKE SHEPTHUH.

Mexaumsm pabotsl Na',K'-AT®assr nokazan Ha puc. 53. Konmepas docdaTnas rpymnma
AT® B mpucyrctBuu Na' mHpucoemuHseTcs K OCTaTKy acHapardHOBOH KHCIOTHI B MOJEKyJe
AT®a3p1. Na'-3aBucumoe dochopunuposanue u3MeHseT koHpopmanuo ATdassl, 4T0 IPUBOIUT
K BeBesieHMI0 Na' m3 kiretkn. HaoGopor, B mpucyrereun K’ nponcxomut nedochopunnpopanme
AT®a3pr, uto BEI3BIBaeT mnepeHoc K’ BHyTps KineTku M BosBpameHme Na' K'-macoca B
TIepBOHAYATIBHOE COCTOSHUE. B pesynbTate Mpu THApONM3e Kaxmoi Mosekymsl AT® 3 moma Na'
BBIKAUMBAIOTCA Hapyxky U 2 woHa K' 3akaumsaroTcs BHYTph. OnHa monexyna Na' ,K'-ATda3el
MOkeT Tapornus3osath 10 100 momekyn AT® 3a 1 c. Jlyume Bcero msyuena Na',K'-ATdaza
IUIa3MaTUYECKO MeMOpaHbl >KMBOTHOM KIJIETKH: OHA COCTOMT U3 ABYX cyOwbeaumHull. bosbmas
cyorenuaunmia (~100 x/la) ob6namaeT KaTAIMTUHIECKOW aKTUBHOCTHIO M UMEET YYACTKH CBSI3bIBAHUS
Na"u AT® Ha nuTOmIa3sMaTHYeCcKOl TOBEepXHOCTH U At K Ha Hapy’KHOI, a acCOIMMPOBAHHAS C
Hel MeHbInas cyoseauanma (~45 xJla) sBIseTcs TIMKOMPOTCHHOM, U €€ QyHKITUS HE H3BECTHA.

JIpyruM  IIMPOKO PACHPOCTPAHEHHBIM HOHHBEIM HacocoM sBisercs Ca’ -AT®asa.
Konnentparus nouo Ca>’ B IMTO307¢ 3yKAapHOTHUECKHX KIETOK IONCPKHBACTCS HA TOPA3I0
6onee Hu3KOM ypoBHe (,107 M) 10 cpaBHEHHIO ¢ ero KOHIEHTparueil cuapyxu kietku (107 M) ¢
nomomio pabotsr Ca’'-ATdas. ITorok moroB Ca’’, ycTpemysiOmmiics MO CTOTb KPYTOMY
KOHIIEHTPALlMOHHOMY TPaJIMEHTY B OTBET Ha BHELIHHE CUTHAIBI, - BAXKHBINA c1I0CO0 Mepeaun Takux
CUTHAJIOB Yepe3 IIa3MaTUYecKylo MeMOpaHy BHYTPb KJIETKU. Boiblle BCEro JaHHBIX MUMEETCS O
Ca’’-Hacoce u3 MeMOpaH SHIOMIA3MATHYECKOTO PETHKYJIyMa MbIIICUHBIX KJIETOK, HA3BIBAEMOTO
capkonaasmamuyeckum pemuxyaymom. CapKoIIa3MaTUYECKUN PETUKYIYM CIIyXKHUT BHYTpPHK-
JICTOUHBIM XPAHHMIAIIEM HOHOB Ca’ , KOTOPbIE BHICBOGOXKIAIOTCS B IATO30Mb B OTBET HA HEPBHbII
MMITyJIbC, CTUMYIIHPYS MBIIICUHYIO KIETKy K cokpamenno. Ca’-ATda3a capKomia3sMaTHIECKOro
peTuKyiayma npeacTanisieT coboit 6emok (~110 k/la), 3akaunBaronuii BHyTpbh PETUKYIyMa 2 HOHA
Ca’" Ha KaXIyI0 MHAPONM30BaHHYI0 Monekyy AT®, uro6bl yopaTh BRICBOOOIMBIIMICS BO BpEMs
cokpamennst Ca®” W3 IHTO3018 M CKOHIEHTPHPOBATh €rO JUISL CIEAYIOMEr0 COKpAIICHHS
mbimreunoit kietkn. Ca’'-ATdasa rugpommsyer 10 10 momexyn AT® 3a 1 ¢ u cocrasmser 90%
Bcero 6enmka MeMOpaH capKoria3Ma-

TUYECKOTO pETHKYIyMa. Pa3nmuuHble BUABI TPAHCIIOPTA HOHOB Yepe3 KIETOYHbIE MEMOpaHbI
CyYMMHPOBaHbI Ha puc. 54.

Emre oauH crmocod akTUBHOTO TPAHCIOPTA 3aKII0YACTCSA B TOM, YTO MOJIEKYJIbI, IPOHUKIIIHIE B
KJIETKy IOCPEICTBOM IIACCUBHOIO TPAHCIOPTA, XHUMHUYECKH MOJUPHUUIUPYIOTCS C 3aTpaToi
SHEPIuH, TaK YTO MOAM(DUIMPOBAHHBIE MOJEKYJbl YXKe HE MOTYT BBIUTH OOpaTHO uyepe3 TOT XKe
kaHan. Takoll croco® Ha3bIBaeTcsi ekmopHuiM neperocom epynn. OH 4HacTO BCTpEHaeTCs y
OakTepHii MpU TPAHCHOPTE CaxapoB: MpPHU TEpeHOCE Yepe3 IIa3MaTHYecKylo MeMmOpaHy caxapa
bochopunupyroTcsi, CTAaHOBSTCA 3apsXKEHHBIMM M HE MOIYT BBIATH OOpaTHO, IMO3TOMY OHH
HAUYMHAIOT HaKaIuIMBaThcs B KieTke. Ilpu 3ToM KoHIeHTpauus HehoCPOpHIMPOBAHHBIX CaXapoB
BHYTPH KJIETKH OCTA€TCA OYEHb HU3KOM, M caxapa IMPOJOJDKAIOT MOCTYNATh B KJIETKY 110 TPaAUEHTY
KOHIIGHTpaUuU. MeXaHU3M COMNpPSDKEHHOTO € TPAaHCHOPTOM  (pochOopHIupoBaHUS CaxapoB Y
OaKkTepuil JOBOJBHO CIIOKEH: B HEM YYaCTBYIOT, II0 KpaiHE! Mepe, 4eThIpe pa3HbIX MEeMOpaHHbIX
Oenka, a B KauecTBe AoHOpa ¢ochaTHON rpynmbl ucnonb3yercss He ATD, a pocdoenonnupysar
(puc. 55).

BTopu4HO-aKTHBHBIE TPAHCIIOPTHBIE CHCTEMBI pabOTaIOT Kak KOTPAHCIIOPTHBIE CUCTEMBI. B
JKUBOTHBIX KJIETKAX KOTPAHCTIOPTHPYEMBIM MOHOM 0ObIUHO siBistercst Na'. Hanmpumep, akTHBHBIH



TPAHCIOPT HEKOTOPBIX CaxapoB M aMHUHOKHMCIOT BHYTPb KMBOTHBIX KJIETOK OOYCJIOBIUBAETCS
rpaguentoM Na' uepes TasMaTHUeCKylo MeMOpaHy. BcachiBaHue TITIOKO3BI B KIETKH KHIIEYHHKA
¥ MOYeK OCTHTAeTCs C MOMOIIBI0 CHCTEMBI CHMIIOPTA, B KOTOpOH TMIOKO3a M HOHBI Na'
CBA3BIBAIOTCA C pPa3iIMYHBIMU yYacTKAMH Ha OelKe-IepeHOCUMKE IJIIOKO3bl (puc. 56). Na'
CTPEMUTCSI BOMTH B KJIETKY IO CBOEMY D3JIEKTPOXMMHUYECKOMY TPaJUEHTy U Kak Obl "Tamut"
TIIOKO3y BHYTph 3a co0oil. Uem Bwime rpamueHT Na', TeM 6ofblie CKOPOCTh BCACHIBAHUS
TIMOKO036L. Y1 Ha0G0poT, ecnu KOHIeHTpauss Na' BO BHEKIETOUHON >KMIKOCTH 3aMETHO yMEHb-
1IaeTcs, TPAHCMOPT TIIOKO3bl OCTaHaBIMBaeTcs. Monbl Na', TIpoHMKaolmue B KIETKY BMecTe C
TIIIOKO30H, BHIKaumBatoTca obpatHo Na',K'-ATdasoif, KoTopas, NOIIepKUBas T'PATHEHT
KOHIEHTpaluy Na', KOCBEHHBIM TTyTeM KOHTPOJHpPYET TPaHCHOPT TIIOKO3BL B mimasMaTHueckux
MeMOpaHax MHOTHX KUBOTHBIX KJIIETOK CYIIECTBYET, 110 KpallHEel Mepe, 5 pa3iuyHbIX OENKOB Iepe-
HOCUMKOB aMHUHOKHUCIIOT, KOTOPBIE JEMCTBYIOT KaK CUCTEMBI CUMIIOPTA, IIEPEHOCS OJHOBPEMEHHO
woHbI Na', mHpudeM Kaxkablii W3 JTHUX OENKOB crenudHMYeH IS TPYNIbl  POACTBEHHBIX
aMMHOKHUCIIOT. Y OakTepuil OOJBIIMHCTBO CHUCTEM AaKTHUBHOIO TPAHCIOPTa, MPHUBOJAIIUXCA B
JieficTBYIe MOHHBIMH TPANEHTaMH, HCIIONb3yeT B Ka4ecTBe KOTpaHCIopTupyemMoro nona H', a e
Na'. B 4acTHOCTH, aKTHBHBIH TPAaHCTIOPT GOMbIIEH YACTH CaXapoB U AMHHOKHCIIOT B
GaKTepHaTbHbIE KIETKH 00ycIoBIeH rpaaientoM H' depes miazsMaTHIecKyo

MeMOpaHy. Haubonee Xxopo1o n3y4eHHbli MpuMep TaKoro pojia - 3TO TpaHCMEMOpaHHbIH OeloK-
MIEPEHOCUHK JIAKTO3bI (nepmeasa, ua M-6enok), cocToSsIIINN U3 01HOM nonunentuaHon nenu (30
k/la) u ocymecTastomuii H' -3aBUCHMBIil CHMIIOPT: ¢ KaX /101 TPAHCIIOPTHPYEMOii B KIETKY
MOJIEKYJIOU JIAKTO3bI IEPEHOCUTCS OAMH IIPOTOH.

TPAHCIIOPT YEPE3 BUOMEMBPAHBI MAKPOMOJIEKYJI

TpancnopTHbele Oenku MeMOpaH OCYLIECTBISIOT IEPEHOC MHOTMX MOJSIPHBIX MOJIEKYJ
HEOOJIBIIIOr0 pa3Mepa, HO OHU HE CIIOCOOHBI TPAHCIOPTUPOBATH MAaKpOMOJIEKYJBI, HalpHMeEp,
OesKy, MOJIMHYKJICOTU B! WU Nonucaxapubl. [lepeHoc Takux MakpoMOJIEKyJ IPOMCXOJUT 33 CUET
CIIMSHUSL ~ WIM  OTIICIUIGHUS ~ OKPYXXCHHBIX  MEMOpaHOW  Iy3bIPBKOB,  COJEpIKalluX
TpaHCHOpPTHpYEMBIe BemiecTBa. [Iporecc cimsHUS My3bIPHKOB C IIa3MAaTHYECKOH MeMOpaHOH, B
pe3ysbTaTe KOTOPOrO COJEPKUMOE ITy3bIpbKAa OKAa3bIBA€TCSl CHApY)KU OT KIJIETKH, Ha3bIBAETCS
OK30LUTO3 (puc. 57). Ily3bippku, coaepkaiiue TPaHCIOPTUPYEMbIE MAKPOMOJIEKYJbI, MOTYT
TaKXke OTUICIIAThCA OT IIa3MaThdeckod MemOpaHbl. Eciim mpu 3TOM TpaHCHOPT HarpaBlieH
BHYTpb KIJIETKH, TO Takod mpouecc HazbiBaetcss OHJIOLIMTO3, a ecnum - U3 KIETKH, TO -
OTIIOYKOBBIBAHUE (puc. 57). Paznuuatot nBa Buaa sugouurtosa - [IMHOLUTO3 (mormnomie-
HUE JKMJIKOCTM U (WJIM) pPACTBOPEHHBIX BEIIECTB C IOMOIIBI0 HEOOJBIINX Iy3bIPHKOB) U
OATOUTO3 (mornomieHre OONBUIMX YaCTHIl, TaKUX, KaK MHUKPOOPTaHU3MbI WIU OOJIOMKH
KJIETOK).

XoTs OOJBIIMHCTBO MAaKpPOMOJIEKYJl TpPAaHCIOPTUPYETCS Yepe3 KIETOYHbIe MeMOpaHBbI
IIOCPEACTBOM SHOLMTO3a U IK30LIUTO3a, BCTPEUAIOTCSI 0COObIE ClIydan, KOrjia OOJbIINE MOJIEKYJIbI
IPOXOAAT MpPsSMO 4epe3 KJIEeTOuHble MeMOpaHbl. Y OakTepuil cHenuanbHble KaHalbl [JaroT
BO3MOKHOCTh MosiekysnaMm JIHK mpoxoauts depe3 KIETOUHYI0O MeMOpaHy W TakuM oOpa3oMm
obecreynBalOT reHeTuueckuil oomeHn. Hampumep, B mpouecce cenemuueckoii mpaucgopmayuu
T€HOM HEKOTOPBIX THUTIOB OaKTepHil MOXKET OBITh H3MEHEH, €CITH 3T OAKTEPHH ITOMECTHUTH B CpELy,
conepxamtyto ounmeHnyro J[HK. Tpancnoptr JJHK B 6akTepuanbHyro kieTky TpeOyeT 3aTpaTsl
SHEPTUU M OCYIIECTBIIACTCS OYEHB OBICTPO: MPH KOHBIOTAIIMH M T€HETHYECKOH TpaHchopMarum
nmnopt JAHK npoucxomut co ckopocthio 600 um 55 HYKJIEOTHIHBIX OCTAaTKOB B 1 ¢ cOOTBeTc-
TBEHHO.

Jpyroii ciydail - TpaHCHOPT OENKOB B MMTOXOHJPHUU U IUIACTUIBI. BOJBIIMHCTBO O€nKOB
MUTOXOH/IPHA W XJIOPOIUIACTOB KOJHMPYETCS SACPHBIMH Te€HAMH, 3TH OCJIKU CHHTE3UPYIOTCS B
LIUTO30JIe, a 3aTeM MEepPEHOCATCS yepe3 MeMOpaHbl COOTBETCTBYIOLIEH OpraHesibl C MOMOIIBIO
CHEIMAILHOTO SHEp-
rO3aBUCUMOr0 MexaHu3Mma. Takue Oelku UMErOT Ha N-KOHIIE MOCie10BaTeIbHOCTh aMUHOKUCIIOT,
KOTOpasi Ha3bIBACTCS JIUOEPHAs NOCNe008aAMENbHOCMb, WU CUCHATbHBIU NOAUNEenmuod, KOTOopas



MOXeT uMeTh MoJl. maccy ot 0.5 mo 10 x/la. B MemOpanax opranesut cozepkarcsi crieliupuiaeckme
peuenTopsl, y3Hawoouwme "cursan" u (yHKIHOHAJIBHO CBSA3aHHBIE C HYHEPrO3aBUCHUMBIM HACOCOM,
KOTOpBI '"mepekaunBaeT" y3HAaHHBIA OENOK CKBO3b MeMOpaHy ¥ TIpH 3TOM, BO3MOXKHO,
OCYILECTBIISIET €ro KpaTKOBpeMeHHoe pa3BopaunBanue (puc. 58). Ilpeamomararor, 4to Takou
TPAHCIOPT OCYIIECTBIISICTCS B 30HAX CIIMIIAHUS MEXIY HapyXKHOH M BHYTpPEHHEH MeMmOpaHaMu
3TUX oprasem. O4eBUIHO, YTO B OeJKax JOJKHO CYLIECTBOBATH MHOTO PA3JIMYHBIX THUIIOB CHT-
HAJIBHBIX  TIOCJICIOBATEIBHOCTEH, HANPABISIIOIIUX OCJIKH 1O pa3HbIM BHYTPUKIETOYHBIM
"agpecam". JIOCTUTHYB MecCTa Ha3HA4YeHHUs, TAaKOW OEJIOK CTAHOBUTCS OOBEKTOM JIEHCTBUS 1uoep-
nenmuoazvl, TMPOTEOIUTUIECKOTO (EepMEeHTa, KOTOPBIA CHEeNU(UIECKH Yy3HAET M OTIICTUISET
CUTHAJIbHYIO MOCJEI0BATENbHOCTb. JIMIIMBIIMCE JUAEPHOTO MOJMNENTHIA, OEIOK CTaHOBHUTCA
"3penbIM" U HE MOXKET yXKe MpoiTH yepe3 MmeMOpaHy oOpaTHO.

KPATKHUWE BbIBOJIbI

buonorndeckne MeMOpaHBI - 3TO YHHMBEPCAJIbHBIE CTPYKTYPBI, YCTPOCHHBIC OIMHAKOBO Y
BCEX JKMBBIX OpraHu3MoB. OJHAaKO HECMOTPs Ha CTPYKTypHOE OJHOOOpasue, HaOmromaercs
(hyHKIHOHATBEHOE pa3HOOOpa3ue MmeMOpaH. B Gnosorndeckux MemMOpaHax MbI OMSTh BCTPEUAEMCs
C KOMOUHAMOPHLIM NPUHYUNOM ObecnedeHus pasHoobpasus, KOTAA B pPE3ylbTaTe COYETAHUS
pasHBIX JUIMHIHBIX MOJIEKYJI U3 OTPAaHUYCHHOTO HAO0Opa KOHCTPYUPYIOTCS OWCIION ¢ MIMPOKHM (U
JIETKO PETYJIMPYEMBbIM) CHEKTPOM (HU3UYECKUX M XUMHUYECKUX CBOMCTB. Moaupukamus 3TOro
oucios 6eKkamMu, KOTOPBIE CIOCOOHBI OCYIIECTBIIATH CIeM(PUIECKHE OHOJoTHYecKne (PyHKIUH,
YBEJIIMYMBAET pa3HooOpa3ne MeMOpaH, Jeias ero MPeHMYIIEeCTBEHHO (YHKIMOHAIbHBIM
pa3HOOOpa3ueMm.

Buonornuyeckne MeMOpaHbl MOTYT CIIYXKHTh OJHHM W3 MPHUMEPOB CTPYKTYp, CHOCOOHBIX K
camocoopke. OOpa3zoBaHWE JTUMUIHBIX OMCIOEB MOXET OCYIIECTBIATHCS MyTEM CamMOCOOPKH,
MOCKOJIBKY CHOCOOHOCTh K 00pa3oBaHUIO OMCIOS 3aJ0XKEeHa B CaMOW CTPYKTYpe JIHUIMHIHBIX
MOJIEKYJI. Acconuanysi OEIKOB ¢ MEMOPaHOW TOXKE MOXKET OCYIIECTBIISITHCS CaMOIIPOU3BOJIBHO 32
cueT TuApo(OOHBIX W B MEHbBIIEH Mepe 3JIEKTPOCTATHYECKUX B3aUMOICHCTBUI OenkoBOM
MOJIEKYJIBI C JIUIUIHBIM OHCI0eM. DTO MO3BOJISIET PEKOHCTPYUPOBATH i1l Vitro (GyHKIMOHHUPYIOIIHE
MEMOpaHHBIX CHCTEM M3 OYMIIEHHBIX KOMIIOHEHTOB. OHaKo obOecrieyeHHe acUMMETpUH, T.€.
BEKMOPHBIX C80UICME MEMOPaH, OCYIIECTBIISICTCS B KIIETKE CIICIIUATEHBIMU CHCTEMAaMH.



Puc. 39. ®ochonmunuaHbie CTPYKTYphl, CaMOMNPOU3BOJHHO BO3HUKAIONIME B BOIHBIX
pacTtBopax: A - muneiia; b - monocnoit; B - 6ucnoit; I - nunocoma.

Puc. 40. PacmpocTpaHeHHBIE TJIMKOJWIMUABI M CTEPOUABI OMOJIOTHYECKUX MeMOpaH: A -
uepedposun; b - xonectepun; B - ymakoBka MoNeKyibl XoJdecTepruHa MEXKIY IBYMS MOJIEKYJIaMH
dbochomunumIoB: a - HAMMEHEE YIOPSIOUYCHHAsT 00JIacTh OUCHIOs, O - 00JacTh, YIOpsIOYrBacMast
XOJIECTEPUHOM, B - 00JIACTh MOJSPHBIX T'OJIOB.

Puc. 41. JlunugHelii COCTaB HEKOTOPHIX KUBOTHBIX M OAKTEPHATIBHBIX KJIETOYHBIX MEMOpaH.
A - xumeunas nanodka (Escherichia coli); b - memOpaHbl MUTOXOHIpHH cepAuna Obika; B -
I1a3MaTHueckass MeMOpaHa JSpuTpolMTa ueioBeka; [ - MuenuH denoBeka (IUIa3MaTHuecKas
MeMOpaHa 0COOBIX KJIETOK HEpBHOI TKaHM). 1 - dhocdaTunnas kucnorta; 2 - hochaTHIAUIXONUH; 3 -
dbocharummmatanonamud; 4 - pocharmmwirmmnepud; S5 - docharmamnmuHO3MT, 6 -
dbocharununcepun; 7 - KapAUOIUIUH; 8 - COGUHrOMHUENUH; 9 - Tmukonmunuasr; 10 - XonecTepuH.

% pa3nUYHBIX JIUMUIOB OT UX OOIIETO KOJIMYECTBA

Puc. 42. Cxema, moka3bIBaroiast CBsi3b ABYX MHTETPAIBHBIX OCITKOB C JIUMUIHBIM OHCIOEM.

Puc. 43. Paznuunbie criocoOBI CBSA3BIBAHUS OCITKOB C JIMITATHBIM OMCIIOCM.

Puc. 44. Cxemarnyeckoe TpexMepHOE HU300pakeHHe HEOOBIIOr0 Yy4YacTKa KIETOYHOU
MeMOpaHBbI IUIOMIaIbI0 0K0JIO0 10 M.

Puc. 45. Cxematnyeckoe n300pakeHNE TITHKOKAIHUKCA.

Puc. 46. Cxema BOBHUKHOBEHHUS OCMOTHYECKOTO JTABICHHUS P.

Puc. 47. Dddexr Jlonnana. Mousr A u B pacmipesienieHs! 10 pasHbIe CTOPOHBI MEMOPAHDI
HEPABHOMEPHO.

Puc. 48. BnusiHre 0cCMOTHYECKOTO JaBICHUS HA PACTUTENbHYIO (ClIeBa) U )KUBOTHYIO
(cipaBa) KJIETKY.

MOJIEKYJ1a BOBI MOJIEKyJa, HEPOHUKAIOIIAs Yepe3 MeMOpaHy KIETKH

I1a3MOJIU3 JIU3UC

A. TUTIOTOHUYECKHI PACTBOP. MoeKyJisl BOJEI IIOCTYTIAIOT B KIETKY.

B. TUTTEPTOHUYECKUM PACTBOP. MonekyJibl BOABI BBIXOJAT U3 KIIETKU.

B. UBOTOHUYECKHNI PACTBOP. MoiteKyibl BOJbI C PABHOI CKOPOCTHIO HHGGYHIUPYIO

B KJICTKY W U3 KIIETKU.

Puc. 49. Knaccudukanus cmoco60B TpaHCIIOpTa yepe3 MeMOpaHy.

Puc. 50. ITaccuBHBIN ¥ aKTUBHBINA TPAHCIIOPT Yepe3 MeMOpaHy.

Puc. 51. Annocrepudeckuii (A) u moTeHnan-3aBUcUMBbIi (b) kaHambI.

Puc. 52. Cxema, moka3piBamoIas Kak KOH()OPMAIMOHHBIE U3MECHEHUSI B OCJIKE-TIEPEHOCUUKE
MOTYT 00ecTeuuTh 00Jer4eHHY 0 AU(PYy3UI0 HE3aPSHKEHHOTO paCTBOPEHHOTO BEIIECTBA.

Puc. 53. Mozens ¢pynkuuonuposanus Na' K -AT®das3sr.

Puc. 54. Busl TpaHCIIOpTa HOHOB uepe3 KIeTounble MeMopansl: 1 - Na'/Li™-o6mer; 2 - (Na
+ K" + CI')-cummopr; 3 - BeIX0J Kamus uepes K -kanansi; 4 - Na',K'-AT®aza; 5 - BX0J HaTpus
yepes Na'-kanansr; 6 - Na'/Ca™-o6men; 7 - Ca’*'-Hacoc IUIa3MaTHyYecKnx memOpan; 8§ - HCOj5
(NaCOj")/CI'-arTumopr; 9 - TpaHCIIOPT KaJbIHs B MUTOXOHAPUH; 10

+

+ + + 7t
- Na'/Ca®*-06Men uepe3s MHTOXOHApHATbHYIO MeMOpany; 11 - Ca’/H'-o6Men uepes
2+ 2+
MUTOXOHJIpHaJIbHY10 MeMOpaHy; 12 - Ca” -Hacoc capKoIia3MaTHu4eckoro peTukyiayma; 13 - Ca™ -
KaHallbl CapKOIUIa3MAaTHUECKOro peTHKyiyma; 14 - Tmma3marmdeckas MemOpana; 15 -

MHUTOXOHJpHaIbHAs MeMOpaHa; 16 - MeMOpaHa capKOIIa3MaTHYECKOT0 PETHKYJIyMa.

Puc. 55. CxeMa akTMBHOT'O TpaHCIIOPTa CaXxapoB BHYTPh OAKTEpUANIbHBIX KJIETOK 3a CUET
BEKTOPHOT'O NEPEHOCA TPYIII.

Puc. 56. Cxema BTOpUYHO-aKTUBHOI'O CUMITOpPTA IIFOKO3BI.

Puc. 57. Cxema ciunanus W OOBEIMHEHHUS OWCIOEB B TPeX IMpoleccax, MPUBOIAIMINX K
CITUSTHUAIO MEMOpaH - 9K30IIMTO3€, SHAOIMTO3€ U OTIIOYKOBBIBAHUH.

Puc. 58. Cxema paboTsl 3HEpro3aBUCUMOro 0esKkoBoro "Hacoca'.

Jlexuus 6. ©YHKIUOHAJIbBHA A CBA3b KIIETOYHBIX SJIEMEHTOB



[[umoczcefzem - OsudiceHue AYKaApuomu4deckKux KiemokKk - MOJEKYJAIPHble MeXAHU3Mbl
O08UdICeHUsT - BAKYOJISIpDHAA cucmema KilemkKu - d)yHKL}MOHUpOGGHue GaKyOﬂﬂpHOfl cucmemnsl -
I’lOGépXHOCWlelZZ annapam Kiemku - Kpamxkue 6616000l

OTnenbHBIE 3J€MEHTHl M OpraHeiibl KIETKH (PYHKIIMOHAIBHO CBSI3aHBI JAPYT C JIPYTOM H
COBMECTHO (DYHKLIHMOHHUPYS OOpa3yloT yumockenem, nOGEPXHOCMHbIL annapam, 6axyOJSAPHYIO
cucmemy U A0EepHblUl annapam.

[MUTOCKEJIET

Pa3Hble KJIETKH 3yKapHOT 00J1a1al0T PA3IUYHON XapakTepHOH (popmMoii, cnocOOHBI U3MEHSTH
CBOIO (pOopMy M pacroiokeHHe CBOMX OpPraHeul M BO MHOTHMX CIydasx MOTYT IEpeIBUraThCs C
MecTa Ha MecTo. BceMu 3THMM CIIOCOOHOCTSAMHU 3yKapUOTHYECKHE KIIETKH O0s3aHbI Pa3BHTOM
CeTH OCNKOBBIX HHUTEH (puramenmog), oOpa3ymIMX B IUTOIUIA3ME CBOETO POJia OMOPHO-/IBH-
raTebHYyI0 CHCTEMY, Ha3bIBAEMYIO IIUTOCKENIETOM. L{UTOCKENET COCTOUT U3 TPEeX THIIOB OEIKOBBIX
HUTEH - aKTUHOBBIX (UIAMEHTOB, WJIM MHKPOHUTEH, MHKpPOTPYOOYEK U IMPOMEKYTOUHBIX
(buI1aMeHTOB, - a TAaK)Ke MHOKECTBA Pa3HOOOPa3HBIX BCIIOMOTATEIBHBIX OEJIKOB.

AKTHHOBbIE (WJIAMEHTBl COCTOAT W3 JBYX IeNnel TIIOOYJISpHBIX MOJNEKYJl aKmuHda,
MOJIMIIENTHIA C MOJIEKYJISIpHOM Maccoil okono 42 x/la m nuametpom okoso 4 HM. OTH LenH
00pa3yloT JBOMHYIO CIUpPaNlb, HA KaXKIbIi BUTOK KOTOPOW MpUXOAUTCsA 13.5 MOJeKysbl akTHHA
(puc. 59). MukpoTpyOOUYKH COCTOAT U3 a- U b-myOyauna - TIOOYISAPHBIX MOJIUIENTHIOB C MOJ.
maccor 50 kJla. Ilpu QopMupoBaHUM MHUKPOTPYOOUKH a- M b-TyOyJHMHBI 0O0pa3yloT rere-
pOOMMEpPHI, KOTOPBIE COCOUHSIOTCA JpYyr C JAPYroM B npomoguiameHmsl - HUTEBUIHBIC
KOMIUIEKCHI, B KOTOPBIX b-TyOyJIMH OJTHOTO JUMeEpa CBs3aH ¢ a-TyOyiauHOM ciieaytomiero. OObaHO
13 Takux MpoTO(UIAMEHTOB, PACIIOJIOKEHHBIX MAPAUIETBLHO W MPUMBIKAIOIIUX JAPYT K JpPYTy,
00pa3yloT MWIMHIPUIECKYIO CTPYKTYpPY - COOCTBEHHO MHKPOTPyOouKy (puc. 60). TyOymuHOBBIC
reTepoAUMEpPHI B COCEIHUX MPOTO(PMIAMEHTAaX HECKOJIBKO CMEIIEHBl OTHOCHTEIBHO APYT ApYyra,
TaK YTO B CTEHKE IMJIMHIPA OHU 00pa3yloT CUPAIb.

AKTHUHOBBIE (PHJIAMEHTBI U MUKPOTPYOOUKH SBIISIOTCS IUHAMHYECKUMH CTPYKTypaMH: OHU

MIOCTOSTHHO OBICTPO (POPMHPYIOTCS M3 MyJia paCTBOPUMBIX CYOBEIMHHMIL IJIsl BHIMTOJHEHHS KaKOM-
6o QyHKIMH W OBICTPO pacmajarTcs, Korga (yHKuus BbimonHeHa. [loaTomMy B KieTke
MOCTOSTHHO CYIIECTBYET IMHAMHUYECKOE PAaBHOBECHE MEXKy aKTHHOBBIMU (PHIITAMEHTAMH U ITyJIOM
MOHOMEPHOT'O aKTHHA ¥ MEXIYy MHUKpPOTpyOOUKamMH M IyJIOM MOHOMepHOro TyOynuHa. COopka
AKTHHOBBIX (DMIIAMEHTOB M MHKPOTPYOOUYEK MPOUCXOIUT CAaMOIMPOM3BOJIBHO, U €€ JIETKO MOKHO
HaOronars in vitro. Ente oguoii o011eit oco-
OCHHOCTBIO AKTWHOBBIX (PMIAMEHTOB W MHUKPOTPYOOUEK SIBISIETCS WX CTPYKTYpPHAsl MOJIIPHOCTD,
CBSI3aHHAs C TE€M, YTO aCHMMETPHUYHBIE MOHOMEpPHI PACIONIararoTCsl B OJIMHAKOBON OpHEHTAITHH.
OTa TOJSPHOCTH TPOSBISIETCS B TOM, YTO JIBa INPOTHBOIIOJIOKHBIX KOHIIA HAPALIUBAIOTCA H
pa3pylaTcsi ¢ pa3HON CKOPOCTHIO: HANpUMEp, OJWH OMpPEIETICHHBIN KOHEI| HapalluBaeTcs B
HECKOJIBKO pa3 OwicTpee npyroro. Takas CTpPyKTypHas TMOJSIPHOCTh HEoOXoauMma JUIs
yHopsiiodeHHoro  BkeHus. CreuuanbHble Konupyrowue Oelku MOTYT — HU30UpaTenbHO
CBSI3BIBATHCS C TEM WJIM JIPYTMM KOHIIOM aKTHHOBBIX (PHJIAMEHTOB WIJIM MUKPOTPYOOYEK M UTPAIOT
KIIOYEBYIO POJb B CO3JaHUM OINPEACNECHHOW MPOCTPAHCTBEHHOW CTPYKTYphl IUTOCKeNIeTa -
o0ecTeYnBarOT MPUKPEIUICHNE (PUITAMEHTOB U MUKPOTPYOOUEK K APYTHUM KIETOUYHBIM CTPYKTYpam
B HY>KHOW OpHEHTAIMH, a TaKKe HE3aBUCHUMYIO PEeryJIsIUI0 HapalluBaHWs WM pacmajia C TOro
WJIH APYTOTO KOHIIA.

JlnameTp MpoOMeXyTOYHBIX (priIaMeHTOB cocTaBiseT oT § A0 10 HM, T.e. MO TONIIMHE OHU
3aHUMAIOT TIPOMEXKYTOYHOE TIOJIOKEHHE MEXIy AaKTHHOBHIMH ¢uiamMeHTamMu (8 HM) #
MUKpOTpyOoukamu (28 HM), ¢ UeM U CBSI3aHO UX Ha3BaHUE. B OT/iiMuMEe OT aKTMHOBBIX HHUTEU U
MHUKPOTPYyOOUEK, TPOMEKYTOUHBIE (HIAMEHTHI - OYEHb CTAOWIBHBIE M TPYAHOPACTBOPHMEIC
KOMITOHEHTHI KJIETKH. BeposiTHO, 3TO CBSI3aHO C T€M, YTO MOCTPOEHBI OHU HE U3 TIIOOYISIPHBIX, a
GUOPIIUTSIPHBIX CyOBETUHMIL, KOTOpBIE OOBEAWHEHBI B CTPYKTYpy THIA KaHaTa, CXOIHYIO C
MoJieKyJol koiareHa. CyliecTByeT MHOTO Pa3lIUYHBIX THIOB MPOMEXKYTOUHBIX (PHIaMEHTOB,
UL KaXIOTO M3 KOTOPBIX XapaKTepeH ONpeeNieHHbI Ha0op OenkoBbIX cyObemuHmm. Kak



MPaBUJIO, KIETKH KaKIOrO THIA COIEPKAT JIMIIb KAKOW-TO OJUH THIT MPOMEXKYTOUHBIX (uIia-
MeHTOB. B HelipoHax oOpa3yroTcs weiupogunamenmsl, B KIETKAX SIUTEIHS - KepamuHosvle
@unramenmuol, TOCTPOCHHBIC U3 PA3IMUHBIX KEPATUHOB. BONBIIMHCTBO APYTHX KIETOK CONEPIKUT
MPOMEXYTOUHbIE (DUITAMEHTBI, cocTosime u3 Oenka gumenmuna (55 k/la), KOTOPHIH MOXKET
COIOJTUMEPHU30BATHCS C APYTUMH CIEIU(PUYHBIMU I JAHHOTO THMA KJIETOK CYOBEIMHUIIAMH.
Perynsiust xonuyectBa M JUIMHBI NMPOMEXKYTOUYHBIX (PUIAMEHTOB B KIIETKE OCYIIECTBISETCS C
MOMOIIBIO CTICIUAIBHBIX TMPOTEOIUTHUECKUX (EPMEHTOB, CIIOCOOHBIX H30UPATEIhHO PACHICTIISATh
MIPOMEXKYTOUHbIE (PHIIAMEHTBI TOTO UM HHOTO THIIA.

Kak u mpomexyTounbie (uIaMeHTBI, aKTHHOBBIE (MIAMEHTHI MOTYT OOpa3OBBIBATH M
MOAJEPKUBATh CTAOMIBHBIE CTPYKTYpPHBIE 3JEMEHTHI KIETOK. SIpKUMHU TMpHUMepaMu SBISIOTCA
MUKPOBOPCUHKYU KIIETOK KHIIEYHOTO SIUTEIMs,, HEOOXOAMMBbIE [UIsl YBEIUYEHHUS IUIOUIaau
aKTUBHOM BCaChIBAIOIIEH MOBEPXHOCTU ITHX KIETOK, M BBIPOCTHI TOBEPXHOCTH (cmepeoyunuir)
BOJIOCKOBBIX KJIETOK
YIIUTKUA CPEIHErO yXa, y4acTBYIOIIUE B peLENIUy 3ByKa. B o0oux ciydasx
CTPYKTYPHBIM KapKacoM CIIyKaT *ECTKUE ITyYKU MONEPEUHO-CIIUTHIX AKTUHOBBIX
¢unamenTtoB (puc. 61). B To e BpeMst 0O4eHb MHOTUM 3YKapUOTHYECKUM
KJIETKaM CBOMCTBEHHO OOpPa30BBIBATH BPEMEHHBIC ITOBEPXHOCTHBIC BBIITYMBAHUSA, KOTOpHIC
CIOCOOHBI OBICTPO BBITATHUBATHCS M BTSATUBATHCSA, BEPOATHO, 32 CUET JIOKATHHOU MOTUMEPHU3AIIH U
pacnazna akKTMHOBBIX (QuiiaMeHTOB. bosiee TOro, akTHHOBBIM KapKac IMTOIUIa3Mbl MOXET OBICTPO
MEHSTh CBOIO CTPYKTYpPY M BSI3KOCTh MMOJ ACHCTBHEM pPA3MMYHBIX CIIMBAIOIIUX OCIKOB U W3-
MEHEHWs KOHIeHTpauuu noHoB Ca’. Hampumep, Oemok @umbpun TPOYHO CBS3BIBACT
napaJjuieNibHble aKTUHOBBIC (PMIIAMEHTHI B IUIOTHBIE MyYKH; a-aKMUuHuH U guiamur GOPMUPYIOT
rMOKHE CIIMBKH - y3JIbl HEYNOPSAJOUYEHHON TPEXMEPHOU aKTUHOBOM CETH, co3/aBasi rejicoopazHoe
COCTOSIHHE IIMTO30JIST; MOBBIIMICHHE KOHIEHTpanui Ca’ aKTHBHPYeT aKTHH-(parMeHTHpPYIOIIUE
Oenmku, '"paspesaromue” AaKTHHOBBIC (WJIAMEHTBI, W, KakK CJCJCTBHE, ITOHIKAET BA3KOCTh
UTOIIa3MBbI (pHc. 62).

VY GosbIIMHCTBA MUKPOTPYOOUYEK OJMH KOHEIl 3aKPEIUICH: OHU MPUKPEIUISIOTCS K 0CO00MY
o0pa3oBaHMIO, JIeXKAIlEMy OKOJO Si[pa W Ha3blBAEMOMY KiemouHviM yeHmpom. Iloutu Bo Bcex
KUBOTHBIX KJIETKaX B CEpeAMHE KJIETOUHOIO LIEHTpa HAXOAUTCS napa yewmpuoneu. B xieTkax
pacTeHuil LIEHTPHUOJIU OTCYTCTBYIOT. CTpyKTypa LIEHTPHOJU MOKa3aHa Ha puc. 63. D10 MUIMHAD
mHo okono 0.3 mMkm u guamerpom 0.1 mxMm. Kak mpaBuiio, B KJIETKE MPUCYTCTBYIOT JIBE
LIEHTPUOJIH, paclojaralouiecs: psaaoM MoJ HpSAMBIM YriioM Apyr K apyry. Ilepex nenenuem
KJIETKU LEHTPUOJIM PACXOASTCS U PAAOM C KaKIOW M3 HMX BO3HUKAET JOUYEPHSISI LIEHTPHOJb. Bo
BpeMs JeNIeHUS KIJIETKU Kax/1asi MaTepUHCKasi EHTPUOJIb BMECTE CO CBOEH JOoUYepHEN EHTPUOIIBIO
pacxonsaTcsl K TPOTHBOINOJOXKHBIM TIOJIOCAM KIIETKM M CTAHOBSTCS LIEHTpaMu OOpa30BaHUS
MUKpOTpyOouek BepeTeHa jaeneHus. I[locnme neneHus MHUKpPOTPYOOUKHM BepeTeHa JIeIeHUS
pacmagaioTcs, a OT MAaTEPUHCKOW HEHTPHONM "OTpacTaroT" MHUKpOTPYOOUYKM IHMTOCKeneTa (puc.
64). Ilpenmosaratot, 4TO IEHTPHUOIN BBIMOJIHSIIOT POJIb OPraHU3aTOPOB CAMOCOOPKH MHUKPOTPY-
6ouek. OHAaKO, OUYEBUAHO, YTO 3TA MX (PYHKUHUS HE YHHKAJIbHA, IOCKOJIBKY B KJIETKAaX PacTEHHMA
MUKpPOTPYOOUKH IIUTOCKENIETa U BEpETEeHa JIeJIeHHsI 00pa3yroTCsl HECMOTPS Ha MOJIHOE OTCYTCTBHE
LICHTPHOJICH.

O4eBUAHO, YTO pa3IMYHbIE YACTH ILIUTOCKEJIETA - aKTUHOBBIC (PUIAMEHTHI, MUKPOTPYOOUKH
U MPOMEXYTOUHbIE (DMIIAMEHTHI - B3aMMOCBS3aHbl U MX (YHKLUUU CKOOPAWHUPOBaHBI. OOIMMH
OpraHM3aTopaMH IIMTOCKEJEeTa, BEpPOSTHO, CIyXaT MHKpOTpyOouku. OHHU  ompenensior
CTPYKTYPHYIO MOJIIPHOCTh KJIETKU U XapaKTep PacIoiIOKEHUS OCTAIBHBIX (pUIIaMEHTOB. B cBoio
ouepenb
MOCTpPOCHHE OOJBIIMHCTBA MUKPOTPYOOUEK OpraHu3yeTCs KIETOYHBIM LEHTPOM, KOTOPBIH, TAKHM
o0pa3oM, MOXHO paccMaTpuBaTh Kak "KOMaHIHBIM TyHKT" kieTkd. CaMbIM yAUBUTEIHLHOM
OKa3aJloch TO, 4TO HMH(OpMAIMs O CTPYKType IUTOCKENeTa MAaTEPUHCKOM KIETKH MOXKET
nepeaBaThCsl HEMOCPEACTBEHHO LUTOCKENETY JOYEpHUX KIETOK U HE 3aBUCUT OT KIETOYHOTO
a1pa (CM. JINTEPATypy K JAaHHOM JIEKLIUN).

3amaua 32. [logcunTtaiiTe YUCIO MOJIEKYJ TyOYJIMHA B MUKPOTPYOOUKE JJIMHON 5 MKM.



JABWXEHUNE 5YKAPUOTUYECKUX KJIETOK

MHorue 3yKapuoTU4eCKUe KIETKH MOTYT JIBUTaThCsl C TIOMOIIBIO pecHU4ex Wi HC2YMUKos
WIA MOTYT COBEpIIaTh ameOoudHvle nIBIKEHHs. Kpome TOro, KJIETKH CIIOCOOHBI aKTHBHO
nepeMenaTh OpraHesIbl UTOIIa3Mbl. PECHUUKH U JKTYTUKH SYKapHUOT 32 PEIKHM HCKIIOYEHHEM
YCTPOEHBI OJMHAKOBO Yy BCEX OpPraHM3MOB, HAuWHAs OT TMPOCTEHIINX W KOHYAs YEIOBEKOM.
PecHuuku OTIUYAIOTCS OT KTYTHKOB IJIMHOW: JUIMHA PECHHUYKH OOBIYHO COCTaBiseT okono 10
MKM, TOTJ]a KaK JJIMHA XTYTHKOB MOXkeT aocturath 200 MkMm u 6omnee. I peCHUYKH, U KT'YTUKH
UMEIOT TPUMEPHO OJUHAKOBBIA Auamerp okono 0.25 mMxM. PecHMuku coOBepIIarOT JBUKCHHS,
Ha3bIBaeMble OueHus, W PabOTAIOT MOAOOHO MAaJCHbKOMY XJbICTy (puc. 65). OObUHO Ha
MOBEPXHOCTU KJIETKH (Hampumep, MHOY30pUHM WIH KJIETOK IBIXaTeNbHBIX IMyTeH) HaXOIUTCS
MHOTO PECHHYEK, IHKIBI COCETHHMX PECHWYEK HEMHOTO CIBHHYTHI BO BPEMEHH, TaKk 4TO Ha
MOBEPXHOCTH KJIETKH BO3HUKAIOT OJHOHAIMpPABJICHHBIE OEryIine BOJHBL. XapakTep IBUKCHHUS
KTYTHKOB CIIEPMHUEB MM MHOTHX MPOCTEHIITNX UHOH - 110 HUM NPOOEraroT KBa3UCHHYCOUIaTbHbIC
BoHBL. OJHAKO MOJIEKYJISIPHBIE MEXaHU3MBbI, JIeKAIIMEe B OCHOBE JMABIKCHUS PECHUYEK H
KTYTUKOB, OJJTHAKOBBHI.

OOmee cTpoeHue pecHUYKU (MM DYKApUOTUYECKOTO KTyTHKA) MOKa3aHO Ha puc. 66. OHa
MPEJCTaBISET COO0H BBIPOCT TUIA3MAaTHIECKON MEMOpPaHbI, BHYTPH KOTOPOTO HAXOTUTCS CIIOKHAS
oceBasi CTPYKTypa M3 MHUKpPOTpyOouek - axcomema. HWKHSS 4acTh aKCOHEMBbI MpPUKpEIJICHAa K
PacrojoKEeHHOMY TMOJ PECHUYKON B IUTOIUIa3Me 6Oa3aibHoMy menvyy, KOTOpOEe IO CBOEH
CTPYKTypE€ COBEPIIEHHO CXOJHO C LEHTPHOJbI0. YacTO B OCHOBaHMHM PECHUYKHU JIKUT Tapa
0a3ambHBIX TeEJel, PacHoJaraloIuXcsi MOJ MPSIMBIM yTJIOM Jpyr K Jpyry, MOJOOHO Tmape
LHEHTpUONEeH. AKCOHEMa COCTOMT U3 JEBITH JOyONeToB TYOyJIWHOBBIX MHUKPOTpPyOOUeK
(COBEpIIEHHO TaKMX K€, KaK MHUKpPOTPYOOUKH LHUTOCKENETa), 00pa3yIOUIMX BHEIIHIOK CTEHKY
HWIMH]IPA, U TIapbl IEHTPAIbHBIX MUKPOTpYOoUek. B 1enom cucteMmy MUKpOTpyOOUEK pECHUYKH U
KT'yTHKa OMUCHIBAIOT Kak (9&2)+2, B otnuuue ot (9&3)+0 cucremsl nentpuosieit. B mybnerax
MUKpPOTPYOOUEK aKCOHEMBI Pa3IMyaloT A-MUKPOTPYOOUKY, COCTOSIIYIO U3 13 mMpoTOpHIaMEHTOB,
u B-Mukpotpy0ouKy, HemonHyto, conepxkaiyto 11 mporodunameHToB. A-MUKPOTpYOOUKa HECET
Ha cebe KOpoTKHe OOKOBbIE BHICTYIHI ('pyuku'), HampaBiIeHHBIE K B-MUKpOTpyOOUKYy cOoCeaHETo
nay6nera u cocrosimue u3 Oenka Oureuna. CTpyKTypa aKCOHEMBbI CTaOMJIM3MPOBAaHA OMOPHBIM
IAJTUHAPOM BOKPYT TMapbl IEHTPAJbHBIX MHKPOTPYOOUYEK W paguabHBIMH 'cridmamu'.
Lentpanpupiii nunuuAp U "cnuipl" oOpa3oBaHbl GUOPHUILIAPHBIM OelIKOM Hexcurom. bazanbHoe
Telblle M aKCOHEMa CTPYKTYPHO CBsI3aHBI JIpyr ¢ Apyrom: A- u B-MukpoTpyOOukH akCOHEMBI
NPOJOIDKAIOTCS B COOTBETCTBYIOIIMX MHKPOTpyOoukax OazampHOoro Ttenbia. OpHa W3
LEHTPaJIbHBIX MUKPOTPYOOUEK OOBIYHO KOPOUE IPYroi U 3aKaHUYMBAETCS CBOOOAHO B IIUTO30JIE HE
7I0XoAs 10 0a3allbHOTO ammapaTta KperuieHHs; BTOpas IeHTpajibHas TpyOOdKa 3aBepIIaeTcs B
0C000i1 MAaPOBUIHON CTPYKTYPE, PACIOIOKEHHOM B IIEHTPE 0a3aJbHOTO amnmnapaTa KperieHus .

Lentpuonu u 6a3anpHbIe TEIbIA MPEICTABIAIOT COOOH, BEPOATHO, OJTHY U TY )K€ KJIETOUHYIO
opranemry. O0 3TOM CBUIETENBCTBYET MX (DYHKIMOHAJbHAs B3aUMO3aMEHSIEMOCTh B KIIETKE.
Hanpuwmep, nepex HayamoMm o00pa3oBaHHs PECHHYEK OJHA WM HECKOJBKO IPEIBAPUTEIBHO
YABOUBIIUXCSI LIEHTPUOJIEH CMEIIAIOTCS K MOBEPXHOCTU KJIETKH, I/Ie€ CTAaHOBATCA Oa3aJbHBIMU
tenpiiaMu. OT Takux Oa3albHBIX TEJNel] HAaYMHASTCS COOpKa MUKPOTPYOOUEK M POCT PEeCHUYEK
(puc. 67, 6). HacTo pocT peCHUYEK HAUMHAETCS OT OJTHOM W3 IEHTPHOJIEH B TIIyOnHe KieTku. [Ipu
3TOM OKOJIO PACTYIIET0 KOHIIa MUKPOTPYOOUEK MOSBISETCS BaKyOlb, B KOTOPYIO KaK Obl BpacTaer
oOpasytomascsi pecHu4YKa. MeMOpaHa 3TOi BaKyoJu oOpasyeT HapyXKHYI0 MeMOpaHy PECHHYKH,
KOTOpasi TOCJie BBIXOJAa PECHHYKM Ha IOBEPXHOCTb CTAHOBUTCS YaCThIO IUIA3MAaTHYECKOM
MeMOpaHsI (puc. 67, a). B To ske Bpemst 1ociie HHbEKITUH OYMIIEHHBIX 0a3aIbHBIX TEJICI] PECHHUEK
uHOY30pHil B AHIEKIETKY JIATYUIKH B IMTOIUIa3Me (OPMHPOBATIOCH BEPETEHO JeNeHHs. DTO
MOKAa3bIBaeT, 4YTO Oa3ajbHbIE TENblIA MOTYT BBINOJHATH (PYHKIHIO LIEHTPHOJEH B KIETKe,
TOTOBSILUEHCS K JEJIEHUIO.

AMeOouHOE ABIKEHHE KIETOK MPOMCXOAUT 3a CYET COKpPALEHHUS IMYyYKOB AKTHUHOBBIX
¢uiaMeHTOB mpH ydacTHH Oenka Mmuo3zuna. llepenHuii KOHEN MON3YLIEH KIETKH CHayaia
BBITSITUBAETCA M 3aKpeIUISeTCsl Ha IOBEPXHOCTHU, IO KOTOPOM TMOJI3eT KJIeTKa. 3aTeM



3aKpEIJICHHBIM MEepeAHUI KOHeI| JTOJDKEH MOATSAHYTh K ce0e BCIO KIETKy. JTO NOJATATMBaHHE
OCYILECTBIISIOT 3asKOPEHHBIE B OCOOBIX y4acTKax IJIa3MaTHYECKOW MeMOpaHbl OpraHU30BaHHBIC
ITyYKH aKTUHOBBIX (PMIAMEHTOB, aCCOLIMMPOBAHHBIE C MUO3MHOM U Ha3bIBacMble

HanpsiceHnvimu Humamu (stress-fibers). TsaHy1Ias posib HANIPSHKEHHBIX HUTEH

OTYETJIMBO MPOJEMOHCTPUPOBAHA B SKCIEPUMEHTaX IO Mepepe3ke MX Ja3epHbIM Jydyom. Kpome
TOro, TMOJI3ylIas KieTKa o0pa3yeT MHOXKECTBO BOJIOCOBHJHBIX BBIPOCTOB, HAa3bIBAEMBIX
Mukpowunamu, TONMUHONH okono 0.1 mMkm m mmHOW 5 - 10 MKM. MuKpomumnsl OBICTPO
BTATMBAIOTCS OOPAaTHO WJIM MEpeMEeIaloTCs Ha3a/[ MO BEpXHEHW CTOpPOHE KIIETKH, MEPEHOCS B TOM
K€ HAIpaBJICHUM PA3IUYHbIE YacTHIbl, Opuiaunmue K HuM (puc. 68, A). BepositHo, oHHu
00pa3yloTcs 3a cueT OBICTPON MOJSPU3ALMM U Pa3pylIEHUs] aKTUHOBBIX (PUIAMEHTOB M CIyXat
YyBCTBUTEIbHBIMU (CEHCOPHbIMU) TIPUCTIOCOOTIEHUSIMH, C TIOMOIIBIO KOTOPBIX KJIETKA HUCCIENYET
cBoe okpyxeHue. Ilonm3ymas kimeTka HMpoABHUIraeTcsi BIEpe] CO CpeaHel CKOpOocThio okoio 40
MKM/4.

Opranesuibl, OrpaHUYeHHbIE MEMOpaHOH, Takue, KaK MUTOXOHAPUH HIIU JIN30COMBI, HEPEAKO
CaMOCTOSITENIFHO ~ MEPEMEMIAlOTCs B [UTOIDIa3ME BEChbMa  XapakTepHbIM oOpasom. MUx
CKauKoOOpa3HOe IBM)KEHHE MPOMCXOAUT Kak Obl MO MPSAMBbIM, HO HEBUIUMBIM JOPOXKAM H
COIIPOBOXAAETCA BHE3AIHBIMM OCTAHOBKAMM, YAaCTO C IOCJIEAYIOIIMM BO3BpPAaTOM IO MpEXKHEH
TPAeKTOpUH, a MHOIJA C PE3KUM H3MEHEHHeM HampaBieHus. Ha snexTpoHHbIX ¢oTorpadusx
MHOTJAa MOKHO pa3JMYUTh TOHKHE HUTH, TAHYIIMECS OT AITHUX OpraHel K OnM3iexaum
3JIEMEHTaM LUTOCKeNeTa. BeposTHO, IBHKEHUS OpraHesll, Tak ke, Kak M IUKJI03 B PACTUTEIbHBIX
KJIETKaX, BBI3bIBACTCSI COKpAIllEHUEM aKTHH-MHO3MHOBBIX IIyYKOB BOJIOKOH. [lo-Buaumomy, He
TOJIKO HEpaCTBOPUMbIE KOMIIOHEHTHI KJIETKHU, TaKUe, KaK OEJIKOBbIE HUTH, TECHO CBSI3aHBI JIPYT C
IpyroM B €IUHYIO CHCTEMY, HO C HUMH acCCOLMUPOBAHbl MU MHOI'ME KOMIIOHEHTHI IIUTO30J,
KOTOpbIE paHblIe CYUTAIN PACTBOPUMBIMU M CBOOOAHO TU(PGYHIUPYIOIUMH 31€MEHTaAMHU.

MOJIEKYJISAPHBIE MEXAHW3MBbI IBUKEHUA

Bce pa3zHooOpasHble IBUKEHHUS B KJIETKE OCYIIECTBISIOTCS Oaaronaps myoyauH-ouHeuHosou
U aKMUH-MUO3UHOB0L CUCTEMAM JIBIKCHUsI. B 0CHOBE 000MX 3TUX MEXaHU3MOB JBWKCHUS JICHKUT
OO  MPUHIMI  yHOPSAOYCHHBIX  HUKIUYECKHMX  MEPEeXO0B  MEXKIY  Pa3IMuHBIMU
MIPOCTPAHCTBEHHBIMH CTPYKTypaMu (Kongopmayusmu) Oenka. Jlydiie BCero MOSICHHTH 3TOT
MPHUHIIMI MOKHO C MOMOIIBI0 Mojaenu ¢aHTacTuyeckoro "maratomero" Oenka. [Ipeamonoxum,
4yTO O€nKy Hajao "MpoTH" BHONb TOHKOW HUTH, HAPUMEpP, BIOJIb MUKpOTpyOouku. [TpuHumas
pasnuuHble KOHGopMaIuu, O0emoK MOT Obl BHIIOJHHUTH 3Ty 3anady. OJHAKO eClid HHUYTO He
YHOPSAA0YMBACT KOH(POpPMAIIMOHHBIC U3MEHEHHUs, TO OeloK OyaeT mepeMerniarbes ClIydailHO U B
CpenHeM ocTaHeTcs Ha ToM ke Mecte (puc. 69, A). IlockonabKy NMpU HAMpPaBICHHOM JIBUKCHHUH
Oenka
coBepiaercsa paboTa, TO 10 3aKOHAM TEPMOJIMHAMUKY Ha HAMpPaBICHHOE
JBUKEHHME JOJDKHA OBITh 3aTpaueHa Kakas-au0o 3Heprus (B NPOTHUBHOM CIy4ae 3TO JBUKCHHE
MOXKHO OBUIO OBl UCHONB30BaTh JMJIs CO3JAAHHUS BEUHOTO JBHratens). MOXHO co31aTh
HANpaBJICHHYIO MOCJIEI0BATEIBHOCTh HM3MEHEHUI KOH(pOpManuu Oenka, eclii CHaOIUTh ero
HMCTOYHUKOM SHEPTUU U CHENaTh KaKOM-TuO0 U3 KOH(GOPMAIMOHHBIX MEPEX0J0B HEOOPATUMBIM.
PeanbHo B KileTKax st 3TOW LETM UCIOJIB3YETCsl SHEPrusl Tuapon3a Mosekysisl ATO (puc. 69,
b).

N3rubanue pecHUYEK W >KTYTUKOB BBI3BIBAETCSI B3AaUMHBIM CKOJIBKEHHEM MHKPOTPYOOUEK
OTHOCUTENBHO Apyr apyra (puc. 70). 3a CKOIbXEHHE OTBETCTBEH IMHEHH, MPEICTaBIISIOIIMIA
coboit AT®azy, npeobpasyollyo XUMHUECKYr0 »Heprur0 AT® B MEXaHUUYECKYIO JHEPTHUIO
KOH(OPMAaIMOHHBIX U3MEHEHHH, TaK ke, Kak 3TO JeJiaJl ONMMCAHHBIN BhINIE "MIararomui" Oemok.
Cuna npukiajgpiBaeTcs K COCEAHEMY IyOJeTy MHMKpPOTPYOOYEeK, C KOTOPHIM KOHTaKTHUPYIOT
OUHEHHOBbIE "pydkH'", U CTPEMUTCS CIABUHYTH €r0o IO HAMpPaBJICHUI0O K KOHUYUKY PECHUYKH.
BcenomoratenbHble Oenku, Takue, KaKk HEKCUH, CBSI3bIBAIOT TyOJEThl MUKPOTPYOOUYEK B €IMHBIN
My4YOK ¥ OTPAaHMYMBAIOT CBOOOAY MX CKOJIbKEHUS, BbI3bIBas M3rHOaHUE PECHUYEK U HKTYTHKOB.
Ecnu Obl Bce nuHenHOBbIE "pydKH'" MPOSIBUIM aKTUBHOCTbH OJHOBPEMEHHO, aKCOHEMa MOIPOCTY



3aKpyTHJIach Obl B TYTyIO CHHpaib. Jas TOro yToObl BO3HUK JIOKAJIBbHBIN PAaCIpOCTpaHsIIOMIMNICS
u3rub, HEoOXOAMMBI CIEUUaTbHBIE PETrySTOPHBIE MEXaHU3Mbl. BeposATHO, Kakue-TO
BCIIOMOTATEIIbHBIC OCNKH, JEHCTBYS COBMECTHO C IIGHTPAJIBHON IMapoil MHUKpPOTPyOOUeK,
YOPaBISIOT  CKOJBKEHHEeM mnepudepruueckux AyOneToB  MHUKpOTpyOouek, obecrneunBas
LIUKIMYECKUM XapaKTep ABM)KEHUS PECHUYEK.

Eme oqun MexaHU3M JBUKEHUS - 3TO CKOJBXEHHE aKTMHOBBIX (DUIIAMEHTOB MO IEHCTBUEM
MHO3MHA, JieXalllee B OCHOBE aMEOOMIHOIO JBMKEHMSI KJIETOK M aKTUBHOIO IEpEeMEIICHUS
BHYTPHUKJIETOUHBIX OpraHeil. MoJjekyiasl MHO3MHA MMET Moi. Maccy okono 500 x/la u Ha
AIIEKTPOHHBIX (POTOrpadusx BBHINIAAAT KaK JUIMHHBIC ITaJOYKOBHIHBIE CTPYKTYPBI C JBYMS
rnoOysipHbIME TotoBKamu (puc. 71). Kaxkgas Monekyna COCTOUT U3 IBYX OJUHAKOBBIX TSKEIBIX
neniedt (200 x/la) u nByx map serkux menei (16 u 20 k/la). B Monekysne ecth THOKHE IIApHUPHEIC
y4acTKH, KOTOPBIE MO3BOJSIOT TOJOBKaM CBOOOJHO nBUTaThCs (puc. 72). Momnekynbl MHO3MHA
JIETKO aCCOIMUPYIOT APYT C APYTOM MPHU MOMOIIM CBOMX MATOYKOBUIHBIX "XBOCTOB'". Tak ke, kak
u auHenH, muo3uH siBnsietcss AT®azoit u Toxe mpeoOpasyeT XuMudeckyro sHepruto ATD B
MEXaHUYECKYI0 PHEPTUI0 KOH(POPMAIMOHHBIX W3MEHEHHHA. MeXaHu3M JBHKCHHS 3a CUET aKTHH-
MHO3MHOBOW CHCTEMBI IOKA3aH Ha puc. 73:

MIPY COBEPILIEHUH PabOThI MUO3MHOBAS TOJIOBKA H3MEHSET CBOIO KOH(POPMALIHIO,
U B pe3yJbTaTe 3TOT MOJIEKYJIAPHBIN pblyar pa3BUBAaET TSAHYILEE YCUIHUE MO
OTHOIICHHIO K aKTUHOBOMY (ritaMeHTy. Takoif e MEXaHU3M JIEKHUT B OCHOBE
COKpAILIEHHS MBIIIEYHBIX KIJIETOK.

BAKYOJISIPHASL CUCTEMA KIJIETKU

BuyTpennue wmemOpaHbl KIETKHM, HECMOTps Ha pa3auuus B MOPQOJIOrMYECKOM U
(GYHKIIMOHATBHOM OTHOUICHMSIX, MPEJCTABIAIOT COOOM elWHOE 1eJ0e, MOCKOJIbKY CIIOCOOHBI
NEPEeXOAUTh JIPYT B JIpyra B mpolecce (GyHKIMOHUPOBAHUS KIETKH Kak OyJer mokazano Hmke. K
BaKyOJISIPHOM cUCTEME OTHOCATCS MEMBPAHBI OHIOIUIABMATHUYECKOI'O
PETUKYJIYMA, AIIIIAPATA T'OJIB/IXKM, MUKPOTEJIBIIA, JIN30COMbBI u BAKYOJIAU
PACTUTEJILHOM KJIETKWU.

MeMOpaHbl  3HIOIUIA3MATUYECKOTO  PETUKYJIyMa SIBISIOTCS  KpailHE CIIOKHBIM U
Pa3BETBIECHHBIM MIPOJIOJIKEHUEM BHEIIHENH MEMOpaHbl IByXMeMOpaHHOU A1epHON 000JI04KH (puC.
74). MeMOpanbl sHIoMIa3MaTudeckoro perukyinyma (OI1P) B TUmuuHOM cllydae COCTaBISIOT
OoJiee MOJIOBHHBI OT OOIIEH IJIONIAIN KIETOYHBIX MeMOpaH (Tabnuma 8). Xots memOpana DIIP
MMEET MHOTOYHUCIICHHBIE CKJIAaJKU U WU3TUOBI, OHa 00pa3yeT OJHY HEMpPEephIBHYIO MOBEPXHOCTD,
OTPaHUYMBAIONIYIO €IUHBIN 3aMKHYTHII MEIIOK, BHYTPEHHEE MPOCTPAHCTBO KOTOPOTO 3aHUMAET
6onee 10% obmiero oo0bema kietku (tabmuua 7). Ha snekTpoHHBIX MuKpodoTorpapusx Jerko
pasnuyaroTcs 1Be PyHKIMOHAIBHO pasznuyatomuecs oonactu DIIP: epanynapusiii (wepoxosamoiii)
OIIP, ycesHHBIA puOOCOMaMU, PacoOIOKEHHBIMA Ha OOpallleHHOW K IUTOIIa3Me MOBEPXHOCTH
MeMOpaHsbl, U 2naokuil (aepanyaapusiii) 1P (puc. 32). Pudbocomsl ynepxuBaroTcst Ha MeMOpaHax
rpanynapHoro OIIP Onaromaps nByM TpaHCMEMOpaHHBIM TJIMKONPOTEWHAM, HA3bIBAEMBIM
pubogopunamu, KOTOpPBIC CIEIU(DUUSCKH CBS3BIBAIOT OOJBIIYI0 CYOBESIUHHUILy PHOOCOM U
KOTOpBIE OTCYTCTBYIOT B IJIaJIKOM
OIIP. KonudecTBO CBS3aHHBIX Ha MeMOpaHax puOOCOM U, CIIEIOBATEIHLHO, COOTHOIICHHE
TIaKoro u rpanyssiporo 1P MoxkeT cyliecTBeHHO BapbHpOBaTh B KileTkax (Tabmuia 8§).

Ammapat ['oJbIKH COCTOMT W3 MHOTOYMCIICHHBIX TPYII IUIOCKUX MEMOpPAaHHBIX MEIIKOB
(yucmepn), coOpaHHBIX B CTPYKTYphI, HAIIOMUHAIONIME CTOMKH TapeloK M Ha3bIBacMbIe
ouxmuocomamu (puc. 75). OgHa OUKTHOCOMA B CpeaHeM coaepkuT 5 - 10 muctepH, XoTs y
HUBIIUX JYKAPUOT MX YUCIO MOXKeT ObITh Oonbiie 30. Uncno AMKTHOCOM Ha KIETKY CHIBHO
BapbHUPYET B 3aBHCHMOCTH OT THNA KJIETKH - OT OJHOH J0 HECKOJBKUX COTEH. B HEKOTOpPBIX
CHEIMATM3UPOBAHHBIX KIETKaX ammapar ['oNbIKu MOXET Ja)xe 3aHMMaTh 3HAYUTEIbHYIO 4acTb
0o0beMa, XOTS B THIIMYHOM CITy4yae ero JI0Jis He-

Benuka (tabmuibl 7 u 8). Kaxknas otnenbHast HUCTEpHA JUKTHOCOMBI UMEET
MIEPEMEHHYIO TONIIMHY: B IIEHTPE €€ MEMOpaHbI COMMKEHBI TaK, YTO OCTACTCS



MIPOCBET B 25 HM, a Ha Iepuepruu IMEET PaCIIUPEHUs (amnyvl), IIAPUHA
KOTOPBIX HEMOCTOSIHHA. OT aMITyJI OTIIHYPOBBIBAIOTCS MHOTOUHCIICHHBIE MEJIKHE
(nnameTrpoM okoso 50 HM) U KpyIHbIE (IMaMETPOM OKOJIO 1 MKM) IMy3bIpbKHU
(puc. 75).

JIN30COMBI U MUKPOTEJbIA NPEACTABIISAIOT COO0M My3bIPbKHU, COAEPKUMOE KOTOPBIX
OTJIEJICHO OT IIUTO30J1s OUCIOWHOM TUNUAHON MemMOpaHoi. J(uametp

Tabmuua 8 Jlosst pa3nu4HbIX

KJIETOYHBIX MEMOpaH B % OT UX 0OLIeH MI0IIa M 1no-

BEPXHOCTH B KJIETKE

Tun MeMGpaHs! l'emarouut CexperopHas KIeTKa
MIEYECHU MOJIKENYJOYHOMN HKee3bl

[Tna3marnyeckas memOpana 2 560
Memb6pana rpanyisipaoro OI1P 35 <110
Memb6pana rnaakoro SI1P 16 417
Memb6pana annapata ["onbpxu 7 0.7
Hapy»xnas memOpaHa MUTOXOHApUI 7 3
BHyTpeHHsIs1 MeMOpaHa MUTOXOHIPHHA 32 -
BuyTtpennsas memOpana sapa 0.2 -
MembOpaHa CEKpETOPHBIX ITy3bIPbKOB -
MembpaHna 11u30comM 0.4
MembpaHa nepoKkcucom 0.4

OTu ABE KJIETKU CHJIBHO Pa3JIMYaroTCs MO BEJIMYMHE: renaTouuT umeer oobeM okosio 5000
3 . 3
MKM~, a CEKpEeTOpHasl KJeTKa MOJpKemynouHoil xkene3bl - 1000 MKM™; COOTBETCTBEHHO OOIIMe
2
TUTONIA/IA WX KJIIETOUYHBIX MeMOpaH oneHnBaroTcs kKak 110 Toic. 1 13 ThIC. MKM”.

mu3ocoM konebraercs ot 0.2 1o 0.4 MM, a mukpoTenen - ot 0.3 mo 1.5
MKM. UHcCI0 Ha KJIETKy M TeX, W JAPYTHUX COCTABISIET MO HECKOJBbKY JeciaTKoB. ComepKuMoe
JM30COM M MHKPOTEJIEIl BeChMa Pa3HOPOJHO - OT TOMOTEHHOTO OECCTPYKTYPHOTO COJCPKHMOTO
70 TUIOTHOTO TPaHYJSIPHOTO Marepuaia. JIM30COMBI M MHUKPOTENbIA Pa3iIHyaloT OOBIYHO HE IO
MOP(OJIOTHUECKUM, a TI0 UX OMOXUMHUYECKUM CBOWCTBAM.

Pacturensarie KJICTKHU, B OTJIMYHC OT JKUBOTHBIX KJICTOK, COACPKAT

elIe OJHY WMJIM HECKOJIBKO BAaKyOJIeH, COIACPKUMOE KOTOPBIX, HA3bIBAEMOE KIEMOYHbIM COKOM,
OTZICTICHO OT IIUTO30JIs1 OJWHOYHOW MeMOpaHoil - mowuoniacmom. Kak mpaBwio, BaKyoIu
3aHuMaroT Ooubine 50% Bcero oObeMa KICTKHM, OJHAKO 5Ta BEIMYMHA HEMOCTOSHHA: B
3aBUCUMOCTH OT CTaJIMH PA3BUTHS U TUIA KJIETKH OHA MOXET COCTaBIISATH OT 5 10 95%. Bakyonu B
PACTHTENBHON KIJIETKE BBIMOIHIIOT pa3sHooOpa3Hbie (DYHKIMH, W3 KOTOPBIX HanOolee BaKHBIMHU
SIBISIIOTCS  TIOJUIEPIKAHUE MYypeopHOo20 JIABJCHUS B KIETKE, 3aracamolias W YTHIN3UPYHoIas
byHkiuu. 3amacaromas U yTWIH3UpYIomas (yHKIUHA O3HAYarOT, YTO B BAaKyOJSX MOTYT
HaKaruIMBaThCS KakK 3allacHblEe BemecTBa (MOHO- W TOJUCAXapujbl, OENKH), TaK U OTXOJbI
KJIETOYHOTO MeTabonau3Ma (Hampumep, odu(EHOIbI), KOTOPbIE TAKUM 00pa3oM H30IHpYrOTCs. B
TO JK€ BpeMsl KOHIICHTPHPOBAHME BEIIECTB BHYTPH BaKyOJd W TOJYIPOHMIIAEMBIC CBOMCTBA
TOHOIUIACTa CIIOCOOCTBYIOT TOMY, YTO BaKyoJib (DYHKIIMOHUPYET B KayeCTBE OCMOMETpa, U
MPUAACT PACTUTEILHON KIIETKE HEOOXOAMMYIO IPOYHOCTh U mypeucyeHmuocms (OCMOTHUECKYIO
HANPSDKEHHOCTH). P BelIecTB, HAKAIUTMBAIOIINXCS B BaKyOJISIX, UMEET CIIeIUaTbHbIE (yHKITUH.
Hampumep, B BakyosisiX MOTYT HaKaIlUTMBATHCS MUTMEHTHI, MPUIAIONINE SIPKUA IBET PACTCHHUIO.
Oxpacka IenecTKoB (uanku, TepaHH WIM MPUMYJbl BBI3BIBACTCS MUTMEHTAMU AHMOYUAHAMU,
HaKOMMBIIMMHCS B KJIETOYHOM COKE BaKyojell uX KIeToK. Jlpyrue BemiecTBa BaKyoJseH
BBHITIONHSIOT 3alUuTHBIE (QyHKIWMU. HexkoTophle pacTeHHsi CHHTE3UPYIOT SIOBUTHIC WM TOPHKHE
BEIIECTBA (a7Kanloudbl) U HAKATUIMBAIOT MX B BaKyOJsX. AJIKAJIOWIbI BBICBOOOXKTAIOTCS W3 Ba-



KyOJ'IGfI IIpU MOBPCKACHUN KIICTOK, U TAKUM 06pa30M PACTCHUEC MOXKCET 3alIUIIATBCA OT MOCAaHNA
KUBOTHBIMHU.

OTIIP, anmapar ["onb1Ku, BaKyOJIH, TU30COMBI U MUKPOTEIBIIA TTPEACTABIISIIOT COO0H eAMHYIO0
BaKyOJISIPHYIO CUCTEMY, ITOCKOJIbKY UX MEMOpaHBbI, Kak OyJIeT paccka3aHO B CIEAYIOUIEM pasere,
MOCTOSIHHO TIEPEXOIAT JApPYr B JApyra B Tpomecce (YHKIMOHHPOBAHUS JTOM CHCTEMBI, a
KOMITOHEHTHI MeMOpaH HEMPEPHIBHO COBEPILIAIOT KPYTOBOPOT B KIIETKE.

®YHKIIMOHUPOBAHME BAKYOJISPHON CUCTEMBbI

Hamnune pubGocom Ha memOpanax rpanysispHoro OIIP ogHO3HA4YHO MOKa3bIBAET, YTO 3TO

MecTO cuHTe3a OenkoB. OmHako B OOJBIIMHCTBE CiIydaeB Ha pubOocomax TpanyssipHoro OIIP
CHUHTE3UPYIOTCSl O€NKH, HE YYacTBYIOIIME HM B KaKUX IPOLECCaX BHYTPU JAHHOW KIIETKH,
"HeHyXHBIe" ei, a MHOTa Nake BpeaHbIe I KiaeTku. Hampumep, Ha pubocoMax TpaHysIPHOTO
OI1P KJ1€TOK MOJIOYHOM keJe3bl B 00IbIIOM KOJIMYECTBE CHHTE3UPYETCS Ka3eMH MOJIOKA, KOTOPBIi
COBCEM HE HY’KEH KJIeTKaM MOJIOYHOM Xkelie3bl, a Ha pudo-
coMax rpanyispHoro OIIP kieTok nuieBapuTeIbHbIX JKEIE3 CUHTE3UPYIOTCS
pacIerIsIoNIe MaKpOMOJIEKYJIbI (PEPMEHTHI, MOMAJaHUE KOTOPHIX B LIUTO30JIb
HEMHHYEMO JIOJDKHO TIPUBECTH K CaMOIIEPEBAPUBAHUIO KIJIETKH U €€ THOeIH.
OpaHako 3TOro He MPOMCXOAUT, TOTOMY UTO CHHTE3HpYeMble OCJIKH MEePEeHOCATC Yepe3 MeMOpaHy
OIIP B ero mosiocTb U TEM CaMbIM Cpa3y K€ U30JIMPYIOTCS OT LIMTO30JISI U LUTOIIA3MAaTHYECKUX
cTpykTyp. Takum obpazom, pois rpanyssipuoro DIIP 3akimrodaeTcss He MPOCTO B CUHTE3€ OEIKOB
Ha pubocoMax ero MeMmOpaH, HO M B M30JISLUHN 3TUX OEIKOB OT OCTAIbHBIX (DYHKIIMOHUPYIOIINX
OENKOB KJICTKH.

Benku, cuntesupyemblie Ha pubocomax memOpan DIIP, mpoxoast yepe3 memOpany DIIP emre
B MPOIECCE CBOET0 CHHTE3a, T.€. OJIHOBPEMEHHO C TPAHCIIIHEH - Ko-mpaHncasayuonHo (puc. 76).
PuGocombl, cBsizanHble ¢ MemOpanoit DOIIP, HHYeM He OTIMYAIOTCS OT CBOOOJHBIX
[UTOIUTa3MaTHYECKUX puOocoM. CHHTE3 BBIBOIUMBIX (CekpemopHblx) OCIKOB HAaUMHACTCS €IIe B
IIUTOIUIa3ME, HO PpacTyllas MOJMIIENTHIHAs IEeNb TaKoro Oelika SBIETCS 0C000H judepHou
noCe008ameNbHOCMbI0, WIA CUCHANbHbIM NenmuooM, TOTOMY YTO CIYXUT 'curHaiom",
HAMPAaBIAIOIMUM pUOOCOMY K TpaHysipHbIM obmactsm JIIP, Tak ke, kKak Apyrue CUTHAIIbHBIC
MOCJIEZIOBATEILHOCT  HAIPABIISAIOT ~ XJIOPOIUIACTHBIE M MHUTOXOHJpUajbHble O€IKH B
COOTBETCTBYIOIIME opranesuibl. CrelHuanbHblid OCNOK, COAepKAIIUNCI B IIUTO30J€, y3HAET JTOT
CUTHAJ, CBSI3bIBAETCSI C PUOOCOMOIl M OCTAHABIMBACT TPAHCIILMIO A0 TEX IOp, MOKa 3Ta
pubocoma He mojolaeT kK MeMOpane rpanyisipHoro DIIP u curHanbHBIN MENTU] HE CBSXKETCS CO
CTeNMANBHBIM MEMOpaHHBIM OenkoM-peyenmopom. Ilocne Toro kak pubocoMa JIOTOITHUTEIHEHO
3aKpenuTcss Ha MeMOpaHe ¢ TOMOIIbIO pUOO(OPUHOB, TPAHCISLHS MPOJOIIKACTCS, HO PACTYIIHMA
Oenok Terneph "mporankuBaeTcsa’ depes MemOpany. [locie oKOHYaHUS TPAHCISIUN CUTHAIBHBIN
MENTHI CEeKPETOPHOro Oenka OTpe3aeTcs ClelualbHbBIM (DepMEHTOM JHAEP-TIENTUAA30M U OeloK
yXKe HE MOXET MOKMHYTh mnonoctb OIIP. Takum oOpa3oM OCYIIECTBISICTCA HanpasieHHoe
gvisedenue (vectorial discharge) OenkoB. OpHako Ha pubocomax rpanyisipHoro OIIP
CHUHTE3UPYIOTCS HE TOJIBKO BBIBOJIMMBIE, CEKPETOPHBIE OENIKM, HO U MEMOpaHHbIE OENIKU U OeNKU
uuto3oms (puc. 77). Hampumep, xinetku yenoBeka nuHuM Hela B KyJabType TKaHH CHHTE3UPYIOT
Bcero Jmib 2% Oenka oT 0o0IIero ux coaepxaHus, Torna kak ¢ memopanou DIIP ceszano 15%
BCEX pUOOCOM.

BonpmmHCTBO ~ O€IKOB, CHHTE3MPOBAaHHBIX Ha MemOpaHax rpanyssipHoro  OIIP,
MPEJICTABISIOT CO0O0M TVIMKOMPOTEWHBI, TOTAA KaK pacTBOPUMBIE O€JIKHM IUTO30Js HE
TJIUKO3WIIMPOBAHBL. [ IUKO3UIUPOGAHUEe - STO €Ile OJHAa W3 OCHOBHBIX OHOCHMHTETHYECKUX
¢yskuuit SI1P. DT0 rMUKO3UIMPOBAHUE OKA3bIBACT
BIIUSTHUE HA JAIBHEUIYI0 cyap0y OenkoB. Yare Bcero k OenkaM, HaXxos-

IIMMCSl B TOJIOCTH rpanyssipHoro JI1P, npucoenunsercs omurocaxapuj TOJb-
KO OJTHOTO THMA (COCTOSIIMI 13 N-alleTHITIIFOKO3aMHHA, MAHHO3BI U TJTIOKO-
3bl), KOTOPBIM MPUCOETUHSIETCS] K aMHUHOTPYTIIe OOKOBOM IIEMH OCTaTKa ac-
naparuHa. [Ipucoenunenue onurocaxapua OCyIecTBISETCS ClelnalbHbIM



MEMOpaHHO-CBS3aHHBIM (DEPMEHTOM TIpH yYacCTHH aKTUBUPOBAHHOTO (ochopriImpoBaHUEM
nunuaa doauxoaa (puc. 78).

['mukonporennsl, nepeHocumMble U3 rpanynspHoro JIIP B apyrue mecra, "ynakoBbiBaroTCs "
B MEJIKHE MPAaHcnopmHusle ny3bipbKu, KOTOPbIE OTIIEIUIAIOTCS OT MpOMEeXyTodHoil yactu OIIP
(puc. 79). CreHka 3THX My3bIPbKOB COCTOMT M3 JUNUAOB M OenkoB memOpansl OIIP, a camu
My3BIPbKH  COZIEpKAT pacTBOPUMBIE TJIMKONPOTEHHBI, 3axBaueHHble u3 monoctu OIIP.
BonbIIMHCTBO M3 3TUX My3bIPHKOB CIMBAETCSA, 00pa3ys IUIOCKHE LIMUCTEPHBI HA ONMXKHEH K sapy
CTOpOHe anmaparta ['oJIb/Ku Tak Ha3blBaeMOW ghopmupyiowetics, WU yuc-cCTOpoHol. B anmapare
lonpmxku  mpoucxoautT — jnanbHeMmiee  "co3peBaHue" — TIIIMKO3WJIMPOBAHHBIX  OEJKOB,
CHUHTE3UpOBaHHBIX B rpaHyssipHoM OIIP u mepemeammx Takum obpa3zoMm B ammapaT [ oiabmxH.
"Co3zpeBanue" OEIIKOB BKIIIOYAET PA3IMIHbIC KOBAJCHTHBIC MOTUPHUKAINH, B PE3YIIbTaTE KOTOPHIX
0enKu MpHOOpeTaloT CBOIO (PYHKIMOHAIBHO-aKTUBHYIO CTPYKTYpy. Kpome Toro, o4eHb CHIBHO
MOAU(ULIMPYIOTCST CBSI3aHHBIE C OCTATKOM AacHapardHa OJUrocaxapHjbl, NPUCOECTUHUBIIMECS
panee k 6enkam B DIIP: HEKOTOpBIE OCTATKU caXxapoB M30UPATENBHO OTIIEIUISIOTCS, @ HEKOTOPbIE
HOBBIE J100aBisitoTCA. [Ipoyeccune OAUrocaxapuioB OCYIIECTBIISIETCS C MOMOIIbIO HECKOJBKUX
pa3NUYHBIX YPE3BBIYAMHO CIOXKHBIX M TOYHO '"3amporpaMMHUpPOBaHHBIX"  (EepMEHTHBIX
MeXaHu3MOB. Be100op "mporpamMmel" MOAM(UKAIIUN ONpPEnesieTcss KaKUM-TO ITOKa HEH3BECTHBIM
CBOMCTBOM KaXKAOH HMHIUBUAYAJbHOW MOMUNENTUAHON nenu. depMeHThl, OCYILECTBIISIOLINE
MOUUKAIIIO OCIKOB, KaK U caMH MOAM(UIIUpYIOMHUEecs OEIKH, TOXKE, BEPOSTHO, MOMAIal0T B
anmnapat ['onpmxu n3 OIIP. IlpeanonaratoT, yTo mocsie MPOLECCUHIa NMPUCOSANHEHHbIN K OelKy
OJIUrOcaxapuj CTaHOBUTCS "aapecoM', 1O KOTOPOMY JOJKEH OBITh JOCTaBJIEH JAaHHBIM O€JoK.
"Cospesiue" 6eIKu CHOBA "yNaKOBBIBAIOTCS" B TPAHCIOPTHBIE ITy3bIPHKH, HO YK€ Ha 3pesioll, WIn
mpanc-cropoHe. Kakum o0pa3zom Oenku nepemenarorces yepes3 anmnapat ['oiabaKu U3 LUCTEPHBI B
LUCTEPHY BAOJIb KaX/10H CTONKH, HEU3BECTHO.

BoNbIIMHCTBO TPAaHCHOPTHBIX MY3bIPHKOB MPEACTABISAIOT OCOOBIM Ki1acc BHYTPUKIIETOUHBIX
My3BIPbKOB, KOTOpPbIE HA MUKPO(OTOrpadusax BBIMIAAAT OKPYKEHHBIMH CO CTOPOHBI IIUTOIIA3MBI
IIETUHOOOpa3HON KaiMOM W TMOTOMY HAa3bIBAIOTCS OKAUMIEHHbIMU Rny3vipbKamu. Juamerp
OKaWMJIEHHBIX ITy3bIPbKOB
Bapbupyert oT 50 10 250 HM. B ux MemOpane konudecTBeHHO Ipeoliagaer
KOHCepBaTUBHBINA (pubpususipabiii 6enok xrampun (180 x/la), KoTOpHIA BMECTe
¢ MeHbIIMM nounenTuaoM (35 x/la) obpa3yer XxapakTepHbIii MHOTOTpaHHBIN
4eX0JI Ha IOBEPXHOCTU OKaMIIEHHBIX ITy3bIpbKOB. OCHOBHBIM CTPYKTYPHBIM
AJIEMEHTOM YeXJia CIYXKHUT OCTIKOBBIN KOMIUIEKC MPUCKeIUOH, COCTOSIIUHN U3
TpeX TMOJUIENITUIHBIX IeTer kiaaTpuHa u Tpex 35 k/la-monmumenTtumaoB. TpUCKETHOHBI 00pa3yIoT
Ha TMOBEPXHOCTU OKAaHMIIEHHBIX IY3BIPHKOB KOP3WHOIOJOOHBIE CETKH M3 HIECTUYTOJIHHUKOB H
IATUYTONBHUKOB (puc. 80). BplneneHHble TPUCKENIMOHBI NPU COOTBETCTBYIOUIMX YCJIOBHUSX
CIOCOOHBI K CIOHTAaHHOHM arperauuu. IIpu 3TOM gake B OTCYTCTBHE ITy3BIPHKOB (DOPMHUPYIOTCS
TUIIMYHBIE MHOTOTPAHHBIE KOP3UHKHU. TPUCKEIHOHBI CBA3aHbI CO MHOXKECTBOM BCIOMOTaTEIbHBIX
OenxoB. DTH OelkM, BO-IEpPBBIX, B Mpolecce (OpMHUPOBAaHUS Iy3bIpbKa ''BBUIABIMBAIOT' U3
nUCTEepH anmapara [oibKu OCNKHM C OJWHAKOBBIMH OJIMTOCAaXapHIHBIMHU '"aapecamu’, W, BO-
BTOPBIX, Y3HAIOT KOMIIOHEHTHI MEMOpaHbl, C KOTOPOH JOJDKEH CIUThCA JaHHBIH My3BIPEK.
M3BecTHO, 4YTO COAEPKUMOE KaKJOrO TPAHCIOPTHOIO Iy3bIPbKa JIOCTABISIETCS TOYHO 10
npaBWiIbHOMY "azpecy" K ONpeleNeHHOH BHYTPHUKICTOYHOH MeMOpaHe, MOATOMY JOJDKHBI
CYLIECTBOBAaTh pa3jIMYHble CYONOMYJSAIMM TPAaHCIOPTHBIX Iy3bIPKOB, HMEIOIIUX Ha CBOEH
MOBEPXHOCTH YHUKAJbHBIE BCIIOMOTAaTEJbHBIC OCJKH, TaK HAa3bIBAEMBIC MApKepbl CMbIKOGKU
(docking markers), xKoTOopble OIO3HAIOTCS KOMILJIEMEHTAPHBIMHM aKIENTOpaMH Ha MeMOpaHax
munieHed. OHa U3 BO3MOXKHBIX MOJEJEH, ONMUCHIBAIOIIAs 3TOT IPOLECC, MPEACTABIEHA HA PHC.
81. Takum o0pa3om, OKaWMJICHHBIC MY3BIPHKH MOXKHO pacCcMaTpHBaTh KaK MHHHATIOPHBIC
COPTHUPOBOYHBIE MALIINHBI.

TpancnopTHble  Ty3BIPbKH,  CIHMBAIOMIMECS C  IUIa3MaTHYECKOM  MeMOpaHOW |
BBICBOOOXKJIAIOIIME CBOE  COACP)KMMOE B  MEKKIETOYHOE IPOCTPAHCTBO,  HA3BIBAIOTCA
CeKpemopHuiMU, WIN 3K30Yumo3HbiMu Ty3blpbKaMu. Hapsny ¢ okaliMIEHHBIMU Iy3bIpbKaMH B



KJIeTKE 00pa3yloTCsl U OKauMIeHHble AMKU, T.€. SHIOLUTO3HBIE My3bIPbKH, OTIOYKOBBIBAIOIINECS
BHYTPb KJIETKH OT OKalMJIEHHBIX y4YacCTKOB IUIa3MaTHuecKoi MemOpanbl. Korjga kieTke Hy>KHO
"BBUIOBUTE" M3 MEKKJICTOYHON KHJIKOCTH KaKOe-TUOO BEIIECTBO, OHA, KaK MPABUIIO, HCIIOIB3yEeT
MEXaHHU3M 0HOCPedyeMOo20 peyenmopamu 3HOOYumo3a, Wi adcopOYUOHHbII IHOOYUMO3, TPU
KOTOpPOM KJIETKAa MPOM3BOAUT OENKHU-PELENTOPhI sl 3TOTO BEIIECTBA, KOTOPhIE BCTPAUBAIOTCA B
COCTaB OKalMJICHHBIX YYaCTKOB ILIa3MaTH4YeCKOll MeMOpaHbl. Bce Monekyibl, cBsi3aBIInecs ¢ pe-
LenTopaMu, ObICTPO MPOHHUKAIOT BHYTPb KIIETKH, MOCKOJBKY OKaWMIJIEHHBIE SIMKU ITOCTOSIHHO
OTHICTUIAIOTCS, 00pa3ysl OKaiiMIIeHHbIE My3bIPbKU. DTH My3BIPbKU OBICTPO TEPSAIOT CBOIO KaiiMy M
CIIMBAIOTCS C JPYTMMH ITy3bIpbKaMH,

o0pa3zys OoJiee KpyIHbIE ITy3bIPbKH, Ha3bIBaeMble andocomamu. Conepxumoe

SHJOCOM MOXET HCIOJIB30BAaThCA KIETKOM. XOpOIIO W3Y4YEHHBIM NpPHUMEDP HCIOIb30BAHMS
a/ICOpOLIMOHHOTO 3HJOLUTO3a - 3TO IOIVIOIIEHHE J>KUBOTHBIMU KJIETKAMM XOJecTeposia u3
BHEKJIETOYHOM CPEBI.

HekoTropele TpaHCHIOPTHBIE Iy3bIPbKH, KOTOpBIE OTIIOYKOBBIBAIOTCS OT CaMOM KpaWHen
LACTEPHBl TPAHC-CTOPOHBI amnmapara [ OJIbJKM, CTaHOBATCA NEPEUUHBIMU  JTUZOCOMAMU.
I'mukonpoTenHsl, KOTOPBIMM  3arpy’Ke€Hbl OTH  IIy3bIpbKHM, MMEIOT  OJUIOCaxapupa C
bochoprmMpoBaHHBIM OCTaTKOM MAaHHO3BL. JTOT MaHHO30(oc(aTHBI Mapkep W ONpeaessieT
cyap0y Takux my3bIpbkoB. Ilocie ormiennenus MaHHO30(poc(}aTHOro Mapkepa TIMKOINPOTEHHBI
MEPBUYHBIX JIN30COM CTAHOBSTCS AKTUBHBIMU THAPOJIUTHYECKUMH (epmeHTamu (T.e. pac-
MICTUIIIOIMME  (pepMEeHTaMH, OCYIIECTBISAIONIMMUA TMEPEHOC (PYHKIMOHAIBHBIX TpPyHN Ha
MOJIEKYJLy BOJbI). JIM30COMBI pacHICIIAIOT A0 MOHOMEPHBIX KOMIIOHEHTOB MaKpOMOJIEKYJIbI,
3aXBAaYCHHbIE KJIETKOM B IIPOLIECCE HHAOLMTO3a, WIM OTAEIbHBIE YYAaCTKH LUTOILIA3Mbl U
OpraHOM/JbI, YTPATHUBIIHE CBOE 3HAYECHHE B PE3yJbTaTe CTAPEHUS WM HCIOJb3YIOIMECS Kak
MaTepHua JUlsl MOJACpP)KaHUS JKU3HEAEATEIbHOCTH KJIETKHM B HEOJArompHUsTHBIX 3KCTPEMaIbHbBIX
yClOBHAX. B mepBoM ciydae nepBHYHAs JIM30COMa CIMBACTCA C DHIOLUMTO3HBIM ITy3bIpbKOM. Bo
BTOPOM CJly4ae NOAJEKAIMN "TlepeBapuBaHMI0" y4acTOK LUTOILIA3Mbl WJIM OPraHOW] CHadaja
OKpY’KaeTcss MeMOpaHOH, a 3aTeM IMOJYUYHUBLIMICS My3bIPEK CIMBAETCS C MEPBUYHON JTM30COMOIA.
IlepBuyHas nu3ocoma, CIMBIIASCS C Iy3bIPBKOM, COJEpKAaIlUM CyOCTpaT Julsl paclleIuIeHus,
Ha3bIBAETCS YXKE 6MOPUUHOU 1U30comoti. MOHOMEpHBIE IPOAYKTHI PaCLICIUIEHUs] TPAHCIOPTUPY-
I0TCA U3 JIM30COMBI B IUTOIUIA3MY M MOTYT UCIIOJIb30BaThCS KIETKOM.

Ceituac u3BecTHO 0K0JI0 60 THAPOTUTHUYECKUX (PEPMEHTOB, COACPKAIIUXCS B JIM30COMAX,
KOTOPBIE CIIOCOOHBI pa3pyllaTh MPAKTUYECKH BCE MPHUPOJAHBIE MOJMMEPHBIE OpraHUYECKUe
coeauHeHus. Bce onHm obOnamaror HamOomnbinel akTHBHOCTBIO mpu pH ~ 5. VMiMeHnHo Takoe
3HadeHue pH nojaep>kuBaeTcsi BHyTPH JM30COMBI BCTPOCHHBIMHM B MX MEMOpaHy NPOTOHHBIMU
AT®dazamu, ucnonp3yomumu sHepruto AT® 18 HakayuBaHHUS HOHOB H' B monocts sTHX
opraHesii. XoTd B HOPMaJbHBIX YCIOBHSAX MeMOpaHa JIM30COMBbl HENpOHMLIAeMa JUIs
THIPOJIUTUYECKUX (PEPMEHTOB, HEOOXOAMMOCTb KHCIOW Cpeabl A MX AKTUBHOW pPabOTHI
3aIUIIACT ITUTOTUIA3MY KJIETKU OT pa3pylIeHuUs IPH BO3MOKHOM "yTeuke" pepMeHTOB.

Kpome nm3ocom, B 3yKapuOTHUECKOH KIIETKE MOCTOSIHHO NMPUCYTCTBYIOT U APYTHE, TOX0XKHUE
Ha HMX OpraHeiulsl - Mukporenbla. HanGonee OOBIYHBIMEH MHKpPOTEIbIAMU SIBISIOTCS
NepPOKCUCOMbI - TIy3BIPHKU JHAMETPOM OK0J0 0.5 MKM, OKpy>KEHHBIE OJWHOYHONH MeMOpaHOIL.
IIepoKkcHCOMBI OTILEIUISIFOTCS OT
rnaakoro OIIP u conepxat hepMeHTHI, OCYIIECTBISAIONINE OKUCIUTEIbHbBIE PEAKIIMU C Y4aCTHEM
MOJIEKYJISIPHOTO KHCa0pona. OCHOBHYIO pEaklHI0, KOTOPYI OCYHIECTBIIIOT IIEPOKCHCOMBI,
MO>HO 3anucath kak RH, + O, 6 R + H,0,, rne RH; - okucnsiemoe BemiectBo. OOpasyromiasics
NEPEeKUCh BOAOPOAA JIMOO MCIONB3yeTCs KIETKOM /Ui OKUCIEHUS JPYyTHX BEIIEeCTB, JHOO
paspyaeTcs B Iepokcucomax ¢epmeHToM xamanasou: 2H,O0, 6 2H,O + O,. Oxucnenue c
MIOMOILBIO MOJIEKYJIIPHOTO KHMCJIOPOAA YacTO BBIMOJHAET 3alIUTHYIO (YHKIHIO: TAKUM 00pa3oM
MEPOKCUCOMBI  MPEBpAIlAIOT  KCeHoOuomuxu  (NMOMABIIME B OpPraHU3M  4Yy>KepPOIHbIC
HU3KOMOJIEKYJISIpHBIE BellecTBa) B Oe3omacHble MNpoAyKThl. Hampumep, mnouTw mnonoBuHa
BBIIIUTOIO CHUPTAa (3TaHOJA) OKMCIAETCS M0 aleTalblJeruja B IMEPOKCUCOMax IeueHH. B
pPACTUTENBHBIX KIJIETKaX MEPOKCHCOMBI UIPAIOT OCOOYIO pOJib, OCYLIECTBISIS (pepMEHTaTHBHBIE



peaxu 0cod60ro MeTaboIMYECKOTO My TH, HA3bIBAEMOTO homoodvixanuem. Kpome Toro, B KIeTKax
MPOPACTAOIINX CEMSIH COJEPKATCS MUKPOTEJbIa 0cO00ro TUMA - enuokcucomvl. OHHU CITyKaT IS
MIPEBPAICHUS KUPHBIX KHCJIOT, 3allaCCHHBIX B JIMMUAAX CEMsH, B caxapa, HEOOXOJHUMEBIC IS
MPOTEKAIONINX B MOJIOJOM PACTEHUN OMOCHHTETHUECKUX PEaKIIU.

KPYTOBOPOT MEMBPAH B KJIETKE

PaccmotpenHas Bbillie CHCTEMa BAaKyOJSIPHBIX CTPYKTYpP LUTOIUIa3Mbl SIBISIETCA €IMHBIM
LENbIM, OTAENbHBIE KOMIIOHEHTH KOTOPOTO MOTYT HepexoauTh Ipyr B npyra. Ilpu stom
MIPOUCXOUT 3aKOHOMEPHBIM HENpEepbhIBHBIN MOTOK MEMOpaHHBIX KOMIOHEHTOB oT JIIP uepes
anmmapar [onbku K TIa3Matuueckod MemOpaHe. Tem He MeHee MeMOpaHBI KaKIOTO U3
OpPTraHOUJOB XapaKTEPU3YIOTCS CHEUU(DUIHOCTHIO, KOTOpasi MPOSIBISETCS, B YaCTHOCTH, B IPH-
CYTCTBUU WJIM OTCYTCTBMM (DEPMEHTOB, MApKEPHBIX ISl JaHHOro Tuma meMmOpaH. Takoil moTok
Ha3pIBalOT "nuddepeHnupyomumcs 1moTokoMm MemOpan" (membrane flow differentiation).
BerpauBaronyecss B Mmiia3MaTH4ecKyl0 MeMOpaHy TpPaHCIOPTHBIE Iy3bIPbKU IOCTOSIHHO
HapalmBaiau Obl ee IJIOMIAab, €CIH Obl HE KOMHEeHCUpYIoWUll 3HOOYUmo3 - TOTOK ITy3bIPHKOB
OTLICTUIAIOIIMXCS OT IJIa3MaTH4YeCKOW MeMOpaHbl M HANpaBJISIONIMXCS BHYTpPh KiIEeTKH. B pe-
3yJNbTaTe€ OCYIIECTBIISIETCS KPYTOBOPOT MEMOpAaHHBIX KOMIIOHEHT B KJIETKE, M OJHAa U Ta XKe
MoJiekysa ¢ocdoyMnmia MOXKET MOOBIBaTh B COCTaBE CaMbIX pa3HBIX MemOpaH. CymmapHas
cXeMa pa3IM4YHbIX MyTel KpyroBopoTa MeMOpaH B KJIETKE MOKa3aHa Ha puc. 82.

B ciydae, xorma 5K30IMTO3 HE YPaBHOBEIIMBAETCS KOMIIEHCHPYIOIIMM 3HIOIMTO30M HIIN
npu OBICTPOM POCTE KIETKH, HEOOXOAUM JOMOTHUTENbHBIM CHHTE3 MEMOpPAaHHBIX KOMIIOHEHTOB. 1
dbochomunuapl, ¥ X0IECTEPOI, MPeC-

TaBIISIONINE COOOW OCHOBHBIE OJIOKH BCEX JIUMTUIHBIX OUCIOEB, CHHTE3UPYIOTCS

Ha MeMOpanax rmankoro OIIP. ®aktuuecku Bce oOpasyromuyecs B KIETKE JIMMHIBI, 3a
UCKITIOYCHHUEM >KUPHBIX KUCIOT U ABYX MUTOXOHIPHAIBHBIX (OCOTUMHIIOB, CHHTE3UPYIOTCS Ha
3TuX MeMOpaHax. CHHTE3 OCYIIECTBISIETCS HECKOJIbKUMU MEMOpaHHbIMH (epMEHTaMu B
HEecKoJbko 3TanoB (puc. 83). U BriroueHune, U MOAUQUKAIMS HOBBIX JTUMUAOB MPOUCXOIAT B
MOHOCIIO€, OOpalmIeHHOM K IMTO30it0. IlepepacnpesneneHie BHOBb CHHTE3WPOBAHHBIX JIUIHIIOB
MEXAy OBYyMsl OWCIOSMH TPOHMCXOIUT, BEPOSATHO, MPH TIOMOIIM CIEeUHUAIBHOrO OenKa-
MEPEHOCYMKa, ITOCKOJbKY €CTECTBEHHOE IepeMellleHne aunuaoB no wMexanusmy flip-flop-
MEepPecKoKa CIUIIKOM MEUICHHOE M HE COOTBETCTBYET OJKCIEPUMEHTAIbHO HAOII0IaeMbIM
CKOpOCTSIM TiepepactpenencHust aunuaoB. [nmankwmii OIIP HaspBaroT (aOpUKOH KIETOYHBIX
MeMOpaH. Y OakTepuil OTCYTCTBYIOT BHYTpPEHHHE MeMOpaHbl, M CHHTE3 JIUIUIOB Y HUX
MIPOMCXOIUT B TUIA3MAaTHYECKO MeMOpaHe.

Tonpko ABa M3 MUTOXOHAPUANBHBIX JTUMUAOB - (GochaTUAUITINIEPOT U KapAUOIUIIUH -
CHUHTE3UPYIOTCS B MUTOXOHAPUAIBbHBIX MeMOpaHax. OcTalbHbIE TOCTABISAIOTCA B MUTOXOHIPHUU
u3 raaakoro JI1P ¢ momotkio ciennaabHBIX BOAOPACTBOPUMBIX OEITKOB-TIEpeHOCUNKOB. Kaskbii
TaKOW OEJIOK Y3HAeT TOJIKO OIpeesIeHHbIE THITHI (DOCQOIHUIUIOB U CBI3BIBACT OJHY MOJCKYIY.
Bbenox "BeixBaThiBaeT" Monekyny dochonunuaa u3 Kakou-mudo MeMOpaHbl U yAANSETCS C ATHM
nunuaoM, ""cpsTaHHBIM" B CBsI3bIBaroleM 1eHTpe. Korma 6enok BeTpeyaeT npyryio MeMOpaHy ¢
MOAXOISAIIMMH CBOMCTBaMH, OH OTAAET CBSI3aHHYIO MOJIEKYTy (Qochonunuaa HOBOMY JTUIHIHOMY
Ooucnoro. B oTnumume OT MHUTOXOHIpPWH, BCE HEOOXOMUMBIE [UISI TOCTPOSHHS MeMOpaH
XJIOPOIUIACTOB JIUMIUBI 00Pa3yIOTCs B CAMHX IUTaCTUAAX.

TTOBEPXHOCTHbIN AIIITAPAT KJIETOK

[ToBepXHOCTHBIN anmapaT KJIETOK COCTOUT M3 3 CyOCHCTEM - miazmamuieckou mMemopaHul,
HAOMeMOpanHo2o Komniekca (TTUKOKAIUKC WA KJIETOYHAsI CTCHKA) U CYOMEMOPAHHO2ZO0 ONOPHO-
COKpamumenvbHo20 annapama - W BBIOJHIET TPH YHUBEPCAIbHBIC JJS BCEX PAa3HOBHIHOCTEH
KJIeTOK (yHKIUHU: OapbepHYI0, TPAHCHIOPTHYIO M pelentopHyto. KpoMe Toro, y oTAenbHBIX pas-
HOBUJIHOCTEH KJIETOK Hapsaxy ¢ OOmuMu (YHKIUSAMH OH MOXKET BBINONHITH U P
cnenuduueckux (GyHKIUHN, NPUCYLIUX TOJBKO JAHHOMY THUITYy KJIETOK (HampuMmep, MeXxaHu4yecKas
TypropHasi GyHKIHUS KJICTOUHOW CTEHKH y KJIETOK PACTEHHIA).



B cTpykTypHOM OTHOIIEHUH CyOMEMOpaHHBI OMOPHO-COKPATHTEIBHBIN armapar sBIISCTCS
CHeIHaTu3UPOBAHHON NeprudepruiecKor YacThiO IIUTOCKE-
nera kieTkd. OH HEOOXOAMM Il BCEX BHJIOB M3MEHEHHU penbeda KICTOYHOM MOBEPXHOCTH.
Hampumep, ¢opmupoBaHue 3K30IIMTO3HOTO MY3bIphbKa M €r0 OTIIHYPOBBIBAHHE MPOUCXOJAT C
AKTUBHBIM y4YacTHEM CyOMeMOpaHHOTO COKPAaTHMOTO ammapara. JTOT TpoIecc OJOKHpYyeTCs
BEIIECTBAMH, Pa3pyIIAONIUMU MUKPO(PHIAMEHTHl 1 MUKPOTPYOOUKH CyOMEMOpaHHOW CHCTEMBI.
Bo Bpemst 3x3011MT03a OKpPYKEHHBI MEMOpPAHOH My3bIPEK aKTUBHO MEPEMEIIACTCS K TTOBEPXHOCTH
KIJIETKH TOXE 32 CUeT JEATEIBHOCTH OMOPHO-COKPATUMOM CHUCTEMBbI. B MecTe COnmpuKOCHOBEHHUS
TPAHCIIOPTHOTO My3bIPbKAa C BHYTPEHHEW MOBEPXHOCTHIO KJIETKU MPOUCXOAUT pa3dOpKa OMOPHO-
COKpaTUMBIX CTPYKTYp, Ojaromapsi yemy MeMOpaHa, OKpY>Karolasi Mmy3bIpeK, MOKET BCTYIUThH B
HENOCPEACTBEHHBII KOHTAKT C IUIa3MaTHYECKON MeEMOpaHO! KIIETKH.

HanmemOpanHbIli KOMIUIEKC KJIETOK BKIIOYAeT B ce0s TIUKOKAIMKC, O KOTOPOM OBLIO
MopoOHO paccKa3aHO B MpEAbLAYLIEH JIEKUWU, W JUIsl HEKOTOPBIX THUIIOB KIIETOK KIemOYHYIO
cmenky. OOMMM NPUHIUIIOM CTPYKTYPHO-OMOXMMHMYECKON OpTraHM3allyd KIETOYHBIX CTEHOK
SYKApHOT SBIISCTCS HAJMYUE CIOXKHOTO KapKaca W3 MapajuielIbHO PAcCIlONIOKEHHBIX (HUOpWILT H
BOJIOKOH, CBSI3aHHBIX TOIMEPEYHBIMHU MEPEMBbIYKaMU. BTOPHIM KOMIIOHEHTOM KIIETOYHOW CTEHKH
CIIY)KHUT aMOP(MHBIA MATPHUKC, 3aIONHSIONIMA TPOMEXKYTKH MEXIy BOJOKHAMH Kapkaca IO
MPHUHIIAITY JKEIe300€TOHHBIX KOHCTPYKIMH. Tak, Hampumep, poib Kapkaca KJIETOYHOW CTEHKU
BBICIIMX PACTCHHUU BBINOJHSIOT (UOPHIUTBI  I[IEJUTIOJIO3bI, CKPEIUICHHBIC  TONEPEUYHBIMH
MepeMblYyKaMi M3  JBYX TMEKTUHOBBIX  TOJUCAXapHIOB -  pPAMHO2ANAKMYPOHAHA |
apabunocanakmana (puc. 84, B). @uOpUIIBI HEIITION03bI COOMPAIOTCS HAa TTOBEPXHOCTH KIIETKH
MOJ1 BIUSHUEM CHEIHAIbHBIX (DEPMEHTOB, BCTPOCHHBIX B IJIA3MaTUYECKYI0 MEMOpaHy, KOTOpPhIE U
OCYIIECTBIISIIOT TMOJIMMEPU3ALNI0 JAHHOTO TMojlMcaxapujga W3 MoHocaxapuaoB. Ilpu stom
opueHTanuss QUOPUILT 3aBUCUT OT PACHOJOKEHUS MHUKPOTpPyOOouek B mepupepUUecKUX CIIOSX
IIUTOIUIA3MbI: (PHOPHUILTBI IEJUTION03b6I BCET/Ia PACIIONAraloTCs MapalieIbHO MUKPOTPYyOOUKaM, Tak
Kak ()epMEHTHBIE KOMIUIEKCHI, BEPOSTHO, TIEPEMEIIAI0TCS BIOJIb MUKPOTPYOOUEK MOJA AecTBHEM
akTuHOBBIX HuTed (puc. 84, b). IlonmucaxapugHble KOMIIOHEHTBI KJIETOYHOM CTEHKH
CUHTE3UPYIOTCS Takke B ammapare [olbIKu U, TPAHCIOPTUPYACh B BHJE CEKPETOPHBIX
IIy3bIPBKOB, BBIIEJSAIOTCS Ha IOBEPXHOCTH KIETKM IyTeM »3k3omuro3za (puc. 84, A). B
PaCTUTENBHON KIETOYHOM CTEHKE MMEIOTCA MOPBI ¢ AuamMeTpom oT 3.5 10 5.2 HM. DTa BeIMYhHA
JOCTATOYHO Maja, YTOOBI CYIIECTBEHHO 3aMEJIUTh MPOHUKHOBEHHE MAaKPOMOJIEKYJI, MOJEKYJISpP-
Hasi Macca KoTopbIx npesbimaet 15 - 20 x/a.

[ToBepXHOCTHBIN anmapaT HEOOXOIUM TakkKe Ui (OPMHUPOBAHUS MOCTOSHHBIX KIETOYHBIX
KOHTakTOB. OCHOBHOW THIT KOHTAKTOB, MEXaHUYECKH
CKPETUISAIONINX KJIETKH, - 0ecMOCOMbl, KOTOPhIE ACUCTBYIOT MOAOOHO 3akienkam (puc. 85, A).
JlecMOCOMBI CBSI3BIBAIOT KJIETKH MEXaHUYECKU JIMOO B OTACIBHBIX MecTax KoHTakTa ("'TouedyHsbie"
JIECMOCOMBI), OO KaK HENmpepbIBHBIE 30HBI KOHTakTa ("omosichiBaromre’ 1ecMOCOMBI) (spot u
belt desmosomes). JlecMocoMBI cIy>)XaT TakkKe MeECTaMH TMPUKPETUICHHUS] MPOMEXYTOUHBIX
(¢unaMeHToB, 00pa3ymIIMX CTPYKTYPHBIH KapKac IUTOIIa3Mbl. Torga Kak pacCTOSHHE MEXKITY
MeMOpaHaMU KOHTaKTHUPYIOIIUX C MOMOUIbIO JECMOCOM KJIETOK OCTA€TCsl TOCTATOYHO OOJBIINM
(22 - 35 HM), TO B MIOMHBIX KOHMAKMAX B3aUMOJICHCTBYIOIIUE TUIA3MATHYECKUE MEMOpaHBI
HACTOJBKO TECHO MPUMBIKAIOT JIPYT K APYTY, YTO MEXAY HMUMH HE OCTAaeTCs MEKKIETOYHOTO
npoctpancTBa. CMEXKHBIE IUIa3MaTHYeCKHe MeMOpaHbl B IUIOTHOM KOHTakTe '"CIIUTHI"
HENPEPHIBHBIMU IENOYKAMU CIEIUAIbHBIX OEJNKOBBIX YacTHI], OOpa3yIOUUMH TE€PMETHUYHOE
coenunenue (puc. 85, b). Hekoropsie BemecTBa ¢ Moi. Maccoit Menee 1 - 1.5 x/la MoryT jerko
MEepPEeXO/IUTh W3 KIETKH B KJIETKY, HE MPOCayMBasiCh BO BHEKJIETOYHOE IPOCTPAHCTBO. ITO
BO3MOXKHO Oraronapsi wenesvim kowmakmam (gap junction), KOTOpbIE MOCTPOEHBI U3 OEIKOB,
BBICTYMAIOLIUX W3 IUIa3MaTUYeCKO MeMOpaHbl U 0Opa3ylomMX CTPYKTYpbl, Ha3blBaeMble
KOHHEeKCOHAMU, KOTOpBIC, IO-BUIUMOMY, COCIMHSIOT LUTO30JIM JABYX B3aUMOICHCTBYIOLIUX
KJIETOK HETIPEPBHIBHBIM BOJIHBIM KaHalioM (puc. 85, B).

Bce Tompko 4YTO cKa3zaHHOE O MEXKKJIETOYHBIX KOHTaKTax - JIEeCMOCOMaxX, IJIOTHBIX U
IIEJIEBBIX - OTHOCUTCS TOJBKO K JKMBOTHBIM KJIETKaM. 3a HCKJIIOYEHHEM OYeHb HEMHOTHX



CTEIMANM3UPOBAHHBIX BHJIOB KIIETOK, BCE JKMBBIC KJIETKH Y BBICIIETO PACTCHHS COCIMHEHBI CO
CBOMMH COCEJSIMH TIPH TIOMOIIM TOHKHX IHUTOIUIA3MAaTHUECKUX KaHAJIOB, Ha3bIBAEMBIX
naasmoodecmamiu, KOTOpble TPOHU3BIBAIOT Pa3/ICISIONINE UX KIETOYHBIE CTeHKH. Kak moka3aHo Ha
puc. 85, I, B o0nacTu KaxIoH IUIa3MOJEeCMBl IIa3MaTHYecKas MeMOpaHa OJHOW KIeTKH 0e3
nepepeiBa MepexXoaAUT B MeMOpaHy cocenHed kieTku. Cama IuiazmojziecMa MpeCTaBlisseT co0oi
IMJTMHPUYECKUH BBICTIIaHHBIN MeMOpaHoii kanan auametrpoM ot 20 mo 40 um. [To ocn kanana u3
OJTHOW KIIETKH B JIPYTYIO TSHETCS IMJIMHAPHYECKAs TPyOOUKa MEHBIIETO AMAMETpa - decMomy-
Oyna, IPOCBET KOTOPOii, 110 JaHHBIM 3JIEKTPOHHOW MUKPOCKOIMH, coobmaercs ¢ nosnoctamu D[P
00erX CMEXHBIX KIETOK. [IpocTpaHCTBO MeXIy HapyXHOH IMOBEPXHOCTBIO JECMOTYOYJBI H
MEMOpaHHOH BBICTUJIKOM TIIa3MOAECMBI 3allOIHEHO IUTO30JIeM. braromaps rmia3monecMam
pacTUTENFHBIH OpraHW3M OKa3bIBACTCS HE IPOCTOW COBOKYITHOCTBIO OT/AEIBHBIX KIIETOK, a
CJIOXKHBIM COOOIIECTBOM B3aMMOCBS3aHHBIX KHMBBIX MPOTOILTACTOB. [103TOMY BCe Telo pacTeHHs
MO>KHO PaccMaTpUBaTh KaK CHCTEMY, KOTOPYIO 00pa3yloT IBa KOM-

NapTMEHTA - BHYTPUKJICTOYHBIH KOMITAPTMEHT (CUMNIACT) U BHEKICTOUHBIH

KOMITAPTMEHT (anonnacm).

KPATKUE BbIBO/IbI
B ocHoBe Bcex pa3sHOOOpPa3HBIX ABMKEHHH JyKapUOTHYECKMX OPraHU3MOB JIEKaT JBa
YHHUBEpPCAIBHBIX M TNPUHLWIUAIBHO OJWHAKOBBIX MOJIEKYJSAPHBIX MEXaHHW3Ma - TyOyJIMH-

JMHEHUHOBBIA M aKTHH-MHO3HWHOBBIH.

Brictpoe u moBcemecTHOE 00pa3oBaHHWE W CIUSHUE IMy3bIPHKOB - 3TO (QyHIAMEHTAIbHAsS
O0COOEHHOCTh BCEX JYKAPUOTHYECKUX KIETOK. MOJNEKYyJSIpHBIE MEXaHWU3MBI, 00ECIEYHBAIOIINE
MPHUBEICHUE B JEHCTBUE, COPTUPOBKY W HAMPABICHHE JTOTO TPAHCIOPTA MO CHEHH(PUUSCKHM
My TSIM, BO MHOTOM TPEOYIOT elie U3y4eHHUs.

Crenunduyeckoe y3HaBaHHE-B3aUMOJCHCTBHE MAaKPOMOJIEKYJ - MOJEKYJSIpHAs OCHOBA
MPAKTUYECKH BCEX OMOJOTHMYECKHX IMPOIECCOB. DTO XOPOIIO BUIAHO HAa MPHUMEPE COPTHPOBKH
OEIKOB C TIOMOIIbIO CUTHAIBHBIX MOCIEA0BATEILHOCTEH MIIM TPAHCIIOPTHBIX MY3BIPHKOB.

Puc. 59. Cxema cTpoeHus ax- Puc. 60. Cxema cTpoeHust MUK-
TUHOBOTO (prJIaMeHTa, MOKa3bIBAIOIIasl POTPYOOUKHU. A - ONIEPEUHBIN Ccpe3;
CIMPAIIbHYIO YKJIAJKy MOJIEKYJI IT100Y- b - KOpOTKHii yuacTOK MUKPOTPYOOUWISIpPHOIO aKTHUHA. KU.

Puc. 61. Cxemarnueckoe u300pa)k€HHE  THUIMYHOU
CTEpPEOLWIINM U TUMMYHOM MHUKPOBOPCHHKH, IOKa3bIBaloOIlee HX
OTHOCHUTEJIbHBIE pa3MepBbl.

Puc. 62. YmpomieHHas cxemMa pa3IUYHbIX MU3MEHEHHUH B CTPYKTYPHOM COCTOSIHUM aKTHHA,
00YCJIOBJICHHBIX €r0 B3aUMOCHCTBUEM cO crienupuieckuMu Oenkamu. Ha cxeme He MOKa3aHBI
3asKOpUBarole OeNKH (Takue, Kak BUHKYJIMH), KOTOPbIE CBA3BIBAIOT AKTMHOBBIE HUTH C APYTUMHU
KJIETOYHBIMU KOMITIOHEHTAMH, ¥ Pa3JIMYHbIE MAIOM3YyUYEHHBIX KIMUPYIOLIUE OCIKH.

Puc. 63. Cxema ctpoenus neHrpuoau. LleHTproas cocTout u3 9 TpuIuieToB
MUKpPOTpYyOOU€K, MpHYeM KaXIblii TPUILUIET COAEPKHUT OJHY  IOJIHYIO
MUKpOTPYOOUKy (@) U JIBe MPUMBIKAIOIINE K HEil HeMoJIHble MUKPOTpyOouku (b u
c). OcoObic Oenku 00pa3ylOT TMONEpPEYHBIE CINWBKH, IOICPKUBAOIINC
LWINHAPUYECKYIO CTPYKTYPY (BBIICIICHBI IIBETOM).

Puc. 64. Llentpuonu kineroyHoro nenrpa. MII - matepunckas
uentpuonb; Il - modepHss nentpuons; MT - MHKpOTpYOOUKH;

@®CHT - dokychl CXOXKACHUS MEKPOTPYOOUEK.

Puc. 65. Cxema ABM)KEHMS PECHUYKH HA TIOBEPXHOCTH 3yKapuOTHYEeCKOH KkieTku. Kaxapiit
ki anutes ot 0.1 1o 0.2 c.

Puc. 66. Cxema opranu3zaiiy peCHUYKH Ha MONepeyHoM paspese (A) u ooObeMHast MoJieNb
crpoenus (B). 1, 2 - B- u A-muxpotpy0ouka nepudepudeckoro xyomnera; 3 - THHEHHOBBIE "pyKku';
4 - HekCcHHOBBIE "crunBI"; 5



- ICHTpaJNbHBIA AyOsneT; 6 - HEeKCHMHOBas Karcyja; 7 - IUla3MaTudeckas memOpana; § -
caTeJNIUTHOE Tenblle; 9 - 0azanbHoe Tenblie; 10 - TpureTsl MUKpOTpyOouek; 11 - KopHeBast HUTB;
12 - GenkoBbie T100yIBI MeMOpaHsbl; 13, 14 - Ga3zanbHBIA anmapaT KperwieHus; 15 - anukanbHas
"mamnoyka" - anmmapar KperJieHHs LEHTpajJbHOro AyOsiera K Ila3MaTHUecKkod memOpane; 16 -
GUOpWIUIAPHBIE CTPYKTYpPBI, OOECICUMBAIOIINE KpEIUICHHE MepuPepHIeCKUX IYIUIETOB K
I1a3MaTU4eCcKoil MeMOpaHe.

Puc. 67. J]IBa Tuma pocTta peCHUYEK: a - 3aKJaJKa peCHUY-
KU BHYTPH KJIETKH U €€ pocT; O
- POCT PECHUYKH C TOBEPXHOCTH KIICTKH.

Puc. 68. A - mom3ymmii pudbpobnact. b - pubpobnact He OyaeT mepenon3ate Ha COCETHIOI0
rpaHb CTEKJISTHHON TPU3MBI, €CIIM yrojl MEXAy ABYMs TPaHSIMH CJIHWIIKOM OCTPBIA; 3TO, TO-
BUIMMOMY, OOBSICHSIETCSI TEM, UTO Ha MEpeHEM KOHIIE KJIETKU TOTAa He MOXKET c(hopMUpOBATHCA
MPSIMOM TTyYOK aKTHHOBBIX (PUIIAMEHTOB (HaNpsDKCHHAS HUTH).

Puc. 69. A - cnyuaitnoe Onyxnanue "maratomero” 6enka. b - "mararomuit" 6emox
UCTIONB3YeT SHEpruto ruapoin3a AT s ynopsaounBaHus MEPEX0A0B MEKIY TPEMs
Pa3IMYHBIME KOH(DOPMAIIHSIMH.

Puc. 70. Moaenb cKoNbXeHUsT COCEAHUX Ty0eToB. 1 - ma-
pa MUKpOTpYyOOUeK; 2 - Hapy>KHBIN TUHEHHOBBIN BBICTYTI
TpyOOUKH.

Puc. 71. CtpoeHue MoneKyJbl MUO3UHA.

Puc. 72. lllapHupHbIE YYACTKH B MOJIEKYJIE MUO3WHA.

Puc. 73. MexaHu3m cMelIeHHMs] aKTMHOBOTO MHKpPO(QUIAMEHTAa OTHOCUTEIBLHO MOJIEKYJIbI
Muo3uHa. [Ipeanonaratot, 4To KaxkJaas U3 TOJOBOK MOJIEKYJIbl MUO3UHA OCYILLIECTBISET 3TOT LMK
HE3aBUCUMO OT JPYTOil.

Puc. 74. TpexmepHas Monenb, WUIIOCTPUPYIOIIAs
B3alMOCBS3b JHJAOIUIA3MATHUECKOIO PETHKYJIyMa M SACPHBIX
MeMOpaH.

Puc. 75. TpexmepHoe nzobpaskenue annapata [ onbmxu.

Puc. 76. Cunres cekperupyemoro Oenka Ha pudocomax DIIP.

Puc. 77. Cxema cuHTe3a pa3IUHBIX KJIETOYHBIX OenkoB Ha pubocomax DIIP.

Puc. 78. YmpoiienHas cxema rmKo3uaupoBanus 6emnkos B JI1P.

Puc. 79. Cxema TpaHcnopra my3bsIpbKOB, OTHICIUIAIOIUXCS OT rpanyssiporo JI1P.

Puc. 80. Dnextponnas mukpodoTorpadus oxaiMIEHHBIX
ITy3bIPBKOB.

Puc. 81. Cxema moctaBku 0eKoB 10 "agpecy" ¢ TOMOIIBIO TPAHCIIOPTHBIX MTY3bIPHKOB.

Puc. 82. CymmapHas cxema pa3iW4HBIX IyTeHd KpyroBopora memOpaH B kieTke: 1 - 4 -
BapHaHThl (POPMUPOBAHMS TPAHCIIOPTHBIX ITy3BIPHKOB; 5 - OPMHUPOBAHUE EPBUYHBIX JIU30COM; 6
- UK (YHKIIMOHUPOBAHUS JH30CcOM; 7 - 9 - cTamuu TOATOTOBKM i "TiepeBapuBaHUs"' B
JTU30COMax OTAETBHBIX OPraHOMIOB HUTOMIIA3MbI; 13, 19 - sx3o1uTo3; 14, 15 - nuHOIIMTO3 U da-
ronuto3; 18 - ormoukoBeiBaHue; 20, 21 - KOMIICHCATOPHBIA SHAOIUTO3 03 pa3bOpKH U C
pa360opkoit MEMOPaH MUHOLMTO3HBIX MTy3bIPHKOB.

Puc. 83. Cunte3 pocharumminxonuna B Memopane riaaakoro DIIP.

Puc. 84. KnerouHas cTeHKa pacTeHMH. A - y4acTOK pacTUTENIbHOW KIeTKH; b - ydacTok
MOBEPXHOCTU PACTUTENIbHON KieTkH; B - cxema opraHmsanuy HaJMOJIEKYJSIPHOTO KOMILIEKCA
LEJITI0JIO3b] C MOJIMCAaXapuaaMu U TIIMKOIPOTEMHAMHU MaTpUKCa KJIETOYHOM CTEHKH pacTeHui. 1 -
c(OpMHPOBAaHHBIE CTPYKTYPHI KIETOYHON CTEHKH; 2 - TIEPUILIa3MaTHYECKOE MPOCTPAHCTBO; 3, 4 -
CEKPETOpPHBIC MY3BIPbKH, COAEPKUMOE KOTOPBIX BCTPAaWBACTCd B KIETOUYHYIO CTEHKY IIpH
9K30IMTO3€; S5 - TUIa3Maruyeckas MemOpaHa; 6 - OJIKOBBI CHUHTETa3HBIM KOMIUICKC,
Katanusupyromuii  coopky pubOpumn  uemnono3sl  (7), OPHUEHTUPYIOMIMXCS —MapajieNbHO



MUKpOTpyOoukam (8) muroruiasmel; 9 - panee chopmupoBaHHBIC TEIUTION03HBIe GuOpmuTEl; 10 -

aK-

TUHOBBIE (UIAMEHTHI (CTPEIKOM IOKa3aHO IEpPEMEIEHUE CHHTETa3HOro Komiuiekca); 11 -

(GbuOpUIIIBI LIeTUTIONO3bI; 12 - paMHOranakTypoHaHs; 13 - apaOuHoranakTas; 14 - KCHJIOTIIIOKaH.
Puc. 85. CxemaTuueckoe cTpoeHHE MEXKIETOYHBIX KOHTAKTOB: A - TOYeyHas JiecMocoma, b

- IUIOTHBIA KOHTAKT MEXAY SNUTEIUANbHBIMU KJIETKaMM TOHKOIO KHIIEYHHKA, B - mieneBoii

KOHTAKT, [ - maa3MozecMa pacTUTENbHON KIETKH.

Jlexuus 7. OB OB30P METABOJIN3MA KJIETKU

Obwuii 0630p memabonuzma Kiemku - 3Hepeemuyeckas "eamoma" kiemox - Opyeue
VHUBEPCANbHBIE MONEKYIbl MeMAabOIUYeCKUX pPeaKkyuti - 2AuKoau3 - Ovlxanue - pomocunmes -
Kpamkue 8b1600bl

OBILMI OB30P METABOJIM3MA KJIETKHU

Best coBokymHOCTh XMMHMYECKHUX peakuumid B kieTke HasbiBaercs METABOJIM3M.
MeTtabonu3m npeacTaBiseT co00il BBICOKOKOOPAUHUPOBAHHYIO U IIEJICHANIPABICHHYIO KJIETOYHYIO
aKTUBHOCTb, 00ECIIEUMBAEMYI0 YYaCTUEM MHOTUX MYJIbTH(QEPMEHTHBIX cUCTeM. OH BBINOIHSET
YeThIPe OCHOBHBIE (DYHKITHH:

1) cHabkeHue KIETKU XUMHUYECKOM dHepruel, KoTopast 1oObIBaeTCsl IyTEM pacUIeIsIEHUs] O0raThIX
SHEprueil MHUIIEBBIX BEHIECTB, MOCTYMAOIIUX B OPTaHU3M U3 CpPeAbl Y 2emepompodHbix
Opeanu3mos, WIM TyTeM IpeoOpa3oBaHMs YJIABIMBAaEMOW SHEPIUU COJHEYHOTO CBETa Y
aA6MompopHLIX OP2AHUZMOB,

2) mpeBpallleHUEe MOJEKYJ MHUIIEBBIX BEIIECTB B CTPOUTENbHbIE OJOKH, KOTOpBIE 3aTeM
UCTONB3YIOTCS KIETKOM JIJIsl MTOCTPOEHUSI HOBBIX MaKpOMOJIEKY T,

3) cOopka O€nKOB, HYKJICHHOBBIX KHCJIOT, JUIHUIOB, TOJUCAXapHJIOB U TPOYHUX KICTOYHBIX
KOMITOHEHTOB U3 3TUX OJIOKOB; 4) CHHTE3 U pa3pylLICHHE TeX OMOMOJIEKYT, KOTOPbIe HEOOXOIUMBI
IUTSL BBITTOJTHEHHS KaKUX-JTH00 crieuprIecKuX QyHKIHA JaHHOW KIIETKH.

XoTst MeTaboIM3M Cl1araeTcsl U3 HECKOJIBKUX ThICAY Pa3IMUHBIX (DePMEHTATUBHBIX PEaKIIHiA,
LEHTpaJIbHbIe MeTa0OoIMYecKue IMyTH, KOTOpble OTBETCTBEHHBI 3a BBINMOJHEHHE ¢ 1 mo 3 wu3
MEePEYUCIICHHBIX (QYHKIMI MeTabonn3mMa, HEMHOTOYUCIIEHHBl U TMOYTH Y BCEX JKUBBIX (OpPM B
npuniune eaunsl. Ha puc. 88 mokaszan "maOupuHT" MeTabonnyecKux MyTed B KIETKE: KaKaas
TOYKA COOTBETCTBYET KaKOMY-THOO COEAMHEHHIO, a JIMHMS, COEOUHSIONas JBE TOYKH, -
(epMeHTaTUBHOW peakIM MPEeBpAIICHUs] OJHOTO COeluHEeHHs B japyroe. llpum 3ToM B pasHbIX
KJIIETKaX M Yy pa3HbIX OpraHu3Max OCHOBHBIE 'CTOJOOBBIC IOpPOTH" METAO0OIUYECKUX MyTeH
OJIMHAKOBBbl (HAampHUMeEp, BBIACIEHHBIM Ha puUC. 88 TOJCTBIMM JUHUSAMHM TJIMKOJIU3 W ILMKII
TPUKAPOOHOBBIX KUCIIOT), & Pa3jIuvacTcsi B OCHOBHOM "miepudepus’.

MeTaboau3M CKIIaJbIBACTCsl U3 JBYX MPOLIECCOB, OJHOBPEMEHHO MPOTEKAIOUINX B KIETKE, -
KATABOJIN3MA u AHABOJIU3MA. Karabonusm, Wind ouccumunayusi, WA SHepeemudecKutl
00OMeH - COBOKYTIHOCTb PEaKIfii, B KOTOPBIX MPOUCXOIUT PACIICIVICHUE CIOKHBIX OPraHUYECKUX
MOJIEKYJ A0 0ojiee MPOCTBHIX KOHEUHBIX MPOIYKTOB; MPU 3TOM BBICBOOOXKIAIOIIAACS BO BpEMs
pacIleIIeHus] XMUMHUYECKash SHEPrusl 3aracaercss B JIOCTYIHOM J[JIs HMCIOJb30BAaHUS KIETKOMN
dbopme. AHAOOIU3M, WU acCUMUNAYUS, WA NIACMUYeCKUll 0OMeH - 3TO COBOKYITHOCTb PEaKIIHid,
B KOTOPBIX U3 MaJIbIX MOJIEKYJI-IPEAIIECTBEH-

HUKOB MJIM MOHOMEPHBIX "CTPOUTENIbHBIX OJ0KOB" CHHTE3UPYIOTCS OEIIKH,
HYKJIEMHOBBbIE KHCIOTBI, JHUIHUJABI, IOJIMCAXapuAbl U IPOYUE KJIETOUYHBIE KOMIIOHEHTBHI; 3TH
peakiuu TpeOyIoT 3aTpaThl FHEPTUU [l CBOETO OCYIIIECTBICHUS.

Thicaun pa3IUYHBIX OMOXMMHMUYECKUX PEAKIMM, OJHOBPEMEHHO OCYILIECTBIISIEMbBIX KIIETKOH,
TECHO CKOOPJIMHHUPOBAHBI MEX]Ty COOOM, TaK UYTO KJIETKON OCYIIECTBISACTCS PEKUM MAKCUMATLHOU
9KOHOMUU DHEPTETUYECKUX M MaTepHUaJbHBIX pecypcoB. MexaHH3Mbl TakoW peryisiuuu OyIyT
paccMOTpeHbI B OJHOM M3 MOCIENYIOUIMX JIEKIUH, TOrAa Kak 37echb OyAyT ONMCaHbl OCHOBHbBIE



YHHUBEPCAIbHBIE COCTABISIONIME METa0O0IM3Ma dyKapUOTHIECKON KIIETKH - TIMKOJH3, TbIXaHuE,
dboTocunTes,

OHEPT'ETUYECKAS "BAJIFOTA" KJIIETOK

3aKOH COXpaHEHUs SHEPIHM BBIMOJHSAETCS B JKUBBIX CHCTEMaX TaK e, KaKk M BO BCEX
Opyrux. B TexHu4eckux cucTeMax BO3MOXKHBI JIHOObIE B3aUMOIIPEBpAILlEHUS MEKIY CBETOBOM,
TEIUIOBOM, MEXaHWYECKOM, 3JIEKTPUUECKONM M XMMHMUYECKON pPa3sHOBUIHOCTAMU 3Hepruu. JKusble
OpraHU3Mbl TOXE HCHOJB3YIOT BCE 3TH BBl HSHEPTUHM, OJHAKO B JKHUBBIX CHCTEMaX TOJIbKO
XUMHYECKass JHEPrusi CIOCOOHA TpeBpaliaTthCs BO BCE Apyrue BuAbl dSHepruu. [losromy
XUMHUYECKasi SHEPrusi UrpaeT B OMOJIOrMYECKHUX CHUCTEeMaxX LEHTpajbHYyI0 poiib. CrHenuanbHbIM
HOCHUTEJIEM XUMHUECKOM YHEPTUHU B KUBBIX OpraHU3Max CIIyKUT aderozunmpugocgam (ATD).

AT® - 3T0 HYKJIEOTH]I, COCTOSIINNA U3 OCTATKOB ajicHuHa, puOo3sl U Tpudocdara (puc. 87).
B knerke AT® HaxoguTcsi B KOMILUIEKCE C Mg2+ wm Mn?* 3a cuer OTpHULIATENBHBIX 3apsAI0B
docharapix rpymmn. AT® - momekyna, Oorartas sHepruei: ee TpudochaTHBIT KOMIOHEHT
colepkUT JiBe (oCcHOPHOAHTHIPUIHBIE CBS3H, Ha3bIBAEMBIE TAKKE BbICOKOIHEPLEMUUECKUMU
docharapiMu  cBszsimu. [lpu ruaponmuze ATD no adenozunougocghama (AJIP) m Heopra-
Hu4eckoro ¢ocdara (HPO4): AT®Y + H,0O 6 AJ®> + HPO,/” + H' wm no
adenosunmonogpocpama (AM®D) u Heopranudeckoro nupogocgama (P,0,7): AT® + H,0 6
AM®*  + P2074' + 2H" BBICBOGONKIAETCS  MHOTO sHepruu. BennunHa 3HEpruw,
BBICBOOOXKIatomeics mpu ruapoiuze AT® B kineTke, MOKeT 3HaUnuTENbHO (B 1.5 paza) MEHATHCS
B 3aBHCHMOCTH OT MeTa0oiu3Ma KIETKH, ompesesnstoniero B Heil koHuentpauun AT®, AIID u
docdara, a Takxke oT pH KIETOYHOTO COMEP)KMUMOTO B KXl TaHHBIA MOMEHT. J[J1s1 OIEeHOYHBIX
pacdeToB MPUHATO HWCIIONB30BATh CMAHOApMHYIO BENIWYHHY dSHepruu ruaponnza AT, xorma
koHneHrpanuu AT®O, AII®, AM®, nupodocdara u docdara pasusl 1.0 M, a pH = 7.0. dus
ruaponu3a ATO no AJD
u 10 AM® cranaapTHasi BeIMurHa dHEpruu coctasiusget 30.5 u 32.2
k/[x/mMonb cooTBeTcTBeHHO. AT®, AJI® 1 AM® MOTyT Takke MpeBpanaThCs
ApYT B IpyTa MOJ AeHCTBHEM (DEPMEHTA A0eHUIAMKUHA3ZbL, KATaTH3UPYIOIIEH
peakuuio ATO + AM® " AJI® + AJI®. JIns o6o3nauenust ATD, AIID, AM®D, HeOpraHU4YeCcKOro
dochara m Heopranmdeckoro mupodochara Ha PUCYHKAX OYIYT TaKKE HCIIOIB30BATHCS
cokpamienust ATP (adenosine triphosphate), ADP (adenosine diphosphate) 1 AMP (adenosine
monophosphate), P; (inorganic phosphate) u PP; (inorganic pyrophosphate).

OHeprus, BwlAengoInasca npu rugponuze ATO, wucnonb3lyercs KISTKOW A

OCYIIECTBJICHUS] PHEPro3aBUCUMBIX IporeccoB B kieTke, AT®D B cBoro ouepenb oOpasyercs B
mpoleccax, UAyIMUX C BblAeNeHUEM SHepruu. Takum oOpazoM, AT® - riaBHBI XUMHYECKHIA
MOCPEIHUK KJIETKH, CBS3BIBAIOIIMNA MEXIy COOOM MpoIecChl, HIyIIME C BbIACICHUEM H
notpebnenueM >Heprun. JHepruro ATd KiIeTku UCTONb3YIOT B YEThIPEX OCHOBHBIX IeNsax: 1) s
CHUHTE3a OMOMOJIEKYJI U3 MOJIEKYJI-IPEAIIECTBEHHUKOB HEOOJIBILIOTO pa3Mepa;
2) A BBIMOJTHEHUS MEXaHUYECKON paboThl, HAIPUMED, OCYIIECTBICHHS JBUKECHHS, KaK MBI yKe
BUICNH, Ha TMpUMepe TyOylIWH-TUHEHMHOBOW W  aKTHH-MHO3MHOBOW CHUCTeM  (pasnen
"MOJIEKYJISIPHBIE MEXAHU3MbI JIBMKEHUSA" npensinymieit nekuun); 3) ans mepeHoca
BELIECTB 4Yepe3 MeMOpaHbl NPOTHB TIpaJUeHTa KOHIEHTpAlMH, HanpuMep MeMOpaHHbIE
tparcnopTtHbie AT®da3bl, ocylIecTBISIONNE aKTUBHBIN TpaHCTIOPT; 4) As oOecredeHns TOYHON U
HA/ICKHOH 1epenayn HHPOPMALUU B TEHETUIECKUX KIETOYHBIX MPOIeccax.

Mornekynsl AT® uCHONB3YIOTCS BCeMHU 0€3 MCKIIOUEHUH KUBBIMM OpraHW3MaMH Kak
MIPOKAaPUOTHYECKUMH, TaK U JyKAPUOTHMYECKUMHU, U 103TOMy AT® Ha3pIBalOT 3HEPreTUYECKON
"BaJIFOTON" )KMBBIX OPTraHU3MOB.

XVUMUYECKUE pEeaKLUHUU OBIBAIOT CAMONPOU3BOIbHbIE U HEeCAMONPOU3BONbHble. JHEPTUs
KOHEYHBIX MPOIYKTOB CAMOMPOU3BOIBHON PEAKIIMHM HUKE SHEPTUU BCTYMAIOIIUX B 3Ty PEAKIIMIO
BELIECTB, IOATOMY B XOJI€ CAMOIPOU3BOJILHON PEAKIMH HEPrus Bolaensercs. HanpoTus, sHeprus
MPOIYKTOB HECAMOIPOU3BOJIBHONW PEaKIUU BBIIIE YHEPTUH UCXOAHBIX BEIIECTB M JIA OCYIIECT-
BJICHUSI TaKMX PEaKIUil HEoOXOIMM UCTOYHHMK 3Hepruu. HecamonpousBosibHas pPeakiUsi MOXKET



OBITH OCyIIeCTBIIEHa ()EPMEHTOM TOJIBKO 33 CUET IHEPIeMmU4ecko20 CONPSHCeHUss STON PEaKIu C
peakuueil rugponuza AT®. Ilpeanmonoxum, O OpeBpallleHUs BellecTBa A B BewecTBO B
TpeOyeTcs 3aTpaTuTh SHepruto E;. [l nomydyenus stoit sHeprun ¢pepMeHt 1, ocyIiecTBIsSIOMuUi
9Ty peakunto A 6 B, N0KEH OJHOBPEMEHHO OCYLIECTBUTHh peakuuio rupponusa ATO.
CymMmapHas peakius Toria MO>KeT ObITh 3alucaHa B CJIEAYIOLEM BUJIE:

A + E; 6 B - Hecamonpou3BoJibHAsI peakuus T AT® + H,0 6 AJlD +
H;PO4 + 30.5 xJI>x/Monb

A+ ATD + H,O 6 B+ AJ1® + H3PO4 + (30.5 k/Ix/mons - E).
Jln1st caMOTIpOM3BOJIBHOTO MPOTEKAHUSI CYMMapHON peakiiu HeoOxoaumo, 4yToos! BennuuHa (30.5
kJ>x/mMomb - E() Obla monoxxutenbHou, T.€. 4To0bI E| < 30.5 kJ[)K/MOJIb.

DOHeprust, BBIICIAIOMAsCS MPU PACIICIUICHUH XUMHUYECKUX CBSI3eH, MOXKET OBITh 3amaceHa
MPU CONMPSIKEHUM ATUX peakiuil ¢ cuHTe3oM AT®. PaccMoTpuM, Hanmpumep, caMONnpOr3BOIbHYIO
peakuuto nmpespauieHus Bemectsa C B BeuiecTBo D, Bo BpeMsi KoTopoii BbiaenseTcs 3Heprus Eo:

C 6 D + E, - camonpon3BoJibHAs peakius

T AI® + H3PO4 + 30.5 xJIx/Monb 6 AT + H,O

C+ AIdD + HsPO4 6 D+ AT® + HyO + (Ez - 30.5 x/I>x/Mo0b).

Jlnist caMOnpOU3BOIBHOTO MPOTEKAHUSI CyMMapHON peakiuy Heo0XoauMo, 4Toosl BennunHa (E; -
30.5 x/[x/Monb) OblIa MONOKUTENBHOU, T.€. uT0ObI E; > 30.5 xJ[x/mMonb. CnemnoBarenbHO, eCiau
SHEPIus, BBIACIAIOMIASACA B CaMOINPOM3BOJIBHOM XMMUYECKOH peakiuu, OoJblle, YeM SHEeprus
Makpodprudeckor ¢ocdaTHOM CBsI3M, TO OHA MOXET ObITh 3amaceHa B Mousiekysie AT®. Xots
dochopHoanruapuaHsle  cBs3M Moyekylnsl  AT®  TpaaumMoOHHO — Ha3bBIBAlOT  "BBICO-
KOJHEPIreTUYECKUMU'" IO SHEPTUU THAPOJIN3a OHM 3aHUMAIOT MPOMEXKYTOYHOE MOJ0KEHHUE B PALY
JIPYTUX XUMHYECKHUX cBs3eil. IMeHHO 3Ta ocoOeHHOCTh AT® Hapsy ¢ JPyTMMH €r0 CBOMCTBAMHU
no3BoisieT AT® ¢y XKuTh NEPEHOCUMKOM YHEPTUHU OT CBEPXBBICOKOIHEPTETUUECKUX COCAMHEHUM,
T.e. OT TaKMX, KOTOpbIE MpPU pACIICIUICHMH BBLACIAIOT Ooibiie sHepruu, yem ATD, k Tewm,
KOTOpPBIE IIPU TUAPOIIU3E BBIACISIIOT MEHbIIE SHEepruu, yeM ATO.

Hukn AT®-AJI® mnpencraBiasier co0Oii OCHOBHOW MeXaHW3M OOMEHa »SHEpPruud B
ouonornueckux cucremax. [Ipu stom o6opom ATD odeHBb BBICOK, YTO BHIHO U3 CJCAYIOIIETO
pacuera. B3pocielii yenoBek Maccoit 70 kr 3aTpaunBaeT B cpegHeM 10 Toic. K[’k 3HEPIUH B CyTKH.
Ota sHeprus noiaydaercs npu pacmerwiennn 10000 k/Ix : 30.5 x/[x/Monb ~ 328 mons AT®. Mo.
macca AT®D cocrasaser 507.2 J[la. CnemoBaTenbHO, B OpraHM3Me YEJIOBEKa 3a CYTKH
pacmemisiercst 166 kr AT®, uto B 2.5 pa3za mpeBOCXOIUT Maccy caMoro yeiaoBeka. Ha camom aerne
B opranusme cogepxurcs Tonbko ~50 r AT®, u nmosromy kaxnas moiekyina ATD nomxnHa
THAPOJIM30BATHCA U BHOBH CHHTE3UpoBaThes 166 kr : 50 r ~ 3320 pa3 B cytku. Obobmaromias
koHuenuuss AT®-nukna B kietkax Obuia cozgana B 1941 r. ®@punem Jlunmanom (F. Lipmann,
HobGenesckas mpemus 1953 1.).

MHorue mnpoueccsl B KIETKE 3aBUCAT OT €€ IHepeemuueckoco cmamyca. [lokazatenem
HHEPIreTUYECKOTO CTaTyca CIYXKHUT SHepeemuiecKull 3apsio, BBIMUCISEMbIH 110 GopmyIie:
sneprerrueckuii 3apsag = ([ATD®] + 12[AADP))/([ATD] + [AAD] + [AMD]).

Mertabonunueckue myTH, Bemymue K cuHTedy AT®, MHrHOUPYIOTCS BBICOKMM 3HEPreTHUYECKUM
3aps/ioM, Torjga Kak MyTH HUcmonb3oBaHUS AT® cTUMYIHPYIOTCS BBICOKHM SHEPTeTHYECKHM
3apsaoM (puc. 88). Od4eBHAHO, YTO PEryJslus STHUX MyTed MeTaboju3Ma HalpaBieHa Ha
NoJiIep)KaHue DHEPTeTHUECKOro 3apsga B CPaBHHUTENBHO Y3KHX Ipenenax. J[pyruMu cioBamu,
SHEPreTUYeCKUi 3apsii Tak ke, kak u pH kierku, 3a0ydepeH. Ero 3HaueHre B OOJBIIMHCTBE
KJIeTOK Haxonutces B auanaszone 0.80 - 0.95. [pyroit moka3areiab SHEPreTHYECKOTO CTaTyca - 3TO
nomeHyuan ocghopunruposanist, KOTOPhIA ONPEACIACTCS YpPaBHCHUEM:

norennuan Gochopunuposanus = [ATD]/([ALD] + [dhocdar]). [ToreHinan

dochopunupoBaHusi, B OTIUYNE OT SIHEPTETHYESCKOTO 3apsijia, 3aBUCUT OT KOHIICHTPAIIHH



nocTymHoro ocdaTa B KIIETKE U IPSIMO CBS3aH C YHEPTHEH, BEICBOOOXKIAEMOM MTPH PaCIICTIICHUH
ATO.

JIPYTUE YHUBEPCAJIBHBIE MOJIEKY JIbl METABOJIMYECKHX PEAKIIMIA

[Tomumo AT®, B nepeHoce IHEPIrUM MOTYT y4acTBOBaTb U HEKOTOPBIE APYTHUE COEANHEHUS.
Omno w3 HHUX  KpeamuHngpocgham, wmn  gocpoxkpeamun,  CIYKUT  XPaAHWIUIIEM
BBICOKO?HEpreTuYecknx ¢ochaTHBIX Tpynm B MblmeyHoil Tkanu (puc. 89). Ilpu ydactum
dbepmenTa kpeamunkunazwl KpeatuHdocdaT OBICTpO mepemaeT cBok QocdaTHyO Tpymmy
monekyinam AJI®D: kpeaturdochar + AD " kpeatnn + ATD. Conepxanne kpeatuHpocdara B
MbIIax B 3 - 4 pa3a npeBsimaet cogaepxxanue AT®, mostomy B hopme kpeaturdocdaTra MOKET
XPaHUTBCS JIOCTaTOYHOE KOJHYECTBO (ochaTHBIX TPYII, IOJHOCTBIO O0eCreYnBaromee
nojJep>KaHue MOCTOSSHHOTO YpoBHS AT® B KOPOTKME TMEPHUOJbl YCUJIECHHOW MBIIICYHOM
aKTUBHOCTH. bnaromapst oOpaTMMOCTH KpEaTWHKWHA3HOW PEaKIMM HAKOMMBIIMMCA KpeaTWH B
MepHOJT BOCCTAHOBJIEHUs BHOBB (hochopmmpyetcs 3a cuer ATD no kpeatundocdara. B mbimax
MHOTHX O€CHO3BOHOYHBIX POJIb HOCUTENS pe3epBHON (POpPMBI SHEpruy BBHINOJIHSIET HE KpEaTHH-
docdar, a apeurnunghocpam.

J1s1 OKMCIHUTENbHO-BOCCTAHOBUTENBHBIX PEAKIUN HUCHOJIB3YIOTCS CHEUUaTU3UPOBAHHbIE
MOJICKYJIBI HUKOMUHAMUOAOEHUHOUHYKILEOMUO (HAZIH) " HUKO-
munamudadenunounyxkieomuogpocghpam (HAJADH) - Hocutenn "BOCCTAHOBUTEIBHON CHITBI" (pHC.
90, A). HAJT" (oxucnernnas dopma HAJIH) - TnaBHBIH aKIENTOp 3JIEKTPOHOB NPH OKHCICHUN
TOTUIMBHBIX MOJICKYJ B KJIIETKE: OKHUCIISS
Monekyny cyberpara, HAJ] mprcoeMHsIeT HOH BOXOPOA | JIBa AIEKTPOHA
u nipeBpaitaercs B HAJIH. HAJI®H otnuyaercs or HAJIH Tonbko Hannuuem
dbocdarHOl Tpynmbl, CBA3aHHOW 3(PUPHOM CBS3bI0 C 2'-THAPOKCHIBHOW TPYNIOW aJeHO3WHA.
HAJI®H - rnaBHBII JOHOP 3JEKTPOHOB B BOCCTAHOBUTEIHLHOM OMOCHHTE3€. PeakIIMOHHOM 4acThio
monekyn HAJIH m HAJI®H sBnsercs HukotmHamugHoe Kojibio (puc. 90, b). ®dynknwro,
aHanormdnytlo  @ynkuuud  HAJ[', BBINONHSET M JpYrodf  MEPEeHOCUMK SJEKTPOHOB -
¢nasunadenunounyrxneomuo (OAJ]), m3odpakenusiii Ha puc. 91, A. PeaknmonHoCIOCOOHAS 9acTh
®A]JI - 310 ero uzoamiokcasuHoBoe Komblio (puc. 91, b). ®AJ] mogobHO HAI[+ MPUCOEIUHSET 2
3JIEKTPOHA W, B OTJIMYHME OT HAI[+, He oauH, a 00a mpotoHa. i1 0003HAYCHUS OKHCICHHOW U
BoccTanoBneHHoU ¢opm HAJIH, ®AJ] u HA/I®H Ha pucyHkax OyIyT TakKe HCIOIb30BATHCS
o6o3rauenuss NAD 1 NADH (nicotinamide adenine dinucleotide), FAD u FADH, (flavin adenine
dinucleotide) » NADP" u NADPH (nicotinamide adenine dinucleotide phosphate).

E1e onHO# yHUBEpCcaTbHOM MOJEKYJION y pa3HbIX OPraHU3MOB U B Pa3HbIX META0OINYECKUX
mpoleccax CIyXUT YHUBEPCAIbHBIN nepeHocuuk ayunvuuix epynn (CoHs-, CsHy-, C4Ho- m 1.71.) -
koghepmenm A (CoA). BykBa A o3HauaeT aneTwirpoBanue. PeakiimonHoit yacteio MoJiekyiisl CoA
apnseTca KoHuesas SH-rpynma (puc. 92). AmunbpHble Tpymnmnsl npucoequsstores k CoA npu
MOMOITN KOBAJICHTHOW muos¢huproti CBI3M W B pe3yibrate mnoiydaercs ayun-CoA. Ecnm
allIIbHAs TpyIa npeacraBieHa ayemunvrou epynnoi (C,Hs-), To anmn-CoA Ha3bIBaIOT ayemui-
CoA (puc. 92).

HekoToppie = OMOCHHTETHYECKHE  pEaKIUu  3aMyCKalOTCS  BBICOKOXHEPTeTUUYECKUMU
HykKiaeoTua-5'-tpudocaramu - amamoramu ATD, a mmenHo: eyanosunmpughocgpamom (GTP),
ypuounmpughocghamom  (UTP),  yumuounmpugocgpamom  (CTP),  2"-0eszoxcuadenozun-5'-
mpucghocpamom (dATP), 2"-0ezoxcueyanosun-5"-mpugpocgpamom (dGTP), 2'-0ezoxcuyumuoun-5'-
mpugocgpamom (ACTP) u 2'-0ezoxcumumuoun-5"-mpugocgpamom (dTTP). Bce oHM BBINOIHSIOT
CTeMANM3UPOBAaHHBIE (DYHKIINU, OOCITY)KUBAsi TOJIBKO CTPOTO OIpEaesIeHHbIE OMOCHHTETUIECKHE
nytd (puc. 93), u cBou Qocharueie Tpynmbel OoHM TmonydaloT oT ATD B peakuusx,
KaTaIM3upyeMbix Mg’ -3aBHCHMBIME (epPMEHTAME HYKICO3UOOUDOCHOKUHAZAMU.

I'NIMKOJIN3

['mukonu3 mo4YTH yHUBEpCaJieH Kak OJWH W3 LIEHTPAJIbHBIX MyTed KaTabolu3Ma yrieBOJIOB:
OH €CTb HC TOJIbLKO BO BCCX PACTUTCIIBHBIX MW JKUBOTHBIX KJICTKAX, HO U Y MHUKPOOPraHU3MOB.
Pacmienienue B mporuecce TiMKo-



au3a  HIECTUYTJIEPOAHOM  MOJIEKYJbl TJIIOKO3bl HA  JIBE€  TPEXYTJEPOAHBIE  MOJIEKYJIbI
OCYIIECTBIISICTCS ACCIThIO TOCIEA0BATEIbHBIMU (DEPMEHTATUBHBIMH peaKIusIMH. [ ukonu3
MPOXOOUT B ABa dTana (puc. 94): mepBble 5 peakUuil COCTAaBISIIOT 1MOO020MOSUMENbHbIU dMAan
TNIMKOJIN3a, B XOJI€ KOTOPOTO TJIIOKO3a aKTUBUPYETCS JIA TMOCIEAYIOIIEro pPACHICIUICHUs MPH
noMon i GochOpHIIMPOBAHUS;, HA BTOPOM JTare TIIMKOJN3a, TAKXKE COCTOSIIEM W3 5 peakiui,
XUMHYECKasi JHEPIHsl 3aMacaeTcsl B pe3yJbTaTe conpsikeHHOro cunresa 4 momnekyn AT®. OOmmii
Bbixoag AT® B mporiecce INIMKOJIM3a pPaBEH, OJHAKO, HE 4, a TOIBKO JBYM Mojekyiam AT B
pacuere Ha OJHY PACIICTIJICHHYIO MOJIEKYIY TJIOKO3bI, MOCKONIbKY 2 MoJeKynbl AT® Obin yxe
U3pacXxoZ0BaHbl Ha IMOATOTOBUTEIBHOM JTane TIUKoIK3a. KOHEUHBIM MPOLYKTOM TJIMKOJIN3a
aBrseTcs monounas kucroma, wnu nakmam (CsHsOs3'), a cyMMapHOe ypaBHEHHE MOYKHO 3aMUCaTh
B CJIEIyIOIIEM BHJIE:

CH1206 + 2AJIP" + 2HPO,™ 6 2C3Hs05” + 2AT®" + 2H,0.
Bece mpomecc rimkonmsa ocymiecTBiseTcs B nuTorriasme: Bce 10 ¢depMeHTOB THMKOIHM3a
MPUCYTCTBYIOT B pacTBOpuMOil ¢opme B 1uTo3oie. OHM ObUIM BBIIEJICHBI B YHCTOM BUJE U3
pa3HbIX BHJIOB OpPraHU3MOB M TIIATEIBHO H3y4eHbl. [IOMHMO TJIIOKO3bI, Ha pPa3HbIX CTAIUAX
MOATOTOBUTENILHOTO 3Tara B TJIMKOIU3 MOTYT BOBJIEKATHCS U JPYTHEe MOHOCAXAPHUJIBL.

[Ipu ramkonm3e BHICBOOOXKIACTCS TOJNBKO HEOONBIIAs 4acTh TOW DHEPTUH, KOTOpas MOTJa
Obl OBITH M3BJICUYCHA MPU XUMHUYECKOM PACIIEIUICHUH MOJIEKYJbI TIOK03bl. OIHAKO y TIIMKOIU3a
€CTb BaKHOE JOCTOMHCTBO: HU OOHA U3 €20 peaKkyuil He UCHONb3Yem 6 Kayecmee OKUCIUmens
MonekyaapHull kuciopoo. IlodToMy TJIHMKOIU3 HCMONB3YeTCs, HAlpUMep, MPH HWHTECHCHUBHOU
paboTe MBI, KOTJa IUPKYJALNWS KPOBH HE YCIEBACT JOCTABISATh B MBIIIIBI KUCIOPO/,
HEOoOXOIUMBIN JIJ1s1 O0JIee OTHOTO PACHICTNICHUS TIIOKO3bl. B 3THX yCIOBUAX KIETKU MBIIICYHOM
TKaHU TOJy4aloT HEoOXOAuMBIH A uX cokpameHuss AT® B mpouecce INMKONIM3a, W,
CIIeIOBATEeNbHO, B HHUX HakaruinBaercs JakTaT. C HAKOIUIGHWEM JIaKTaTa CBSI3aHO MBIIIEYHOE
yToMIIeHHE. DTOT JakTaT AuQyHIUpYET U3 MBIIIEYHON TKAaHH B KPOBb U B IEPHOJ BOCCTAHOBIIE-
HUS MEIJIEHHO TMpeBpallaeTcss B MEYeHH OOpaTHO B TJIIOKO3y. BooOlie roBops, y MeENKuX
KUBOTHBIX KHCIOPO TOCTABIISIETCS [IUPKYIATOPHBIMU CUCTEMaMHU JOCTATOYHO OBICTPO, TOT/1a KaK
KpyHHbIE KHUBOTHBIE JOJDKHBI NpUOeratb K TJIMKOJIW3Y BO BpEMS YCHJIEHHOW MBIIICUYHOM
aKTUBHOCTH M 3aT€M UM TpeOyeTCsl TOJITHA ePHO/1 BOCCTAHOBIICHUS Il HEUTpaTu3aliy JJaKTaTa
u BocrnojHeHus: 3anacoB AT® wu riaukoreHa. Y JAWMHO3aBPOB M JAPYTMX THTAHTCKHX
JOUCTOPUYECKHX IKUBOTHBIX HCTOUYHHUKOM OSHEPruM Jisi PabOThl MBI CIYyXHJ, BEPOSTHO,
TJIMKOJIN3, U, 3HAYUT, UM TOXKE ObUTH HEOOXOIUMBI JUTUTEIbHbBIE
IIEPUOBI BOCCTAHOBJIEHMSI CUJI, BO BPEMS KOTOPBIX 3TH KUBOTHBIE JIETKO
CTaHOBUJIMCH OObIUEH Oojiee MENKUX XUITHUKOB, CIIOCOOHBIX JIyUllle UCIOJIb30BaTh KUCIOPO/, a
MOTOMY W JIydYIlle MPUCHOCOOJICHHBIX K JUIMTEIbHOM MbIIIEYHON akTuBHOCTH. CylecTBOBaHHE
oburtareneli OONBIIUX TIYOMH TOXXE BO3MOXXHO JIMINGL OJjarojmapsi TJHKOJWU3Y, IOCKOJBKY
coJiepKaHue KUCIOpo/ia TaM OJIM3KO K HYJIIO.

3amaua 33. 3amac AT® B mbimevyHoi TkaHu. Konmnentpanuss AT® B MblieuyHol TKaHH (B
KOTOpo# okosno 70% mpuxoauTcs Ha JOJdIO BOAbI) paBHA mpubmusutensHo 8.0 MM. B mepuossl
YCWJICHHOM MBbIIIEYHON akTUBHOCTH AT® pacxoayercs Uisi MBIIIEYHOTO COKPAIICHUS CO
ckopocTthio 300 MkMoib/MUH Ha | T MblmieyHol TkaHu. Ha xakoe Bpems XBaTWUT 3TOrO 3amaca
AT® cnpunrepy, Oerymemy 100-merpoByto nucrannmio? Konmentpanus kpeatuHdocdara B
MBIIIEYHOU TKaHU cocTaisieT npumepHo 40.0 MM. Ha kakoe Bpemsi mo3BOJMT KpeaTuHpocdar
pacTsHyTh 3anac MbieqyHoro AT®?

JBbIXAHUE

[Tocnenneii peakiueil rIMKOIN3a SABISETCS BOCCTAHOBICHUE MOJICKYIIBI NUPOBUHOSPAOHOU
kucaromst, unu nupysama (CsH303") no nakrara (puc.
94). OnHako B MPHUCYTCTBUH MOJEKYJISIPHOTO KUCIOPOAa MUPYBAT HE MPEBpAIlaeTCs B JIAKTaT, a
pacuieruisiercss 10 CO, u H,O B a’poOGHOM mporiecce kaTaboam3Ma, Ha3bIBAEMOM ObIXAHUEM.
I'oBopst 0 apIXxaHUM, MBI OOBIYHO UMEEM B BHUIY €r0o (U3HOJOTMYECKUN MM MaKPOCKOMUYECKHIM
acniekt (mpouecc moriomenuss O, u BoigeneHuss CO, B nerkux). Ho ceituac Mbl paccMoTpum



JbIXaHHE Ha MUKPOCKOIIMYECKOM YpPOBHE, T.€. KaK MOJIEKYJIIpHbIE MEXaHU3MbI NoTpedeHust O, u
obpazoBanust CO, B KJIETKAX.

[Ipouiecc KIETOYHOTO ABIXaHUS COCTOMT M3 Tpex craauil (puc. 95). [lepBast cragus ciyXuT
JUTS BOBIICUEHHUS OPraHUYECKHX MOJIEKYJ B IIPOIECC AbIXaHus. B ciayuae BoBieueHHs mupyBaTa Ha
aTOM ctamuu oH okucisiercs 1m0 aneTmwi-CoA u CO; B peakuun: CsH305 + HAI[+ + CoA 6 anerui-
CoA + HAIH + + CO,. DTy [A0BOJBHO CJIOXHYIO PEAKIMIO OCYILECTBISCT nupysamoe-
2UOPO2EHA3HbIU KOMNJIEKC, HaXOASIIUNCS y SYKapUOTHUYECKUX KIETOK B MHUTOXOHJIpPHUAX, a Yy
MIPOKAPUOTUYECKUX - B HHTOIUIa3Me. [lupyBataeruaporeHasHblii KOMIUIEKC, BBIACNIECHHBIN U3 E.
coli, mpeacTaBisieT cOOOM YaCcTHIy AHMAMETPOM OKoJio 45 HM, T.e. Ooubiie, yueM pubdocoma. Ero
MOJI. Macca mpeBblaer 6 MiH. Jla. DTOT KOMIUIEKC SBISETCS MYJIbTH(EPMEHTHON CHCTEMOH,
"spo" KOTOpOH COCTaBJIAIOT TpHU KPYITHBIX dbepmenTa, OCYILECTBIISIONINE
MUPYBATAETUAPOTCHA3HYIO PEaKIINIO, a K HUM MPUCOEIUHEHBI ellle Ba (hepMEHTa, BBITOTHSIONIIE
TOJIBKO PETYJIATOPHBIC (PYHKIINH.

Bropast cragus [npiIxaHus - O3TO LUKIMYECKass IOCIEI0BAaTENbHOCTh M3 9 peakuui,
OCYIIECTBIIsIEMBbIX 8 epmeHTamMu (puc. 95). DTOT UMUK HA3BIBACTCS YUK TUMOHHOU Kuciomul (TI0
Ha3BaHUIO MEPBOrO M3 OOpPA3yIOUIMXCS B HEM COCAMHEHHMI) M M3BECTEH TaKXKe KaK YUK
mpuxapbonosvix kuciom, Win yuxki Kpeoca (mo mmenun otkpeiiiero ero B 1937 r. I'anca Kpebca
(H. Krebs), HobeneBckast npemust 1953 r.). Bce peakuuu 3TOro nukia mpoTeKaroT B MaTpHUKCE
MUTOXOHIpUH. CyMMapHas peakius [UKJa:

Auernn-CoA + 3HAJL™ + ®AJ[ + TA® + HPO,* + 2H,0 6 6 CoA + 2CO, +
3HAIH + ®AJIH, + TTOY + 2H".

Taxkum 00pa3zom, B IIMKIJI BCTyHAeT alleTHIbHAS TPYIINa, COAEprKalias 2 aToMa yriepoja, KOTopble
OCBOOOKIAIOTCS IO 3aBEPIIEHUH IMKJIa B BUIE YIVIEKHCIOro ra3a. OT pa3HBIX MPOMEXKYTOUHBIX
IPOAYKTOB IIMKJIA OTAENAOTCA 4 mapbl aTOMOB BOJOpOJA, KOTOPBIE HCIOJIB3YIOTCS JUIA
BoccTaHoBneHns 3 Monekyn HAJT u 1 monexynst ®AJl. B kauecTBe MOGOYHOTrO MPOMYKTa IIMKIA
obpasyetcsa Takxke 1 monekymna ['TdD, koTopas MoxkeT OBITH HCIOJIb30BaHa JuIs cuHTe3a ATO:
I'TO + AA® 6 1P + AT®. OgHako ITIaBHBIM BBIMTPBIIIEM LMK CIIy’KaT BOCCTAHOBJIEHHBIE
HAJIH u ®AJ/IH,, xoTopble nepenatoT 4 mapbl AJIEKTPOHOB B yenb nepeHocda 2J1eKmpoHo8 Ha
cienyromei (TpeTbei) craauu asixanus (puc. 95).

[lens mepeHoca SIEKTPOHOB MPEACTaBISET COOOW MOCIEAOBATEIHLHOCTh OKUCIUTEIHHO-
BOCCTAHOBUTENIbHBIX ~ pEaKUUM, OCYIIECTBISIEMbIX  O€lIKaMU-NEPEHOCUYMKAMHU, HECYLIUMHU
CHeIHaTbHbIE XUMHUYECKHE TPYIIbI, CIOCOOHBIE MPUCOEIUHATH U OTAaBaTh dJIEKTPOHBL. Toraa Kak
peaKuy IHKJIA JTUMOHHON KHCJIOTBHI OCYIIECTBISIOTCS B MaTPHUKCE, OCIKH-TIEPEHOCYHKH DIICKT-
POH-TPAHCIIOPTHOM 1IeTU SBISIOTCA MEMOpPaHHBIMH O€lKaMU M BKJIIOYEHBI BO BHYTPEHHIOIO
MeMOpaHy MHUTOXOHApUH. llenb mnepeHoca AJIEKTPOHOB COCTOMT W3 YETHIPEX pPa3IUYHbIX
KomIuiekcoB (puc. 96). Onexrponsl or HAJIH nmocrynaror Ha komrmiekc I, Ha3bIBaeMblil Takxke
HAJ[H-KoQ-pedykmasa. ITOT KOMILIEKC HACUUTHIBAET 10 26 MOJUNENTHJIOB, a €ro olIias Macca
okasbiBaercs nopsaaka 700 - 900 k/la. DTOT KOMIUIEKC COEPKUT 6 peaKIMOHHBIX LIEHTPOB
- ¢prasuHMOHOHYKIEOmUO N 5 TaK HAa3bIBAEMBIX HE2EMOBbIX JHCENe30-CEPHBIX
Kl1acmepog: MOCIeA0BATEIbHO BOCCTAHABINBASICh U OKUCIISISICh, 3TH LIEHTPbI
MEPEHOCAT MEKTPOH U MEPEAAI0T €ro Ha CIEAYIOLIUH MEePeHOCUYUK B JAbIXATEIbHOW IeNnH -
youxunon, unu kogpepmenm Q (puc. 97). Kommneke 1l (cykyunam:youxunon-oxcudopedykmasa),
TOXKE COJEPXKALUI HeceMmogbvle dcene30-cepHvle yeHmpol, pUHUMAaeT 3MeKTpoHbl oT PAJIHo,
00pa30BaBIIETOCS MPH OKUCICHUH CyKIIMHATa B LIUKIE JIUMOHHOU KucaoTel. Kodepment Q - 310
MOJIBM)KHASL paCTBOPUMast B MeMOpaHe MoJieKyiia. OH coOupaeT 3JIeKTPOHBI OT
komiuiekcoB | u Il u mepenaer ux Ha cnepyromuii kommiekce 111, Ha3zpiBaeMbiil Takxke KoQH»-
yumoxpom c-pedykmasa. Kommiekc 111 umeer maccy okomno 250 x/la, comepxkut npumepHo 11
MOJIMTIENITUIOB U HeceT 4 peaklMOHHBIX IIEHTpa - ABa cema yumoxpoma b, necemoswiii dceneso-
cepHulll Knacmep W cem yumoxpoma c. lIepeHoCUrKoM 3JEeKTPOHOB Mex Ay Komruiekcamu I u IV
CIIy’KUT HEOOJBIION PACTBOPUMBIN OENOK, JIOKATH30BAHHBIA B MEXKMEMOpPAaHHOM MPOCTPAHCTBE
00O0JIOYKM MHUTOXOHAPHUH, - yumoxpom c. Kommuiekc IV HaszpBaeTcs yumoxpomokcuoasotl.



WHTepecHo, 4TO B MPOLIECCE 3BOMIOLMH IO YCI0KHEHUE 3TOT0 KOMIUIEKCA: LINTOXPOMOKCHA3bI
pa3nu4HbIX OakTepuil cogepkar ot 2 10 3 cyObeUHHUL, B MUTOXOHJIPUAX ApOXOKed ux - 7 - 8, a B
MUTOXOHJIPUSIX ~ BBICIIMX KUBOTHBIX - 12 - 13  cyObeauHuIll. AKTHUBHBIE ILIEHTPHI
LIUTOXPOMOKCH/Ia3bl BBICIIUX XHBOTHBIX COJIEpXKaT JBa cema muna a W 1Ba MoHa Cu. B stom
KOMIUIEKCE OCYILECTBIISIETCS 3aKIIOUUTEIbHAsI OKHUCIUTEIbHO-BOCCTAHOBUTEIbHAS PEaKLIU
3JIEKTPOH-TPAHCIIOPTHOM 1IETIH, IPU 3TOM KOHEUYHBIM aKIIETITOPOM JIEKTPOHA, MOJTyYaIOIUM €ro C
atoma Cu, SBIAETCA MOJNEKYJISAPHBIA KHCIOpoa. B pesyibrate mpoucxomut peakmus: O, + 4"+ H'
6 2H,0. IlocnenoBaTeabHOCTh OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX pPEAKILUil, OCYIIECTBISEMbIX
komrutekcami I, 111 u IV, nokazana na puc. 98.

[lepeHOC 5JEKTPOHOB MEXAy KOMIUIEKCAMH OCYLIECTBIISIETCS B XOZAE CIIydalHBIX
CTOJIKHOBEHHM MEXIy JOHOpaMHU U aKLENTOpaMH 3JIEKTPOHOB, CBOOOIHO MEPEMEIIAIOLIMMUCS B
TUNUIHOM Oucioe. B cpennem 3a 5 Mc oHM nepemeniatoTcs npuMepHo Ha 40 HM; 3TO pacCcTOsHUE
npuMepHO B 6 pa3 OoJbie uX cOOCTBEHHOTO auamerpa. KopepMeHT Q u UTOXpOM ¢ mepemernia-
IOTCS Ha TMOPAAOK ObICTpee, YeM MAacCUBHble MeMOpaHHbBIE KOMIUIEKCHI: HX K03(duuueHt
mbdysun  10°  cm’/c npubmmKaeTcs K - BeNMUMHE, XApAKTEPHOM U MEMOPAHHBIX
¢dochonununos. [loacunrano, 4To caydalHbIX CTOJIKHOBEHHH MEXIY TaKUMH NEPEHOCUHMKAMU U
MEMOpaHHBIMH KOMIUIEKCAMH BIIOJIHE JTOCTATOYHO JJIsi OOEcredeHus] HaOII0JaeMON CKOPOCTH
IepeHoca 3JEKTPOHA M0 JbIXATENbHOM IenHu (KOMIUIEKCHI OTJAl0T U IMOJYy4yaroT MO OJHOMY
ANeKTpoHy Kaxple 5 - 20 mc). [lockonbKy nepeHOCUHKU HE 00pa3yIoT CTPYKTYPHO-BhIPAKEHHbIX
3JIEKTPOH-TPAHCIIOPTHBIX IeNel, OHM MPUCYTCTBYIOT B MHUTOXOHJIPHUSX HE B SKBHUMOJIAPHBIX
konudecTBax. OObrdyHO cooTHomenue komruieke I : kommuieke Il : xkommiekc IV : mutoxpom c :
kopepmeHT Q coctaBnsieT 1:3:7:9:50. DTO COOTHOIIEHUE MOXET U3MEHATHCS, U TaKUM 00pa3oM
KJIETKA MOKET PEryJUPOBaTh CKOPOCTh NEPEHOCA IEKTPOHOB IO JBIXATEIbHOM LIETIH.

DJEeKTPOHBI, MOCTYMAIOLINE B ATy LIETb MEPEHOCUUKOB, OOraThl 3HEPrUeii, HO 0 Mepe UX
MIPOJBMIKEHHUSI 110 LIETIH, OT OJIHOTO IIEPEHOCUUKA K JIpY-

rOMY, OHU IIOCTENIEHHO TEPSAIOT YacTh cBoel aHepruu. Hekoropas yacth
3TON PHEPrUH HEOOPATUMO paccerBaeTcs B BUJIE TEIJIA, OJJHAKO OOJIbLIas
€€ YacTh UCIOIb3yeTCs MEMOPaHHBIMHI KOMILJIEKCAMU AbIXaTeIbHON HEMH IS
nepeHoca TMPOTOHOB W3 MaTpHKCa 4epe3 BHYTPEHHIOID MeMOpaHy B MeXMeMOpaHHOE
MPOCTPAHCTBO OOO0JIOUKH. B MUTOXOHIpHSIX B pe3yibTaTe HAMpPaBIEHHOTO TMEPEeHOCa HMOHOB
BOJIOPO/Ia MATPHKC 3aIEIaYNBACTCS, 2 MEXKMEMOpPAHHOE MPOCTPAHCTBO 3aKUCIISIETCS, IPH STOM Ha
MOBEPXHOCTH BHYTPEHHEH MeMOpaHbl MUTOXOHIPHH CO CTOPOHBI  MEXKMEMOpPAHHOTO
MIPOCTPAHCTBA HAKAILJIMBAIOTCS M30BITOUHBIE IMOJIOKUTEIbHBIE 3apsijbl,  CO CTOPOHBI MaTpUKCa
BO3HHMKAET PABHBIM HEJOCTATOK IOJOKUTEIBHBIX 3apsA/IOB, T.€. HAKAIUIUBAKOTCA OTPULIATEIIbHBIE
3apsanbl (puc. 96). JlunuaHeii OUCION HEMPOHUIIAEM JIsi IPOTOHOB, MMOATOMY MOHBI BOJIOPOJa HE
MoryT nuddyHapOBaTH M3 MEXMEMOPAHHOTO MPOCTPAHCTBA OOpPaTHO B MAaTPUKC, YTOOBI
BBIPOBHSATH pa3jMuue CBOMX KOHLEeHTpauuid. Kpome Toro, TunuaHsiii OMCI0i XOpoImuid H30IsTop,
MO3TOMY  BHYTPEHHsi1 MeMOpaHa  mpeBpamiaeTcs B KOHJEHCATOp,  yACP KUBAIOIIMA
TpaHCMEMOpPaHHYIO Pa3HOCTb 3JEKTPUUECKUX 3apsAoB. TakuM 00pa3oMm, 3HEPrus 3JIEKTPOHOB
npeodpa3yeTcsi B OSHEPTUI0 3JIeKMPOXUMUUECKO20 2paoduenma HpoOmoHO8, WIU  pPA3HOCMU
anekmpoxumuyeckux nomeunyuanod npomoros (DmH). DmH coctoutr u3 nByX KOMIIOHEHTOB -
Xumuvecko2o (Pa3HOCTh KOHIIGHTPAIM MOHOB BOJOPO/A) U AIIEKTPUUECKOro (TpaHCMeMOpaHHast
Pa3HOCTb AJIEKTPUUYECKUX MOTEHIMANIOB, Dj) - 1 MOXKET OBITh pacCUUTaH U3 YpaBHEHMUS:

DmH = FDj + RTIn([H"],/[H 1),
rae F - aucno @apanes, R - Ta3oBasi MOCTOsTHHAS, T - aOCOJIIOTHAS TEM-
nepatypa, a [H'], u [H'], - MOJIIpHbIE KOHIIEHTPALMH NPOTOHOB B MOJNOKMTEIBLHO 3aPSKEHHOM
(6onee KHWCIOM) U B OTPHIATENILHO 3apsDKCHHOM (0Oosiee MIEIOYHOM) OTCEKaX COOTBETCTBEHHO
(IS MUTOXOHIIPHH - B MEXMEeMOpaHHOM MPOCTPAHCTBE M B MAaTPHUKCE COOTBETCTBEHHO). [Ipu
okucinennn 1 monexynst HAJIH B mpIxaTensHOM memu uepes mMeMbpaHy mepeHocurcs 10 H'. B
TUNUYHOHN KJIeTke DmH Ha MuTOoXOHIpHanbHOM MeMOpaHe B Mpoliecce AbIXaHHsI CKIIAbIBACTCS U3
Dj =160 MB u rpaguenTa pH BenmunHo# B 1 exunuiy pH.



Ouepruas DmH wucnonssyercst 3arem ans cunre3a AT®. [lnsg sTtoro BO BHYTpEHHEH

MeMOpaHe MUTOXOHIPUN MPUCYTCTBYET (PePMEHTHBIA KOMILIEKC, Ha3bIBaeMblil A T@-cunmemasa.
AT®-cuHTETa3a UMEET OYEHb MOXOXKYIO0 CTPYKTYpY M B KIIETKax OakTepuil, U B MUTOXOHJAPUSIX
pa3HbIX opraHn3MoB. OHa COCTOUT M3 ABYX YacCTEH: BOJLOPACTBOPUMOM KaTaIUTHYECKON 4acTH Fi
u yactu Fy, T0Kann30BaHHOM BHYTPH MEMOpaHBI M MPECTABISIONICH COO0M
npoTOHHBIN KaHan (puc. 96). Fo conepxut 3 Tuna cyonrenunu (a, b u c)
CO CTEeXHOMETpHel abyCe.1s, MPH I3TOM b-CyOBEIUHHIIA TIepeceKaeT MeMOpaHy OIWH pas, C-
cyObeqMHMLA - 1BA pa3a, a a-cyObeuHuIa oOpa3yeT 6 a-crnupaneld, IpOHU3BIBAIOIINX MEMOpaHy.
F; B MuTOXOHIpHSX npucoeanHseTcs K Fy Bceraa co cTOpOHBI MaTpHKCa W MPEICTABISAET COOO0M
samnuncoun ¢ ocamu 12&9&7 um. F coctout uz 5 tumoB cyOweaunui (a, b, g, d u e) co
crexuomerpueil asbsgde. Kpome toro, muroxonapuansaas AT®D-cuHTETa3a CONEPKUT HECKOIBKO
JONIOJTHUTENbHBIX MOJUIENTHIOB, OTCYTCTBYOIMX y Oaktepuil. CymmapHast Mon. macca AT®-
cuHTeTassl npesbimaer 500 k/la U BeCh KOMILJIEKC HACTOJIBKO BEJIMK, YTO OTYETIMBO BHUJEH Ha
3JIEKTPOHHO-MHUKPOCKONINYECKUX (oTorpadusax B Buae rpuOOBUIHBIX 00pa30BaHUM, TOpUAILUX U3
MeMmOpansl. Monsl H', HakammuBarompecs B MeXMEMOPaHHOM IIPOCTPAHCTBE MHTOXOHIDHIA,
YCTPEMIISIFOTCSI TIOJ IEHCTBUEM CBOETO 3JIEKTPOXMMHUYECKOIO IpajueHTa mo KaHainy Fo, HO Ha
BBIXOJIE B MaTPUKC OHHU MOnaaaroT B Fj, KOTOphIA HCNONB3yeT "MPOTOHOABMKYIIYIO CUIy" JUIs
cureza AT® u3z AJID. Duepreruyeckum mnpeodpazopareneM, cuHTesupyrommM AT, cayxur
KOMIUICKC azb;, a koMmimiekc gde AeicTByeT Kak "BOpoTa', OTKpPBIBAIONIUE WIIA 3aIMPAIOIIHe
MIPOTOHHBIN KaHal Fo.

[Ipouiecc TpancmopTa 3JIEKTPOHOB BJI0JIb MEMOpPaHbl OKa3bIBAETCS TAKUM 00pa3oM CONPSIKEH
C MEpEeHOCOM NPOTOHOB uepe3 MeMOpaHy, "3apspkeHHas" Ppa3HOCTBIO SJIEKTPOXUMHUYECKUX
MOTEHLIMAJIOB MeMOpaHa 3areM paspsbkaerca uepe3 AT@-cuHTeTa’y, 4YTO MPUBOJIUT K
obpazoBanuio AT®D. DTOT MexaHU3M, Ha3bIBAEMbIH Xxemuocmomuueckum, SBISETCS AOCTATOYHO
YHUBEPCAJIbHBIM U,

KaK Mbl YBHJUM B JaJbHEMILEM, BCTPEUAETCS HE TOJBKO B MUTOXOHAPHUAIBHBIX, HO U B JAPYTUX
KJIETOYHBIX MeMOpaHax. MeMOpaHbl, cnocoOHbIe "3apspKaTbea" W UCIONB30BAaTh PAa3HOCTD
NEKTPOXMMHUYECKUX MNOTEHHOHANoB aiud  cuHTe3a ATd, Ha3pBalOTCA  conpsaearouumu
MeMOpaHaMu. XeMHOCMOTHYECKUN

MexaHu3M ObuT OTKPHIT B 1961 1. [Tutepom Mutuenom (P. Mitchell, Hobenesckas mpemust 1979
r.).

Ha kaxnayio mapy »3JEKTpOHOB, IMEpPEHECEHHbIX Mo abixaTtenbHoW nenu ot HAJIH k

KHCIIOpOay, CUHTE3upyroTcss 3 Mousekylibl AT®. Onektponsl, otmemisemsie ot DAJIH,,
MOCTYNAIOT B JbIXaTeJlbHYI0 Lenb ¢ Komruiekca Il (cyknuHaT:yOMXHMHOH-OKCHIOpENyKTa3bl),
koTopelid B orinuue ot komiekca I (HA/IH-KoQ-penykrassl), He y4acTByeT B NepeKauMBaHUU
MPOTOHOB 4Yepe3 memOpany. [losromy mpu mepenoce napsl € or ®AJIH, obpaszyercs Tonbpko 2
Mouiekyisl AT®. Eme 1 monekyna AT® cunresupyercss u3 Monekyisl ['T®, nonyuusmerocs B
LUKJIE JIUIMOHHOU KHMCIIOTBI. B pe3yiibTaTe npy OKUCIEHUN | MOJIEKyJIbl TMpyBaTa B MUTOXOHIPUH
obpasyercst 4&3+2+1=15 monexyn AT®.
Ecnn e MBI pACCMOTPUM OKHCIIEHHE MOJIEKYJIBI TNIFOKO3bI, HAUMHAIOIEECS C TTIMKOJIN34a, U yUTEM,
YTO MPH TJIMKOJIUTHYECKOM paCIICIUICHUH TJIIOKO3bl 00pa3yroTcs 2 MOJIEKyJbl MUpyBaTa, a
nosryvaromuecs npu 3toM 2 mosekynsl HAJIH (puc. 94) Toxke MOryT OBITH BOBJICUEHBI B TIEPEHOC
3JIEKTPOHOB M0 JbIXaTeNbHON Iernu, To obmiee konmmyectBo AT®D, momyuaromieecs mpu JIByXcC-
TaAUHHOM  pACILEIUIEHUH  MOJIEKYJbl  IJIIOKO3bl  (IJIMKOAM3 +  JBIXaHUE), COCTABUT
2&15+2&3+2=38 mousekyn. CymMmapHOE ypaBHEHHE TAKOTO DPACILICIUIEHUS MOYKHO 3alucaTh B
CIIEYIOIIEM BHJIE:

CeH1,06 + 60, + 38AJID + 38HPO, >+ 38H" 6 6CO, + 38ATD*+ 44H,0. [Ipn cHkUraHAH
rroko3bl 10 CO, 1 HyO Beimensiercst 2870 kIx/monb. CrieoBaTeNbHO MPH OMOIOTUYECKOM
pacuerieHnu rioko3bl 10 CO;, u HoO teopernueckuii KI1/] cocraBnser (38&30.2/2870)*100% ~
40.4% B crangaptHbIX ycnoBusx (1.0 M). B xkuBbix kineTkax 3¢p(eKTHBHOCTb 3TOTO
IIPEBPALIEHMS, BEPOSITHO, NpeBbIaeT 70%, NOCKOIbKY BHYTPUKIETOUHbIE KOHIIEHTpauu Oy,
AJlD, HPO42' u AT® He onMHAKOBBI U 3HAYUTENBbHO HIKEe 1 M. OcTanbHas SHEprusi XUMUYECKUX



CBs3EH TIIOKO03bI, He 3anaceHHas B AT®, paccenBaercs B Buje Temia. Kucnopos, KOTOpbIid Mbl
norjomn@aeM u3 arMochepsl Ipy MOMOIIIH JIETKUX, HEOOXOIMM KJIETKaM HaIllero Tea Kak
KOHEYHBIN aKIENnTOop 3JEKTPOHOB B 3JIEKTPOH-TPAHCIIOPTHOM LIE€TIH, a YIJIEKUCIIBIN Ia3 BEICBOOOXK-
JaeTcst Kak TOOOYHBIHM MPOAYKT B peakuusax 1ukina KansBuna, iuppyHaupyer u3 MUTOXOHIPUI B
LUTOIUIa3MYy, 3aTEM B MEKKIIETOUHYIO CPEly M YIAISIETCS U3 OpraHru3Ma BBICIINX KUBOTHBIX
yepes JIeTKHe.

Hekotopeie BemiectBa CHOCOOHBI JCWCTBOBATH Kak  pazoowumeny  SICKTPOHHOTO
TpaHcropTa u docdopunupoBanus. OHE 1160 ABNAIOTCS mMepeHocunkamu H' yepes memGpany,
m6o nenaloT B MeMOpaHe NPOTOHHBIA KaHal - "meipky". B pesynsrate mns moHoB H'
OTKpBIBACTCS albTEPHATUBHBIN MyTh ISl BEIpaBHUBAHUS KOHIEHTpauii, Munyss ATd-cunterasy.
Bo3nukaer xak Obl "KOpOTKOE€ 3aMblKaHME', IPOTOHOJABIIKYIAs CHJIA MOJIHOCTbIO MCYE3aeT, U
AT® Oomnbliie HE CUHTE3UPYETCS. B 3THUX yCIOBUAX BCS dHEPTHUS MOCTYMAIONINX B JbIXaTEIbHYIO
IIETh 3JIEKTPOHOB PACCEHBAETCS B BUJIE TEIUIA M ITO3TOMY TaKOE€ pa3o0IeHHe MPOIECCOB MTEpeHOca
anekTpoHa u (QochopuIupoBaHUs CIHEUANTBHO HUCIOJB3YyEeTCsl OpPraHM3MaMH JJs BBIPAOOTKU
Teria. Y MHOTHX MJIEKONUTAIOMIMX U Yy YEJIOBEKAa WMEETCS OCOOBId THUIl >KUPOBOM TKaHU,
Ha3bIBAEMbI Oypwuim oicupom. 1Ber Oyporo kupa 0OyCIOBIEH MPUCYTCTBUEM B €ro KJIETKaX
OOJIBIIIOTO KOJMYECTBA MUTOXOHAPHUH. MHTOXOHAPUU Oyporo >kupa HEOOBIUHBI TEM, YTO B HUX
BHYTpeHHEH MeMmOpaHe conepxkutcss Hebomnbiion (33.2 k/la) Oemokx mepmoeenun, crocOOHBIH
MPOBOJIUTH TPOTOHBI Yepe3 MeMmMOpaHy. Yepe3 TEpMOTeHHWH NPOUCXOIUT YTE€YKa MPOTOHOB,
HAKaYMBaEMBIX
B MEXMEeMOpaHHOE TPOCTPAHCTBO MHUTOXOHJPHI BO BpEMsl TPAHCIOPTa JJIEKTPOHOB. B wmTore
HaOmoaeTcss "XonocTas" MUPKYISIHS HOHOB H' u BMecTo obOpazoBanusi AT® mpoucxoaut
BbIJIEJICHUE PHEPTHM B BUJIE TeIula. Bypslil skup coctapisieT He 6onee 1 - 2% maccsl Tena. Tem He
MEHEee CTUMYJISLUS dTON TKAHU MPHU OXJIAXKICHUU KUBOTHBIX MOBBIIIAET €€ TEIUIONPOAYKIIHIO 10
400 Bt ma 1 Xr Maccel, YTO HaMHOTO OOJIbIIE OOBIYHONH TEPMOTEHHOW CIIOCOOHOCTH TKaHEH
MJIEKOTUTAIONIUX (YEIOBEK B COCTOSIHMU MOKOsI oOpa3yeT okosio 1 Bt temnorel Ha 1 Kr macchl).
Ecnu opranu3m He HyXHaeTcs B TEIUIe, TO MPOTOHHBIC KaHAIbl, 0Opa30BaHHBIC TEPMOTCHOM,
3aKpBIBAIOTCS ¥ MUTOXOHApUM Oypoi >KUPOBOM TKaHM HauMHAIOT cuHTe3npoBath AT®. B opra-
HU3ME YeJioBeKa OyphIil )KUp COCPEIOTOUEH B BEPXHEW YaCTH CIHHEI, Orke K mee. OH OKpyXkKaet
KPOBEHOCHBIE COCY/Ibl, MUTAIOIIUE MO3T KPOBBIO, IO3TOMY TEILJIONPOIYKIHUS B OypOM KUpPE UMEET
OTPOMHOE 3HAUYE€HHE JIJIsl BELDKMBAHUS OpraHu3Ma Ha XOJI0/Ie.

[ToMuMoO yrieBooOB, U Ipyrue OpraHMyecKre BEIIeCTBA MOTYT OKUCIATHCA U OTJaBaTh CBOIO
XUMHUYECKYIO SHEPTUIO B MUTOXOHJPUSIX. ITO MOTYT
OBITh KUPHBIE KUCIIOTHI, OTIIETUBIIUECS OT JIMITUIHBIX MOJeKyJl. CrienuanbHble
(epMEHTHI-TIEPEHOCYUKHU OCYIIECTBIISIOT MIEPEHOC )KUPHBIX KUCIOT B MATPUKC
MHUTOXOHJpUH. TaM )KUPHOKUCIIOTHAS LIEeTh "Hape3aeTcs' Ha ABYXYTJIEPOIHbIE
(dbparMeHThI, KX IbIi U3 KOTOPBIX 00pasyeT aneTui-CoA, rOTOBBIA BCTYHUTh
B PEaKIUH IMKJIa JUMOHHOM KHCIOTHl. AMHHOKHCIIOTBI, 00pa30BaBIIUECs MpU
pacuiernyieHuH OEeITKOB, TOKE MOTYT CIYXKHTb "ChIpbeM" I MUTOXOHIPUH,
€CJIM HE HCIIONB3YIOTCS B HOBBIX OCIKOBBIX CHHTe3ax. CHadajia aMHHOKHCIIOTHI "OTIAl0T" CBOIO
aMUHOIPYIILy MOJIEKYJIaM a-Kemoenymapama B Peakuusix mpauncamunuposanus, a 3atem 10 u3
HUX pacuierisiioTesa a0 anetuin-CoA, a npyrue 10 MOTyT mocTymarh HEMOCPEACTBEHHO B ITUKII
Kpebca. O6miast cxema UCTIOIb30BaHUS PA3IMYHBIX BEIIECTB ISl H3BJICUCHHUS YHEPTUH B TIPOIECCE
JIbIXaHUs MTOKa3aHa Ha puc. 99.

3amaga 34. PaccuuraiiTe, CKOJIbKO MPOTOHOB JOJKHBI HpoiTH uepe3 AT®d-cunrerasy,
4TOObl B CTaHJAPTHBIX YCJIOBUSX CHHTe3upoBaiack | Monekyna AT®, ecnu Ha MeMOpaHe
MOAIEPKUBACTCSA PA3HOCTh MOTEHIMAIOB, paBHast 160 MB?

3anaua 35. Ha yaniky BecoB cakatoT O€yI0 MbIIIb, HAKPHIBAIOT €€ METAJUINYECKON CeTKOU
Y ypaBHOBEIIMBAIOT BeChl. JKMBOTHOE Oeraer 1o yamike, KapaOKaeTcs 1m0 CeTKE U 3aTpadynBacT Ha
3TO MHOro 3Hepruu. Yepes 2 4 yamka ¢ MbIblo cTana Ha 1.2 r jerde. [Tonaras, 4To MbIb He



noTeia, pacchTaﬁTe, KaKOC€ KOJHUYCCTBO TIJIIOKO3bl PACHICIIMIOCH 3a 3TO BPEMs B MbIIIIAX
ZKHNBOTHOTIO.

3agaya 36. C moaBepraemMbIxX JIbIXaTEIbHOMY PACHIEIITIEHUIO MOJIEKYJ HAa KUCIOPOJ KKIYIO
MHHYTY BO BCCX MUTOXOHAPUAX TCJIa YCIIOBCKA IMCPCXOJUT KOJIUYCCTBO 3JICKTPOHOB, pABHOC CUJIC
ToKa B 76 A. OtieHuTE OOIIYI0 YHEPTreTUIECKYIO0 MOIITHOCTh YEJIOBEYECKOTO Tela, €U Tepenal

3HAYECHUM OKHUCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX [IOTEHIIMAJIOB B JbIXaTEIbHOM LTI COCTABIIACT
1.13 B.

OOTOCHUHTE3

[Tpouiecc  (oTocuHTE3a, OCYMIECTBISIEMBI  XJIOPOIIACTAMU  PACTUTENBHOM  KIIETKH,
MPOUCXOJUT MO TOMY XK€ XEMHOCMOTHYECKOMY MEXaHHU3MY, KOTOPBIM OCYIIECTBISETCS B
MUTOXOHJIDHSIX, U B OCHOBE OpraHU3alldd TeX W JPYrHMX OpraHeiul JieaT OAHH U Te XKe
npuHuMnbl. OHaKO UCTOYHUK 3HEPIuH, KoTopas 3anacaercs B Buge AT®, paznuueH: B mpouecce
JBIXaHUS - 9TO SHEPTUsl XMMHUECKUX CBSI3€H OpraHMYeCKHX BEIIEeCTB, a B mpoliiecce (OTOCHHTE3A -
SHEprus CBETa.

@DOTOCHHTE3 OCYIIECTBISETCS B TpU cTafauu. Ha mepBoil craguu MpOUCXOAUT MOTIIONIEHUE
KBaHTa CBETA, OCYIIECTBISIEMOE MOJIEKYJIaMUu Xzopoguiia. VI3BECTHO HECKOIBKO pa3IMYHBIX
dbopM xnopoduna. OCHOBHBIMH XJIOPO(HIIIIAMH BBICIIMX PACTEHUHN SBISIOTCS XJIOPOPUILIBI a U b
(puc. 100), y pa3audHBIX BOJIOPOCIICH BCTPEUYAIOTCS TAKKE XJIOPOPWLILI €, d U €. 4 MUPPOTBHBIX
KOJbIIa 00pa3yloT B MOJIEKYJE IHKJI U3 YEepeAYIOIIUXCS JBOMHBIX W OJMHAPHBIX CBs3EH (pHC.
100), B 1IeHTpe KOTOPOTO HAXOJIUTCS aTOM MarHusi. ITa 4acTh MOJICKYJIBI SBJIIETCS XPOMOGOPOM,
XOPOIIIO MOTJIOMIAIONIUM CBET B CUHEH U KpacHOi obnactsax crnektpa (puc. 101). JInunublil ruapo-
($oOHBI "XBOCT", MPUCOCTUHEHHBIA CIIOKHOI(PUPHON CBS3BI0 K TETPAHPPOIHLHOMY KOJIBILY,
SBIIETCS OCTAaTKOM CHHUpPTa umona W CIYXXKUT JUIsl TPUKpPEIUIeHHs K OelkaM THIaKOMIHOMN
MeMOpaHbl  xyoporuiactoB. OueHb ONM3KM 1O CTPOCHHIO K XJIOpoQuilaM pacTeHHUM
(boToCHHTETHYECKHE MUTMEHTHl OaKTepwii, Ha3bIBaeMble Oakmepuoxiopoguiiamu. Jns Gomnee
MIOJTHOTO YJIABJIMBAHUS CBETA XJIOPO(PHIUIBI COOpaHBI B TPYIIIBI 10 HECKOJIBKY COTEH MOJEKYH -
TaK Ha3bIBa€MbIE aumeHHble Komniexcul. [lomumo xyopoduiia, Kaxablii aHTEHHBIH KOMIUIEKC
COJZICPKUT JOTOJIHUTENbHBIE MUTMEHTHI - kapomunouowv: (puc. 102). Torma kak XJI0poduiuIbl
cnabo mormomarT cBeT B obmactu crektpa ot 500 mo 600 HM, KapOTHHOHWIB HWHTCHCHBHO
MOTJIOIIAIOT CBET B JKEJITO-3€JIC€HOM 00JacTH M CIOCOOHBI IepeiaBaTh HEPTUIO MOTIJIOIEHHBIX
¢dboTtoHOB MoJekynaM xynopodusuia. Takum o0pa3zoMm, KapOTHHOUIBI CIyXaT IOMOJHUTEIbHBIMU
¢dorocuHTeTHYECKUMH NUTMEeHTamMH. Emne omaHoil ¢yHKuuedl KapOTHHOHMIOB SIBISIETCS 3aluTa
MOJIEKYJ XJI0po(HILIa OT OKUCICHHS aKTUBHBIMU (hOpMaMU KHCIIOPO/Ia.

[Tocne mornomienus GoToHa MOJIEKyIa XJIOPOPHIUIa NEPEXOAUT B OJHO U3 BO3OYKIACHHBIX
cocrostanii (puc. 103). B B030yXI€HHOM COCTOSIHUM MOJIEKYJIa HaXOJHUTCS TOJBKO KOPOTKOE
BpeMs, IOCIE 4YEero IPOUCXOAUT OJUH M3 TpeX MpoleccoB. Bo-mepBbIX, MOJIEKyJla MOXKET
BEPHYTbCA B HEBO30YXIEHHOE COCTOSIHHE C BBIJCJICHHEM SHEPruu B BHJE TeIula (mennosas
ouccunayus  8030yixcoeHus1). BO-BTOPBIX, MOJEKyJa MOXET TIEpeUTH B HEBO30YKICHHOE
cocTosiHre, "CcOpOocHB" M3OBITOUHYIO SHEPTHI0 B BHUJEC BHICBEYMBAaHUS (OTOHA. DTOT MPOIECC
Ha3bIBACTCS  (hyopecyenyus, €CIM BBICBEUMBAHHWE MPOUCXOIUT M3  KOPOTKOKUBYIIETO
CUHTJIETHOTO COCTOSIHUSA, U hocghopucyenyus, €Clii U3 AOJATOKUBYILIETO TPUILIETHOTO COCTOSIHHSL.
Tpetnii u Haubonee BaXHBIH TpoLECC MEpexoJa MOJEKYyJIbl XJIOpopHia B HCXOJHOE
HEBO30YXKICHHOE COCTOSIHHME 3aKjlo4yaeTcs B TIepefade SHEpPruud BoO30YXKIEHUS COCeaHel
(Haxonsieiicss Ha paccTostHUM | - 2 HM) MOJIEKYJIe XJIOpOQHIIa O UHOYKMUBHO-PE3OHAHCHOMY
mexanuzmy. Y STOW MONyduBIIEH BO30YyKIEHHE MOJEKYJbI XJIOpouiia TOXE €CTh Te K€ Tpu
BO3MOKHOCTH BEpHYTHCSI B HEBO30YKICHHOE cOCTOsIHHUE. Takum 00pa3om, SHEprus Bo30yxKIeHUs,
€CJIi He TUCCUMMPYET B TEIUIO M HE BBICBEUMBAETCS B BHJE (DOTOHA, MUTPUPYET B aHTEHHOM
KOMILJIEKCE OT MOJIEKYJIbI K MOJIEKYJIe, I0Ka HE TONaAeT Ha MOJEKYIY XI10pohuiia peakyuoHHO20
yeumpa (puc. 104). Ilpu 3TOM MOJIEKYJIbI aHTEHHOTO KOMIUIEKCA CJIErKa OTIMYAIOTCS 10 CBOMM
HHEPreTUYECKUM YPOBHSM M PACHOJOKEHbI TaKUM 00pa3oM, 4YTO HHEpPrusi BO30OYKICHUS He
Oy’>KIaeT ciaydailHeIM 00pa3oM, a HampapisieTcs MPSAMO K PEaklMOHHOMY LIEHTpY. B pesynbrare



~

AQHTCHHBI KOMIUIEKC CIYXXUT Kak Obl "BOPOHKOH'", cOOHMpAromieil CBETOBYIO DJHEPTHIO H
HAMPABIAIOIIEH €€ K eIMHOMY LIEHTPY.

Mornekyna xia0poduiuia peakiimOHHOTO IEHTPa TOKE MOKET BBICBETUTh WJIU AUCCUIIUPOBATH
SHEPTHUIO CBOETr0 BO30YKIIEHUS, HO OTIUYAETCS OT APYTHX MOJIEKYJ XJIOpOohuUiia TeM, YTO MOXKET
neperaTh HE SHEPTUi0 BO30YXKIACHMS 3JIEKTPOHHBIX OpOMTajeil, a caM BBICOKOIHEPreTHUECKHM
ANEKTPOH, T.€. BCTYNMUTh B OKHUCIUTEIHbHO-BOCCTAHOBHUTEIHHYIO PEAKIMIO, YTO 3Ta MOJEKyJla W
JIEJIaeT C BBICOKOM CTENEHBIO BEPOSATHOCTH.

KonkpeTHOE MECTO JEHCTBHS Y)KE€ ONUCAHHBIX M TMOCIEIYIOMIMX MPOIECCOB MOKa3aHO Ha
puc. 105. Xmopoduiuisl peakKIHOHHBIX [IEHTPOB, CIIOCOOHBIC OTIAABaTh ICKTPOH, PACIIOIOKECHBI
Ha JIByX Pa3HbIX OOJBIINX MUTMEHT-0EKOBBIX KOMIUIEKCaX, Ha3bIBaeMbIX gpomocucmema I (OC 1)
u pomocucmema I (PC II). Xnopodwmmn peakmuonnoro neatpa ®C 1 oboznaugaercss P680 (1o
JUITMHE BOJHBI TJIABHOT'O MaKCHMYyMa IOTJIONIEHUS), pACIONOKeH Ha OONbIIoM monumnentuzae (47
k/la) m oTmaer cBoi AIEKTPOH (€°) MoJeKyJe (eohumuna, PACIIONIOKCHHON PSIOM Ha TOM KE
HOJINIIENTH/IE: Xa + deo 6 X' +
®eo’, e * o3ravaer Bo30yxkaeHHOE cocTosiHKE. [Toce aToro B Mosekysie ximopoduiia octaeTcs
MOJIOKUTEIBHO 3apshkeHHast "pIpKa”, KOTOPYI0 HEOOXOIUMO 3alOIHUTh 3JEKTPOHOM. DIIEKTPOH
OepeTcst U3 MOJIEKYJIBI BOJIBI, HO IMTOCKOJIBKY "OTOPBATh" JIEKTPOH M3 YCTOHUMBOM Monekyinsl Ho,O
JOBOJIBHO TSDKENO, 3TO JIelaeT CIeUUaIbHBIA 600opacujeniisitomuli KOMNieKc, COCTOSIIUN U3
HecKoJbkuX monunentuaoB (33, 18 u 24 k/la), comepkamuii KaTaIM3UPYIOMIHE ITOT TMPOIECC
atombl Mn u Cl u npucoenunstomuiics k kommiaekcy ®@C II co cTopoHbl mpocBeTa (rromena)
tunakounsa (puc. 105). Beero ot Mosiekyn Boasl B 4 3Tamna OTpbhIBaeTCs 4 3JIEKTPOHA, I1OCIIE YEro
BbIIEIISIETCS MoJieKyJa kucinopoaa: 2H,O 6 O, + 4H' + 4¢”. DroT KHUCTIOPOJI SIBIISIETCS] TOOOYHBIM
NpoAyKTOM (OTOCHMHTE3a; OH Jlaliee HE HCIOJB3YeTCs B Xjoporuiacte, a IudGyHIUpyeT u3
XJIOPOIUIACTOB B IUTOIIa3My, M3 IIUTOIUIa3Mbl B MEKKIETOYHOE MPOCTPAHCTBO JIMCTAa U Yepes
YCTBHIIA BBIXOJUT B aTMOChEpY .

DNEeKTPOH, MONy4YeHHbI (eoduTuHOM, mepedaeTcs Aalee MO SJIEKTPOH-TPAHCHOPTHON
Leny, AaHAJIOTMYHOW  JbIXaTeJbHOM  1enu  MUTOXOHApui.  CHadana  IPOUCXOAMT
MOCJIEIOBATEILHOCTh  OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX — pEaKIMi  MEXAy  MOJEKyJaMu,
cBsa3aHHbIMU ¢ noiunentuaamu OC II, 3areM 370€KTPOHBI MOCTYNAIOT B IyJ PACTBOPUMBIX B
JUOUAHOM OHCIIO€ MOJIBUXKHBIX MEPEHOCUUKOB AMIACMOXUHOHO8, OYEHb MOXO0XKHX HA MOJIEKYJIbI
KopepMeHTa Q DIEKTPOH-TPAHCHOPTHON Uenu MHUTOXOHIpHUNA. [IIacTOXMHOHBI TMEPEHOCST
ANEKTPOHBI HA YUMOXPOMHBIU KOMNIEKC, WIN HIACMOXUHON-NAACTMOYUAHUH-OKCUOOPEOYKmMA3Y, a C
IIUTOXPOMHOTO KOMIUIEKCA AJIEKTPOHBI OCTyNatoT Ha MaseHbkuit (10.5 x/la) pacTtBopuMbIii 610K
naracmoyuanun (I111), nokamm3oBaHHBIM B mroMeHe TuimakouaoB (puc. 105). Eme omamm
PEaKIMOHHBIM IIEHTPOM B XJIOPOIUIACTaxX CIYXUT XJjopopumn P700, Haxonsmumicss B KOMILIEKCE
®C 1. Bo30yxnasch moja ACHCTBHEM YHEPTUU, NMMEPEHOCHMOM K HEMY OT aHTEHHOTO KOMILIEKCa,
P700 oTmaer cBOIl 3JMEKTPOH CIIEAYIOUIEMY YYAaCTHHKY 3JIEKTPOH-TPAHCIOPTHOH menu (A,) H
BOCIIOJIHSIET TMOTEPI0 3JEKTPOHA OT IUIACTOI[MAaHMHA, BOCCTAHOBJIEHHOTO IIUTOXPOMHBIM
KoMIuiekcoM. Iocne cepun OKMCIUTENBHO-BOCCTAHOBUTENBHBIX PEAKIMM B IIpesenax KOMIUIEKca
@OC | snekTpoHBI MOMaaT Ha erie oauH Hebombion (11 k/la) pacTBopuMBIl OeTOK-TIEPEHOCUNK
- heppedokcun, TOKANN30BAaHHBIN B CTPOME XJIOPOILIACTOB. M, HAaKOHEI, OKOHYATEIbHBIM 3BEHOM
(hOTOCHHTETHYECKOW 3JIEKTPOH-TPAHCIIOPTHOM IIEMH SIBISETCS aCCOIMUPOBAHHBIN ¢ MeMOpaHOM

dbepmeHt geppedoxcun: HAJ[D-okcudopedykmasa, MPUHUMAIOIIAN ANEKTPOHBI oT
) +

BOCCTaHOBJIEHHOTO  (eppenokcmHa W BoccraHaBnuBaromuii ~ HAJID no  HAJI®H.

[TocnemoBaTeIbHOCTh  OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX  PEAKIIHIA, OCYILECTBIIAEMBIX

dboTocucTeMamMu ¥ IIUTOXPOMHBIM KOMILJIEKCOM, ITOKa3aHa Ha puc. 106.

IIpouecc mepeHoca 3IEKTPOHOB YEPE3 LUUTOXPOMHBIM KOMIUIEKC COMPSKEH C MEPEHOCOM
MIPOTOHOB M3 CTPOMBI XJIOpOIUIacTa BHYTPh JIIOMEHa THiIakonaa. Kpome TOro, mpoTOHBI
00pa3yroTCs B JIFOMCHE THJIAKOWJA NP PACIICIUICHHH BOJBI BOJOPACIICIUISIONINM KOMIUICKCOM
@®C II. Takum oOpa3oM, Tak ke, KaK U B JbIXaTeIbHOW IENH MEPEHOC 3JIEKTPOHA BJIOJb
TUJIAKOUTHOM MeMOpaHbl BBI3bIBAET OOpa30BaHUME HAa HEM PA3HOCTH AJICKTPOXMMUYECKHX TO-



tennuanos noHo H'. U Tak e, Kak B MHTOXOHAPHSX, TUIAKOUIHAS MeMOpaHa "paspskaeTcs”
gyepe3 XJopomacTHyro ATd-cuHTeTazy, YCTPOCHHYK IIOYTH TOYHO TaK K€ KaKk H
MuToXoHApHanbHast (puc. 105). OqHaKo 0COOCHHOCTBIO THIIAKOMIHBIX MEMOpaH SIBISIETCS BBIXOJ
HoHOB Mg”™ B CTpoMy B OTBET Ha 3aKauky MNPOTOHOB B THIAKOHMABL I1I05TOMY pasHOCTH
AIIEKTPOXMMUYECKHUX TOTCHIIMAIOB Ha MEMOpaHe MOYTH IETUKOM O00yCIIaBINBACTCS TPATUCHTOM
pH, cocraBmsromum 3 - 3.5 enuHuubl, a He pa3HULEH 3apsnoB. Eme oxHa 0coOeHHOCTH
(OTOCHHTETHYECKON 3JEKTPOH-TPAHCIIOPTHON IIETIM - 3TO BO3MOKHOCTb 3aI[MKJIMBAaHUS MTEPEHOCA
3JIEKTPOHOB. BoccTaHOBIIEHHBIN (heppeloKCHH, MePEMEIasch BJOIb CTPOMAIbHON MOBEPXHOCTH
TUJIAKOUTHOM MeMOpaHbl, MOXKET OTAaBaTh AJIEKTPOHBI HE TONBKO (eppemoxcuu:HAJD-okcu-
JIopeayKTa3e, HO M IHMTOXPOMHOMY KowmIuiekcy. B pesynprate oOpazoBanus HAJIOH He
MIPOMCXOJUT, HO HaKauyka IPOTOHOB BHYTPb TWUJIAKOHMJAA, OCYIIECTBIsEMas IUTOXPOMHBIM
KoMIUleKcoM, uaer, u AT® cunresupyerca. Perynsduus COOTHOWIEHUS NyTEH JIMHEHHOTO
nepesoca e or Boxsl K HAJI®  u mukmmueckoro mepesoca e Bokpyr ®C I cIyXuT ogHuM u3
croco0oB aganTtanuu (yHKIHMOHUPOBAHUSA (OTOCHMHTETHYECKOIO ammapara XJIOpOIUIacTOB B
Pa3HBIX yCIOBUSIX.

[TocnenoBarenbHOE coeMHEHHUE BYX (POTOCUCTEM B IEPEHOCE 3JIEKTPOHA BJOJIb MEMOpPaHBI
MO3BOJISIET CO3JaTh OONBLIMIA TIepenaj]; OKUCINTEbHO-BOCCTAHOBUTEIFHBIX MOTEHIMAJIOB Ha
KOHIIaX 3JIeKTpoH-TpaHcnopTHOH nenu (ot +0.82 B mo -0.32 B) (puc. 107). Cxema myTteii
MepeHoca 3JIEKTPOHA Ha YHEPreTUYECKOM 1narpaMMe MoX0ka Ha 3Ur3ar v o3ToMy Has3blBaeTcs Z-
cxemMoil (or aHru. zigzag). Tak ke, Kak M MHUTOXOHJpHUaIbHble MEMOpaHHBbIE KOMIUIEKCHI,
OCIKOBBIE  KOMIUIEKCHI  (DPOTOCHHTETHYECKOH  SJIEKTPOH-TPAHCIOPTHOW  LENH  CIIOCOOHBI
nepeMeInaThCsl BIOJb THIAKOUJHOM MeMOpaHbl. B HOpPMaibHBIX YCIOBHMSX OHH OOBIYHO
MPUCYTCTBYIOT TIOYTH B SKBUMOJISIPHBIX KOJIMYECTBAX, OJHAKO HAOJIOMAeTCs] HEOJHOPOJHOCTD B
npocTpaHcTBeHHOM pacnpeaeneHun gortocuctem: OC II pacnonoxkeHna B o0nacTi rpaH (B 30HE
CTIKMHIa COCEIHUX THJIAKOMAOB Ipanbl), Toraa kak @C [ nokanu3zoBaHa B THJIAKOWJAX CTPOMBI.
Tam xe HaxopsaTCa KoMILIeKchl AT®-cuHTETa3bl € SKCIIOHUPOBAaHHBIMHU B cTpoMy F.

Kaxxnas u3 porocrcreM nMeeT COOCTBEHHBINM aHTEHHBI KOMILIEKC, COOUPAIOIIHIA CBETOBYIO
SHEPTHUIO U HAMPABJISIOUINH €€ Ha XJIOpOPHILT peakKIIMOHHOTO 1eHTpa. Kpome Toro, ecth erie oanH
OTJEBHBIN CBETOCOOMPAIOIINN MHTMEHT-OCIKOBBIA KOMIUIEKC (HEmoKa3aHHbH Ha puc. 105).
OOBIYHO 3TOT CBETOCOOMPAIONINI KOMIUIEKC JIOKAIM30BaH B I'paHax, Ille MPUHUMAET y4acTHE B
CTIKHMHTE THIIaKOUI0B U niepenaet sHepruro Ha OC 1. Ho B ycnoBusx n305ITOYHOTO BO30YKICHHS
@®C II, xorna HauMHAET HAKAIIUBATHCS OOJBIION MyJl BOCCTAHOBIEHHBIX IIIACTOXMHOHOB, 3TOT
KoMmIuiekc  (ocopunmupyercss  crenuambHeIM - (DEPMEHTOM-KWHA30i W TpuoOperaer
JIOTIOJTHUTEbHBIA OTPUIATENBHBIA 3apsa u3-3a (pochaTHBIX Tpymm. DIEKTPOCTATUYECKHE CHITBI
BBITAJKUBAIOT CBETOCOOMPAIOIINI KOMIUIEKC U3 TPaHAIBHBIX 00JIaCTel THIIAKOMIHOW MeMOpaHbI B
TUJIAKOUJIBI CTPOMBI, TJ€ OH HauyMHAeT B3auMojeicTBoBaTh ¢ koMiuiekcamu PC I, mepenasas
SHEPTHUIO0 UX PEAKIMOHHBIM LIEHTPAM U CTUMYJIUPYS HUKIHYECKHA TPAHCIIOPT SJIEKTPOHOB BOKPYT
@C I. [Ipu otmeruiennu GochaTHBIX IPyn IpyruM cneruduyeckum GpepmerTom-pochopunazoi
CBETOCOOMpAIOIINN KOMIUIEKC BO3BpaIIaeTcs B rpaHalibHble 00sactu Triiakon1oB kK OC 1. Takum
o0pa3oMm, peryiupyercs nepepacnpeielieHne dHEpruu Mexay AByMs (hoTocucTeMamu.

Opnako obpaszopanmem AT® u Boccranosnenmem HAJI® mporecc ¢oTocuHTe3a He
3akaHuuBaerca. AT® nu HAJI®H wucnons3yrorcs nanee B LUUMKIMYECKOW MOCIEN0BATEIBHOCTH
(epMEHTATUBHBIX PEAKINA, OCYIIECTBIISIONINXCS B CTPOME XJIOPOIUIACTa U HA3BIBAEMBIX YUKIOM
Kanveuna (Melvin Calvin, HoGenesckas npemust 1961 r.), unu yukiom bencona-Kanveuna, niu
goccmanogumenvholM  nenmosopocgamuviv  yukiom  (BIID-tukm). [ukn  HaumHaercs
npucoeanHeHneM Mosiekyiabl CO, K MATUYTIAEPOAHOMY MOHOCaxapumay pubynoszo-1,5-
oucgocghamy (peakusi kapOokcunuposanus) M BKIIOYaeT eme 12 (hepMEHTATUBHBIX pPEaKIIHi
(puc. 108). ILlukn 3aBeprmaercs pereHepanueil Moyekyn puoynoso-1,5-Oucdocdara, roToBbIx
OISATH TPUCOEANHUTH K ceOe HOBbie MOJeKyJIbl CO;, a KOHEUYHBIM MPOIYKTOM IHKIIA SBISETCS
TPeXyTIEPOIHBINA MOHOCAXapH enuyepanboecud-3-gpocam (C3HsOgP™). CymmapHoe ypaBHEHHE
BII®-nukna:



3CO,+ 6HAJI®H + 9ATO*+ 5H,0 6
6 C3HsO6P*+ 6HAJID + 9A 1>+ 8HPO,*+ 3H'. Camoit BaxHOI

peakuueit BII®-ukna spinsercs peakius KapOOKCHUINPO-
BaHUs, ocyliecTBisieMast GepMEHTOM pubdyi0306uchocgam-kapboxcunrasou
(PB®K). CkopocTh 3TOM peakuuy, Kak MpaBHIIO, ONpPEAETsieT MHTEHCUBHOCTh BCEro IMpoliecca
dotocuHTe3a, mo3Tomy KoHueHTpauus PB®K B crpoMe xmoporiacta o4eHb BeNHMKA: 3TOT
dbepmerT cocraisieT okoiio 50% Bce-
ro Oenmka XJIOPOIIACTOB U SIBJISIETCS CaMbIM MHOTOUYUCICHHBIM (DEPMEHTOM PACTEHUN M CaMbIM
pacnpocTtpaneHHBIM (epMeHTOM B Onocdepe. PBOK umeer mon. maccy 550 k/la u cocrout u3 8
Oonpimux cyoweaunui (55 k/la) u 8 mameix (15 x/a), HO pabGoTaeT MOBOIBHO MEAJEHHO IO
cpaBHEHHIO ¢ Apyrumu ¢epmenTamu, "mpummBas’ CO; k Monekynam pudyio3o-1,5-6ucdocdara
pUMepHO 3 pasa B C.

CunresupoBanabli B Bll®-nmkime  roumepanbaerun-3-gochar  moxer — aubo
AKCIIOPTUPOBATHCS M3 XJIOPOIIacTa B LUTOMIIA3MY, JTUOO UCIIONIB30BATHCA B CTPOME XJIOPOILIacTa
s cuHTe3a Kpaxmana. [Iporecc HapamuBaHHs TOJIMCAXapUAHBIX LENed Kpaxmaia 3a cueT
MoOJIeKyJ Thulepaibaerua-3-gochara oOCylIecTBIsSETCS B HECKOJIbKO CTaaguii u  Tpelyer
TOTMOTHUTENBHBIX 3aTpaT AT®. CymmMapHOe ypaBHEHHE 3TOTO Mpoliecca:
2C3Hs06P*+ AT®*+ Hy0 + CopH 0120501 6

6 C6(n+1)H10n+1205n+6 + AI[(D3_+ HPO42-+ H+ + P2074-. B OUTOILIa3My
rnuuepanpaerua-3-gocdar mnepeHocutcss B oOMeH Ha mHpodocdar crernuanbHbIM OeTKOM-
MPAHCIOKAMOPOM, HAXOSMIIUMCS BO BHYTpPEHHEH MeMOpaHe o0O0O0JIOYKH XJIopoIiacta M
paboTaromyM MO MPHUHIMIY aHTUMOpTa. Tam ke, BO BHYTpPEHHEW MemOpaHe 000JI0YKH,
PAacCIIONIOKEHBI U IPYTHE OCNKU-TIEPEHOCUHKH, 00JIerdarone 0OMeH BEIECTBAMU MEKIY CTPOMOK
U 1uro3oneM. B muTomnmazme rhunepanbaerua-3-gocdar moxkeT nuMOO BCTymaTh B MPOIECC
CHHTE3a Caxapo3bl, ONMCHIBAEMBI CYMMapHBIM ypaBHEHHEM
4C3Hs06P*+ YT+ 3H,0 6 C1oHy041 + VIAD ™+ 3HPO, + H +P,0,", mu6o ciyxuts
MaTepHUaIoM JUIsl HapalllMBaHUs MOJIMCAXapuA0B (HapUMep, EJUTI0JI03bI) B COOTBETCTBUU C
TaKUM XK€ CYMMapHbIM ypaBHEHUEM, KaK U JJIsl CHHTe3a Kpaxmana. Bo Bcex aTHX cuHTe3ax U3
rnutepanpaerua-3-gocdara caayana odpasyercs pochopunrpoBanHas rioKo3a (21:0K030-6-
¢ocgam), a 3aTeM KOHBIOTAT TITIOKO3BI C pa3IuIHBIMK HyKiieosuaaudocharamu (puc. 109).

Kak Bugno u3 Z-cxemsl (puc. 107), ns nmepeHoca OJHOTO 3JEKTPOHA OT BOABI K HAI[q)Jr

JOJDKHO OBITH TOTJIONIEHO 2 KBaHTa CBETa, IO OJHOMY Ha Kaxmayio (orocuctemy. OOpa3oBaHue
OJTHON MOJIEKYJIbl KHCIIOPOJA COMPSIKEHO C IEPEHOCOM YEeTHIpeX OJJIEKTPOHOB, T.e. Tpelyer
TIOTJIONICHNS BOCHMH KBaHTOB, a JUIi BOCCTaHOBJIGHMS OxHOH Monekymsl HAJI® ™ Tpebyercs
TOJIBKO JIBa DJIEKTPOHA. B pe3ynbraTe ypaBHEHHE CYyMMApHOM OKHCIMTEIbHO-BOCCTAHOBUTEIHHON
peaKIuu, OCYIISCTBISIEMON THUJIAKOMIHOM MEeMOpaHOW, MOXHO 3amucath kak 8hn + 2H,O +
2HAI®" 6 2HAJI®H + O, + 2H'. DHeprus cBeTa pacXodyercss He TONBKO HA TPAHCIIOPT
AJIEKTPOHOB, HO W Ha CONPSDKEHHE C HUM IepeHoca mpoToHOB U cuHTe3a ATd. Iloatomy
YpaBHEHHE CBETOBOM
ctaauu (OTOCUHTE3a MOKHO JOTOIHUTE: 8hn + 2HA,Z[CD++ nAI[CD3'+ nHPO42'+
(n-2)H" 6 2HAJI®H + O, + nATO + (n-2)H,0. Tounoe 3HaueHKE n (YUCIO
Mosiekys1 AT®, cuHTe3upyeMbIX B pacdeTe Ha 4 IEPEHOCUMBIX TI0 IIETIH €°)
MO>KET MEHATBHCS B 3aBHCUMOCTH OT YCIOBHMH M IyTeH TpaHCHoOpTa 3neKTpoHa. OHAKO OOBIYHO
MPUHUMAIOT, YTO N=3, W TOTJa, IPOCYMMHPOBAB ypaBHEHHUs CBeTOBOU ¢a3zbl u BIID-1ukia, Mbl
TosydaeM CyMMapHOe ypaHeHue dorocmuTesa: 24hn + 3CO, + 2H,0 + HPO4” 6 C3HsO6P*+
30, uiu B miepecyeTe Ha MOJIeKyIy Moko3bl: 48hn + 6CO; + 6H,0 6 C¢H 206+ 60;.

DHeprust cBeTa pa3HOM JUIMHBI BOJHBI HAXOIUTCS B npeaenax ot 169.9 xJ[/mMoiab poToHOB ¢
1 =700 am no 300.4 x/[>x/mons ¢otoHoB ¢ | = 400 HM. TTockoNIBKY, KaK MBI YK€ BUICTH TIPH
pacuere KIIJ[ npixanusi, Xxumudeckass 3HEpPIrHsl CBSI3€d MOJIEKYJIbl IUIIOKO3bl cocTaBisieT 2870
k/[x/Mo1b, TO 3QPEKTUBHOCTH UCTIONIB30BAHMSI SHEPTUU KPACHOTO CBETA JJIsi CHHTE3a YIJIEBOJIOB B
nporiecce ¢porocuntesa cocrapiuset 2870&100/(48&169.9) ~



35.2%. CymmapHoe ypaBHEHUE (POTOCHHTE3a SIBISIETCA OOpaTHHIM CYMMAapHOMY YpPaBHEHHIO
IbIxaHusi. B pacTuTenbHON KJIETKE COCYHIECTBYIOT M XJIOPOIUIACTBI, U MHUTOXOHJpPUH, OJHAKO
(GOTOCHHTE3 Ha TOPSIOK IPEBBIINIAET M0 WHTCHCHBHOCTH Tra3000MEHA [bIXaHWE, U TI0ATOMY
pacteHust Hyxxaaiorcs B noryomennn CO, u3 atMocdepsl, HapamMBas 3a CYET ACCUMMIIALUU
aTOMOB YIJIEpOJa CBOIO OMOMAaccy, M BbLACHAIOT O, KOTOPBIN SBISIETCS MOOOYHBIM MPOTYKTOM
paciienieHust BOJbl U HE MCIIOJb3YeTCs MOJHOCThIO B MPOLECCE MUTOXOHAPHAIBHOIO JBIXaHUS.
[Tomumo QoTocHHTE3a YIIEBOAOB, B XJIOPOIIACTAX OCYIIECTBISAETCS MHOTO  JPYTHX
OMOCHHTETHUYECKUX MPOLECCOB, HY)KHBIX pPacTHTEIbHON KieTke. Hampumep, 3a cueT sHepruu
AJIEKTPOHOB, aKTUBHPOBAHHBIX CBETOM, B XJIOPOIUIACTaX MPOUCXOJUT BOCCTAHOBJIEHUE HUTPHUTA
(NOy) no ammuaka (NH3), KOTOpBIi 3aTeM CIIy’KMT UCTOYHHUKOM a30Ta MPU CUHTE3€ aMHUHOKHUCIIOT
U HYKJIEOTHJIOB.

3anaua 37. PacTeHne KyKypy3bl HakaruiMBaeT 18 r kpaxmana 3a 18 4 cBeToBoil feHb (OyaeM
CUMTATh, YTO 3TO EAUHCTBEHHBIN NPOAYKT (poTocuHTe3a). [Ipenedperas npixaHueMm, paccuuTanTe
CKOpOCTh (POTOCHHTE3a B MJI YTJIEKUCIIOTO I'a3a Ha pacTeHUE B yac.

KPATKUE BbIBO/IbI

Crenuduueckue MOJEKYJbl, YHHMBEPCAJIbHBIE JUIS pa3HBIX OPraHU3MOB U  Pa3HbBIX
MeTabOIMUYECKUX MPOIIECCOB, CIIyKaT MEPEHOCUUKAMH OMPEIEICHHBIX BUIOB (PYHKIIMOHAIBbHBIX
TpYIIII, JIETKO MPUCOEINHSAS U JIETKO OTJaBast UX B XUMHYeckuX peakuusx: ATD u kpeaturdocdar
- mepeHocuukn (ocharnpix rpymm; HAJI, @Al u HAJI® - nepeHOCUYHMKH SIEKTPOHOB H
MIPOTOHOB; KOYEPMEHT A - IEPEHOCUUK AIIMIBHBIX IPYTIIL.

Pa3HOCTH 37IEKTPOXMMHUYECKHUX MOTEHLMAIOB Ha MeMOpaHe B KIETKE - 3TO eule ojaHa (He
MeHee yHuBepcanbHas, yeM AT®) cdopma suHepruun. OHa MOXKET OOpaTHMO TpPEBpaIIaThCsS B
sHepruto AT® wnu npsMo UCHOIB30BATHCS B pa3HOOOPa3HBIX KJIETOYHBIX Mporeccax (puc. 110).

YHHBEPCATIBHBIM MEXaHU3MOM CO3[aHUs Pa3sHOCTH JJIEKTPOXUMHUYECKHUX ITOTEHIMAJIOB Ha
compsiraloiieid MeMOpaHe SIBISIETCI XEMHUOCMOTHYECKHH MexaHu3Mm. MemOpannbie ATO-
CHUHTETa3bl yCTPOEHBI IPUHIUIHAIBHO OJMHAKOBO y BCEX OPraHU3MOB OT OaKTEpHil 10 ueloBeKa.

I'muxonus, npixaHue M (GOTOCUHTE3 - 3TO (PyHIAMEHTaJIbHbIE SHEPreTUYECKHE KIIETOYHBIE
IIpoLEecChl. [ JIMKOIN3 MOKHO paccMaTpuBaTh Kak IMEPBBIA MOATOTOBUTEIBHBIA ATAll JbIXaHWS B
KHCJIOPOJHBIX YCIIOBUSX, HO OH HE 3aMEHUM JJIS IIOJyYEHUS DHEPIUH IIPU HENOCTATKE KUCIOPOA.
VY ¢QotocuHTE3a M JBIXaHHA €CTb MHOTO OOILEro, MOCKOJbKY B OCHOBE OpraHH3alMHd 3THUX
IIPOLIECCOB JIEXKAT OJAMHAKOBBIC IPUHIUIIBL.



Puc. 86. "JIabupuHT" METa0OIMUECKUX MyTEH, MILTIOCTPUPYIOMINN B3aUMOIIPEBPAIICHUS
MaJIbIX MOJIEKYJ B KIIETKE.

Puc. 87. Ctpoenue monexyssl ATO.

Puc. 88. BiusHue s3HepreTHyecKoro 3apsijia Ha OTHOCUTENIbHYIO CKOPOCTh TUITMYHBIX
KaTabOoJIMIECKOTO M aHAOOINIECKOTO Ty TEH.

Puc. 89. Ctpoenue u GpyHkmonupoBanue kpearuHgocdara.

Puc. 90. A - cTpoenne oKUCIeHHOH GOpMBI HUKOTHHAMHAAeHuHAuHyKIeotraa (HAL) u
HUKOTHHAMHaAeHnHauHyKneotuapochata (HAID): HAJID', u3o6pakeHHBIH Ha PHUCYHKE,
ormuuaercs ot HAJ[™ Tonpko (pochaTHOH TPyIIION, NPHCOSTHHEHHON K HIKHEMY TIEHTO3HOMY
Kouiblly; b - pyHKIIMOHMpPOBaHNE HUKOTMHAMUIHOTO KOJIbLIA

Puc. 91. A - ctpoenue okucieHHoi ¢popmel prnaBuHageHuHaunykineotuaa (PAJ]); b -
(YHKIIMOHMPOBAHUE U30AJIJIOKCATMHOBOTO KOJIBLA.

Puc. 92. Ctpoenne xodpepmenTa A u ami-kopepmenra A.

Puc. 93. PasnuuHble HYKJIE€O3UA- M JI€30KCHUHYKJIeo3uaTpudocdarsl  ciaykaT
cnenuuueckuMu "kaHaimamu'", o KotopbiM 3Heprust AT® HampaBnsieTrcs Ha TOT WJIM WHOU
BHYTPHUKJIETOYHBIH MpoLecc.

Puc. 94. JIge craguu rimkonm3a. [{udpsr B ckoOKax 03HAYAIOT YHCIO MOJICKYI,
BCTYMAIOIIMX B JAHHYIO PEAKLHIO.

Puc. 95. Tpu cramguum knerouHoro neixanus. Cramus 1: moOunumzamus anetun-CoA wu3
TJIIOKO3bI, KHUPHBIX KHCIOT U HEKOTOPBIX aMUHOKMCIOT. CTamus 2: IUKJI JUMOHHOM KHCIIOTBHI.
Cramus 3: mepeHoC AICKTPOHOB U OKUCIIUTEIbHOE (HOCHOPHUITHPOBAHKE - HA KAXIYIO ITapy aTOMOB
BOJIOPO/1a, MOCTYHAOIYIO B II€Nb NepeHoca 31eKTpoHoB B Buie NADH, oOpa3ytorcst 3 MoieKyibl
ATO.

Puc. 96. DnexkTpoH-TpaHCIOPTHAS LIENTb MUTOXOHIPHM.

Puc. 97. Peakus BoccraHOBIICHUs yOUXuHOHA (KodepmenTa Q).

Puc. 98. OxucnuTensHO-BOCCTaHOBUTENbHBIE PEAKLIMU MUTOXOHJPUAIBHOM LIeNH NepeHoca
AJIEKTPOHOB.

HAJIH-KoQ-penykraza  KoQH,-muToxpom c-penykrasza

LIUTOXPOMOKCHIOpEIyKTa3a

Puc. 99. Cxema ucnonb30BaHus pa3IMYHBIX BEIIECTB ISl U3BJICYEHUS SHEPTUH B IIPOLIECCE
TIBIXaHUSI.

Puc. 100. Ctpykrypa xsopo- Puc. 101. Cnektpsl norsonie-
¢woB a u b. R o3Hauaer rpyn- Hust XJI0popHIUIOB a U b.
my CHs- B Mosiekyie xsopodunia
a u rpyniy CHO- B xnopoduiiie
b. Beigenena cucrema comnpsiKeH-

HEIX IBOMHLIX CBS3EH.
Puc. 102. CtpykrypHble (GOopMyIIbl HEKOTOPBIX PAcIpOCTPAHEHHBIX PACTUTEIbHBIX
KapOTHUHOUIOB.
Puc. 103. DHepreTrueckue nepexosl B MojIeKyse xjopoduiia. t -
CpeHee BpeMs KU3HU JAHHOTO SHEPIe€TUYECKOTO COCTOSIHUSL.
Puc. 104. Murpanus sHepruu Bo30y>kKJIeH!S B aHTEHHOM
KOMILIEKCE.
Puc. 105. Pacnonoxenue u GpyHKIMOHUpOBaHUE 4 OCHOBHBIX OEIKOBBIX KOMILIEKCOB B
TUJIAKOUTHOM MeMOpaHe XJIOPOIIaCTOB.
Puc. 106. OxucnurenbHO-BOCCTAHOBUTENBHBIE PEAKLUU, OCYILECTBISEMbIE OCHOBHBIMU
MIUTMEHT-0EIKOBBIMHU KOMILIEKCaMU (POTOCUHTETHUECKOM 3JIEKTPOH-TPAHCIIOPTHON LIEIH.
Puc. 107. Cxema myTeii mepeHoca 3J1€KTpoHa B TUIAKOUIHON MeMOpaHe (Z-cxema).
Puc. 108. ®orocunrernueckuii BII®-muki.
Puc. 109. IIytn cuHTE3a TUIMYHBIX PACTUTENIBHBIX YTIEBOIOB.



Puc. 90. A - cTpoeHHe OKHCIIEHHOH (hOopMbI HUKOTHHAMHAaAeHHHanHyKIeotnaa (HAJT) n
HUKOTHHAMHIaJeHUHINHYKIeoTuadochara (HAJIDY); b - (yHKIIMOHUPOBaHUE
HUKOTWHAMHJTHOTO KOJIBLIA.

Puc. 95.

Tpu cragum kinerounoro nabixanus. Cragus 1:
MoOmm3anus anetuia-CoA U3 TIIOKO3BI, KUPHBIX
KHCJIIOT M HEKOTOpPbIX aMHMHOKHMCIOT. Cragus 2:
UMK JIUMOHHOM kucinoThl. Ctaaust 3: TEepeHoc
AJIEKTPOHOB U OKHUCIIH-

TenbHOE (pochopuIupoBaHHE - Ha KXY Mapy
aTOMOB BOJIOPOJIa, MMOCTYIAIOIIYIO B IIENb IepeHoca
anekTpoHoB B Buae NADH, o0pa3yrorcs 3
MoJieKyJibl AT®

Jlexims 8. SIAEPHBIN ATIIIAPAT KJIETKU

Aoepuwiti annapam knemxu - ynaxoexa J{HK 6 npoxapuomuueckoii kiemxe - ynaxkoska JJTHK
8 s10pe - NPOKAPUOMUYECKULL 2eHOM - 2EHOM JYKAPUOM - 2eHOMbL IYKAPUOMULECKUX OP2AHENL -
Kpamkue 6b1600bl

SIIEPHBIM ATIITAPAT KJIETKH

[Toutn Best kinerounas JJHK (uckmrouenue cocrasnser JJHK MuToxonapuii U XJ10pOIMIIacToB)
COCpEeIOTOUYEHA B SIpe, KOTOPOE OTICICHO OT OCTaJbHOW IMTOIUIa3Mbl JBOMHOW MeMOpaHOM -
adeprnou  obonouxou. B mpokapuornueckor kierke JIHK nokanmu3oBana B JOBOJBHO
HEYTOPSI0YEHHOM, HE OKPYKEHHOM MeMOpaHOil 00J1aCTH LIUTOIIIA3MbI, Ha3bIBAEMOU HYKIE0UOOM.
Kakue mpeumymiecTBa JaeT KIETKE BBIJCJIECHUE SIAEPHOW 30HBI M OTJEJICHHE €€ OT OCTAJIbHOM
uToIIa3Mel MeMOpanamu? O4eBUIHO, YTO 3TO MPEUMYIIECTBO - BOZMOXKHOCTH npoyeccurea PHK,
T.€. TIOCT-TPAHCKPHUITINOHHOW MOAM(DHUKALINY STHX MOJIEKYJ. B KileTKax MpoKaproOT TPaHCKPHITIIUSI
1 OENKOBBII CHHTE3 MPOTEKAIOT MOYTH OJJHOBPEMEHHO: pUOOCOMBI YK€ TPAHCIUPYIOT 5'-KOHEIl MO-
nexkynsl PHK, B TO Bpemsi kak ee 3'-koHeln elle TOJbKO cuHTe3upyercs. Hamportus, B sjape
SYKApUOTHYECKOHW  KJIETKM  HOBOcHHTe3upoBaHHble  PHK-Tpanckpuntsl  moaBeprarorcs
CYIIECTBEHHOU NeEpe/eiKe Mepea TeM KaK BBIUTH M3 sipa U CBA3AThCSA C LUTOIUIA3MAaTUYECKUMU
pubocoMamu.

Cpennuit nmuamerp kierouHoro simpa cocraBiger 10 mxm. Ilo dopme smpo mocTarouHo
U3MEHYUBO: MOXET ObITh MIAPOBUAHBIM, OBaJbHBIM, JIOMACTHBIM, JHMH30BHIHBIM W JIp.
BONBIIMHCTBO KJIETOK COIEP’KUT OJHO SIIPO, HO MHOTJA BCTPEYAIOTCS ABYSAJEPHBIE (HEKOTOpHIE
rpuObl) U MHOTOSIIEpHBIE (HEKOTOPBIE BOJAOPOCIH, MOMEPEYHO-II0I0CATHIE MBIIIIEUHbIE BOJOKHA U
ap.). @opma U CTPYKTypa siAep M3MEHSIOTCS B 3aBUCUMOCTH OT (DYHKIIMOHATBHOTO COCTOSIHHS
KJIETOK, OHO YE€TKO pearupyerT Ha M3MEHEHHME BHEIIHMX YCJIOBHH. SApo MOXKeT IBHUrarbcs IO
KIIETKE TACCHMBHO C JBHKCHHEM IIUTOIIA3MbI, a4 HMHOTJA CIIOCOOHO K CaMOCTOSITEIIBHOMY
JBUKEHHUIO aMeOOHTHOTO THIIA.

Snepuass obonouka oOpa3zoBaHa MABOWHON MeMOpaHOW, MpeacTaBlsioneii coboil aBa
JUTIAIHBIX OWCIIOs, KOTOpBIE pas3feieHbl MOJOCThi0 mupuHOM oT 20 mo 40 HM, Ha3bpIBaeMOU
nepunykieapHuimM npocmparncmeom. HapyxkHast snepHas MeMOpaHa COCTaBIISET €IMHOE LeNoe C
MemOpanHoit cuctemoit OIIP (wacte 1, puc. 74). Ilockonbky mosocts IIIP coolmraercs ¢
NEpUHYKJICApPHBIM MPOCTPAHCTBOM, IMOCIEIHEE BMECTE C HAPYKHON SIepHOW MEMOpaHOW MOXKHO
paccMaTpuBaTh Kak HEOOJBINON crieruanu3upoBaHHbIid oTaen JI1P.

BuyTpeHHee conepxkumoe sapa COCTaBISET HyKIeonaiasma. B HykieomiazMe HaXOAWUTCS
XPOMATHUH - muddy3Hsii matepuan, mnpencTaBisiommii coboit cnoxubiii JIHK-0enkoBbrit
KOMIIJIEKC, U3 KOTOPOro BO BpeMs jaeneHus kietok ¢opmupyiorcs XPOMOCOMBI. B coctase
XpoMaTrHa oOHapyxuBaercsa Takke PHK
u B konnuectBeHHOM oTHomeHun /IHK, 6enox u PHK B xpomaTtnne Haxonsarcs



kak 1:1.3:0.2. Kpome Toro, B sijpe NpakTUUECKU BCET/Ia XOPOILIO 3aMETHA
6marosapst CmocOOHOCTH CHIIBHO HPEIOMIIATh CBET U CUIIBHO CBSI3bIBATHCS C
KpacurtensiMu 06sactb, Ha3siBaemas S /IPBILIIKOM. Kak y»xe Obuto pacckaszaHo B
paznene PUBOCOMBI, sanpeiiiko npeactaBiseT co60i MECTO CUHTE3a U COOpKU
LUTOIJIa3MaTH4YeCKUX prudocoM. Pa3zmep saphliiika oTpaxaeT CTENeHb ero
(YHKIIMOHATIBLHOM aKTUBHOCTH, KOTOPAsi IIUPOKO BAPHUPYET B PA3ITUUHBIX
KJIETKaX U MOXKET U3MEHATHCS B 3aBUCUMOCTH OT COCTOSIHUS KJIETKH. Tak,

B HEKOTOPBIX MOKOAIIMXCA KJIETKaX PACTEHUH SAPBILIKO OYEHb MAJIO, TOTAA

KaK B KJIETKaX, MPOYIUPYIONIMX OOJBIIOE KOJTHYECTBO OEIKOB, OHO MOKET
3aHuUMath 10 25% Bcero oObema siapa. Bo BpeMs aeneHus KIeTKH SApPbIIIKO
HCYE3aET, a 3aTeM IOSBIIETCS CHOBA.

B cocraBe smpsimka BbeiBisAtorcs Oonbmue nernu JHK, comepkamme MHOro pas
noBTopsitonecs: redbl pPHK, koTopbie MOCTOSHHO € BBICOKOW CKOPOCTBIO TPAHCKPUOUPYIOTCS.
OTH METIH HOCAT Ha3BaHHUE A0pbluiKoGble opeaHuzamopsl. B kieTkax yenoBeka npumepHo 200
reHoB pPHK nokann3oBaHbl Ha KOHIIax 5 map Xpomocom, T.e. Ha 10 XxpoMocoMax M3 HUMEIOLIUXCS
46. ITosTOoMy cpa3y mocie JeneHust KieTku oopasyercs 10 MaleHbKUX SIPBIIEK, KOTOpPbIE OBICTPO
pacTyT W CIMBAIOTCA JIPYT C IPYroM B oxHO Ooibmroe sapsimiko (puc. 111). V mpyroro xoporro
M3yYE€HHOT'0 00BEKTA - JATYIIKU Xenopus - IAPBIIKOBbIE OPraHU3aTOPhl PACIIONIaraloTCsl TOIBKO Ha
OJIHOM TIape XpoMocoM, Ho cozepskat okosio 600 renos pPHK.

K BHyTpeHHell MeMOpaHe si7iepHOi 000JI0YKH CO CTOPOHBI HYKJIEOIIa3Mbl IPUMBIKAET T'yCTast
CceTb OENKOBBIX (PUIAMEHTOB, KOTOpas Ha3bIBACTCA s0epHas JAamuna. SnepHas JnaMuHa
CIOCOOCTBYET HOJIepKaHUIO (OPMBI Apa U BHINOIHAET (PYHKIHIO CTPYKTYPHOTO OpraHu3aTopa
XpoMocoM. B kieTkax mo3BOHOUHBIX si/IEpHas JaMUHAa (OPMHUPYETCS] B OCHOBHOM 3a CUET CIIOHTaH-
HOW accolManyuy TpexX IJaBHBIX MOJIMIENTHIIOB, KOTOPbIE MPUCOEAMHSAIOTCS K cHenu(uYecKuM
MHTETPpaJIbHBIM OeNIKaM JIMIUAHOTOo OHucios siaepHoi MmemOpaHnbl. HekoTopbie [pyrue KOMIIOHEHTHI,
BXOJSILIIME B COCTaB SIICPHOM JIaMHUHBI, CBSI3bIBAIOTCS C ONPEACICHHBIMA YyYaCTKaMU XPOMAaTHHA,
obecrieynBast €ro B3auMOJICHCTBUE C SACPHON 000I0UKOM. YIIpoIIeHHas cXxeMa CTPOCHUS sJepHON
JaMUHBI TIOKazaHa Ha puc. 112. [Momunmentuapl, oOpasyromme SAepHYIO JaMUHY, MO-BUIUMOMY,
OTBETCTBEHHBI 3a JE3MHTEIPAIMIO M PEOPraHM3alUIO sACpHONH OOOJOYKM B IPOLIECCE MHUTO3A.
[IpeanonaratoT, 4To0 MPUYUHON pa3pylIeHUS SACPHOH OOOJIOYKA BO BPEMS MHTO3a SIBIISETCS
bochopunrpoBaHue 3TUX NOTUIETITHIOB.

B omnpeneneHHbIX MecTax siIepHON 000I0UYKY Hapy>KHAsl U BHYTPEHHSIS

MeMOpaHbI CMBIKAIOTCS, 00pasyst s0epHbie nopul. [10pel OKPYKEHBI OOITBITUMH

KOJIBLIEBBIMU CTPYKTYpPaMH C BHYTPEHHUM JHaMeTpoM OKoyio 80 HM, Ha3bIBAEMBIMU A0epHbIMU
noposvimu komniexkcamu. [lo 00e CTOpPOHBI SAEpHOM OOOJIOUKM KaXKAbIH IMOPOBBIM KOMIUIEKC
npeacTaBieH 8 OeNKOBBIMM TpaHyJlaMH, CUMMETPUYHO PACIOIOKEHHBIMU 10 OKPY>KHOCTHU TOPHI
(puc. 113). Yacto Ha MukpodoTorpadusx B IEHTPE MOPHI BUHA KPYITHAs YacTHUIIA - "IIEHTpaIbHas
rpaHyja nmopoBoro komiuiekca'. OqHaKo NperonaraioT, YTo OHM MPEICTABISAIOT COO0H KaKue-To
qacTUIlbl, 3aUKCUpOBaHHBIC HA NAHHBIX IpenapaTax B MOMEHT WX MPOJBIKCHHS 10 IMTOPOBOMY
KaHay. SlnepHas o0ol0ouKa TUNMUYHOM XKUBOTHOW KieTku conuepkut oT 3000 mo 4000 mopoBbIx
KOMILTEKCOB (mpuMepHo 11 1op Ha 1 MKM® TOBEPXHOCTH sICPHON MEMOpPAHbI).

BBenennble B KJIeTKy HeOOJbIIME MOJIEKYJBI ¢ MOJ. Macco no 5 k/la cromb ObICTpO
IIPOHUKAIOT B SIIPO, YTO SIACPHYIO 000JIOUKY CIEAYET CUUTATh JUIsl HUX MOJHOCTHIO MPOHUIIAEMON.
Jlna 6enkoB ¢ mMoi. Maccoit 17 k/la BeIpaBHUBaHUE KOHIIGHTPAIMA MEXAY IUTOIUIa3MOU U SIAPOM
MPOUCXOANUT 3a 2 MHH, JUIsi OenkoB ¢ Moj. maccoi 44 kJla - 3a 30 muH. BBeneHnHbie B KIETKY
rinoOynspHele Oenku ¢ Moyl Maccod Gonee 60 k/la oka3aiuch MPAaKTHUYECKH HECTIOCOOHBIMU
IIPOHUKHYTh B sApo. KoauuecTBeHHBIM aHanu3 pe3yibTaTOB ATHX HKCIEPUMEHTOB IO3BOJIMII
paccumMTath, 4TO MOPOBBIE KOMILJIEKCH (DOPMUPYIOT 3aI0OTHEHHBIE BOIOM LIMIMHAPUYECKHE KaHAbI
auamMeTpoM 9 HM U AnuHOM 15 HM. OTH pa3Mepbl XOPOIIO COMIACYIOTCS C JAaHHBIMU 3JIEKTPOHHO-
MHUKPOCKONMMYECKHX HccaenoBaHuil. OJHAKO BO3HMKAaeT mpolieMa Npu OOBACHEHHWH, KaKUM
00pa3oM TPaHCHOPTHUPYIOTCS B IMTOILIa3My HOBOCHHTE3WPOBAHHBIC B SIIPHIIIKE PUOOCOMHBIC



cyOBbEeIMHULIBI, AMAMETP KOTOPBIX OKOJO 15 HM, M Kak B PO UMIIOPTUPYIOTCSI CUHTE3UPOBAaHHBIE
B muromasme ¢epmentsl JJHK- u PHK-momumepassl ¢ mon. maccamu ot 100 mo 200 x/la.
OOUIepHATON CYMTAETCS TOYKA 3PEHUs, COTJIACHO KOTOPOH OHM TPAHCIIOPTUPYIOTCS dYepes
SJICpPHBIE TIOPBI C TMOMOIIBIO CUCTEMBI U3OUPAMENLHO20 AKMUBHO20 NEePEeHOCA: TPAHYIIbl TOPOBOTO
KOMILIEKCA CTIeNU(UIECKHA B3aMMOJICHCTBYIOT C TIEPEHOCUMON YacTHUIEH W 00paTUMO MEHSIOT ee
KOH(OPMAaLIMIO BO BpeMs IMepeHoca, HanpuMmep "3acTaBisAOT" NPUHATH MAIOYKOOOPa3HyIo GopMy.
AnbpTepHaTUBHAS BO3MOKHOCTh COCTOMT B TOM, YTO TPAHCHOPTHpYyeMasl 4acTUla, CHEHUPUIECKU
B3aUMOJICHCTBYSl ¢ OeJKamMM MOPOBOIO KOMIUIEKCAa, YBEIMYMBAET AMAMETP MOPOBOrO KaHajla Ha
BpEMsI €€ IepeHoca.

YIIAKOBKA JTHK B ITIPOKAPUOTHUYECKOM KJIETKE

Jnmuna BeiTssHyTONM MOJekysbl JIHK Bo MHOro pas mpeBbllIaeT pa3Mepbl COAEPIKAIIETO €€
kommapT™eHnTa (tadnuma 9). Eciu 661 monekynbsl JJHK Obuin
CBEPHYThI O0ECHOpSA0YHO, TO U B ATOM CIyyae UX HE yJalloCh Obl Pa3MECTUTh B OTBEJECHHOM HM
npoctpancTBe (3amaua 38). Monekynsl IHK B kieTke ymakoBaHbl CIEUMANbHBIM 00pa3oM, MpH
sToM ynakoBka JIHK B mpokapnoTHyecKoi 1 3yKapuOTHYECKOM KJIETKE MPUHIUITHAIBHO pa3InyHa.

Tabmuua 9 CpaBHeHUE UTUHBI
JHK ¢ pazmepamu komnapTMeHTa, B KOTOPOM OHa

yIaKkoBaHa.
Pazmep, MM O6mas mmuaa JJHK

Bakrepuodar T4 [0.065&0.10 |1 momexyna JHK |55 mxm (170 T.mm.")

bakrepus E.coli 1.7&0.65 |1 momexyna JTHK |1.3 mm (4.2710°1.m.1.)

MuroxoHapus 3.0&0.5 "10 uneTHyHBIX |50 MKM (5 MKM = 16 T.I1.H.
YeJI0BeKa moutekyn JJHK | xaxnas)

Anpo kinetku maameTp 6.0 | 46 xpomocom 1.8 M (6710° T.1.H.) ThICSY
9eroBeKa T.ILH. nap HyKJICOTHIOB

Hyxneonn mnpokapuornueckoil kinetku conaepxkut npumepHo 80% JHK, ocranshoe
MPUXOJAUTCS, TJIaBHBIM 00pa3oMm, Ha Oenku. ['eHOM MpOKapuOT MPEACTaBIsET COOON KONBIIEBYIO
IByX1Eenoyeunyro Moiekyiy JHK, KoHIbl KOTOpOl KOBaJIEHTHO 3aMKHYTHI ApYT Ha apyra. Kpome
TOro, konbleBbie MoJiekylbl JJHK npokapuot sBasitorcst ompuyamenvho ceepxcnupanbHulmu, WA
CBEPXCKpPYUYEHHBIMU. DTO PE3yJbTaT TOr0, YTO JBOIHAs CIUpalib, NMPEXKJE YEeM KOHIIBI €€ Iiernei
COCIUHWINCHh B KOJbLO, OblIa YacTUYHO packpydeHa. OOpaTHOe CKpydHBaHHE COOOIIAET
KoJiblieBoM mouiekysie JJHK Bpamjarommii MOMEHT, BCIEICTBUME YETO OHA 3aKPyYMBAETCS cama Ha
cebst (puc. 114). Ecnu takyro cBepxcrnupanbhyto JIHK, B xoTtopoii 3amaceHa IOMONHUTETbHAS
SHEprus, MOABEPrHYTh ACUCTBUIO 9HOOHYKIea3wl ((pepMeHTa, JeNarolero OJHOHUTEBbIN pa3phiB B
JIHK), To ckpydeHHOCTb, BbI3BaHHAsi OOpaTHBIM BpaiieHueMm, cHumaercs, u JIHK mepexoaut B
CBOE OOBIYHOE HU3KOIHEPreTUUECKOE penaKcuposanHoe COCTOSIHME. OHEprusi HalpsHKeHUS
ceepxcriupansHoit JIHK (suepeus cymepcnupanusayuu) mpuMepHO TpPONOPIHMOHATIBHA KBAApaATy
YHucjia CBEpXCHHUpaNbHBIX BUTKOB. CBepxcrupanbHas JIHK namHOoro Oosnee kKommakTHa, yem
penakcupoBaHHOE KOJIbIO. CBEpXCHUPAIBHOCTh Ba)KHA TAKKE MJIs PEryjisilud TEeHETUYECKHX
MPOIECCOB Y MPOKApHUOT, MOCKOJIBKY HEKOTOpPBIE pETYJISTOpHbIE Oelku W (EepMEHTH He
ces3biBatorcs ¢ JIHK, ecnu oma waxomutes He B cBepxcrnupanbHOi (opme. CrnenuanbHbie
(hepMeHTHI, Ha3bIBaCMEIC
monouzomepasamu, peryaupyroT crenedb ceepxcnupaibHoct JJHK, yBenuuuBas wim ymenpas
YHUCJIO CBEPXBUTKOB.

Eme onHOM 0COOEHHOCTRIO CTPYKTYypHOU opranHuzanuu npokapuotudeckor JJHK sBrsercs
o0Opa3oBaHMEe MHOXECTBA TETEIb, 00PA30BaHHBIX U 3aKPEIUICHHBIX C MOMOIIKI0 OenkoB (puc. 115).
Kaxnasa u3 3TUX nerenb CBEPXCIUPAIM30BaHA, NMPUYEM CTENEHb CBEPXCIHMPATBLHOCTH METIN HE
3aBUCUT OT CTENEHU CBEPXCIHUPAIBHOCTH coceqHux nerenb. B wmonexkyne JIHK E. coli
HacuuThiBaeTcst okoso 100 Takux merens, Kaxaas B cpeAHeM cocTOUT U3 40 ThIC. ap HYKJICOTHIOB



(m.H.), a cpenHss CTENEeHb CBEPXCHHUPAIBHOCTH I[N Vivo COOTBETCTBYET | OTpULATENbHOMY
cynepBuTky Ha Kaxzaele 200 m.H. OOpa3zoBaHME HETEIb U CBEPXCIHUPAIBLHOCTh 00ECIEUHUBAIOT Y
MPOKAapHOT YIAaKOBKY OYeHb OoNbImMX KoOJbIEeBbIX Mosekyn JHK B manbsix oObemax, He
orpaHudeHHbIXx MeMOpaHamu. Kpome toro, JIHK GakrepuanbHON KJIETKH NMPHUKpPEIUIEHA B OJHOU
WM HECKOJIBKUX TOYKaX K BHYTPEHHEH OBEPXHOCTH KJIETOYHON MEMOpaHBbI.

3anaua 38. IIpencraBbre, uto Monekynsl JIHK, nepeuncnennsie B Tabn. 9, npeacraBusior
coboii crarucTuueckne Ki1yoku. PaccunTaiite xapakTepHblii 00beM TaKuX KIyOKOB U CPAaBHUTE €TO
¢ 00beMOM KOMITAPTMEHTOB, B KOTOPBIX YIIAKOBaHBI ATH MOJICKYJIbL. J[THHA CTATHCTUYECKOTO Cer-
MeHTa AByxienodeuHoit mosekyiasl JJHK coctaBisier 100 HM.

YITAKOBKA JIHK B AJIPE

B nepenamuxcs sykapuornueckux knerkax JIHK Bxoaut B coctaB xpomamuna, KOTOPBIU
BBITJBITUT Kak aMOPQHBIN OecTopsAI0YHO paclpeieeHHbIA 110 KICTOYHOMY siipy marepuain. OH
COCTOUT M3 OYEHb TOHKUX BOJIOKOH, KOTOpbIe conepxkar ~60% 6Genka, ~35% JIHK u ~5% PHK. B
CTPYKTYyp€ XPOMAaTHHOBBIX BOJIOKOH BBIIEISIIOT 4 YpPOBHSI CTPYKTypHOH opranuzauuu. [lepBbiii
HYKJIEOCOMHbBIHN ypoBens o6pasyeTcs 3a cueT crenuduueckoro B3aMMOAEHCTBUS IBOMHOM
cnupayi [IHK ¢ Genkamu, Ha3piBaeMbIMH eucmonamu. ' MCTOHBI
- 3TO HeOobIINe OENKH C 0YeHb BBICOKUM cojiepkanueM (20 - 35%) monoxuTenbHo 3apsiHKeHHBIX
aMUHOKHCIIOT (JM3rMHA W apruHuHa). CyMMapHBIM MOJOXKUTENbHBIM 3apsi MO3BOJISET THCTOHAM
npoyHo cBs3bBaThes ¢ JHK He3zaBucuMO OT ee HyKJIeOTHAHOTO cocTaBa. B sape mro0oii
9YKapUOTHYECKON KJIETKH BCErJa MPUCYTCTBYIOT 5 pa3HbIX ructoHoB. ['mctoner H2A (14 x/la),
H2B (13.7 xa), H3 (15.3 x/la) u H4 (11.3 x/la), oObeaunsisich o 2 MOJEKYJbl KaXI0TO BHIA,
(bOpMHPYIOT IUIOTHYIO OETTKOBYIO 8-MU CYOBEIHMHUIHYIO CTPYKTYPY, Ha KOTOPYIO, KaK Ha KaTyIIKY,
HaKpy4YMBaeTCs MOJIEKYJIa IByX-
uenovyeunot JIHK (puc. 116). Takas crpykrypa u3 6enkoBoi cepaieBunsl ("kopa'") ¢ HAMOTaHHOU
na Hero JHK massBaetrcs HYKJIEOCOMOM. HykineocoMsl peryispHO MOBTOPSIOTCS BJIOINb
moutekyisl JIHK, paznenennble auilb KOPOTKUMU JUHKEPHbIMU YuacmKkamu (B cpeaHeM 54 1L.H.), U
SIBJISICTCSI OCHOBHOM CTPYKTYpHOUM emuHuIleld xpomatuHa. [IaTerii Bux ructonoB - ructod HI1 (23
k/la) - coenuHseT coceHUE HYKJIeocOMbl. Ero Monekyna umeeT eHTpalIbHyI0 ITI00YISIpHYIO YacTh
1 BEITSHYThIE N- 1 C-KOHIIEBBIC YYaCTKH (pHC.
116). Uentpanbuas rinodymna H1 mpucoeaunsiercs k cneun(puyeckoMy y4acTKy Ha IMOBEPXHOCTH
HYKJIEOCOMBI, a BBITSHYTHIC "TUIeUn" PUMBIKAIOT, C OJTHOM CTOpOHBI, K mHKepHOU JIHK B 06mactu
ee KOHTaKTa C HyKJICOCOMHOM YacTHUIlel, a ¢ Jpyroil CTOPOHBI, K OETKOBON ceplLEeBUHE COCEIHEN
HyKJIeocoMbl. Takum oOpazoM, ructoH H1 kak Obl CTATMBaeT COCETHHUE HYKICOCOMBI JIPYT C
npyrom. Tak e, kak M paciuieranue-"mmasieHus” asyxuenoudednor JIHK, npucoenunenue
ructoHa HI K HyKJI€OCOMHOW HHUTHU SBIAETCS KOONEPATUBHBIM IPOIECCOM, T.€. KaKaas
uHANBUAyanbHas Mosekyna H1 Gonee oxotHo csasbiBaetrcs ¢ JJHK B HenmocpencTBeHHO# 6Mu30CTH
OT Jpyrou, yxe TmpucoeauHuBIIerca MoJiekynsl HI1, wu, crnemoBaTenbHO, COEAMHEHUE U
pa3beAMHEHNE HYKJIEOCOM ITPOUCXOIUT KIIaCTEpaMH.

benkoBasi cepilieBUHa Ka)KI0W HYKJIEOCOMBI NMPEACTaBISET COOOW YIJIOMIEHHYIO YacTHILY
pasmepom 11&10&5.5 um. JIHK, HamoTaHHas Ha cepALEBUHY, UMEET JUIMHY B 146 1m.H. u oOpasyer
1.75 obopoTa JIeBO3aKpy4YEHHOW CYIEPCIUpaIHA C IIaroM nmpuMepHo 2.8 HM. ['MCTOHBI CITOCOOHBI
CaMONPOM3BOIBHO (popMupoBaTh OenkoBbIi Kop u cBs3biBaTh JIHK in vitro, omnako cbopka
HYKJI€OCOM 3HAUUTENbHO YCKOpSieTCs B siApe TOJ JEeHCTBUEM JOMOJHUTENIbHBIX OEJKOB
HETUCTOHOBOM TPUPOABI M KOHTPOJHUPYETCs OEIKOM HyKIeoniazmuHom. UYeTblpe TUCTOHA,
(dbopMupyIOIIKEe HYKIEOCOMY, SBISIOTCS CaMbIMU 3BOJIOLMOHHO KOHCEPBATUBHBIMH U3 U3BECTHBIX
0enKoB (HampuMep, MEepBUYHBIE CTPYKTYpbl TUCTOHOB H4 y CTONIB 3BOJIIOLIMOHHO JAJeKUX Opra-
HHA3MOB Kak rOpoX M KOpOBa pa3inW4aroTCs BCErO JIMIIb JBYMS 3aMEHAaMH aMHUHOKHCIIOTHBIX
octaTkoB). Takasi HBOJIOIMOHHAST CTA0MJIBHOCTh IMPEIINOJaraeT, YTo 3TH TMCTOHBI UTPAIOT OYECHb
OTBETCTBEHHYIO POJIb, U YTO OHM HAWIYyYIIUM 0Opa3oM MPUCHOCOOJIEHBI K BBINOJHEHUIO CBOUX
¢bynkiuit. ['ucron H1 B kakaoi KIETKE MPEICTaBICH HECKOJIBKUMU OYEHb MOXO0XUMH PAa3HOBU]I-
HOCTSIMHA. 3a  WMCKJIIOYEHHWEM  LEHTPAJIbHOIO  Y4YacTKa  MOJEKYJbl, = aMHUHOKHCIIOTHas



nocienoBarenbHOCTh H1 B 3HAUMTENBHO OOMBINEH CTENEeHU TOIBEPIIach U3MEHEHUSIM B TPOIEcce
HBOJIIOIIMHU, YeM MEPBUYHAS CTPYKTYPa HyKJICOCOMHBIX TUCTOHOB.
C HyKJI€0COMHOM OpraHu3aleil XxpoMaTHHa CBSI3aHO HECKOJIBKO HE pe-

LIEHHBIX [10Ka BonpocoB. Hanpumep, He ICHO, KaK pacIioyI0KEHbI HYKJIEOCOMBI

B OJTHOM U TOM K€ I'€HE B KJIETKaX pa3HbIX TKaHEW OJJHOrO OpraHu3Ma - B

OTHUX M TEeX K€ MecTax TeHa Wwid HeTr? DTa mpolblieMa Has3bIBaeTCsi MpoOieMon ¢azuposarnus
HyKJIeocoM. Jlpyroil Bompoc CBsi3aH C OMOJOTMYECKUM 3HAUYEHHEM KOBAJIEHTHBIX MOJU(UKAIMMA
rUCTOHOB. Hampumep, aneTHIMpoBaHME HEKOTOPBIX OCTAaTKOB JM3WHA M (QochopuiinpoBaHHe
OIpEJICJIEHHBIX OCTAaTKOB CEPHHA YMEHbBIIAET CyMMAapHBIN MOJIOKUTEIbHBIN 3apsii TUCTOHOB. Ta-
KH€ KOBaJCHTHBbIC MOAM(UKAIMM THCTOHOB JIETKO OOPAaTHUMBI: alETHIbHBIE T'PYMIbI HOCTOSHHO
HNPUCOETUHSIOTCA K OCTaTKaM JIM3MHAa (EPMEHTOM 2ucmoHayemunaso, a 3aTeM OTUIETIISIOTCS
ApyruM GEpMEHTOM - 2UCMOHOeayemuiasoll, Tak YTo CPEIHsIS IPOJOKUTENILHOCT PEObIBaHHS B
MOJIEKYJIE THCTOHA Ka)XXJIO0M alWJIbHOW TpyNIbl COCTaBigeT Okoysio 10 MUH, W KapTUHA arle-
TWIAPOBAaHUS HYKJIEOCOM B SApe IOCTOSIHHO MeHseTca. JlpyruMm mnpumepoM oOpaTUMOM
MOJIU(UKAIMA THCTOHOB B SIIPE CIIy’)KUT KOBAJEHTHOE CBs3bIBaHUE NpuMepHO 10% Bcex mMonekyn
ructona H2A ¢ manenskuM (74 a.o.) 6enkom youkumurom. Kpome TOro, ¢ HyKJI€OCOMaMu MOTYT
HEKOBAJICHTHO CBA3BIBAThCS U JApyrue Oenku, Hampumep, Tak HasbiBaemble HMG-Oenku, Bcerna
NPUCYTCTBYIOIIME B OOJBIIOM KOJIMYecTBE B sAnpax. Ilpeamomararor, 4ro Bce 3TH OOpaTHMBbIe
KOBQJIECHTHBIE M KOBAJICHTHbIE MOAM(UKALMU KaKUM-TO OOpa3oM Yy4yacTBYIOT B peryJIsLUU
aKTUBHOCTH TE€HOB. MeX/Iy TeM H3BECTHBI M HeoOpaTuMble MOJU(PHKAIMKA HYKJICOCOMHBIX
TMCTOHOB: MHOTHE KJIETKM B HEOOJBIIOM KOJMYECTBE CHUHTE3UPYIOT OJHY WIM HECKOJIBKO
BapHalil THCTOHOB, KOTOPBIE CJErka OTIMYAlOTCA 110 AMUHOKHCIIOTHOM IOCIIE0BATEILHOCTU OT
CBOMX OCHOBHBIX aHAJIOTOB, U OMOJIOTNYECKOE 3HAUEHHE KOTOPBIX TOKA HEU3BECTHO.

[lepBrlii CTPYKTYpHBIA YPOBEHb XpPOMATHHA - HYKJIEOCOMHAs! HUTh - UMeET quameTp 11 HM u
HaOMIOZaeTCsl B YCJIOBHSIX HHU3KOM HWOHHOM CWJIBI mpu OTCcyTcTBUM rtuctoHa HI1. Paccesnue
HEUTPOHOB U DJEKTPUYECKMM JUXPOU3M I[OKa3ajdd, 4YTO HYKJIEOCOMBl B TaKHUX HUTAX
OpPHEHTUPOBAHBI OOK 0 OOK
APYT K APYTY, a UX TOPLbI HE CUIIBHO OTKJIOHSIOTCS OT OCH HUTH. [Ipu
sToM JuHeHas Mosiekyna JIHK, ymakoBannast Takum 00pa3om, CTAHOBUTCS
kopoye Bcero nutib B (200 m.H.&0.34 am)/(10 uM + 54 n.H.&0.34) ~ 2.4
pa3a. B ycnoBusX BBICOKOW MOHHOM CHUJIBI U B IPUCYTCTBUM ructoHa H1
dopmupyroTcs HUTH ¢ auamerpoM 30 HM. DTO cieayroumuil CTpyKTYpHBIH ypOBEHb XpOMAaTHHa,
HazbiBaeMbli XPOMATHUHOBBIE ®UBPUJIJIBI. Kak ynokeHbl HYKJI€OCOMBI B COCTaBE TaKOM
¢ubpmibl, HemzBectHo. Ha puc. 117 mokazaHel JBa BapuaHTa TaKOM YKJIaIKH, CHMPaJIbHBINA
BapHaHT cyuTaeTcs Oosee BeposTHBIM. B oboux cimyuasx monekyina JJHK cranosurcs eme B 16.7
pasa
Kopoue. TpeTwii ypoBeHb OpraHU3aIMM XpOMaTHHA - 3TO (OPMHUPOBAHHE IIETENb, KOTOpHIC
(bopMHpYIOTCA U3 XPOMAaTUHOBBIX (GUOPHILT U nojepkuBatoTcst ¢ nomoursio JJHK-cBsa3piBaromux
0€JIKOB, KOTOPBIE Y3HAIOT CHEI(PHUECKIE HYKICOTHIHBIE TTOCIIEIOBATEIFHOCTH BYX OTIAAICHHBIX
JpyT OT Apyra y4acTKOB XpOMaTHHOBOM (GhuOpuIuibl u conmmxaroT ux (puc. 118). JInuHa codpanHoi
B nermo JIHK moxer BapbupoBats oT 20 10 80 ThIC. I.H. Jake B sIp€ OJHOM KIIETKH, OJHAKO
CpeAHss UIMHA MEeTJIM y Pa3HbIX OpPraHU3MOB OObIUHO cocTaBiseT okosno 0.4 mxm. CoOpaHHas B
netiu JIHK ykopauuBaercs emie npumepHo B 12.5 pas.

Bo Bpems neneHus KIETKHM XPOMAaTHH KOHOeHcupyemcs, o0pa3ys CTPOro ONpeAereHHOe
cBOMcTBeHHOE JaHHOMY BUy yucio XPOMOCOM (rabnuna
10). Kaxnas sykaprHoTHUECKasi XpOMOCOMa COJIEPKUT OJIHY €JMHCTBEHHYIO JIMHEHHYIO MOJIEKYITY
JHK. Tunmunas mumomuueckas (T.e. HabmOgaemMas BO BpeMsi MHTO3a) Xxpomocoma (puc. 119)
COCTOUT M3 JIByX Xpomamuo, COeAUHEHHBIX MEXly cO00 ¢ MOMOIIBIO CIIEUATBHOT0 00pa3oBaHUs
- yenHmpomepwl, Ui kunemoxopa. JleranpHas kaptuna ykiaaku JJHK B coctaBe xpomarun noka He
COBCEM $CHA, HO NPEACTABISETCA BEPOSTHBIM, YTO XPOMATHHOBBIE METIM NPUKPEIISAIOTCS B
XpoMaTHie K LIEHTPAJIbHOMY OCTOBY M YKJIAJbIBaIOTCS B KOMIIAKTHYIO IUIOTHYIO CHpaib (puc.



120), npu sTom monekyna JIHK cranoButcsi kopoue eme npumepHo B 20 pa3, Tak 4TO JIJIMHA
XpOMOCOMBI 4YeNlOBEKa, HampuMep, He mpeBbimaer 5 MkM. [Ipu cTonb MIOTHON yHmakoBKe
undopmanus ¢ JAHK cuuthiBaThCs HE MOXKET, MOITOMY IMOCJHE MEICHUS KIETKH TMPOUCXOIUT
Odexonoencayuss XxpomocoM. OIHAKO BEpOSTHO B aKTUBHOM XPOMATHHE COXPAHSETCS IMeTelbHas
OpraHM3aIl¥s XPOMATHHOBBIX PUOPHUILI.
Tabmuma 10 HopmansHoe uucio
XPOMOCOM Y Pa3HbIX OPTAaHU3MOB

Ackapuaa 2 I'unpa 30 Ex 48
Hpozodummna 8 Jluca 34 Kypuna 78
Knesep 14 Tomnomus 38 VYTka 80
l'opox 14 Komka 38 bepesza 84
[Tyena 16 Mp111ib 40 Kapn 104
Kykypy3a 20 Kpsica 42 Mumnora 174
Enp 24 Kponuxk 44 XBomr 216
Jlsarymxka 26 Yenosek 46 VxoBHuk 480

3anaga 39. Ucnonb3ys gaHHbIe Ta0d. 9, OIIEHUTE YUCIIO HYKJICOCOM B SIAPE YETIOBEUECKOMN
KJIETKU.

[TPOKAPUOTUYECKUI TEHOM

JIHK Gakrepuii comepxut ot 1.6710° m.H. (camas MaleHbKas POKAPHOTHUECKas KIETKa -
MHUKOTIIJIa3Ma) 110 107 m.u. JByxnenoueunas xkonbiieBas mosekyna JIHK E. coli cocrout npumepHo
u3 4.2 muH. n.H. Eciu npuHATE, 4TO MoJuNeNnTuaHas Lenb Oenka coaepkuT B cpeaneM 350 azo-
TUCTBIX OCHOBaHHUH (a.0.), TO €l COOTBETCTBYET cpenHuil reH, cocrosimuid u3 1050 m.H. Pasmepa
JIHK E. coli nocTato4Ho A1 KOAUPOBAHUS
4.2710°/1050 ~ 4000 reroB. Toro e MOPSAKA YHCIO TIOTHIIENTHAOB OOHAPYKUBAIOT B KIeTKe E.
coli. BONbIIMHCTBO M3 3TUX T'€HOB KHUIIEYHOW MAJIOYKM HM3Y4YEHO M KAPTHPOBAHO. YIPOILEHHAs
kapta JIHK E. coli nokazana Ha puc. 121. Kpome ouenp 60mbI110ii K0IbIIeBON Momnekyiasl JTHK,
Haxojdulelcs B HyKJIeoHuJe, OONBIIMHCTBO OakTepuil colepikaT JOMOJHUTENIBHBIE MaJICHbKHE
KousbLieBble MoJieKy bl JIHK, koTopbie HaxoasTcs B CBOOOTHOM COCTOSIHUH B LIUTOTIIIA3ME KIIETKH U
Ha3bIBAIOTCA MAasMudamy. DTO aBTOHOMHBIE 3JIEMEHTBI MPOKAPUOTHUYECKOIO T'€HOMA, KOTOpbIE
CIOCOOHBI CAMOCTOSITENILHO PEIUIMIIUPOBATHCA HE3aBUCHMO OT riiaBHOM Monekyinsl JJHK, u umncno
KOIMH, XapaKTepHOE AJIs JaHHOM IUIa3MM[bl, MOAJEPKHUBAETCS MOCTOSIHHBIM B OaKTepHalbHOM
kaerke. [Ipu genennn GakTepuM IUIa3MHUIBI PEIUTMLUPYIOTCS U NMEPEXOAAT B AOUYEpHHE KIETKH. B
OOJIBLIMHCTBE CJIy4aeB IUIa3MUIbl OUEHb MaJIbl U COAEPIKAT BCETO JINIIb HECKOJIBKO T'€HOB, OJIHAKO,
KaK MpaBWJIO, 3TO BECbMa MOJE3HbIC I OaKTepHaTbHOW KIETKH TeHbl. HexoTopelie mia3mMuibl
HECYT T'€Hbl, KOJAUPYIOLINE CUHTE3 ODAKMepuoyuHoE - BEUIECTB, MO3BOJISIIOIUX OAHUM OaKTepHUsIM
no0enuTh ApYrux B OophOe 3a CymecTBOBaHHE, ApPyTHe 3allIMIIAIOT KIETKY OT Ppa3IHYHBIX
HEOJIaronpusATHbIX BO3AECHCTBUI M3BHE M IPEXkKAE BCErO MOMOTalT MPOTUBOCTOSTH JIEHCTBHIO
AHMUOUOMUKOB.

WHorna mia3Mubl MOTYT BCTPaMBaThes B TaBHY0 Moiiekyny JIHK v HaxoauThest B HEi, Kak
ee YacTh, MojoOHO 000 Apyroil MOCIEIOBATENBHOCTH. BCTpoeHHBIE IIa3MUAbI HA3bIBAIOT
onucomamu. DNMUCOMa MOMKET TaKKe BBIMICTUIAThCS M3 TiaBHOM Monekynsl JIHK u omsats
CTAHOBUTHCA CBOOOMHON mnasmuaond. Kpome mmazmun y OakTepuil ecTh emie MoOulbHble
2eHemuyecKkue 3jemMenmyl, CIIOCOOHBIC BBIPE3aThCS B OJHOM MECTE I'€HOMa M BCTPaMBaThCS B
ApyroM Oyarogapsi IMEIONIMMCS Y HUX Ha KOHIAX TOCJIEI0BATENLHOCTSM HYKJICOTHIOB (IIPSIMBIM
WIA WHBEPTUPOBAHHBIM MOBTOpaM). Hambosee mpocTbie MOOMJIbHBIC T€HETHYECKHE SJIEMEHTHI -
3TO 8CMABOUHbBIE NociedosamenbHocmu, W 1S-snemenmul (OT aHTIL insertion sequences). IS-
AJIEMEHTBI UMEIOT JJIMHY OT HECKOJBKUX COTEH A0 1.5 ThIC. I.H. U 4acTO BXOJST B COCTaB OoJiee
CIIO)KHBIX MOOWJIBHBIX TEHETHYECKHX DJIEMEHTOB, HAa3bIBAEMBIX mpancno3onamu (OT TarT.
transpositio - nepemenieHue) unu 1n-siemenma-

Mmu. B cOCTaB TpaHCIIO30HOB YacTO BXOJST Pa3IMYHbIE CTPYKTYPHBIC T€HBI,



KOJIMPYIOUINE YCTOMYUBOCTh K Pa3HBIM aHTHOMOTHKAM, COJISIM METAJIJIOB MIIH
CHHTE3 TOKCUHOB. MOOMIIbHBIE T€HETHUECKUE 3JIEMEHTHI BO BPEMsI CBOMX IIe-
pPEMEIIEHNI IO TEHOMY MOTYT BHEAPATHCS B PA3JIMYHBIC T€HBI, HApyIIas UX
paboty. YacToTa TpaHCIIO3ULMK BapbUPYeT ISl Pa3JINYHbIX JIEMEHTOB B

Tpejenax, CPaBHIMBIX C YaCTOTOH CIIOHTAHHBIX MyTarwii (o1 10™ 10 107
Ha TIOKOJICHHUE).

I'EHOM OYKAPUOT

B xonxe sBomonuu y 3yKapuot chOpMUpPOBAIICS T€HOM, KOTOPBIH CYHIECTBEHHO OTIMYACTCS
OT FeHOMa NPOKapHOT. ['€HOM BBICHIMX OPraHU3MOB B IIEPBYIO OUYEPEIb XapPAKTEPU3YETCS TaKUM
CBOMCTBOM Kak uzowimounocms. Conepxxkanue /JIHK y sykapuor B pacuere Ha 1 KIETKy B cCpeAHEM
Ha 2-3 nopsijka BbllIE, YEM Y IPOKAPUOT, U AJI PA3HBIX OPraHU3MOB OHO KOJIEOJIEeTCS B MHTEpBaje
or 10" o 10" Jla. Xots Takoit pasmep reHOMa TEOPETHUYECKH T103BONSET KOAUpoBath cBbime 10°
pa3NUYHbIX OEJIKOB, OLIEHKM YHCiIa (YHKIUMOHHUPYIOUIMX TIEHOB Y JYKapHOT KOIeONIoTcs B
HWHTEpPBAJE OT 10* bife} 2710°. BO3MOXkHO CYIIECTBYIOT "MomJamiue" reHbl, HEOOXOUMbIE KIIETKE IS
pealn3anyy peiKo BCTpedaromuxcs nporpamm. OHaKo 3TO HE ABIIAETCSA €AMHCTBEHHON PUYMHON
6onpmioro konmuyecrsa JJHK B kmetkax sykapuot. IloBeimenne kommuectBa JIHK y sykapuor
CBSI3aHO INPEXKJE BCErO C YCIIOKHEHUEM PEryJISTOPHBIX NPOLIECCOB B KIETKAX. JTO YCIOXKHEHHE
BBIPAYKAETCSI B TOM, YTO pa3Mepbl €IUHUI] TPAHCKPUIILMK Y dyKapHOT, KaK MPaBUiIO, HA TOPAIOK
IIPEBBILIAIOT pa3Mepsbl 3peibix MosteKyll MPHK, a Takke B TOM, 4TO 3HAYUTEIBHYIO 4aCTh FEHOMA y
9YKapHUOT COCTABIISAIOT MOCIEAOBATEIBHOCTH, CIY’)KAIMEe MCKIIOYUTEIBHO Ul LEJNEeH PEeryJsaluu.
Onnako o6mee kommuectBo JIHK B kieTke Hemb3s paccMaTpuBaTh KakK IMPOCTOM IMOKa3aTelb
(YHKIIMOHATBHOM M CTPYKTYPHOW CIOXKHOCTH opranu3ma (puc. 122). Hanmpumep, y HEKOTOPBIX
pei6 kommyectBo JIHK Ha smpo B 10 pa3 Gombine, uem y denoBeka. Coxepkanne /IHK mosxer
CWJIBHO BapbHUpOBAaTh AK€ y OTAEIbHBIX OPraHU3MOB OJHOTO poja. Bce 3To roBoput o peanpHOM
n36prTounocty JIHK B Ki1eTkax BRICIINX OpraHU3MOB.

Jlpyrasi CTpyKTypHasi 0COOEHHOCTh T€HOMA 3YKAapHOT - 3TO OJ0UHbIL XapaKmep OpeaHu3ayuu.
BoYHOCTD CTpOCHHUST TPOSIBIISICTCSI HA Pa3HBIX YPOBHSX. DTO W JJIMHHBIE OJ0KH ¢ pasHbiM CG-
CoJIepKaHuEeM, ¥ MHOTOYMCIICHHBIE KOPOTKHE YYacTKH, CHJIbHO OOOTallleHHbIE ONpeAeIeHHbIMU
(TypHHOBBIMH WJIM MUPUMHINHOBBIMU) HYKJI€OTHAAMHU, U TOMOIIOJIMMEPHBIE MOCIEI0BATENIHOCTH.
bi1o4HOCTB CTPOEHUS NPOSABIAETCS U B CTPYKTYPE HHIUBUIY-
aJIbHBIX T€HOB, KOTOPBIE YacTO COCTOSIT U3 OTAEIEHHBIX JIPYT OT Apyra 30H
(9K30H08), COOTBETCTBYIOLIMX, MO-BUAMMOMY, OTAEIbHBIM JOMEHAM KOJIUPYEMBIX UMM OEJIKOB,
pa3[eNeHHbIX HEKOJUPYEMBIMH IIOCIEA0BATENbHOCTAMU (unmponamu). Hanuume TeHOB cC
MHTPOHAMU XapaKTEePHO I 3YKapHOT, TOIr1a Kak B FTeHOME MPOKapUOT HHTPOHOB HE OOHAPYKEHO.
I'eHOMy 2yKapuOT CBONCTBEHHA TaKXe€ CIHOCOOHOCTh K IMepecTpoiikaM. SIpkuM mOpuMepoM re-
HOMHBIX IIEPECTPOEK SABISAIOTCA MPOLIECCHl IEPEMELIEHUS] OTAEIbHBIX YYacTKOB T'€HOB,
MPOUCXOJSAIINE TpU (OPMUPOBAHWU TE€HOB HMMMYHOIJIOOYJIUHOB. J[pyruM HpuUMEpOM MOXKET
CITy’)KUTh MAaccOBO€ yBEJIMYEHUE 4Hcia KoMui (amniugurayus) HEKOTOPBIX CTPYKTYpPHBIX T'€HOB.
[Ipumepom amiuidukanuy MOTYT CIYKUTh MHOTOYMCIEHHbIE MOBTOphl reHoB pPHK B mermsax
AIPBIIIKOBBIX OpraHU3aTopoB. OJHAKO T'€HOMHBIE NMEPECTPOUKH, MO-BUAMMOMY, BCE-TaKH HOCAT
OTpaHMYEHHBIH XapakTep, BCJIEACTBUE 4Yero OOIMN IUIaH OpraHM3alli TIe€HOMa OTIENbHBIX
OpPraHU3MOB COXPAHAETCS HA MPOTSHYKEHUN MHOTMX IIOKOJIECHUIA.

Yuukanvnvie (nenosmopsowuecs) nociedosamenbHOCmu - HauOosee
CJIOKHBIN U, KaK MPABUJIO, OCHOBHOM 10 Macce KOMIIOHEHT TeHoMa 3yKapuoT. OHaKo A0S UX Y
pa3HbIX OPraHM3MOB MOKET cocTaBiATh OT 15 1mo 98%. B memom mpolLeHTHOe coaep:KaHue
YHUKQJIbHBIX IIOCJIEJOBATEIBHOCTE y HM3LIMX JYKapuOT 3aMETHO BBIIIE, YEM Y BBICIIHX.
Ocobenno mano ynukanbHoM JIHK y pacrenuit. Bo ¢pakuun ynukanpHoi JIHK Haxomurtcs
OOJIBLIIMHCTBO CTPYKTYPHBIX TI'€HOB 3yKapuoT. OJHAKo JajJeKko He BCE YHHMKaJbHBIE IOCIE-
JIOBaTEIIbHOCTH TPEJCTABISIOT CO0OM y4acTKH, Koaupyrome Oenku. Joys Takux y4acTKOB, Kak
npaBuio, He mnpeBbimaer 1 - 2%. bonpmas yacTh TpPaHCKPUOMPYIOLIMXCS YHHMKAJIbHBIX
nocnenoBaresibHOCcTel He KoaupyeT MPHK nmurtormiasmel, a BBINOJTHSAET KaKHE-TO CHELHAIbHBIE



¢dbynkuu B sape. bonee momoBuHbl yHUKansHOH JIHK BoOOIIE HE TpaHCKpHOUpPYETCS B KIIETKaX,
XOTS U COXPAHSIETCS B SBOJIOLUMU. BO3MOXKHO OHA CIY>KUT YMCTO CTPYKTYPHBIM LEJISIM, BO3MOKHO
SBIISIETCS CPEACTBOM OOphObI ¢ MyTtamusmu. Ha3HaueHwe WHGOPMAIMOHHON W30BITOYHOCTH
yaukanbHoi JIHK, xak u uz6eirounoctu JIHK BooO1e, - mpobiema, KoTopas eiie >KIET CBOETO
pelIeHus.

B JHK »sykapuor conepkarcsi MHOCIEAOBATEIbHOCTH, MOBTOPSAIOMIMECS OT HECKOJIbKHX
JIECSITKOB 10 MUJUIMOHA pa3 Ha T€HOM. XOPOIIO U3yUYE€HHBIM KOMIIOHEHTOM YacTO IMOBTOPSIOLIUXCS
nocnenoBarenbHocTel sBisiercs camennumuas JJHK, koTtopas oObiuHO OOHapy’KHMBaeTcs B BUJC
OTJENBbHOIrO (CaTeJUIMTHOrO) nuka mnpu ueHtpudpyrupoBanun moziekyn JIHK B rpaaumenTtax
mwiotHocTH CsCl. Cartemnuthele JIHK coctoar u3 kopotkux (2 - 20 map HyKJIEOTHIIOB)
MTOBTOPSIFOIITUXCST  TTOCJIEI0BATEILHOCTEN, 00pasyronmx UiMHHBIe Osoku. KommdecTBo Takmux
cateiutHbIX JJTHK B JIHK pa3HbIx opranu3sMoB BappupyeT OT
ot 1 10 80%, a 4rcio OTIIMYAIOIIMXCS 1O MIaByyel NIOTHOCTH CATEIUIUTHBIX
JIHK B onHOM opranusme Moxet gocturath 10 - 12. OnHo# 13 MHTEpECHBIX OOIIUX YePT CTPOCHUS
caresuintHolt JIHK sBisiercss mpucyrcTtBue B KaxkiaoW wenu Juib 2 - 3 13 4 BO3MOXKHBIX
HYKJI€OTHI0B. B XpoMocoMax OHHU JOKalIM3yIOTCA MPEUMYLIECTBEHHO B LICHTPOMEPHBIX pailoHaX,
nosTOMy Tpenmnonaraemble ¢yHKuuu careuiTHoN JIHK CBS3BIBAIOT ¢ poOJbIO 3THX IMOCIENI0Ba-
TEIBHOCTEHN B MOJJEPKAHUHU CTPYKTYPHOU 1IETOCTHOCTH XPOMOCOM, B CTAOUIU3AIIMU IIEHTPOMED, C
y4acTHEM B y3HAaBaHWU FOMOJIOTMYHBIX XpOMOCOM IpU MEH03€e, a TAK)XKE C y4aCTUEM B KOHTpPOJIE 3a
pa3MepaMH sAapa M KIETOYHBIM pocTOM. JIpyroil KOMIIOHEHT YacTO HOBTOPSIOIIUXCS
MOCIICOBATEIIFHOCTEH - 3TO obpawerHvle nosmopsbl (NAIUHOpPOMbl). 3HAYMTETbHAS YacTh
oOpallleHHBIX TTOBTOPOB TpaHCKpubOupyercsa B cocraBe PHK u 006pa3yror cTpyKTypbl, Ha3bIBaeMbIe
wnuneku. IlpenmonmaraeTcs, dYTO TakWe MINMWIBKK CIIy)KaT CHTHaJamMu s (pepMeHTOB,
ocyiecTBisomux npoueccudr u cracuar PHK, /IHK-nonumMepasbl u yuacTByIOT B TEpMHHALIIT
tpanckpunuuu i PHK-nonumepas.

Hapsny ¢ wwacteimu mnoBtopaMu B JIHK BeiCIIMX OpraHu3MOB MPUCYTCTBYIOT
MOCJIeI0BATEILHOCTH, TOBTOPSIOIIMECS ¢ MeHblIel yacTtotoi (ot 10 10 10* kommit Ha TATLIOMIHEIA
T€HOM) - YMepeHHO nosmopslowuecs nociedosamenbHocmu. ITO MONU(YHKINOHAIBHBIN Kiacc
MOCTIeIOBATEIbHOCTEH, B KOTOPBIH BXOAAT TPAHCKPUOMpPYEMble CTPYKTYpPHBIE TE€HBI H
KOHTpPOJIMpYIOIIKe (PEryIsaTOpHbIE) 3JIeMeHThl reHoMa. KpoMe Toro, mpeanosaraioT, 4To B T€HOME
MJIEKONMTAIOIINX HEKOTOpBIE CEMEMCTBA yMEPEHHBIX MOBTOPOB HMMEIOT BUPYCHYIO npupoxay. B
F€HOME DJYyKapuoT HaXOASIT TakKe MOOWIbHbIE TEHETHYECKHE JJIEMEHThI, aHaJIOTHMYHbIe
npokapuornueckuM IS- m Tn-anementraM. bosblnas 4acTh M3y4EHHBIX K HACTOSILEMY BPEMEHH
IT€HOB y JYKapHOT HE SBISIIOTCS YHUKAQJIbHBIMHM, a MPEICTABICHbI WJIM MHOKECTBOM CXOIHBIX
KONH, WM OTpaHUYEHHBIM HAO0OPOM IYIUTMLIMPOBAHHBIX M JMBEPTUPOBABIIMX B pa3HOW Mepe
MIOCJIEI0BATEILHOCTEN, HA3bIBAEMBIMU M)IbmuceHHbIMU cemeticmeamu. 1I0BTOPSIEMOCTh T€HOB B
MYJbTHUTCHHBIX ~CEMEHCTBax HeoOXoauma WM IS YCWJIeHHS 03Bl TEHOB (00306as
nosmopsemocms), WIA Il oOecriedeHHs] CHHTe3a pa3jMyYHbIX BAapUAHTOB POICTBEHHBIX
MOJIMNIENTUNIOB (6apuanmuas noemopsaemocmsy). J1030Bas OBTOPSEMOCTb XapaKTEpHA ISl T€HOB,
komupyromux TPHK u pPHK, a Ttakxke rucroHoBBIX TeHOB. BapuaOenbHasi MOBTOPSEMOCTH
CBOWCTBEHHAa TAaKHUM TI€HaM, KaK TIJIOOMHOBbIC, aKTHHOBBIC, UMMYHOIJIOOYJIMHOBBIE M MHOTMM
npyruMm. Hapsany ¢ HOpMalbHO (QYHKIMOHUPYIOUIUMHU T€HaMH B MYJBTUTCHHBIX CEMEHCTBaxX y
9YKapHOT BCTPEUAIOTCS 1cegdocensl (j-eeHbl), TOMOJIOTHYHBIE (DYHKIIMOHUPYIOIINM, HO 110 Pa3HBIM
MpUYMHAM He crocOoOHbIe (QYHKIMOHUPOBaTh. UrparoT 1 OHU KaKyIo-1100 crielraibHyo
POJIb WIIH IIPOCTO SABJISAIOTCA "TIOJJOMAHHBIMH" T€HAMMU, HE U3BECTHO, XOTS
€CTh KOCBEHHBIE YKa3aHHd Ha TO, YTO MX MPUCYTCTBUE HYXHO [UIsI HOPMAJIbHOTO
(YHKIMOHUPOBAHUS COCETHUX T'€HOB.

I'EHOMBI DYKAPUOTUYECKHNX OPI"AHEJIII

['eHoMBI Opra”enn MpeACTaBISAIOT COO0OM KOJBIEBYIO AByXIenodyeunyro wmoiekyny JIHK.
HckmoueHne cocTaBisiioT HHQY30pHH, y KOTOpbIx MutoxoHapuanbHas JIHK mnpencraBnena
TuHeHONM Mosekynol. CTpykTypa Te€HOMa OpraHeiul CKopee HAalOMHMHAeT CTPYKTypy



0aKTepHaJbHOrO TEHOMa, YeM XpOMAaTHH JykapuoT. B opranmsamum xmnoporutactaoit JIHK
OoOHapyXeHbl THCTOHOMOAO0HBIE OENIKH, OHAKO 10 AMHUHOKHCIOTHOMY COCTaBY OHU OTIHYAIOTCS
OT TUIMYHBIX TUCTOHOB BBICIINX pacTeHuid u 6osee cxonausl ¢ JJHK-cBs3pBatommmvu HU-6enkamu
Knetok FE. coli W TUCTOHOMONOOHBIMM OenkamMu 1HMaHOOakTepuil. Bo3moxkHO, UTO
THCTOHOTIOAOOHBIE ~ O€NKM  XJIOPOIUIACTHBIX ~ HYKJIIGOMJOB  SIBIISIIOTCS  DBOJIOIMOHHBIMHU
MPEAIECTBEHHUKAMH THCTOHOB 3YKapUOTUYECKUX KIIETOK, OJJHAKO HYKJIEOCOMBI B XJIOPOIUIACTHOM
JHK Tak xe, xak 1 B JIHK muToxonapuii, orcyrcTByror. Yacth OEnKOB, HEOOXOAWMBIX JUIS
(GYHKIIMOHUPOBAHUS ITHX OpraHeii, KoaupyroTcs ux codoctBeHHod JIHK u cuHTesupyrorcs Ha
pubocoMax BHYTPH OpraHejUIbl, TOTJa KakK ocTajbHble Oenku Komupyrotcs simepHou JIHK,
CHUHTE3UPYIOTCS pUOOCOMAMH IIUTOIIa3Mbl M TIOCTYHAIOT B OpPraHesibl Olarofaps uX JTUACPHBIM
nocyeaoBareabHOCTAM. Kaxapiii U3 MeMOpaHHBIX KOMIUIEKCOB 3JIEKTPOH-TPAHCIOPTHOM IIeNH, a
takke AT®D-cuHTeTa3a, UMEIOT CMEIIAHHOE KOAMPOBAHHE: OJHU CYOBEAWHUIIBI CHHTE3UPYIOTCS
BHYTpPHU OPTaHEIbl, a IpyrHe NpUXOIAT U3 HuTomIa3Mbl. COOpKa TaKUX KOMIUIEKCOB MPOUCXOTUT
3aTeM TpHU y4YacTUH CIEUUaIbHBIX BCIIOMOTATENbHBIX OENKOB yamepoHoB (oT aHri. chaperon).
Tpancnopt 0eNKOB MEXIy LMTOIUIa3MOW M OpraHeijlaMH HAET TOJIBKO B OJHOM HAINpaBICHHUMU:
ornpezeNeHHbIe OeNKH "UMIOPTUPYIOTCS" MUTOXOHJIPHUSIMHU U XJIOPOIUIACTaMH, HO HE U3BECTHO HHU
OJlHOro 0Oeyika, KOTOpBIK Obl ATH oOpraHeibl '"sKkcrnopTupoBanu”. Mexay oOpraHemiaMu H
OCTaJbHOW KJIETKOW He TMPOMCXONUT Takke obmena wmonekynamu PHK wu  JIHK.
@OYHKIMOHUPOBAHUE [IBYX T'€HETUYECKUX CHUCTEM SYKapHUOTHYECKON KIETKH (OpraHejUIbHOM U
SJIEPHON) TECHO KOOPJIWHUPOBAHKI B MPOIIECCE MOCTPOCHHSI OPTaHEIUIBI C MTOMOIIBI0 HE H3BECTHBIX
MIOKa MEXaHU3MOB 00paTHOM CBSI3H.

XnopomnactHast JIHK Tak ke, kak W B OakTepHallbHOM KIJIeTKE, HaXOAMUTCA B COCTaBe

KOMITAKTHBIX CTPYKTYP HYK1€oudo8. XIJIOpOIIaCT CONEPKUT OOBIYHO HECKOIBKO HYKIICOHWJIOB H B
KOKIOM HYKJIEOuIe HMeeTcs OObIYHO Heckonbko komuil xjopornactHod JIHK. XmopommacTsr
BBICIIMX PAaCTEHUH CO-
JiepKatT B cpeqHeM 3 - 87107 JIHK na 1 mmactuny. Y Bonopocineit conepxxanue JIHK xone6nercs
B Oollee MIMPOKUX Tpenenax - 4 - 1771077 I/XJIOpOTIIACT. ' €HOM COCTOMUT M3 HECKOIBKHX KOMUH
KoJiblieBoM AByx1enodeyHot JJHK, pazmepsl KOTOpoil BapbUPYIOT B 3aBUCUMOCTH OT BHJIa Y BBIC-
mux pacteHud B npenenax 120 - 190 Teic. 1.H. (KoHTypHas [iMHA - 40 - 46 MKM), a y BOAOpOCIeH
ot 86 ThIic. .H. (27.3 MkM) y pona Codium no 600 Teic. m.H. (62 MKM) y ponoB Acetobularia n
Chlamidomonas. ~XJOpOIUIaCTHBII TE€HOM JIOBOJBHO KOHCEPBATHBEH B  HBOJIOIHOHHOM
OTHOIIIEHUH, M pa3Hulla B pazmepax xjoporiactHor JIHK ompenensiercs, kak mpaBuiio, YUCIOM
OYIIMIUPOBAaHHBIX TeHOB. Ilo Mepe pa3BuTHsl XJopoIjacTa YBEIMYMBAETCS KOJIMYECTBO
HYKJICOMJIOB B IIacTHAax W Koy-Bo xjoporutactHo JIHK Ha xmopommact. Ywmcno m dopma
HYKJIEOUJIOB 3aBUCST TAK)K€ OT MHTEHCUBHOCTH U CHEKTPAJIBHOIO COCTaBa CBETA. Y BCEX BBICIIUX
pactenuii xjopornactHast JJHK conepxur 37.8 + 1% (I'+L]), a nmiaByvast motHocTh B CsCl paBHa
1.7 r/em’, aro Gmmsko K napamerpam spaepHoit JIHK. Onnaxo sanepnas JIHK pacrenuit Bcerna
COJICPKUT S-METWILHUTO3WH, Toraa kKak B xmopomuactHod JIHK 5310 MommdbunmpoBanHoe
ocHoBaHHUE OTcyTcTBYeT. HeoObrunocTs xnoporutactoil JIHK mposiBisiercst Takke B TOM, 4TO OHA
COJIEP’KUT yJaJeHHbIE APYT OT JIpyra BCTPOCHHbIE PHUOOHYKIICOTH]IbI: OOBIYHO 9 B OJIHON 1enu
KoJblieBOM Mousiekyibl U 10 - B apyroil. Murtoxonapuansnbie JJHK >KuBOTHBIX TOXE comepxar
PUOOHYKIEOTHABL. Y pa3HbIX PAacTEHHI, 32 PEIKUM HCKIIOUEHHUEM, CTPYKTypa F€éHOMa MPUMEPHO
oauHakoBa. OHa COCTOMT M3 OOJBLIIOTO M MAaJOro OJHOKONMUIHBIX YYaCTKOB, pa3JelIeHHBIX
UHBEPMUPOBAHHBLIMU NOBMOPAMU, KOTOpBIE coaepkat reHsl xyoporacTHeix pPHK. B HekoTopsix
XJIOPOILJTACTHBIX T'€HaX OOHApy)KeHbl MHTPOHBI, OJHAKO BO3MOXKHO, YTO 3TO OCTATKH KaKHUX-TO
MOOUJIBHBIX T€HETHMYECKUX AJIEMEHTOB. JlJIi HEKOTOPBIX pacTeHHi, HampuMep, MeUeHOUYHOT0 MXa
Marchantia  polymorpha, puca u Tabaka OblIa ONpeIeiIeHAa TOJMHAS HYKJICOTHIHAS
nocienoBareabHOCTh xyopormtactHoi JIHK. TunwdasbIi 111 TOKPHITOCEMSIHHBIX pacTeHUN HaOOop
renoB xiyoporutactHo JIHK Ttabaka simouaer 4 rema pPHK, 30 remoB TPHK u 79 renos,
KOJIUPYIOIINX OCIKH.

B 10 Bpems kak reHOM XJIOPOIUIACTOB IPUMEPHO OJAMHAKOB I10 BEJIMUUHE Y BCEX OPraHU3MOB,
MUTOXOHJIpHAJIbHbIE TEHOMBI Y PAaCT€HUN HaMHOTO OOJjbIlle, YeM Yy JKUBOTHBIX. B MUTOXOHAPUSX



KUBOTHBIX T€HOM IIpe/ICTaBIeH 01HOM KonbleBol monekynoit JJIHK miunoit 16.2 - 18.4 TeiC. 1.H.,
npencraBieHHon 5 - 10 xomusmu, a y pactenuit renom B 30 - 100 pa3 Gomblie M cocTaBleH U3
HECKOJIbKUX, BEPOSITHO, CJIerKa pa3iauuHbiX KoibleBblx JIHK, kaxknas u3 KOTOpBIX MpeacTaBicHa
HECKOJIbKUMU KonusiMu. bonbine

pasmepsl (C 84 ThIc. 1.H.) MutoxoHapuanbHoi JIHK umeroT npoxoku, HO OKa3anoch, YTO y HHUX
3HauutenbHas 4vacte JIHK He BemonmHser kogupyromed (yHKUMM, T[pUYeM JJIUHHBIC
HEKOAMPYIOIINE 00JIaCTH BKIIOYEHBI BHYTPbh HEKOTOPBIX I'€HOB, T.€. MPEACTABIAIOT cOOM UHTPOHBI.
Muroxonapuansias JIHK npoxoxeint copepxkutr 2 rena pPHK, nmpumepno 30 renoB TPHK u 8
reHoB, Koaupyromux Oenku. Hykneorunnele nocnenosarenbHoctu JJHK muroxonapuii yenoseka,
MBILIN U KOPOBBI OBUIN MOJTHOCTBIO onpezeeHbl. [ €HoM MUTOXOHpUI TO3BOHOYHBIX MaJl, IOTOMY
YTO UMEET YpEe3BbIYalHO KOMMAKTHYIO CTPYKTYpY T'€HOB, B KOTOPBIX HET MHTpoHOB. Hanpumep, B
kogupoBanuu 2 renoB pPHK, 22 renoB TPHK u 13 renoB, kogupyronmx Oeiku, 3a1eicTBOBaHA
MOYTH BCA HYKJIEOTHAHAs nocienoBaTenbHOCTh JIHK n3 Mutoxonapuil yemoBeka. Y me4eHOUYHOTO
mxa Marchantia polymorpha, xax , BepoATHO, U y APYTUX pacTeHUil B MuToxoHapuansHoi JJHK
conepxkutcs 6ombiue reHos: 3 rena pPHK, 27 renoB TPHK u npumepno 60 reHoB, Koaupyromux
OenKu.

KPATKHME BbIBO/IbI

Komnaktuzamus JIHK Baxkna 1 opraHu3smMoB 1O JBYM MpUYMHAM: 1) MO3BOJISIET
YHOPSAA0YEHHO PACIIONIOXKUTh OueHb JAnHHBIe Moiekysbl JIHK B HeGonbiom o0veme 0e3 motepu
JOCTYITHOCTH JJISl CUMTBHIBaHUS MHQPOpManuu; 2) 3TO OAMH U3 crnocoboB auddepeHnnanbHOM
peryJisilid aKTUBHOCTU Pa3HbIX YYaCTKOB N'€HOMA, T.K. AKTUBHOCTb I'€HOB 3aBHCHUT OT XapakTepa
ynakoBku JIHK. V mnpokapuor komnakrtuzaums JHK nocrturaercs cepxcnupanuzanueil u
METEJIbHOW OpraHu3anuen. ¥ 3yKapuoT MpociexuBaeTcs nepapxus u3 4 yposHet ynakoBku JIHK
OT HYKJIEOCOMHOW HUTH JO CTPYKTYPBI XpOMOCOMBI. B 000uX ciy4asx opraHu3anusi CTPyKTYpbI
TEHETUYECKOTO MaTepuajna OCyIIecTBisieTcs npu nomomu crnenranbHbix JIHK-cBs3piBarommx
OEJIKOB.

['eHOM 3yKapHOT yCTpOEH HAMHOI'O CJIOXKHEE, YeM MPOKAPUOTHUECKHH T'€HOM, YTO CBSI3aHO
MPEX/I€ BCEro C MOBBIILIEHUEM YPOBHS CIOKHOCTU PEryJisilMd F'€HETUYECKHX MPOLECCOB, a HE 3a
CUET yBEIMYEHUS KOJIMYECTBA CTPYKTYPHBIX OCJIKOB M (pepMEHTOB B KieTKe. BiiouHbIN XapakTep
CTpPOCHHSI T€HOMa 3YKapHOT SIBISETCS €Il OJHOM peanu3alyiedl NpUHIMNIA KOMOWHATOPHOTO
YBEIIMYEHUSI PAa3HOOOpa3usi: HaNpuUMep, 3a CUeT OObeIUHEHHS "MUHHU'-TEHOB (9K30HOB) B OJWH
"cymnep'"-reH MOTYT BO3HHUKAaTh (DYHKIIMOHAJIBHO HOBBIE Oenku. B 3BOIIONMU TeHOMa, BEPOSITHO,
aKTUBHYIO POJIb UTPAIOT MOOUIIbHBIE TEHETUYECKUE IJIEMEHTHI.

Puc.111. Yopoiennas cxema Puc. 112. Yopoiennas cxe-
yuactusi 10 SApbIIIKOBBIX OpraHu- Ma CTPOCHHUS SIACPHOM JTaMUHBI.
3aTOpOB B 00pa30BaHUM SAPHILIKA
B sJIp€ YEJIIOBEYECKON KIIETKH.
Puc. 113. CxeMa cTpoeHHs U pacloIOKEHUS AIEPHBIX TOPOBBIX KOMIUIEKCOB SIACPHOM
000JI0UKH.



Puc. 114. Cepxcnupanusa- Puc. 115. [lerenbHas opra-

uus B koabeneBon JTHK. HU3allKs TeHOMa OaKTepui.

Puc. 116. Opranuzanus Puc. 117. IBe monenu,
HYKJI€OCOMHON HUTH. NPEUI0KEHHBIE ISl 00BACHEHUS

Puc. 120. Uepapxus ypos- YIIaKOBKH HYKJIEOCOMHOW HUTH B
Heli ynakoBku JIHK B coctaBe coctase 30 HM-XpOMaTUHOBOM
XpOMAaTHHA. (buOpUILTEL.

Puc. 118. IlerenbHas opra- Puc. 119. Crpoenne muto-
HU3aLUs XpOMaTHHA. TUYECKOM XPOMOCOMBI.

Puc. 121. Ynpomennas kapta IHK E. coli.
Puc. 122. Pa3mepsl reHOMa pa3HbIX OPraHU3MOB.

Jexuusa 9. TPAHCKPUIILWA 1 TPAHCJIALIA

Tpanckpunyusa - uHuyuayus MpPaHcKpunyuu - 2J10HeAYUA U MEPMUHAYUS MPAHCKPUNYUU -
Moougukayus u npoyeccune 3ykapuomuyeckux PHK-mpanckpunmos - cenemuyeckuii Koo -
ouocunmes O6enka - MpancisAyus y npoKapuom - mpaHciayusl y 3yKapuom - Kpamkue 6bl600bl

I'enom, T1.e. monekyna JIHK, comepxkutr B ceGe CKpPBITHIA IUIAH WM CXEMY pPa3BUTHUS
opranusma. Peanmzanus 3TOro riaHa ocymiecTBisieTcs: OemkaMu, KoTopelie 3akoaupoBansl B JJHK.
CBoiicTBa ¥ MPU3HAKK OpPraHM3Ma, €ro0 WHIUBUAYaJIbHbIE OCOOEHHOCTU - BCE ATO OMpEesieTcs
OenxoBeiM Habopom. [losromy cuHTe3 Oenka sBisgercs (yHIAMEHTAIBHBIM T'€HETHYECKUM
npoueccoM. MHTEHCHBHOCTh CHHTE3a O€Nka, KOJUPYEMOro KaKUM-THOO TE€HOM, Ha3bIBaeTCs
9Kchpeccuell, T.e. CAMOBBIPAKEHUEM, 3TOTO IeHa. DKCIIpecCHsl TeHa COCTOUT U3 JBYX JTAloB -
TPAHCKPUIILINHN u TPAHCJIALINN.

TPAHCKPUIILINA

Tpanckpunius TPOUCXOAUT B TpU cTaguu: 1) unuyuayus, 2) snoneayusa u 3) mepmunayus.
OcHOBHBIM (hepMEHTOM, OCYIIECTBISIOMIUM TPAHCKPHUMIHIO, siBiisieTcst PHK-noaumepasa. Tak xe,
kak u pubocombl, PHK-monmumepassl ObIBAlOT [BYX THIOB - MPOKAPUOTHYECKUE H
sykapuotnueckue. PHK-monumepasa mnpokapuoTnueckoro THNA COCTOUT U3 S5 CyOBEAMHHIL
4eThIpex BUAOB (a, b, b' U s) 1 umeeT cocTaB abb's. Jlyumie Bcero uzyuena PHK-nonumepasa u3
Escherichia coli: mon. macca ee cyopenunmil coctapiseT 40 x/la (a), 155 x/la (b), 160 x/a (b') u
85 x/la (s), pepMeHT MMeEEeT HECKOIbKO BBITIHYTYI0 (OpPMy U €ro MaKCHMalbHBIE pa3Mepbl
JOOCTHTAIOT 15 HM. a-, b- 1 b'-CyObeqMHUIBI pa3HBIX BHIOB OAKTEPH MMEIOT JIOBOJIBHO OIHM3KYIO
MOJI. Maccy, TOT/la KaKk MOJI. Macca S-CyObeMHHIIBI BAPFUPYET B 3HAUUTEIBHBIX Tpeenax - ot 44
no 92 kJla. [Tomuenii GepMeHT (c010hepmenm) cocTaBa a,bb's HyKEH TOJIBKO JJIsi WHUITHAIHH
TPAHCKPHUIILIUH, a 3aTeM S-CyObeAUHHUIA (S-¢hakmop) 0CBOOOKIAETCS U3 KOMILIEKCA U SJIOHTAIlHs
OCYILECTBIISICTCS MUHUMAILHBIM (hepMeHmom cocTaBa abb'. Y MHOTrMX OakTepHii OJUH U TOT XKe
MUHUMAaNbHBIH (DEPMEHT MOXKET B3aMMOJCHCTBOBATH C Pa3HBIMHU S-(paKTOpamH, OJHOBPEMEHHO
NPUCYTCTBYIOIIMMH B KIETKe, M TOTJa NPOMCXOIWT WHUIMANNSA TPAHCKPHUIIIHUU TOJBKO
OTIpeIeNICHHON TPYIIBI TeHOB, "00CTyKMBaeMbIX" JaHHBIM $-(aKTOpoM. B HEKOTOpBIX ciydasx,
HampuMep, TpU Tepexojae OakTepuH K CIOPYJSALUHU, ONOKUpyeTcs cuHTe3 "OoObiHOTro" W
aKTUBUPYETCS CHHTE3 HOBOTO S-(pakTopa. DTO MPHUBOIUT K MPEKPALIECHUIO TPAHCKPUIIIIUU OHOM
TPYIIBE TEHOB W WHUIMALWU TPAHCKPHIIIUK HOBOW T'PYNIBI T€HOB, T.€. K CMEHE T'C€HETHYECKUX
nporpamM B kieTke. Obmee konnyectBo PHK-nmonumMepas, npucyTcTByIommx B KIeTKe
Escherichia coli, ouenuBaeTcs Kak 7 TbIC., B 3aBUCUMOCTH OT YCJIOBHI
pocta B cunTe3e PHK MosxeT ObITh 3aHATO OAHOBPEMEHHO OT 2 JI0 5 THIC.
Moutekyn gpepmenta. PHK-nonmmepassl, kogupyeMble FEHOMOM pa3MHOKAOIINXCS
B OaKTepHallbHBIX KJIETKaX O6axmepuoghazos, yCTpoeHbI ropasao mpoiie npokapuotudecknx PHK-
MOJIUMEpa3 M COCTOSIT BCETO JIMINb M3 OJHOHN TOJMIENTHIHOW IenH, HO MOTYT WHHIUUPOBATH
TPAHCKPHUIILIUIO TOJBKO OMpeAeNeHHBIX TeHOB. ClemoBaTeNnbHO, CIOKHOCTh MPOKAPUOTHUYECKOM



PHK-nosmmMepassl, 1o KpalHEW Mepe 4YacTHUYHO, OTPa)kacT HAJINYUME MHOKECTBA CHUTHAJIOB
KOHTPOJIsI, HA KOTOPBIE OHA JJOJKHA OTBEYATh.

B sagpe »ykapuoT OZHOBPEMEHHO NPUCYTCTBYIOT Tpu pasHele PHK-nommmepasst
sykapuotnueckoro tuna. PHK-monumepasa I nokanusoBaHa B sIpBIIKaX M OTBETCTBEHHA 3a
Tpanckpunuuio renoB pPHK, na ee gomto mpuxomutcs 50 - 70% kierounoro cunre3a PHK. B
octalbHOM dYactu sAapa JokamuzoBanbl PHK-momumepaza 1I, oOecneudnBaromias CHHTE3
rereporenHoi simeproit PHK (mpemmectBennnkos MPHK), m PHK-momumepaza III, oGecrie-
yyBaomas cuHte3 MHorux maneix PHK u TPHK. Ha ux pomto mpuxoautcs 20 - 40% u 10%
obmero knerounoro cuHTe3a PHK coorBerctBenno. Kaxmas u3 sykapuormueckux PHK-
NoJIMMepa3 IMpesCcTaBisgeT coO0M KpyMHBbIH OENKOBBIM arperaT, COCTOSAIIMNA M3 JBYX OOJBIIUX
cyosemuanty (mpumepHo 200 u 140 k/la) m w3 mopsaka 10 ManeHBKUX CyOBEIUHMII,
Bapbupytonmx mno Moi. macce ot 10 no 90 k/la. SAapa Beicmmx sykapuot conaepxar okono 40000
monekys PHK-nommmepasst 11, mpumepHo Takoe xe yuciao monekya PHK- nommmepassr [ u BiBoe
Mmenbie Mojiekya PHK-nonmumepass 111, mpuyem TouHOE KOMMYECTBO 3TUX (PEPMEHTOB BapbUpPyeT
B 3aBUCHMOCTH OT CKOpPOCTH pocTa KieTku. Kpome snepubix PHK-nonumepas B aykapuotudeckoin
KJIeTKe ecTh cBou coOcTBeHHble PHK-monmmepasbl B MUTOXOHIpHMSX M XJOpOIUIacTax, OT-
HOCAIMECS K MPOKAPUOTUYECKOMY THIY. XJIOPOIUIACThI UMEIOT ABEe paszHble PHK-monumepassi,
OJlHA M3 KOTOPBIX KOIMPYETCS SACPHBIM T€HOMOM, a Apyras - IUIACTUJHBIM TE€HOMOM: I
TpaHCKpUNUMU TeHa BHyTpumactTuaHoii PHK-nomumepassl HeoOXoauMO MOCTYIJIEHHE B
XJIOpPOIUIACT CHHTE3UMPOBAaHHOW B 1uToIUIazMe IiactuaHon PHK-nomumepassl  spepHOro
KOJMPOBaHUS.

NHNINALNA TPAHCKPUIILNN

Jns MHUIMANMYA TPAHCKPHUIIIIUA HEOOXOIUM ONpeneeHHbIM ydacTok Mosekynbl JIHK,
HazbBaeMblii [IPOMOTOPOM. OH oTinuuaeTcss OT cmapmogou moyku, KOTOPOM CIIyKMT Iapa
ocHoBanmii B JIHK cooTBeTcTBYIOIIasA HYKICOTUIY, KOTOPBIM NEPBBIM BKIIFOYAETCS B TPAHCKPHIIT,
cunresupyemslii PHK-nonmumepasoit. IIlpomoTop HeoOXoaum uis ceru(UUEcKOro CBA3bIBAaHHS
PHK-nonumepa-

36l ¢ MoiekyJioit JIHK. JIHK, npenimecTByomas cTapToBOi TOUKE, Ha3bIBAECTCS
MOCJIEI0BATEILHOCTBIO, PACTIONIOKEHHOU npomus xooa mpaunckpunyuu; JJTHK

MIOCJIE CTAPTOBOM TOYKU HA3bIBAETCS MOCIEI0BATENBHOCTHIO, PACIIOI0KEHHON

no xo00y mpanckpunyuu. IlocnenoBatensHocth JJHK npunsiTO 3anuceiBaTh

TakK, 4YTO TPAHCKPHUIIIUS MPOUCXOAUT CIIeBa HAMPaBO (ITO COOTBETCTBYET

obosryHOMy Hanmcanuio MPHK B HampaBnenun ot 5'-xoHna kx 3'-koniy). [lomosxeHust oCHOBaHMIA
HYMEpYIOTCSl B 00OUX HANpPaBIIECHUSX, HAUWHAS OT CTAPTOBOW TOYKH, KOTOPYIO 0003HAYAIOT KakK
+1. Ilo Xomy TpaHCKpUIIMU HPOUCXOAUT HAPACTAHHE MOPSAKOBBIX HOMEPOB OCHOBAHHIA.
[To3uruu ocHOBaHMIA, PACIONIOKEHHBIX MPOTHB XO0Ja TPAaHCKPUMIIMH, 0003HAYAIOTCS CO 3HAKOM
MHHYC, ¥ 3HaY€HUSI HOMEPOB BO3PACTAIOT 110 MEPE YAAICHHsI OT CTAPTOBOM TOYKH.

HccnenoBanre OONBIIOTO 4YHCIa MPOMOTOPOB IMOKA3alo, YTO MOCIEAOBATEIHHOCTH
HYKJIEOTHIOB, CIOCOOHBIE co37aBaTh curHai i cBs3biBaHus PHK-nmonmumepassl, cuiibHO
BapbUPYIOT, XOTS U 00Ja1a10T PAOM OOIUX CTPYKTYPHBIX ocoOeHHOCTeH. Y E. coli mpoTuB Xoaa
TPAHCKPHIILIMK OT CTapTOBOW TOYKM pacroiaraercs odjactb W3 6 ILH., KOTOpass MOXKET OBITH
oOHapy»XeHa MOYTH BO BCEX MPOMOTOpax. ITa MOCIEAOBATEIHHOCTh MOXET OBITh pa3HOil, HO
Bcerga moxoka Ha mnocnenoBatenbHOocTh TATAAT, koropass HasweiBaeTcsi O.1okom I[Ipubnosa
(Pribnow). Cam Onok IlpubHOBa BCTpedaeTcst JOCTaTOYHO PEIKO, HO OH SsBISeTCA
cpeoHecmamucmu4eckol WIA — KAHOHUYECKOU  NOoCie008amenbHOCmblo, COCTAaBICHHOW U3
OCHOBaHUH, Hambojee YacTo BCTPEYAIOIIMUXCS B KakAoW mno3unuu. KaHoHHUYecKas
MOCJIEIOBAaTEILHOCTh MOJKET TakKe ObITh TpencraBieHa B Buue TgoAogsTasAgoAsoTos, TIE
nudpamMu mokazaHa 4yacToTa (IIPOLEHT) BCTPEYAEMOCTH OCHOBAHHS B IaHHOM MoJIoKeHUU. LleHTp
6noka [IpuOGHOBa OOBIYHO pacroyiaraeTcsi MPUMEPHO Ha paccTostHUU 10 M.H. OT CTapTOBON TOYKH
MpOTUB XoAa TpaHckpumuu. [IoaToMy HHOTIA 3TOT 610K 0003HAYAIOT MPOCTO KAK NONOMHCEeHUe -
10. B neicTBUTENBHOCTH TIOJIOKEHUE TEKCAaHYKICOTUIHOTO ydacTKa BapbupyeT oT -11 1o -5 win



oT -14 no -8, mpuyem mnocieqHU MHTEpBal BcTpeuaeTcs yaiie. CxoaHasl MociieJ0BaTeIbHOCTh
oOHapy’KUBaeTcs B JPYIOM IOJIOKEHUHM C LIEHTPOM OKOJIO HYKJICOTHAHOro ocTaTtka -35. 1ot
Y4acTOK Ha3bIBAETCS nociedosamenvhocmoio -35 n umeeT CTpyKTypy TsrTsaGrsAssCsaAys. Torma
Kak y4acTok -10 BxomuT HemocpencTBeHHO B oOnacth cBss3biBanus JIHK ¢ PHK-momumepasoii,
Y4acToK -35 JEeXWUT 3a MpenesnaMu o0JacTh NPOYHOIO CBS3BIBAHUS, HO, BEPOSITHO, Ba)XKEH Ha
nepBoM HTane B3aummojeiictBus PHK-momumepasst u JIHK u HaspiBaeTcs Takxke obOr1acmsio
y3uaeaHus. PacctosiHue Mexy nonoxeHussmu -10 u -35 Bapeupyer ot 16 10 19 n.H. Xots
TUIHMYHBINA IpoMOTOp E. coli copepxut 06a yuactka -35 u -10, umeercs

psa IPOMOTOPOB, HE COJIEPKALIUX MOCIEA0BATENBHOCTH -35. OHaKO TaKkue

IIPOMOTOPBI COJIEPKAT PACIIOJIOKEHHBIN PAIOM y4acTOK, KOTOPBIN y3HaeTCs

JIOTIOJIHUTENbHBIM PETYJISATOPHBIM O€IKOM, CIIOCOOCTBYIOIIMM HMHUIMAIMK. OOHApYKEHO TaKxke
OYEeHb HEOOJBIIOE YHCIIO IPOMOTOPOB, JIMIIEHHBIX 1ociieaoBaTebHOCTH -10. ITockonbKy ydacTku
-35 u -10 MOryT OTCYTCTBOBaTb, MOXHO IpEANoOiaraTh CYyIIECTBOBAaHUE APYTHUX CIHOCOOOB
cneuuguyeckoro y3Hasanus PHK-nonumepasoil yyactka Hauana TpaHCKPUIILUH, OJHAKO CKOJIBKO
CYILLIECTBYET TAaKMX MEXaHHW3MOB M KaK OHHU peayn3yloTcs, MoKa He u3BecTHO. Kpome Toro, mis
pa3HbIX OakTepUaIbHBIX S-(PAKTOPOB MOXKET CYILIECTBOBaTb CBOS COOCTBEHHAs KOHCEPBATHUBHAs
[0CIIEeI0BATENBHOCTD -35 1 -10.

B cayuae sykapuormueckoit PHK-nmomummepasst Il Toxke Haxomdar aBe HTPOMOTOpPHbBIE
MOCJIEI0BATEIBHOCTH, aHaNOruuHble yuactkam -10 u -35 E. coli (puc. 123). Bo-nepBbIX, nouru
IIOBCEMECTHO BCTPEYAETCS IOCIEAOBATEIBHOCT M3 7 H.I., OTHCJIEHHAs OT CTAPTOBOM TOYKH
paccrosiHueM oT 19 no 27 m.H. (IpeanoyTUTENbHO B MOJIOKeHHU -25). KaHoHuueckas moc-
JIENOBATEILHOCTh UMEET BUI Agz Aso

T82A97T93A85 A83
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u Ha3biBaercst TATA wiu 610kom Xoenecca. Jta ceMUUICHHAs MOCIIEI0Ba-
TCIIBHOCTH O6H3py>KCHa Yy CaMBbIX Pa3HBIX OYKaAPUOTHYCCKUX OPraHU3MOB -

MJIEKOITUTAIOLINX, ITUL, aM(puOHii 1 HaCEKOMBIX. BO-BTOpBIX, fanee NpoTHUB
X0Jla TPAHCKPUIMIMU UMEETCS Jpyras MOCIeN0BaTEIbHOCTh, KOTOPas y HEKOTOPBIX MPOMOTOPOB
KOHCEPBATUBHA, XOTSA B pse APYTUX CIy4yaeB OHAa OTCYTCTBYET. JTa IOCJIEI0BATEIBbHOCTD,
obo3Hauaemass kak CAAT-6nox, pacnonaraercs Mexay mnonoxeHusmu -70 u -80, m ee
KaHOHM4YECKHH cocTaB uMmeeT Buj C
GGCAATCT
T

[Tpomotopsl PHK-nonumepaser Il pacrionokeHbl MO XOAy TPAHCKPUIIIUM BHYTPU CaMMX
TpaHCKpHOupyembIx reHoB. Hammpumep, npomotop mist Tpanckpunuuu 5SS-PHK HaxonuTcst BHyTpU
3TOTO TeHa MeX 1y nosioxkeHussMu +55 u +80. PHK-nmommmepasa 11, BeposiTHO, crtocoOHa y3HaBaTh
LIMPOKUH AUana3oH MpOMOTOpPHBIX nocienosareiabHocTel. [lockonbky PHK-nonnmepasa I tpanc-
KpuOHUpYyeT TONBbKO TeHbl, koaupytomue uaentnynsie pPHK, To nns Hee He ynaercss BBIUJICHUTH
II0CJIEI0BATEIBHOCTh IPOMOTOPA.

[IpomoTopHBIe 0OMacTH Ype3BbUaiHO Oorarhl mapamu A-T. DTO CBsI3aHO C TE€M, YTO UX
(YHKIIMOHMPOBAHHUE CBS3aHO C IUIABJICHHUEM U 00pa30BaHUEM
OJTHOIIETIOYEUHBIX YYaCTKOB, He0OXx0oauMbIx, uTo0sl PHK-nmonmnMepasa nauana
pabortats. [[ns pa3pbiBa JBYX BOJOPOAHBIX CBsizel B Kaxnoi mape A-T TpeOyercs MeHblie
SHEpPruu, 4eM JJIsl pa3pbiBa TPEX BOJOPOJHBIX CcBA3el B mape I'-1I, mostoMy mist pacxoxaeHus
1enel B IpOMOTOPHOM Y4acTKe TpeOyeTcss MUHUMAaJIbHOE KOJI-BO SHEPTUH.

OJIOHT'ALINA U TEPMUHALIMA TPAHCKPUIILINN
[Tocne cBaspBanna ¢ JJHK PHK-nmonmmmepasa nHaunmbHaer cunte3upoBaTh nenb PHK,
UCTONB3Ys B KauecTBe Marepuana pubonykineo3ua-S'-tpudocdarel (ATO, ['TO, YTO u LUTD) u

BBICBOOOXK1as1 TUpodocdar:
(NMP), + NTP 6 (NMP),; + PP,



rae N o0o3HayaeT npou3BosibHOE ocHoBaHue. Jlns aktuBaumu PHK-nmonmmumepas HyXHbBI Takxke
HOHBI Mg%. Hoseie nenn PHK nMeroT cTporo omnpeneneHHyro CTPYKTypy S'-KOHIA: MOJIEKYJIbI
HAYMHAIOTCS OO0 ¢ pppA, b0 ¢ pppG, ubs S'-tpudocdarnas rpynmupoBka (00o3Hagaemast ppp)
He paciieruisieTcst 1o nupodocdarta U ocraeTcs 0e3 U3MEHEHUI Ha NPOTSHKEHUM BCEro mpoliecca
TpaHckpunuuu. B ornmuue ot cunreda JIHK 3arpaska mia cunre3a PHK He HyxHa, 1 HOBBIE nienn
PHK o6pa3ytotcs de novo.

PHK-nonumepaza neuxercs Buosnb TpanckpuOupyemoil nenu IHK B Hampasnenun 3' 6 5',
npu 3ToM crposimasics monekyna PHK pacter B anuny B HanpaBinenuu 5' 6 3' co ckopocteio 30
HYKJICOTHOB/Cc. MakcuMaibHas CKOPOCTh dJIOHTanuu coctaisier S0 HykineoTuaos/c. B mpomecce
TPAHCKPUIILIUK HYKJIEOCOMHAsl CTPYKTypa XpOMaTHHA 3yKapHOT JIOKAJIBHO pa3pyIIaeTcsl, HO MOCe
npoxoxaeans PHK-nonamMepassl, BeposiTHO, OBICTPO BOCCTAHABINBACTCS.

VY mnpokapuoT cyuiecTBYIOT JBa Tuma nocienosarensHoctedt JHK, HeoOxomumble ams

OCTAHOBKM TPAHCKpHUIILWH, - TI-3a6ucumvie W I-He3asucumvlie mepmunamopsl. Ilponecc
TePMHUHAIIMU Y TIEPBBIX 3aBUCUT OT Hanuuusi Hebompiioro (55 x/la) Oenka, Ha3pIBAEMOTO ghaxmop
r. Oba Tuma TEPMHHATOPOB MPEICTABISIOT COO0H UHGepmuUpyemble NOBMOPbL, UITN NATUHOPOMDL,
T.€. IIOCJIEI0BATEIbHOCTH KOTOPBIX MPOUYUTHIBAIOTCS OJJMHAKOBO KakK B MPSIMOM, TaK U B 0OpaTHOM
HaIpaBJICHUHU, a Y T-HE3aBUCUMBIX TepMHHaTOpoB Ha koue PHK Bcerma mmeercs HeOousbLION
OTpe30K M3 ocTatkoB Y. Hanuume naauHIpOMOB MPUBOAUT K (HOPMHUPOBAHHIO BTOPUYHBIX
ctpyktyp tuna "kpecm"” B nByxuenodeunoit JIHK u tuna "wnunvxa” B omnonenodeunoit PHK
(puc. 124). llInunbka, Bo3HMKawomas B cuntesupyemoit PHK B mecte manunapoma, 3actapisier
PHK-nonumepa3y aBuratecsi MeIJIEHHEE WJIM OCTaHABIMBATHCA (IIPOJOKUTEIBHOCTh May3bl
CHJIBHO BapbUpPYET, HO B CPETHEM Ha OOBIYHOM TE€pPMHUHA-
Tope QepMeHT ocTaHaBiMBaeTcs Ha 1 MuH). Ha r-He3aBUCHMMBIX TepMuHATOpax octaHoBka PHK-
MOJIMMepasbl co3/laeT OnaronpusTHbie ycinoBus s otaeneHus PHK-TpanckpunTa u3 xoMmiekca
¢ JHK-matpuneit, mockonbKy THOpuAHas mapa Y-A XapakTepusyeTcs OYeHb clIaObiMu
KOMIUIEMEHTApHBIMM B3auMoJielicTBUAMU. B ciydae r-3zaBucMMOro TtepMmuHaTopa (akTop r-
cBs3bIBaeTCs ¢ 5'-koHIIOM cuHTe3upytouleiicss PHK, a 3arem nponsuraercst B1oap Hee, HCIIONIb3YS
JUIsL 3TOTO DHEPTUI0 TUIApOJu3a JI0ObIX TpudocharpudbonykieornnoB (Puc. 125). OcranoBka
PHK-nonauMepassl Ha TepMUHATOpEe NO3BOJsET r-(hakTopy JHOrHaTh ee. 3areM (akrtop r
B3aumoeicTByeT ¢ PHK-nmonmmepasoii, Bei3biBast ocBoboxaenne PHK u otnenenne momumepasbl
U camoro ¢akTopa OT MaTpHIlbl. MakcuMasbHasi akTUBHOCTb r-(hakTopa JOCTUTAETCS yKE TPU €T0
KOHIeHTpauuu, cocrapistonieit 10% ot kon-sa PHK-nmonumepassl. Paznuunas >3g¢pexTuBHOCTD
TEPMUHATOPOB OOBSICHAETCS Pa3HOM BETMUMHOW IIMWIBKH, KOTOPYIO OHM (DOPMHUDYIOT, H
CJIIE0BATENIbHO, pa3HON IIUTENbHOCTHIO ocTaHOBKM PHK-nonmumepassl. [loka mano 4To u3BECTHO
O CUTHaJIaX TePMHUHAIMU SYKApHOT. i 3yKapHOTHYECKOW TepMUHALIMU HE HYXKHO 00pa3oBaHHE
HIMUIbKU. DyKapUOTUYECKHE TEPMHUHATOPBHl NMPAKTUYECKH BCErga colepikaT KOpoTkyro (4 - 5
HYKJICOTHIOB) TIOCJIEI0BATENBHOCTh U3 Y, pacnonoxeHHyto B -1 6orarom paiione. Mexanusm
TEPMHUHALMH HA CTOJIb KOPOTKOM CHUTHAJIC HEU3BECTEH.

B pacrymieit knetke B cpeanem 200 MIIH. HyKJI€OTH/IOB MOJTMMEPU3YIOTCS KAXKTyI0 MUHYTY C
obpazoBanriem PHK. DT1o npumepno B 20 pa3 npeBsiaeT CpeIHiow ckopocTh cuaTe3a JJHK
nepeJl Ha4yajaoM JEJICHUs.

MOINDOUKALIMA U ITPOUECCUHI" OYVKAPUOTUYECKNX PHK-TPAHCKPUIITOB

Torga Kak y NpOKapuoT IPOLECC TPAHCKPUIIIMM CONPSKEH C TPAHCIILMEW, Y 3YKApHUOT
OTJEJICHNE BHYTPEHHETO IPOCTPAHCTBA A1pa, TA€ UAET TPAHCKPUILMS, OT LIUTOIUIA3Mbl, TAE€ UAET
TpaHCISANHUSA, OOOJOYKOH M3 MeMOpaH IIO3BOJISIET CYIIECTBEHHO W3MEHATh crpoeHne PHK-
TPAHCKPHUNTOB O TOr0, KaK OHM CTAaHYT MAaTpHLIaMU JUId CHHTe3a Oenka. Bcsi COBOKyIHOCTB
anepHbix TpaHckpunToB PHK-nonumepassl 11 HassiBaetcs eemepozennou sioepnou PHK (rssPHK),
MIOCKOJIBKY BXxogsimue B Hee PHK-TpaHCKpUINITEI O4EHb CHMIIBHO PA3IMYaroTCs MO JyIMHE. MHorue
U3 OJTUX TPAHCKPUIITOB B KOHIIE KOHIIOB IOKHJAIOT SApPO, NPEBpaIlascb B MOJEKYJIbI
ungopmayuonnon nn mampuunou PHK (MPHK). Opgnako mnpexiae 4eMm BBIATH U3 spa,
moutekyisl MPHK npereprnieBatoT cepuio KOBalI€HTHBIX MOAU(DUKALMMA, KOTOPbIE OTIMYAIOT UX OT



TPaHCKPUIITOB, CHUHTe3upoBaHHbIX Jpyrumu PHK-nommmepasamu. S5'-koneny monekynsl PHK
Kanupyemcs (OT aHIJL. cap - IIafoyka), T.e.

bepMeHT eyanunmparncgepasa IPUCOSAUHSIET K HEMY MOCPEICTBOM HEOOBITHOM

TpudocdaTHOI CBA3U OCTATOK I'yaHO3WHA, TaK YTO OH OKAa3bIBAETCS B OOpPATHON OpUEHTAIMH IO
OTHOILICHHUIO K APYTUM HyKieoTHaaMm. KsomupoBaHHWe NPOHMCXOIHWT e€Iie J0 TOro, Kak Oyer
3aBeplIeHa TPAHCKPHUMIMS, HO JaibHeWIas MOAUQHUKAIUS K3Ia MPOJIOIKAETCS YK€ TOJBKO B
LUTOIJIa3Me MOCIIe BBIX0/1a TPAHCKPUIITa U3 si/Ipa.

[Tocne TepMUHAIMM  TPAHCKPUIIIUU  CIEUUANBHBIA  QepMeHT  poly(A)-norumepaza
npucoeaussier kK 3'-koHny kaxnoro PHK-tpanckpunra, kotopsiii cranet mosaekynoit MPHK, 100 -
200 ocTaTKOB aaeHUIIOBOM KHUCIOTHI [poly(A)], ocymectuss peakuuto nATD 6 (AMD), + nPP;,
9TO 3aBEpIIACT Mporecc oopazoBanus nepsuunoco PHK-mpanckpunma. Tpucoenuaenue poly(A)
(nonuaodenunuposarue) MPOUCXOAUT JUOO HEMOCPEACTBEHHO MOCJEe TEPMUHAIIMHM TPAHCKPHUIIIINH,
nubo mnocine crnenuduyeckoro pacmervieHus: pacrymeit nenu PHK. [Ipennonaraercs, uto Takoi
"XBOCT" cOCOOCTBYET MOCIEAYIOMIEMY npoyeccunzy U SKCIopTy 3penbix Mmonekya MPHK u3 sapa.
Korma MPHK TonpKO TIOCTYMaeT B muroruiazmy, ee poly(A)-KoHeI HMeeT MPUMEPHO TY KE CaMyro
JUIMHY, YTO H B SiApe, HO 3aTE€M HAaUYMHAET MOCTOSHHO YKOpauuBaThes. Takum 00pa3om, KIeToOYHas
nonyssust MPHK conepxut kak "HoBbIe", Tak 1 "crapble" MOJIEKYJIbl, UMEIOIINE OTHOCUTEIBHO
INIMHHBIE U Oosee kopoTkue poly(A)-ydactku. OngHako amuHa poly(A)-KoHIa B JaHHOM Moule-
KyJj€e, 0-BUJIMMOMY, HE BJIMSET HU Ha €€ CIIOCOOHOCTh K TPAHCISALMU, HU HA €€ CTaOMJIbHOCTH B
nutornasMe. [IpumepHo Tpets 3penbix kiaetounbix MPHK He mmeer poly(A)-xBocta. OcHOBHOM
KOMITOHEHT 3Toi#l poly(A”)-dbpakuuu npencrapieH Mmosiekyinamu ructoHoBbix MPHK, xoaupyrommx
rUCTOHOBBIe Oenku xpomocoMm. Otu MPHK wumeroT HeOomnbiMe pasmepbl U aKTUBHO
CUHTE3UPYIOTCA TONBKO B mepuonbl perumkanuu kierounord [IHK. Ocrtanbnas gacts poly(A)-
dpakuum (mpumepHo 2/3) muentnuHa ¢pakuuu poly(A’)-MoNeKyd, Tak uTO HEKOTOpHIE TI'€HBI
MIpPE/ICTaBIEHbl TPAHCKPUIITAMH, YAaCTh KOTOPBIX MOJINAJCHUIMPOBAHA, a YacTh - HET.

Cpennss JuinHa HoBooOpa3oBaHHOM Mosiekysisl PHK, cunresupoBannoit PHK-nomumepa3oii
II, cocraBaser okono 8000 HykneoTuaoB, M 4YacTo BeTpewaroTcss Monekyiasl PHK,
HacuutbiBatomue 10 - 20 ThIC. HYKJICOTHIOB, YTO HAMHOTO IMpeBbIMIaeT BeauuuHy 1200
HYKJICOTUJIOB, KOTOpas JOCTaTOYHA JUIi CHHTe3a cpeaHed OenxoBoit Mosekynsl u3 400
AMUHOKHCIIOTHBIX OCTATKOB. JIJITnHa HOBOCHHTE3UPOBaHHBIX MoJiekysl PHK OwicTpo ymensImaercs,
nocrurasi pazmepoB nuroruiazmaruueckoil MPHK no npomectsun yxe npumepro 30 MuH mnocie
3aBEpUICHUS] CBOETO CHHTE3a. JTOT mpolecc HaszwbiBaercs npoyeccuneom PHK. YkopouenHsbie
MPHK HaumHaroT nokuaate sapo, npeBpa-
masics B MPHK. OnHako nuromiasMel gfocturaet He 6osee 5% o01iei Maceol
rssPHK. OcTanpHble mOCIIe0BaTeIbHOCTH pUOOHYKICOTHIOB IETPAAUPYIOT B
a1pe ¢ 00pa3oBaHMEM MHOXECTBA MEJIKUX ()parMEHTOB, YTO 3aHUMAET OKOJIO
I 4.

BONBIIMHCTBO ~ 2YKApUOTHYECKMX  TIE€HOB  COAEpXaT B CBOEH  HYKJICOTHUIHOMU
MIOCJIE0BATEIBHOCTH  IPOTSIKEHHBIE  HETPAHCIMPYEMbIE BCTaBKHM, KOTOpBIE IPEPHIBAIOT
COOTBETCTBUE MEXJIYy HYKJICOTHIHOM MOCIEA0BATEIBHOCTIO OCTaJbHBIX YYacTKOB TI€Ha M
AMUHOKHUCIIOTHOM TOCIE0BATEIBHOCTBIO MOJMUNENTHAA, KOAUPYEMOIro 3TUM TeHOM (puc. 126).
Takue Herpanciupyemble yyactku JIHK B renax nazeiBator MHTPOHAMMU, Torna xak ydactku
reHa, KOAMPYIOUIME aMHUHOKUCIOTHYIO IOCJIEI0BATEIbHOCTh  IOJMIIENTHIA, Ha3bIBAIOT
OK30HAMMU. Untponnsie nocieaoBarenbHoctd PHK crienndudecku BBIETUISIOTCS U3 KaXI0TO
PHK-tpanckpunta B Xome ero mnpespameHuss B "spemyro" wmonekyny MPHK, cnocoOnyro
y4acTBOBaTh B cHHTe3e Oenka. [lockoibKy SK30HBI MOCE BBIPE3aHHUS HUHTPOHOB COEIUHSIOTCS
JpyT C APYTOM B CTBIK M 00pa3yroT eauHoe memnoe, npoueccuar PHK, mpoTekaromuii mo Takoii
cxeme (puc.

127), monyunn na3samme CIUIAMCHHI (ot amrn. splice - cpammBats). B sype Tmmuroif
AYKapUOTHUYECKON KJIETKU TpaHcKpuoOupyercs ¢ obpazoBanuem PHK 7 - 10% renomnuoit JIHK,
torna kak 1muromnasmatudeckue MPHK npencraBmsitor smmmb 1 - 2% HyKI€OTHIHBIX



nocieaoBareabHoCcTe reHoma. PasHuna, mo-BUIUMOMY, O00YCJIOBI€Ha TIJIaBHBIM OOpa3oM
Jerpajanyell MHTPOHHBIX y4acTKOB MoJieky raPHK.

Pasmep unTponoB BapeupyeT oT 0.1 10 10 ThIC. HYKJICOTHUIOB, & OTHOIIEHUE JJTMHBI BCETO
reHa K €ro KOJUPYIOIIeH 4acTu y >KMBOTHBIX JIEKHUT B mpezaenax or 1.2 mo 26.2 u B cpeaHem
cocTaBisieT 5.5. Yncino MHTPOHOB MOXKET ObITh OoT 1 10 > 50 Kak B cilydae KOJUIaréHOBBIX TE€HOB.
Bonpuryto yacTe HyKJIEOTUAHOW MOCIEIOBATEIBHOCTH MHTPOHA MOKHO HCKYCCTBEHHO U3MEHSTh
0e3 BcsKOro Bpena sl (YHKIMOHMPOBaHUS TeHa. [loaToMy B XOJe SBONIONMH B WHTPOHAX
ObICTpO HakarMBaroTcss MyTanuu. OIHAKO Ha KOHIAX HMHTPOHA HAXOAUTCSA IO HECKOJBKY
HYKJICOTHIOB, KOTOPBIE HEJIb3s N3MEHHUTDH 0€3 pHUCKa HAPYIIUTh BCIO pabOTy TeHa!

9Kk30H . AG GTAAGT . untpon .6Py NCA G. 3k308H,

% %
JieBasi rpaHuLA npaBas rpaHuia

rae 6Py - 6 nupuMuuHOB noapss, a N - 1000 HyKIeoTu 1. DTH KOPOTKHE
MOTPAaHUYHBIE TOCIEAOBATEIBHOCTU €CTh MOYTH y BCEX MCCIIECIOBAHHBIX MHTPOHOB M CIIyXKaT
curHaiamu g cruaicuara PHK. OTtu morpaHwvHble  y4acTKM HMHTPOHOB — OKa3aJIUCh
KOMILIEMEHTAPHBI ONPEACIIEHHBIM y4acTKaM MOJIEKYJI
PHK, npucyTcTBylomux B MHOTOYUCIEHHBIX MAIbIX S0epHbIX PUOOHYKIEONPOMeEUHOBbIX
yacmuyax (MaPHII), cpennsis mon. macca kortopeix coctaBiseT 250 k/la. [Ipeamomaraembiii
Mexanu3m yuactusi MaPHII B crumaiicuare PHK mokazan Ha puc. 127. JIpyrue pa3zHOBHUIIHOCTH
MaPHIT HyxHBI 17151 cOOpKH prOOCOM B SIAPBIINIKE M, BEPOSTHO, YYACTBYIOT B TPaHCIOPTHUPOBKE
paznmnunbix Mosiekysn PHK u3 sanppa B nuromnasmy. MaPHK cimyxkar mpumepom Toro, 4ro He
TOJILKO OenmKkd MOryT oO0ianaTh (epMEHTATUBHOW aKTUBHOCTHIO. Kpome TOro, B HEKOTOPBIX
CIIy4asiX COCOOHOCTh K CIUIACHHTY OKa3bIBaeTCsl BHYTpeHHUM cBoiicTBoM camoii PHK. B stom
cinydyae obpazoBanue monekynoit PHK cnemnuduueckoit BropuyHON (MM TPETUYHON) CTPYKTYPHI
JeJaeT BO3MOXKHBIM a8MOKAMAaIu3.

B Tex cnydwasx, xorga TeH COJEPKUT HECKOJIbKO HMHTPOHOB, Ba)KHO, YTOOBI 3K30HBI
COCAMHSJINCH B TPAaBHJIBHOW IIOCIEAOBAaTENbHOCTH, a HE ciay4aiHeiM oOpazom. Kak
OCYIIECTBIISIETCS] TAKOM KOHTPOJIb, HEU3BECTHO, OJJHAKO HET KAKOTO-JIM00 00s13aTEIbHOTO MOpsIKa
CIUIalicUHIa (TMIOCKOJIBKY HaXOAST IPOMEXKYTOUHBIE MPOAYKTBI, Y KOTOPBIX MHTPOHBI YJAJIEHbI B
pa3HbIX KOMOWHAIUAX), HO €CTh NPEANOYTHTEIbHBIH TOPSAOK MNpOTEKaHus cruiaiicuira. B
HEKOTOpBIX  CIy4yasXx B  KIETKE  OCYIIECTBISIOTCS  HECKOJIbKO  JIETEPMEHHPOBAHHBIX
AlbMePHAMUBHLIX CHIAUCUH208, YTO TIPUBOAUT K oOpazoBaHHWio W3 ofgHOro u Toro ke PHK-
TPaHCKPUIITa HECKOJBKUX OTIMYaromuxcs aApyr or apyra monekyn MPHK, kxoampyrommx
pasnuunbie Oenku. I[IpumepoM MOXKET CIIyX UTh (HOPMUPOBAHHE MHOTOOOpa3wsi AHTUTEN B
muMdorrax. Bo3MOXXHO Tarkke, YTO AJIbTEPHATHBHBIN CIUIAWCHHI TPOMCXOIUT B IpoOILEcce
kierouHoi auddepenmpoBku. Takum o0pa3oM, camo CYIIECTBOBaHHE CIUIAHCHHTA TMPUIACT
KJIETKE JOMOJHHUTENbHYI0 T€HETHYECKYI0 TMOKOCTh. M3BEeCTHBI ciy4ad, KOT/Ia MHTPOH OJHOTO
reHa MOXEeT OBITh SK30HOM [JpYroro reHa, WIM KOTJa HHTPOH CaMOCTOSITENIbHO KOIUPYET
HEOOJIBIION perynsaTopHblii Oenok. OIHO W3 MPEANOTI0KEHUH CBSA3BIBACT MPOHUCXOXKICHHUE
WHTPOHOB Y 3YKapHOT C TOSBICHHUEM BO3MOKHOCTH KOMOMHHMPOBAHUS IK30HOB ("MUHHU-TEHOB'"),
KaX/IbI M3 KOTOPBIX KOAUPYET (YHKIMOHAIHHO 3HAYMMBIH OCTKOBBIA JOMEH, YTO MPUBOAUT K
BO3HHUKHOBEHHUIO B XOJI€ ABOJIIOIIMA HOBBIX T'€HOB, KOJUPYIOIIHUX OEJIKU C HOBBIMHU IOJE3HBIMU
CBOWCTBaMH.

Tombko oxomo 5% o6meit maccei PHK-TpanCkpunToB mMOKHMIAET KIETOYHOE SIPO.
Crnenuduueckue CUrHaJBI, CIIyXalie "mpomyckoM" Ha BeIXoJ U3 sapa pasnuunbix PHK, moka He
naeHTuuIupoBanbl. BeposTHO oHM BO3HHKaIOT BO Bpems criaiicuara PHK, mockonbky mpu
BBEJICHUU B SIPO TI'eHa, U3 KOTOPOTrO0 TI'€HHO-WHXEHEPHBIMH METOJaMU ObUIM HMCKYCCTBEHHO
yaaneHbl UHTpoHbI, ero PHK-TpanckpunTel octatorcs B aape. B To ke Bpemsi JOJKHBI Cy-
LIECTBOBATh U KAKUE-TO JPYI'He ITyTH BOSHUKHOBEHHS CUTHAJIOB 3KCIIOPTA B
Monekysiax MPHK, notomy 4To He Bce 3yKapuOTUYECKHUE T€HBI COJIEPHKAT
HUHTPOHBI.

[Tocne Beixoma MPHK u3 siapa nurorurazmatuyeckuii pepMeHT eya-



HUI-7-Memuni-mpancgepasa, WUCNIONb3yss B  KauecTBe Kodakrtopa S-aJleHO3MIMETHOHHH,
MPUCOECIUHIET METWIBHYI0 Tpynmy K S5'-KOHLEBOMY TyaHUHy, 'Opumuromy" B  suape
ryanwiTpancdepaszoid. IlomyuuBmasics CTpykTypa HasbiBaeTcs ko1 () W BCTpedaeTcss y BCeX
OJTHOKJIETOYHBIX 3yKapHoT (puc.

128). Y MHOTOKJIETOYHBIX SYKapHOT Apyroit pepmenT (2'-0-wemun-mpancgepaza) no6aBIseT e
OJTHYy METWJIBbHYIO IpyMNIly K cleaylolmeMy (T.e. mepBoMy 10 K3nupoBaHus) Hykineotuny MPHK.
Taxoii k311 HazbIBaeTCs k9nom I. Y HEKOTOPBIX BUIOB METWJIbHASI TPYIA MOXET JT0OaBIATHCS K
ClIeyIOIIeMy (BTOPOMY 1O K3MHMPOBAHUS) HYKJIEOTUIY U MOJTy4YaeTcs TPUXKJbl METUIMPOBAHHBIN
kon 2. OOBIYHO K3MBI THUMA 2 COCTaBISIOT TONbko 10 - 15% oT cymmapHOW KIIMHUPOBaHHOM
MOy ALK MoJieKyJl. Kambl urparor oCHOBHY!O poiib B nporecce npucoenunenuss MPHK k manoit
cyOuactuiie pudOCOMBI MEpesl Ha4yalIoM TPAHCISALUH, a JOMOJHUTENbHBIE aKThl METHJIMPOBAHUS,
BEPOSITHO, MOBBILIAIOT 3((PEKTUBHOCTH CBSI3bIBAHUS C PUOOCOMON.

HosooOpa3zoBanubie sykapuotuieckrne MPHK BuamMo Bcernma accorumpoBaHa ¢ OCITKaMH,
oOpa3yst pubonykieonporenHoBble wactunbl (MPHII). B MPHII knetok wmiexomnurtarommx
OOHAPYUBAIOTCSI TBA OCHOBHBIX Oenka 52 m 78 kxJla, ocTalbHBIC OCIKH SIBJISIFOTCSI MUHOPHBIMU
komroHeHTtamu. 78 k/la 6emok cBsizan ¢ poly(A)-xBocrom MPHK. ®yHKIHMOHaNbHOE 3HAYCHHE
3TUX OEJNKOB HEM3BECTHO, XOTS OHM MOTYT IpUHMMAaTh ydactue B TpaHcnopre MPHK u3 siapa B
LUTOIJIa3My WM OKa3blBaTh BIMSHHME Ha UX TPAaHCILILMIO. BO3MOXXHO Takke, 4YTO HEKOTOpBIE
MPHII (unghopmocomwr) conmepxar MPHK HeakTHBHBIE B TaHHBII MOMEHT, KOTOpBIE OyayT
BOBJICYEHBI B TPAHCIIALIMIO Ha 0oJiee MO3AHUX CTaAUAX WIHM IPU U3MEHHUBILUXCS YCIOBUSAX.

Xors cuHTe3 PHK B MUTOXOHApHAX M XJIOpOIDIACTaX Maja0 YeM OTJIMYAeTCs OT
TPAHCKPHUIILIMK Y MPOKApUOT, B MHUTOXOHJPHUAX €CTb CBOU OCOOEHHBIE Pa3HOBHJIHOCTH
mpoueccudra. Hampumep, B KiIeTkax deinoBeka o0e 1menu wmutoxoHapuansHoit JIHK
TPAHCKPUOUPYIOTCS C OIMHAKOBOIM CKOPOCTBIO OT €IMHCTBEHHOI'0 MPOMOTOpPA KaXkaou nenu. [lpu
3TOM oOpasyrorcsi ABe rurantckue moisekynsl PHK, kaxnas m3 koTopbIX mpeacraBisieT coOoit
nonnyto konuto oaHou uenu JIHK. ITocne storo PHK-TpanckpunTel Hape3atoTcs: HyK-

Jea3zaMu: U3 olHOM nenu nomyyatorces 2 monekyisl pPHK, 14 TPHK u 12
MPHK, a u3 apyroii - Toneko 8 TPHK u 1 MPHK (90% nocnenoBatenbHOCTH
3TOTO TPAHCKPUNTA HE HECET MOJIE3HOW MH(pOPMALUU U paciierviseTcs). 3a-

TeM MUTOXOHJpuanbHas poly(A)-noaumepasa NpucoeAUHSET K 3'-KOHIYy MO-

nexysn MPHK poly(A)-xBocT n3 npumepHo 55 HyKJI€OTHIOB, OJTHAKO OHH OC-

TAlOTCA HEKANUPOBAHHBIMMU. Y NPOXOKEH, B OTIMYHME OT 4YEJIOBEKA, MUTOXOHIPHUAJIbHBIE T'€HBI
COAEpPKAT HHTPOHBI, KOTOpBIE YIAJSAIOTCA U3 CIUIAWCHMHTOM. Bce TreHbl, KpoMe OJHOTO,
CHUHTE3UpYyIOTCs y Apoxoker ¢ ogHoi nenu JIHK, nmpuuem cymecTByeT HECKOIBKO MPOMOTOPOB
AJI Ppa3HbIX I'CHOB.

TEHETUYECKUM KO/

CoOTBETCTBHE MEXKTY MOCIIEN0BATEILHOCTHIO HYKJICOTHUIOB B T€HE M TIOCIIE0BATEIIHHOCTHIO

aMMHOKHCIIOT B Oenke ycraHaBnuBaercs c¢ mnomouisto ['EHETHMYECKOI'O KOJIA. B
HYKJICOTHJHON TOCIEA0BATEIIBHOCTA JOHKHO OBITH JIOCTATOYHO KOIUPYIONIUX E€IUHHIL, YTOOBI
3akoaupoBath 20 amuHokucioT. Ho
B JIHK conepxutcs ToapKo 4 pa3HbIX OCHOBaHUS, U 3TO O3HAYAET, YTO
aMUHOKHCIIOTA JIOJDKHA OBITh 3aKOJUPOBaHa 00JIee YeM OJJHUM OCHOBAHHEM.
Ecam Ob1 nBa OCHOBaHMS omnpeAessyidi onHy amuHokuciory, To B JIHK mormo Ov1 ObITH
3aKOJMPOBAHO TOJIBKO 4> = 16 BUJOB AMUHOKHUCIOT. IIOCKOJIBKY 3TOr0 HEIOCTATOYHO,
TCHETUYECKUH KO JOJDKEH OBITh mpuniemer, T.€. KaXKJAOW aMHUHOKHUCIOTE JOJDKHBI
COOTBETCTBOBaTh TPHU PACIIOJIOKEHHBIX TOCIEAOBaTENbHO OCHOBaHMS. [loCKOIbKY uHCIO
BO3MOJKHBIX TPUIIJIETHBIX KOMOWHAIIUNA COCTaBIISET 4°= 64, TO CyleCTBOBaHUE TPUILIETHOTO KOJIA
MpearoiaraeT, 4YTo JUOO0 HE BCE TPUIUIETHI YYACTBYIOT B KOJWPOBAHMHM AMHUHOKHUCIOT, JIHOO
HEKOTOPHIC AMHUHOKHCJIOTHl KOJMPYIOTCS Oojiee 4YeM OJIHUM TpPHUIUIETOM. B TreHeTHdeckux
JKCIIEPUMEHTax OblIa JOKa3aHa TPUIUIETHAs MPUPOAA TEHETHYECKOro KOoJa W TMOKAa3aHO, 4YTO
MOYTH BCE aMUHOKHUCIIOTHI KOAUPYIOTCS O0siee 4eM OJHUM TPUILIETOM.



I'enetnyeckuii kon npeactasiex B Tadbnuie 11. IlocnenoBaTenbHOCTD U3 TPEX HYKICOTHIIOB,
COOTBETCTBYIOIIAass OAHOM amuHOKHCcIOTe, HasbiBaercs KOJJOHOM. IlocnenoBaTenbHOCTD
KOJIOHOB YHMTAETCS] HEMPEPHIBHO, HAUMHAs ¢ (PUKCHPOBAHHOM CTApTOBOM TOYKH HA OJHOM KOHIIE
reHa, U 3aKaHYMBAETCSI B TOYKE mepMunayuu Ha APYyroM KoHue reHa. IlocnenoBarenbHOCTh
HYKJICOTH/IOB TPOYUTHIBAETCS B HAMpaBICHUM OT S'-KOHIA K 3'- KOHIy M COOTBETCTBYET
AMUHOKHCIIOTHOM MOCJEI0BATENIbHOCTH, 3alIUCAHHON B HaNpaBlieHUU OT N-koHI[a K C-KOHILy.

BaxuHelmmmu CBOMCTBAMH TEHETHYECKOTO KOJIa SIBISIOTCA €r0  YHUBEPCATbHOCMb W
8blpodicOeHHOCmb. ' eHeTHUeCcKuid KOJ yHUBEpCaleH [UJIsi BCeX JKMBBIX OPraHU3MOB Kak
MPOKAPUOTUYECKUX, TaK H DYKAPUOTHUUECKHX. OITO TMOATBEPKIAETCA CYIIECTBOBAHHEM
eemeponoauieckux cucmem mpancaayuu, T.e. korna MPHK onHoro opranumsma mnpaBUIIbHO
IIPOYUTBIBACTCS I VIVO
WJIH in Vitro 0€10K-CHUHTE3UPYIOIIUM alnapaToM OpraHu3Ma COBCEM JIPYTroro
BHJIa, TUTIA WIH apcTBa. VICKITIOYeHHS U3 YHUBEPCATBHOCTH T€HETUYECKOTO
KoZa ObLTHM OOHApYy>KEHbI B MUTOXOHJPHUSX HEKOTOPBIX BHIOB. Y HUX OBLIO OOHAPYXKEHO OJHO
obmee n3menenue: kogoH UGA ugutaercs Tak ke, kak UGG, u xonupyet tpuntodan. Y npoxoKeit
kogoH CUA u, BO3MOXXHO, BCE CEMEUCTBO KOAOHOB, HaunHaromuecs ¢ aymiera CU, KogupyroT
TPEOHUH BMecTO JieknnHa. Y muekonutaronmx AUA umeet To ke 3Hauenue, uto AUG, u o3Ha-
4aeT METUOHUH BMECTO H30JiehlnHA, a KOAOHBI AGA 1 AGG BBI3bIBAIOT TEPMHUHALIMIO LIETIH, a HE
KOJIUPYIOT apruHuH. OJIHAKO 3TO - PEIKUE UCKITIOYCHUS U, UITHOPUPYS MX, MOKHO MPEIO0JIaraTh,
YTO YHHMBEPCAJIBHOCTh KOJIa CBUAETEIBCTBYET O TOM, YTO OH CJIOXKMWJICS OYEHb PaHO B IpoOIecce
JBOJIIOIIHH.

Tabmuua 11 'eHeTnyeckuii Kox.

[TepBoe 2 Bropoe nonoxenue 2 Tpetne
nojgoxenne |2 |y |2 r |2 IIOJIOKCHHE
| (5"-xonemn) 2 o 2 A 2 2 | (3'-xoHen)

_2_|®en ITuc 2_ v

deH - IMuc
y Jleit Cep Tup Cron I
Jlen Cep Tup Tpu A
Cep Cron r

Cep Cron

I Jlei IIpo I'nc Apr Yy
Jlen IIpo I'uc Apr 1|
Jlei IIpo I'nu Apr A
Jlen IIpo I'nn Apr r
A Nne Tpe Acn Cep Yy
Nne Tpe AcH Cep 1|
Une Tpe JIu3 Apr A
Mert Tpe JIuz Apr r
r Ban Ana Acn ' Yy
Ban Ana Acn ' 1|
Ban Ana I'my I'mu A
Ban Ana I'my I'mn r

To, yto 20 aMUHOKHMCIOT TpeAcTaBieHbl 61 KOJTOHOM, O3HA4YaeT, YTO F€HETHYECKUU KO
BBIPOKJEHHBIN. [louTH KaXk10 aMHUHOKHMCIIOTE COOTBETCTBYET HECKOJIBKO KOOOHO8-CUHOHUMOS.
Uucno KOMOHOB It  OJHOM aAMHUHOKHUCIOTBI JIOCTATOYHO XOPOIIO OTPa)XXKaeT 4YacTOTy
BCTPEYAEMOCTH JIaHHOW aMHMHOKHUCIIOTHI B Oenkax. Kak BumaHOo Ha puc. 129, takas xoppemsius
HaOmroaeTcss Il BCEX AaMHHOKHCIIOT, 3a HWCKIIOYEHHEM AaprUHHUHA, TOCKOJIBKY B



sykapuotnueckorn JIHK ngymner CG Berpeuaercss peakxo. Ilostromy deTblpe KoOnOHa,
COOTBETCTBYIOIIME APTMHHMHY, KOTOPbIE HAYMHAIOTCS C 3TOr0 AYIUIETAa, BCTPEUYAIOTCS PEXE, YEM
cregoBaio Obl OXuaath. [Ipyroil 0coOEHHOCTBIO KOAA SIBIISICTCS TCHICHIMS K TPYNIHPOBKE
KOZIOHOB, COOTBETCTBYIOIIMX OJHOW aMHHOKHCIOTE. YacTo OCHOBaHHME B TPETHEM IOJIOKECHHUH
KOJZIOHA OKa3bIBAETCSl HECYLIECTBEHHBIM JJis €ro cnerupuuHocTH. OJHa aMUHOKHCIOTa MOXET
OBbITh TIpEACTaBICHA YETHIPEMsl KOJOHAMH, PAa3IUYAIOUIMMHUCS TOJIBKO MO TPEThEMY OCHOBAHMIO.
WNHorpa pasnuyue COCTOMUT JUIIb B IPEANOYTEHUH IIYPUHOBOIO OCHOBAHUS MUPUMHUAMHOBOMY B
3TOM TMOJOKEHUH. MEHbIIYI0 CHeHU(PUYHOCTh 3TOr0 IMOJOXKEHHS B KOJOHE Ha3bIBAIOT
BbIPOICOEHHOCIBIO MPEMbe20 OCHOBAHUA. DTa OCOOCHHOCTb, a TaKXe TEHICHLUS K CXOICTBY
KOJZIOHOB y aMMHOKHUCIIOT OJHOro Tuma (T.e. MOJIAPHBIX, T'MIpPO(GOOHBIX M T.A.) CBOIAT [0
MuHEMyMa 3¢dext Mytanuil. Ilpm Takoil opraHm3anuu Koaa CIlydailHO BO3HHUKIIAs 3aMeHa
OCHOBaHHUs C OOJIbIIEH BEPOSTHOCTHIO (YEM MpH CIy4aHOM MOJ0Ope KOJOHOB) HPUBEIET K
3aMEHE Ha CXOJHYIO II0 CBOMCTBAM AMMHOKHCIIOTY WJIU YK€ 3aMEHBI HE IIPOU30UIET BOBCE.

3anaua 40. Ha mnanere UX-153 xuBble cymiecTBa cOCTOST U3 OENKOB, coaepkamux 40
aMHUHOKHUCIOT, a ux JJHK comep’uT TonbKo Tpu BUIa HYKICOTHAOB. Kakue npeanoaoxxeHus
MO>KHO CJIeJaTh O TEHETUYECKOM KOJE, UCIOJIb3YEMBIM 3TUMU OPraHU3MaMH?

3amaua 41. Ha manere ZJ-578 Bce )XMBBIE OPTaHU3MbI MOYKHO Pa30UTh Ha JBE TPYMIBI 11O
HaOoOpy aMHUHOKHCIIOT, KOTOpble HCHOJB3YIOTCS MMH JJIsl TMOCTpoeHHs OenkoB. YacTb
aMMHOKHCIIOT B 3TUX HAa0Opax OJWHAKOBA Ul 00OOMX IpYMII, @ OCTaJbHBIE CTPOrO Crelu(pUIHBI
UId  Kaxaod rpymnnbl. Kakue mNpeamnonoxeHuss MOXKHO clenarb O TI'€HETHMYECKOM KOJIE,
WCIIOJIb3YEMBIM ATUMH OpTraHM3MaMu, eciu HykiaeoTuaHbli coctaB JJHK B obeux rpymmax
OJMHAKOB?

BMOCHUHTE3 BEJIKA

[Ipomecc GenkoBOro cuHTE3a MPOTEKAET B ISITh OCHOBHBIX 3TAINOB, KaXIbIM M3 KOTOPBIX
TpeOyeT MHOXKECTBAa KOMIIOHEHTOB: 1) akTHBalMs aMHHOKHUCIOT; 2) MHUIMALUsA CHHTE3a
MOJIMTIIENTUAHON LETH; 3) 3JIOHT AU T10-

JUIIETITUIHON 1eTnH; 4) TepMUHALNS U BBICBOOOKICHNUE; 5) CBOpaYMBAHHE
MOJIMIIENTUIHOM LIETIH U TIPOLIECCHHT.

AKTHBalMsI aMMHOKHUCIIOT IpoTeKaeT B 1iuTo3oe. Kaxxnas n3 20 aMUHOKHUCIIOT KOBaJIEHTHOM
3GuUpHON CBS3BIO MpHUcoenuHseTcs K ompeaeneHHoi TpancnoptHoit PHK (TPHK), u ana storo
ucnonb3yercs sHeprusg ATD:

Amunokucnora + TPHK + AT® 6 Amunoauun-tPHK + AM® + nupodocdar. Itu peakuun
Katanusupyrorcs rpynmnoi u3 20 ¢epMeHToB, Ha3bIBaeMbIX amunoayur-mPHK-cunmemazamu,
KaX/IbIi U3 KOTOPBIX SABJISIETCS ClelU(UUIECKUM 0 OTHOLIEHUIO K OJTHOW U3 aMMHOKHUCIIOT U K
cootBeTcTBytomer 3toi amuHokuciiore TPHK. Amunoaumin-TPHK-cunTeTassl oueHb
cneun¢uynsl kak B oTHomeHun TPHK, Tak u cooTBercTBytomel eif amuHokucioTsl. Hanpuwmep,
R-rpynns! BajauHa 1 n301eliHa CTPYKTYPHO OYE€Hb IMOX0XKH JIPYT HA Jpyra, OJHAKO OLIMO0YHOE
BCTpaMBaHKE B ITOJIMIICITUAHYIO LIENb BAJIMHA BMECTO U30JIEHIIMHA IPOUCXOIUT HE Yallle, YEM
OLIMOKYU BCTPAaWBaHUA JPYIHMX aMUHOKHUCIOT (mpuMepHo 1 ommOka Ha 3 - 4 TeIc. a.0.). OTO
o0bsicHsAeTCs TeM, uTo u3oneiunia-TPHK-cuHTeTasa pacnozHaeT ommb04YHO NPHUCOSINHEHHBIH Ba-
muH, koraa Bamwi-TPHK HaxomuTes eie B peakimoHHOM IIEHTpe (pepMeHTa i THAPOIU3YET €ro,
UCTIPABIISS JOMYILIEHHYIO OLIMOKY.

TPHK mpexacrapistor coboii cpaBHUTEIHLHO HEOOJBINHE OAHOIENoUe HbIe MoJieKybl PHK,
cocrosmue u3 73 - 93 HyKIE€OTHAOB, YTO COOTBETCTBYeT Moi. Macce 24 - 31 k/la. Kaxnoii
aMUHOKHCIIOTE COOTBETCTBYET XOTs Obl 07iHa TPHK, HEKOTOpBIM aMHMHOKHMCIIOTaM COOTBETCTBYIOT
nse win 6ombinee yucio crnenuduueckux TPHK. UtoOsl pacno3Hats Bce aMHUHOKHMCIOTHBIE KOO~
HbI, TpeOyercss mo MeHbimedr mepe 32 TPHK (tabmuma 11), ogHako B HEKOTOPBIX KIIETKAX
MPHUCYTCTBYET HaMHOTO Oonbine pa3Hbix BapuantoB TPHK. Bece TPHK umeror MHOTO 001X UepT
ctpoenus (puc. 130). Bo Bcex TPHK He wmenee 8 HykieoTwmoB coaepkaT HEOOBIYHBIC,
MOJU(UIMPOBAHHBIE OCHOBaHMsI, MHOTHE M3 KOTOPBIX IMPEJICTABISAIOT COOOW METHIMPOBaHHbIE
MPOU3BOAHBIC TIaBHBIX OcHoBaHWU. B OonpmuucTBe TPHK Ha 5'-kOHIIE HaxoauTcs OCTaToOK



ryanmioBoit kuciotel (pG), a Ha 3'-xonne Bcex TPHK mnpucyrcTtByer TpuHYyKICOTHIHAS
nocnenoBarenbHOCTh -C-C-A. B monexkyne TPHK Beimensitor 4 BeTBM M HMHOrJa MATYIO
JOTIOJTHUTENBHYI0. AKyenmopHas 6emeb TPHUCOCTUHICT CHENU(YUIECKYI0 aMHHOKHCIOTY B
paccMOTpeHHOH Bblme peakiuu. O000ILIeHHAs CTPYKTypa 00pa3yromiencs: P 3TOM MOJIEKYJIbI
amunoanmiI-TPHK nokasana na puc. 131. Aumukooonosasn eemswv conepxut AHTUKOJIOH, T.e.
cneun(pUUecKuii TPUIUIET HYKJICOTHIOB, KOTOPBIH KOMIJIEMEHTapeH B aHTUIApaICIIbHOM
HaIpaBJIEHUU COOTBETCTBYMOLIeMYy TpumieTy (komoHy) MPHK u moxxer oOpas3oBbiBaTh ¢ HUM
napel ocHoBaHui. Kaxxnas TPHK umeer cBoit

0cOOBIf  AHTHKOHOH. Jueudpoypuounoeas 6emeb  COIEPKUT  HEOOBIYHBIM  HYKICO3U]
auruapoypuaut. TJC-eemesb colepUT HEOObIUHbIE HyKIeo3ua pudbotuMuauH (T) u HykiIeo3ua
nceproypunuH (J), B KOTOpOM OCHOBaHHME W TICHTO3a COCIWHEHBI HEOOBIYHON yTJIepo.-
yIIAEpOAHON CBs3bI0. TpexmepHas CTPyKTypa AP0 KeBOH (eHUIaTaHMHOBOHN (T.e. MMEIOIIHA
AHTHKOJIOH JUIsl aMUHOKHUCIOTH! (peHmnananuHa) TPHK Opia noiyyeHa ¢ moMoIibo peHTI€HOCT-
pYKTypHOro aHanu3za (4actb 1, puc. 14). BepostHo, npyrue TPHK nMeroT moxoxyroo TpeTHUHYIO
CTPYKTYDpY.

Ha BtOpo#t cramum - nOpu unuyuayuu - TPOUCXOAAT COOBITHS, MPEIIIECTBYIONIUE
00pa30BaHMIO TIENTUAHON CBSI3M MEXIYy TMEPBBIMH JIByMsl aMHHOKHCIOTaMu Oenka. Jlis
MHHUIMALUN HE0O0X0IMMO, YToObI prudocoma cBsi3anack ¢ MH(popMalMoHHON niu MarpuyHoit PHK
(MPHK), o0pa3oBaB WHUIMHPYIOUIMA KOMILIEKC COBMECTHO C mepBoii amuHoammi-TPHK. 3to
OTHOCUTENIBHO MeJUIeHHas craaus B cuHTe3e Oenka. MPHK B3ammoneiictByer ¢ manoit cyOb-
eauHUIEH prubocomMbl. XOTs B puOOCOME OKa3bIBAETCSl CBSI3aH y4acTOK IIuHOW B 30 OCHOBaHUA,
Tonbko sBe Mousiekysnsl TPHK Moryr pasmectutscs B pubocome oaHoBpeMeHHO. IlosTomy B
CHUHTe3€¢ OeiKa B KaXIblii MOMEHT BPEMEHM NPUHHUMAIOT ydacTue Toibko 2 u3 10 KOJOHOB,
HaxozxAumxcss B pudbocome. COOTBETCTBEHHO 3TUM JIByM KOJOHaM B puUOOCOME BBIIENAIOT 2
yYacTKa: aKyenmopHulli y4acTok (A-yuacmok), KOTOPBIA MOXET OBITh 3aHAT OYEPEIHOMN
(moBonoctynaromieir) amuHoauun-TPHK, wu  Odowopnuui  yuactox (P-yuacmok), 3aHSATHINA
KoMIUIeKcoM nenmuoun-mPHK, npeacrapmstomuM coboit TPHK, Hecylyoo MNoMHMenTuaHyo
1IeTb, CHHTE3UPOBAHHYIO K JAHHOMY MOMEHTY (puc. 132).

3amaua 42. Hanumure, Kakue aHTUKOAOHBI MoXkeT uMeTh TPHK, nepenocsmias neiimH.
3anaga 43. Cxonpko pa3Hbix MPHK MokeT konupoBaTh aMHHOKHUCIIOTHYIO
nocnegoBarenbHocTh Val-Glu-Ala-Cys-Val-Tyr-Gly-Thr-Leu?

TPAHCJIALUA Y [IPOKAPUOT

[Tpokapuornueckre MPHK 3HaunTeIpHO pa3inmyaroTcs MO KOJI-BY KOJUPYEMBIX UMHU OCIIKOB.
HekoTtopele MosieKysbl COOTBETCTBYIOT TOJBKO OAHOMY TIeHY - 3TO MmoHoyucmpoHusvie MPHK.
Hpyrue (U Takux OOJBIIMHCTBO) COCTOSIT M3 TOCJEA0BATEIbHOCTEH, KOAUPYIOMIUX HECKOIBKO
0emKoB, - 310 noauyucmponnsie MPHK. B atom cnyuae equnas MPHK tpanckpubupyercs ¢ rpyn-
bl T€HOB, PACIHOJIOKEHHBIX pAnOM. Takas ennHas TPAaHCKPUIILMOHHAS €IMHMIA Ha3bIBACTCS
onepomn. B coctase npokapuoruueckoir MPHK Boiaenstor u-
0epHyl0  NOCNe008aAMENbHOCb, KOOUPYIOWULL YYACMOK W KOHYe8YIo NoCie008amelbHOCb
(mpetinep). JlunepHas TOCIIEAOBATENBHOCTh, PACIOJIOKEHHass ¢ 5'-KOHIA OT WHHUIIMATOPHOTO
KOJIOHA, COJEPIKUT ITOCIIEI0BATEIBHOCTh

5"AGGAGG.3',

KOTOpasi Ha3bIBaeTCs nociedosamenvrocms Lllatina-/lanveaprno u pacrnonaraeTcsi Ha pacCTOSIHUU
4 - 7 ocHOBaHMH Iepell MHMLIMATOPHbIM KoaoHoM. IlocnemoBarensHocTs Illaiina-/lanbrapHo
KOMIUIEMEHTapHa y4acTKy B 3'-koH1eBoit oomactu 16S-pPHK 30S-cy6nenunanipr pudbocomsl. DTa
KOMIJIEMEHTApPHOCTb, BEPOSATHO, CyllecTBeHHa s cBa3biBaHuss MPHK wmanoit pubocomHuoii
cybuactunieii Bo BpeMs (opMUpOBaHHS WHHUIIMATOPHOTO KOMIUIeKca. Koauwpyromui ydacTok
COCTOUT U3 OJHOTO WJIM HECKOJbKMX LUCTPOHOB M MEXKIHCTPOHHBIX 00JACTEH, KOTOPHIE MOTYT
uMmeTh pasmepel oT 1 g0 30 HykneotuaoB. Kaxaplii IUCTPOH HAYMHAETCA WHULMATOPHBIM
KOZIOHOM M 3aKaH4YMBAETCS TEPMUHUPYIOIIUM KOJOHOM.



Jns manumanuu tpancisaiuu MPHK nomkHa vmeTh ydacTOK, MpEAUIECTBYIONIMN Havairy
KOAUPYIOIIeH 00J1aCTH, KOTOPBIM CIY>KUT CUTHAIOM JJIsl CBA3BIBAHUS C pUOOCOMOI (BEPOSATHO, ITY
poJib BBIMOJHSET mnociuenoBatenbHocTh lllaitna-/lanbrapHo) u umHunuupyrommil komoH AVT,
KOTOPBI SIBISIETCS CTAPTOBOM TOUKOW U ompenensier "pamky cuuThiBaHus'" (y OakTepuii BMECTO
AYTD'" wunorma wucnonwszyerca komoH ['YI). Kpome Toro, miss HMHMIHMAIMM HEOOXOIUMBI
cnenuansubie nHUIMupytonme TPHK u 6enkoBsie (hakTopsl.

Y npokapHuoT u3BeCTHbI 3 pakmopa unuyuayuu, OEIKA C MOJI. MaccaMu
9.5, 73 u 23 x/la, o6o3nauaemsie IF1, IF2 u IF3 coorBercTBeHHO. [lyn cBOOOIHBIX (HE 3aHSTHIX
TpaHCHsAIMen) pudOCOM HAXOAUTCA TIOCTOSTHHO B JUHAMHUYECKOM pPABHOBECHM C IyJaMu
cB0OOAHBIX Oonbmux U Majbix cyouactui: 70S " 30S + 50S. IF3 cBs3piBaeTcsi cO CBOOOIHBIMU
30S-cybuacTuiiaMu, ¥ OHU yXK€ HE MOTYT acconuupoBaTh ¢ 50S-cyOuacTuiiamu, HO 3aTO MOTYT
npucoeanautbes kK MPHK, T.x. ans Toro uto0sr 30S-cy6uactuna cesazanack ¢ MPHK, HeoOxonumo
npucytctBue IF3, xora cneunpuvHOCTh y3HaBaHWS y4acTkoB mHuNmanuu Ha MPHK Bceneno
ompezensercs pudocoMHOM cyOuacturieil. B knetke kon-Bo IF3 nuMuTHpOBaHO, U MO3TOMY C HUM
cBsA3aHO Toibko 5% 30S-cyOuactun (umm okoso 25% 30S-cyOuacTul], HE y4acTBYIOIIUX B
cuHTe3e Oenka).

VY E. coli cymectByer cnenmanbHas uaunuatopuas TPHK - N-gopmurmemuonun-mPHK
(tPHKM®Y), - koTopast Tak e, kak u o6branas TPHKM®, mpucoeannser k cebe MetnonnH. OnHaKo
bepMeHT  mpaHcgopmuniaza  TEPEHOCUT  POpMUIbHYIO — 2pynny  OT  MOJEKyJsl  N-
dopmunmempazuopogonama K aMHUHOTPYIIE METHOHHMHOBOTO OCTaTKa, CBSI3aHHOTO C
naumaropHoit TPHK.
brnokupoBanHas QopMHIOM aMUHOTPYINA, BEPOSTHO, HeoOXoauma Uid CHenu(pUIHOTO
CBSI3BIBAHHS C TPHKfMet oenka [F2. Korma 30S-cy6uactuna pudocomsr caautcs Ha MPHK, Tosbko
TPHKfMet, cBsa3anHas ¢ [F2, o0mamaeT yHHKaNIbHBIM CBOMCTBOM HEMOCPEICTBEHHO BXOIUTH B P-
Y4aCTOK HEJIOCTPOEHHOM pruOOCOMBI, CBsA3bIBasCh ¢ Haxosammumes Tam AYT (wm I'YT') kogoHOM.
Jlanee k xommiekcy [MPHK730S7IF37tPHKM*7IF2] npucoemunsercs wmonekyna I'Td.
CoenuHeHne IByX pruOOCOMAaNbHBIX CyOUYaCTHI], BEPOSTHO, OCYIIECTBISETCS 3a CUET YACTHUHOM
KOMIUIEMEHTApHOCTH MeXay ydactkoMm 23S-pPHK OGompmioit cy6uactumpsl u 3'-o6macteio 16S-
pPHK manoii cyGuactunpsl. Umenno ¢ stoit 3'-o6macteio 16S-pPHK cBssbiBaercs IF3, u mostomy
npucoenuHeHne Ooibmoit 50S-cyOuacTuIlhl BO3MOXKHO TOJBKO mocie BbicBoOOkaeHust [F3 u3
MHHUIMATOPHOrO Komiuiekca. U, Hakonen, nocne rugpoiusza ['TO no I'IP, KOTOpHIA, BEPOATHO,
ocymectBisiercs [F2 u compsbkeH ¢ KOH(POPMalMOHHBIMU W3MEHEHUSMH B (DOPMUPYIOIICHCS
pubocome, obpasyercst monuast 70S-pubocoma, B kotopoit TPHKM® pacromaraercst B P-ydactke.
[Tocne Toro, kak oOpazoBanack mojHas pubocoma, npyrue (BHyTpeHHue) AYIT u I'YIT xomgoHbI
OyIyT MPOYUTHIBATHCS KaK METHOHWHOBBIM M BAJIMHOBBIA COOTBETCTBEHHO M CBSI3BIBATHCS C
o6branbiv TPHKM n TPHKY™. Ponb Genka IF1 moka He BbIsCHeHa, MO-BUJIUMOMY, OH NMPUHUMAET
y4acTve B CTAOMIU3ally WHUIIMHPYIOMIETO KOMILUIEKCA WM CIIOCOOCTBYET BBHICBOOOXKIeHUIO 1F2
13 KOMIUIEKCA.

[IpucoennHenre Kax10ro aMMHOKMCIOTHOIO OCTaTKa K PacTylIEH MOJUIIENTUAHON e Ha
MPOKAPUOTUYECKUX pUOOCOMaxX MPOUCXOAUT B TPU CTATUU. DTOT IIUKI TIOBTOPSIETCS CTOJIBKO pas,
CKOJIbKO OCTaTKOB CIEAYET MPUCOEAUHUTH. B mporecce 310Hranuu y mpokapuoT UCTONb3YIOTCS
emie Tpu 0enkoBeIX ¢akropa - EF-Tu (43.2 x/la), EF-Ts (74 x/la) u EF-G (77.5 x/la). Ha nepBoit
CTaJAUM LMKJIA 3JOHTalliyd CHavalla MPOUCXOAUT CBsA3bIBaHUE cienytouied amuHoanmi-TPHK c
koMruiekcoM, cocrosmuM u3 EF-Tu m monekynsr ['T®. OO6pa3yromuiicss TPOMHOW KOMIUIEKC
coequHseTcs ¢ 70S-HHUIUUPYIOUMM KoMIuiekcoM. OTHOBpeMEHHO npoucxoaut ruaponns ['Td,
n xomruieke EF-Tu7l'JI® nmokumaet pubocomy, mociue vero ¢ nomoinisio ['T® u EF-Ts kommiekc
EF-Tu7l'’1® BoccranaBnuBaercs a0 EF-Tu7'T® u cHOBa MOXET NPUHUMATH Y4YacCTHE B
tpancisaiuu. benok EF-Tu - 3T0 oguH W3 OCHOBHBIX O€IKOB y MPOKAPHUOT: B OJHOM KIIETKE
HACYMTHIBAETCS OKOJIO 70 THIC. €r0 MOJIEKYJ, YTO COCTaBIsAeT 5% OT OO0IIero KJIETOYHOro OenKa.
DTOro JIOCTaTOYHO [JIsi CBA3BIBAHMS BCEro KieToyHoro myna amuHoauuia-TPHK, kommdectBo
KOTOPBIX IMPUMEPHO Ha MOPSAOK mIpeBbimaer yuciao pudocom. Coxpepkanue EF-Ts cocraBuser
0K0J10 10 TBIC. MOJIEKYJT Ha KJIETKY, UTO TPUMEP-



HO COOTBETCTBYET uucity pudocom. CiemoBatenbHo, 0onbHcTBO EF-Tu B

KieTke BXxoauT B coctaB KoMIuiekcoB [EF-Tu7I'T®] u [EF-Tu7l' T®7amunoanun-tPHK]. Jlanee
HoBasg amuHoanmiI-TPHK cBsi3piBaeTcss ¢ A-ydacTkoM puOOCOMBI 3a CUET KOMILIEMEHTApHOTO
B3aUMOJICHCTBUSL MEXYy aHTUKOOHOM 3T0i aMmuHoaumi-TPHK u kononom MPHK, Haxonsmumest
B A-yuactke (puc. 133, A). OnHako KOJIOH-aHTUKOJOHOBOIO B3aUMOJCHCTBHUS HENOCTATOYHO,
9TOOBl OOecneuuTh CBsA3bIBaHHME NpaBwibHON amuHoanuia-TPHK. TowyHocTe ee cooTBeTcTBUSA
komoHy MPHK mpoBepsieTcst ¢ moMOIIBIO €Imie OJHOTO CIEMU(pUUECKOr0 KOHTAaKTa BHYTpH A-
ydacTka Mexay npyroi yactero Mousiekyisl TPHK u pPHK. Cnenyromas craausa snoHranuu
HACTYTAeT TOJBKO €CIM 00a KOHTAKTa OKa3bIBAIOTCS NMPABHILHBIMU. TPHKM® - 510 enumcTBeHHAS
amuHoami-TPHK, koropas He moxer npucoenunutbest Kk komiiekey [EF-Tu7' T®], u noatomy
OHa HE MOXXET MOoNacTh B A-y4aCTOK puOOCOMBI U MPOKOHTAKTUPOBATh C BHYTPEHHUMH KOJIOHAMHU
AVI'uI'VI.

Ha Bropoif cragum IHMKIa SJOHTalMK 00pa3yercss HOBas NENTHIHAS CBSI3b MEXIY
amuHokucnoramu, ybu TPHK pacmonoxenst B A- u P-yuacTkax pubocombl. DTOT mporiece
OCYILIECTBISIETCA y  IPOKApUOT B  pe3yjpTaTe  IMepeHoca  uHuuuupyronero  N-
(bOpMUIMETHOHUHOBOTO OcTaTka oT Hecymel ero TPHK k amuHOrpymmne HOBOW aMHUHOKUCIOTHI,
KOTOpass  TOJBKO  YTO Tomajga B A-yyacTOK. OTOT  MEpPEeHOC  KaTallu3upyercs
nenmuounmpatncgepasoti, KOTopass BXOIUT B COCTaB Majod cyOdacTuiel. B pesynpTaTe STOM
peakuuun B A-yudactke oOpasyercs aunentuqwi-TPHK, a B P-yuactke ocraercs "mycras",
He3arpyKeHHas TPHKM®.

Ha Tperbelt cragumm nmkiaa siaoHTanmuu pubocoma mnepememniaercs Baoib MPHK 1o
HaIpaBJIEHUIO K ee 3'-KOHIy Ha paccTositHue B oAuH KOoAoH. Ilockonbky munentuami-TPHK mo-
MIPEKHEMY OCTaeTcsi CBsi3aHHOW co BTOpbIM KojoHoM MPHK, nBuxenue puOocoMbl mpUBOIUT K
nepemenienuto nunentuauia-TPHK u3 A-yuactka B P-ywyacTok, B pe3ynbTaTe 4yero mpeablayiias,
yxe cBoboxnass TPHK, ormensiercs ot P-yuactka u yxomuT oOpaTtHO B mUTO30i1b. Tenepb B A-
yuactke Haxogutcs Tpetuil komoH MPHK, a Bropoll komoH oka3biBaeTcsi B P-yuactke.
[TepenBmwxenue pubocombl Broab MPHK HaswiBaetcs mpancioxayueni. Ha »Tolt  cragnm
Heooxoaum Oenok EF-G, Ha3pIBaeMbIi TakKe mMpaHcI0Ka30t, U TUAPOJIA3 €IIe OJHONW MOJICKYJIbI
I'T® (puc. 133, b). Ha »3T0#t craguu nmpoucxoauT M3MEeHEeHue KoHpopmaruu Bceld puOOCOMBI,
crocoOcTBytomiee ee mpoasmwkeHnto mo MPHK Ha Tpu HykimeoTuaa B HampaBieHUH K 3'-KOHITY
matpuisl. Ilponecc Tpancnokamuu obecrieunBaeTcst sHeprueit 3a cuer rugponusa ['TD: EF-G
CBS3BIBAETCSI C puOOCOMOM TOJIBKO Oymy4n B npucyTcTBuu [ TD, a 3aTtem nocne runponusa ['TO
OH BBICBOOOXX-
naetcst u3 pubocomel. Terneps prbocoma ¢ nmpukperieHHbIMU K Hed aunentuami-TPHK u MPHK
roToBa K CIEAYIOIIEMY LMKIY 3JIOHTAlUH, T.€. K IPUCOEAUHEHUIO TPETHETO aMHUHOKHCIOTHOTO
ocrarka. OCyLIECTBISETCA 3TO TOYHO TakK e, KaK M IPUCOEIWHEHHE BTOporo ocrarka. Ha
IIPUCOEAVHEHNE KaXJ0M aMHMHOKHUCIOTHI 3arpauuBaeTcs 2 Mosekyiasl ['T®, xkoropsle
ruaponusytores 1o ['JI® u dpocdara. Kon-Bo TpaHCIoOKka3sl CpaBHUMO € KOJI-BOM PHOOCOM (OKOJIO
20 TBIC. MOJIEKYJI/KJIETKY) U Ha €€ J0JII0 MPUXOAUTCs 2% pacTBOPUMOrO KIETOYHOTO Oerka.

[To mepe nBwkeHHss puOOCOMBI OT KoMOoHa K KomoHy Baoib MPHK k ee 3'-koniry
AMHMHOKHUCIIOTHBIE OCTAaTKU OJMH 33 JIPYTUM J00aBISAIOTCS K pacTylledl MOJIMIENTHIHOW LemnH,
KOTOpas Bce 3TO BpeMs octaeTcs cBa3aHHou ¢ TPHK, cooTBeTcTBYIOMIEH MOCHEIHEN BKIIOUYEHHOM
amuHokHcioTe. CHHTE3 MOJIMIENTUIHON LENU BCeraa HauMHaeTcs ¢ N-KOHIA U MOJIMIENTHAHAS
nens pacrer B HanpasieHud K C-koniy. Y 6Gaxrepuii npu 37°C CKOpOCTH 3I0HTallud BapbUPYET
or 12 no 17 a.o./c. KoHkpeTHas BenMYMHA CKOPOCTH 3aBUCUT OT YCJOBUH pocTa KiIeTok. B
cuHTe3e OeKa 0JHOBpeMeHHO y4acTBYIOT 80% OakTepuaabHbIX puOOCOM.

OO0 OKOHUaHMM HYKJICOTHIHOW IMOCIEeNIOBATEIBHOCTH, COOTBETCTBYIOIIEH MOJIHUIENTHIY,
CUTHUIM3UPYET OIWH W3 Tpex mepmunupyiowux Kkooonoe MPHK, pacmonoxeHHbIi
HENOCPEACTBEHHO 3a KOJOHOM IIOCJIETHEN aMUHOKHUCIOTHL. TepMUHHMpYIOIIME TPUILIETHl YAA
(oxpa-xomon), YAI' (amGep-xomon) m YI'A (oman-kofoH), Ha3blBaeMble TaK I10 Ha3BaHHUIO
MyTaHTOB E. coli , ¢ TOMOIIbIO KOTOPBIX OHH OBLIIHM BIIEPBBIE OINPEICIICHBI, HE KOAUPYIOT HUKAKYIO
AMUHOKHCIIOTY, TIO9TOMY UX €II€ Ha3bIBAIOT OeCCMbICIeHHbIMU MPUniemamu (HOHCeHC-



mpunnemamu). Kak Tonpko pubocomMa JOCTUraeT TEPMUHUPYIOLIEr0 KOJOHA, HA4YMHAIOT
JeWCcTBOBAaTh TPU TEPMHUHUPYIOLIMX Oenka (perusune-gpaxmopwt) - RF1 (y3Haer YAA u YAI),
RF2 (y3naer YI'A u YAA) u RF3. OHu BbI3bIBAIOT THAPOIIUTUYECKOE OTUIETNIEHUE MOJIUIIENTHIA
ot koHeuHoit TPHK u ero BricBoOOXI€HNE U OT/AEIEeHNE OT P-ydacTka pubOCOMBI OCHeIHEH, yxKe
"mycroi" TPHK. ®opmuibHas rpynma METMOHMHAa CHHTE3UPOBAHHOro Oenka yaansercs
crieluanbHbIM AedopMumInpyrommM ¢GepmeHToM. B Tom ciydae, eciu B Oenke N-KOHLEBOM
AMUHOKHCIIOTOM SIBJISIETCSI METHOHUH, TO JOCTaTOYHO TOJIKO 3TOM Moaudukanuu. Ecinu sxe 6enok
JOJDKEH HAYMHATBCS C APYroil aMMHOKMCIOTHI, TO C IOMOIIBI0 aMHUHONENTHIA3bl YIaJsieTcs
METHOHHH U BTOpasi aMUHOKHCIIOTA MTpeBpalaeTcsi B N-KOHLEBYIO.

Jns oGecrieyeHns TOUHOCTH O€JIKOBOro cuHTe3a HeoOxoauma sHeprus. Ha pepmenTatuBHoe

obOpazoBanue Kaxnoi amuHoanwi-TPHK w#3 cBOOOMHONW aMWUHOKHCIOTH 3aTpadyuBaIOTCsA 2
BBICOKO3HEepreTuyeckue hocdarHblie TPyIIbL.
Jnst ucnpasienust omm6Ook amuHoam-TPHK-cuaTeTa30it MoryT morpeboBaThes 100aBOYHEIE
Monekynbl AT®. 1 monekyna I'T® pacumennsercs Ha craauu uHULWauuu, 1 monekyna ['TO
pacIlerisieTcsl Ha MepBOW CTauu KaKJoro IMKia ioHrauuu u eme 1 monekyna ['T® tpedyercs
U1 TpaHcyoKauu pudocomsl. Monekynsl I'T®, yuacTtBytomue B pabote pubOCOMBI, BEPOSTHO,
BBITIOJIHAIOT 2 (QyHKIHMH: 1) OHM TOAJIEPKUBAIOT B COOTBETCTBYIOIIECH KOH(MOpMaIu OEIKOBEIE
(bakTopbl TPAaHCIALMU, YTOOBl OHM MOIJIM MPUCOECTUHUTHCA K PUOOCOMHOMY KOMIUIEKCY, U 2)
THJIPOJIU3YSCh, OOECIIEUMBAIOT DHEPrHEM COOTBETCTBYIOLIME STalbl CHUHTE3a O€iKa, B KaXKJIOM
cllyyae BbI3bIBasi KOH(OpMaIlMOHHbIE U3MEHEHHs B puOocoMme.

VY npoKapuOTHYECKHX OPTaHU3MOB TPAHCKPHUMIMSA W TPAHCISALUS COMPSDKEHBI: PUOOCOMBI
npukperisitoress K S'-xonny pactymeid MPHK u Haumnaior cuHTe3 Oenka paHblle, 4eMm
3akaHunBaercs cuHte3 camod MPHK. Ilpu stom mnpokapuormueckune MPHK "xuByr" ouens
HEJOJNr0: BpeMs, 3a KOTOpOE pa3pyllaeTcsi II0JIOBUHA BHOBb cuHTe3upoBaHHuX MPHK
(¢pyHxyuonanvroe épems noayscusHu), COCTaBISACT B cpeaHeM 2 muH. [Ipu sTOM merpaganms 5'-
koHa MPHK MoxeT HagaTbcsl paHbllle, 4eM 3aKOHUNTCS CUHTE3 WIH TpaHCIALus 3'-KOHLA TOU XKe
monekynsl (puc. 134). Ckopoctu Tpanckpuniuu (2500 HykneoTua0B/MHUH) U TpaHcusauuu (15
a.0./C) MpUMEPHO paBHbI, Toraa kak aerpananus MPHK npoucxoaut npuMepHo BIBOE MEIIEHHO.
B pesynbrare 3'-konnenast yactb MPHK cymectByer nonbiie, uem 5'-koHueBas obiactb. Yucio
prubOCOM, TPUHUMAIOIINX Yy4yacThue B TpaHcismuu omnpeaeneHHod MPHK B kakoif-mn6o MoMeHT
BPEMEHH, 3aBUCUT OT 3(P(PEKTUBHOCTH Y3HABAHUS WHUIMHMPYIOUMX MocienoBaTeabHocTe. C
MOMEHTa TpPaHCKpUIIMU [0 MOMEHTa nerpagauun kaxayro MPHK, BepostHO, ycneBaroT
IPOTPaHCIUPOBATh 0K0JI0 30 puboCcCoM.

Korga MexuucTpoHHblEe 00JaCTH BEJIMKH, MHULMATOPHBIM KOMIUIEKC KaXKIbld pa3 3aHOBO
CTPOMUTCSI BOKPYI HHHUIMATOPHOI'O KOJOHAa IUCTpoHA. OJHAKO MpU MaJIbIX MEXIMCTPOHHBIX
paccrosiHusAx 30S-cyOuacTuiia TepMUHUpPYIOIIEH pubocoMbl MoxeT He otnensathes or MPHK. C
O0JIBIION BEPOSTHOCTHIO OHA OCTAETCS NMPHUKPEIJICHHOM K MaTpulle, TaK Kak (aKkTHUECKH ee
MIPUCOCTIMHECHHUE K CICAYIOIIEMY WHHUIIMATOPHOMY CaWTy yke mpousonuio (Haxomsch Ha MPHK
pubocoma skpaHupyeT okoio 35 ocHoBauwii). Ilpu sTom 50S-cyOuacTuiia u CHMHTE3HpPOBAHHAS
MOJIMTIENITUIHASL 1[IeTh OCBOOOXKIarTcs, a 3areM K cBs3anHou ¢ MPHK 30S-cyGuactuie
npucoeannsiercs HoBas  S50S-cyOuactuma. Takoit  oOneryeHHBId  CIOCOO — WHUIUAINH
TPAHCKPHIILIHAHU CJIETYIOIIET0 IUCTPOHA HA3BIBACTCA PeUHUYUAYUS MPAHCKPUNYUL.

3agaya 44. OyHKIUMOHAIBLHOE BpeMsi Modyku3HH TpexuuctpoHHod MPHK pmunoin 2800
HYKJI€OTHIOB cocTaBisieT 2 MuH. Kaxnayio MHUHYTY NOPOMCXOAUT S5 aKTOB HMHHUIIMHUPOBAHMS
TPAHCKPUIIIIUKA, & OHJIOHTAIMS TPAHCKPHUIIIUU HAET CO CKOpocThio 2500 HYKJICOTHIOB/MUH.
Kaxnyo munyty mpoucxoaut 10 akTOB MHHULMALIMKM TPAHCISALUU MEPBOrO LIMCTPOHA M BCETAa
MPOUCXOJUT PEUHULIMALUS TPAHCKPHUIIMU BTOPOTO U TPETHETrO IUCTPOHOB. DJIOHTAIMs MOJH-
NENTUIHOM IIed HAET CO CKOpocThio 15 a.o./c. CKOJBKO MOJUNENTUAHBIX Iened B MUH.
CHUHTE3UPYETCA C 3TOM TPAHCKPUIIIIUOHHOW €TMHUIIBI?

TPAHCJIALUA Y ODYKAPUOT



[Iponiecc TpaHcHsMM y SYKApHOT TOJBKO B OOMIMX YepPTax AaHAJOTHYEH MpoIeccy
TpaHcasALuMU y mpokapuoT. Xots 3'-koHueBas mnocnenosatenbHocTh 18S-pPHK  sykapuor
romosiornyHa 3'-xkoHiy 16S-pPHK mpokapuor, B Hell OTCYTCTBYET yYacCTOK KOMILJIEMEHTAPHBIN
nocnenoBarenpbHocTy [llaiina-JlanerapHo. JlupepHas mnocCienoBaTEIbHOCTh 3YKAPUOTHUYECKUX
MPHK 00b19H0 KOpoTKasi (He Oonee 100 HykieoTHmoB), a s cBs3biBaHus ¢ 40S-cyOuacTuiei
npu (GpopMHPOBAaHUHM MHUIIMATOPHOTO KOMIUJIEKCA CIY)KUT €€ K3M. B sykapuoTHUecKHX KieTKax
oOHapyXKeHO 10 KpaitHel Mepe 9 ghaxmopos unuyuayuu: elF1 (15 xJla, monomep), elF2 (Tpumep),
elF3 (>500 k/la, myneTumep), elF4A, elF4B, elF4C, elF4D, elF5 (150 x/la, monomep) u elF6 (23
k/la, MOHOMep). DyKapHOThI COJACPXKAT TaKke CIeHuanbHyio nuuimaropayio TPHKM®, mHo
METHOHHH, KOTOpBIH K HEW mpucoeauHsercs, He Qopmunupyerca. MHunmanus y 3ykapuor
HAauMHAeTCS C (POPMHUPOBAHMS TpoitHOro komrurekca [TPHKM®7eIF27TT®] B pesynsrare
npucoenunenus elF271'TO x TPHKiMet. 3areM TpOWHOM KOMIUIEKC B3aumojenctByer ¢ 40S-
cyOdJacTHIeH, U 5TOT HOBBI KOMIUIEKC CTaOMIM3UPYETCs pUCOeTUHIoIUMuUcs oenkamu elF3 u
elF4C. elF3 (BepositHO, coBMecTHO ¢ €lF6) urpaer Ty ke poib, 4to M npokapuorndeckui 1F3,
MOJJCP)KUBAsE Malyr cyOdactuily B CBOOOAHOM coctosiHuu. elF3 HeoOxomum w Jyis
MOCIEAYIONIEro MprucoeAnHeHus Mamnoi cyouactuisl kK MPHK, nms aToro B3aumoaeiicTBs HyKHBI
takke ponomHuTenbHbie Ocnku elF1, el[F4A u elF4B u ruapomus AT®. Ilpucoenunenue 60S-
cyOuactunel Tpebyer mpucytctBus elF5 u compsbkeno ¢ rumponmzom ['TD, koTopwiii yxe
HAXOAUTCA B MHULHMATOPHOM KOMIUIEKCE B COCTaBE [TPHKiMet7€IF27FT®]. BepositHo, Korma
CcyOYacTUIIbI COENUHSIOTCA 00pa3ysl MOJHYI0 PHUOOCOMY, BCE€ dYKapUOTUYECKHE (PAKTOPHI MHH-
LMAIUU OCBOOOXKIAIOTCS.

Ectp 1ABa NOpUHUMOMAIBHBIX OTIUMYMS JYKAPUOTHYECKOIO MEXaHU3Ma HHHIMAUU
TpPaHCIALUU OT IPOKapuoTHyeckoro. Bo-nepsbix, 00pazoBaHue
kommekca [TPHKM7elF27T Td7elF3740S] y 5ykapHOT BCera mpOMCXOIUT
no cea3biBanus ¢ MPHK, Toraa kak y mpokapuot oObIYHO CHauana
[IF3730S] csassiBaetcs ¢ MPHK 1 nuie moToM MOXET IpUCOETUHUTHCS
[TPHK*'7IF2]. BepositHo, 4T0 y mpokapuoT npucoeauuerne MPHK
30S-cyOuacTrile BO3MOXKHO 3a CYET KOMIUIEMEHTapHOTO B3ammojeicTBus 16S-pPHK ¢
nocinenoBarenbHoCTh0  IllaiiHa-JlanerapHo, Torga Kak y JYKapuoT, Yy KOTOPBIX OJTa
MIOCJIEI0BATEIBHOCTh OTCYTCTBYET, cBsizbiBaHMe MPHK B MHUIIMaTOpHOM KOMIUIEKCE MOXET
IIPOU30MTH TOJIBKO 32 CUET KOMILJIEMEHTAPHOCTH HHULIIMATOPHOIO KOJAOHA U aHTUKOJI0OHA TPHKM,
Bo-BTOPBIX, HTHUIIMATOPHBIN KOMIUIEKC y MPOKAPUOT CTPOUTCS HEMOCPEACTBEHHO HAa MHUIUATOP-
HOM KOJOHE, TOoTrJa Kak [TPHKiMet7eIF27FTCD7eIF374OS] cagutcs Ha 5'-konery MPHK, a 3arem
nsuraercs Bnojab MPHK k ee 3'-koHily, ucnons3ys sHepruto rugaposnza AT go tex nop, moka He
JOCTUTHET MHULMATOPHOTO KoJl0HA. [I0aTOMY y poKkaproT BO3MOKHA MHUIMALVS TPAHCKPHUIILIUU
¢ ro6oro nuctpoHa B ux nojuiuctponno MPHK, a y sykapuor MPHK Bcerna MoHOIMCTpOHHBIE,
a B nomuuuctpoHHoir MPHK sykapuornueckas cucreMa TpPaHCISILIMM MOXKET TPaHCIUPOBATH
TOJBKO TEPBBIM HUCTPOH. [Ipumep sykapuoTHUEeCKOro reHa u cooTBercTBylomei emy MPHK
nokasas Ha puc. 135.

VYV osykapuor ectb nBa (dakrtopa amonranmuu - ¢EF1 m eEF2, xotopesie cOOTBETCTBYIOT
npokapuotuueckum EF-T u EF-G. Ponp eEF1 3akmouaercs B nocraBke amuHoauwi-TPHK B
pubocoMy, TIpu ITOM ToxKe ocymecTtBisiercs ruaponn3 ['Td. Kak mpoucxoaut pereHeparus
komriuiekca eEF1 ¢ 'T®, HeusBecTHO, BO3MOXKHO, 4TO ATOT (pakTop Tak ke, kak u EF-T, cocrout
u3 AByX KOMIOHEHTOB, aHanornyHbix EF-Tu u EF-Ts. B konmnuectBenHoMm otHomennu €EF1 -
oIIvH W3 Hanboyiee MHOTOYHCIEHHBIX OenkoB kieTku. bemok eEF2 (100 x/a) Toxe mocTtaTo4HO
MHOTOYHCJICHHBIN O€JIOK M Ha €ro JO0JII0 MPHUXOAUTCS OKoJo 1% pacTBOpuMOro Oenka KIETKH.
CKOpOCTb 3JIOHTAIlUM Y SYKapHOT HIJKE, YeM Yy MPOKAPHOT, U COCTABIsET MpUMEpHO 2 a.0./c. Y
SYKapUOTHYECKUX OPraHU3MOB ObUT OOHApPYKEH TOJNbKO OJUH penusuHr-gaxtop - eRF. lng ero
CBSI3bIBaHUS C pHOOCOMOH, mMo-BUAMMOMY, TpeOyercs ['T®, Torma xak B NPOKAPHOTHUECKUX
cuctemax 3Toro He HykHO. Ckopee Bcero ruaponus ['T® nHyxkeH s orcoenuneHus eRF ot
prOOCOMBI TIOCIIE TEPMUHALINY.



B otmmune ot mpokapuotnueckoit MPHK nnpopmarnmonnas PHK B muromnnazme sykaproT
OTHOCUTENBHO cTabmibHa. OO0bIYHO oKoJI0 nojoBuHE MPHK nMeeTr nepuoa momayku3Hu OKoJio 6
4y, torma kak ocrtaimpHas MPHK - mpumepno 24 1. B muddepeHnmpoBaHHBIX KIETKaX,
CIELMAIM3UPOBAHHBIX HA CHHTE3€ ONpeieNeHHbIX OenkoB, HekoTopsle MPHK MoryT ObITh erue
Oornee
CcTaOWIBHBIMU. B nuToniasmMe akTHBHO CHHTE3UPYIOIUX OEJIOK KJIETOK OOBIYHBI
CKOIUIEHUs1 puOOCOM OJIHOBPEMEHHO TpaHcaupyomux mojiekyiny MPHK, Ha3zpiBaemble
noaucomamu. I1oa1combl Bceraa 3akperieHsl JI00 Ha MeMOpaHe IpaHyJIsIpHOTO
9H/IOIIA3MATHYECKOT0 PETUKYIYMa, JIN0O0 Ha (PMIaMEHTax LIUTOCKENETa U UMEIOT TEHICHIIUIO
pacrioyiaratbcs LeNOYKoi MoOaM30CTH OT Aapa B Tex mectax, rae MPHK Bxoaur B iuronnazmy. B
MIPOTHBOMOJIOKHOCTH ITOJIMCOMaM MOHOMEpPHBIE PHOOCOMBI HAXOIATCS B KJIETKE B CBOOOTHOM
COCTOSIHUM.

MuUTOXOHIpUM M XJOPOILIACTBl COJEPKaT CBOM coOcTBeHHble pudbocombl, U TPHK
IIPOKapUOTHYECKOro Thma. HekoTopble MUTOXOHAPUM TPHOOB M MIIEKONHUTAIOIIUX COJAEpXkAT He
6onee yem 23 - 24 paznmuunbix TPHK. Takas "sxoHOMHUSA" HOCTHTaeTCs y HUX 32 CUET YIPOUICHHS
KOJOH-aHTMKOJIOHOBOTO B3aUMOJAEUCTBUs, B pesyinbrare Kotoporo onHa TPHK craHoButcA
CIIOCOOHOHM y3HABaTh BCEX NPEICTABUTENICH KOJOHOBOTO CEMEHCTBA M 3a CYET HEOOJBIINX
"monpaBoK" WX F€HETUYECKOTO KOJa, ONMUCAaHHBIX BbIlIe. [lo3ToMy 23 MUTOXOHApPUATIBHBIX T'€HA
g TPHK kogupytor nnunuaropuyto TPHK, 14 TPHK, y3natomux mapel kogonos, u 8 TPHK,
y3HAIOIMX ceMmelcTBa KonoHOB. XiopomnacTHele TPHK moxoxu Ha mnpokapruoTudeckue
HACTOJIBKO, YTO PHOOCOMBI XJIOPOIUIACTOB CIIOCOOHBI MCIOIB30BATh MPU CHHTE3E Oenka OakTepu-
anpHple TPHK. Cunre3 Oenka B XJjoporulactaXx ¥ B MUTOXOHJIpPUSAX HauyuHaeTcs ¢ N-
bopMIIMETHOHWHA, KaK M y OakTepuil, a HE C METHOHHMHA, KaK B IIMUTOIUIA3ME WX KIIETOK, H
VMHULMALWS TPAHCKPUIILIMK IPOUCXOIUT Y HUX IO NpoKapuoTHYeckomy tuty. [Ipeanonarator, 4ro
MUTOXOHJIPUM U IUIACTUABI MMEIOT CBOM COOCTBEHHbBIE (DAKTOPBI AJIOHTALIMM, HO OHHU €Ile HE
oxapakTepu3zoBaHbl. OJHAKO MOXXHO C03/aTh ()YHKIMOHHMPYIOLIYIO THOpUIHYIO pubOCcCOMY,
COCIMHUB Majlyl cyOdacTuily puOocoMbl M3 xyoporutacta ¢ Oonbmioir w3 E. coli, a MPHK
XJIOPOIIJIACTOB YCIELIHO TPAaHCIUPYyeTCs B OETIOKCUHTE3UpYoIel cucteme E. coli.

3amaua 45. Hykneoruanas nocnegosarenbHocts JJHK:
SOOI THOTATDITATIAAATT AT 3 Hanumure
COOTBETCTBYIOIYIO €i IMMOCIIeIOBATEILHOCTh AMUHOKHUCIIOT.

KPATKHUE BbIBO/IbI

Torma xak cam mpouecc TPAaHCKPUILMM WIM TPAHCISALUUM OCYIIECTBIIAECTCA C BBICOKOU
TOYHOCTBIO C 3aTpaToil sHepruu mojekysn AT® unu 3HepreTHdyecku 3KBUBAJIEHTHbIX UM ['TO,
HayalbHbIE ATallbl MHUIMALMK, BKJIIOYAIOLIME B ce0s CTaAMM MOJEKYJSIPHOTO Y3HABAaHUSA H
OTIpEIENIAIONINEe HHTEHCUBHOCTD 3KCIIPECCUU T€HA, 3aBUCAT OT SHEPTeTUYECKH CIA0BIX U CIIOKHO
IIPOCT-

PAHCTBEHHO  OpPraHU30BaHHBIX  B3aUMOJACHCTBUM  MEXIy  MakpomolieKynamu.  Takas
HU3KOPHEPIrUTHUYECKass (CUTHaJbHAs) MpPUPOJA HWHHLMALMK HPEJCTABISAET 3HAUYUTENIBHYIO
TPYAHOCTD ISl U3y4eHHs ()YHKIIHOHUPOBAHUS T€HETHUECKONW CUCTEMBI KJICTKH.

Camu reHeTHUYECKUE MPOLIECCHl OTHOMEPHBI: B HUX MH(pOpMaIHsl, 3aKJII0OUCHHAs B IMHEHHOU
MOCTIeIOBATEIbHOCTH HYKJICOTHIOB, HCHOJB3yeTCs Uil 00pa3oBaHUs JMOO JUIsI W3MEHEHHS
IpyTrOM MOCJIEN0BAaTEIIBHOCTH HYKJICOTUAOB WIH JMHEWHOHN IOCIIEN0BATEIbHOCTH aMUHOKHCIIOT.
OnHOMEPHOCTh TEHETUYECKUX MPOLIECCOB JeNaeT UX MpOIIe A TOHUMAHUs, YeM OOJIBIIMHCTBO
APYTUX KJIETOUHBIX MPOLECCOB, CBA3AHHBIX C BBIpAKEHHEM MH(OpMaIUU, KOTOPYIO HECYT B cebe
TPEXMEpPHBIE IIOBEPXHOCTH MAKPOMOJIEKYJ M TPEXMEpHas apXUTEKTypa B3auMOACUCTBUMN
MaKpOMOJIEKY L.

HecmoTpst Ha yHMBEPCAJIBHOCT CAMHUX T'€HETUYECKUX MPOLECCOB AJI1 Pa3HbIX OPraHU3MOB,
MEXaHU3MBbl UX OCYLIECTBIEHHUS y 3YKapUOT CI0XKHEE, YEM Y IPOKAPHOT. DTO OTPAKAET OOJIBIIYIO
CJIO’)KHOCTh JYKapHOTHYECKOTO T€HOMa IO CPAaBHEHMIO C MPOKAPHUOTHYECKUM U 00jee TOHKYIO
PETYJISILMIO SKCIIPECCUU 3YKAPUOTUYECKUX TE€HOB.



Puc. 123. IIpomotopsl PHK-nonumepassr 11.
Puc. 124. Ponb MHBEPTHUPOBAHHBIX IOBTOPOB B OpraHU3alMK BTOpuyHOM cTpykTypsl JJHK 1
PHK.

Puc. 125. MexaHu3Mm r-3aBUCUMOM TEPMUHALIMK TPAHCKPHUIILIUH.

Puc. 126. IIpumeps! T€HOB € Puc. 127. [Ipeanonaraemsiii
UHTpOHAMH (0003HaYEHBI OYKBa- Mexanu3M ydactus MaPHII B
MH). crutaiicunre PHK.

Puc. 128. Kan 0 sykapuotnueckoit MPHK.

Puc. 129. Yucmno KOZOHOB UIT KaXKIOM aMHUHOKHCIIOTHI
KOppenupyeTr ¢ 4acTOTOH BCTPEYaEMOCTH JTaHHOU
aMUHOKHCIIOTHI B O€JIKax.

Puc. 130. O06001iennas BTo- Puc. 131. O600611eHHas CTPYK-
pUYHasg CTPyKTypa, xapakrepHas Typa amuHoami-TPHK. Pamkoit o6mia Bcex TPHK. Benen
OCTaTOK aMHUHOKHUCIIOTHI.

Puc. 132. ®yHkiuonupoBanue AByX yyacTkoB cBsi3biBaHusl TPHK Ha pubocome.

Puc. 133. A - nepBas cTaus 3J0HTalUU TPAHCISLMU. b - cTagus TpaHCIOKALMU 3JIOHTALUU
TPaHCISALUY.

Puc. 134. Conpsixenue tpanckpunuuu JJHK, tpancasanuu u nerpagaunu MPHK y
MIPOKApUOT.

Puc. 135. IlocnenoBaTenbHOCTh HYKJIEOTHIIOB (UOPOOIACTHOIO HHTEPPEPOHOBOTO TIeHa
YyeloBeKa. YKa3aHbl KOJIUPYIOLIME TPUIUIETBI M KOAMPYEMblE HMHU  AMMHOKHUCIIOTHI.
Wunnuupyrommii 1 TEepMUHHUPYIOLIMM KOJOHBI 00BeleHbl pamkamMu. CTpelkaMu IOKa3aHbI
y4acTKH, cooTBeTCTBYomue 5'- u 3'-konnam MPHK.

Jlexuus 9. TPAHCKPUIILWA U TPAHCIJIALIUA

Tpanckpunyus - uHUYUAYUSA MPAHCKPUNYUU - DTIOHAYUS U MEPMUHAYUSL MPAHCKPUNYUU -
Moougukayus u npoyeccune sykapuomuveckux PHK-mpanckpunmog - cenemuyeckuii Koo -
buocunmes benxka - mpanciayus y NPOKApUoOm - Mpancisayuss y 3yKapuom - Kpamkue 6b1800bl

I'erom, T.e. momekyna JIHK, comepxuT B ceOe CKpBHITHIA IJIaH WM CXEMY pPa3BHTH
opranusMma. Peanmu3ariust 3Toro mjaaHa ocyuiecTBisieTcs: OenkaMu, KoTopele 3akoaupoBansl B JTHK.
CBoiicTBa M NMPHU3HAKU OPraHU3Ma, €r0 MHAMBUAYaAJIbHbIE OCOOCHHOCTH - BCE 3TO ONpEeIseTCs
OenxoBbiM Habopom. Ilosromy cuHTe3 Oenka sBigercs (yHIAMEHTAIBHBIM T'€HETHUYECKUM
nporeccoM. VIHTEHCHBHOCTh CUHTE3a Oelka, KOAMPYEMOro KaKUM-THMOO TIE€HOM, Ha3bIBaeTCs
9Kcnpeccuell, T.e. CAMOBBIPAKEHUEM, 3TOT0 IeHa. DKCIIPECCHsI T€Ha COCTOUT U3 JBYX JTAIlOB -
TPAHCKPUIILIHU n TPAHCJIALIMN.

TPAHCKPUIILMA

TpaHcKpUNIUS MPOUCXOAUT B TPH cTaauu: 1) unuyuayus, 2) snoneayusa u 3) mepmMuHayu.
OCHOBHBIM (hepPMEHTOM, OCYIIECTBISIONIMM TPAHCKPHUITINIO, siBisieTcs PHK-noaumepasza. Tak xe,
kak u pubocombl, PHK-momumepaspl ObIBalOT ABYX THUIOB - HPOKApUOTUYECKHE MU
sykapuotnueckue. PHK-monumepasa mnpokapuoTnueckoro THUMA COCTOUT U3 S5 CyOBEAMHHIL
4eThIpex BUAOB (a, b, b' U s) 1 umeeT cocTaB abb's. Jlyumie Bcero uzyuena PHK-nonumepasa u3
Escherichia coli: mon. macca ee cyopenunnil coctapiseT 40 x/a (a), 155 x/la (b), 160 x/a (b') u
85 k/la (s), hepMEHT MMeeT HECKOJBKO BBITSIHYTYIO (POpMy M €ro MakCHUMajbHBIE pa3Mepbl
JIOCTHTAIOT 15 HM. a-, b- 1 b'-CyObeqMHUIBI pa3HBIX BHIOB OAKTEPH UMEIOT JIOBOJIBHO OIHM3KYIO
MOJI. Maccy, TOrJa Kak MOJI. Macca S-CyObeIMHUIIBI BapbUPYET B 3HAUMTENbHBIX Mpeaenax - oT 44
no 92 kJla. [Tomuenii GepMeHT (c010hepmenm) cocTaBa a,bb's HyKEH TOJIBKO JJIsi WHUIHAIIHH
TPAHCKPHIILINY, a 3aTeM S-CyObeaUHULA (S-hakmop) 0CBOOOXKIACTCS U3 KOMILIEKCA U 3JIOHTaIUs
OCYILECTBISICTCS MUHUMAILHBIM (hepMeHmom cocTaBa abb'. Y MHOTMX OaKTepHii OJUH U TOT XKe
MUHHUMAJIbHBIN (PEPMEHT MOXKET B3aMMOJAEHCTBOBATH C PA3HBIMH S-(PaKTOpPaMH, OJJHOBPEMEHHO
NPUCYTCTBYIOIIMMH B KIETKE, M TOTJa NPOMCXOIWT WHUIHANNSA TPAHCKPHUIIIHUU TOJBKO



OTIpEJIeIEHHON TPYTIIBI T€HOB, "00CTy)XKHBaeMbIX" NTaHHBIM S-(paKkTOpOM. B HEKOTOpHIX Cirydasx,
HampuMmep, NpU Iepexoae OakTepuu K CIOpPYJALuHU, ONoKupyeTcs cuHTe3 "0oOblyHOro" M
aKTUBUPYETCS CUHTE3 HOBOIO S-(pakTopa. DTO MPUBOIUT K MPEKPALIECHUIO TPAHCKPUIILUU OJHOU
IpyNIbl T€HOB U MHULMALMKA TPAHCKPUILMM HOBOW IPYMIBI I€HOB, T.€. K CMEHE I'€HETUYECKUX
nporpamMM B kieTke. Obmiee konmmyectBo PHK-moimMepas, mpucyTcTByONMX B KIETKE
Escherichia coli, onennBaeTcs Kak 7 ThbIC., B 3aBUCUMOCTHU OT YCJIOBUH

pocra B cunte3e PHK MoxeT ObITh 3aHATO OAHOBPEMEHHO OT 2 J10 5 ThIC.

Mmonekyn ¢pepmenta. PHK-nonumepasbl, KoaupyeMble TeHOMOM pa3MHOXKAIOIINUXCS

B OaKTepHANIbHBIX KJIETKaX Oakmepuoghacos, yCTPOCHBI TOpa3Io npoiie npokapuorudeckux PHK-
MIOJINMEPA3 U COCTOSIT BCETO JIMIIb M3 OJHOM MOJMIENTUIHOW LENU, HO MOTYT MHMIIMUPOBATH
TPAHCKPUIILIMIO TOJBKO OINpEAeNIeHHbIX I'eHOB. CenoBaTeNnbHO, CIO0XKHOCTh MPOKAPUOTHUYECKOM
PHK-nonumepaspl, mo KpaliHEl Mepe YacTHMYHO, OTpakacT HAJIWYUE MHOXKECTBA CHUTHAJIOB
KOHTPOJIs, Ha KOTOPBIE OHA JIOJKHA OTBEYaTh.

B sappe »ykapuoT OZHOBpEMEHHO MpPHUCYTCTBYIOT Tpu pasHele PHK-nomumepasst
sykapuornueckoro tuna. PHK-monmmepasa | snokanm3oBana B sAIpbIIIKaX W OTBETCTBEHHA 3a
tpa"ckpunuuo reHoB pPHK, Ha ee momro mpuxomurcesa 50 - 70% xierounoro cunrteza PHK. B
octalbHOM dYactu danapa JokanuzoBanbl PHK-nmomumepasa 1I, oOecneudnBaromias CHHTE3
rereporenHoil simepHoit PHK (mpemmectBennukoB MPHK), u PHK-monumepasza III, oGecrme-
yuBaromas cuHTe3 MHorux Maneix PHK u TPHK. Ha ux gomto mpuxomutcs 20 - 40% u 10%
obmero kneroyHoro cuHre3a PHK coorBerctBenno. Kaxmas u3 sykapuormueckux PHK-
MoJIMMEPa3 MPEJCTaBIsAeT COO0M KPYMHBIM OCJNKOBBIM arperar, COCTOSALIMN M3 ABYX OOJBIINX
cyorenununl (mpumepHo 200 u 140 x/la) m u3 mopsaka 10 ManeHbKUX CyObEIUHHII,
Bapbupytonmx mo Moi. macce ot 10 no 90 k/la. Sapa Beiciux sykapuot comaepxar okoio 40000
monekyn PHK-nonumepass 11, npumepro Takoe ke uncio mosekyn PHK- monumepassr [ 1 BaBoe
Menblie moiekys PHK-nonumepassr 111, npuyem TouHoe KonnyecTBO 3TUX (PEPMEHTOB BapbUpPYyET
B 3aBUCUMOCTH OT CKOpocTHu pocTa KiueTku. Kpome sanepusix PHK-nonumepas B 3ykapuoTuyeckou
KJIeTke ecTh cBou coOcTBeHHble PHK-monmmepasbl B MHUTOXOHIpHSX M XJOpOIUIACTax, OT-
HOCAIIMECS K MPOKAPUOTUYECKOMY THIY. XJIOPOIUIACThl UMEIOT ABE pa3Hble PHK-momumepassi,
OJlHA M3 KOTOPBIX KOAMUPYETCS SAECPHBIM T'€HOMOM, a Jpyras - IUIaCTUIHBIM T'€HOMOM: IUIf
TPAHCKpUIIIMM TeHa BHyTpuractuaHo PHK-monmmepassl HE0oOX0AMMO TMOCTYIUICHHE B
XJIOPOIUIACT CHUHTE3MPOBAaHHOW B 1uTOoIUIazMe miactuaHoil PHK-nomumepassl  sipepHOro
KOIUPOBaHUS.

NHNIONALWA TPAHCKPUIILNN

JUis MHULMAIMKM TPAaHCKPUIIUK HEOOXOAMM OIlpeleseHHbI ydacTok Mousekynsl JIHK,
HazpiBaemblii [IPOMOTOPOM. On otnuyaeTcsi OT cmapmogol mouyku, KOTOPOW CIYXKUT Tapa
ocHoBanuil B /IHK cooTBercTByIOIIasi HYKJIE€OTHY, KOTOPBIN NEPBBIM BKJIFOYAETCS B TPAHCKPHIT,
cuntesupyembiii PHK-nonumepaszoit. [Ipomorop HeoOxoaum miis cnieruUIEcKOro CBSI3bIBAHUS
PHK-nonumepa-
3bI ¢ MostekyJiont JIHK. JTIHK, npenmecTByromas cTapToBO TOYKE, Ha3bIBACTCS
MOCNIE0BATEIBHOCTRIO, PACTIONOKEHHON npomus xooa mpanckpunyuu; JJTHK
IIOCJIE CTAPTOBOM TOYKH HA3BIBACTCS MOCIEA0BATENBHOCTBIO, PACIIOIOKEHHON
no xody mpanckpunyuu. IlocnenoBatensuocts JJHK npunsaTO 3anuceiBaTh
TakK, 4YTO TPAHCKPUIILHUS IPOUCXOAUT CJI€Ba HAIIPaBo (ITO COOTBETCTBYET
oosruHoMy Hanucanuto MPHK B HampaBnenun ot 5'-koHna kx 3'-koHity). [lonoxenus ocHOBaHHiA
HYMEpYIOTCSl B 00OMX HAIpaBJICHUSAX, HAUMHAS OT CTApPTOBOW TOYKH, KOTOPYIO 0003HAYAIOT Kak
+1. Ilo Xomy TpaHCKpUIIIMM NPOUCXOAUT HAPACTAHHE IOPSIAKOBBIX HOMEPOB OCHOBAHMIA.
[To3unum oCHOBaHMM, PACIMOJIOKEHHBIX MPOTHB X0Jla TPAHCKPHUILMH, 0003HAYAIOTCS CO 3HAKOM
MUHYC, U 3Ha4EHHsI HOMEPOB BO3PACTAIOT 110 MEPE YIAIECHUS OT CTAPTOBOM TOUKH.

WccnenoBanue OOJBIIOrO YMCIa MOPOMOTOPOB IOKA3ajlo, 4YTO IOCJIENOBATEIBLHOCTU
HYKJICOTUJIOB, CIIOCOOHBIE co3JaBaTh CHUrHayu s cBsa3biBaHus PHK-monmmepassl, cuibHO
BapbUPYIOT, XOTA M 00JaAIOT PSAAOM OOIIUX CTPYKTYPHBIX ocoOeHHOCcTel. Y E. coli mpoTuB Xoaa



TPAHCKPHIILIMK OT CTapTOBOW TOYKH pacroiaraercs odjactb W3 6 ILH., KOTOpass MOXKET OBITH
oOHapy’keHa TMOYTH BO BCEX MPOMOTOpax. JTa MOCJIEIOBATEIBHOCTh MOXET OBITh pa3HOH, HO
Bcerna moxoka Ha mnocnenoBatenbHOocTh TATAAT, koropas HasweiBaeTcsi O.10kom [Ipubnosa
(Pribnow). Cam Onok IlpubHOBa BCTpedaeTcst JOCTaTOYHO PEIKO, HO OH sBISeTCA
cpeoHecmamucmu4eckol WIA — KAHOHUYECKOU  NOocie008amenbHOCmblo, COCTAaBICHHOW U3
OCHOBaHMH, HauOojiee YacTO BCTpEeyalolMXCcs B Kaxaod no3uuuu. KaHoHMYeckas
MOCJICIOBATEILHOCTh MOJKET TakKe ObITh TpencTaBieHa B Buue TgoAogsTasAgoAsoTos, THE
udpaMu MokazaHa 4acToTa (MPOLIEHT) BCTPEUaeMOCTH OCHOBAHUS B JAHHOM MOJIOKEHUU. LleHTp
6noka [IpuOGHOBA O0OBIYHO pacroyiaraeTcsi MPUMEPHO Ha paccTostHUU 10 M.H. OT CTapTOBOW TOYKH
IpOTHB X0Aa TpaHcKpumnuuu. [losToMy mHOrAa 3ToT 670K 0003HAYAIOT MPOCTO KaK NOI0JCEHUE -
10. B neiicTBUTENBHOCTH TIOJIOKEHUE TEKCAaHYKICOTUIHOTO ydacTKa BapbupyeT oT -11 1o -5 win
oT -14 no -8, mpuyem nocieqHUil MHTEpBal BCTpeuaeTcs yaiie. CxonHasi 1MociieJ0BaTeIbHOCTh
OOHapy>KUBAeTCS B JIPYTOM IOJIOKEHHH C LIEHTPOM OKOJIO HYKJICOTHIHOTO OcTartka -35. Drtor
y4acTOK Ha3bIBaETCs nociedogamenvHocmyvio -35 u umeeT CTpyKTypy TsaTsaGrsAssCsaAgs. Torma
Kak y49acTok -10 BxomuT HemocpencTBeHHO B obnacth cBs3biBanus JIHK ¢ PHK-mommmepasoii,
y4acTOK -35 JIeXHT 3a MpenenaMu OO0JacTH MPOYHOTO CBSI3bIBAHUSA, HO, BEPOSITHO, BaXXEH Ha
nepBoM Htane B3aumozeiictBus PHK-nomumepasst u JIHK u HasbiBaercs Takxke obracmsio
y3uasanus. Pacctosinue Mexay nonoxenusamu -10 u -35 Bapeupyet ot 16 10 19 n.1. Xots
TUIIMYHBIA IPOMOTOP E. coli copepxuT 06a yuactka -35 u -10, umeercs

psia IPOMOTOPOB, HE COJEPKALIUX MOCIEA0BATENBHOCTH -35. OHAKO Takue

IIPOMOTOPBI COJIEPKAT PACIIOJIOKEHHBIHN PSAIOM y4acTOK, KOTOPBIN y3HaeTcs

JIONIOJTHUTEIBHBIM PETYJIATOPHBIM OJIKOM, CIOCOOCTBYIOIIMM MHMLHMAIMH. OOHapyKEHO TaKxke
OYEeHb HEOOJBIIOE YHCIIO IPOMOTOPOB, JIMIICHHBIX MociieaoBaTebHOCTH -10. ITockonbKy ydacTku
-35 u -10 MOryt OTCyTCTBOBaTb, MOXXHO IpEAINOJIaraTh CYIIECTBOBAaHME JPYIHX CIIOCOOOB
cnenuduueckoro yzHaBanus PHK-nonnmMepa3zoil yuactka Hauana TpaHCKPUIILIUY, OJTHAKO CKOJIBKO
CYILLECTBYET TAKMX MEXAaHMW3MOB M KAaK OHHU pealn3yloTcs, IOKa He m3BecTHO. Kpome Toro, ains
pasHbIX OaKTepHAIBHBIX S-(PAKTOPOB MOXKET CYIIECTBOBATh CBOSI COOCTBEHHAs KOHCEPBATHUBHAs
OCJIEeN0BAaTENLHOCTE -35 1 -10.

B cinyuae sykapuormueckoii PHK-mommmepassr II Toxe Haxomdar 1aBe NPOMOTOpHBIE
MOCJIeIOBAaTEeILHOCTH, aHajJornyHbie ydactkam -10 u -35 E. coli (puc. 123). Bo-nepBbIX, Mo4YTH
IIOBCEMECTHO BCTPEUYAETCS IOCIEAOBATENbHOCT M3 7 H.I., OTAEJIEHHAass OT CTapTOBOM TOUYKHU
paccrosstaueM oT 19 mo 27 m.H. (IpeamodYTUTENbHO B ToyoxkeHuH -25). Kanonwdeckas moc-
JIEAOBATEJILHOCTE UMEET BUJT Agz Aso

T82A97TI3A85 A83
T37 T33

u HaseiBaeTcs TATA nnu 6okom Xoenecca. D1a CEeMUUIIEHHAs 1IOCIIEN0BA-
TCJIBHOCTDH 06Hapy>1<eHa Yy CaMbIX pa3HbIX 9YKAPUOTUUICCKHUX OPTraHU3MOB -

MJIEKOIIUTAOLIMX, ITUL, aM(pUOU 1 HaCeKOMbIX. BO-BTOpBIX, fjaee NpoTUB
X0Jla TPAHCKPUIILIUU MMEETCs Apyras IOCJIEeJ0BaTeIbHOCTb, KOTOPAsl y HEKOTOPBIX IPOMOTOPOB
KOHCEPBATHBHA, XOTSA B psle APYTHX CIy4aeB OHAa OTCYTCTBYET. JTa IOCJIEIOBATEIBHOCTD,
obo3nayaemass kak CAAT-6nok, pacnonaraercs Mexay mnonoxenusmu -70 u -80, um ee
KaHOHWYECKUH cocTaB umeet By C
GGCAATCT
T

ITpomotopsr PHK-nonumepassr Il pacnonoskeHpl MO XO4y TpPaHCKPUILMM BHYTPU CaMUX
TpaHCKpUOUpyeMbIX TeHOB. Hampumep, mpomoTop mutst Tpanckpurnimu 5SS-PHK nHaxonutces BHyTpH
3TOro reHa Mexay nonoxenusmu +55 u +80. PHK-nonumepasa 111, BepostHo, criocoOHa y3HaBaTh
IIMPOKUI AUAIa30H MPOMOTOPHBIX nocienoBarenbHocTel. [Tockonbky PHK-nonmumepasa I tpanc-
KpUOUpPYET TOJNBKO TeHbl, Koaupyroume uaeHruynsie pPHK, To mis Hee He yaaercss BRIYICHUTH
IIOCJIE0BATEIBHOCTD IPOMOTOPA.

[IpomoTropHbie 00macTu uYpe3BblYaifHO Oorathl mapamMu A-T. DTO CBA3aHO C Te€M, YTO HX
(YHKIIMOHUPOBAHUE CBS3aHO C IUIABIICHUEM M 00pa30BaHUEM



OJTHOIIETIOYEUYHBIX YYaCTKOB, He0OXxoauMbIx, uTo0sl PHK-nonnMepasa nauana

pabotath. [[ns paspbiBa ABYX BOJOPOIHBIX CBsizeld B Kaxkaoil mape A-T TpeOyercs MeHbIIe
SHEpPruM, 4eM JJIs pa3pbiBa TPEX BOJOPOJHBIX CBA3el B mape I'-1I, moaroMy mist pacxoxaeHus
1enei B mpOMOTOPHOM y4acTKe TpeOyeTcs MUHUMAIbHOE KOJI-BO YHEPTHH.

SJIOHI'ALINA U TEPMUHALIA TPAHCKPUIILINN

[locne cBaspBanus ¢ JIHK PHK-nonumepasa nHaumbaer cuHTesupoBath nenbs PHK,
HCIIONIB3Ys B KadecTBE MaTeprasia pubonykieo3un-S'-rpudocdatsl (ATD, I'TO, YTD u LITD) u
BBICBOOOK1as1 Tupodocdart:

(NMP), + NTP 6 (NMP),+; +PP;,
rae N obo3Hagaer mpou3BoiibHOE ocHoBaHue. J[nst aktuBanmu PHK-monmmepas Hy>XHBI Takxke
HOHBI Mg%. Hossie nenu PHK uMeroT cTtporo onpeneneHHyo CTPYKTypy S'-KOHIA: MOJIEKYJIbI
HaYMHAIOTCS 100 ¢ pppA, b0 ¢ pppG, ubst 5'-TpudocdaTnas rpynmnupoBka (0603HauaeMas ppp)
He pacmieruigercs 10 nupodocdara u ocraercs 6e3 U3MEHEHUI HA MPOTSHKEHUH BCEro Mpoliecca
Tpa"ckpunuuu. B ornnune ot cunres3a JIHK 3arpaBka qist cunreza PHK He HyxHa, 1 HOBbIE 1IeTTN
PHK o6pa3yrotcs de novo.

PHK-nonumepasa nBuxercs BIoab TpaHnckpuOupyemoit nienu JIHK B nanpasnenun 3' 6 5',
npu 3ToM crposimascs Mosiekyia PHK pacrer B niuny B HanpaBienun S' 6 3' co ckopocthio 30
HYKJICOTUIOB/Cc. MakcuMaibHas CKOPOCTh 3JIOHTanuu cocraisier 50 HykineoTuaos/c. B mpouecce
TPAHCKPHIILIUU HYKJICOCOMHAs CTPYKTypa XpOMaTHHA SYKapHOT JIOKAJIIBHO pa3pyIlaeTcsl, HO Mocie
npoxoxaeans PHK-nonanMepassl, BeposiTHO, OBICTPO BOCCTAHABINBACTCS.

Y mnpokapuoT CymecTBYIOT nBa THma nocienoBatenbHocte JIHK, HeoOxomammbie mis

OCTAaHOBKM TpPAHCKPUIILMHU, - TI-3a8ucumvle W T-He3asucumvle mepmunamopul. llpouecc
TepPMHUHALIMK Y TIEPBBIX 3aBHCHUT OT Hajau4uus HeOosbmoro (55 k/la) Oenka, Ha3pIBaEMOTO (haxkmop
r. Oba Tuna TepMHHATOPOB MPEIACTABISAIOT COO0H uHGepmupyembie NOBMOPbL, UIN NATUHOPOMDL,
T.€. NIOCJIEI0BATEIbHOCTH KOTOPBIX MPOUYUTHIBAIOTCS OJJMHAKOBO KakK B IIPSIMOM, TaK U B 0OpaTHOM
HaNpaBJICHUH, a y r-HE3aBUCUMBIX TepMuHaTtopoB Ha koue PHK Bcerma mmeercs HeGoObIIONM
OTpe30K U3 ocTtaTkoB Y. Hannuuwe namuHApoMOB NpUBOAMT K (OPMUPOBAHHUIO BTOPUYHBIX
cTpyktyp tHna "kpecm” B nyxuenodeunoil JJHK u tuna "wnurvxa” B onmnonenodeunoit PHK
(puc. 124). lInuneka, Bo3HuKaromas B cuHresupyemoir PHK B Mecte manmnzapoma, 3acTtaBiser
PHK-nonuMepasy JIBUraThCsi MeUIEHHEE WM OCTAHABIMBATHCS (MPOIOKUTENBHOCTh May3bl
CHJIHO BapbUPYET, HO B CPETHEM HA OOBIYHOM TE€PMHUHA-
Tope (epMeHT ocTaHaBiuBaeTcs Ha 1 MuH). Ha r-He3aBucuUMBIX TepMuHaTOpax octaHoBka PHK-
MOJIIMEPa3bl CO3MIAeT OJaronpusTHBIE ycioBus st otaenenns PHK-TpanckpunTa n3 KoMriekca
c JHK-maTtpuneif, nockonbky ruOpuaHas mapa Y-A xapakTepusyeTcs O4YeHb clIaObIMU
KOMIUIEMEHTApHBIMU B3auMojeicTBusMH. B ciydae r-zaBucumoro tepmuHaropa (akrop r-
cBsi3bIBaeTcs ¢ 5'-koHnoM cuntesupytomeiics PHK, a 3arem npoasuraercst Baonb Hee, HCHONb3Y S
JUISE 9TOTO JHEPTHI0 THUAposm3a JoObIX TpudocharpudbonykieotnnoB (Puc. 125). OcranoBka
PHK-nonauMepassl Ha TepMUHATOpe NO3BOJsET r-(hakTopy JHOrHaTh ee. 3areM (akrtop r
B3anmozeiictByeT ¢ PHK-mmonmumepasoii, Bei3piBas ocBoboxkaenrne PHK u otnenenne mommmepassr
U camoro ¢akTopa OT MaTpHibl. MakcuMasibHasi akTUBHOCTb r-(hakTopa JIOCTUTAETCs yKe IPU €ro
KOHLEHTpauuu, cocrapistoniet 10% ot kon-sa PHK-nonumepassl. Paznuunas 3@ QpexTuBHOCTD
TEPMUHATOPOB OOBICHAETCS Pa3HOM BETMUMHOW IIMUIBKH, KOTOPYIO OHM (DOPMHUPYIOT, U
CJIEIOBATEIILHO, PA3HOM JUIMTENBHOCTBIO ocTaHOBKH PHK-nonumepaspl. [1oka Mao 4To n3BECTHO
O CUTHaJIax TePMHUHAIMU SYKApHOT. i 3yKapHOTHUECKOW TepMUHALIMU HE HYXKHO 00pa3oBaHHE
IINWIBKU. DYyKapUOTUYECKUE TEPMHUHATOPbI MPAKTHUYECKHU BCEr/a COJEp)KaT KOPOTKyro (4 - 5
HYKJICOTUIOB) MOCJIEI0BATENBHOCTh U3 Y, pacnonoxeHHyto B -1 6oratom paiione. Mexanusm
TEPMHUHALIMU HA CTOJb KOPOTKOM CHUT'HAJIE HEU3BECTEH.

B pacrymeii kietke B cpenHeM 200 MITH. HyKJIEOTHIOB NOJIMMEPHU3YIOTCS KaXKyI0 MUHYTY C
obpazoanrem PHK. DT1o mpumepHo B 20 pa3 nmpeBbIIIaeT CpeaHIO ckopocTh cuaTe3a JJHK
nepes] HayajaoM JeIeHHUs.

MOIMNOUKALIMA U ITPOLHECCHUHI" OYKAPUOTUYECKNX PHK-TPAHCKPUIITOB



Toraa xak y HMpOKapuOT MpOLECC TPAHCKPUIILIMK CONPSKEH € TpaHCISALUUEH, Yy 3yKapHoOT
OT/IeJICHHE BHYTPEHHETO MPOCTPAHCTBA SAApa, I UAET TPAHCKPUIILUS, OT LIUTOIMJIAa3Mbl, I1le UIET
TpaHCISANHUsSA, OOOJOYKOH M3 MeMOpaH IIO3BOJISIET CYIIECTBEHHO W3MEHSATh crpoeHne PHK-
TPAHCKPHUITOB O TOr0, KaK OHM CTAHYT MaTpHLIaMU Ul CHHTe3a Oenka. Bcsi COBOKYyIHOCTB
anepHbix TpanckpunToB PHK-nonumepassl 11 HassiBaeTcs eemepozennou sioepnou PHK (rssPHK),
NoCcKoNbKy Bxoasume B Hee PHK-TpaHCKpHUNTEI OueHb CUIBHO pa3ianyaroTcs 1o JuinHe. MHorue
U3 OJTUX TPAHCKPUIITOB B KOHIIE KOHIIOB IOKHJAIOT SApPO, MPEBpaIlasChb B MOJEKYJIbI
ungopmayuonnonu nn mampuunor PHK (MPHK). Opgnako mnpexiae 4eMm BBIATH U3 spa,
moutekyisl MPHK npereprnieBatoT cepuio KOBaJI€HTHBIX MOAU(DUKALMMA, KOTOPbIE OTINYAIOT UX OT
TPAHCKPUIITOB, CUHTe3UpoBaHHbIX nApyrumu PHK-nmonumepazamu. 5'-koneny monekynsl PHK
Konupyemcs (OT aHTIL. cap - IIanoyka), T.e.
bepMeHT eyanunmparncgepasa IPUCOEAUHSIET K HEMY OCPEICTBOM HEOOBIYHOM
TpudochaTHOI CBA3M OCTATOK I'yaHO3WHA, TaK YTO OH OKa3bIBaeTCs B OOpPATHOW OPUEHTALIUH TI0
OTHOLICHHUIO K APYyTruM HyKieoTHaaMm. KsnupoBaHMe NpPOMCXOIMT e€lle A0 TOro, Kak Oyner
3aBepIleHa TPAHCKPUIIIHS, HO JajbHEWIIas MoAu(UKamus Kdma MpOJIOJDKAETCS YK€ TOJBKO B
LIUTOIUIa3Me TI0CJIE BBIXOa TPAHCKPUITA U3 sijIpa.

[Tociie TepMUHAIIMM  TPAHCKPHIIIUW  CICHHATBHBIA  GepMeHT  poly(A)-norumepasa
npucoenusseT K 3'-koHny kaxaoro PHK-tpanckpunrta, kotopslii ctanet monekynoi MPHK, 100 -
200 ocTaTKOB aICHUIIOBOM KUCIOTHI [poly(A)], ocymecTBiuss peakiuio nATO 6 (AM®), + nPP;,
YTO 3aBepIlaeT npolecc odbpasoBanus nepsuunoco PHK-mpanckpunma. lpucoenunenue poly(A)
(nonuadenunuposanue) MPOUCXOIUT JTHOO HEMOCPEICTBEHHO TTOCIIE TEPMUHALNN TPAHCKPHUTIIHIH,
m0o mocne cnenuduueckoro pacuerieHus pactyeid nenu PHK. Ilpeanonaraercs, 4to Takoi
"XBOCT" CIIOCOOCTBYET MOCIEAYIOMIEMY npoyeccuney u SKCHopTy 3penbix Mojiekya MPHK u3 sapa.
Korna MPHK tonbko noctynaer B nuromiasmy, ee poly(A)-KOHEL UMEeT MIPUMEPHO Ty XKe CaMylo
JUIMHY, YTO U B SApE, HO 3aTEM HAUYMHAET IIOCTOSTHHO YKOpayuBaThcs. Takum o0pa3om, KiIeTo4Has
nonyssauust MPHK cogepxxut kak "HoBble", Tak U "cTapble" MOJEKYJbl, UMEIOIINE OTHOCUTEIBHO
IuHHBIE U Oosee KopoTkue poly(A)-yuactku. OxgHako amuHa poly(A)-KoHIIa B JaHHOM MoJie-
KyJie, 0-BUIUMOMY, HE BIHUSET HU HA €€ CIOCOOHOCTh K TPAHCISLMU, HU Ha €€ CTaOMIIbHOCTh B
mutoruiazme. Ilpumepno tpets 3penbix kietounbix MPHK He nmeet poly(A)-xBocta. OCHOBHOM
KOMITOHEHT 3To# poly(A’)-dbpakuuu npencraBieH Mojekyinamu TuctoHoBbIXx MPHK, xoaupyrommx
ructoHoBele Oenku  xpomocoM. Ot MPHK wumeror HeGomblive pasMepsl U aKTHBHO
CUHTE3UPYIOTCA TONBKO B Tepuonbl perumkaiuu kierounor IHK. Octanbnas gacte poly(A)-
dpakiuu (mpumepro 2/3) maenTHuHAa ¢pakuuu poly(A’)-MomeKys, Tak YTO HEKOTOPHIE TI'€HBI
IPEJCTaBICHbI TPAHCKPUIITAMHU, YAaCTh KOTOPBIX MOJIUAICHIINPOBAHA, a YacTh - HET.

Cpenusisi yinHa HoBooOpazoBaHHOU Mosekynsl PHK, cunresupoBannoit PHK-nonumepa3oii
II, cocraBnger okono 8000 HykI€oTHAOB, M 4YacTo BeTpewaroTcs Modiekyiasl PHK,
HacuuThiBatroue 10 - 20 Thic. HYKJI€OTHAOB, YTO HAMHOIO MpeBblaeT BenuuuHy 1200
HYKJICOTHJIOB, KOTOpas JO0CTaTo4yHa J/JIg CHHTe3a CcpeaHedl OenkoBoil Mojekyiasl u3 400
AMHMHOKHUCIIOTHBIX OCTaTKOB. JlTMHa HOBOCHHTE3UpOoBaHHBIX Mosiekyl PHK OvicTpo ymensbinaercs,
nocTturas pasmepoB nurormiazMarndeckod MPHK no mpomectsuu yxke npumepro 30 MUH mociie
3aBEpUIEHMsI CBOErO0 CHHTE3a. JTOT mpouecc HaswplBaeTrca npoyeccuneom PHK. YkopoueHHble
MPHK HaumHaroT nokuaars siapo, npeBpa-
masics B MPHK. Onrako nuroruia3Mel focturaetr He 6osee 5% o01eit Macesl
rsiPHK. OcTanpHbIe OCIe10BaTeIbHOCTH PUOOHYKICOTHIOB JETPATUPYIOT B
aape ¢ 00pa30BaHUEM MHOXKECTBA MEJIKUX (PParMeHTOB, YTO 3aHUMAET OKOJIO
I 4.

BOnBIIMHCTBO ~ JyKapMOTHMYECKUX  TE€HOB  COAEpKAT B CBOCHM  HYKICOTHIHOH
[IOCJIEIOBATENbHOCTH  IPOTSDKEHHBIE  HETPAHCIMPYEMble  BCTABKH, KOTOPBIE IPEPBIBAIOT
COOTBETCTBUE MEXAY HYKICOTHUIHOW IIOCIENA0BAaTEIbHOCTBIO OCTAJbHBIX YYaCTKOB TI€HAa H
AMUHOKHCIIOTHOM TIOCIICIOBATEIHFHOCTBIO TMOJIUIENTHAA, KOAUPYEMOTro 3TUM TeHoM (puc. 126).
Taxue nerpancnupyemble yuactku JIHK B renax nassiBaror MTHTPOHAMMU, Toraa xak ydacTku
reHa, KOJUPYIOIIME aMUHOKHUCIOTHYIO  IIOCJIEJOBAaTEJbHOCTh  MOJMIENTH]A, Ha3bIBAIOT



OK30HAMM. UnTponnsie nocnenoBarenbHoctd PHK crenmuryecky BhILEIUISIIOTCS U3 KaXKI0TO
PHK-tpanckpunta B Xxoae ero mnpeBpaimieHuss B '"3pemyw" monekyny MPHK, cmoco6Hyro
y4acTBOBaTh B cHHTe3e Oenka. [1ockobKYy SK30HBI IOCIE BBIPE3aHHUS HWHTPOHOB COEIAMHSIOTCS
ApYyT ¢ IpPYyroM B CTBIK M 00pa3yloT eauHoe 1einoe, npouneccunr PHK, nporekaromuii mo takoii
cxeme (puc.

127), monyunn na3samme CIUIAMCHHI (ot amrn. splice - cpammBats). B smpe TummurOif
JYKapUOTHUECKOM KJIETKH TpaHCKpuOupyercs ¢ odpazoBanueM PHK 7 - 10% renomuoit JIHK,
torga kak nuromasmarnueckue MPHK mpeacrasmsror mums 1 - 2% HykineoTnaHbIx
nocieaoBareabHoCTel reHoma. PasHuna, mo-BUAMMOMY, 00YCJOBI€Ha TIJIaBHBIM OOpa3oM
Jerpajanyeld MHTPOHHBIX y4acTKOB MoJiekyn raPHK.

Pasmep unTponoB BapbupyeT oT 0.1 10 10 ThIC. HYKJICOTHUIOB, a OTHOIIEHUE JJTMHBI BCETO
reHa K €ro KOJUPYIOIIEH 4acTh y >KMBOTHBIX JIEKHUT B mpezaenax or 1.2 go 26.2 u B cpeaHem
cocTaBisieT 5.5. Yncino MHTPOHOB MOXKET ObITh OoT 1 10 > 50 Kak B Cilydae KOJUIareéHOBBIX TE€HOB.
bonpuryto 4yacTh HYKJIEOTHIHOM IOCIEN0BATEIBHOCTH MHTPOHA MOKHO MCKYCCTBEHHO M3MEHSTH
0e3 BcsKoro Bpena sl (YHKIMOHMPOBaHUS TeHa. [loaToMy B XOJe SBONIONMK B WHTPOHAX
ObICTPO HakKaruMBaroTCs MyTanuu. OJHAKO Ha KOHIIAX HMHTPOHA HAXOJIUTCS IO HECKOJIbKY
HYKJICOTHIOB, KOTOPBIC HENIb3s N3MEHHUTH 0€3 pHUCKa HAPYIIUTh BCIO pabOTy TeHa!

9Kk30H . AG GTAAGT . untpon .6Py NCA G. 3k308H,

% %
JeBas TpaHuLa IIpaBasi FpaHuLA

rae 6Py - 6 nupuMuuHOB noapss, a N - mo00i HyKiIeoTu 1. DTH KOPOTKHE
MIOTPaHUYHBIE IOCJIEIOBATEIBHOCTH €CTh IOYTH y BCEX MCCIEAOBAHHBIX MHTPOHOB U CIIyXKat
curHaiamu g ciuaicuara PHK. DOtu  morpaHwvHble y4acTKM HMHTPOHOB — OKAa3aJIUCh
KOMIUIEMEHTApHBI ONPEACIEHHBIM y4acTKaM MOJIEKYJ
PHK, npucyTcTBylomux B MHOTOYUCIEHHBIX MAIbIX SA0EpHbIX PUOOHYKIEONPOMeEUHOBbIX
yacmuyax (MaPHII), cpennsis mon. macca kortopeix coctaBiseT 250 k/la. [Ipeamomaraembiii
Mexanu3Mm yuactusi MaPHII B crumaiicuare PHK mnokazan Ha puc. 127. JIpyrue pa3HOBUIIHOCTH
MAPHII Hy»HBI 1711 cOOpPKM pUOOCOM B SIIPBIIIKE M, BEPOSATHO, YYAaCTBYIOT B TPAHCHOPTHPOBKE
paznuunbix Mosekyn PHK wu3 anpa B nmromnasmy. MsPHK ciyxar mpumepom Toro, 4ro He
TOJBKO Oenku MOryT oOnajgaTh (EpMEHTAaTUBHOW AaKTHBHOCTHIO. Kpome TOro, B HEKOTOPBIX
cllydasix CocoOHOCTh K CIUIAHiCHHTY OKa3bIBaeTCsl BHyTpeHHHM cBoiicTBoM camoii PHK. B stom
cinydae obpaszoBanne moJiekyior PHK crnenmduieckoit BropudHo# (WM TPETUIHOM) CTPYKTYPhI
JIeJ1aeT BO3MOKHBIM a6MOKaAmanus3.

B Ttex ciydasx, Koraa TeH COJEPKUT HECKOJIbKO HHTPOHOB, BaXKHO, UYTOOBI JK30HBI
COCAMHSJINCH B TPAaBWJIBHOW IIOCIEAOBAaTENbHOCTH, a HE ciay4aiHeiM oOpasom. Kak
OCYILECTBIISICTCS TAKOH KOHTPOJIb, HEU3BECTHO, OJJHAKO HET KaKOro-mM0o 00s3aTelbHOr0 MOpsIKa
CIUIalicUHIa (MIOCKOJIBKY HaXOAST IMPOMEXKYTOUHBIE MPOAYKTBI, Y KOTOPBIX MHTPOHBI YJAJIEHBI B
pasHbIX KOMOMHALMAX), HO €CTh IPEANOYTHTEIbHBIN MNOPSANOK NpOTeKaHWs CcIulaiicuHra. B
HEKOTOpBIX  CIOydyasXx B  KIETKE  OCYIIECTBISIOTCS  HECKOJIBKO  JIETEPMEHHPOBAHHBIX
AIbMEePHAMUBHLIX CHIANUCUH208, YTO TIPUBOAUT K oOpazoBaHHWio W3 ofgHOro u Toro ke PHK-
TPaHCKPUIITa HECKOJBKUX OTIMYaromuxcs aApyr ot apyra monekyn MPHK, kxoampyrommx
paznuunbie Oenku. [IpuMepoM MOXKET CIIyXUTh (HOPMUPOBAHHE MHOTOOOpas3wsi aHTUTEN B
muMmdorurax. Bo3MOXXKHO Takke, UTO AJIbTEPHATHBHBIN CIUIAWCHHI TPOMCXOIHUT B IpoLEcce
kierouHoi auddepenimpoBku. Takum o0Opa3oM, camo CYIIECTBOBAaHHE CIUIAWCHHTA IMPUIAET
KJIETKE JOMOJHHUTEIbHYI0 T€HETUYECKYI0 TMOKOCTh. M3BEeCTHBI ciy4ad, KOT/la MHTPOH OJHOTO
reHa MOXKET OBITh 3K30HOM JpYroro reHa, WIM KOIJa HHTPOH CaMOCTOSATENbHO KOAUPYET
HEOOJIBIION perynsaTopHblii Oenok. OIHO W3 MPEANONI0KEHUH CBSA3BIBACT MPOHUCXOXKIICHHUE
WHTPOHOB Y 3YKapHOT C TOSBICHHUEM BO3MOKHOCTH KOMOMHHMPOBAHUS 3K30HOB ('MUHHU-TEHOB'"),
KaX/IbIi 13 KOTOPBIX KOAUPYET (YHKIMOHATIHHO 3HAYMMBIH OCTKOBBIA JOMEH, YTO MPUBOAUT K
BO3HMKHOBEHHUIO B XOJI€ ABOJIOIMHM HOBBIX I'€HOB, KOJUPYIOIUX OEIKU C HOBBIMU IOJE3HBIMU
CBOMCTBaMH.



Tombko oxono 5% o6meit mMaccel PHK-TpanckpunToB mMOKHMIAeT KJIETOYHOE SIPO.
Crnenuduueckre cUrHajbl, Ciysxamye "npomyckoM" Ha BeIxof U3 sapa pasnuunbix PHK, noka He
uaeHTuguIMpoBaHbl. BeposTHO OHM BO3HMKaOT BO BpeMms cruiaiicuHra PHK, mockonbky mpu
BBEJICHUU B SIPO TIeHa, U3 KOTOPOr0 TI'€HHO-WHXXEHEPHBIMM METOJaMU ObUIM HMCKYCCTBEHHO
yaaneHsl UHTpoHBI, ero PHK-Tpanckpunts! octatores B siape. B TO ke BpeMsl TOIKHBI Cy-
IIECTBOBATh U KAKHE-TO JPYTHe IyTH BOSHUKHOBEHHS CUTHAJIOB 3KCIIOPTA B
Mounekysnax MPHK, moroMy 4to He Bce 5yKapuOTHYECKHE T€HBI COJIEepKaT
UHTPOHBI.

[Tocne Beixoga MPHK u3 sinpa nuromnnazmMaruueckuii GepmMeHT eya-

HU-7-Memun-mpancgepaza, WCIONb3yss B KadecTBe KodakTopa S-aJJeHO3MIMETHOHUH,
MPUCOEANHSIET METUIbHYIO TIpymnmy K 5'-KOHIEBOMY TyaHHMHY, 'HpUIIATOMY" B spe
ryanunTpancgepasoil. IlomyuuBmiasicss crpykTypa HasbiBaeTcs kon () UM BCTpeuyaeTcs y Beex
OJIHOKJIETOYHBIX 3YKapuoT (pHC.
128). Y MHOTOKJIETOUHBIX 3yKapuOT Apyroit pepmenT (2'-0-wemun-mpancghepasa) nob6apuser ere
OJIHy METWJIbHYIO TPYIIy K cienyromeMy (T.e. mepBoMy J10 K3nupoBaHus) Hykieotuxy MPHK.
Takoit k31 Ha3piBaeTcst konom I. Y HEKOTOPHIX BUAOB METWIIbHAs TPYINa MOXET J100aBIAThCS K
CIIeyIoIeMy (BTOPOMY 110 K3IHMPOBAHUS) HYKJIEOTHLy U MOJIYy4aeTCsl TPUKIbl METUIMPOBAHHBIN
kon 2. OOBIYHO K3MbI THUHA 2 COCTABIAIOT Tonbko 10 - 15% oT cymMmapHOW K3NMMpPOBaHHOM
MONYJIAIMK MOJIEKYJI. Kambl HrpatoT OCHOBHYO pouib B npouecce npucoennenns MPHK k manoit
cybuacTtuiie puOOCOMBI Mepe]] HaualoM TPAHCISALUM, a JOMOJHUTEIbHbIE aKThl METHIIMPOBAHMS,
BEPOSITHO, TMOBBIIIAIOT 3((PEKTUBHOCTH CBSI3BIBAHUS C PHOOCOMOM.

HoBooOpa3oBannsle sykapuorndeckne MPHK Buaumo Bcerga acconuupoBaHa ¢ Oenkamu,
obOpa3yst puboHykieonpoTenHoBbie wactunbl (mPHIT). B MPHII xietok wMiiekomuTarommx
oOHapy>KUBalOTCs /1Ba OCHOBHBIX Oenka 52 u 78 k/la, ocranbHble OCJKU SBISIOTCS MUHOPHBIMU
komrnoHeHTaMu. 78 k/la Genok cBsizan ¢ poly(A)-xBoctom MPHK. ®@yHkumonanpHOE 3HaueHHE
3TUX OEJIKOB HEM3BECTHO, XOTS OHM MOTYT MpHHHUMAaTh ydactue B TpaHcnopre MPHK u3 snpa B
LUTOIJIa3My WM OKa3blBaTh BIMSHHE Ha UX TPAHCILILMIO. BO3MOXXHO Takke, 4TO HEKOTOpHIE
MPHIT (unghopmocomor) conmepkar MPHK HeakTuBHBIE B MaHHBIE MOMEHT, KOTOpbIE OymyT
BOBJICYCHBI B TPAHCIIALIMIO Ha 0oJiee MO3AHUX CTaAUAX WIH IPU U3MEHHUBILUXCS yCIOBUSX.

Xors cuHte3 PHK B MUTOXOHApHSAX M XJIOpOIUIacTax Majo YeM OTJIWYaeTcs OT
TPAHCKPHUIILIMK Y TPOKAPUOT, B MHTOXOHIPHUAX €CTh CBOU OCOOEHHBIC PA3HOBHIHOCTH
nporeccudra. Hampumep, B KiIeTkax 4delioBeka o00e menu wmuTtoxoHapuaidsbHor JIHK
TPAHCKPUOUPYIOTCS C OIMHAKOBOI CKOPOCTBIO OT €IMHCTBEHHOT'O MPOMOTOpPA Kaxkaou nenu. [lpu
3TOM OoOpasyroTcst aABe Turantckue Mosekynbsl PHK, kaxmas w3 KOTOPBIX TPEACTaBiIsIeT COOOi
nosnyto konuto ogHoi nenu JJHK. ITocne atoro PHK-Tpanckpuntel Hape3atorcs Hyk-

JieazaMu: U3 ogHOM 1enu noiyyvatorcs 2 mosiekynsl pPHK, 14 TPHK u 12
MPHK, a u3 apyroii - ronsko 8 TPHK 1 1 MPHK (90% nocnenoBarensHOCTH
3TOr0 TPAHCKPUITA HE HECET M0JIE3HOW NHpOpMALUU U paclieruiseTcs). 3a-

TEeM MHTOXOHpuanbHas poly(A)-moammepasa MprucoeanHsET K 3'-KOHIYy MO-

nexyn MPHK poly(A)-xBocT u3 npumepHo 55 HyKI€OTUIOB, OJTHAKO OHH OC-

TAlOTCSl HEKAIHUPOBAHHBIMHU. Y JPOXIKEH, B OTINYUE OT YEJIOBEKA, MUTOXOHAPHUAIBHBIE TE€HBI
COJIEp/KaT HMHTPOHBI, KOTOpBIE YAAIAIOTCA W3 CIUIAiCHHIOM. Bce reHsl, Kpome OJHOrO,
CHUHTE3UpPYIOTCS Y Apoxokend ¢ omaHoi nenu JJHK, mpuyeM cymiecTByeT HECKOJIBKO MPOMOTOPOB
JUIS pa3HBIX T€HOB.

TEHETUYECKU KOJI

CooTBeTcTBHE MEXKIY MOCIIE0BATEILHOCTHIO HYKJICOTHIOB B T'€HE U MOCJIEI0BATEIIbHOCTHIO
aMUHOKHUCIIOT B Oenke ycranaBmuBaeTcs ¢ momombio [EHETHMYECKOI'O KOJIA. B
HYKJICOTUHON TOCIIE0BATENIBHOCTU JODKHO OBITH TOCTATOYHO KOAMPYIOLIMX EIMHHUII, YTOOBI
3akoupoBath 20 aMmuHOKKCIOT. Ho
B JIHK conepxutcs ToapKo 4 pa3HbIX OCHOBaHMS, U 9TO 03HAYAET, YTO
aMUHOKHCIIOTA JJOJKHA OBITh 3aKOUpOBaHa 00jIee YeM OJJHUM OCHOBaHHEM.



Ecoun Ob1 nBa ocHOBaHMs omnpeAensyii onHy amuHokuciory, To B JIHK wmormo Ob1 ObITh
3aKOMPOBAHO TONBKO 4° = 16 BHAOB aMHHOKHCIOT. IIOCKOIBKY 3TOr0 HEIOCTATOYHO,
TEHETUYECKUN KOJ JOJDKEH ObITh mpuniemeH, T.e. KKIOW aMHUHOKHUCIOTE JIOJKHBI
COOTBETCTBOBATh TPU PACIOJOXKEHHBIX IOCIEAOBATEIbHO OCHOBaHMA. [lOCKONBKY 4HCIIO
BO3MOYKHBIX TPUILJIETHBIX KOMOWHAIIUNA COCTaBIISIET 4’ =64, 10 CyHIECTBOBaHUE TPUILIETHOTO KOJa
MpearnoaraeT, 4YTo JUO0 HE BCE TPHUIUIETHl YYAaCTBYIOT B KOJWPOBAHUU AMUHOKHUCIOT, JHOO
HEKOTOpblE AMMHOKHUCIOTHI KOAMUPYIOTCSI 0Oojee 4YeM OJHUM TpUILIeTOM. B reHermyeckux
JKCIIEPUMEHTax Oblla JO0Ka3aHa TPUIUIETHAs MPUPOAA TEHETHYECKOro KOoJa M TMOKAa3aHO, 4YTO
MIOYTH BCE aMMHOKUCIIOTHI KOJUPYIOTCA 00JIee UeM OJTHUM TPUILIETOM.

I'enetnueckuit koa npeacrasneH B Tabnuie 11. [TocnenqoBarensHOCTD U3 TPEX HYKICOTUAOB,
COOTBETCTBYIOIIAs OJHOM aMmuHOKHCIOTe, HaszbiBaercs KOJJOHOM. IlocnenoBaTenbHOCTD
KOZIOHOB YHMTAETCsl HEMPEPBHIBHO, HAUMHAsA ¢ (PUKCHUPOBAHHOW CTAPTOBOI TOYKM HA OJHOM KOHIIE
reHa, U 3aKaH4YMBaeTCs B TOYKE mepMuHayuu Ha JPyroM KoHue reHa. IlocienoBaTenbHOCTb
HYKJICOTHJOB TPOYHUTHIBAETCS B HAIpaBICHUH OT S5'-KOHIA K 3'- KOHIly M COOTBETCTBYET
aMUHOKHCIIOTHOM TOCJE10BaTEIbHOCTH, 3alIMCaHHOM B HanpaBieHUH oT N-koHIa K C-KoHILy.

Baxxnedmumu CBONHCTBAaMH TE€HETHUECKOTO KOJAA SIBISIOTCA €r0 VHUBEPCATbHOCHb W
gbipodcoenHocmy. ['eHeTUYeCKui KOJA yHHMBEpPCAleH JUIsl BCEX JKHMBBIX OpPraHU3MOB Kak
MPOKAPUOTUYECKUX, TaK U OYKApUOTHYECKHX. OTO TOITBEPKIAETCS CYIIECTBOBAHHEM
eemeponozudeckux cucmem mpancaayuu, T.e. xorga MPHK oaHoro opranmsma npaBHIIBHO
MPOYUTBIBAETCA N VIVO
WIH in Vitro 0€N0K-CHUHTE3UPYIOIIUM alapaToM OpraHu3Ma COBCEM JIPYIroro
BUJIa, TUTIA WK [apcTBa. VICKITIOUEHHS U3 YHUBEPCAILHOCTH T€HETHUECKOTO
KoZa OblIM OOHApYy’>KEHbl B MUTOXOHJIPHUSIX HEKOTOPBIX BHUJIOB. Y HHUX ObLIO OOHApy» EHO OJHO
obmiee n3meHenue: kogoH UGA uutaercs Tak ke, kak UGG, u koaupyet Tpuntodan. Y IpoxKe
kogoH CUA u, BO3BMOXKHO, BCE CEMENUCTBO KOJOHOB, HauMHarommecs ¢ nymiera CU, koaupyror
TPEOHUH BMeECTO JeinuHa. Y muekonurtatomux AUA umeer To ke 3HaueHue, uto AUG, u o3Ha-
4aeT METUOHUH BMECTO u3oJieiinHa, a KogoHbl AGA u AGG BBI3bIBAIOT TEPMHUHALIMIO LIETIH, a HE
KOAUPYIOT apruHuH. OJHAKO 3TO - peKHE UCKIIIOUEHUS U, UITHOPUPYS MX, MOXKHO IMPEAINoaraTh,
YTO YHUBEPCAIBHOCTh KOJA CBUIETEIBCTBYET O TOM, YTO OH CIJIOKMJICSI OUEHb PaHO B IpoOIEcce
HBOJIIOLIHH.

Tabmuna 11 I'eneTnueckuit Ko,

[TepBoe 2 BTopoe nonoxenue 2 Tpetbe
MOJIOKEHUE 2 vV |2 r |2 MOJIOKEHUE
| (5'-xomemn) 2 o 2 A 2 2 | (3'-xoHen)
_2_ |®en IMuc 2_
®eH - ITuc Yy
y Jlen Cep Tup Cron 1
Neii | | Cep Tup Tpu A
Cep Cron r
Cep Cron
I Jlen IIpo I'uc Apr Yy
Jlei IIpo I'uc Apr 1|
Jlen IIpo I'nn Apr A
Jlei IIpo I'nu Apr r
A Une Tpe AcH Cep Yy
Une Tpe Acn Cep I
Nne Tpe JIuz Apr A
Mer Tpe JIu3 Apr r




r Ban Ana Acn I'mu Yy
Ban Ana Acn 'mu 1|
Ban Auna I'nmy ' A
Ban Ana I'my I'mn r

To, uro 20 aMMHOKHUCIOT MpeAcTaBieHbl 61 KOJOHOM, O3HAYaeT, YTO T'€HETUUYECKHM KOx
BBIpOXK/IEHHBIH. [louTH Ka)KIoW aMUHOKHUCIIOTE COOTBETCTBYET HECKOJIBKO KOOOHO8-CUHOHUMOS.
Uucno KOJOHOB [JIi OOHOM aMHUHOKHUCIOTBHI JIOCTaTOYHO XOPOLIO OTPAXaeT 4YacToTy
BCTPEYAEMOCTH JTaHHOW aMUHOKHCIIOTHI B Oenkax. Kak BumHO Ha puc. 129, Takas Koppemsius
HaOmoaeTcss i BCEX AaMHUHOKHCIOT, 3a HCKIIOYEHHEM apruHUHa, TIOCKOJBKY B
sykapuotnueckon JIHK naymner CG Berpewaercs peako. IlosTomy deTwhlpe KOJOHA,
COOTBETCTBYIOIINE aprHHUHY, KOTOPbIE HAUYMHAIOTCS C 3TOTO JyIUIETa, BCTPEUAIOTCS PEXKE, YeM
cienoBaio Obl OXuAaTh. Jpyroil 0cOOEHHOCTBHIO KOJa SIBJIIETCS TEHICHIUS K TIPYyHNIHPOBKE
KOJIOHOB, COOTBETCTBYIOLIUX OAHOW aMHUHOKHCIOTE. YacTOo OCHOBAaHHE B TPETHEM IOJIOKEHUH
KOJZIOHA OKa3bIBAETCSl HECYUIECTBEHHBIM JJis ero cnerupuyHocTd. OHa aMUHOKHCIOTa MOXKET
OBITh MpEJCTaBIICHA YETHIPEMsI KOJOHAMHU, PA3TUYAIOIIUMUCS TOIBKO MO TPETbEMY OCHOBAHHIO.
WNuorna paznuyue COCTOUT JUIIb B MPEANOYTEHUH IMYPUHOBOIO OCHOBAHUS MUPUMHUAMHOBOMY B
TOM TOJIOKCHHHU. MEHBIIYI0 CHEMUPUIHOCTh JTOrO IMOJIOKEHUS B KOJOHE HAa3bIBAIOT
8bIPOAHCOCHHOCBIO MPEMbe20 OCHO8AHUS. ITa OCOOEHHOCTh, a TAK)KE TEHJIEHIUS K CXOICTBY
KOJIOHOB y AaMHUHOKHCIOT OJHOTO Twma (T.e. MOJSPHBIX, THAPOPOOHBIX U T.A.) CBOAAT [0
MuHuMyMa d¢dext mytarmii. [Ipy Takol opraHu3zanmuyM Koja CIy4yalHO BO3HHUKIIAS 3aMeHa
OCHOBaHHUSI C OOJbIIEH BEPOSTHOCTHIO (YEM MpH CIy4aHOM MOJI0O0pE KOJOHOB) MPHUBEAET K
3aMEHEe Ha CXOJHYIO M0 CBOMCTBAM aMHHOKHCIIOTY HJIM K€ 3aMEHbI He IPOU30UIET BOBCE.

3anmaga 40. Ha rutanere UX-153 skuBbIe CyIIecTBa COCTOAT U3 OSJIKOB, coaepkamux 40
aMUHOKHUCIOT, a ux JIHK comep uT Tonbko Tpu Buaa HyKi1eoTu10B. Kakue npennonoxeHus
MO>KHO CJieJaTh O TEHETUYECKOM KOJIE, UCIOJIb3YEMbIM 3TUMHU OpPraHU3MaMu?

3anaua 41. Ha nnanere ZJ-578 Bce jKuBble OPraHU3Mbl MOKHO Pa30UTh Ha JBE IPYMIIBI MO
HA0OpYy aMUHOKHCIIOT, KOTOpPBIE HCIONB3YIOTCSI UWMHU JJs TOCTpoeHus OenkoB. Yacth
aMUHOKHCIIOT B 3THX Habopax OJMHAKOBa JJisi 000MX TPYIII, a OCTAJbHBIE CTPOrO CIEUU(PUUHBI
Uit Kaxaoud rpynmbl. Kakue mnpeanosioKeHUss MOKHO CHAENaTb O TEeHETHUYECKOM KOJie,
WCIIOJIb3YEMBIM ATUMH OpTraHu3MaMu, eciu HykimeoTuaHbldi coctaB JJHK B obeux rpymmax
OJMHAKOB?

BMOCHHTE3 BEJIKA

[Ipomecc GenkoBOro CHMHTE3a MPOTEKAET B IMATh OCHOBHBIX 3TAlOB, KaXIbIH M3 KOTOPBIX
TpeOyeT MHOXXeCTBa KOMIIOHEHTOB: 1) aKkTHBalUs aMHUHOKWCIOT; 2) HWHHUIMALKA CHUHTE3a
MOJIMIENTUAHON LETH; 3) 3JIOHT AU T10-

JUTICTITATHON 1eTH; 4) TEpMUHAIUS U BEICBOOOXKCHUE; 5) CBOpaYMBaHNE
MOJIMMIENTUAHON LENU U MPOLIECCHHT.

AKTHBaIMg aMUHOKHUCIIOT NpOTeKaeT B 1iuTo30i¢e. Kaxaas n3 20 aMMHOKUCIIOT KOBaJIEHTHOM
3(UPHON CBS3BIO MpHUCOENUHsETCs K ompeaeneHHoi TpancrnoptHoit PHK (TPHK), u s storo
ucnosp3yercs sueprusg ATO:

Awmunokucnota + TPHK + AT® 6 Amunoauun-TPHK + AM® + nupodocdar. Itu peakumu
KaTaJm3upyroTcs rpynmnoid u3 20 hepMeHTOB, Ha3bIBaeMbIX amuroayur-mPHK-cunmemasamu,
KOKIBIA U3 KOTOPBIX SBJSIETCS CIIeNU(UISCKUM TI0 OTHOIICHUIO K OJJHOW U3 aMUHOKHUCIIOT B K
cootBeTcTBytomer 3Toi amuHokucioTe TPHK. Amunoaunn-rTPHK-cunTeTassl oueHb
cneun¢uunsl kak B oTHomeHun TPHK, Tak u cooTBercTByIoMeH eif aMmuHOKUCIOTH. Hanpumep,
R-rpynnsl BanuHa 1 n30eilrHa CTPYKTYpPHO OYeHb IMOX0XKH IPYT HA JpyTra, 0OJHAKO OLITHO0YHOE
BCTPaMBaHKE B MOJUIENITUIHYIO LIEb BaJIMHA BMECTO M30JIEHIIMHA TPOUCXOAUT HE Yalle, YeM
OIMMUOKY BCTPAMBAHUS IPYTUX aMHUHOKHUCIIOT (mpuMepHO 1 ommOka Ha 3 - 4 ThIC. 2.0.). ITO
oOBsicHseTCS TeM, uTo n3oneinuia-TPHK-cuHTeTasa pacnoznaet ommb0YHO PHUCOSINHEHHBIH Ba-



muH, koraa Bamwi-TPHK HaxomuTes eie B peakimoHHOM IIeHTpe (pepMeHTa | THAPOIU3YET €ro,
WCIIPABIISASA JOMYIICHHYIO OIINOKY.

TPHK mpexncraBnstor coboii cpaBHUTEIHRHO HEOOJBINHE OAHOIEToUe HbIe MoJieKybl PHK,
cocrosmue u3 73 - 93 HyKIE€OTHAOB, YTO COOTBETCTBYeT Moi. Macce 24 - 31 k/la. Kaxnoii
aMUHOKHCIIOTE COOTBETCTBYET XOTs Obl 0iHa TPHK, HEKOTOpBIM aMHUHOKHMCIIOTaM COOTBETCTBYIOT
nBe uny oombiiee uncio cneurduyeckux TPHK. UToOs! pacro3HaTh Bce aMMHOKUCIOTHBIE KO/I0-
HBI, TpeOyercss mo MeHbimedr mepe 32 TPHK (tabmuma 11), ogHako B HEKOTOPBIX KIIETKaX
MPUCYTCTBYET HaMHOTO Oonbine pa3Hbix BapuantoB TPHK. Bece TPHK umeror MHOTO 001X UepT
ctpoenus (puc. 130). Bo Bcex TPHK He menee 8 HykieoTwmoB coaep:kaT HEOOBIYHBIC,
MOAU(UIIMPOBAHHBIE OCHOBAHHWS, MHOTHE M3 KOTOPBIX MPEICTABISIIOT CO00il METHIMPOBAHHBIC
MPOU3BOHBIC TIaBHBIX OcHoBaHWU. B OonpmmucTBe TPHK Ha 5'-KOHIIE HaxoauTcs OCTaToK
ryanunoBoit kucnotel (pG), a Ha 3'-konue Bcex TPHK mnpucyrcTByer TpuHYKI€OTHAHAS
nocnenosarenbHocTh -C-C-A. B monekyne TPHK Beimenstor 4 BeTBM M HMHOrAAa MATYIO
JIOTIOJIHUTENbHYI0. AKyenmopnas 6emeb TPUCOCAUHSACT CHEIU(PUUECKYI0 aMHUHOKHUCIOTY B
paccMOTpeHHO# BbIme peakiuu. O000meHHas CTPYKTypa 00pa3yIomencs: MPH 3TOM MOJIEKYJIbI
amuHoaumin-TPHK nokasana na puc. 131. Aumukooonosas eemew conepxxutr AHTUKOJOH, T.e.
CHeU(PUUECKU TPUIUIET HYKJIEOTHAOB, KOTOPBIM KOMILJIEMEHTApEH B aHTUIAPaUIEIbHOM
HAMpPaBIEHUU COOTBETCTBYMOLIEMYy TpumieTy (komony) MPHK u moxker oOpa3oBbiBaTh ¢ HHUM
napel ocHoBaHui. Kaxxnas TPHK umeer ceoit
0COOBI  AaHTHKONOH. /[ueuopoypuounosas  6emeb  COINEPKUT  HEOOBIUHBIM  HYKICO3U]
muruapoypunud. TJIC-eemes conepkuT HeoObuHbIE HYKIeo3ua pubotumuanH (T) u HyKIeo3uq
nceBaoypuauH (J), B KOTOPOM OCHOBAaHHE M TI€HTO3a COEAMHEHbI HEOOBIYHON YTIIepoI-
YIJIEPOJHON CBsI3bl0. TpexmMepHasi CTPYKTypa IpOXIKEeBOW (PeHMIaTaHWHOBOW (T.€. MMEIOLIUM
AHTHKOJIOH ISl aMUHOKHUCIOTHI (heHmnananuHa) TPHK Opia moiyyeHa ¢ moMoIbpo peHTIeHOCT-
pyKTypHOro aHanusa (4acthb 1, puc. 14). BepostHo, apyrue TPHK nMeror moxoxyro TpeTHUYHYIO
CTPYKTYDY.

Ha BTOpo#i cramum - nOpu  uHuyuayuu - TPOUCXOAAT COOBITHS, MPEIIISCTBYIONINE
o0pa30oBaHHIO MENTHAHON CBA3M MEXIy NEpBbIMU JBYMs aMUHOKHCIOTamu Oenka. s
WHUIAINH HE00X0MMO, 4TOOBI prudocoMa cBsi3anach ¢ nHGpopManmoHHON unu MatpuaHoit PHK
(MPHK), o0pa3oBaB MHUIIMUPYIOIIMI KOMIUIEKC COBMECTHO ¢ TepBoil amuHoammi-TPHK. Oto
OTHOCHUTENILHO MeJJIeHHasi ctaaus B cuHTe3e Oenka. MPHK B3ammopeiictByer ¢ Manol cyOb-
equHUIEH prbocomMbl. XOTsI B puOOCOME OKa3bIBAETCSl CBS3aH y4acTOK IIMHOW B 30 OCHOBaHMH,
tonpko aBe Moiyekyinsl TPHK mMoryT pasmectutscss B pubocome omHoBpeMeHHO. IlosTomy B
cUHTEe3¢ OeiKka B KaXIblH MOMEHT BPEMEHH MPUHUMAIOT ydacTHe Toidbko 2 m3 10 KOI0HOB,
HaxomAumxcsi B pudbocome. COOTBETCTBEHHO 3TUM JIBYM KOJOHaM B pUOOCOME BBIICNSAIOT 2
y4acTKa: aKyenmopuvlii y49acToK (A-yuacmok), KOTOPBIA MOXET OBITh 3aHAT OYEepEIHON
(moBonocrtynatomei) amuHoauun-TPHK, u  odowopnvui  ywactox (P-yuacmok), 3aHATBINA
KoMIuiekcoM nenmuoun-mPHK, mpenctasistomum coboit TPHK, Hecymyro nomunentuaHyro
LIeNb, CHHTE3UPOBAHHYIO K TJaHHOMY MOMEHTY (puc. 132).

3anaua 42. Hanumire, kakue aHTUKOI0HBI MoxkeT uMeTh TPHK, nepenocsias neiuus.
3anaga 43. Cxonpko pa3Hbix MPHK MoxeT konupoBaTh aMUHOKHUCIIOTHYIO
nociaenosarenbHocTh Val-Glu-Ala-Cys-Val-Tyr-Gly-Thr-Leu?

TPAHCJIALMA ¥V ITIPOKAPUOT

[Ipokapuotnueckue MPHK 3HaunTenpHO pa3nuyaioTcst MO KOJI-BY KOAUPYEMBIX UMH OCITKOB.
HekoTopble MOJIEKYJIBI COOTBETCTBYIOT TOJIBKO OAHOMY T€HY - 3TO MmoHoyucmponuvlie MPHK.
Jpyrue (1 Takux OOJBIIMHCTBO) COCTOAT W3 IOCJIEAOBATEIBHOCTEH, KOAUPYIOUIMX HECKOJIBKO
0enKoB, - 310 noxuyucmponuvie MPHK. B aTom ciiyuae enunas MPHK tpanckpubupyercs ¢ rpyn-
Mbl TE€HOB, PACHOJIOKEHHBIX psAnoOM. Takas enuHas TPAHCKPUIIMOHHAS €IMHMIIA Ha3bIBACTCS
onepon. B cocrase npokapuoruueckoit MPHK Beinenstor au-



0epHyl0  NOCNe008aMENbHOCb, KOOUPYIOWULL YYACMOK W KOHYE8YI0 NoCie008amenbHOCHb
(mpetinep). JlunepHas MOCIENOBaTENbHOCTh, PACIOJOXKEHHas C 5'-KOHIIA OT MHHUIIMATOPHOTO
KOJIOHA, COJICPKUT TTOCJIEI0BATETLHOCTh
5" AGGAGG.3',

KOTOpasi Ha3bIBaeTCsl nocinedogamenvrocms Lllatina-/lanveapno v pacnonaraeTcsi Ha pacCTOSIHUU
4 - 7 ocHOBaHMM Tepe] WMHULIMATOPHBIM KoAoHOM. llocnmenoBatensHocTh I[llaitHa-/lansrapno
KOMIUIEMEHTapHa y4acTKy B 3'-koHueBoi obmnactu 16S-pPHK 30S-cy6benunuisl pubocomsl. OTa
KOMIUIEMEHTAPHOCTh, BEPOSITHO, CyIlecTBeHHa it cBs3biBaHuss MPHK wmamoit pubGocomHoi
cyOJactuiieii BO BpeMs (HhOPMHUPOBAHHS WHHUIIMATOPHOTO KoMIUIekca. Komupyrommii y4acTok
COCTOHUT U3 OJHOTO WJIM HECKOJIBKHUX LHUCTPOHOB U MEXKIHUCTPOHHBIX 00JIacTeil, KOTOPhIE MOTYT
uMeth pasmepsl oT | mo 30 nHywieotumoB. Kakaplii HUCTPOH HAYMHACTCS HMHHUIIMATOPHBIM
KOZIOHOM M 3aKaHYMBAETCS TEPMUHUPYIOIIUM KOJOHOM.

Hns manumanuu tpancisaiuuu MPHK nomkHa vmeTh ydacTOK, MpEaUIECTBYIONIUMN Havairy
KOAUMPYIOIIeH 00J1aCTH, KOTOPBIM CIY>KUT CUTHAIOM JJIsl CBA3BIBAHUS C pUOOCOMOI (BEPOATHO, ITY
poJib BBIMOJHSET mnociuenoBatenbHocTh lllaifna-/lanbrapHo) u uHunuupyrommil komoH AVT,
KOTOPBI SIBISIETCS CTAPTOBOM TOUKOW U ompenensieT "paMmky cuuThiBaHus'" (y OakTepuii BMeCTO
AYTD' wunHorma wucnonwszyerca komoH I['YI). Kpome Toro, miss HMHMIHMAIMM HEOOXOIUMBI
cnenuansubie nHUIMupytonme TPHK u 6enkossie (hakTopsl.

¥ npokapuoT u3BeCTHbI 3 pakmopa unuyuayuu, OEIKA C MOJIL. MaccaMu
9.5, 73 u 23 x/la, o6o3nauaemsie IF1, IF2 u IF3 coorBercTBeHHO. [lyn cBOOOIHBIX (HE 3aHSTHIX
TpaHCHsAIMen) pudOCOM HAXOAUTCA IOCTOSTHHO B JUHAMHUYECKOM pPABHOBECHM C IIyJaMu
cB0OOAHBIX Oonbmux U Majbix cybuactui: 70S " 30S + 50S. IF3 cBs3piBaeTcsi cO CBOOOIHBIMU
30S-cybuacTuiiaMu, ¥ OHU YXK€ HE MOTYT accoruupoBaTh ¢ 50S-cyOuacTuiiamu, HO 3aTO MOTYT
npucoeanauTbes kK MPHK, T.x. amst Toro uto0sr 30S-cy6uactuna cesazanack ¢ MPHK, HeoOxonumo
npucytctBue IF3, xora cneunpuvHOCTh y3HaBaHWS y4acTkoB mHuImanuu Ha MPHK Bceneno
ompezensercss pudocoMHOM cyOuactureil. B knetke kon-Bo IF3 nuMuTHpoBaHO, U MO3TOMY C HUM
cBs3aHO TONbKkO 5% 30S-cyOuactuny (wim okono 25% 30S-cyOwacTuil, He y4yacTBYIOUIMX B
cuHTe3€e OerKa).

VY E. coli cymectByer cnenuansHas uaunuatopras TPHK - N-gopmurmemuonun-mPHK
(tPHKM®), - kortopast Tak xe, kak u 06branas TPHKM®, mpucoenuser k cebe MernonnH. OxHAKO
bepMeHT  mpancgopmunaza  TEPEHOCUT  POpMUabHYIO — epynny  OT  MOJEKyJsl  N-
dopmunmempazuopogonama K aMHUHOTPYIIE METHOHMHOBOTO OCTAaTKa, CBSI3aHHOTO C
nnunuaropHoit TPHK.
brokupoBanHas (GopMuIOM aMUHOTpYIIA, BEPOSATHO, HEOOXoauMa s  CHEIU(UIHOTO
cs3piBanns ¢ TPHK® Genka IF2. Koraa 30S-cy6uactuia pubocoms! cagurcs Ha MPHK, TombKo
TPHKfMet, ces3anHas ¢ [F2, oGmamaer yHUKaIbHBIM CBOMCTBOM HEMOCPEACTBEHHO BXOAWTH B P-
Y4acTOK HEJJOCTPOCHHOM prbOCOMBI, cBsI3bIBasCH ¢ HaxoaauwmmMesa TaM AV (wu I'YT) kogoHOM.
Janee K KOMIUIEKCY [MPHK730S7IF37TPHK"71F2] npucoenuusieTcss wmoisekyna ['TO.
CoenuHeHne IByX pruOOCOMAaNIbHBIX CyOUYaCTHI], BEPOSTHO, OCYIIECTBISETCS 3a CUET YACTHUHOM
KOMIUIEMEHTApHOCTH MeXay ydacTkoMm 23S-pPHK Gombmioit cy6uactuimpsl u 3'-o6macteio 16S-
pPHK manoii cyGuactunpsl. Umenno ¢ stoit 3'-o6macteio 16S-pPHK cBssbiBaercs IF3, u mostomy
npucoenuHeHre Ooipbmoi 50S-cyOuacTuIlkl BO3MOXKHO TOJBKO mocie BbicBoOOkaeHus [F3 u3
MHHUIMATOPHOrO Komiuiekca. U, Hakonen, nocne rugponusza ['TO no I'IP, KOTOphIi, BEPOATHO,
ocymectBisiercs [F2 u compsbkeH ¢ KOH(POPMalMOHHBIMU W3MEHEHUSMH B (DOPMUPYIOIICHCS
pubocome, obpasyercst momuas 70S-pubocoma, B kotopoit TPHKM® pacromaraercst B P-ygactke.
[Tocne Toro, kak oOpazoBanack mojHas pubocoma, npyrue (BHyTpeHHue) AYIT u I'YIT xomgoHbI
OyIyT MPOYUTHIBATHCS KaK METHOHWHOBBIM M BAJIMHOBBIA COOTBETCTBEHHO M CBSI3BIBATHCS C
o6branbiv TPHKM n TPHKY™. Ponb Genka IF1 moka He BbIsCHeHa, MO-BUJIUIMOMY, OH NMPUHUMAET
y4acTre B CTAOMIU3allMi WHUIIMHPYIOMIETO KOMILUIEKCA WM CIIOCOOCTBYET BBICBOOOXIeHUIO 1F2
13 KOMILIEKCa.

[IpucoennHenre Kaxx10ro aMMHOKUCIOTHOIO OCTaTKa K PacTylIEN MOJUIIENTUAHON e Ha
MPOKAPUOTUYECKUX PUOOCOMaxX MPOUCXOAUT B TPU CTATUU. DTOT IIUKJ TIOBTOPSIETCSA CTOJIBKO pas,



CKOJIbKO OCTaTKOB CIEAYyeT NMPUCOEAUHUTh. B mponecce snoHranum y mpoKapuoT HCIOIb3YHOTCS
emte Tpu OenkoBbIX (akropa - EF-Tu (43.2 x/la), EF-Ts (74 x1a) u EF-G (77.5 x/la). Ha nepBoii
CTaAWM LHMKJIA JJIOHralliy CHa4alla IPOUCXOAMT CBA3bIBaHME cienyromed amuHoanwi-TPHK c
komruiekcoM, cocrodammM u3 EF-Tu u monekynsr I'T®. OOpasyronmiics TpoHHON KOMIIIEKC
coequnsieTcs ¢ 70S-uHUIUUPYIOUMM KoMIiekcoM. OHOBpeMeHHO npoucxoauT ruaponns ['Td,
u kommieke EF-Tu7l"'I® nokunaet pudbocomy, mnocie vero ¢ nomoirsio I' TO u EF-Ts kommuiekc
EF-Tu7l'’1® BoccranaBnuBaercs a0 EF-Tu7l'T® u cHOBa MOXET NPUHUMATH Y4YacTHE B
tpa"cnsauuu. benok EF-Tu - 3T0 oAMH U3 OCHOBHBIX O€JIKOB Yy MPOKAPHOT: B OAHOW KIIETKE
HACUYUTHIBAETCSl OKOJIO 70 THIC. €r0 MOJEKYJ, YTO COCTaBisAeT 5% OT OOIIEro KJIETOYHOro Oelka.
DTOro IOCTATOYHO [UJIsl CBSI3bIBAHUS BCEro KierouyHoro mnysa amuHoauwia-TPHK, kommuectBo
KOTOpBIX INPUMEPHO Ha MOPSAIOK mpesblimaer uuciao pudocom. Conepxkanue EF-Ts cocrasmsier
ok0J10 10 ThIC. MOJIEKYJ HA KIIETKY, YTO IPUMEP-

HO COOTBETCTBYET uncity pudocom. CiemoBatenbHo, OonbacTBO EF-Tu B

KieTke BXoauT B coctaB KoMIuiekcoB [EF-Tu7I'T®] u [EF-Tu7l' T®7amunoanun-tPHK]. Jlanee
HoBasg amuHoanmiI-TPHK cBs3piBaeTcss ¢ A-ydacTkoM puOOCOMBI 3a CUET KOMILIEMEHTApHOTO
B3aUMOJICHCTBUSL MEXy aHTUKOIOHOM 3T0i aMmuHoaumi-TPHK u kononom MPHK, Haxonsmumest
B A-yuactke (puc. 133, A). OnHako KOJOH-aHTUKOJOHOBOIO B3aUMOJCHCTBUS HEIOCTATOYHO,
9TOOBl OOecneuuTh CBsA3bIBaHUME NpaBwibHON amuHoanuia-TPHK. TowyHocTh ee cooTBeTcTBUSA
komoHy MPHK mpoBepsieTcst ¢ moMOIIBIO €Imie OJHOTO CIEMU(pUUECKOr0 KOHTAaKTa BHYTpH A-
ydacTka Mexnay npyroi yactero Moisiekyisl TPHK u pPHK. Cnenyromas craausa snoHranuu
HACTYIAaeT TOJBKO €CIM 00a KOHTAKTa OKa3bIBAIOTCS MPABIILHBIMU. TPHKM® - 510 enumcTBeHHAS
amuHoami-TPHK, koropas He moxer npucoenunutbest K komiiekey [EF-Tu7' T®], u noatomy
OHa HE MOXXET MONacTh B A-y4aCTOK puOOCOMBI U MPOKOHTAKTUPOBATh C BHYTPEHHUMHU KOJIOHAMHU
AVI'uI'VI.

Ha Bropoif cragum mMKIa SJIOHTalMK 00pa3yeTcss HOBas NENTHIHAS CBSI3b MEXIY
amuHokucnoramu, ybn TPHK pacmonoxenst B A- u P-yuacTkax pubocombl. DTOT mpoiiecc
OCYILIECTBISIETCA y  IIPOKApUOT B pe3yipTaTe  IepeHoca  uHuuuupyromero  N-
(hOopMIIIMETHOHUHOBOTO ocTaTka oT Hecymieil ero TPHK k amuHOrpynmne HOBO aMHUHOKHCIIOTHI,
KOTOpass  TOJBKO 4YTO m@omajga B A-yyacTOK. OTOT  IEpPEHOC  KaTallu3upyercs
nenmuounmpancgepasoi, KOTopasi BXOJUT B COCTaB Majoi cyOdactuipl. B pesynprare 3Toit
peakimu B A-ywyactke oOpasyercs aunentuauin-TPHK, a B P-ywactke ocraercs "myctas',
Hesarpyxennas TPHKM®.

Ha Ttperbeit craamm nwmkna snoHramuu pubocoma mnepememaercs Baonb MPHK 1o
HanpaBJICHUIO K €€ 3'-KOHIly Ha paccTosHue B oauH KOoJoH. ITockonbky munentuaun-tPHK mo-
MPEXHEMY OCTaeTcs CBsSI3aHHOHM co BTOpeIM kojoHoM MPHK, nBmxenune pruGocombl MPUBOAUT K
nepemenienuto aunentuawi-TPHK u3 A-ydactka B P-ywyacTok, B pe3ynbTare 4ero npeabiayias,
yxe cBoboanas TPHK, oraensercs ot P-yuactka u yxonut oOpaTtHO B HUTO301b. Tenepb B A-
yyacTke Haxoautcs Tperu komoH MPHK, a Bropoil komoH okasbiBaeTca B P-ywactke.
[TepenBmwxenue pubocombl Broab MPHK HaswiBaetcs mpancioxayueni. Ha »Tolt  cragnm
HeoOoxoaum Oenok EF-G, Ha3pIBaeMbIi TaKkKe mpaHcI0Ka30t, U TUAPOJIA3 €IIe OJHONW MOJICKYJIbI
I'T® (puc. 133, b). Ha »3T0#t craguu mpoucxoauT M3MEeHEeHue KoHpopmaruu Bceld puOOCOMBI,
crocoOcTBytomiee ee mpoasmwkennto mo MPHK Ha Tpu HykieoTuaa B HampaBieHUH K 3'-KOHITY
matpuisl. Ilponecc Tpancnokamuu obecrieunBaeTcst sHeprueit 3a cuer rugponusa ['TD: EF-G
CBS3BIBAETCSI C puOOCOMOM TOJIBKO Oymy4n B npucyTcTBuu [ TD, a 3aTtem nocne runponusa ['TO
OH BBICBOOOX-
naetcst u3 pudbocomel. Terneps prbocoma ¢ npukperieHHbIMU K Hel aunentuami-TPHK u MPHK
roToBa K CIEAYIOIIEMY LMKIY 3JIOHTallUH, T.6. K IPUCOEAMHEHUIO TPETHETO aMHUHOKHCIOTHOTO
ocrarka. OCyHIECTBISETCA 3TO TOYHO TakK e, KaK M IPUCOEIWHEHHE BTOporo ocrarka. Ha
IIPUCOEAVHEHNE KaXJ0M aMHHOKHUCIOTHI 3arpauuBaeTcs 2 Mosekyiasl ['T®, xkoropsle
ruaponusytores 1o ['JI® u dpocdara. Kon-Bo TpaHCIoka3sl CpaBHUMO € KOJI-BOM PHOOCOM (OKOJIO
20 ThIC. MOJIEKYJI/KJIETKY) U Ha €€ J0JII0 MPUXOAUTCs 2% pacTBOPUMOrO KIETOYHOTO Oerka.



[lo mepe nBuwxkeHuss pubocombl OT KoaoHa K KoaoHy Baoap MPHK k ee 3'-xonmy
AMUHOKHCIIOTHBIE OCTATKH OJUH 3a JIPYTUM AO0O0aBISIFOTCS K pAcTyLIeH MOJUNENTHIHON IIenH,
KOTOpas Bce 3TO BpeMs octaeTcs cBa3aHHou ¢ TPHK, cooTBeTcTBYIOIIEN MOCTEIHEN BKIHOUYEHHOM
amuHokucnoTe. CHHTE3 MOJHUIENTHUIHON [ENU BCeraa HaurHaeTcs ¢ N-KOHIA U MOJIUIENTHIHAS
1enb pacrer B HanpasieHuu K C-koHiy. Y Gakrepuii npu 37°C CKOPOCTb SJIOHTAIUKE BapbUPYET
ot 12 no 17 a.o./c. KoHkpeTHas BenWYMHA CKOPOCTH 3aBUCUT OT YCJOBHH pocTa KJIETOK. B
cuHTe3€ 0eKa OJJHOBPEMEHHO y4acTBYIOT 80% OakTepuaabHBIX pUOOCOM.

O0 OKOHYaHWHM HYKJICOTHIHOH MOCIEAOBATEIHHOCTH, COOTBETCTBYIOIIEH MONUIICTITUAY,
CUTHAIM3UPYET OJIWH U3 Tpex mepmunupyiowux Kkooonoe MPHK, pacnonoxeHHbIi
HEMOCPEACTBEHHO 32 KOJOHOM IMOCJIETHEH aMUHOKHUCIOTHL. TepMHUHHPYIONIHE TPUIIEThl YAA
(oxpa-xomoH), YAI' (ambOep-xkomoH) u YI'A (onan-kofoH), Ha3blBa€Mbleé TaK IO Ha3BaHUIO
MyTaHTOB E. coli , ¢ TOMOIIBI0 KOTOPBIX OHU OBLIN BIEPBBIE ONPEAETICHBI, HE KOIUPYIOT HUKAKYIO
AMHHOKHUCIIOTY, TIO3TOMY WX €II€ Ha3bIBAIOT OECCMbICICHHbIMU MpUniemamu (HOHCeHc-
mpuniemamu). Kak Tompko pubocoMa JOCTUTAeT TEPMUHUPYIOLIETO KOJIOHA, HAYMHAIOT
NeICTBOBATh TPU TEPMHUHMPYIOIIMX Oenka (perusune-ghaxmopwt) - RF1 (y3naetr YAA u VAI),
RF2 (y3naer YI'A u YAA) u RF3. OHu BbI3BIBAIOT TUAPOIUTHYECKOE OTIICTNICHUE MOJIUTIENTHAA
ot koHeunoit TPHK u ero BricBOOOXIeHNE 1 OTAENIeHHE OT P-yuacTka puO0OCOMBI TTOCIIETHEH, yKe
"mycroit" TPHK. ®opmunbHas rpynma METHOHMHAa CHHTE3UPOBAHHOTO Oelka yAalsercs
CHEIMALHBIM AehopMmHpyommM GepMeHToM. B Tom ciydae, ecimu B Oenke N-KOHIICBOWM
AMUHOKHCIIOTOH SIBJISIETCSI METHOHUH, TO JOCTATOYHO TOJIbKO 3Toi Moaudukanuu. Eciu sxe 6enok
JOJDKEH HAYMHATBCS C JAPYroil aMHMHOKMCIOTHI, TO C IOMOIIBI0 aMHUHOMNENTHUIA3bl YJalseTcs
METHOHHH U BTOpasi aMUHOKHCIIOTa MpeBpaiaeTcsi B N-KOHIEBYIO.

Jist oGecriedeHns TOUHOCTH OEIIKOBOTO CHHTe3a HeoOxoanma sHeprus. Ha depmenTaTuBHOE

oOpazoBanue Kkaxnaoi amuHoauwin-TPHK wu3 cBoOOgHONW aMUHOKHCIOTHI 3aTpayuBaroTcs 2
BBICOKO?HEpreTHudeckre GocdaTrHbie TPYTIIIHL.
Jna ucnpasnenus omubok amuHoanmi-TPHK-cuHTeTa30ii Moryt morpeboBaThcsi J00aBOUYHBIE
Monekysnbl AT®. 1 monekyna I'T® pacumiennsiercs Ha craaud uHULMauuu, 1 monekyna ['TO
pacHierusieTcsl Ha IEPBOM CTaAMM KaXKJI0TO IMKJIa doHranuu U emie 1 momnekyna ['TD tpebyercs
Ui TpaHcyoKauu pudocomsl. Monekynsl I'T®, yuacTtBytomme B pabote pub0OCOMBbI, BEPOSTHO,
BBITIOJIHSIIOT 2 GyHKIMH: 1) OHU MOIEPKUBAIOT B COOTBETCTBYIOMIEH KOH(MOPMAIIMK OEIKOBHIE
(bakTopsl TPaHCIALNHU, YTOOBI OHM MOTIJIM MPUCOCTUHHUTHCS K PUOOCOMHOMY KOMIUIEKCY, U 2)
TUIPOJIU3YSCh, OOECIIEYUBAIOT HHEPrHeil COOTBETCTBYIOIIME ASTalbl CHHTE3a OeiKa, B KaXIOM
cllyyae BBI3bIBast KOH(OpMAIIMOHHbIE U3MEHEHHs B prOocome.

VY mpoKapuOTUYECKUX OPTaHW3MOB TPAHCKPUIILIUA U TPAHCISALHUSA COMPSIKEHBI: pUOOCOMBI
npuKperisitoress K S'-xonny pacrymeid MPHK u Haumnaior cuHTe3 Oenka paHblle, 4eMm
3akaHunBaercst cuHTe3 camod MPHK. Ilpu stom mpoxapuornueckue MPHK "xuByT" OueHb
HEJOJIr0o: BpeMs, 3a KOTOpOE pa3pyllaeTcss II0JIOBUHA BHOBb cuHTe3upoBaHHuXx MPHK
(pyHxyuonanvroe 6pems noaysiCcuzHu), COCTaBIIeT B cpeaeM 2 muH. [Ipu sTom merpagarus 5'-
koHa MPHK MoxeT HauaTbcs paHbllle, 4eM 3aKOHUMUTCS CUHTE3 WM TPAHCIALMS 3'-KOHIa TOH Ke
Monekynbl (puc. 134). Cxopoctu tpanckpuniuu (2500 HykiIeoTHa0B/MUH) W TpaHcisiuu (15
a.0./C) MpUMEPHO paBHBI, Toraa Kak aerpananus MPHK npoucxoauTt npuMepHO BIBOE MEIJICHHO.
B pesynprare 3'-konneBas yacte MPHK cymectByer nmospie, yeM 5'-koHieBas obsacts. Yuciio
pubocoMm, MPUHUMAIOIIKX ydyacThe B TpaHcasiuuu omnpeneneHHoir MPHK B kakoif-mibo mMoMeHT
BpEMEHH, 3aBUCUT OT 3((EKTHUBHOCTH Yy3HAaBaHWA HHHUIMHUPYIOMIMX MociefoBareabHocTel. C
MOMEHTA TpPAaHCKpUIILMU [0 MOMeEHTa Jerpagauuu kaxayro MPHK, BeposTHO, ycneBaroT
MPOTPaHCIUPOBATH OKOJI0 30 prbocom.

Korma mexunucTpoHHBIE 00JIACTH BEIMKH, MHULIMATOPHBIN KOMIUIEKC KaXIbIi pa3 3aHOBO
CTPOMUTCSI BOKPYT WHHUIMATOPHOIO KOJOHA IUCTpoHAa. OJHAKO TMPU MaJbIX MEXIMCTPOHHBIX
paccrostHusix 30S-cyOuactunia TepMuHHpYyomeil pudbocombl MoxkeT He otaensaTbes oT MPHK. C
00JIbIION BEPOSATHOCTHIO OHA OCTAETCS MPHUKPEIJICHHOW K MaTpulle, TaKk Kak (PakTHUecKu ee
MPUCOCTUHECHUE K CIIAYIOIIEMY MHUIMATOPHOMY CalTy yke mpomsouuio (Haxonascs Ha MPHK
pubocoMa skpaHupyeT okoyio 35 ocHoBaHuid). [Ipu 3Tom 50S-cyOuacTuiia U CHHTE3UPOBAHHAS



MOJIMMENTHAHAST 1eMh OCBOOOXIarTcs, a 3areM K cBszanHoit ¢ MPHK 30S-cyGuactuie
npucoeannsiercs HoBas  50S-cyOuactuma. Takoil  oOneryeHHBI  CIOCOO — WHUIUAIMH
TPAHCKPHIIIINH CIIEAYIOMIECTO IIUCTPOHA HA3BIBACTCS peUHUYUAYUS MPAHCKPUNYULL.

3anaya 44. OyHKUMOHAIBHOE BpeMs Moiyxu3Hu TpexuuctpoHHo MPHK mnunoit 2800
HYKJIECOTUAOB cocTaBiasieT 2 MuH. Kaxkayro MHUHYTY NPOUCXOOUT 5 aKTOB HMHHULIUHUPOBAHHUSA
TPAHCKPHIILINK, a DJIOHTAlWs TPAHCKPUIIMH HIET €O CKOpocThio 2500 HyKI€OTHIOB/MHH.
Kaxnyro muHyTy npoucxomuT 10 akTOB MHMIMALUU TPAHCISALUM MEPBOTO LIMCTPOHA M BCErAa
MPOUCXOJUT PEMHULIMALUS TPAHCKPUIILMKU BTOPOTO M TPETHETO LUCTPOHOB. DJIOHTAlMs MOJIU-
HNeNTUIHOM e HAET CO CKOpocThio 15 a.o./c. CKOJBKO MOJUNENTUAHBIX LEened B MUH.
CHUHTE3UPYETCS C 3TOW TPAHCKPUIILIMOHHON €AMHULIBI?

TPAHCJIALNA Y OYKAPUOT

[Ipouecc TpaHCHAUUU y SYKapuoOT TOJNBKO B OOHIMX YepTax aHaJOTHYeH Mpoleccy
TpaHcasALUMU y mpokapuoT. XoTs 3'-koHueBas mnocnenoatenbHocTh 18S-pPHK  sykapuot
romosiornyHa 3'-xkoHiy 16S-pPHK npokapuor, B HEil OTCYTCTBYET y4acTOK KOMIUIEMEHTAPHBIN
nocnenosarensHocTy  [laina-JlanerapHo. JlupepHas 1OCIIENOBATEIbHOCTh JYKAPUOTHYECKUX
MPHK o0braaO0 KOpoTkas (He 6oiee 100 HykneoTumoB), a mis cBs3biBaHus ¢ 40S-cyOuacTureit
npu (GOPMHUPOBAHUN MHUIIUATOPHOTO KOMILUIEKCA CIYXKHUT €€ K3I. B dyKapmoTH4ecKHX KIIeTKax
oOHapy>kXeHO T0 KpaliHel mepe 9 gpaxmopos unuyuayuu: elF1 (15 x/la, moHomep), elF2 (Tpumep),
elF3 (>500 k/la, mynsTumep), elF4A, elF4B, elF4C, elF4D, elFS5 (150 k/la, monomep) u elF6 (23
k/la, MoHOMEp). DYyKapHOTHl COAEPKAT TaKXKe CHCIUATBHYI) HHHIIMATOPHYIO TPHKM, HO
METHOHHMH, KOTOpbIM K Hell mnpucoenuHserca, He (opmumiupyercs. MHuImanmums y 3yKapuot
HayuWHAETCA ¢ (POPMHUPOBAHUS TPOMHOTO KOMILIEKCA [TPHKM7¢IF27TTd] B pe3yJibTaTe
npucoenunenns elF27TTd x TPHKM. 3atem Tpoiinoii xomruiekc B3ammoneiicTByer ¢ 40S-
cyOuacTuiie, ¥ 3TOT HOBBIN KOMIUIEKC CTaOMIM3UpYETCs MprcoeauHsromumucs oenkamu elF3 u
elF4C. elF3 (BeposarHo, coBmecTHO ¢ €lF6) urpaer Ty xe poib, yTo M npokapuorudeckuii 1F3,
MOAJICPKUBasE Malyl cyoOuactuily B CBOOOgHOM cocTtosHuH. elF3 HeoOxomum w s
MOCEAYIONIEro MprucoeANHEeHNs Mamnoi cyouactuisl K MPHK, nms aToro B3aumoaeiicTBs HyKHBI
takke ponomauTenbHbie Ocnku elF1, el[F4A u elF4B u ruapomusz AT®. Ilpucoenunenue 60S-
cyOuactuel Tpebyet mpucytctBus elF5 u compsbkeno ¢ rumponmzom ['TD, koTopsiii yxe
HAaXOAUTCA B MHULHMATOPHOM KOMIUIEKCE B COCTaBE [TPHKiMet7€IF27FT®]. BepositHo, Korma
CcyOYacTUIIbI COENUHSAIOTCA 00pa3ysl MOJHYI0 PHUOOCOMY, BCE€ dYKApUOTUYECKHE (PAKTOPHI MHH-
LMAIUU OCBOOOKIAIOTCSL.

Ectp 1ABa mNpUHUMOMAIBHBIX OTIUYMS JYKAPUOTMYECKOIO MEXaHU3Ma HHHIMALUU
TpPaHCIALUU OT IPOKapuoTHyeckoro. Bo-nepsbix, 00pazoBaHue
kommexca [TPHKM7elF27T Td7elF3740S] y 5ykapHOT BCeraa mpOMCXOIUT
no cea3biBanus ¢ MPHK, Toraa kak y mpokapuot oObIYHO CHauana
[IF3730S] csassiBaeTcss ¢ MPHK 1 nuie moToM MOXET IpUCOETUHUTHCS
[TPHK{*'7IF2]. BepositHo, 4T0 Y nipokapuot nprcoeanuerne MPHK k
30S-cyOuacTuiie BO3MOXKHO 3a CYET KOMIUIEMEHTapHoro B3aumojeiictBus 16S-pPHK ¢
nocnenoBarenpHOCThI0  [laiiHa-JlanerapHo, Torga Kak y DJYKapuoT, Yy KOTOPBIX JTa
MOCJIEI0BATEIbHOCTh OTCYTCTBYET, cBsizbiBaHMe MPHK B MHUIIMATOPHOM KOMIUIEKCE MOXET
MPOU30UTH TOJIBKO 32 CUET KOMIJIEMEHTAPHOCTH MHULIMATOPHOTO KOJOHA U aHTUKOJOHA TPHKiMet.
Bo-BTOpBIX, HTHUIIMATOPHBIN KOMIUIEKC y MPOKAPUOT CTPOUTCS HEMOCPEACTBEHHO HAa MHUIMATOP-
HOM KOJOHE, TOTrJa KakK [TPHKiMet7eIF27FTCD7eIF374OS] cagutcs Ha 5'-komer; MPHK, a 3arem
nsuraetcst B1oiab MPHK k ee 3'-koHity, ncnons3ys sHepruto ruaponnza ATO no tex nop, noka He
JOCTUTHET UHULMATOPHOTO Ko/l0HA. [IoATOMY y MpoKaproT BO3MOKHA MHUIHALIMS TPAHCKPHUIIIIUU
¢ moboro muctpoHa B ux nonuuuctponHoit MPHK, a y sykapuor MPHK Bcerna MoHOLMCTpOHHBIE,
a B nomuuuctpoHHod MPHK sykaprnormueckass cucreMa TpaHCIALMM MOXKET TPAHCIMPOBATH
TOJBKO TEPBBIM HUCTPOH. [Ipumep sykapuoTHyecKOro reHa u coorBeTcTByromei emy MPHK
rmokasas Ha puc. 135.



VYV osykapuor ectb nBa (akrtopa anonranuu - ¢EF1 um eEF2, kxotopesie cOOTBETCTBYIOT
npokapuotuueckum EF-T u EF-G. Ponp eEF1 3akmouaercs B nocraBke amuHoauwia-TPHK B
pudocomy, npu 3ToM TOXe ocymectBisercs runponan3 ['Td. Kak mpoucxoaut perenepanus
komruiekca eEF1 ¢ I'T®, HeusBecTHO, BO3MOXKHO, UTO ATOT (akTop Tak xe, kak u EF-T, cocrout
W3 IBYyX KOMIIOHEHTOB, aHanornyHbix EF-Tu u EF-Ts. B konmnuectBeHHOM oTHOwIeHnu €EF1 -
olIMH W3 Hanbosiee MHOTOYHCIEHHBIX OenkoB kineTku. benok eEF2 (100 x/a) Toxe mocTtaTo4HO
MHOTOYHCJICHHBIH OEJIOK M Ha €ro JOJI0 MPHUXOAUTCS OKojo 1% pacTBOpuMOTro Oenka KIETKH.
CKOpOCTh 3JIOHTAIMK Y SYKapUOT HIDKE, YeM Yy MPOKApUOT, U COCTABISIET MPUMEPHO 2 a.0./c. Y
HYKapUOTHYECKUX OPTraHU3MOB OBbLI OOHAPYXKEH TOJNBKO OMuH penm3uHr-(pakrop - eRF. Jlns ero
CBSI3bIBAHUSI C pUOOCOMOM, MO-BUAMMOMY, Tpebyercss I'T®, Torma kak B MpPOKapHOTUYECKUX
cuctemax 3Toro He HyxHO. Ckopee Bcero ruzaponus I'T® nHyxken miga orcoenuHeHus eRF or
puOOCOMBI TIOCTIE TEPMUHAITHIH.

B ormmune ot mpokapuotnueckoir MPHK nnpopmarmonnas PHK B muromnnazme sykapuot
OTHOCHUTENBHO cTabuinbHa. OObIYHO OKOsIO MojoBUHBEI MPHK mmeeT mepuos momyXu3Hu OKOJo 6
4y, torma kak ocraimpHas MPHK - mpumepno 24 1. B muddepeHumpoBaHHBIX KIETKaX,
CHEIMaTU3UPOBAHHBIX HA CHHTE3€ OMNpEeTIeHHbIX OenkoB, HekoTopble MPHK moryT ObITh emie
Oonee
cTaOWIbHBIMU. B 1IuTOIIa3Me aKTUBHO CUHTE3UPYIOIMIUX O€JIO0K KIETOK OOBIYHBI
CKOIUIEHUs1 puOOCOM OJIHOBPEMEHHO TpaHcaupyomux moiekyiny MPHK, Ha3zpiBaemble
noaucomamu. Ilomucomsl Bcernia 3akperuieHsl In6o Ha MeMOpaHe TpaHyIsIPHOTO
9H/IOIUIA3MATHYECKOT0 PETUKYIYMa, JIN0O0 Ha (PMUIaMEHTax LIUTOCKENETa U UMEIOT TEHICHIUIO
pacrojaratbcs IeNOoYKoi MoOIU30CTH OT sipa B Tex MecTax, rae MPHK BxonuT B nuromnasmy. B
MIPOTHBOMOJIOKHOCTH ITOJIMCOMaM MOHOMEpPHBIE PHOOCOMBI HAXOIATCS B KJIETKE B CBOOOTHOM
COCTOSIHHUH.

MUuUTOXOHIpUM M XJOPOILIACTBl COJEp)KaT CBOM coOcCTBeHHble pudbocombl, U TPHK
MPOKAPUOTUYECKOTO TuMa. HekoTopble MUTOXOHAPUU TPUOOB U MIIEKOMUTAIOUINX COJEPKaT He
6onee yem 23 - 24 paznuunbix TPHK. Takas "skoHOMHUA" HOCTHraeTcs y HUX 3a CUET yHPOLICHHS
KOJIOH-aHTHUKOJJOHOBOTO B3aMMOJCHCTBHS, B pe3yabTare Kotoporo onHa TPHK cranoButcs
CIIOCOOHOHM y3HABaTh BCEX NPEICTABUTENICH KOJOHOBOTO CEMEHCTBa M 3a CYET HEOOJBIINX
"monpaBok" MX €HETUYECKOr0 KOJa, OMUCAHHBIX BhIlIE. [loaTOMY 23 MUTOXOHIAPHAIBHBIX T'€HA
g TPHK kogupytor nannmaropnyto TPHK, 14 TPHK, y3naromux mapel kogonos, u 8 TPHK,
Y3HAIOIMX ceMmencTBa KOAOoHOB. XjopormactHele TPHK mnoxoxum Ha mnpokapuotndeckue
HACTOJIBKO, YTO PHOOCOMBI XJIOPOIUIACTOB CIIOCOOHBI MCIOIB30BATh MPU CHHTE3E OenKa OakTepu-
anpHble  TPHK. CunTe3 Oenmka B xjoporuiacTax W B MUTOXOHAPHUSIX HauyWHaeTrcs C  N-
(bopMHIMETHOHMHA, KaK M y OakTepuii, a HE C METHOHMHA, KaK B IIMUTOIUIA3ME UX KIJIETOK, W
VMHULAALNS TPAHCKPUILIMY IPOUCXOINUT y HUX 0 MpOoKapuoTuyeckomy tumy. [Ipeanonararor, uro
MUTOXOH/IPUM U IUJIACTUABI UMEIOT CBOM COOCTBEHHBIE (DAKTOPHI 3JIOHTALMH, HO OHHU €IIe He
oxapaktepu3oBaHbl. OJHAKO MOXXHO CO34aTh (PYHKIIMOHUPYIOIIYIO THOPHUIHYIO pHOOCOMY,
COCIMHUB Majlyl cyOdacTuily puOocoMbl M3 xyoporutacta ¢ Oonbmioir w3 E. coli, a MPHK
XJIOPOIUIACTOB YCIIEHIHO TPAHCIUPYeTCs B OeNOKCUHTEe3Uupyolen cucteme E. coli.

3amaua 45. Hykneoruanas nocnegosarenbHocts JJHK:
SOOI THOTATDITATIAAATT AT 3 Hanumure
COOTBETCTBYIOIYIO €i MMOCIIeIOBATEILHOCTh AMUHOKHUCIIOT.

KPATKHUE BbIBO/IbI

Torma xak cam mnpouecc TPAaHCKPUILMM WIM TPAHCISALUUM OCYIIECTBIIACTCA C BBICOKOU
TOYHOCTBIO C 3aTpaToil sHepruu mojekysa AT® unm 3HepreTHdecku 3KBUBAJIEHTHBIX UM ['TO,
HayaJbHbIE ATallbl MHHUIMALMK, BKJIIOYAOLIME B ce0s CTaAMM MOJEKYJSIPHOTO Y3HABAHUSA H
OTIpEIENIAIONINEe HHTEHCUBHOCTD 3KCIIPECCUU T€HA, 3aBUCAT OT SHEPTreTUYECKH CIA0BIX U CIIOKHO
IIPOCT-



PAaHCTBEHHO  OpPraHM30BAaHHBIX  B3aUMOACHCTBHUM  MEXIy  MakpomoJieKynamu.  Takas
HU3KOPHEPIrUTHUYECKass (CUTHalbHAs) NpPUpPOJa HWHHULIMALMK MPEJCTABIseT 3HAUYUTENIbHYIO
TPYAHOCTB ISl N3ydeHHs (QyHKIIHOHUPOBAHUS T€HETHUECKOW CUCTEMBI KIJICTKH.

Camu reHeTHUYECKUE MPOLIECChl OTHOMEPHBI: B HUX MH(pOpMaIMs, 3aKJII0YeHHAs B TMHEHHON
MIOCJIEAOBATENbHOCTH HYKJICOTHIOB, HCIIOJIB3YyeTCs Uil 00pa3oBaHMsA JIMOO Ui M3MEHEHUS
IpyTrof MOCJIEeN0BAaTEIbHOCTH HYKJICOTHUAOB WIHM JMHEWHOHN IOCIIEN0BAaTEIbHOCTH aMUHOKHCIIOT.
OAHOMEPHOCTh TEHETUYECKUX MPOLIECCOB JIeJaeT UX MPOILe JJi1 MOHUMAHUs, YeM OOJIbIIMHCTBO
APYTUX KJIETOUHBIX MPOLECCOB, CBA3AHHBIX C BhIpaKEHHEM MH(OpMaIUU, KOTOPYIO HECYT B cebe
TPEXMEPHBIE IOBEPXHOCTH MAKpOMOJIEKYJ M TPEXMEpHas apXUTEKTypa B3auMOACUCTBUMN
MaKpOMOJIEKY!I.

HecmoTpst Ha yHMBEPCAIBHOCTD CAMHUX T'€HETMYECKUX MPOLECCOB AJI Pa3HBIX OPraHU3MOB,
MEXaHU3MBbI UX OCYLIECTBJICHHUS Y 3YKapUOT CIO0XKHEE, YEM Y MMPOKAPHOT. DTO OTPaXKaeT OOJIbIIYIO
CJIO)KHOCTb 9YKApUOTUYECKOT0 T'€HOMa II0 CPAaBHEHMIO C MPOKAPUOTUYECKUM U 00jee TOHKYIO
PETYJISILMIO SKCIIPECCUH 3YKAPUOTUYECKUX TE€HOB.

Puc. 123. ITpomoropsl PHK-nonumepassr 11.
Puc. 124. Ponb nHBEPTHPOBAaHHBIX IOBTOPOB B OpraHu3anuu BTopuuHoit ctpykrypsl JJHK u
PHK.

Puc. 125. MexaHu3Mm r-3aBUCHMOI T€pMUHALIMY TPAHCKPUIILINH.

Puc. 126. ITpumepsl TeHOB € Puc. 127. [Ipeanonaraemslii
UHTpOHaMU (0003HaUEHBI OYKBa- MexaHu3Mm yuyactus MaPHII B
MH). crnaiicuare PHK.

Puc. 128. Kan 0 sykapuotuueckoit MPHK.

Puc. 129. Yucno KOIOHOB I KaXIOW aMHHOKHUCIIOTEI
KOppEeIupyeT c 4acTOTOM BCTPEYAEMOCTHU TaHHOM
aMUHOKHCIIOTHI B OeJKax.

Puc. 130. O6061eHHas BTO- Puc. 131. O60611eHHas CTpyK-
puYHas CTPyKTypa, xapaktepHas Typa amuHoauuia-TPHK. Pamkxoit o6m1s Bcex TPHK. Beaen
0CTaTOK aMUHOKHCIIOTBHI.

Puc. 132. ®ynknmonupoBanue IByX yuacTkoB cBs3biBanus TPHK Ha puGocome.

Puc. 133. A - nepBas craaust 3JI0HTallMK TPAHCISAUU. b - cTaaus TpaHCIOKAMK 3JIOHTallun
TPAHCISALUN.

Puc. 134. Conpspxenue tpanckpunuuu JJHK, tpancnasuuu u nerpagaunu MPHK y
MIPOKApHOT.

Puc. 135. IlocnenoBarenbHOCTh HYKJICOTHIOB (UOPOOIACTHOTO HHTEPPEPOHOBOTO TIeHa
YeJIOBEeKa. YKa3zaHbl KOAMPYIOIIME TPUIUIETBI M KOAUPYEMbIE HMMH  AMHUHOKHUCIOTHI.
Wunnuupyrommii 1 TEPMUHUPYIOLIMA KOZOHBI 00OBeAeHbl pamkamu. CTpenkamMu IOKa3aHbI
y4acTKH, cooTBeTcTBYoIME 5'- u 3'-konam MPHK.

Jlexuus 10. TEHETUYECKAS UTHOOPMALUA

Pennuxayus /[HK - penapayus JTHK - nymu npeobpazosanusn eenemuyeckou ungopmayuu -
KAEeMOUHbIL YUK Y NPOKAPUOM U IYKAPUOM - OeleHue 3YKaApUomuyecKkol Kiemku - Kpamkue
8616000l

BaxxHelmM CBOWCTBOM OPraHU3MOB SIBISIETCS HACI€0CMBEHHOCMb, T.€. CIIOCOOHOCTD
nepeaaBaTb OCOOEHHOCTH CTPOCHMS U JAPYrHMe XapaKTepHble OCOOEHHOCTH OT IOKOJEHMS K
MIOKOJIEHUI0. Takoe COXpaHEHHME NPU3HAKOB B PsAy IOKOJIEHUN OCYIIECTBIISIETCS XpaHEHHEM
nH(popMaIu, onuckIBaromei 3ty npusHaku, B popme monekynsl JJHK. Crpoenne JTHK B Bume
JBOMHOM CIUpAIy 3aMe4yaTesbHO MOAXOAMT JUIsl TOYHOI'O KOIHMPOBAHMSI MOCJIEI0BATEILHOCTH €€
HYKJICOTHUAOB B JPYIMX TakhX k€ MousieKynax. CoxpaHeHME M HAaCJICICTBEHHas Ieperada
MPU3HAKOB OCYIIECTBIIAIOTCSA Onarogaps AByM (yHIAMEHTAJIbHBIM T€HETUYECKUM IpoIeccaM -



PEIUIMKAIIUN JHK (t.e. mpoueccy mnoctpoenust HoBoi wmodekynsl JIHK, wucnonbsys
npenmectytomyto moiekyny JIHK B kauectBe matpuiiel) 1 PEITAPAIIMN JIHK (t.e. mpoueccy
WCTIPABIICHUS OMIUOOYHBIX ITOCIICIOBATEIILHOCTEH HYKIICOTHJIOB).

PEIVIMKALIUA JJHK

Kaxnas w3 wueneit pasodHoi cnupanmu JIHK cioyxur wmarpuued misi peruiMkanuu
KOMIUIEMEHTapHbIX JouepHuXx Iened. [Ipu sTom oOpasyroTcs ABe NOUYEpHUE IBYXIICTIOUYEUHBIC
mouekyisl JIHK, npuuem kaxkaast 3 HUX BCerJa COAEPKUT OJIHY CTapyIo (POAUTENbCKYIO) LIETb U
OJIHy 3aHOBO CHHTE3MPOBAHHYIO IleMb. Takoi MeXaHW3M peIUIMKAIMM, KOTJa KaxKaas u3
yasousuxcst Mojekyn JIHK conepxuT ToJapKo 0JIHy BHOBb CHHTE3HUPOBAHHYIO 1I€TIb, HA3bIBACTCS
noaykoncepeamusHoim (puc. 136). YdacTok, rae npoucxoauT paciuietanue poaurensbekoit JJTHK u
cunre3 HoBoM [IHK, Ha3biBaeTcs penntukamusroii 6UnKoll.

JHK GakTepuii, MUTOXOHIpUH, XJIOPOIUIACTOB U HEKOTOPHIX BUPYCOB IMPEACTaBIsET COO0M
KOJIBIIEBYIO IBOHHYIO cnipaib. Monekynsl JJHK coxpaHsitoT Bo Bpems perinKaiuu KOJIbIEBYIO
dbopMy, W peIUIMKAIMs TAKOTO KOJbIa MPOXOJHUT OJHOBPEMECHHO B JBYX HANpaBICHUSX, T.C.
CYILIECTBYIOT JBE PEITMKaTUBHbIC BUIKUA. O0€ TOUKH BO3HUKAIOT B OJHOW TOYKE U YIAISIOTCS OT
Hee B 00OMX HaNpaBJICHHSIX, TTOKA CHOBA HE BCTPETITCS B TOUKE TepMuHaumu. Y E. coli Touka
TePMHUHAIIMK PETUIMKAIMK Oblia MACHTU(UIIMPOBAHA U 0KA3aJ0Ch, YTO OHA HE HAXOAMUTCS TOYHO
Ha nonmytd o kpyry JHK, u, ciemoBarenbHO, perIMKaTUBHBIC BWJIKH JOJKHBI MPOXOIUTH
pa3iuyYHble paccTOsHHUA. B Touke TepMHHALMM JBa MOJHOCTHIO CHHTE3MPOBAHHBIX JOYEPHUX
JBYXLENOYEYHBIX KOJbIA Pa3AEISAIOTCA: KAKI0€ U3 HUX COJACPKUT OJHY CTApyl0 U OJHY HOBYIO
[[enb. Y4YacTOK Hayasa perinKaluy IpeacTaBisieT co0oi
HYKJIEOTUAHYIO IocieaoBarenbHocTh AnuHoi 100 - 200 n.H., 6e3 KoTopoit
JIHK He MOXeT perummuupoBaThcs. JTa MOCIEAOBATEIHLHOCTh COJEPKUT MAIUHIPOMBI, 32 CUET
yero (GopMHpYeT CIOXKHYIO BTOPUYHYIO CTPYKTYpYy, KOTOpas Y3HAeTCsi CHEeIUaIbHBIMHU
KJIETOYHBIMH O€lIkaMH, HAYMHAIOIIMMU B 3TOM MecTe IMKJI perukanuud. MmeHHo mporecc
WHULUAINH PETUTUKAIIMA HAXOAUTCS TIOJT KOHTPOJIEM KJIETOYHOU PETyYJISIUH.

Pernukanus cocTout u3 GOJBIIOrO YKcia MOCIEeI0BaTeNIbHBIX ATAOB, KOTOPbIE BKIIOYAIOT
y3HaBaHUE TOYKU PEIUIMKAIIMM, PaCIUIETAHHE POJIUTEIbCKON JBYXIEMOYEUHON MOJIEKYIbI,
yAepKaHHE ee LIeTel Ha TOCTATOYHOM PAacCTOSHUM APYT OT ApYyra, MHUIHAINIO CUHTE3a HOBBIX
JIOYEpPHUX LEeMNel, X yAJIMHEHUE (DJOHTalllIo), 3aKpyYMBaHUE 1IeTe B CMpaib U TEPMUHALIUIO
perukanuu. Bcee 3TH 3Tambl mpoliecca peruiKaldyd MPOTEKalT € OOJBIION CKOPOCThIO U
UCKITIOYUTENILHON TOYHOCThIO. B mpomecce perumkamuu y E. coli ydactByroT Oombie 20
pa3nuyYHbIX (EPMEHTOB U OENKOB, Ka)Abl M3 KOTOPBIX BBIMNOJIHSAET ONPEACNICHHYIO (YHKIIHIO.
Bce Bmecte oHM (OPMUPYIOT KOMITIEKC, KOTOPBIA HasbIBaOT JJHK-peniukasHol cucmemoli Vin
Ppeniucomotl.

'maBHBIMM  "JEWCTBYIONIMMH  JHUIIAMH" peIUTMKAIMK  sBIsitoTcs  depmentsl  JJHK-
noaumepaswvl. Oau cuntesupyet nenb JJHK B cootBercTBum ¢ ypaBHenuem: (ANMP), + ANTP 6
(ANMP),+; + PP;. Knetku E. coli conepxat tpu paznuunsie JIHK-nonumepassl, o6o3navaemsle I,
II u Il u umeromme mois. maccel 109, 120 m 550 k/la cooTBercTBeHHO. JlJIsI perMKanuu
6akrepuanbHoit JIHK neob6xomumer JIHK-nommmepaser 1 u III. Dnonramuio pactymeil nemnu
ocymiecTBisieT B ocHoBHOM JIHK-nmonmumepasa 11, a [IHK-nonumepasa [ BeIMOJIHSIET CrieHaIbHYIO
BcrioMoraTensHyto ¢ynkuuio. Tak xe, kak 1 PHK-nomumepasa, JIHK-nomumepasa 111 cocrout u3
Heckonbkux cyoreaunuil: a (140 x/a), b (40 xa), g (52 x/la), d (32 x/la), e (25 x/1a), q (10 x/la)
u t (83 k/la). Paznuunbie koMOMHANIMU CyOBEAVHMII MPUBOAIT K 00pa30BaHUIO pa3HBIX (Hopm
JHK-nomumepassr 111, JIns pabotel aToro ¢gepmerTa Heooxoauma "zampasxa", T.e. HEOOJIBIION
¢parment mnpencymectsyromei JIHK wmu PHK, x 3'-konmy xoroporo JIHK-mommmepasa III
nocueaoBaresibHO npucoeaunsier Hykiaeotuasl. JJHK-monumepasza III He B cocTossHun cama mo
cebe 0Oe3 3arpaBku Hauath cuHTe3 HoBoM JIHK, oHa cmocoOHa TONBKO YIJIMHATH YKe
CYILIECTBYIOIIYIO 1IETb, MPUYEM 3TO OHA MOXET JAeNaTh TOJbKO B MPUCYTCTBHHM BTOPOW ILIEMH,
urpatoieit pons Marpuilel. Cyobeaunanna b, wim konoaumepasa 111, Heodxonuma ajsl y3HaBaHUS
U CBS3BIBAHUSA C IIeTblo-3aTpaBkoi. Kak Tonpko hepMEeHT mpucoennHseTcsl K NPaBUIbHOMY MECTY



uHUIMay, cyoseauanna b ornmensiercs u paneire JIHK-mommmepasa III paGoraer 6e3 atoi
cyobenuauLbl. KpoMe nonumMepasHoil akTHBHOCTH

JHK-nonmumepassl [ u 111 obnagaror emre 5'63'- u 3'65'-3k30HyKII€a3HBIMA AKTUBHOCTSIMHU, T.€. OHU
MOTYT OTHICTUIATh KOHIIEBbIE HYKJIEOTHABI ¢ nroboro konna nenu JAHK. Jlnsg gero nyxxna PHK-
nonumepasa I, Hen3BecTHo.

B pennmkatuBHONW BUIIKE HaxoAsTcs 3'-KOHEIl OJHOM pacTylie uenu u S5'-KoHel ApYrou.
Opnako JIHK-momumepasza III moxer ocymectBisatsh cuHTe3 HoBou unernu JIHK Tonbko B
HanpaBieHuu 5' 6 3' u, ciemoBaTeabHO, CIIOCOOHA YIUIMHATH TOJNBKO OJHY M3 JABYX pacTyIUX
Leneil B HANpaBiI€HUM JBUKEHMSI PEIUIMKAaTHUBHOW BWJIKU. BBIXOIOM M3 3TOro mpoOTHBOpEUUs
ABISICTCA TO, 4YTO BTOpas LENb CHUHTE3UPYETCS npepvigucmo ¢ OOpa30BaHUEM KOPOTKHX
(bparMeHToB, KOTOPhIE HAPAIIMBAIOTCS TAKXKe 3a CYET MPUCOSAMHEHUS HOBBIX MOHOMEPOB K 3'-
KOHIy, T.€. B HAaIllpaBJICHWM, IIPOTUBOIOJIOKHOM [BWKEHHUIO DPEIUIMKATUBHOM BWIKH. Takum
o0pa3oMm, B JABIKYIICHCS pEIUVIMKaTUBHOM BWIJIKE €CTh 6edywjas yenb, CHHTE3UpyeMas
HENpEepbIBHO, U omcmaiowas yenv, CUHTE3UpyeMas OTAeNbHbIMU (parmeHTtamu (puc. 137).
@parMeHThl OTCTAIOIIEH LENHU Ha3blBatOTCs ¢paemenmer Okazaku TMO UMEHHM OTKPBIBIIETO HX
Peiin3u Oxazaku (Reiji Okazaki) u TpeOyroT A CBOEr0 CHHTE3a B KAUECTBE 3aTPaBOK KOPOTKHE
orpeskun PHK, xommemenrtapueie matpuunoi nenu JIHK. Otu PHK-3arpaBkm oOpa3yroTcs B
HanpasieHud 5' 6 3' uz ATO, I'TO, UT® u YTD c nomoursio depmenTa npaiimasvi (6€10K
DnaG, 60 x[la). 3arem k 3'-xoniy takoit PHK-3aTpaBku, cocrosimieit Bcero numb u3 15 - 20
nykineotunoB, JIHK-nomumepasza III mpucoeamnser 1 - 2 ThIC. €30KCHUPUOOHYKICOTHIHBIX
MOHOMEPOB, M B pe3yiibTaTe oOpazyercs ¢pparmeHT Oka3zaku (B JKMBOTHBIX KJIETKAaX (PparMeHTHI
Oxkazaku kopoue u cogepxar 150 - 200 nykneotunos). Ilocie 3aBeprienuss cuHresza parmeHra
Oxkazaku PHK-3aTpaBka ynanseTcs HyKJICOTHA 3a HYKICOTHAOM C ToMOmp0 5'63'-3k-
3onykineasHor aktuBHOocTH JIHK-momummepaser I. Ilo mepe oTmierieHus puOOHYKICOTHUIHBIX
MOHOMEPOB KaXK/IbIil M3 HUX 3aMEIIAaeTcs Ha COOTBETCTBYIOIIMH J1€30KCUPUOOHYKIEOTHI B XO/E
MOJIMMEPA3HON peakuuu, ocymectsisiemon camoi JIHK-monumepaszoit I, mpu 3Ttom B kauecTBe
3aTpaBKH UcTosb3yeTcs 3'-kKoHel npeapinymero gpparmenta Oxazaku. Ognako JIHK-nmonumepasa
I He MoXeT coBepIINTh TNOCIENHEE KOBAJIEHTHOE MNpucoeauHeHne ¢(parmeHnta Okazaku K
pactymeit nenu JIHK. s atoro tpedyercst apyroit pepment - JHK-mueaza (75 x/la), KOTOpbIi
KaTalm3upyer obpazoBanue GpochopHOAMIPUPHONU CBA3ZM MEKIY 3'-TUAPOKCHIIBHOW TPYMION Ha
koHue uenu JHK, moanexamei yuHenuto, u 5'-pocdarHoil rpynmnoii HOBOCHHTE3UPOBAHHOTO
¢dbparmenTa Okazaku. OOpa3oBaHUE ITOM CBA3U TPEOYET 3aTPaThl SHEPTHH, KOTOPast TIOCTABIISICTCS
B XOJIe CONPSKEHHOTO THAPOIH3a mupodocharroii ez HAJ]™ B 6akTepualbHBIX KJIETKAX UIH
AT® B KUBOTHBIX KJIETKaX.

Urobsr perummupytomue JHK  depmentsr mormm  "mpouwTaTh"!  HYKICOTHAHYIO
M0CJIe10BaTeNbHOCTh MaTpHIbl, 1ienu poautensckoil JIHK nomkHbl ObITE pa3feneHs! XoTs Obl Ha
KOPOTKOM YydacTke. PackpyunBaHue ABOMHOW CIIMpaId U yJAepKaHUE ABYX LIETIEW HA HEKOTOPOM
PacCTOSIHUU JIpYT OT JApyra, 4ToObl OHU MOIJIM PEITMIMPOBATHCS, OCYIIECTBIIAETCS MPU MOMOIIU
HECKOJIBKUX CHEIHAbHBIX 0enkoB. DepMeHT xenukasa (ot aHri. helix - cnupans) wim 6enok rep
pacruietaer kopotkue ydactku JIHK, Haxopsmuecss HENOCpeNCTBEHHO IEpell PEIIMKaTUBHOMN
Bwikoi. J{ns packpyuuBanus JIHK TpeOyetcst sHeprus: Ha pa3feieHue KaxI0i mapbl OCHOBaHUMN
pacxoayetcs sHeprus ruaponusza 2 mojekyn AT® no AJI® u docdata. Kak Tonbko HEOOMBIIOHN
yuactok JIHK oxa3piBaeTcsi pacruieTEHHBIM, K KaXAOW W3 pPa3IeIMBIIMXCS LENed MPOYHO
IIPUCOETUHSIOTCS HECKOJIBKO MOJIEKYJ Oenka, cBsizpiBaromierocst ¢ ogHouenoyeuyHo JTHK (JICh
Ha puc. 137), KOTOpBIE MPEMATCTBYIOT OOpPAa30BaHHMIO KOMIUIEMEHTAPHBIX Tap W OOpaTHOMY
BOCCOCMHEHHIO Iienield. DToT Oenok HaszwiBaeTcs Oenok SSB (ot anri. single-strand binding) u
npeAcTaBiIsieT co0oit TeTpamep ¢ Moia. maccod 74 kx/la. OH KoomepaTHUBHO CBS3BIBACTCS C
onHouenovyeyHoit JIHK, coxpanss ee B pactsHyToM cocTostHUM. CyTh KOONEPATHBHOIO CIIocoba
CBSI3BIBAHUSI COCTOMT B TOM, YTO CBSI3bIBAHHME OJHOW MOJIEKYJIbI Oeinka oOJierdaeT CBS3BIBAaHHE
IOpyroi. B pe3ynbrare ofHaX /bl Ha4aTas peakUus CBA3BIBAHUA Ha onpeneneHHon moiekyne JJHK
OBICTPO pacIpoCTpaHsIeTCs A0 TEX MOp, oka Best ogHouenodeuHas JJHK He Oynet mokpeita ciioem



SSB. bmaromaps sTtomy HykieoTtuaHble mnocnenoBatenbHocTu 1enei JIHK okaswiBatorcs
JOCTYITHBIMU ISl PEIJIMKAaTUBHOW CHUCTEMBI.

Hpyroi#i [IHK-cBs3piBatomuii 6eox DnaB (300 x/la, rekcamep) coBmecTHO ¢ OenkoM DnaC
U, BEPOSITHO, C HEKOTOPHIMH JOTMOJIHUTEIBHBIMU O€lKaMi MOMOraeT mpaiiMaze WHHUIIMHPOBATH
cuare3 PHK-3arpaBok. Bmecte 3tu Oenku (OopMUPYIOT KOMILIEKC, HA3BIBAEMBIA MpatiMocoma.
[Ipaiimocoma coOupaercsi U3 OENKOBBIX KOMIIOHEHTOB Ha creuu(uyeckoM "mpeasaTpaBo4HOM"
yuactke JJHK, nmeromem Bua mmnuiabku, 00pa3oBaHHON MOCIIE0BATEILHOCTHIO U3 55 OCHOBAHUH.
3aTeM mpailMocoMa MepeMEeIaeTCs BIOJIb POAUTENBCKON LENU K y4acTKy MHUIMALWUA CHUHTE3a
3aTpaBKd. Bo BpeMs [BWXKEHHS MpaliMOCOMBI pacloiOXEHHbIM mepen Hel Oenok SSB
BBITECHSIETCSA, a camMo JBIKeHue TpeOyeT »Heprum Tumaponnsa ATD. OOHapyKHUB Y4acCTOK
MHULMauy, npaiimasa cunresupyer PHK-3arpaBky u3 15 - 50 nykneotunoB. 3a 3To Bpems pen-
JUKATHBHAs BWJIKAa NPOJBUTAETCS BIEpPEA, M CO CTOPOHbI 3'-KOHLIA Nepea npaiiMocoMoi
oOpa3yercs omHOIICIIOYCUHAs 00IacTh, KOTopasi 3actpamBaetcs Oenkom SSB. Ilocie kaxmoro
COOBITHS MHUITUAIINH MTpaiiMocoMa MpoIBUTa-
€TCsl K BAOJIb OJHOLIENIOUEYHON 001acTy B HanpaBiieHuu 5' 6 3' K yuacTky
WHUIMAIINY CHHTe3a cienytomiero gpparmenta Okazaku (puc. 138).

Ipu 37°C wmosas JHK E. coli cuHresupyercs €O CKOPOCTBIO OKOJIO 50  ThIC.
HYKJICOTHJOB/MUH B pacyeTe Ha OJHY BUJIKY. [IOoCKONbKY Ha Ka)KIbl MOJHBIA BUTOK JBOWHOM
cnupasin npuxoautcss 10 map ocHOBaHWiA, CKOpPOCTh pacruieTanusi poautensckor JHK B
PEIUIMKATUBHON BWJIKE COCTaBisieT Oojee 5 ThiC. 00OPOTOB/MHH, YTO TMPEBBHIIIAET CKOPOCTh
BpaIlleHHs BaJla B JIBUTATENIe aBTOMOOWIIS, MUamierocsi co ckopocteio 110 xm/4. Bes octampHas
6axrepuanpHas JIHK, pacnonokeHHas Bepeau pPEIIMKATUBHOW BWIJIKH, JOJDKHA BPAILIaThCS C
TaKOM K€ CKOPOCThIO. M30€kaTh 3TOro KieTKe Mo3BOJSET PEPMEHT monousomepasd, KOTOPbIA y
npokapuotr HasbiBaercsi /[HK-eupazou (0T aHri. gyration - BpamieHue). Tomousomepassl
CIIOCOOHBI OCYIIECTBIISITH KPATKOBPEMEHHBIE Pa3phIBBI B OAHON U3 1enel asyxuenodedHoi JJHK
U TOYHBIE CIIMBKM B pPa30pBaHHOM MeECT€ IOCJIE€ OJHOTO HIIM HECKOJBKUX OOOpOTOB Ilemeid
OTHOCUTENLHO JApyr napyra. biaromapsi rupase, KoTopasi AejaeT KpaTKOBPEMEHHBI pa3phiB B
pacruietaemoirt JIHK, Bpamartbcest ¢ 60JIBIIONH CKOPOCTHIO MPUXOJAUTCS TOJIBKO KOPOTKOMY YYacCTKY
JHK. Otor ¢gepment He Tonpko mo3posser /IHK Bpamarthscsi, HO ¥ aKTUBHO 3aKpy4HMBaeT €€ B
HaIpaBJIEHUH, OJaronpusATCTBYIOIIEM pacIUIETaHHUIO LIeTIed MaTpHULbl B pailoHe peruTMKaTUBHOM
BIKH. Takum o0pa3om, rupasa nomoraer xenukase packpyuusarb JJHK nns perumkanuu. Kpome
toro, 3akpyunBanue JJHK ¢ momomipio rupassl, Tpedyromee s3Hepruu ruapoiausza ATO qo AP u
¢docara, mognepxkuBaer Bce koibleBble JIHK OakTepmanbpHBIX KIETOK B CBEPXCHHPATBHOM
dbopwme (puc. 114).

[To Mepe Toro kak periMKaTuBHas CUCTEMa JIMKBUIUPYET Pa3pbIBbl B OTCTAIOLIEH LIETIH, OHA
JIBIOKETCS BAOAb pernnupytonieiica JHK. JIBe HOBble Lenu COEAUMHSAIOTCA CO CBOUMH
KOMIUIEMEHTAPHBIMU POAUTEILCKUMHU IEMSMU  CaMOIPOU3BOIbHO. Jliisi 00pa3oBaHUS HOBBIX
JIBOMHBIX CIIUpaJIe He TPeOYeTCsl HU 3aTPaT SHEPTHH, HA yIacTHs KaKoro-1moo ¢epmeHTa.

JHK HekoTopblx BHpPYCOB pEIUIMIUPYETCS B OJHOM HAMPABICHUU IO MEXaHU3MY
"kaTsierocs koieia" (puc. 139). Brauane onHa u3 aByX Ienei KosblieBoi poautenbckon JJHK
paspe3aercs QgepmeHTOM. 3areM K 3'-KOHIly pa3pe3aHHOW IENH MPUCOCTUHSIETCS HECKOIBKO
HOBBIX HYKJIEOTHJI0B. POCT HOBOM LeNMM Ha KOJBLUEBOM MATpPULE OCYUIECTBISETCS 3a CYET
MOCTENEHHOTO BBITECHEHUS! 5'-KOHIIEBOM 4YacTHU pacUICTVICHHOM LENU U3 KaTsIIecsl KOJbIEBOM
Martpuilbl. [To Mmepe pocTa HOBOM 1€ BHITECHEHHBIN 5'-XBOCT CTAHOBUTCS MaTPUIEH JIJIsi CHHTE3a
HOBOUM KOMIUIEMEHTapHOU LENMU. JTOT CUHTE3 Ha JTMHEHHON MaTpulle MPOJ0JIKAETCS 10 TeX Top,
MoKa He oOpasyercs J0-
yepusis uens JJHK, komminemenTapHas oqHOMY 000pOTYy KOJIBIIEBOI MaTPHULIBL.
3aTeM ¢ moMoIIbI0 pepMeHTa ABYXIIETIOYEYHBI XBOCT OTHIEIUISETCS, U Ha 5'-KOHIIE OITSITh MOXKET
HAYMHATHCS TPOIECC PETUIMKANNUA. TaKuM MyTeM C KOJBIIEBOM MaTPHIIBI MOXKET 00pa30BBIBATHCS
MHOT0 pa3 noApsia KoMmruiemeHTapHas konust kosublieBor JIHK. Takoii ke MexaHu3m "Katsiierocs
KOJIBIIA" UCIIONIb3YETCS B SIPBIIIKOBBIX OPraHU3aTOpax OOIMTOB Il HApaOOTKU OOJBIIOTO YKCIa
KOMUH MOCJIEA0BATEIbHO PaconokeHHbIX reHoB pPHK.



Hpyroit cmnoco6 perukamuu  kosblieBot JIHK wucnonb3yercss B MUTOXOHAPUAX U

xJioporacrax. Permkanus HauMHaeTcst B cnenM@Uuyeckod TOUYKe Hadaja, HO MEpPBOHAYAIbHO
TOJIBKO OJJHA U3 JIBYX POJUTENbCKHUX LIENEd MCIONIb3YeTCs B KayecTBE MAaTpHIbl JUIsl CUHTE3a
HOBOM Lenu. CHavana CUHTE3 IPOMCXOAUT TOJIbKO HAa KOPOTKOM y4aCTKE U BBI3BIBAET BHITECHEHHE
UCXOJHONW KOMIUIEMEHTAapHOM IenH, KoTopas ocrtaercsi onHouenodeyHoi (puc. 140). Taxoii
MeXaHHU3M ObLT Ha3BaH penaukayuel ¢ esimechenuem (displacement), a obpasyromiascs mpu 3TOM
CTpyKTypa - D-nemieii. B MUTOXOHAPUAX MIICKOTHMTAOIINX 00pa3zyeTcsl TOJNBKO ogHa D-mets,
MpeCTaBiIsgtonasl co00i MOCTOSHHO CYIIECTBYIOIIYIO CTpyKTypy u3 500 - 600 ocHoBaHWMIA.
KopoTkass HOBOCHHTE3MpOBaHHAsI IIEMb WUMEET BapuaOeNnbHBIA 3'-KOHEI, O00pa3yIoIuics, Io-
BUIMMOMY, B pe3yjbTaTe TEpPMUHALIMU CHUHTE3a B JIIOOOM W3 3 - 4 JOUCKpETHBIX MeCT. OTa
KOpPOTKas Lielb HecTaOWjbHA: OHA YacToO JErpagupyeT M IOBTOPHO CHUHTE3UpYETCs JUid
coxpanenus B D-metne nBoitHoi croupanu [IHK B otkpeitoit ¢gopme. [locne wunuimanmu
peIUIMKalMM KOpOoTKas 1ienb B D-merne HauMHaeT yanuHAThCs, U D-merns pacummpsercs. Pac-
LIMPEHUE MPOJOJDKACTCA A0 JOCTHKEHUS TOYKH, HAXOSIIEHCS HAa PACCTOSIHUM, COCTAaBIISIOLIEM
npuMepHo 67% mmHB oKpy)HOCTH KoJbia JJHK. Perumkarus 3Toit 00:1acTé pacKpbIBaeT TOUKY
Hayajla PEIUIMKALUU BBITECHSIEMON LENH, U IOCJIE 3TOr0 HAYMHAETCS PEIUIMKALMS BBITECHAEMOU
L[eNH, TPOUCXOIAIIasl B MPOTUBOIIOJIOKHOM HAlPaBJIE€HUU OT CUHTE3a KOMIJIEMEHTApHOU el Lenu.
N3-3a TOoro, 4to BITECHSAEMAs LIEb HAUYMHAET PEILIULUPOBATHCS M03KE, K MOMEHTY 3aBEpIICHHUS
peIUIMKallM KOMIUIEMEHTAapHOM e Ienu BbITECHseMasl Lielb rotoBa Toiabko Ha 30 - 40%.
[TosToMy mocie pasfeneHus AOYEPHUX MOJIEKYJ OJHAa W3 HHMX OKa3bIBaeTCsl MOJHOM (C
OJTHOIICTIOYCYHBIM Pa3pbIBOM), a ApyTasi UMeeT Opelrb Wi mpoOes oaHON U3 Tienei (puc.
140). bpemb 3acTpanBaeTcsi HyKJICOTUAAMU U PETIMKALMS 3aBEepIIAeTCs] KOBAJCHTHOM CIIMBKOM
KOHIIOB HOBOCHUHTE3UPOBaHHBIX 1ieneil. B muroxonapuansuoit JIHK npyrux »uBOTHBIX ObIBa€T OT
1 1o 6 D-nierens. B xnopomnacthoit JIHK BeicInX pacTteHuil cymecTByroT 1Be D-netinu.

Permummkanus sykapuornueckor /JJHK, kotopas ynmakoBaHa B HyKJI€OCOMBI

U HaxXOOUTCS B COCTAaBE XPOMATHMHOBBIX BOJIOKOH, OCYIIECTBIIIETCS TIOpa3lo CIOKHEE, YeM
peruukanust OakrepuanbHoit JIHK. Oykapuornueckas [AHK Toxe pemnmumupyercss B JABYX
IIPOTUBOINOJIOKHBIX HAINPaBICHUAX, HO PEIUIMKATUBHBIE BHJIKU JIBUTalOTCA Ha TOPSAOK
MeJIeHHee, 9eM y E. coli: CKOpOCTh peITuKaIuy Koyieonercs B mpeaenax ot 1 1o 3 Teic. I.H./MUH
JUI. MJIEKOIMTAIOLIMX M HE MpeBbIaeT | ThiC. I.H./MUH Yy pacTeHUH (BO3MOXKHO M3-3a UX OoJjee
HU3KOM TemmepaTyphl). I[loTpeboBasioch OBl CIMIIKOM MHOTO BPEMEHH [UIsl PEIUIUKAIUU
9YKapUOTHUYECKOTr0 I'€HOMa, KOTOPbIi HaMHOro Ooublie OakTepuallbHOrO, €cili Obl B KaxJIOH
XpoMocoMme Obli1a ObI TOJIBKO OJIHA TOYKA PEIIMKALUMH, [T03TOMY HMX MHOTO (MOpSJIKA THICSYM).
Permkanus xpomocomuon JIHK HaunmHaeTcs cpa3dy BO MHOTMX TOYKAaX Hadalla pEIUIMKALMU, U U3
KOKIOW TaKOM TOYKM OJHOBPEMEHHO B IPOTHUBOIOJIOKHBIX HAIIPaBICHUAX JABMXKYTCS JBE
pernkaTuBHble BUIKHU (puc. 141). Touku Havana pemnvkanyvy pacnojoxkeHsl rpynmnaMu mno 20 -
80, Ha3bIBAEMBIMU PEnIUKAMUBHBIMU eOuHuyamy. BHYTpH pPENIMKAaTUBHOM €IMHHULBI TOYKU
Hayaja peruiMKanuu oTcTosT Apyr oT apyra Ha 30 - 300 TeIC. I.H., YTO CPaBHUMO CO CPEIHHM
paccTosiHuEM MEXIY COCEAHUMHM NEeTJIIMU XpoMaTuHa. BO3MOXKHO, UTO B KaXKJ10i XpOMaTHHOBOM
IeTmie UMeeTcs JIMIIb OAWH y4YacTOK Hayalla peIulMKaluu. Bce 3yKapHOTHYECKHE XPOMOCOMBI
PEIUTUIMPYIOTCS OJHOBPEMEHHO, M B SIIpE IYKAPUOTUYECKOM KJIIETKH paboTaeT OIHOBPEMEHHO
MHOTO THICSY PEIUIMKAaTUBHBIX BUIOK. B X0/1€ perunKkanuy akTUBUPYIOTCSI HOBBIE PETNIMKATUBHBIC
eIMHHULIBI, ToKa He Oyxaer perumuupoBaHna Bes JJHK. Kaxnas Touka Havana peruvkanuu A0KHA
ObITh HCIOJNb30BaHA TOJILKO OAMH pa3 BO BpeMs pEIUIMKAllUd XPOMOCOMBI, IO3TOMY C
UCIOJIb30BAaHHBIMM TOYKAMH Hauyaja CBS3bIBAIOTCS OEJKHM, NPEeIOTBpallaloliie IOBTOPHYIO
VMHULUALWIO PEIUIMKALUU B 3TOM Y4acTKe.

VY sykapuoT oOHapyxeHb!l Tpu kiacca JJHK-monmmmepas, o6o3Hagaemble a, b 1 g 1 IMErOIIHe
Mon. maccel 110 - 220, 45 u 60 k/la coorBerctBeHHO. Jnsi permkauuu sigepHor JJHK
HeoOxoauma toneko JIHK-mommmepasa a. JIHK-mommmepasza b ydactByer B penapanuu /IHK B
anpe, a JJHK-nonumepasa g - sto muroxoHapuansHas JIHK-nomumepasa u, XOTsS ee HaxomsaT
TaK)Ke U B si/Ipe, HET JaHHbIX, YTO OHA TaM (PYHKIIMOHUPYET.



Jly1s mocTpoeHust HOBOTO XpoMaTuHa TpedyeTcst 00JIbII0E KOJI-BO HOBBIX THCTOHOB, IO Macce
MPUMEpPHO CTONBKO K€, CKOJIbKOo cuHTesupoBaHo HoBoW JIHK. Ecnu Obl Kaxaplii THCTOH
KOJIMPOBAJICS JIMIIb OJHUM T'€HOM, CHHTE3 THMCTOHOB OTcTaBai Obl oT cuHTe3a JJHK. Otoro ne
IPOUCXOIUT Oyiarofapsi TOMY, YTO CYLIECTBYIOT MHOKECTBEHHBbIE KOMHMM T'€HOB JUIS KaXJ10TO
ructoHa. KiieTku mo3BoHOUYHBIX cofepKaT 0Koi10 40 HOBTOPSIIOIIMXCS HAOOPOB TaKUX
I'€HOB, U B KaX/bIil HA0Op BXOAAT T€HBI AJs BCEX MATH I'MCTOHOB. 3TH KOMHUU COOpaHbI BMECTE B
OJIHOM Yy4YacTKe XpoMocoMmbl. B oTinume oT OoJbIIMHCTBA OEIKOB, KOTOpPbHIE HENPEPHIBHO
CHUHTE3UPYIOTCSI MEXIY JEJCHUSMH 3YKapHMOTHUECKOW KIIETKH, TUCTOHBI 00pa3yroTcs TJIaBHBIM
obpaszom B niepuoy permmukanuu JJHK: magano cuaresa JJHK akTuBupyeT cHHTE3 THCTOHOB, a
nocine npekpamenus cuHresa JHK ructonoBeie MPHK  craHoBATCS — upe3BbIuaiiHO
HecTaOMIbHBIMU. HanpoTuB, caMu THCTOHBI - HEOOBIYAHO CTaOMIIbHBIC OCNKH, U UX MOJICKYJIBI
MOTYT COXPAaHATbCS B TEUEHUE BCEH KU3HU KiIeTKu. lIpennonararor, 4To BO BpeMs pEeIUIMKALMU
JIHK rucronoBele cepaleBuHbl HykieocoM matepuHckod JIHK HemocpeacTBEHHO mepexoasT Ha
novepHtoro cnupans JJHK, obpasytomiyrocs Ha Bexyleil CTOpOHE peIUIMKaTUBHON BUIIKH, TOTJa
KaK HOBBIE HYKJIEOCOMBl COOMPAIOTCS W3 BHOBb CHHTE3MPOBAHHBIX T'MCTOHOB Ha OTCTArOLIEH
CTOPOHE BUJIKM Y€PE3 HECKOJIBKO MUHYT ITOCJIE IPOXOXKACHUS PETIUCOMBI.

3amaua 46. Ucnionb3ys gaHHbie Ta0d. 9, paccuntaiTe BpeMs, HEOOXOAUMOE 7Sl PEeTUTUKAITTN
reroma E. coli.
3agaya 47. CpaBHUTE CKOPOCTH CUHTE3a TUCTOHOB U peruinkanuu sykapuornueckon JJTHK.

PEITAPALINA JHK

Yacrora ommbok mnpu perukanuu JHK E. coli ve mnpeBbimaer 1 wa 1-10 mupa.
HyK1€0TuA0B. [lockonbky reHoM E. coli conepKuT npuOian3uTebHo 4.5 MITH. 1.H., To Ha 10 ThIC.
MOJICJIMBLIMXCS KJIETOK BCTpauBaeTcsd TOJbKO 1 HempaBWIbHBIA HyKjJeoTHI. Ecnu Obl TOUYHOCTB
peIUIMKAalMK OTpeAeNsiiach Obl TOJBKO IHEPrHel YOTCOH-KPUKOBCKOIO CIIAPUBAHUS KOMILIE-
MEHTapHBIX OCHOBAaHUI, TO YacTOTa OMIMOOK MpU pEIUIMKAlUKU Obula Obl Ha 5 MOPSAIKOB BBIIIE.
TouHocTe pernukanuu noBblIaeTcs Onarogaps 3'65'-sk3onykneasHoi axtuBHoctu JIHK-
nonmmmepas [ u 11I. Ecium kakas-mu6o u3 3TUX moimMepa3 BCTPAWBAET HEMPABHIIbHBIA HYKJICOTHUI,
TO (PEpPMEHT caM MOKET PACMO3HATh HECIIOCOOHOCTH 3TOr0 HYKJIEOTHIa 00pa30oBaTh MPaBUIIbHYIO
napy ¢ COOTBETCTBYIOIIMM HYKJICOTHIOM MaTpuLbl. B 3TOM cityuae pepMeHT Bo3BpalaeTcs Ha3aj
U OTUICIUIAET HENPaBWIbHBIA HYKJIEOTHJ C 3'-KOHLA, MOCJIE YEro IMPOJOJIKAET MPUCOSIUHSITDH
IIPaBUJIbHBIE HYKJIECOTH/bl, T.€. BO3OOHOBIJIAET CBOE OOBIYHOE NPOJBM)KEHUE BJOJIb MAaTPULBI B
Hanpasienuu 5' 6 3'. Koppexrupytomiee neiicrsue JJHK-nonumepasst (proofreading) nmpakrudyecku
obecrieurBaeT HaOJIIOAAEMYyH0 TOYHOCTh PEIUIMKALMM, OAHAKO 3TO JIMIIb OJUH M3 IyTeH,
o0ecreYnBaOIIUX BEICOKYIO TOUHOCTh PEILIU-
Kauuu. Iy ucripaBiieHuUs pa3IMYHbIX OIIMOOK U CIIOHTAHHBIX MTOBPEXKICHUH B
JIHK kneTku copeprkat crienuaibHblii Habop penapupytomux Gpepmenton. Haubonee yactoe

noBpexaenne B JIHK - ato cnonmannas anypunusza-
Yusl, 3aKIIIOYAIONIAsCs B Pa3pbIBE TJIMKO3UIHON CBA3M MEXKIY OCTaTKOM aJ€HHHA WM T'yaHUHA U
NE30KCUPU00301 U MPOUCXOIAIIEE, HAPUMEP, B KAXKIOW KIETKE YeIOBEYECKOTO Tejla C YaCTOTOM
OKOJIO 5 THIC. pa3pbiBOB B cyTKu. Jpyroe nmoBpexnenue JJHK - cnommannoe desamunuposanue
LIUTO3WHA, TMPEBpAIIAlONIee €ro B ypalui, - MPOUCXOAUT B KaXAOW KieTke ¢ yactorod 100
coObiTHif/cyT. Ilomumo cronTaHHbIX moBpexiaeHuit B JIHK moctosHHO  BO3HMKAIOT
UHOYYUpoganuvie, T.€. BBI3BAHHBIC pa3IMYHBIMU (akTopamMu mnoBpexaeHus. [loBpexnarommm
(akTOpOM MOXET OBITh BHICOKORHEPIeTHUECKOe M3IydeHue - yabrpaduoineroroe (200 - 400 Hm)
Wi noHusupymomee. Ha nomio storo ¢akropa mpuxoautcs npumepHo 10% Bcex MOBpexACHUIMA
JHK, BbI3bIBacMbIXx HeOuonormueckumu (akropamu. Hampumep, mnon neiictBuem  yiib-
TpaHUOJIIETOBOTO MU3Iy4EHUS MEXIYy JABYMs COCEAHUMH IUPUMHIMHOBBIMM OCTaTKaMM (daiie
BCEr0 ATO JBa COCEJIHMX THMHHA) MOXET BO3HHMKAaThb KOBAJIEHTHas CBS3b, B pE3yjbTaTe 4Yero
oOpasyercs nuMep, KOTOpbiii Oynmer HempeomonumbiM mperstctBueM s JIHK- wom PHK-
nonuMmepassl. IloBpexnenns B JJHK MoryT BbI3BIBaTbCS Takke AKTUBHBIMM XUMHYECKMMH
COCIUHEHUAMH OKPYKAIOIIEH CPENIbl, HA3BIBAEMBIMU MymaceHamu. Pa3nudaroT Tpu OCHOBHBIX TH-



OB MyTareHoB: 1) ae3amuHupytoniye areHThl (Hampumep, HNO; u HUTpUTBHI), IpUBOASIINE K
MpEeBpalleHUIO I[IMTO3MHA B Yypalwi, aJeHHHAa B THUIOKCAaHTUH, a TyaHWHAa B KCaHTHH, 2)
AIKWIMPYIOIIME areHThl (Hampumep, JAUMETWICYlb(aT, MnpeBpamiaromui ryaHuH B O-
METHJITYaHHUH, HECTIOCOOHBIN CapuBaThCs C IUTO3WHOM) U 3) COEAMHEHHUS, KOTOPHIE H3-32 CBOETO
CXOJICTBAa C HOPMAJIbHBIMU OCHOBAaHUSMH MOTYT MOJIMEHATHh X B Mojekyie JHK (mampumep, 5-
OpoMypaluI Wi 2-aMUHOIYPHUH).

HenpasuibHble HYKI€OTHIBI, Kak IpaBuio, yaamsarores u3 JIHK cucremon skcyusuonrot
penapayuu (OT aHTI. excision - BbIpe3aHue). Ha mepBoM »Tame MOBpeXIEHHas CTPYKTypa
y3HaeTcs JInOo (hepMEeHTOM CHeU(PUISCKON YHIOHYKIICa30H, KOTOPHI JIeiacT OJHOICTIOYCUHBIH
pa3pbiB ¢ 5'-cTOpOHBI OT MoBpexaAeHus (myTh 1 Ha puc. 142), nubo dpepmMeHTOM criennGuyecKoit
JIHK-rnvko3una3on, KOTOPBIA KAaTaIU3UPYET THUAPOJIUTHYECKOE OTIIECIUICHUE W3MEHEHHOTO
OCHOBaHUS OT JAe30KCUPUO03bI (ITyTh 2 HA PHC.

142). K cnemududecknM SHAOHYKJICa3aM OTHOCHTCS, Hampumep, hepMmMeHT Y @-snoonykieasa,
Y3HAIOIIMI TUMUHOBBIN auMep. B kaxaoW KieTke CylecTByeT Takke He MeHee 20 pa3iudHbIX
cnerupuuecknx [JHK-ramko3unas, y3Harommx kakonu-1m00 OJWH TUI U3MEHEHHBIX OCHOBAHHM B
JIHK. Cpenu Hux

UMEIOTCS (PEpPMEHTHI, yAAJSAIOIUe J€3aMUHUPOBAHHBIN 1UTO3UH (ypayun-/{HK-enuxoszunasa),
N€3aMUHUPOBAHHBIA AaJICHUH, AJKWIMPOBAHHBIE OCHOBAHUS pPA3JIMYHBIX THUIIOB, OCHOBAHMS C
Pa30MKHYTBIM KOJIBLIOM U OCHOBaHUS, B KOTOPBIX JBOIHAs yIIepoA-yIriaepoaHasl CBsi3b 3aMEHEHa
npoctoi. Yuactok ¢ ynaneHHbIM JIHK-rnmko3una3oil uiam CHOHTaHHO OTILENMBIIMMCS OCHOBA-
HUEM Y3HaeT AP-snoonykneasa (anmypuHOBas WU aNUPUMHUAMHOBAs), KOTOpas TOXE JeIaeT
OJIHOLICTIOYEUHBIN pa3pblB B 3TOM MecTe. [pyroil paspe3 Mpou3BOAUTCS 3HIOHYKJIeazou c 3'-
CTOPOHBI MPUMEPHO Ha paccTossHUU 12 - 20 HykineotunoB. 3ateM y E. coli Ha craguu evipezanus
JIHK-nonumepasa | 3a cuer cBoeit 5'63'-aKTUBHOCTH BBILIEIUISIET HYKJICOTHABI MEX/Y pa3pe3amu,
¥ OHA )K€ 3aCTPaWBaET IMOJyYMBIIYIOCS Opelrs MpaBWIBHBIMH HyKJIeoTHaamu, nocie yero JJHK-
nura3a '3ammBaer" OJHOLIETIOYEYHBIM pa3pblB. XOTS B KIETKE penapamus, H0-BUAHUMOMY,
ocymiectBisiercs JIHK-momumepazoii 1, JIHK-monmumepaser 11 u 11l cnocoOHbI ee 3ameHHUTH. Y
sykapuotT (yHKIuo, anamornunyio ¢pynkuun JJHK-mommepassr I, Bemonuser JIHK-mommepasa
b.

B Tom cinywae, kxoraga Hapymenue crpyktypsl JIHK 3akmrodaercs B HenmpaBHIBHOM
CMapUBaHUM OOBIYHBIX OCHOBAHUH, penapupylolias CUCTEeMa HE MOXET ONpEIeNTUThb, KaKoe U3
OCHOBaHMI MpaBWIbHOE. B 3TOM citydae BO3MOXKEH CIIy4ailHBIA BHIOOp IS YJaJICHHUS OJHOTO U3
HECTapeHHbIX OCHOBaHMN. HO BO MHOTHX ciyyasiX MOXKET OBITh MPUMEHEHA PeKOoMOUHAYUOHHASL
penapayus, KOTopas HCIONb3yeT Marepuan oxHor Monekynsl JIHK (M3 romonoruanoi
XPOMOCOMBI) ISl BOCCTAHOBJIEHUS IpyTroil (puc. 143).

ITYTU IPEOBPA3OBAHU S TEHETUYECKON NTHOOPMAIUHN

[lepBoHaUaNBHO CUNTANIOCH, YTO TEHETHYECKAsT MHPOPMAIIHS MOKET TIepeIaBaThCs TOIBKO B
onnom Hampasienuu: JJHK 6 PHK 6 Gemox 6 mpuszHak u BKJIIOYAaeT TPHU TJIaBHBIX JTara B
00paboTKe TEeHETHYECKOW HMH(POPMAIUHM - PEIUIMKAILUI0, TPAHCKPHUIIHUIO W TPAHCISAIHIO. JTOT
NyTh IEpeHoca TEeHETHYEeCKOM MH(OpManuy MOoNydusia Ha3BaHUE YEHMPANbHOU  O02Mbl
MOJICKYJISIpHOM TeHeTHKU. OIHaKO 3Ta MpocTasi cxema Oblia BCKOpE JI0MOJIHEeHA (PHC.
144). Oka3anocs, uro HekoTopble PHK-conepikariye BUpycol )KMBOTHBIX UMEIOT OCOOBIN (hepMEHT
- PHK-3asucumyro JHK-nonumepasy, Ha3bIBaeMyI0 TaKXKe 0OpPAMHOU MPAHCKPUNMAZ0U WU
pesepmasou. ItoT (depment cunHresupyer uenb JHK mnono6no JIHK-3aBucumoit JIHK-
noiuMmepase, Ho B kauecTBe Marpuubl ucnonbdyer PHK. CymectBoBanue Ttakoro depmeHta
NPEJCTaBIsAeT COOOM J0Ka3aTeNbCTBO BO3MOXKHOCTU IEpefjaud TI'eHeTHYecKod HHpopManuu B
narpasienun or PHK k JIHK. Hexotopsie Gakrepuanwhbie Bupychbl umeror PHK-3asucumyro
PHK-nonumepaszy niu PHK-pennuxa3sy, KOTOpas OCyIIECTBIIAET TE€ Ke
peakuuu, yrto u JHK-3aBucumas PHK-mommmepasza, HO wncnonb3yer B KadecTBE MaTpPHIIbI
monekyiny PHK.



Kpome Toro, y Oakrepwii ecTh (QEpMEHT noaunykieomuogocpopuiasa, KOTOPHINA
karanm3upyer peakiuio NJAD + (NMD), " (NMOD),; + HPO42' U He TpeOyeT MaTpHIlbl,
cunresupyss PHK-nommmep co cimydailHOM mocienoBaTtesibHOCThIO HykIeoTunoB. Llemp PHK
Hy’KHa 3TOMYy ()EpPMEHTYy JIMIIb B KaueCTBE 3aTpPaBKH, KOTOpas MPOCTO OOECleyrBacT HalUYHe
CBOOOJTHOTO 3'-KOHIIA, K KOTOPOMY MOTYT MPUCOCAUHSITHCS JTOMOJHUTEIbHBIE OCTaTKU. Peakims
MpOTEeKaeT KaK B TMPUCYTCTBUM BCEX YETHIPEX HCXOJHBIX MOHOMEpPOB (B OJTOM Ciyd4ae
HYKJICOTHIHBIA COCTaB O0Opa3yIoIIErocss MOJIMMEpPa OTPaKaeT OTHOCHTEIBHOE COOTHOIICHUE
MOHOMEPOB-IIPE/IIIECTBEHHUKOB), TaK W B MPHUCYTCTBHUH TOJBKO OJHOTO U3 HUX. B Kierke
noJuHyKIeoTHa(ocopuaza, BEposATHO, ydacTByeT B aerpagannu PHK.

KJIETOUYHBIV LIUKJT V IIPOKAPHOT U SYKAPUOT

Pennmukamus ¥ KJIETOYHBIN POCT y OakTepuil TECHO CBsA3aHBL. YacToTa MHUIIMAIIMM ITUKIIOB
pEIUIMKAlMM  OINPENAETSETCSl CKOPOCTBIO pOCTa KIETKM, a 3aBEpLICHHE LMKJIA PEIIMKAUuU
COTJIACOBAaHO C JICJICHMEM KJIETKM Ha JIBE, B Ipolecce KOToporo maodyepHue modiekynasl JTHK
pazpemnsitorcst. Kietku E. coli criocoOHBI pacTH ¢ pa3iMYHBIMU CKOPOCTSMH: BpeMs YJBOCHUS
BapeupyeT oT 18 no 6osee uem 180 mun. Cropocth cunTe3a JIHK npu moctossHHON Temmeparype
Oosiee WM MeHee MOCTOsIHHA. PerumMkanus MpoucXoauT ¢ OJAMHAKOBOW CKOPOCTBIO A0 TeX TOp,
MOKa HE HaOJI0AAeTCs OrpaHWYeHHH B CHAOKEHHWU MOJEKYJSPHBIMU NpeAliecTBeHHUKaMu. [lis
permukaiu Beeld konbueBoit JJHK tpeOyercs mpumepno 40 mun. Eme npumepHo 20 MuH
TpeOyeTcsl MEeKIy 3aBepUICHHEM PEIUIMKAIMU U KJIETOYHBIM JEJIEHUEM, C KOTOPBIM OHa CBsI3aHa,
U1 HapaOOTKM KOMIIOHEHTOB, MPUHUMAIOLINX y4acTue B fesneHur. OTcrona CleayeT, 4To IMpH
ObIcTpoM AeneHun OakTepuanbHbIX KieTok JJHK nodepHux KiaeTok B MOMEHT UX pa3fefieHus yxe
YacTUYHO perumiupoBana. [Ipennomnarator, ytoOsl Havate pervukanuio JJHK, npukpemnnsercs
CBOMM YYaCTKOM C TOYKOW Hayaja perIMKaliK K OMpPEAeICHHONW OCKOBOM CTPYKType Ha MeMO-
pane OaxtepuansHoi kierku. [IHK ocraercs mpukperieHHOH K MeMmMOpaHe B XOJe JIEJICHUH
KJIETKH, U 3a CUET pocTa MeMOpaHbl Mex 1y HUMH AgouyepHue monekyisl JJHK pacnpenenstorcs mo
JBYM JIOUYEpPHUM KileTKaM (puc. 145).

Poct pa3BuBaroniero MHOTOKJIETOYHOIO OpraHu3Ma CBs3aH C JIEJIEHMEM KIETOK. B
3aKOHYHUBIIEM POCT OpraHu3Me KJIETKH MPOJOJIKAIOT NENUTCA ANl TOro 4YTOOBI BOCHOJIHHUTH
MOTEPIO U3-3a THMOENH MOBPEKIACHHBIX WIM W3HOLIEHHBIX KieToK. [Ipu aTom, ecnu Temn JieneHus
OJTHOKJIETOYHBIX OpPTraHU3MOB
JTUMUTHPYETCS. OOBIYHO JIUIIb CKOPOCTHIO MOCTYIIJICHUS B KIETKY MUTATEIbHBIX
BEIIECTB U CKOPOCTHIO UX BHYTPUKIIETOUHOTO HCIOJIb30BaHUSA, TO B MHOTOKJIETOYHOM OpPTaHU3Me
pa3Hble KJETKH JENATCS C Pa3sHOM CKOPOCThIO, PEryjIHpyeMOl OpraHu3MoOM B II€JIOM, U
KOJIMYECTBO KJIETOK KaXXIOTO THIA OCTaeTCs Ha YpOBHE, ONTUMAaJIbHOM Uid OpraHu3Ma. Y
KUBOTHBIX HEKOTOpPbIE KIIETKHM, TAKUE KaK HEWPOHbI, IPUTPOLUTHI U CKEJIETHBIE MBILICUHbIE
BOJIOKHA, B 3pEIIOM COCTOSIHUM HE JeMNSATCS BoBce. Jlpyrue KIeTKH, HalpuMmep, SMHUTETHAlIbHbIC
KJIETKW KUIIEYHHKA, JIETKUX U KOXKU JENATCA OBICTPO M IMOCTOSIHHO Ha MPOTSKEHUU BCEH JKHU3HU
opranu3ma. OcTanpHble KIETKH 3aHUMAIOT MMPOMEKYTOYHOE MOJIOKEHHUE - OHU MOTYT JAETUTCS, HO
JIeNaloT 3TO penko. B pesynbrate orumenvnocms kiemouno2o yukaia (4acTora AENEHUs!) COCTaB-
JSeT AN pa3HbIX KieTok oT 8 u mo 100 nueit m Gonee. Takas ke kapTuHa HaOMIOAAETCA U JUIS
MHOTOKJIETOYHOI'O PACTUTENBHOIO OpraHu3Ma.

B xierounom nukie Boiaensitor 4 ¢assl: 1) ¢paza S (or  aHrm.
sinthesis) - ¢a3a ynBoenus (permukanuun) snepaoit IHK; 2) ¢paza M (ot anri. mitosis) - ¢aza
neneHus Kietku; 3) ¢paza Gy (OT aHIII. gap - MPOMEXYTOK) - epuo Mexay ¢a3zoil M u Havaiom
cunre3a [IHK; 4) ¢paza G, - nepuon mexnay 3aBepuienneM cuate3a JJHK u mocneayromeit ¢a3oit
M. ®a3pt Gy, S u G, cocraBnsoT unmepgazy (dasza Mexay AEICHUAMHU), KOTOpas OOBIYHO
3aHuMaeT He MmeHee 90% Bcero KIETOYHOro IWKIA. Paznmuume Mexmay OBICTPO W MEJICHHO
JENAIUMUCS KIETKaMU COCTOUT B MPOAODKUTEIbHOCTH (pa3bl G| kieToyHoro nukia. Hekoropeie
MEJICHHO JEJSIIIUecs KIETKH MOTYT ocTaBaTtbcs B (aze (G; MHOTHME MeCSIbl M Jake TOJBI.
Hampotus, BpeMs ot Haudana (a3pl S 10 OKOHUAHUS AETCHHS MPAKTUYECKH IMOCTOSHHO U HE
Koppenupyer ¢ TeMmrnoMm JeneHus. CrenuanbHeIMH 00paboTkamu (HampuMmep, OTrpaHUYHBas



MOCTYIUICHWE MUTATEIbHBIX BEIIECTB WM J00aBsis HEOOJIbIINE KOJI-Ba UHTMOUTOPOB OEIKOBOTO
CHHTE32) MOXXHO HMCKYCCTBEHHO 3aTOPMO3UTH JENeHHE KJIETOK. BO Bcex ATHX ciydasX KIETKH
3anepxuBaoTcs B gasze G;. OmHako B KOHIE 3TOM (Da3kl €CTh OMpeneIeHHBI MOMEHT, MOCIe
KOTOPOTO KJIETKH HEHU30€XKHO 3aBepIIalOT BECh IHKJ, MPOXOJIS €ro ¢ OOBIYHON CKOPOCTHIO, HE
3aBUCSIIEH OT BHEIIIHUX yCJIOBHM. DTOT MOMEHT Ha3bIBaeTCA mouxou pecmpuxyuu (Todka R).

[Toxa He M3BECTHO, OT YEro 3aBHCHUT, MPOWUIET JH KJIETKa yepe3 TOUKy R u BcTymuT nm B
HOBBIM 1Mk, [lpemmonmararor, 49To jis TOro 4YTOOBI KJIETKAa Mpolria TOYKy R, Hauama
cunresupoBats JJHK u roToBuThCS K NeNeHHIO, B HEM OMKHO HAKOMHUTHCS MOPOrOBOE KOJI-BO
KaKoro-To HecTaOWiabHOro "TpurrepHoro" Oenka, Has3biBaeMoro Takxke U-Oerkom (OT aHIIL.
unstable). [TockonbKy 3TOT THIOTETHYECKHM O€IOK HecTabueH, ero KOH-

LEHTpaLUs MOXET CTaTh JOCTATOYHOMU JUIs 3allyCKa KJIETOYHOTO JIEIEHUS
TOJILKO B TOM CJIyd4ae, eciii OH Oy/JeT CHHTE3UPOBATHCS CPABHUTEIHHO
osicTpo. B (aze M, kornma cuHTE3 OEIKOB MPAKTHYECKH OTCYTCTBYET, KOH-
nenTpauus U-Oenka pe3ko MmajaeT v BHOBb JOCTUTaeT MOPOTrOBOrO 3HAYe-
Hus yambs B asze Gy.

Jns Toro, 4yToObl BCTYNHUTh B MHUTO3, KIETKa MOJDKHA IOCTUYb OMPEACNEHHOM MAacChl:
pa3Mepbl BHOBb 00pa30BaHHBIX JIOUYEPHUX KIETOK BHaYajie BapbHPYIOT TOPa3/lo CHUIIbHEE, YeM Ha
0osee Mo3IHEH CTaJAuM, KOT/Ia 3TH KJIETKH CHOBA BCTYMAIOT B MUTO3. Tak MPOUCXOAMT HU3-3a TOTO,
YTO MEHBIINE KIETKHA ocTatoTcs B paze G, MoKa HEe TOCTUTHYT HPUMEPHO TOH K€ BEITMYUHBI, YTO
u Oonee KpymnHbIe KieTkH. [lo-BUaAMMOMYy, CyIIECTBYET MEXaHU3M PETYITUPOBAHUS MACCHI KIIETOK,
BCTYTAIONIMX B MHUTO3, XOTSI OH ¥ paboTaeT ¢ OOJBIIUMHE JIOIyCKaMH: Macca JaXe TeHeTUYECKH
UICHTUYHBIX KJIETOK JOBOJIBHO CHJIBHO BapbUpyeT BO BpeMsi MUTo3a. OHAKO, KOT/Ia CPAaBHUBAIOT
POICTBEHHBIC TETPAIUIOWIHBIC, JAWIUIOMAHBIE W TAIUIOWAHBIE KIETKH, TO UX CPETHsSA
OTHOCHUTENIbHAs Macca B MHTO3€ cocTaBiseT 4, 2 u 1 COOTBETCTBEHHO. DTO HAOIIOACHUE
MO3BOJIMJIO BBIBUHYTH THIIOTE3Y, YTO TPHUITEpHBIH U-OEOK CBS3BIBACTCS C ONpEACICHHBIMH
y4acTKaMH XpPOMOCOM, a JUIsl Tiepexo/ia KIeTKU B a3y S Hayalla CIeAyIoulero ukia AeeHus He-
00X0IMMO KaKoe-TO H30BITOYHOE KOJ-BO 3TOro Oelka CBEpX TOro, KOTOPOE CBSI3aHO C
XpoMocomMamu. B 3TOM ciyyae XpoMOCOMBI CIIY WA Obl CBOEr0 poja MHIHOUTOpaMH JAEUCTBUA
TPUITEPHOTO OejKa M B TO K€ BpEMsl U3MEpPUTENSIMU ero Koj-Ba. Ilocie mpoxoxaeHus: KIeTKon
TOYKM PECTPUKIMHU HaunHaeTcs pemukanus saepHodt JIHK, T.e. maumnaercs cramgms S. Uto
MMEHHO CIYXHUT IYCKOBBIM curHasiom i cuHresa JIHK, He wu3BectHO, HO 11 Havaja
peruIMKanuu HeoOXOJUMO YABOEHHE IEHTPHOJEH B KiIeTouHOM IeHTpe. IlyckoBoil MexaHusm
permukaru JIHK paGortaer mo npuHuumy "Bce WM HUYETo'", OCKOJIbKY HauaBIiieecs B S-gasze
yasoenne JIHK Bcerga nmpomomkaeTcs 10 MOJTHOTO 3aBEPUISHUS 3TOTO MPoIiecca.

Knerounoe nenenue perynupyercst B OpraHu3Me LEIbIM PSIOM MEXaHHU3MOB, O KOTOPBIX
eme Majno u3BecTHO. K TakMM MexXaHW3MaM OTHOCSITCS, B YaCTHOCTH, HAJIUYUE CBOOOIHOIO
IIPOCTPAHCTBA, HA KOTOPOM KIIETKM MOTYT pacCIUIaCThIBATBCS (KOHMAKMHOE MOPMOdICceHUe), U
CEKpelHsl OKpPYKAIOIUMU KJIETKAMH CTUMYJHMPYIOIMIMX W WHTHOMPYIOIIMX areHToB (Hampumep,
NO3UYUOHHBIX (PaKmMopos N CTIeUPUUECKUX (hakmopos pocma). PakoBble KIETKH BBIXOAAT U3-TI0]
KOHTPOJISI PETYJISTOPHBIX (DaKTOPOB OpraHM3Ma U HAYMHAIOT HEOTpaHWYEHHO Aenutcs. MIMeHHO
3TO JAeNaeT UX CMEPTENbHO ONACHBIMM JUI OpPraHM3Ma-XO3suHA. PakoBble KJIETKH CIIOCOOHBI
JEJIUTCS. HEOTPAHUYEHHO
J0JITO B OTIIMYUE OT HOPMAJIbHBIX )KHBOTHBIX KJIETOK, KOTOpPBIE TIOTHOAI0T
MocJie OTPAHUYEHHOTO YKCIIa ASTCHH.

JIEJIEHUE DYKAPUOTUYECKOM KJIETKU

CnoBo MUTO3 npoHCXOIUT OT TPEUECKOTO CJI0Ba MUTOC, YTO O3HA4YaeT HUTh. [Iporecc
JIeTICHHS sIpa Ha3BaH TaK W3-3a HUTEBUAHOHN (HOpMBI XpoMOCOM. B nieeHnu sykapuoTH4ecKoi
KJIETKU BBIAETSIOT 6 cTaamii (puc. 146):
1) mpodasza; 2) mpomeradasa; 3) meradasa; 4) anadasa; 5) Tenodasa u
6) IUTOKUHE3.



Ha craguu ITPO®A3bBI (oT rped. mpo - 10) XpoMaThuH, KOTOPBIH B WHTEpda3e BHITISLACIT
aMOp(HBIM, TOCTENIEHHO KOHAECHCUPYETCS B OTYETIMBO BHIMMbIE XpoMocoMmbl. Kaxnas u3
XpOMOCOM pa3j/ieJieHa B MNPOJOJbHOM HAIpPaBJIEHUM Ha JBE 4YacTU. OTH YacTH Ha3bIBalOTCA
XPOMATUAAMMU. Onu cBA3aHbl MeXay cOOOH Ha ydacTKe, IIOJyYMBIIEM Ha3BaHUE
HEHTPOMEPA. XpomaTuasl - 3TO JOUYE€pHHE XPOMOCOMBI, 00pa30BaBIINECS BO BPEMS YJIBOCHMUS
reHoB. OO0e xpomaTuabpl OJHOM XpPOMOCOMBI 00JaJalOT OJMHAKOBBIM HAOOpPOM TIEHOB.
MukpoTpyOOUKH ITUTOCKENETa paclaJaroTcs, U MPU ATOM oOpa3yeTcsi OOJIBIION yJl CBOOOIHBIX
MOJIEKYJl TyOyiuHa. M3 3TUX MOJIEKYJ B LIEHTpax OpPraHU3alUU MHUKPOTPYOOUYEeK, KOTOPBIMU Y
KUBOTHBIX W TpUOOB CIy’)KaT yABOMBINMECS 1iepen (a3old S UEHTPHONHM, HAYUHAIOT
00pa3oBBIBATLCS MyYKH MHUKpPOTpyOouek. COOpka MHUKpPOTpPYOOUYEK HAuMHAETCs PSAAOM OKOJIO
AIepHOM MeMOpaHbl, HO 3aTe€M YJUIMHSIOIIHMECS MHUKPOTPYOOUKHM HAUYMHAIOT pacTaJIKUBaTh
KJICTOYHBIE LEHTPBI K IPOTUBONOIOKHBIM CTOPOHAM KJIETKH.

[NPOMETA®A3A (ot rped. mpo - 10, ME€Ta - IOCJE) HauyMHAeTcs C OBICTPOro pacmanaa
AEepHOM 000JIOUKM Ha MeNKHe (parMeHThl, HEOTIM4YMMble OT ydacTkoB OIIP. Drtor pacmazn
BBI3BIBaETCs crienuduaeckum pochoprnrpoBannemM OEIKOB SIEpHON JTaMHHBL. B Xpomocomax c
KaX/10il CTOPOHBI LIEHTPOMEPHI 00pa3yloTCsi OCOObIE CTPYKTYpbI, HA3bIBAEMBIC KUHEMOXOPAMU.
Kuneroxops! ciyskar elie oJHUM MecTOM cOOpkH MUKpoTpyOouek. [Tyuku 3TuX MuUKpoTpyOOouek
OTXOZAT OT O0EMX CTOPOH KaXKIOW XPOMOCOMBI M YJUIMHSIOTCS B HAIIPAaBICHUM KJIETOYHBIX
HeHTpoB. Yucino MUKpOTpyOOueK, CBA3aHHBIX C KaXIbIM KHHETOXOPOM, Yy pa3HBIX BHUIOB
Pa3NIUYHO: Y HEKOTOPBIX IPUOOB ¢ KWHETOXOPOM CBSA3aHA JIUIIb O/IHA MUKPOTPYOOUKa, a B KIETKaxX
yenoBeka - oT 20 110 40.

Bo Bpemst META®A3bBI nyuyku MUKpOTpYOOUYEK LIUTOILUIA3Mbl HAUMHAIOT KOHTAaKTUPOBATh C
MHUKpPOTpPYyOOUKaMH XpPOMOCOM. DTHU KOHTAKThl IPOUCXOJAT CIydaiiHbIM 00pa3oM, MOATOMY BHUJIHO,
KaK XpOMOCOMBI SHEPIHMYHO BpalllalOTCs M ABMXKYTCS TyJla-ctoja. HakoHen, kaxaas XxpoMmocoma
OKa3bIBaeTcs "mou-

MaHHOH" MUKPOTPYOOUKaMu [UTOIJIA3MBbl, HIIYIIUMH C ABYX IPOTHBOMOIOKHBIX

CTOpOH. B pe3ynbpTaTe XpOMOCOMBI BBICTPAWBAIOTCS B OAHOM IJIOCKOCTM TOYHO IOCEpPEAMHE
kieTku. Kaxaas u3 XpoMocoM MO-NPeKHEMY COCTOUT U3 IBYX XpoMaTHl. OT Kax10i XpOMOCOMBI
OTXOAAT JBa Iy4yKa MHKpPOTpyOouek. OHM CBS3BIBAIOT €€ C MPOTHBOIOJIOXKHBIMU OOJIACTSIMH
KJIETKH, HA3bIBAEMBIMU HoOatOCaMU OeneHuss (pa3deiuBIIUICS OBIBIIUN KJICTOYHBIA IIEHTp). B
[IEJIOM BO3HMKAIOIIAs CUMMETpHYHast (Urypa M3 MUKPOTPYOOUEK HAIOMHMHAET BEPETeHO (puc.
146) u Ha3bIBacTCs GepemerHom OeneHus. B cpeaHEM BepeTeHO JCICHHs COACPKUT OKOJIO 10°
MOJIEKYJl TyOyJiMHa, OpPraHU30BaHHBIX B MHUKpPOTPYOOUKH. [170CKOCTh, B KOTOPOH BBICTPOMIUCH
XPOMOCOMBI, Ha3bIBACTCA 2K8amopom oenenus. B MeTadaze yuciIo XpOMOCOM JIETKO MOJICUUTATh.
Yucno ux B KaXIOW KJIETKE JTAHHOTO BUAA OpraHu3Ma CTporo noctosHHo (tadmn. 10). Bo Bpems
MeTadassl B BEpETEHE YK€ JEHCTBYIOT TSHYILIME CHUJIbI, HAIIPABJICHHBIE K MOJIIOCaM. XPOMOCOMBI,
OJIHAKO, OCTAIOTCS HENOJBWKHBIMU, IIOCKOJBKY K HHM IIPWIOXKEHBl JIBE paBHBIE CHIIBIL,
HalpaBJIEHHbIE B IPOTUBOIMOJI0KHbBIE CTOPOHBI.

AHA®A3A (or rpeu. aHa - HaBepX) HAYMHAETCS C BHE3AMHOIO pa3JCJCHUsl KaxXIoh
XpOMOCOMBI Ha JABe xpomatuisl. Ilocie 3Toro kaxnaas xpomaTujaa ABUTaeTcs K TOMY IOJIOCY
KJIETKH, C KOTOPBIM CBsI3aHa MHUKPOTpyOoukaMu BepereHa aeneHus (puc. 146), co CKOpOCTHIO
npuMepHo 1 MKM/MuH. UTO ynepKuBaeT XpoMaTusl BMECTe 10 Havajia aHadasbl, HEU3BECTHO, HO
€CTb MpPEANOoNOKEHHE, 4To TnocienoBarenbHocTh JHK, Bxonsmias B LeHTpoMepy, AOJKHA
KOJIMPOBaTh CIEIUAIbHBIM CHTHAJ, OJOKUPYIONTUH ee COOCTBEHHYIO peruidkaiuio B ¢ase S. B
9TOM ciyyae HepermuupoBaHHblli yudacTok JIHK He mo3Bonser Xpomarnpam pacxogurcs, a
3aIlyCK €€ peIUIMKaluyu B MeTada3e NPUBOIUT K pa3AeiIeHUIO XpoMaTu B aHadase.

Pacxoxxnenne xpoMaTuj BBI3BIBAETCSA JIBYMSI CHJIAMU: PA3[IBHKEHHEM IIOJIIOCOB KJIETKU B
pa3Hble CTOPOHBI U MOATATMBAHUEM K IOJIOCAM CBSA3aHHBIX ¢ HUMHU XpoMmaThJ. MUKpoTpyOouKH,
UAYyIIME OT MOJIFOCOB, YACTHYHO MEPEKPBIBAIOTCS B 00JacTh skBaropa. Kak yxxe ObUI0 paccka3aHo
B paszielie, MOCBSIIEHHOM LIUTOCKEIETY, MUKPOTPYOOUKH 001aJat0T CTPYKTYPHOM MOJIAPHOCTBIO -
HEPaBHO3HAYHOCTHIO KOHIIOB. BBICTPO pacTymuii KoHel MUKpOTpyOOUYeK 0003HAYaI0T KaK niioc-
KOHey, TOT/Ia KaK pacraJl MUKpOTpyOouek ObICTpee UAET ¢ IPOTUBOIOIOKHOIO MuHyC-KOHYa. Bee



MOJIFOCHBIE MHUKPOTPYOOYKH TIPUKPEIJICHBI CBOMMH MHHYC-KOHIIAaMH K TIOJIOCaM, TIE OHH
3aKperyIeHbl U 3allUIIeHbI OT JenoauMepu3anui. CieaoBaTenbHO, B 00JACTH MEPEKPbIBAHUS ITH
MIPOTHBOIOJIOKHO HAMPABJICHHBIE TPYOOUKH KOHTAKTHPYIOT CBOMMH ILTIOC-KOHIIAMH, CKOJIB3ST B
MIPOTHUBOIIOJIOKHBIE CTOPOHBI U OJTHOBPEMEHHO

HA/ICTPauBAIOTCS CO CBOOOJHOTO IUIFOC-KOHIIA, TaK YTO SKBATOpUAIbHAs 00aCTh MEPEKPHIBAHHS
MPOJOIKAET CyIllecTBOBaTh. [loMIOCHI pacTankuBaloTcs Onaromaps 3THUM JBYM IpoleccaM -
CKOJIBKEHUIO M POCTYy MHUKPOTPYyOOUeK. Y MUKpPOTpPyOOueK, CBA3aHHBIX C XpOMaTUIaMH, IUIFOC-
KOHILIBI MPUCOEANMHEHBl K KHHETOXOpaM, M IMO3TOMY OHHM HMEIOT Ty € MNOJSAPHOCTb, YTO M
MOJIFOCHBIE MUKPOTPYOOUKH, C KOTOPBIMU KOHTakTUpPYIOT. biaronmapst 3Tomy MUKpOTpyOOuUKH
XpOMAaTH]I CKOJIB3AT BOJb MOJIFOCHBIX MUKPOTPYOOUEK K MOITI0CaM U TSHYT 32 COOON XpOMAaTHIBI.
Ha nBmwxeHue xpomartuj KieTKa 3aTpauuBaeT SHepruto. Ilpu 3TOM MexaHu3M JIBUKEHHS 37ECh
aHaJIOTU4YeH TyOyJNHH-IMHEMHOBOMY MEXaHW3MY JIBIDKEHUS PECHHYEK U KI'YTUKOB, XOTS POJIb
IVMHEWHAa B BEpPETCHE JICJICHHs BBINOJIHSAET JAPYrod, HO JIWHEHH-TIOJOOHBIN Oenok. Jlns
MepeMeleHus OJJHOM XpoMaTH bl B aHadaze Tpedyercs Bcero numib 20 monekyn ATO.

TEJIO®A3A (ot rped. Teloc - KOHEIl) HACTyNaeT KOorjaa A0YepHUE XPOMOCOMBI JIOCTUTaIOT
nontocoB KiaeTku. [locie 3Toro MUKpOTpyOOUKH, CBSI3aHHBIE C XpPOMOCOMAaMH, paclagaloTcs Ha
OTAENbHBIE TyOyJIMHOBBIE MOJIEKYJIbI, TOTAA KaK MHUKPOTPYOOUYKH, UAYIIHE OT MOJIFOCOB JCTICHHS,
MPOJOIHKAIOT yATUHATHCS. BOKpYT Kaxk10il rpynmbsl XpOMOCOM CTPOUTCS 000J04YKa HOBOTO sifipa.
[Tpu 5TOM PparMeHTH! AAEPHON 0OO0TOUKH CBS3BIBAIOTCS C TIOBEPXHOCTHIO OTIACIBHBIX XPOMOCOM,
YaCTUYHO OKPYX AT KaXIyld M3 HHUX M TOJBKO IOTOM CIHMBAIOTCS, 00pa3ys 3aMKHYTYIO
MOBEPXHOCTh. 3aTeM XPOMOCOMBI HAaOyXaloT W YJUIMHSIOTCS W TIOCTETIEHHO CTAHOBSITCS OISIThH
HEBUIHBI B MUKpockom. BozoonoBnsiercst cunre3 PHK, u 3T0 BemeT k MOSABIEHUIO HOBOTO Si-
PpHIIIKa.

HUTOKHHE3 - sT0 craaus pa3feneHus LUTOIUIa3Mbl KIETKH, KOTOPOE MPOUCXOAMUT B
pe3ynbrare 00pa3oBaHUsl nepemsadcKu B SKUBOTHOM KJIETKE WIH (DOPMHUPOBAHUS CPEOUHHOU
niacmunky 'y pacteHuil. YacTo IIUTOKMHE3 HauWHaeTcs B aHadasze W MPOJOIDKACTCS BO BpeMs
Tenodassl 1 B Havaje cieayromeid narepdassl. IlepeTsikka B AKUBOTHON KIETKE MPOUCXOIUT O
JeCTBHEM KOJbIla, COCTOSIIET0O B OCHOBHOM W3 aKTHHOBBIX (PMJIAMEHTOB U 3aTATHBAIOIIETOCH,
MoOOHO TeTie, BOKPYT CpeaHeH 4acTh KIETKU, PopMHUpys 60po3dy derenus (puc. 146). Drot
My4OoK (UIAMEHTOB, HA3bIBAEMBIH COKpamumsviM KOAbYOM, oOpaszyeTrcss B Hauaie aHadasbl,
NPUKPEIUIETCST K BHYTPEHHEH CTOpOHE IUIa3MaTHUECKOW MeMOpaHbl M TEHEpUpyeT CHITY
Omarojaps akTHH-MHO3WHOBOMY MeXaHU3My JABIMKeHud. [lonoxeHue OOpO3nbl JAeleHUs OIl-
penensercss pacroyioKEHHEM TOJIOCHBIX MUKPOTPYOOUeK. B pacTUTENBHBIX KIETKaX, UMEIOIMIUX
KJIETOYHBIE CTEHKH, HOBasl MOMEpeyHasi NePeropoika, Uil cpeOUuHHAs naacmunka, GopMupyercs
U3 MEJIKUX Iy3bIPbKOB, KOTOpBIE
BBICTPAUBAIOTCSA MEX/1y BHOBb O0Opa30BaBIIMMUCS SPaMU B SKBATOpUATIHLHON
IUVIOCKOCTH KJIETKM W CIMBalOTCS Jpyr ¢ JApyroMm. BbicTpauBaHume 53THX Iy3bIPHKOB B
9KBATOPUAJIBHOMN IIJIOCKOCTH, KaK M BBICTPAWBAHUE XPOMOCOM, TOKE MPOUCXOJUT C MOMOILIBIO
MOJIIOCHBIX MHUKpOTpyOouek. Kornma my3bIpbKM CIMBAIOTCS, MX CTEHKH-MeMOpaHbl 00pa3yroT
KJIETOYHBbIE MEMOpaHbl JOUEPHHUX KIIETOK, a U3 COJAEPKUMOTO My3bIPHKOB 00pa3yIOTCsl KIIETOUHBIE
CTEHKH, KOTOpBIE OTIOpPOJAT IOYEpPHUE KIETKU ApYyr oT apyra. CpenanHHas IUIACTUHKA MMEET
dbopMy ITUCKa M TOCTENEHHO YBEJIWYHMBAECTCS OT ILEeHTpa K nepudepun. B KoHIle KOHIIOB OHa
JOCTHraeT CTEHOK MaTepHUHCKON KJIETKH, TOrJa 00pa3oBaHME MEPEropoaku U 000coOIeHne ABYX
JOYEpPHUX KJIETOK 3akaHuuBaercs (puc. 147). Bo Bpems IUTOKMHE3a OCYIIECTBISACTCS TaKXKe
NpUOJIM3UTENIEHO PABHOMEPHOE paclpeiesieHHe IO JBYM JOYEpHHM KJIETKaM IUIACTHI H
MuToxoHIpui. Kaxknas u3 1o4epHuX KJIETOK MOTy4yaeT MPUMEPHO MOJOBUHY OT UX OOIIEro uuca,
3aT€M OHM CaMOCTOSITENIBHO JENSTCS W BOCCTAHABIMBAIOT CBOK HOPMAJBHYH0 UYHCJIEHHOCTH B
JIOYEPHUX KIIETKaX.

Muto3 nponomxaercs 1-2 4. [TocTpoeHue BepeTeHa JeNeHUs] U3 MUKPOTPYOOUEK U BCs 3Ta
CIIOKHAsl ~ MOCJIEJOBATEIbHOCTh  COOBITMM  HEOOXOOUMBI Uil TOYHOTO  pacHpeeleHUs
YIIBOMBILIUXCS XPOMOCOM MEXJy JBYMS JOUYEPHUMH KieTkamu. Ho, XOTS U OueHb peaKo, OIIHOKH
MpU PacCXOXJCHUU TOYEPHUX XPOMOCOM (XpoMaTuia) mpoucxoisr. Torma oaHa M3 JOYEPHUX



KJIETOK HEJOIMONyYaeT XPOMOCOMBI, a Apyras - MOJy4aeT JHUIIHHUE XPOMOCOMBI. Ommobka mpu
pacxoxaeHun xpomocoMm mnpoucxomuT 1 pa3 Ha 100 Teic. neneHuil. CaOXKHBIM MUTOTHYECKHM
annapar JeJIEHUs 3BOJIOLMOHMPOBAN MOCTEIEHHO B CBS3U C YCJIOKHEHHEM I'€HOMa 3yKapHoT,
YBEJIMUYEHUEM YHUCIIa U Pa3MEPOB XPOMOCOM, MOBBILIEHHEM TOYHOCTH PACXOXKIECHUS XPOMOCOM I10
noyepHUM KieTkaM. COXpaHUIIMCh HEKOTOpbIE MPUMHMTHUBHBIE OPraHU3MbI, Y KOTOPBIX MOKHO
BUJIETh IPOMEXKYTOUHBIE 3TAIlbl YCIOXKHEHNUSI MUTOTHYECKOTO anmnapara aeiaeHus (puc. 148).

KPATKUE BbIBO/IbI

Xotst MexaHu3M MarpuuHoil permukauuu JIHK 3anoxeH B camoll CTPYKType MOJIEKYJIbI
JIHK, HeoOX0auMOCTh TOYHOTO W OBICTPOTO KOMUPOBAHHUS OOJBIIUX T'€HOMOB MOTPEeOOBAIO OT
OpPraHM3MOB CO3/IaHUs CIIEHUAIBHOIO CJIOYKHOTO ammapaTa perjuKaluu, COCTOSIIEr0 U3 MHOTUX
CHeIMaTN3UPOBAHHBIX O0eNKkoB. B CBsI3u ¢ 0c000# Ba)KHOCTHIO Mpoliecca PEITUKALUU €r0 TOY-
HOCTh TOJJICPKUBAETCs Ha 0ojiee BHICOKOM YpPOBHE, Y€M TOYHOCTb TPAHCKPHUIILUU U TOYHOCTD
TPaHCISALMH, U Ha 3TO 3aTPaurBaETCs JOMOJHUTEIbHASI SHEPTUS.

Paznuunble cioHTaHHBIE M HHIyUUpOBaHHbIe HapyweHusa B JIHK npoucxonar cross gacro,
YTO XpaHEHUE TeHeTHYeCKOW MH(pOpMalKu BO3MOXHO TOJBKO Onarojapsi CUCTEME penapalu,
IUPOKHUNA HAOOP PepMEHTOB KOTOPOH ocyIecTBisieT HenpepriBHEIH "ocmoTp" JIHK n ynanser u3
Hee MOBPEKICHHBIE HYKICOTU bl [lononHuTenbHas HaNeKHOCTh CO3AAETCS XPaHEHUEM T'€HETH-
4yeckol MHQpopManuu B BUAE ABYX KOMHUA B TOMOJIOTMYHBIX XPOMOCOMAax Yy JUIUIOMIHBIX
OpPraHHU3MOB.

Eme onun mporecc, CBSI3aHHBINA C COXpaHEHWEM T'eHETHIECKOW MH(POPMAIUH, - TIPAaBUIIEHOE
pacrpesielieHue MeX/ly JOYepHUMHU KJIETKaMH PEITMIIMPOBABIIMXCS TEHOMOB - TOXe MOTpeOoBa
OT KJIETKHA CO3JaHMS W MOJIJAEPKaHUs CHELUAIBHOIO amnmapara MUTOTHYECKOTO JEIEHHS IS
OCYLIECTBJICHUS TAKOTO PACIPEENICHUS C JOCTATOYHON TOUYHOCTBIO.

Jexuus 11. IIOJIOBOE PASMHOXEHUE

Ilonosoe pazmnodicenue - metioz - obpazoeanue 2amem U ONI000MEOPEHUE ) HCUBOMHBIX -
obpazoganue 2amem u OnlOOOMEOPEHUe Y pPACMeHUl - 2eHOMmunudeckoe onpeoeneHue noua -
Kpamkue 6b1600bl

[NIOJIOBOE PASMHOX>XEHUNE

[TomaBnstonee OOJBITMHCTBO KUBYIIMX Ha 3eMJIe€ OpraHU3MOB - OakTepuid, pacTeHUH M
KUBOTHBIX - Pa3MHOKAIOTCS IOJIOBBIM ITyTEM, XOTS HEKOTOPHIE M3 HMX MOTYT Pa3MHOXKAaThCS U
OecrionbiM myTeM. [Ipu MosioBOM pa3MHOKEHMH CIMBAIOTCS CHEIHalbHBIE KJIETKH, Ha3bIBaeMbIe
I'TAMETAMMU (ot rped. rameo - BcTynartb B Opak). ['ameTsl 00pa3yroTcst B 0COOBIX opraHax teia. Y
NPUMHUTHUBHBIX ~ OpraHM3MOB TraMeThl  BHEIIHE COBEpPUICHHO OJuWHAKoBele. B xoxe
COBEpLICHCTBOBAHUS IIOJIOBOTO DPA3MHOXKEHUS OJHU TaMeThl Hadajlu HaKalUIMBaTh 3aIlachl
MUTATENbHBIX BEIIECTB I pa3BUTUs Oyaymiero 3apojsimia. OHU CTAaHOBWIMCH KPYHMHBIMU H
HETOABIKHBIMU. J[pyrrie raMeThl He HeCJIM B ce0e MUTATeNbHBIX BEIIECTB U OCTABAIUCH MEITKUMHU.
3aro oHU MpUOOpeNH MOBBIIIEHHYIO MOJBHKHOCTH JJIsl TIOMCKA HEMOJBHKHBIX TaMeT C 3alacoM
IIUTATEeNbHBIX BellecTB. KpynHble HenoaBWKHbIE TameTbl NpuHATO HaspiBath KEHCKUMU
raMeTamMy WIn HﬁHEKHETKAMH, a Meakue noaBwkHele rameTel - MYJKCKUMMUM wnm
CIIEPMATO30UJAMMU (oT rpeu. cmepma - ceMs + 300H - JKUBOTHOE). BoO3HHMKHOBEHME
Pa3HOKAaYEeCTBEHHOCTH TaMeT MPHUBEJIO K BOSHUKHOBEHHUIO B 3BOJIIOLUU Pa3MHOKEHUS BYX IMOJIOB -
MY>KCKOI'O U )KEHCKOTO.

[TomoBoe pa3MHOXKEHHE - 3TO HauOOJIee COBEPIICHHBIM THUI PAa3MHOKEHUSI OpraHu3MoB. Bo
BpeMsl 3TOr0 Ipolecca MPOUCXOAMUT MEpEeMEIIMBaHUEe M PEKOMOWHAIMS T€HOMOB, B pPE3yJbTaTe
Yero MosBJSIOTCS 0cOOU ¢ HOBBIMM HabOpaMu IeHOB. JTO, B CBOIO OYEpPE/b, YBEIMUMNBAET IIAHCHI
OpPraHuU3MOB Ha TO, YTO XOTA OBl HEKOTOpHIE M3 WX IOTOMKOB BBDKHUBYT B HEMPEACKa3yeMo
M3MEHYHMBOM OKpykaromied cpeae. Kpome Toro, mosoBoe pa3sMHOXKEHHE CIOCOOCTBYET



pacTpOCTpaHEHUIO W 3aKPEIUICHHIO OJIarONpHUATHBIX MyTamuid B OONBIIMX  ITOMYJISIHAX
OpPraHu3MOB (nonynAyus - 3TO TPYINa OPraHU3MOB OJIHOTO BHJA, )KUBYIIMX BMECTE Ha Oojee WiH
MEHee OrpaHWYCHHON Teppuropun). [IpeArnonokum, 9To y 1ByX 0co0ei B HEKOTOPOU MOITYJISIHH
BO3HUKIIM pa3Hble OnaronpusTHble MyTauuu. [Ipu OecronoM pa3sMHOXKEHHH TOTOMKH 3THX
OpPraHM3MOB YHACIEAYIOT TaKHE€ MyTallud, HO OyAyT KOHKYpHpOBaTh IPYr C IPYroM, IOKa He
MIPOU30MIET BHITECHEHNE MEHEE KOHKYPEHTHO CIIOCOOHBIX OpPTraHU3MOB, a C HUMH OyZeT MoTepsiHa
TUIS IOMYJISILUM U OJTHA

U3 MOJIE3HBIX MyTaruii. O6e MyTalui OJJHOBPEMEHHO HE MOTYT OBITh MOJIE3HBI

JUI TIONYJIALMU ¢ OECIOJIBIM Pa3MHOKEHHEM, €CJIM OHU HE BO3HUKHYT MOCJIEI0BATENIbHO Y OJJHOTO
OpraHu3Ma WIH B OJHOUN JMHHH €ro MOTOMKOB. HO MOCKONBKY OnarompusiTHbIe MyTallid PEIKH,
IIPOMIET MHOTO BPEMEHH, ITPEXK-

Jie 4eM 3TO ciydutcsa. HampoTuB, y BuAa, pa3MHOKAIOMIETOCS TOJOBBIM MyTE€M, HOBBIE TMOJIE3HBIC
MYTaIliH, TOSBUBIINECS y PAa3HBIX 0CO0€H, MOTYyT OOBEIUHATHCS B OJTHOM T€HOME B PE3yJIbTaTe
CKpEIMBAaHUS U PEKOMOUHAIINH U HE OYIyT KOHKYpUPOBATh APYT ¢ ApyroMm (puc. 149).

Pa3BuTne HOBOro opraHusma IMpHu IOJOBOM Pa3MHOKEHHH HAUMHAETCS CO CIMSHHS JBYX
ramMer oT JBYX pa3HbIX OpPraHU3MOB. B pe3ynbTare Takoro ClvsHHS B MOTOMKaX OOBEAUHSIOTCS
reHbl OT ABYX poauteneid. CiausiHHe raMeT Has3bIBaeTCsl oniodomeopenuem. 1lpu onnogoTBOpeHUH
CIIMBAIOTCSl LMTOIUIa3Ma M SApa TaMmeT, HO XPOMOCOMBI MpH 3TOM He ciauBaroTcs. [locre
OIIOAOTBOPEHHS 00pasyercs KieTka, kotopas HaspiBaercs 3UI'OTA (rpeu. cioBo, o3Hauaromiee
COEIUHEHHE B Mapy). 3Urora COACP>KUT BABOE OOJBIIE XPOMOCOM, UYeM Kaxxaas u3 rameT. HoBblii
opraHu3M oOpa3yercsi B pe3yJbTaTe JeJICHHs] 3UTOThl MHTO30M, M B XOJIE JIeJICHHUs] 00pa3yronrecs
KJIETKU TOTYYaroT TOYHO TaKou ke Habop XpoMOocoM, Kakoi ObLT B KJIETKE, KOTOpask pa3aeniaach.
[TosTOMyY BCE KJIETKH Tela OpraHu3Ma UMEIOT TaKo# jke Habop XpOMOCOM, KOTOPBIHA OBLT B 3UTOTE,
U3 KOTOPOH 3TOT OpraHu3M pa3Buiics. VckitoueHue coCcTaBisaIoT MojoBbIe KieTku. Korna monossie
KJIETKH 00pa3yroTcs, MPOUCXOANT YMEHBIIEHHE YHUCIIa MX XPOMOCOM BiBoe. Ecnmu Obl 3TOTO HE
MPOUCXOINIIO, TO YHUCIO XPOMOCOM B KIIETKaX Ka)KIOT0O MOCIEIyIONIero MOTOMKA YABAaUBAIOCH OBl
B Pe3yJIbTaTe OIUIOOTBOPEHUS M OUYE€Hb CKOPO CTAJI0 ObI CIMIIKOM OOJIBIINM.

Snpa ramer Bcerja cojep>kaT POBHO BJBOE€ MEHBILIE XPOMOCOM, YEM sijipa BCEX OCTaIbHBIX
KJIETOK Tena. XpoMocoMHbI Habop ramersl HasbiBaercs ['AIIJIOM/IHBIM (ot rpeu. ramioc -
OJIMHOYHBIN), @ HA0OP XPOMOCOM, YABOMBIIHICS Tocie omtoaoTBopenus, - JUTTJIONAHBIM (ot
rped. TUIUIOC - IBOMHOI). 3UroTa Bceraa COACpKUT TUILUTOMIHBIN Habop XxpoMocoM. TTockonbky y
Ka)KJIOT0 OpraHu3Ma KOJMYECTBO XPOMOCOM M B MY>KCKOW, U B KEHCKOM ramerax OJMHAKOBO, TO
JTUTUIONIHBIN Habop xpoMocoM Bceraa ueTHbId (Tabmuma 10). Takum oOpa3oM, B TUILUIOUIHBIX
SIApAaxX COMEPKUTCS MO ABE KOMUM KaXAoW Xpomocombl. OgHa XpoMocoMa W3 KaXAOW Maphl
MOJIy4yeHa OT MYXCKOI'O POJUTENs, a Jpyras - OoT >KeHCKOro. IlapHble XpOMOCOMBI AUILIOUTHOTO
Habopa HAa3bIBAIOTCS 2OMONOSUYHBIMU XPOMOCOMaMHU (OT Tped. TOMOJIOTHS - COIJIacue,
eauHoaymue). Yuciao XpoMocoM B rameTax OKa3bIBA€TCS BJIBO€ MEHBIIMM, MOTOMY YTO OHH
00pasyloTcs B pe3yibTaTe HEoOBIMHOro eieHust KieTok. OHo HassiBaercsi MEMO3 (or rpeu.
MEMOH - MEHBIIIE).

[TomoBo€ pazMHOKEHUE COXPaHAET AUILIOUTHOCTD y TUIUIOUIHBIX BUI0OB. Eciiu Mbl Oynem
paccMaTpuBaTh MOMYJISIIAIO TUTUIOUIHBIX 0cO0eH, pa3MHOXKAr0-

xcs 6ecroNbIM cocoO0M, TO YBHIIUM, UTO B HEW Ha MPOTSHKEHUH MHOTUX

MOKOJICHUH OyIyT HAaKaIUIMBAThHCSI OCOOM, Y KOTOPBIX OJIMH M3 Maphl T€HOB,

PACIIOJIOKEHHBIX B TOMOJIOTHYHBIX XPOMOCOMAX, MOBPEXIEH BPEIHOM MyTaluei. DTOT mpouecc
OyZeT MpOUCXOMUTh A0 TEeX TMOp, MOKa JWIUIOWJHOCTh OCOOEH TOMyJSIMA HE CMEHHUTCS
cocTosiHMeM, B KoTopoMm oOimiee xomuuectBo JIHK ocraercss mpeXHUM, HO COXpaHSETCS TOJBKO
ofHa (PYHKIMOHUPYIOMIAs KOMHs KaXIOro M3 TeHOB. OpraHu3Mbl CTAHOBATCS '"(yHKIIMOHAIBEHO
rammonHbiMu". [lonoBoe pazMHOKEHHE MPOTUBOCTOUT STOMY TMpoIleccy Onaroaapsi MOCTOSHHOM
PpeKomMOuHayuy TeHETUYECKOr0 MaTepuania.

MENO3



[Ipu melo3e mpoMCXOAWT HE OJHO JCJICHHE fAlpa, Kak Mpu muTo3e, a aBa (puc.150). B
KOKIOM M3 3TUX ABYX JEJCHHWH siApa, CIACAYIOUIMX APYT 3a OPYroM, MOXKHO BBIIEIUTH T€ Ke
cragun (mpodaszy, metadasy, anadasy u tenodasy), 9To ¥ B 00IYHOM MHTO3e. HaunHaeTcs mMeiios,
TaK XK€, Kak ¥ MUTO3, C YIBOCHHsSI T€HETHYECKOI0 MaTepHalia KaKJoi XpOMOCOMBI. [ arouaHbIit
Ha0Op XPOMOCOM IOJTYYHJICS OBbI 33 OHO JICJICHHUE, €CITU OBl 3TOMY HE MPEIIICCTBOBAJIO YIBOCHHE
xpomocoM. [ToueMy HY>KHBIN pe3yiabTaT HOCTHUTAETCS TaKUM, 0oJiee CIOKHBIM ITyTe€M, HEU3BECTHO.
[IpenmosararoT, 9T0 peKOMOMHAIHS COBEPIICHHO HEOOXOAMMA, YTOOBI 3aIyCTUTh JII000M TIPOIIEce
nenenusi kietku. [Ipodasza nepsoro nenenus meiiosa (Ilpodasa I) - 3To Haubonee AnuTENbHAS U
CIIOKHAsI CTa/iusl, KOTopas MOXeT 3aHuMaTh 10 90% Bcero Bpemenu meiiosza. Ee moapasnensior Ha
5 mocneaoBaTeIbHBIX 3TAMOB
- lenmomeHny, 3Uu20meny, naxumeny, OUnI0meHy U OUAKUHes.

JIETITOTEHA (ctamusi TOHKHX HUTEH) - 3TO CTaaus, HA KOTOPOW CTAHOBSTCS 3aMETHBI

XpPOMOCOMBI B BUJIE JUTMHHOTO, TOHKOTO BOJIOKHA ¢ O0eTKOBOM oceBoil HUTHIO. Kaxkmast xpomocoma
000MMH KOHIIAMHU TPUKPEIUIEHA K SACpHOM MeMOpaHe C MOMOIIBIO NPUKPENUMeNbHbIX OUCKO8
(puc.150, A, 1). XoTs Kaxzaas XpoMOCOMa pPEIUIMIUPOBajIach U COCTOUT U3 JIBYX CECTPHUHCKHUX
XpOMaTHJ, 3TH XPOMATUIBl OYEHb TECHO COMIDKEHBI, M MO3TOMY KaXKIash XpPOMOCOMa Ka)eTcs
omunoyHot. B 3UI'OTEHE (ma cragum civBaromuxcsi HUTEH) HAYMHACTCS KOHBIO2Ayus -
y3HAaBaHWE U CIApUBAHUE TOMOJIOTUYHBIX XpoMocoM. Kak MpoOHCXOAUT Takoe Yy3HaBaHHE
TOMOJIOTUYHBIMH XPOMOCOMaMHU JIPYyT JApyra Ha pPacCTOSHUHU, HE U3BeCTHO. Kowpbloraimus 4acto
HAYMHAETCA C TOTO, YTO TOMOJIOTHYHBIE KOHIIBI JBYX XPOMOCOM COJIIKAlOTCA Ha SACPHOU
MeMmOpaHe, a 3aTeM IPOIIECC COSAUHEHUS TOMOJOTUYHBIX XPOMOCOM PAaCIpOCTPAHSETCS BIOJb
XpoMocoM OT 06oux KOoHIOB (puc.150, A, 2). B apyrux ciaydasx KOHbIOTALUS MOXKET HAaYMHATHCS
BO BHYTPEHHHX yYacTKaX Xpo-
MOCOM U TPOJIOJDKATHCS K MX KOHIIaM. MexXIy KOHBIOTHPOBABIIMMHU XPOMOCOMaMU OOpa3yercs
CTPYKTYypa, Ha3blBaeMasi CUHANMOHEMANbHLIM KOMNIEKCOM W TpeJCcTaBistonas co0oil AIMHHOE
O0enkoBoe 0Opa3oBaHME, HAMOMHHAIOIIEE 3aCTEKKY "MOJHHIO", K MPOTHBOIOJIOXKHBIM CTOPOHAM
KOTOpPOW TUIOTHO MPHUJIETAIOT TOMOJOTHYHBIE XPOMOCOMBL. CECTpHHCKHE XPOMATHUABI KaKIOTO
rOMOJIOTa OCTaIOTCs TecHO commxkensl, a ux JJIHK oOpa3yer MHOrouncieHHple NeTIn 10 OJHY U Ty
&Ke CTOpoHy OT OenmkoBoil "3actexxku" (puc. 151). Kak mpenmonararor, Kaxaplii TeH TPUXOIUT B
CONPUKOCHOBEHHWE C TOMOJIOTHYHBIM €My TE€HOM Jpyroid xpomocombl. Kaxmayio mnapy
KOHBIOTHPOBABIINX XPOMOCOM HA3BIBAIOT OUBALIEHMOM WA Mempaooll.

Kak Tonmpko 3akaHumBaeTcs 00pa30BaHHWE CHHANTOHEMAIBHOIO KOMILIEKCA MEXKAY BCEMH
napaMy rOMOJIOTHUHBIX XpoMocoM, kieTku BerynatoT B ctaauto [TAXUTEHDBI (ctaauio ToacThIX
Hutel). Ha »3Toll craamum B NpPOAOJIBHOW IENM CHHANTOHEMAJbHOI'O KOMILIEKCA MOSBIISIOTCS
PeKoMOUuUHayuonHele y3eniku, HEOOXOOUMbIe s OOMEHa yYacTKaMH MEXAYy TOMOJOTHYHBIMHU
XpOMOCOMaMH - MIPOLIECCa 2eHemu4eckoll pekomounayuu U kpoccunzogepa (puc. 150, A, 3). Ipu
KPOCCHHTOBEPE MPOUCXOIUT pa3pbiB ABoWHONW cnupanu JHK B ogHOM M3 XpomaTua KaKIOW W3
TOMOJIOTMYHBIX XpPOMOCOM, a 3aTeéM IIOJY4YMBLIMECS OTPE3KM TOYHO COEIUHAIOTCA, HO
"Hanepekpect” (puc. 152). PekoMOMHAIIMOHHBIE Y3€JIKH - 3TO KPyIHBIE (IuamMeTpoM okoisio 90 HM)
MYJbTH(GEPMEHTHBIE KOMILJIEKCHI, KOTOPbIE MOATATUBAIOT JIPYT K APYTYy YYacTKM I'OMOJIOTMYHBIX
XpoMaTH]l Yepe3 LIeJIb CHHAITOHUMAaIbHOIO KoMIUIekca mupuHoi 100 HM U OCYyLIECTBIISIIOT BEChH
npolecc KpoccuHroBepa. PeKOMOMHAIIMOHHBIX Y3€JIKOB ObIBACT MPUMEPHO CTOJIBKO XK€, CKOJIBKO
IIOTOM BBISBIISIETCS TEPEKPECTOB XpOMOCOM. B maxureHe mepekpecThl elle He BHJHBI, HO Ha
cranuu JIUTIJIOTEHBI (ctaguu nBOMHBIX HUTEH) OHU MPOSBISIOTCSA B Buae xuasm (puc. 153). B
JTUIUIOTEHE MPOUCXOAUT pa3Ae/ieHUe KOHBIOTUPOBABIIUX XpPOMOCOM, W CHHANITOHUMAJIbHBIN
KOMILJIEKC pacnafaercsi. ITO MO3BOJIAET ABYM FOMOJIOTHYHBIM XpOMOCOMaM OMBaJeHTa HECKOJIBKO
OTO/ABUHYTBCS JPYT OT ApPYyTa, HO OHU €II€ CBSI3aHbl OJHON WM HECKOJBbKUMHU XHuazMaMu. YacTo Ha
CTaluW JUILUIOTEHBI XPOMOCOMBI JIeKoHAeHcupytoTes u cunresupytoT PHK (puc. 150, A, 4). B
pa3BUBAIOIINXCS SUIEKIETKaX 3Ta CTAAUs MOXKET PaCTSIHYThCS Ha MECSIIbl WIIN Ja’ke TOJIbl.

Pano wnu mo3nHo numioreHa nepexoaut B JJMAKUMHE3 (craguio o6ocobneHust ABOWHBIX
HuTeil). XpomocoMsl npekpamarot cuate3 PHK u cHoBa xoHzneHcupyroTes, 3aTeM yTONIIAIOTCS U



OTIENSIOTCS OT siIepHOM MeMmOpaHbl. Ha 3TOH cramuu SICHO BHIHO, YTO KaXKIbld OWBAJICHT
COIEPKUT 4 OTHENIBbHbIE XPOMATUIBI, IPUUEM KaK[as Iapa CECTPUHCKUX XPOMaTHJ COEAMHEHA
LIEHT-

pOMEpOM, Toraa Kak HECECTPUHCKUE TOMOJIOTMYHBIE XPOMATUIBI, IPETEPIEBIINE KPOCCHHIOBED,
cBsa3aHbl xuasmamu (puc. 150, A, 5). Korma paspymaercs sigepHas 000704YKa W HadMHAET
(bopMHpOBATLCS BEPETEHO JAEIEeHHUs, KiIeTKa nepexoauT u3 craauu [Ipodassl [ B craguio Metadassl
I. Ora Meradasza [ otnmmyaercst ot Metadaspl MUTO3a: TOMOJIOTHYHBIE XPOMOCOMBI PACIIOIararoTCs
B 3KBATOPUAIbHOM IUIACTMHKE HE B OJMH CJIOW, KaK IpU MUTO3€, a B 11Ba (nmomapHo) (puc. 150, b).
[Ipu »TOM 3aMETHO, YTO KaxJaas M3 TOMOJOTMYHBIX XPOMOCOM COCTOMUT M3 JBYX CECTPHUHCKHUX
XxpoMmocoM - xpomatu. B Anadaze I romonornunbsle XpoMOCOMBI KaXA0H Mapbl pacxomsarcs K
MIOJIF0CAaM KJIETKH 0€3 MX pa3beIMHEHUs Ha XpOMaTH/Ibl. 3aTEM BOKPYT KaXA0W IPyIIbl XpOMOCOM,
pasolIeMXcsl K IMOJocaM KJIEeTKH, oOpasyercst siapo - Hactynwia ctagus Temodassl 1. Ho
IIUTOKWHE3A TIOCTIe 3TOH Teno(has3bl He HACTYIAET, TO €CTh KJIETOYHAS TIEPETOPOIKa MEXKITY SAPAMH
He oOpasyeTcs, a Kaxaoe sipo 0e3 mepepbiBa MPHUCTYNaeT KO BTOpOMY JeleHHuio. B xozxe 3toro
BTOPOT'O JEJEHUSI NMPOUCXOAMUT pa3elIeHne XpomMocoM Ha xpomatuabl. Ilocie BTOporo nenenus
MEXJy BHOBb 00Opa30BaBIIMMHUCS SApaMH BO3HHKAIOT KJIETOUHBIE NMEPETOPOJKU U TOJTydaroTcs 4
raruiouJHbIe TouepHue kietku (puc. 150, b).

OBPA30BAHUE 'AMET U OIJIOAOTBOPEHHUE Y )KUBOTHbIX

Y 3MOpHOHOB OOJIBIIMHCTBA KUBOTHBIX Ha paHHEW CTaJAuU Pa3BUTHS ONPEICICHHbIE KIETKU
000COOJAIOTC KaK MPEeNIIeCTBEHHUKH OyIymux raMmeT. Takue nepsuuHvie nonosvie KiemKu
MUTPUPYIOT B Pa3BUBAIOLIUECS 20HAOb! (IUYHUKU Yy CAMOK U CEMEHHHKH Y CaMIlOB), TJ€ MOCIie
Mepuoia Pa3MHOKEHUSI MUTO30M MPETEPIIEBAIOT MEHO03 U MPEBPAIAlOTCA B 3pEible TraMeThl (siii-
LUEKJIeTKH W CHEPMHM WM CHEPMaTO30MJbl, €CIU UMEIOT KryTuku). Ilpomecc pasButus
SIMIIEKIIETKA HA3bIBACTCSl 002eHe3 W CXEMAaTHYECKW TMpencTaBieH Ha puc. 154. OcoOeHHOCTHIO
Meio3a OOreHesa SIBJISIeTCS TO, YTO OOLMTHI MEPBOTO MOPSAJKA OCTAIOTCS HA CTAUU JUIJIOTEHBI
ITpodazer I mMHOrMEe TOABI. Y YeNOBEKa IOCIE HACTYIUICHHS TOJOBOM 3PETOCTH €KEMECSIYHO
CTUMYJIMPYETCSI CO3PEBAHUE - NIEPEXOJT HA CIEAYIOLLYI0 CTaJUI0 MeH03a, 3aBEpILECHUE Pa3BUTHS U
ogynayus (0CBOOOXKIEHUE U3 SUYHHUKA) - TOIBKO OJHOM SHMIIEKIETKUA. DTOT MPOLIECC HAXOAUTCS MO/
KOHTPOJIEM MOJIUNENTHAHBIX TOPMOHOB (2oHadomponuros). JIpyras 0COOEHHOCTb ME03a 00reHe3a
- HEpaBHBIA IMTOKEHE3, B pE3yJbTaTeé KOTOPOrO MOYTH BCs IUTOIUIa3Ma JOCTAeTCs CHayania
ooyumy 2-20 nopsaoka, a 3areM - sinekierke. OOpa3yroluecss Mpu 3TOM NOJSAPHble menbyd
MOCTETIEHHO JIETeHEPUPYIOT U MOTHOAI0T.

SIiteKsIeTKN MpeICTaBISIOT CO00M BRICOKOCTICIIMAIM3UPOBAHHBIC KIIETKH

C YHHKaJIbHBIMU ocoOeHHOCTsIMU. Hanbomnee oueBuaHas yepTa SHICKIECTKY -
3TO ee Oonblue pa3Mepsl. Toraa Kak THIMHYHAS KJIETKa Tella )KUBOTHOTO
UMeET pa3Mepbl 0KojIo 20 MKM, THaMeTp SMLEKIETKA COCTaBIAeT y MilekonuTatouux ot 60 no 150
MKM, y JBSITYIIEK W pbi0 - or 1 1m0 2 MM, a y NTHUIl U PENTUIUHA - HECKOJBKO CM (peKopn
NPUHAICKUT CeNbAeBOM akyne - 22 cm). Takue Oonbplive pa3Mepbl OOECIEeYMBAIOT 3arac
MUTATENbHBIX BEIIECTB Ui SMOPHOHAIBHOIO pa3BUTHUA OyAyliero 3apojpllia. OTOT 3amac
CO3JIaeTCs NP MOMOIIM HECKOJBKUX CIIEHUAIBHBIX MEXaHU3MOB. Bo-TIepBbIX, 3TO amniugurayus
(yBenMueHre 4Hclia KOMUW) TEeHOB, MPOAYKTHI KOTOPHIX TPEOYIOTCS B OOIBIIOM KOJHUYECTBE,
Hanpumep renoB pPHK. Bo-BTopbIX, 3T0 moMo1is y 0€CIIO3BOHOYHBIX KI€MOK-KOPMUIUY, KOTOPbIE
3aKauMBaIOT MaKpOMOJEKYJIbl B SHULEKIETKY Yepe3 LUTOIIa3MAaTUYECKUE MOCTHUKU aKTUBHBIM
3JIeKTPO(Ope30M, a Yy IMO3BOHOUHBIX - @OIUKVIAPHBIX KIEeMOK, TIEPEHOCSIINX B SHICKICTKY
Majble MOJIEKYJbl 4Yepe3 IielieBble KOHTaKThl. M, HakoHen, y Kyp, amMpuOuili u HacEeKOMBIX
OeJIKOBBIC BEIIECTBA JKEITKa 00pa3zyroTcs B KJIETKAaX MEUeHH WM APYTUX OpraHoB, IMOCTYIAIOT B
KPOBb UM 3aXBaThIBAIOTCSI OOIIMTAMU U3 BHEKJIETOYHOW KHUAKOCTH ITyTEM 3HIOLMTO3a MPU YYaCTHH
creun(pUIECKUX PEIeTTOPOB.

Bropas o0COOEHHOCTH - OTO HAJIMYUE HAPYXKHBIX CIEHUATU3HUPOBAHHBIX O000J0YEK.
HenocpencrBenno mpuieraiomas K IUla3MaTHYecKod MeMOpaHe o000J104Ka Has3bIBaeTCs y
MJIEKOTIUTAIOIUX zona pellucida, a 'y Npyrux KUBOTHBIX - GUMELIUHOBIN COU U ACUCTBYET Kak



Bugocnenuduyeckuii 6aprep, HE MO3BOJSIONIMNA OIJIOAOTBOPATH SIMIIEKIETKY CHEPMUSIM JIPYTHUX
BuoB. [locne omaonoTBOpeHMsI MpU MPOXOXKIECHUM IO SAHIEBOAY siliekieTka npuoOperaeT
JIOTIOJIHUTENbHBIE 3AIUTHBIE 000I0YKHY, HAIPUMED, CTYAEHUCTOM, KaK y JISATYIIKH, WX COCTOSIIEH
u3 "Oesnka" M CKOpIymbl, KaK y Kypulbl. OoreHe3 y MIEKONHUTAIOLINX - MIPOLECC YIUBUTEIBHO HE
HKOHOMHBII. Y YeloBeKa B MEPBBIE MECAIBI BHYTPHUYTPOOHOTO Pa3BUTHUS B SSUYHUKU TIEPEXOIUT
ok0s10 1700 mepBUYHBIX MOJIOBBIX KJIETOK, HA MPOTSHKEHUHM HECKOJIBKUX MECALEB U3 HUX MUTO30M
oOpasyeTcs OkoJo 7 MiH. ooroHWd. OgHAaKO OONBIIMHCTBO W3 HUX 3aTeM JIETeHEpUpYeT W
norubaeT, Tak 4YTO KO BPEMEHM IIOJIOBOIO CO3peBaHMs B sMYHMKaX umeercs aumb 300 Thic.
oouToB l-ro mopsaka, a B TedeHHEe HpuMepHO 40-IeTHero penpoAyKTHBHOIO Iepuoaa y
KEHIIUHBI OBYIHPYIOT TONbKO 400 - 500 siieKneTok.

B npoTHBOMOIOKHOCTS SHIEKIETKAM CIIEpMUU (MIJIM CLIEPMATO30M/Ibl, €CIIH UMEIOT KTy TUKH )
MeHbIlIe BceX Apyrux kinerok. CriepMuuM HE HMMEIOT HUYero "NMuIlHero'", Hampumep, puOocom,
SHIIOTIA3MATHYECKOTO PETHKYJIyMa M ammapara [ombIkd, KOTOpble HE TpeOyroTcs UM JUIs
BBINOJIHEHUS UX (PYHKIUH
omonoTBopeHus. CHepMaro30ul COCTOUT W3 20706KU, COAEpXkalled HeoOblYallHO CHUJIBHO
YIUIOTHEHHOE TaIUIOMIHOE SIIpO, U X8ocmd, NPEICTABIAIOIIEro co00i OOBIYHO THUIIWYHBIH
SYKapUOTHUECKUH KryTUK (puc. 155). VYV 0azanbHOro Tenpla JKIyTHKa paclojiararoTcs
MUTOXOH/IPHM, CHa0Karomue JKryTHK Mousiekynamu AT®, »sHeprus ruapoiausa KOTOPBIX
HeoOXoauMa JUIsl TBWDKEHHUS criepMaro3onga. Mexay OOreHe30M MW IPOLECCOM O00pa3oBaHHS
CIIEpMAaTO30UJIOB - CnepMamozeHe3oM - CyIeCTByeT psija pa3nuuuil. Bo-mepBbix, crepmarorexes
BKJTIOYAET B ce0s1 JOMOTHUTENBHYIO CTAIHIO Oughepenyuposkuy criepMaTia B CriepMaTo3ouabl. Bo-
BTOPBIX, MUTOTHUECKUE U MEHOTHUECKHUE JIENIEHUs CIIEPMaTOreHe3a He CONPOBOXKAAIOTCS MOIHBIM
LIMTOKMHE30M, TaK 4YTO BCE JIOUYEPHHUE KJIIETKH, 32 MCKIIIOUEHHUEM CaMbIX MEPBBIX CIIEPMATOrOHUM,
COEZMHEHBl IUTOIUIA3MAaTHUYECKUMU MOCTHKaMU (puc. 156). OTu nuromigazmMaTuyeckue MOCTUKU
MPEJCTaBISAIOT cO00M MexaHu3M, Onarogaps KOTOPOMY KaKIbId pPa3BHBAIOIIUICS TarjIOWIHBIHN
CIEepMHM, MMes CO CBOMMH COCEsIMM OOIIyH0 LUTOIUIa3My, MOKET MOoJy4yaTb Bech HabOp
IIPOAYKTOB TIOJHOIO JWIUIOWJHOTO TE€HOMa. Y MIIEKONUTAIOUIMX CIIEpMATOreHe3 HauyuHAeTCs
TOJIbKO TOCJ€E TOJOBOTO CO3pEBaHMS M 3aTEM HENPEPHIBHO IMPOIOJKACTCS B SMUTEIMAIBHON
BBICTWJIKE OYEHb UIMHHBIX, CHJIBHO HM3BUTHIX TPYOOUEK, HA3BIBAEMBIX CEMEHHbIMU KAHATbYAMU,
KOTOpBIE HAXOJATCA B CeMEHHHKax (puc. 156). Y demoBeka Meiio3 crepMaroreHe3a 3aHUMAcT
OKOJI0 24 nHEM, a Bce pa3BUTHE 4 3peiIbIX CIIEPMATO30MI0B U3 CLIEPMAaTOTOHUH - OKOJIO 9 HEZlENb.

[Toce cBoero BbIX0/a U3 TOHA/IBI KAaK SHLEKIIETKA, TaK U CIEPMATO3011 0OpeueHbl Ha ruoeb
B CUHMTAHHbIE YaChl, €CIIM OHU HE OTHIIIYT APYT APYTa U HE COJBIOTCS B MPOLIECCE ONI000MEOPEHUSL.
CrnepMaTo30u1 HE MOXKET OIUIOJOTBOPUTH JIIOOYIO KJIETKY, TaK Kak IPOLECC OIUIOAOTBOPEHHUS
KOHTPOJIMPYETCS HECKOJIBKHUMU CHEIHMaIbHBIMH MEXaHH3MaMH CIenu(pUUecKoro y3HaBaHus. Bo-
HEPBbIX, AJS TOrO YTOOBI CIIEPMATO30M] MOT OIUIOAOTBOPHUTH SIMLEKIETKY, OH JOJDKEH OBbITh
aKTUBUPOBAaH. Y MIIEKOIUTAIOUIMX aKTHUBALUS CIEPMAaTO30MAA BbI3BIBAETCS BBIICICHUSIMU
KEHCKOTO II0JIOBOIO TpakTa M  Has3blBaeTcsd Kanacumayueu. Bo-BTOPBIX, MPOUCXOIUT
cneuu(puyeckoe  y3HaBaHMEe  OenkaMu — IIa3MaTHYeCKOoW  MeMOpaHbl  CIEpMaTO30M7aa
TJIMKOTIPOTEMHOB 000J10uku zona pellucida y MileKOmUTAOMMX WM TOJHCAaXapuoB BHEUTHEH
000JIOUYKHU SHIEKIIETKH Y OECII03BOHOYHBIX. JTO y3HABaHHUE BBI3BIBACT AKPOCOMANLHYIO PEAKYUIO:
COJIEPKUMOE AKPOCOMbI, HAXOAIIEHCS B TOJIOBKE criepmaro3ousa (puc. 155), BBICBOOOXKTaeTCS B
OKpY’Kalolllee MPOCTPAHCTBO, M B PE3YJIbTAaTE B3PHIBHOM MOJMMEPU3ALUU AKTHHA OYEHb OBICTPO
"BeIpacTaeT" akpocomanvuiti ompocmok (puc. 157, A). Cpenu BBICBOOOKTAIOIINXCS MOJCKYJT
aKpPOCOMBI UMEIOTCSI THIPOIUTHYECKHE (PePMEHTHI, KOTOPBIE 00JIEr4aroT
IIPOHMKHOBEHHUE CIIEPMATO30M1a K IUIa3MaTHYECKOM MeMOpaHe ANIEKIETKH.

OpHako akpocoMaibHasl peaklys 3aKOHUYUTCS OIUIOJOTBOPEHHMEM TOJIBKO €CIIM IPOU3OMAET elle
OJHO crnenuduyeckoe y3HaBaHUE: Y MIIEKONUTAIOUIMX MPOMCXOIUT CHEU(PHUHOE CBSA3bIBAaHHUE
O€JIKOB TUIa3MaTHYECKO MeMOpaHbI CIepMaToO30HIa ¢ TeM K€ INIMKompoTrenHoM zona pellucida,
YTO BBI3BAJ AKPOCOMAJIBHYIO PEAKIIHIO, 8 Y OECIIO3BOHOYHBIX C INIMKOIPOTENHOBBIMH PELIEITOPaMU
BUTEJNIMHOBOTO CJIOSl JIOJDKHBI CBS3aThCsl MOJIeKysbl Hebombmoro (30 k/la) Oenka 6aiunouna (0T
anry. binding - CBsA3BIBaHHE), KOTOPBIC COJIEPKATCI B MeMOpaHE aKpOCOMBI U IIOCHE



aKpOCOMAJIBHOM peaKIMi OKa3bIBAIOTCS HA MMOBEPXHOCTU aKPOCOMAJILHOTO oTpocTKa (puc. 157, b).
[Tocne Bupocnenu(pUUHOrO CBS3BIBAHUS CIEPMATO30MIa C TJIMKONPOTEMHOBBIMU PpELEITOPaMU
00OJIOYKH SIMIIEKIIETKH CTAHOBUTCSI BO3MOKHBIM CIIMSTHUE STHX KJIETOK.

Jlnis mpenoTBpalleHus OIUIONOTBOPEHUs Oosiee 4eM OJHUM CIIEpMAaTO30UJOM Cpaszy Mocie
NIEPBOrO CIUSHUS CO CIEPMATO30MJIOM SHIEKIIETKA JOKHA OYEHb OBICTPO CO3/1aTh MPEMSTCTBHE
IUIl TIPOHMKHOBEHMS JONOJHMUTENbHBIX CIIEPMAaTO30MJ0B. Y pBIO B 000J0YKaxX SHIEKIETOK
UMeeTCsl Y3KMM KaHajl, Ha3bIBa€MbIl Muxkponuie, 4epe3 KOTOpBIM CHEpPMAaTO30HMIbl MOIJHU Ol
NPOXOJAUTH JIMIIb OJWH 3a JAPYTMM, U OH 3aKpBIBACTCs Cpas3y ke IMOCie MPOXOXKAECHUS MEPBOro
cnepmaro3onsia. OgHaKo y OOJIBIIMHCTBA IPYTUX KUBOTHBIX SHIIEKJIETKA HE UMEIOT MUKPOIHWIIE U
MOTYT CJIMBaThCSl CO CIIEPMHEM B JIOOOM y4acTKe CBOEH MOBEPXHOCTH. Y MHOIHMX SHIIEKJIETOK
MIOBTOPHOE TPOHUKHOBEHHE CIIEPMATO30MAO0B MpEeAOTBpaIlaeTcs ObICTpON Odenonspuszayuet
IUIa3MaTUYECKO MeMOpaHbl NOCe CAUSHUS C MEPBbIM CIEpMaTO30MI0M. Tak ke, Kak B JH000ii
Ipyrod >KUBOW KJI€TKE, BHYTPEHHSS IOBEPXHOCTh IUIa3MaTHUYECKOW MeMOpaHbl SIMIIEKIETKH
3apspKeHa OTPHUIATENbHO 110 OTHOLIEHHIO K €€ HapyXHOW moBepXHOCTH. IIpoHMKHOBeHHE
CIIEpMAaTO30M/1a BBI3bIBAET PE3KOE YBEIMYEHUE NMPOHMIIAEMOCTH IUIa3MaTHUECKONH MeMOpaHbI IS
Na', ¥ oHa HAauMHAET TPOMyCKATh MOHBI HATPHS M3 OKPY’KAIOIIEH Cpejibl, TAe MX MHOTO, BHYTpb
KIEeTKH, TJieé MX BCErJa B HOpME Mano. Boifns B kierky, moHsl Na' 3a 2 - 3 ¢ 3apskaroT
BHYTPEHHIOIO NTOBEPXHOCTh MEMOpaHBbI MOJO0KHUTEIBHO OTHOCUTENIHHO HApy>KHOW MOBEPXHOCTHU, U
MEMOpaHHBIM MOTEHIMal MEHSAET 3HAK Ha IPOTUBOMOJOXKHBIA. ODTOT MEXaHHU3M AaHaJIOTHYEH
MEXaHU3My BO3HMKHOBEHHS IMOTEHIMaja JeMCTBUS (HEPBHOTO UMITYJIbCa) B HEPBHBIX KJIETKAX.
HoBsle ciepmMaTo30mbl y’Ke HE MOTYT CIUTHCS C IENOJPU30BaHHON MEMOpPaHOM.

MeMOpaHHBIH MOTEHIUAN SHIEKIETKH YK€ Yepe3 HECKOJIbKO MUHYT IOCIIE OIJIOJJOTBOPEHHUS
SIIEKIIETKH BO3BPAIIAeTCs K HopMe. OHAKO OH BBI3HIBACT MACCOBOE BHICBOOOKIeHHE HOHOB Ca’’
U3 BHYTPHUKJIETOYHBIX XPaHHUJIHUILL
SAWLEKJIETKH, TaK YTO MX KOHLEHTpalusl B IUTO30J€ sifliekneTku Bo3pactaeT B TeueHue 20 - 30 c
nocje Havaja Jernossspu3aly Iia3MaTudyeckoil MmemOpansl Oosiee ueM B 100 pa3. Konuenrpanus
Ca®" Toxe MOBBIMIACTCS TUIIb HA 2 - 3 MHH, HO 3aIyCKACT KOPMUKAIBHYIO PEaKyuio, KOTOpas 3aK-
JHYaeTCsl B TOM, YTO KOPMUKANbHbIE 2PAHYIbl, HAXOJAIIMECS B LUTOIIa3Me BOJIU3U
1a3MaTHaeckoil MeMOpansl (puc. 154), cnuBarOTCs ¢ HEl U BBICBOOOXIAIOT CBOE COJIEPKUMOE Ha
BHYTPEHHIOIO CTOPOHY 00o0jiouku siinexnerku. Ilpoteonutuueckue (epMeHTHI, BBILIEANIME W3
KOPTUKAIBHBIX TpaHyl, OBICTPO pa3pylIAIOT TJIMKOMPOTEUHBI, CIyXallhe pPELenTOpaMu IpH
CBSI3bIBAHUU CIIEPMATO30M/I0B, U BBI3BIBAIOT OT/AEJIECHHE BUTEIUIMHOBOIO ciiost uiau zona pellucida,
70 3TOTO IUIOTHO TPHJIETaBIIMX K IUIa3MAaTUYEeCKOH MeMOpaHe, Torja Kak Apyrue (pepMeHTHI
KOPTUKAJIBHBIX I'PaHyJl 00pa3yloT MONEPEYHbIe CIIMBKUA MEXAY OelKaMu OOOJIOUKH SHLIEKIETKH,
4yTo Jenaer ee Oojee jkecTkod. B pesymprare Qopmupyercs oborouka oniodomeopeHusl,
HEeMpoHULaeMast 1Jis crepMaro3onoB. ClusHUE sfep CepMaTo30ua U sIMIEKIETKH TPOUCXOIUT
npuMepHo uepe3 30 MUH nociie CIUSHUS KIETOK.

Jenonsgpuzanusa IIa3sMaTH4eckod MeMOpaHbl, KOTOPYIO HHOIZIa MOYKHO BbI3BaTh M
HecTenn(UIECKUMHU BO3ACUCTBUSMH, HAalPUMEp, YKOJIOM HWIJIBI MJIM OCMOTHYECKHM IIOKOM, He
TOJIbKO MPUBOAUT K (hOPMHUPOBAHHIO OOOJIOUKH OIUIOJOTBOPEHHMS, HO W 3allyCKaeT IpOrpaMmy
passuTHs sinexnerkd. IloBbimteHne KoHieHTpamun Ca’’ B IMO30Me HE TONBKO 3allyCKaeT
KOPTUKAJIbHYIO PEaKI{io, HO U BBI3BIBACT IMPUMEPHO uyepe3 8 MUH yCHICHHME CHHTE3a OEJIKOB B
nuTomasMe, a uepes 40 - 45 Mun Havano permkanuu JHK (y paga xuBoTHBIX BiusHue Ca’ Ha
3TH MPOLECCHI ONIOCPE0BAHO MOBBIIIEHUEM BHYTpUKiIeTouHOro pH).

Ecnu pa3BuTtHe siNeKieTKd ObUIO AaKTUBUPOBAHO B OTCYTCTBHE CIIEPMAaTO30HMa, TO
NEPBOHAYAJIBHO TaIUIOMJHBIE KJIETKM Ha pPAaHHUX CTaAMAX Ppa3BUTUS  CIMBAIOTCS U
BOCCTAHABJIMBAIOT CBOIO JUIIJIOUJHOCTD, IIOCIIE YETO Pa3BUBAETCSI HOPMAJIbHBIN OPraHU3M - TOYHAs
Konusl MaTtepuHckoro. Takoe pas3BuTHe 0Oe€3 OIUIONOTBOPEHHUS HA3BIBACTCSA NAPMEHO2EHe30M U
BCTPEYAETCS B MPUPOJE Y Psiia KUBOTHBIX. Tak pa3MHOXKAIOTCS B T€UCHHE JieTa NadHUHM U TIIH.
OceHbl0 TOABIAIOTCS caMibl AaHUNH M NPOUCXOAUT OOBIKHOBEHHOE II0JIOBOE pPa3MHOKEHHE.
Bpewmsi oT BpeMeHUM MOJI0BOE Pa3MHOKEHHE MPOUCXOAUT U y Tied. He mMeroT caMioB 1 MHOTHE
HOMYJIAIUKN CKaJIbHBIX slIepHll, BcTpeuaromuecs Ha Kapkasze. Ilpu 3TOM AMIIIOMAHOCTH y HUX



O6€CH€1H/IBaeTC$I CIIMAHHUEM HP'IHGKHGTKI/I C TMOJIAPHBIM TCJIBLICM. I/ICK}’CCTBGHHHI\/’I MapTCHOICHE3
WCIIONB3YIOT B IIEIKOBOJACTBE KaK METOJ pEeryJMpoBaHUs IOjJa y TYTOBOrO IIEJIKONPSA/A.
N3BecTHBI Takke cilydau, KOrja Sapo sIMUEKIeTKHA pa3pylaeT-

csl, a caMa OHa COXpPaHsIeT CIIOCOOHOCTH K OMI0I0TBOpeHuto. [Ipu aToM sigpo ciepmaTo3ona
3aHUMACT HCHTPAJIBHOC ITOJOKCHUC B HﬁHGKJ’IGTKG, 1 OHa HAYMHACT pa3BUBATLCA C OTHM AAPOM.
Taxoe sBneHue Ha3bIBaeTCA aHOpo2eHe3 U IPUBOAUT K 00pa30BaHUIO HOBOTO OpraHM3Ma CO BCEMU
MpU3HAKaMU OTLOBCKOTO.

OBPA3OBAHUE 'AMET U OIIJIOJIOTBOPEHUE V PACTEHUI

LIBeTOK - 3TO reHepaTUBHBIN OpraH PACTEHMs, TO €CTh OpraH, KOTOPbIM CIyKUT IJIs II0JIOBOTO
pazmHoxeHus. [1o cBoeMy IPOHCXOXKIECHUIO - 3TO YKOPOUEHHBIN BUIOM3MEHEHHBIH MOOET, JTUCThS
KOTOPOTrO IMPEBPATWIMCh B OTIEIbHBbIE YaCTH LBETKA W NPUCHOCOOWIINCH K OINBUICHHIO U
OIJIOAOTBOPEHMIO. THIYMHKU U TIECTUKHU OTIPENENIAIOT MOJ IBETKAa. My»XKCKHe raMeTsl 00pa3yroTcs B
NBIJIbHUKAX THIYMHOK, a )KEHCKHE T'aMeThl - B ceMs3adaTkax NecTUKoB. [103ToMy 1BETKH, KOTOpbIE
COJIEp/KaT TOJNBKO TBIYMHKHU, HA3BIBAIOT MYHCCKUMU LIBETKAMH, a LIBETKH, COJAEP)KAIIUE TOJIBKO
NECTUKH, - JHcencKumu. 1IBETKH, B KOTOPBIX €CTh U THIUMHKH, U NIECTUKH, HAa3bIBAKOTCS 0boenoble.
becnonvie 1BETKM HE cOlEepKaT HU MECTUKOB, HU THIYMHOK U HE IMPHUHUMAIOT IPSIMOIO ydacTus B
Pa3sMHOXKEHUHU, MX HA3HAYEHHUE 3aKJIIOYaeTCs TOJBKO B NPUBICYEHUH HACEKOMBIX-ONbBUINTEINIECH.
PacTeHus, Ha KOTOPBIX Pa3BUBAIOTCS OJIHOIIOJNBIC IIBETKH OOOMX BUIOB - U MYXCKHE, U JKEHCKHE,
Ha3bIBAIOTCS 00HOOOMHbIMU. K OHOIOMHBIM pacTEHUSIM OTHOCSTCS KyKypy3a, Oepesa, OpelIHHK-
nemuHa, 1y0, KamraH. Ecnu My>KCKue IBETKH Pa3BHBAIOTCSA HA OAHUX PACTCHHUSX, a )KEHCKHUE - Ha
ApYTuX, TO TaKUE€ PACTEHMsI Ha3bIBAOT 08YO0OMHbIMU. JIByAOMHBIE pAacTE€HHs - 3TO KpaluBa,
TOIOJIb, OCUHA, UBA, KOHOILJIS, I1IABEIb.

Cpasy nocje BeHUYMKa B L[BETKE HAXOOUTCA KPYr muiyunok. KOIN4ecTBO THIYMHOK B IIBETKE
MOJKET OBITh Pa3HBIM - OT OJHOM THIYMHKHU /10 HECKOJIBKUX COTEH, HO 00bIYHO MX 3-10. TrrumHka
COCTOUT U3 MbIYUHOYHOU HUMU W NbLIbHUKA. B BIIBHUKE, KaK MPaBUIIO, CONEPKUTCA 4 TOIOCTH, B
KOTOpBIX co3peBaeT mbuibla (puc. 158). Ilo cocyaamM M CHTOBHIHBIM TpyOKam MpPOBOISIINX
IIyYKOB, KOTOpbIE MPOXOASAT BHYTPU TBHIYMHOYHBIX HUTEH, K 3pEIolled MbUIbLE MOJBOIUTCS
nutanue. CHapyX M TNbUIBHUK MOKPBIT snuaepmucoM. [lon snuaepmucoMm pacrnonaraercs cioi
KJIETOK MEXaHUYECKOW TKaHU. BHYTpM Kax10l MOJOBUHKHM NbUIbHMKA HAXOAWUTCS JBE IMOJOCTH.
CHauvana OHHM 3aIllOJHEHbI KJeTKaMH oOpa3oBarenbHOM TkaHHW. KieTku oOpa3oBaTeslbHONW TKaHU
NENATCS MEW030M, MO3TOMY IOJIyHaIOIMECs W3 HUX KIETKH MMEIOT TaluIOWJHBIA (OJMHAPHBIN)
Habop xpomocoM. Kakaas BHOBb BO3HHUKarOLIasi TalUIOMIHAS KJIETKa AEIUTCA €lle OJUH pa3, HO
yke Muto3oM (puc. 159). B pe-
3yJbTaTe 3TOTO JEJCHUs 00pa3yIOTCs 1BE T0UEPHUE TAaIUIONIHbIE KIETKH -
oJHa mo0oJIbIIe U pyras noMeHbIne. OHM OKPYKAIOT ce0s TOJICTON M MMPOYHOM 000IOUKOH H
MOJTy4yaeTcs MbUIbLIA, U TOUHEE nblibyesoe 3epHo (puc.

160). Takum oOpa3oM, Kaxka0€ NbLUIBLEBOE 36PHO COCTOUT U3 ABYX IaIljio-

UJHBIX KJIETOK, 3aKJIFOUYEHHBIX B 0011yt0 00010uKy. Ta ki1eTka, koTopas mno-

MEHBIIIE, HAa3bIBACTCS 2eHEPAMUBHOL KIIETKOH, a Ipyrasi KJIIETKa COAEPIKUT

NUTaTeIbHbIEC BEIIECTBA (I03TOMY OHa KpyIHEe) U Ha3bIBACTCs 6ecemamug-

Hoti k1neTkol. [loueMy OHUM Tak Ha3bIBAalOTCA, BaM CTAHET SICHO YyTb I103KE, KOTJIa BbI y3HAETE, UTO
IPOUCXOIUT C MBUIBIEBBIM 3epHOM fainblie. [locteneHHO Bcs oOpaszoBaTenbHas TKaHb BHYTPH
NBUIBHUKA 3aMEHSETCS CO3PEBLIMMH MbUIbLIEBBIMU 3epHaMu. Korja mnbuiblia CO3pEBaeT, CIOM
MEXaHUYECKOM TKaHH, pacrojararoIluics MoJ SMUAECPMHCOM, HAUMHAET MOJACHIXaTh, U MBIIBHUK
TpeckaeTcs. Co3peBlias Mbliblla TOTOBA BBICHINIATHCS Yepe3 00pa30BaBIIyIOCS TPELIUHY.

KonnuecTBO MbUIBLIEBBIX 3€PEH, CO3PEBAIOIINX B OJTHOM IBUIbHUKE, MOXKET OBITh Y pa3HbIX
pacTeHMil OT HECKOJIbKMX JECSATKOB J0 HECKOIbKUX Thicsd. Hampumep, y ocunbl ux okosio 1000.
PazmMepb! NbUIBLEBBIX 3€peH TOXKE ObIBAIOT pa3HBIMHU - OT BUAUMBIX Ia3oM (0,2 MM, KaK y THIKBbI)
no Menpyaitmmx B 0,008 MM (y ¢duxyca). @opma ux - mapoBHIHAsI, OBajbHas, KyOuueckas Wiu
naxke HuTeBHIHass. O00I0UYKa MBUIBIBI OOBIYHO OKpallleHa B YKEJITOBATHINA, OyphIi, CHHEBATHINA HUIIH



OelbIil IIBET W WMEET pa3IMYHbIe HEPOBHOCTH Ha TOBEPXHOCTH B BHJIE OYrOpKOB, IIHITHKOB,
CETOYKH (pHuc.

160). ®opma, okpacka U HOBEPXHOCTH MbUIBILI OCTOSIHHA JIJIS1 K&XKIOW Pa3HOBUAHOCTH PACTEHUM.
OTO CBONCTBO MbUIBLIBI UCIOJIB3YETCS, KOTAAa HCCIEIyITCd 00paslibl MOPOJ W3 TOJIIIU 3EMIIH.
[IpuTbLIEBbIE 3€pHA MPEKPACHO COXPAHSAIOTCS B MCKOIAEMOM COCTOSIHUM M IO COCTaBYy IbUIBLIBI
MOXHO y3HaTh, Kakas pacTUTEIbHOCTh MPOU3pAcTaja B APEBHUE BPEMEHA.

B caMoMm neHTpe 11BETKa HaXOAUTCS OJIMH WM HECKOJIBKO necmuxog. B mecTruke pazinyaror
CaMyl0 HUXKHIOIO B3IIyTYIO YacTb - 3a653b, OTXOISIINI OT BEPXYIIKHU 3aBSI3U CMOJIOUK U CAMYIO
BEPXHIOIO 4acTh - puuibye (puc. 161). M3 3aBs3u BmocnenctBuu ¢GopMmupyercs mion. BHyTpu
3aBsI3M HAXOAMUTCS MOJIOCTh, B KOTOPOM HAXOJATCA OAMH WJIM HECKOJBKO cemsaszauamkos. llocne
OILJIOJIOTBOPEHMS U3 HUX Pa3BUBAIOTCS ceMeHa. [IoaToMy OT KojiMdecTBa CeMs3a4aTKOB B 3aBs3H
3aBHCHT, CKOJIBKO CeMsIH OyAeT BHYTpH 1io/a. Posb peuIblia 3aK/II0UaeTCsl B BOCIPHUSITHH MBUIBIIBI,
a CTOJIOWK TTOTHUMAET PhUIbLIE BBEPX, YTOOBI MBUIbLIE OBIIO JIeT4Ye MONAacTh Ha pbuUIbIe. B To Bpewms,
KOT'/la B MBbUIBHUKAX TRIYMHOK CO3pPEBAET MbUIbIA, B 3aBA3H MECTUKOB (POPMUPYIOTCS 3apoovluiesble
MewKu, KOTOPBIE COIEPKAT )KEHCKHUE TaAMETHI - AMIEKIETKU. B
MOJIOCTH 3aBSI3M MECTHKA PACTIOIATAIOTCS OJMH WM HECKOJIBKO ceMsA3ayam-
ko6 (puc. 161). Cems3auaTku NPHUKPEIUIAIOTCA K BHYTPEHHUM CTEHKaM 3aBS3U IOCPEICTBOM
cemaHodcek. BHYTpU KaXaoro cems3adaTrka €CTh 3apOAblleBblii Memok (puc. 162). BayTtpu
CEMSHOKKH MPOXOIUT MpoBoAuuil mydok. [1o cocynaM U CUTOBHUIHBIM TpyOKaM HpPOBOJASIIUX
IIy4YKOB CEMSHOKEK K CO3PEBAIOLIMM 3apOABIIIEBBIM MEIIKaM IMOABOAUTCS nuTaHue. CHapyxu
3apOJIbIILIEBbII MEUIOK MOKPBIT MOKPOBAMH - HECKOJIBKUMHU CJIOSIMU MOKPOBHBIX TKaHEW. [10KpoBBI
ceMs3ayaTKa He CIUIOIIHBIC, UX Kpas o0pa3yroT Y3KHH KaHal - nuuivyesxod. CaMm 3apojbllIeBbINd
MEIIOK COCTOUT U3 7 kieTtok. Camas KpymHasi KieTKa 3apObIIIeBOr0 MEIIKa PacloiokeHa B €ro
LEHTPE U MO3TOMY TaK M HA3bIBACTCS YeHmpanbHas Kiemkd. PAIOM ¢ NbUIBLIEBXOJO0M HaXOJIUTCS
camasl TJlaBHas KIJIETKAa 3apoJbIIIEBOro Melika - sineknerka. Ilo obeum cropoHam OT Hee
pacronaralwTcs ABE 8cnoMozamelbHble KIETKU, a Ha MIPOTUBOIOIOKHON CTOPOHE MeIIKa (TO €CTh
HAIpOTUB SWLEKJIETKN) HAXOIATCS €lle TPU KIETKH, KOTOpbIE M3-3a CBOETO PACIOJIOKECHUS
Ha3BIBAIOTCS aHmunooamu (puc. 162).

3aponbImieBbIii  MEmIOK o0pa3yeTrcs W3 OJHOM EIWHCTBEHHOW KIETKH CeMs3adaTka B
pe3yabTaTe HECKOJIBKUX IIOCIEAOBATEIbHBIX NeleHui 3Tol kieTku (puc. 163). CHauana oHa
JeTUTCS MEH030M M Kak Bcerjga B Xoje Meio3a o0pasyrorcsi 4 KIEeTKH, MMEIOLINE TarjIouIHbIH
(omuHapHbIif) HaO00p XpomocoM. Ho U3 3TUX YeThIpex rarionAHbIX KIETOK TPU OTMHUPAIOT U OCTa-
€TCsl TOJIBKO OJHa. Sipo ocTaBLIEHCS KIETKM JEJIUTCS MHMTO30M, HO IEPErOpOAKa MEKIY
MOJIYYMBIIMMUCS JTOYEPHUMH SIIPAMHA HE BO3HHUKAET. DTH s/Ipa PacXOIATCsA K MOJIOCAM CHIIBHO
YATUHSIOMEHCS KIETKH, a MEXIAY HUMU 00pa3yeTcs KpYyIHasi BaKyoJlb. 3aTeM KaXKI0€ U3 3THX Sep
JEIUTCSI MAUTO30M €I1I€ IBaXK/Ibl, B pE3YyJIbTaTe YE€ro BO3ZHUKAIOT MO 4 TrarjIONIHbIX apa y KaKI0TO
noisitoca. B monyuuBmielics 8-11epHON KJIETKE OT KaXKAOr0 IOJI0CA OTXOAUT MO OJHOMY SApYy B
LHEHTp 3aponplmieBoro Memka. OHM chauBaloOTCs, 00pasys yenmpanvHoe sA0po. Mexay
OCTaBIIMMHUCS y TOJIOCOB KJIETKH siAep 00pa3yloTcsi KJIETOYHBIE MEPErOpOKH, U Aapa BMeECTe C
o0Jeraronieil ux MUTOIUIa3MON MpeBpallaTcs B KIETKHU, IUIOTHO Ipujleraruue apyr Kk apyry. Ha
OJITHOM TOJIFOCE 3apPOJBILIEBOrO MEIIKA - SULEKIETKA U ABE BCIIOMOTaTeIbHbIE KIETKHU, @ Ha IPYTrOM
- TPU KJIETKU-aHTUTNONBI. [leHTpaibHOE SIpO BMECTE C OKPYIKAIOIICH €ro IMTOIUIa3Moi oOpasyer
LEHTPaIbHYIO0 KJIETKY. TakuM 00pa3oM, MOITYyYaroUIHics 3apOIBbIIIeBbI MEIIOK COCTOUT U3 CEMH
KieTok. M3 HuUX 6 WMEIOT OJWHApPHBIM HAOOpP XPOMOCOM (SHMIIEKJIETKA, JBE BCIIOMOTATEJIbHBIE
KJIETKU u TpH KJICTKU-aHTUIIOAbI ). B OTIINYHE oT HUX LIEHT-



paibHOE SApO, OOpa3zoBaBlleecss MPU CIMSHUM JBYX TalNIOMAHBIX saep, 00iamaer IBOMHBIM
HabOPOM XPOMOCOM.

[Tocne Toro, kak B IBETKaxX 0Opa3ylOTCs 3peiasl MbUIbIa M 3pelible 3apOIbIIIeBble MEUIKU C
SAWLIEKJIETKaMU, PACTEHHsI TOTOBBI K [TOJIOBOMY pa3MHOXKEHHUIO. [10710BOe pa3MHOKEHHE LIBETKOBBIX
pacTeHMii COCTOMT W3 ABYX CTaaull onvlieHus W OIUIOAOTBOpeHus. OMNbUIEHHEM Ha3bIBAIOT
[OMaJJaHue MBUIBIBl HA PbUIbLIE MECTUKA. Pbuiblie MecTUKa BBIAENAET KIECHKYIO JKUIKOCTb, U
MIOTIABIIIME HA PHUIbLIC MBUILIEBBIC 3epHA MPUINUIAIOT K HEMY. 3aKpEeIJICHHIO MbUIbLEBBIX 3€PEH Ha
pBUIBIIE TIECTHKA CIIOCOOCTBYIOT TaK)Ke HEPOBHOCTH MBUIBIEBBIX 000JI0UYEK B BHJIE OyTrOpKOB,
IIUMHAKOB, CceToYku. [Ipunumimass Ha phUIbIIE NECTHKA MbUIbIA HAaYyMHAeT mpopactaTh. Ho
popacTaeT He J000e MbUIbLeBOE 3epHO. OUeHb YacTO Ha MECTUK OJHOTO BHUJA PACTEHUS TONAaeT
MBUTBIA COBEPIICHHO Ipyroro Buaa. Hampumep, Ha pbulblie MECTHKA IIBETKA KPANUBBI MOXKET
[oNacTh NbLIbLA LBETYIIEH psoM TaBord. B sTtom ciywae "udykad" mbuiblia mpopacTaTh He
Oynet. Jlemo B TOM, 4TO KJIEWKas >KUIKOCTb, BbIIEseMas MIECTUKOM, CIIOCOOCTBYET MPOPACTAHUIO
TONBKO "CBOEH" MBUIBLBI M TOPMO3UT IpopacTaHue '"dykoil" B pe3ysibTaTe MOJICKYJISIPHOTO
y3HABaHUs aHAJIOTUYHOTO Y3HABAHUIO CIIEPMATO30HM/1a U SHIEKICTKH Y MICKOMUTAOIIUX.

OnpuieHHEe  OCYIIECTBISETCS JBYMs CIocoOaMH: TMpU  TOMOIIM  CAMOONbLIeHUs W
nepexkpecmnozo onbUieHus. CaMOOINBUICHHE MPOUCXOAUT BHYTPU OAHOTO OOOETMONIOro IBeTKa. B
HEM MbUIbLA C TPIYUHKHU [ONa/1aeT Ha PbUIbLIEC MIECTUKA 3TOTO K€ 11BeTKa. [lepekpecTHOe onblIeHHE
OCYIIECTBIISIETCS TIPU MIEPEHOCE MBUIBLIBI C IIBETKA OJHOTO PACTEHHUS HA PhUIbLIE TECTHKA JIPYTOro
pactenus. IlepekpecTHOe OmMbUICHHE BCTpedaeTcs y OONBIIMHCTBA IBETKOBBIX pacTeHuil. OHO
ropaszio BBITOAHEE, YeM CaMOOIbUICHHE, TIOTOMY YTO B 3TOM CIIy4ae B MOTOMCTBE MPOUCXOIUT
00BbETMHEHNE CBOWCTB JIByX Pa3HBIX PACTCHHUH - OTIIOBCKOTO W MAaTEPHHCKOTO, T.€. KaK pa3 To,
paau 4ero U OCYIIECTBISETCS MOI0BOE pasMHOXKeHHe. [Ipyu mepekpecTHOM OMbUICHUH TOTy4YaeTcst
Oosiee pazHOOOpa3HOE M BMECTE C TeM OoJiee CHIBHOE IMOTOMCTBO, TOT/Ia KaK MPU CaAMOOITBIICHUN
MPOUCXOIUT ociabieHne moToMcTBa. s TOro 4roObl MPOU3OILIO MEPEeKPECTHOE OMbLICHHE, B
[[BETKaX PacCTeHUH BBIPabOTAJIOCh MHOTO MPHUCIIOCOOICHH, MPEMSATCTBYIOMUX caMoonbuieHuto. K
TaKUM MPUCTIOCOOJIECHUSM OTHOCSITCS, HAIPUMED, IBYIOMHOCTb, TO €CTh KOT'/Ia Ha OJTHOM PAacTEHUU
00pa3yroTCsl TOJNBKO >KEHCKHE (IMeCTUYHBIE), a HA JPYTOM - TOJBKO MYKCKHE (THBIYMHOYHEBIC)
LUBETKU. Y PXKH, KYKypy3bl, KalyCThl U HEKOTOPBIX JPYTUX pacTEeHUIl CaMOOMbUICHHS He
MPOUCXOJUT MOTOMY, YTO MBUIBIIA TIOMABIIAS C THIYMHOK HA TECTHK TOTO XK€ CaMOro IIBETKa,
HUKOTI'/1a
HE MpopacTaeT. ITo MPUCIIOCOOICHUE Ha3bIBACTCS CAMOCMEPUTLHOCbIO T
BBI3bIBACTCS] TEHETUUECKUMHU MTPUUMHAMU. Y IPYTHX PACTEHUH NbUIBHUKU U
IIECTUKH B I[BETKaX pa3BUBalOTCs HEOJHOBpeMeHHO. [ToaTtomy pactenue, B
KOTOPOM YK€ cOo3pelia MbLIbIA, HO PhUIblia IECTUKOB €111 HE TOTOBBI €€
MIPHUHSTH, MOKET OMBUIATH TOJIBKO APyTrue pacTeHus. K Tomy MOMEHTY, KOT/ia B €ro I[BETKax
CO3PEIOT MECTUKH, Y HEro YK€ He OCTaHeTCs COOCTBEHHOM MbUIbLIBI, U TAKOE pacTeHue Oyaer
OTIBUICHO IPYTUMU PACTECHUSIMHU.

Eciu mepekpecTHOe OmNbUIEHHE IO KakoW-1uM00 TNpUYMHE 3aTPyAHEHO, MPOHCXOJIUT
camoornbuieHHe. PacTeHne mnocTynaer Mo MNPUHLMITY '"JTydlle CaMOONbUIEHHWE, Ye€M HHUKaKOoTro
ombiieHus". I[lodToMy y pacTeHui, KOTOpPBIE pPAcTyT B HEOJArOMPUITHBIX KIMMATHYCCKUX
YCIIOBUSX (HalpuUMep, BHICOKO B TOpax, Jalieko Ha CeBepe WIM B IMYCTHIHHBIX 00NAcCTSX, TIe
HEJOCTaTOYHO HACEKOMBIX OMNBUIMTENEH), TMOSBUINCH CHElHalbHbIE MPUCIOCOOIECHUS IS
camoonbiieHUs. Hampumep, Hapsay ¢ OOBIYHBIMM I[IBETKAMH Y TIOBEPXHOCTH TIOYBBI
JIOTIOJTHUTEBHO Pa3BUBAIOTCS OCOOble HHUKOTJA HE PACKPBIBAIOIIMECS LIBETKH, BHYTPH KOTOPBIX
MBUTBIA C THIYMHOK IMOMANaeT TOJBKO Ha MECTUKU TOTO kKE CaMoro IBETKa. Y APYTUX PAaCTEHUH,
HarpuMep KOJOKOJBbYUKOB M TPYIIAHOK, BBIPA00OTAIOCh MPHUCIIOCOOJICHHE, OOCeCIIeUHBAIOIICe
CaMOOIBIJIEHUE TOJBKO B KOHIE LBeTeHUs. [103TOMy OHO MPOMCXOAUT TOJNBKO B TOM CIIy4ae, €Ciu
HE MPOU30ILIO0 NEPEKPECTHOrO OMbUICHHUSA. Y TaKMX PAaCTEHUIl MbUIbLIa BHICHIIAETCS Ha CTOJOMK
MeCcTUKa W TMPWIMIAET K HEMY, KOIrJia pbUIbIIE MECTHUKA elle cOBceM Hepa3Buto. Ecim mocrne
pa3BUTHS PhUIbLIA HAa HETO HE ToMaja MbUIblA APYTUX PaCTeHUN, TO OHO HaYMHAET pa3pacTaThbCs U



3aKpYy4YMBaThCS TaK, UYTO MPUKACAETCS K CBOEMY CTOJOMKY. OcTaBirascss Ha HeM "cBOs" MbLIbIA
MIPOU3BOIUT OTBLICHUE.

[lepeHoc mbuIBbLIBI MIPU NEPEKPECTHOM OINBUIEHUU MPOMCXOAUT IMO-pa3HOMY: IPHU HOMOIIU
BETpa, HACEKOMBIX, MTHUIL, JIETYUYUX MBIIIEH U BOABI. K BETpOONBUISEMBIM paCTEHUSIM OTHOCSTCS BCE
XBOMHBIE JepeBbs, Oepe3a, 0JibXxa, OCHHA, TOMNOJb, AYyO, SICEHb, OPEIIHMK, BCE 3JIaKH, OCOKH,
KOHOIUIS, KpamuBa, MOAOPOXKHHUK. BeTpoombUisieMble pacTeHUs OTIWYAIOTCS OT OMNBUISEMBIX
HAaCEKOMBIMHU PACTEHHI HEKOTOPHIMH 0COOCHHOCTSIMU. BeTep - He CIHMIIKOM HaJEKHBIN TTOCPETHUK
ONbUICHUSA. BeposTHOCTh TepeHoca MbUIbIIBI HAa PbHUIbLIE MECTHKa APYroro IBETKa BETPOM
HEBEJIMKa, HO YeM Ooblie oO0pa3yeTcs TBUIBILBL, TEM BBIIIE 3Ta BEPOATHOCTH. llosTOMy
BETPOOMBIISIEMbIE PACTEHUS O00pPa3ylOT KOJIOCCAIIbHOE KOJMYECTBO TMBUIBLBI: OJHA METeNKa
KyKypy3bl MPOU3BOIUT 0K0JI0O 50 MUJUIMOHOB MBUIBIEBBIX 3€PEH, OJIHA CEpEKKa OpelIHuKa - 3-4
MUJIJIMOHA, & OJIHA CEPEKKa OCHHBI - OKOJIO 6 MHIUTHOHOB. [IbuTblia y HUX MenKasi, cyxas, YTOOBI
XOPOLIO pacchllianach, U JIerkas, 4ToObl 10JIr0
nepxanach B Bosayxe. Ilpiiblla TakuxX pacTeHU MOXKET TEPEHOCHTHCS BETPOM Ha COTHH
KUJIOMETpOB. lIBeTeHHE MHOIMX JPEBECHBIX BETPOONBUISEMBIX PACTEHHUH MPOUCXOTUT WIH [0
pacmyckaHus JTUCTheB (OCHHA, OJbXa, OPEIIHMK), UM OJHOBPEMEHHO C pacIyCKaHHEM JHCThEB
(my0, Oepesa), Kora JUCThS €IIe HE MOTYT MPENSTCTBOBATH MEPEHOCY MBUIBIBI BeTpoM. OKOJIOI-
BETHUK TOKE€ MOT OBl CTaTh MPEMSATCTBUEM HA MYTH MBUIBII, TOSTOMY OH Y BETPOOIBLISEMBIX
pacteHuii crmabo pa3BUT WM COBCEM OTCYTCTBYeT. [IBUIBHUKM y HHMX YacTO IMPHKPEIUIEHBI K
THIUMHOYHOM HHUTU TMOJBIKHO M, KauyasiCh, JIyYllle PACCHIMAIOT MbUIbIY. PhUIbIIAa MX MECTUKOB
CWJIBHO pa3BUThIE, Pa3pOCIINECS, YTO TOXKE YBEJIMYUBAET BEPOSITHOCThH IOMAJaHUs MbUIbLBI Ha
peubile. HakoHen, y HEKOTOPBIX pacTeHHl HUMEIOTCS CleluaibHble MPUCIOCOONCHUS s
BBIOpAchIBaHMS IBUTBIBI M3 THUIBHUKOB B BO3ayX. Hampumep, y KpamuBbl THIMUHOYHBIC HUTH
CHHUpajbHO 3aKpyueHbl B OyToHe. [Ipu packpblBaHUM LIBETKAa OHM C CHJIOM PACKpPYUYUBAIOTCSA H
BBIOPACHIBAIOT MBLIBILY U3 JOMHYBIIUX MbUTHHUKOB.

[Tonapnsitoiee OONBIIMHCTBO pAacTEHUI OmMbLIsSeTCs HacekoMbiMH. Hacexomble - 310 Ooiee
HaJIeKHbIE TTOCPEIHUKU MPU ONbUICHUH, yeM BeTep. Ho oHu, coBepIast nepeHoC MbUIbIbI, TOKHbBI
YAOBJIETBOPUTh CBOM MOTPEOHOCTH B muUTaHUU. [loaTOMYy pacTeHHs BbIpabOTaM UENbIH psf
CBOMCTB, NPUBJIEKAIOUIMX HACEKOMBIX Ha IBETOK. BBl MX y)Ke 3HAeTe - 3TO BBIACIICHUE CIIELU-
aNlbHOM MHINM /A7 HAceKOMbIX (HEKTapa), spkKas OKpacka M 3amax. [JlaBHbIE HaceKoMble-
ONBUIMTENHN - 3TO IMYEINbl, IIMENH, MyXxH, 0a0ouku U XKykd. HacekoMoombuiseMble pacTeHHS
00pa3yloT 3HAYUTEIbHO MEHbBIIE MbUIBIBI, YeM BeTpoomnbuisiemble. VX mbuibla Gosiee KpymHas,
KJIeHKass WIM C IIUMAKAMH, 9TOOBI JIydIlle YICpKUBATHCS HA MOBEPXHOCTU Tella HACEKOMOro. Y
HEKOTOPBIX OpXHUCH oOpa3zyeTcs Majio MbUIBIBI, BCS OHA CKJIEEHAa B OCOOBIM KOMOYEK, Mo (opme
HanoMuHaMUK OynaBy. OHa cHaOXXeHA CIOXKHO YCTPOCHHBIM NPUIUMAIBIEM, MPH TOMOIIH
KOTOpOTO MPHUKJIEUBAETCS K TOJIOBE KPYMHOTO HACEKOMOT0, MEPEHOCUTCS UM Ha JIPYroil 1BETOK,
NPWIKNAET K PBUIBIYY TECTUKa M MPOU3BOIUT OmbUICHHE. J[pyroli 3amedareibHBIA MpUMEp
MPUCTIOCOOJIEHHSI IBETKOB K OMBLICHUIO HACEKOMBIMHU - 3TO MOJpa)kaHWe OKpacke U (opme Ha-
CEeKOMOTo-onbunTeNsi. Harmpumep, BETKH OAHOM U3 TPONMUECKUX OPXMICH MO OKpacke U (Gopme
MOX0’KH Ha CaMOK OJHOM U3 pa3HOBUAHOCTH MyX. IIpu 3ToM 1BeTeHHe OpXuaeil HacTymaeT B TO
BpeMsi, KOT/Ia CaMIlbl 3THUX MyX JIETalOT B MOMCKaxX camok. [loaTomy okpacka u ¢opma IBETKOB
OpXHJIel MPUBJIEKAET CaMIIOB, U OHH, MepereTas C BETKa Ha I[BETOK, MPOU3BOIAT onbuieHue. Kak
TOJIBKO CaMKH MyX MOSBISIOTCS B OOJIBIIIOM KOJMYECTBE, CaMIlbl MEPECTAIOT HHTEPECOBATHCS
OpXHJIESIMHU.

[IBeTkn OBIBAFOT KpymHBIC B MeKue. OOBIMHO KPYITHBIC IBETKH HA PACTCHUH PACIIOIOXKCHBI
nooauHouyke. OHU XOPOIIO 3aMETHBI JUISI HACEKOMBIX-ombuTHTeNeH. Ho yalie BcTpedaroTcst Menkue
uBeTku. OHH, KaK MPaBUJIO, PACTIONOKEHBI HA PACTCHUH OOJIBIIMMHU TpyHIaMu U 00pa3yroT odiiee
coysemue. Bwiroga o0pa3oBaHHsS COIBETHH JUIsi PACTCHUS COBEPIICHHO SICHA - HaceKOMOe-
OIBUTATENh 33 OJHO M TO E BPEMsI TIOCETUT TOpa3a0 OOJbIIe MEIKUX IIBETKOB, COOPAHHBIX B
COIIBETHE, YeM KPYITHBIX, HO PACIIOJIOKEHHBIX JAJICKO JAPYT OT JpYyTra.



[IputbLIEBOE 3€pHO, NOMAB Ha pPBUIbIE MECTHKA, MPU OTCYTCTBHUH TOPMO3SIIMX BEILECTB
HauuHaeT npopactaTth. lIpopacTaHue NbUIBLBI NPOUCXOIUT TaK: BCE COIAEPKHMOE MbUIBIIEBOTO
3epHa HAYMHAET BBHIISIYMBATHCS HApYyXKy dYepe3 mopy B 000j0uke. DTO BBISTYMBAHWE B (opme
TpYOKH TaK W HA3bIBACTCS - nblibyesas mpyoka. 3aTeM OHA BHEAPSAETCS B TKaHb PhUIbIA MECTHKA.
[TeiprieBast TpyOKa pacTeT, YIUIMHSSACH BHYTPH CTOJIOMKA TECTHKA M pa3aBuras ero kietku. OHa
pacTeT Mo HaMpaBJICHUIO K 3aBs3u mectuka (puc. 164). Ilo mpuiblieBoi TpyOKe BHHU3 CITyCKaeTCs
BCE COAEPKUMOE MbUIbLIBI. POCT mbUIbLIEBON TPYOKH MPOMCXOAUT 3@ CUET BEr€TaTUBHOM KJIETKH.
[To Mepe pocTa si1po BereTaTUBHOM KIJIETKH NMOCTENEHHO PaccachlBAETCS, a 3aTEM COBCEM HCYE3aeT.
CoBcem wHas 3amaya y TEHEPATHMBHOW KJIETKA. Haxonmsch BHYTpU NBUIBIICBON TpPyOKH, ee
TarmIoONIHOE SAPO €Ille pa3 JEIUTCS MUTO30M, H 00pa3yroTCs JIB€ MY»KCKHE MOJIOBBIE KJIETKH C Tafl-
JIOUJTHBIM HAOOPOM XPOMOCOM, KOTOpBIE Ha3bIBaIOTCS criepMusiMu. Takum oOpa3om, 1o Mepe pocra
MBUTBIEBOM TPYOKH 10 HEH CITyCcKaloTCsl BHU3 [1Ba criepMust. OOBIYHO HA PhUIbLIE MECTHKA MOMagaeT
00JIbIIIOE KOJMYECTBO MBUIBIIEBBIX 3€peH. MHOTME W3 HUX HAYMHAIOT MPOpacTaTrh, HO CKOPOCTH
pocTa uX IBUIBIEBBIX TPyOOK HeoauHakoBa. OHU MBUIBbLIEBBIE TPYOKH pacTyT ObIcTpee, IpyrHe -
MeuieHHee. Ecnu 3aBsi3p UMEET TOJNBKO OJMH CEMsSI3a4aToK, TO JUIsl OIUIOJOTBOPEHMsI ObIBaeT
JOCTaTOYHO, YTOOBI €ro AOCTHUTIIA OJIHA U3 MBUIBIEBBIX TPyOOK. OcTanabHbIE MBUIBLIEBBIE TPYOKH,
OTCTaBIIKME B pocTe, MorubaroT. Ecinm B 3aBsi3M MHOTO CeMsI3a4aTKOB, TO JUISl OTUIOJOTBOPEHUS
HE00X0IUMO, YTOOBI KO BCEM CeMsI3a4aTKaM I10 MbUIbIEBBIM TPYOKaM ObUIH JOCTABIECHBI CIIEPMHUH.

JlocTurHyB 3aBsi3y, MNbUIbLIEBas TPyOKa MPOXOAUT dYepe3 MbUIbLIEBXOJ B CeMs3adyaTok. B
cemsi3ayaTKe MbUIbIEBas TpyOKa MPOHUKAET B 3apPOJBIIIEBBIM MEIIOK, €€ KOHUYHUK Pa3pbIBACTCs, U
oba crmepMmHs TIONAAAOT BHYTPH 3apOJBIIIEBOTO MEIIKAa. BHYTpW 3apObIIIEBOTO MEIIKa
MIPOUCXOAUT OIIOJOTBOPEHUE - SIAPO OJHOIO U3 CIEPMHUEB CIUBAETCA C SIAPOM SIULEKIETKH, a PO
JPYToro - ¢ HeHTpajIbHbIM spoM. Takum 0O6pazom, 00a criepMusi HPUHUMAIOT
y4acTUe B OIJIOJOTBOPEHHUH. TaKO# THIT OTUIOAOTBOPEHUS - 3TO OCOOEHHOCTDH IIBETKOBBIX PACTCHHIA
U Ha3bIBACTCS O0BOUHLIM ONI00OMBOpeHueM W OBbUIO OTKPBHITO pycckuM Ootanukom C.T.
HapammssiM B 1898 roay. Ilpu omnogoTBOpeHUH rarioUIHON SMIIEKIETKA OJHUM U3 CIEPMHUEB
oOpasyeTcs AMIUIOWAHAs 3UroTa. B panpHelineM U3 Hee pa3BHBAeTCs 3aponblll ceMeHH. [lpu
OIUIOAOTBOPEHUN JUIUIOUIHOTO LEHTPAIBHOIO SApa JAPYTMM CHEPMHEM BO3HHUKACT KIETKA C
APOM, MMEIOUIMM TPHUIUIOWAHBIN (TpoitHON) Habop XpoMocoMm. V3 Hee BIOCIEACTBUU IyTEM
MHOTOKPAaTHOT'O JIEJIEHNSI MUTO30M pa3BUBAETCs MUTATEIbHAs TKaHb CEMEHU - dHOocnepm (OT TP.
SHJIO - BHYTpH + ciepMma
- cems). Ilocme mporecca OIUIOJOTBOPEHUS TPOUCXOMAT OONBIIHE TPeoOpa3oBaHUsS B
3apOJBIIIEBOM MEILIKE, BO BCEM CEeMsA3ayaTKe M BO BCEH 3aBA3M IecTMKa B 1ieioM. Bechb
CeMsA3a4aToK I0CJE OIUIOIOTBOPEHMS MPEBPAIACTCA B CEMs, a 3aBA3b NECTUKA IPEBpAIIACTCS B
IO,

I'EHOTUITMYECKOE OITPEJEJIEHUE ITOJIA

[Tonm opraHu3MoB, Pa3MHOKAIOUIUXCS TOJOBBIM CIIOCOOOM, OMpEAeNseTcs Mapoil 0COOBIX
NOJOBbIX XPOMOCOM, TOTJIa KaK OCTaJbHbIE XPOMOCOMBI Ha3bIBalOT aymocomamu. Ilon, ocobu
KOTOPOTO HMMEIOT OJWHAKOBBIE TIOJOBBIE XPOMOCOMBI, HA3bIBACTCS 2comozamemubim. Y OCOOeH
rOMOTaMETHOTO Iojla TpU OO0pa3oBaHMM raMeT BCe OHU OyAyT OAMHAKOBBIMH IO IOJOBBIM
xpomocomam. [lomn, y ocoGeil KOTOporo mojOBbIE XPOMOCOMBI pa3HbIE, HA3bIBAETCS 2emepo-
ecamemuovim. COOTBETCTBEHHO U TIOJOBbIE KIETKHM 3THUX 0coOel OyayT IBYyX THIIOB, NpHYEM
00pa3oBBIBATBECS OHUM OyAyT B pPaBHOM COOTHOWICHHH. Y  TIOJIOBBIX XPOMOCOM  HET
IPUHLMIINAAIBHBIX OTJIMYMNA OT ayTOCOM: OHM, KAaK M ayTOCOMBI, HECYT T€Hbl, KOTOpBIE
KOHTPOJIUPYIOT pa3BUTHE TEX WM UHBIX IPU3HAKOB.

[TonoBbIe XpOMOCOMBI TPUHATO 0003HAUaTh OyKBaMH. Y BHJIOB € T€T€POraMETHBIM MY>KCKUM
IOJIOM OJIMTHAKOBBIE TI0 pa3Mepy U popMe TIOJIOBBIE XPOMOCOMBI 0003HAYAI0T OYKBOH X, a
XpOMOCOMY, UMEIOLIYIOCS TOJIBKO y CaMIIOB,

- OykBoi Y. Takoil Tum HacielOBaHHUS I0JIa BCTPEYAETCS Y MHOTUX 4YepBEH, MOJUIIOCKOB U
YIEHUCTOHOTHX, 4 U3 MIO3BOHOYHBIX - Y MIIEKOIIMTAIOIINX U YelIoBeKa. B XpOMOCOMHOM KOMILUIEKCE
CaMOK 3THX BHJOB JB€ X-XPOMOCOMBI, @ y CaMIOB - X-XpOMOCOMa U Y-XpoMocoma. Y BHJIOB C



reTeporaMeTHbIM JKEHCKUM II0JIOM XPOMOCOMY, HMMEIOLIYIOCS KaK y CaMOK, TaKk M y CaMIOB
0003Ha4al0T OyKBOH Z, a UMEIOIIYIOCS TOJIBKO y caMoK - OykBoit W. CaMKku 3TUX BHJOB HMEIOT
XPOMOCOMHBIN KOMILIEKC C MOJOBBIMH XpoMocoMamu ZW, a caMIibl - C IOJIOBBIMU XPOMOCOMaMHU
Z7. Takoii TUI HAacNeAOBaHHUsS MOJa UMEET MECTO, B YaCTHOCTHU, CPEIU PACTEHHH - Yy KIyOHHKH,
CpeIu HaCEKOMBIX
- y 6a0ouek, a cpeii MO3BOHOYHBIX - Y PbIO, TPECMBIKAIOIUXCS U NITUIL. MeJOHOCHas muena
OTHOCHTCSI K BUAAM, Y KOTOPbIX TOMOTaMETHBIM $IB-
JISieTCs )KEHCKUM TI0J1, HO TYENTMHAs MaTKa OTKJIAJAbIBACT /IBa TUTIA SHI] -
OILJIOIOTBOPEHHBIE U HEOILUIOAOTBOPEHHBIE. M3 OIII0A0TBOPEHHBIX AHLEKIETOK
(renotun XX) pa3BUBAIOTCS CAMKH (MaTKa M pabouyue M4esbl), a U3 HEOII0I0TBOPEHHBIX (oqHa X-
xpoMmocoma, reHotun X0) - camipl (TpyTHH). B cBSI3M ¢ 3TUM OopraHu3Mbl, 00pa30BaBIINECS MPU
OOBIKHOBEHHOM MOJIOBOM Pa3MHOKEHUH, - JUILIOUIHbIC, a CaMIlbl, Pa3BUBAIOIIUECS B Pe3yJIbTaTe
NapTeHOT€He3a, - ralionaHble. B mpoliecce MHAMBUIYabHOTO Pa3BUTHS B KJIETKaX Tela TPyTHEH
BOCCTAHABIIMBAETCS JUIJIOUTHBIA XPOMOCOMHBIH Ha0Op, TOrma Kak B TOJOBBIX KIETKax
raijiouAHOE YHUCIO XPOMOCOM COXpaHsieTcs W Tpu  O0pa3oBaHUHM CIEPMATO30HIOB HE
yYMEHbIIIAeTCsl. AHAIOTUYHOE SIBIICHUE BCTPEYACTCS M Y HEKOTOPBIX JAPYTUX HACEKOMBIX. X-
XpoMOcOMa HaMHOTO JIJTMHHEE, YEM Y-XPOMOCOMA, U COAECPKHUT HEKOTOPBIE T'€HbI, KOTOPHIX HET B
Y-xpomocome, B TOM YHCII€ U T€HBbI, KOAUPYIONINE HE CBSA3aHHBIC C MPOSBICHUEM TOJa OENKH.
OpaHako MpPOAYKThl TAKUX T'€HOB HE 00pa3ylOTCs B )KEHCKOM OpraHU3MeE B IBOMHOM KOJIMYECTBE IO
CPaBHEHHUIO C MYXKCKHM OPraHH3MOM, TOTOMY 4YTO OJHA U3 X-XPOMOCOM B KaXIOH KIETKe
KEHCKOT0 OpraHu3Ma HEaKTUMBHA, IPUYEM WHAKTUBALMS NPOMCXOAMT HAa PpaHHUX HdTarax
smOpuorenesa. byner nau B NaHHOW OTIENbHON KIETKE MHAKTHUBHUPOBATHCS MaTEpPHUHCKAs WIH
OTLIOBCKasl X-XpoMocoMa - JIEJIO Cllydasi, HO JIajlee BO BCEX MOKOJIIEHUSAX KJIETOK, IPOUCXOSAIINX OT
JAHHOW KIIETKH, HEaKTUBHOW OyJeT OJHAa W Ta K€ XpPOMOCOMa, TMO3TOMY KEHCKHH OpraHu3m
SBJIIETCS MO3aUYHBIM [0 NPU3HAKAM, ONpPENEIsIEMbIM X-XpOMOCOMON. MexaHu3M HMHaKTUBALUU
X-XpOMOCOMBI HEU3BECTEH.

KPATKHWE BbIBO/IbI

[TonoBoe pa3MHOXKEHHE OPTaHHW3MOB - 3TO CHOCOO TMOBBIIMICHUS CIOCOOHOCTH K aJamlTalllu,

3aKJIFOYAIOLIUICS B PE3KOM YBEIMUEHUHU YHCIa KOMOU-
HAIUil TEHOB B TMOTOMCTBE, W SBJSETCS €Ile OJHON peanu3anueil KOMOMHATOPHOTO MPHUHIUIA
yYBEIIMYEHUs pa3HooOpa3us. Meilo3 CBOMCTBEHEH TOJBKO JyKapuoTaM, HO MPEUMYIIECTBA
KOMOMHHPOBAHUS T€HOB CTOJb BEJIHUKH, UTO M Y TPOKAPUOTUYECKUX OPTaHU3MOB Pa3BUIINCH B XO€
ABOJIIOLIMU TAKUE IMPOLIECCHI, KaK CKPELIMBAHUE U MEPErpyNnUpOBKa T'€HOB MyTEM I'€HETUYECKOU
pEKOMOUHAINY.

Konproranust TOMOJOTHYHBIX XpPOMOCOM B Mei03¢ W BHIOCTEHU(HUUHBIE Oapbephl B
OILJIOIOTBOPEHUH Y OPraHU3MOB OCHOBAaHBI TaK kK€, KaK U JPYrHe BHYTPHU- U MEXKKICTOUHBIC
MIPOIIECCHI, Ha CIICIU(PHUECKOM TPOCTPAHCTBEH-

HO-KOH()OpPMAaIIMOHHOM B3aMMOJICHCTBUH-Y3HABAHUN MAaKPOMOJIEKYJIaMH JIPYT
JpyTra Mo NpUHIUIY "3aMOK - KJtou".



Puc. 149. 3akpenneHnue noyie3HbIX MyTalMil B OOJBIION MOMyJSIIMU Oyiaroapsi MOJIOBOMY
Pa3MHOXKEHUIO.

Puc. 150. Cranuu meiioza. A. [1ate craguit [Ipodassl I meiiosa: 1 - nentoreHa, 2 - 3UroTeHa,
3 - maxuTeHa, 4 - TUINIOTEHA, 5 - TUaKHHES3.
b. OcranpHBIE CTaguK MEHo3a.

Puc. 151. Cxema cmHanTOHEMAJILHOTO KOMITJIEKCA.

Puc. 152. Kpoccunrosep Puc. 153. CxemaTnueckoe
MEXIy JBYMSI TOMOJIOTMYHBIMU XPO- H300paKeHUE TPEX XHa3M - PEMOCOMaMHU. 3yJbTaTa TpeX
KPOCCHHTOBEPOB.

Puc. 154. IlocnenoBareIbHOCTh CTAAUM OOreHE3A.
Puc. 155. CrpoeHue yenoBeueckoro CiepMaTo30mia.

Puc. 156. Cxema ciepmaToreHesa.

Puc. 157. A. AkpocomanbHasi peakuus y mMopckoro exa. b. Cramus 3, mpemmecTByromas
CIIUSHUIO TJIa3MaTHYECKUX MEMOpaH CIIepMaTO30H/1a U STHIICKIETKH.

Puc. 158. [1buibHHK B pa3pese.

Puc. 159. O6pa3oBaHue NbUIBIEBBIX 3epeH: | - eneHne Merno3om; 2
- JIeJIEeHHE MUTO30M; 3 - 00pa3zoBaHHe 000JI0YEK BOKPYT MbUIBLIEBBIX 3€PEH.

Puc. 160. Bueurnuii BUA MbUIBILI U CTPOSHUE MBUTHIIEBOTO 3€pHA.

Puc. 161. Crpoenue nperka.

Puc. 162. Ctpoenue cemszauaTka.

Puc. 163. Pa3zButue 3apoapieBoro Memka: 1 - meiio3; 2 - 4 - ngeneHue siaep MUTO30M; S5 -
o0pa3oBaHKe LIEHTPAIBHOTO si/Ipa; 6 - MIUTOKKWHE3 U 00pa30BaHKE 3PEJIOro 3apO/IbIIIEBOr0 MEIIKa.

Puc. 164. OninonoTBOpeHHE B IIBETKE.

Jexmusa 12. MYTAIMOHHA I USMEHUYMBOCTD

Mymayuonnas usmen4ugocmy - C643b MeNCOy 2eHOM U NPUSHAKOM - 3AKOHbl HACIE008AHUS -
KOUYeCmeeHHble NPU3HAKU - 2eHeMUuKa NONyIAYyull - 2eHemuKka UHOUSUOYANbHLIX pPA3TUYUL -
Kpamxue 6b1600bl

MYTALMOHHAS U3BMEHUYMBOCTb

Hacreocmeennocms - 3T0 CIIOCOOHOCTh OPraHU3MOB IEPEAABaTh CICIYIOUIEMY ITOKOJICHUIO
CBOW TPU3HAKU U CBOKMCTBA, T.€. BOCIPOU3BOAMTH ceOe momoO0HbIX. [Ipu 3TOM, Kak MpaBwIIO, HE
NPOHMCXOJUT TOYHOTO KOIMHMPOBAHMS POIUTEIBCKAX OPraHU3MOB, a HACIICJCTBCHHOCTh
COIIPOBOKIACTCS U3MEHUUBOCMbI0. Pa3MUYaloT HACIIEACTBEHHYIO (ceHomunuyeckyio) 1 HeHace C-
TBEHHYIO (gheHomunuyeckyro, WIA MOOUPUKAYUOHHYIO) W3MEHUYMBOCTh. HeHaciencTBeHHas
W3MEHYMBOCTh - 3TO pe3yJbTaT HM3MEHEHHWH YCIOBUH Cpeibl, B pe3yjibTaTe 4Yero OpraHu3M
U3MEHSETCS B Mpeeiax, 3aJaBaeMbIX TeHOTHIIOM. HeHacliecTBeHHass M3MEHYMBOCTh BaXKHA IS
MPUCTIOCOOJICHUST OPTaHU3MOB K Pa3HBIM YCIOBHUSM CPEIbl, B KOTOPBIX OHHM OKAa3bIBAIOTCS, LTS UX
BBDKMBAaHUSI M COXpAaHGHUS HMX NOoToMcTBa. OIHAKO il SBOJIOIMOHHBIX IIPOLECCOB HY)KHA
HACJIC/ICTBEHHAs] H3MCHYMBOCTh, KOTOpAsi CIIY)KUT €IWHCTBECHHBIM MCTOYHHKOM pa3zHOOOpasus, W3
KOTOPOTO TMPOHMCXOAUT OTOOp HOBBIX HauOojee NPHUCTIOCOONIEHHBIX (OpPM  OpPraHHU3MOB.
Pa3HOBHIIHOCTBIO HACTIEICTBEHHON H3MEHYUBOCTH SIBIISICTCS MYMAYUOHHAS USMEHYUBOCTID.

HecMoTpst Ha BBICOKYIO TOYHOCTH MPOLIECCOB PEIUIMKALIMM, TPAHCKPHUIILIMM U paclpeesieHus
XPOMOCOM BO BpeMsi KJIETOUHOTO JIEJIEHUS 10 JOYEPHUM KJIETKaM, C HU3KOM 4acTOTOM OIIMOKH BCe
K€ BO3HMKAIOT W HE BCErJa YCTPAHSIOTCS CHUCTeMaMH pemnapaiuu. Jroboe cToiikoe M3MeHeHUue
nociuenoBarenbHOCTH HykieoTunoB B JIHK HaseiBaercs mymayueri. MyTauuio Ha3bIBalOT
CNOHMAHHOU, KOTJ1a IPUYUHBI, BbI3BABILIUE €€, HE KOHTPOIUPYIOTCS, U UHOYYUPOBAHHOU, KOT/1a OHA
BbI3BaHa KOHTpOJUpyeMbIMU pakTopamu. Takumu dakropamu (mymaeeramu) daiie BCEro ObIBAIOT
BBICOKOIHEPreTHUecKoe Hu3iydyeHue (yJbTpaHoiIeTOBOE WIM HOHU3HUPYIOIIEE) WM aKTUBHBIC
xumuueckue BemectBa (cMm. pasgen "PEITAPAIIMSA JHK"). Yacrora CHOHTaHHBIX MYyTAallHid
o0braH0 nmesxuT B mpexenax 1 ma 10° - 107 reHoB M pasmmuHa s pasHBIX TEHOB - €CTh



KOHCEpPBaTHBHbIE M €CTh OBICTPO MyTHpylommue reHbl. MoOwibHBIE 37eMeHThl reHoma (IS-
3JIEMEHTHI M TPAHCIO30HBI) CIIOCOOHBI MOBBIIATH YACTOTY MYTalUil B (PUKCUPOBAHHBIX Y4acTKax
reHoma Ha 2 - 3 mopsijika.

MyTanuu MOryT BO3HUKATh B JF000 Meproj *KU3HU OpraHu3Ma, 3aTparuBas Kak KJIETKHU Teja

(comamuueckue mymayuu), Tak U TOJOBble KiIeTKH. ComaTHyYeCKWe MYyTalUu MpPOSBIAIOTCS
OOBIYHO KakK '"MO3aWYHOCTH'" OpraHu3Ma, MOCKOJbKY BCE MOTOMKH MYTaHTHOM KJIETKH HMEIOT
M3MEHEHHBIN pu3Hak. OHU MOTYT OXBaTUTh OOJBIINI MM MEHBIINK Y4aCTOK OpraHu3Ma, HO,
KaK NpaBWiIo, He HacieayloTcs. VckioueHne COCTaBISIOT TOJBKO T€ COMATHUECKHE MYTalluH,
KOTOpBIE OXBATBHIBAIOT TOYKU pocTa pacteHuid. [Ipu ¢opMHpOBaHMM M3 TaKMX MYTAHTHBIX TOYEK
pocTa IIBETOHOCHBIX MOOEroB, LIBETKOB, IUIOJOB M CEMSH IPOUCXOAUT Mepeaaya MYTaHTHOTO
MIpU3HAKA CJIETYIOIIUM [TOKOJICHUSIM.

B OosmpmmmMHCTBE  Ccily4aeB  MyTallMd — TNPHUBOJAT K 3HAYUTEIBHOMY  CHMKCHMIO
KHU3HECTTIOCOOHOCTH OpraHM3Ma, a MHOT/Ia U K €ro THOeNH (emanvhsie MyTanumn). OHAKO ApyTHE
MYTallUM MOTYT OKa3aThCs MOJIE3HBIMU JJISI OpraHu3Ma, MpHIaBas eMy TaKue OCOOCHHOCTH, KaK
MOBBILIECHUE TPOJYKTUBHOCTH, CTOWKOCTh K 3a00JIeBaHUAM U T.I. XOTS TMOJE3HbIE MYyTalllH
BO3HHUKAIOT KpailHE pEeIKO U HE SBJAIOTCA IMPHUCIIOCOOUTENbHBIMA H3MEHEHUSMHU OpraHu3Mma,
MMEHHO OHM TMpPEACTaBISAIOT COOOM MCXOOHBIM MaTepuain sl 3BOJIOLUMOHHOTO mpornecca. Ilpu
CKPELIMBAHUN MYTAHTHBIX OPraHU3MOB C JAPYTUMH, HOPMAJbHBIMU WM MYTaHTHBIMHU IO JIPyT'HM
reéHaM, BO3HHUKAaIOT HOBBIE COEIUHEHMsI TeHOB. Pa3HooOpas3Hble TeHeTHdeckue KOMOWHaIuW,
KOTOpPbIE BO3HMKAET IPU ITOM, SIBIISIOTCS MAaTEpPHAJIOM JUIl €CTECTBEHHOI'0 0TOOpa M MPHUBOIAT K
9BOJIIOLIMU OPTaHU3MOB.

B 3aBucuMocTH OT TOro, KakMe HM3MEHEHHUS TI'€HOMa MPUBOJAT K IMOSBJICHUIO MYyTalUH,

BBIJICIIAIOT 2eHHble, WU MOYeyHble Mymayuul, XpOMOCOMHbIE NePeCmpPOUKY N 2eHOMHbLIE MYMAayuu.
IIpy reHHBIX (TOYEUHBIX) MYTaLUAX HOPOMCXOIAT M3MeHeHus cTpykTypsl JJHK Tonmpko B omHOM
MecTe BHYTpU reHa. [Ipu 3TOM MOXKeT MpOU30WTH 3aMeHa OJHOTO OCHOBAHHUS JAPYTUM (MyTalus
3amewjenus), B pe3yibTaTe 4ero MpU CUHTe3e Oeika Ha MECTO OJHOW M3 aMHHOKHUCIOT OyAer
BKJItOUeHa JApyras. Kimaccnyeckum nmpumepom Takol myrtanuu siBiasercss 3ameHa T Ha I B 6-M
TPUILIETE HYKJICOTUIAHON IOCIIEAOBATEILHOCTH, KOJUPYIOIEM b-CyObEIUHMIY MOJIEKYJIbI
reMorjoounHa. B pesynbraTte B Oenke MpOMCXOIUT 3aMEHA TOJIBKO OJJHONH aMHUHOKHUCIIOTHI (TJTyTaMu-
HOBOM KHCJIOTHI HA BaJIMH), OJHAKO 9TO MPUBOAMUT K MOSIBICHUIO "JTUIKOTO" ydacTKa Ha MOJIEKYJIe,
Omarozmapst KOTOPOMY MOJIEKYJIBI TeMOIJIOOMHAa AacCOLMUPYIOT B KPYIHBIE HEpPacTBOPUMBIE
KOMILIEKCBI, KOTOpbIE Ae()OPMUPYIOT SPUTPOLUTHI, MpHUIaBask UM XapaKTEPHYIO CEPIIOBHIHYIO
¢dopmy. Takue "ckieeHHbIE" MOJEKYIBl TeMOTIOONHA HE MOTYT HOPMAaJbHO (DYHKIIMOHUPOBAThH, a
CEpIOBUHBIE SPUTPOLUTHI 3aCTPEBAIOT B MEIKHUX KalWuIApaX M OTIMYAIOTCA IOBBIIIEHHON
XpYHIKOCThIO. Bce 3TO mposiBIsieTcss Kak —TsDKEJNIOe  HAacle[ICTBEHHOe 3a0ojieBaHME -
cepnosuoOHoKIemoyHas auvemus. MyTaHTBI, KOTOpPbIE CHUHTE3HPYIOT HM3MEHEHHBIE, HO BCE XK€
YaCTUYHO (PYHKLUMOHHUpYIOUIME OENKM, Ha3bIBAIOTCS MYTAHTAMU C HEMOJHOCTBIO I10/IaBJICHHOM
byHkuuenn umm leaky-wymanmamu. Ho dacto 3aMeHa OIHOW aMMHOKHUCIOTBI Ha JPYIryl He
MPUBOJUT K
3HAYUTEIbHBIM U3MEHEHHSIM B CBOMCTBAX MPOAYKTa TPAHCIISILMM - Oelka.
Takue monuawue MyTalluum HaKaILIMBAIOTCA B IPOLIECCE DBOJIIOLMM, U MUMEHHO MOJCYET YHUCIA
MOJTYALIUX MYyTalUH SIBJISETCSI OCHOBOW JJIsl CPABHUTEIIBHO-MOJIEKYJIIPHOTO METOJAa MOCTPOSHMUS
HBOJIIOIIMOHHBIX JIEPEBLEB, O KOTOPOM OBUIO paccka3aHo B MEpBOH JeKIuH. bonee cymecTBeHHbIe
U3MEHEHHUs B XapakTepe CHHTe3a Oellka BbI3bIBAIOTCS BBINAJCHUEM WM BCTABKOW JIMIIHETO
HYKJICOTH/IA, BCIEJCTBHE YETO U3MEHSETCSA BECh MOPSIIOK CUUTHIBAHHSI TeHETUYECKON HH(pOopMaIiu
(cosue pamku cuumuleanusi) 1 0Opa3yeTCcs COBCEM MHOM OEJIOK 10 CPAaBHEHHIO C TEM, KOTOPHI OBLIT
3arporpaMMHpoBaH B HeMyTaHTHOM Mosekyne [JHK.

Bo Bpems neneHuns KJIeTOK MHOIIa MOTYT BO3HUKATh CYIIECTBEHHbIE U3MEHEHUS B CTPOSHUU
XpOMOCOM, KOTOpBI€ HA3bIBAIOTCA XPOMOCOMHBIMU NEPECTpPOMKAMU WIH  abeppayusmi.
Hexsamkamu Ha3pIBalOT Takue abeppanyu, MpU KOTOPBIX XPOMOCOMa TepsieT KOHIEBOM y4acTOK.
[Tneyo XpoMOCOMBI YKOpaYHBaeTCsl, a parMeHT U T€HbI, HAXOAIINECS B HEM, TEPSAIOTCS MPH Jie-
JeHuU snpa. [eneyus - 3TO TOXKE MOTEPS ydacTKa XpPOMOCOMBI, HO HE KOHIIEBOI'O (pparMeHTa, a



cpenHelt ee yactu. [lenenuu Xopouio BUAHBI B MEHO3€: B MECTE JIEJEIUU BTOpas TOMOJIOTHYHAS
XpoMocoMa TMpH KOHBIOranmuu oOpasyer mermaio. Eciaum B XpoMocoMe KakoOH-TO yYacTOK He
BBITIA/IACT, a HAOOOPOT, MOBTOPSETCS HECKOJBKO pa3, TO oOpasyercs adepparlusi, Ha3bIBacMas
oynauxayus. 1Ipu uneepcuu y4acTtok, KOTOPBIA OTOPBAJICS OT XPOMOCOMBI, MPUKPEIUISIETCS K Hel
CHOBA, HO B 1epeBepHyToM Ha 180° mosokeHur. XpoMOCOMEI ¢ Iy IUIMKALUAMU ¥ HHBEPCUSIMH, KaK
U C JENeIUsIMH, MOXKHO OOHapyXHUTh MO XapaKTEPHBIM UYEpPTaM PACIIOJIIOKEHUS TOMOJIOTUYHBIX
XpOMOCOM TIpM KOHBIOTAlMH. Tpaucioxayuu CBA3aHBI C OOMEHOM ydYacTKaMU MEXIy
HETOMOJIOTUYHBIMU XPOMOCOMAaMHU WJIM C MPUKPEIUIEHHEM YydacTKa XpPOMOCOMBI OJHOM Mapbl K
XpoMocoMe NIpyTroi mapbl. @Ppacmenmayueli Ha3bIBACTCS pacraji XpOMOCOMBI Ha YacTH, MPUYEM
4acTh, KOTOpasi HECET LEHTPOMEPY, MOXKET NPUHMMAaTh y4aCcTHE B MeHO3e, B TO BpeMs Kak
ocTajbHbIC ()parMEeHTHI OOBIYHO Pa3pyIIAIOTCS.

Ecnu XpoMoCOMBI, KOTOpbIE pa3feNuiInch B Mpoliecce MUTO3a, HE pa3oiayTcs B aHadase K
MOJIFOCAaM U OCTaHyTCSl B TOM JK€ Si[pe, TO KOJUYECTBO XPOMOCOM B HEM YIBOHUTCS. Takoe ke
YABOEHHE MOKET MTPOU30UTH B pe3yJIbTaTe CAUSHUA JIBYX KJIETOK IIEpe]l HayalioM Meio3a. SIBnenue
KPaTHOTO YBEJIWYEHHUSI XPOMOCOM B SIIPE HA3bIBACTCS MOAUNAOUOUSA. Y PACTECHUN TMOTUILUIOWIUS
JOBOJIbHO IIMPOKO pPAaCHpOCTpaHEHAa B ECTECTBEHHBIX YCJIOBHUSX, MU MHOTHME BHUIbl HMEIOT
MOJIMTUIOUHBIC YHCIIa XPOMOCOM, B TO BPEMSI KaK y )KUBOTHBIX TOJIUIIJIONIHBIC BUJIBI BCTPEUAIOTCS
PEIKO U TOJBKO B CIy4asx
MapTEHOTEHETUYECKOTO0 PAa3MHOXKEHHUSI. DTO TPOUCXOAUT TIOTOMY, YTO MEXAaHU3M II0JIOBOTO
Pa3MHOXXEHHUS y TOJMIUIONIHBIX >KMUBOTHBIX HApyIIaeTCsA, M OHHU, KaK MPaBWJIO, OECIUIOIHBI.
[ToymriongHBIC pACTSHUSI IO KAYSCTBCHHBIM MMPU3HAKAM OOBIYHO MAJIO OTJIMYAIOTCS OT UCXOIHBIX
JUIUIOMAHBIX OpM, HO pa3Mepsl KIETOK U MHOTHUX OPTaHOB y HUX 3HAUUTENHHO OOIBIIE, YeM Yy
JTUTUIOUJIOB, YTO SIBJIACTCS TPSIMBIM CJIEACTBHEM O0Jie€ KPYMHBIX SIIEp, 3aKIIOYAIONIUX OoJIble
XpOMOCOM, YeM siJIpa IUIUIOUIOB, a CIeI0BATENbHO, H 00Jiee NHTEHCUBHOM TPAHCKPUIIIIUY T€HOB U
cuHTe3a OenkoB (puc. 165). DT 0COOEHHOCTH TMOJUIUIOWIOB BIOJIHE TOHSTHBI, T.K. B3aUMHOE
COOTHOIIEHUE PA3IUYHBIX THUIIOB XPOMOCOM y HUX OCTA€TCSl HEM3MEHHBIM, a U3MEHSETCS TOJIBKO
7032 KaXIoro reHa. [lomuIuionabl, KpaTHOCTh YBEIMYEHHS XPOMOCOMHOTO Habopa KOTOPBIX
YeTHasi, - JWUIUIOUABI, TETPAIUIOMIbl, TIEKCAILUIOWABI WU T.J. - HMEKT JOBOJBHO BBICOKYIO
IUIOJJOBUTOCT. [1ONUIIIION B, KPATHOCTH YBETUYECHUS XPOMOCOMHOTO HAOOpa KOTOPHIX HEUeTHas,
- TPUIUIOW[bI, NMEHTAIJIONbI, TeNTAIIONABl U T.J. - HAIPOTUB, OTJIUYAIOTCS PE3KO MOHMKEHHOMN
IUIOJOBUTOCTBIO. OOBSICHSIETCS 3TO TEM, YTO y HEYETHBIX MOJHIUIONIOB OJWH W3 HaOOpOB
XpOMOCOM OKa3bIBaeTCsl JIMIIHUM B MeHo3e, T.K. XPOMOCOMBI 3TOro Habopa HE HMEIOT
TOMOJIOTHYHBIX MAPTHEPOB U 00Pa3yIOT YHUBAICHTHI, OTXOSIINE B JOUYEPHHUE KICTKH HE3aBUCHUMO
IpyT OT pyra, 4TO MPUBOJAUT K 00pPA30BAaHUIO MOJMCOMHYECKUX MOJOBBIX KJIETOK C PE3KO MOHU-
KEHHOM )KU3HECTIOCOOHOCTHIO MIIH Ja’K€ COBCEM HEXU3HECITOCOOHBIX.

YeTHble NOJUIUIONABI JIETYe MPHUCIOCAOIUBAIOTCA K HEOJAaronpHUsATHBIM YCIOBUAM >KU3HH,
JIerdye TMEepeHOCSAT HU3KUE TeMIeparypbl U 3acyxy. [lo3ToMy OHHM OY€Hb pacrIpoCTpaHEHBI B
CEeBEpPHBIX M BBICOKOTOpHBIX paioHax. Hampumep, 80% Bcex H3y4eHHBIX BHIOB, KOTOpHIE
npouspacraror Ha Illnunoeprene (76 - 80° ceBepHOU INUPOTHI), SBIAIOTCS MOJMIUIOWIAAMH, a B
PE3KO KOHTUHEHTAIbHBIX YCIOBUSAX BbICOKOropHoro Ilamupa nonumnonnoB npouspacraer 10 85%.
BoNbIIMHCTBO KYIBTYPHBIX pacTeHHi (MIICHUIIA, POKb, TPEUHNXa, CBEKJIA U MHOTHE APYTHE) TOXKE
SBIIAIOTCS TOJUIUIONAAMHU, a TPUILUIOUAHbBIE (opMbI apOy3a Hapsiay C BBICOKOM YpPOXKaHOCTBIO U
BBICOKMM Ka4eCTBOM MSKOTH OOJIaJalOT eIlle OJHUM TIOJIOKUTEIBHBIM CBOWCTBOM - OHU HE
COJIepKaT CEMSH.

brnarogapss momMIUIONINMM Yy pacTEHUH BO3MOXKHA MEXBHUIOBas ruOpuausanuus. [lpu
CIIUSIHUU JIBYX TaMeT OTJAJICHHO POJICTBEHHBIX OPraHU3MOB (HaIlpUMep, U3 Pa3HbIX POJIOB OJHOTO
ceMmeiicTBa) oOpa3yercss 3WUrora, KOTOopas MOXET HOPMAalbHO MACIUTHCS MHTO30M, HO KOT/a
HACTymaeT BpeMmsi o0pa3oBaHUSI raMeT B Meilo3e, HE BCE XPOMOCOMBI MOTYT HailTu cebe romo-
JIOTUYHYIO TIapy, ¥ OTCIOAa Hen30ex)Hoe OecTioue mpu OTAaIeHHONW THOPH-
nu3anuu. Hanpumep, ruGpun gomaan 1 ociia - MyJl - HaJIeJIeH UCKIIIOUUTEIbHON BHIHOCIUBOCTHIO,
HO MYJIBI 000X ITOJIOB CTEPUIIBHBI, TaK KaK B MX KJIeTKax Ha 31 xpomocoMy ocia mpuxomurcs 32
JIOIIAIUHBIX XpOMOCOM. OJHAaKO y pacTeHUH BO3MOXKHO TOJUIUIOMIHOE YBEJIMYEHHE YHCIIa



XpoMOcOM 00BEAMHEHHOTO Habopa U3 JBYX XPOMOCOMHBIX HAaOOPOB pa3HbIX BUAOB, U MIOCIIE 3TOTO
Mei03 MPOXOJUT HOPMAIBHO W Pa3BUBAETCA IUIOJAOBUTOE MOTOMCTBO. TakuMm crocoOoM ObLI
HCKYCCTBEHHO IIOJIy4eH THOpUA peabKd W KamycThl, M TakuM oOpa3oM MOTYT BO3HHKATh
MEXBUIOBbIE THOPHABI pacTeHUd U B mpupoje. Takue THOPUAHBIC MONUIIIOUTHBIC PACTCHHUS
Ha3bIBAIOTCS ALIONIOUOAMU, B OTIMYUE OT BHYTPUBUIOBBIX MOJUIIJIOUJIOB - AYMONOAUNIOUOOS, U
MpEANoaraeTcsi, 4To AJUIONOJIUIUIOWbl HUIPAIOT BEChbMAa 3HAYUTENBHYIO POJIb B HBOJIIOLUHU
pacTeHuii, oueHb OBICTPO MPUBOAS K 00Pa30BaHNIO HOBBIX BUIOB.

[Ipyn HenmpaBUIBHOM PACXOXKAEHHM XPOMOCOM BO BpeMsl MeH03a BO3HHMKAIOT OPIaHU3MBI C
N00aBJIEHUEM WM HEAOCTauyel OJHOM MJIM HECKOJIbKMX XPOMOCOM, Ha3bIBAEMbIE aHEYHIOUOAMU.
Jlnsa 0603HaueHUsT pa3HBIX aHEYIJIOWIOB MPUMEHSETCS CIeIyIollasi TepMUHONIOTHs. JIUIIonIHbIe
OpPraHU3Mbl, UMEIOIIME OJHY U3 XPOMOCOM B TPOIHOM KOJMYECTBE, HA3BIBAIOTCS MPUCOMUKAMU,
MMEIOIIHIE IBE€ XPOMOCOMBI B TPOITHOM KOJTHUYECTBE - OBOUHBIMU MPUCOMUKAMU, UMEIOLTIE OJTHY U3
XpOMOCOM B YETBEPHOM KOJIMYECTBE - mempacomuxamy. JIUIIoUIHbIE OPraHU3Mbl, Y KOTOPBIX HE
JOCTAeT OJHOM XPOMOCOMBI, HAa3bIBAKOTCS MOHOCOMUKAMU, €CIM HE XBaTaeT ABYX pa3IMYHBIX
XpOMOCOM - OBOUHbIMU MOHOCOMUKAMU W T.J., HO €CIU y HUX OTCYTCTBYIOT JIBE OJIMHAKOBBIC
XPOMOCOMBI, TO MX Ha3bIBAOT HYAUCOMUKAMU, YTO O3HAYAET MOJHOE OTCYTCTBHUE OJHOW W3 map
HOPMaJIHHOTO HAOOpa XPOMOCOM.

AHeymonaus ¢ MPUMEPHO OJUHAKOBOW YacTOTOW HaOMIOJaeTcsl Kak y pacTeHUil, Tak U y
KUBOTHBIX. l3ydyeHne Takux aHEYIJIOMJHBIX OPIraHMW3MOB I[I0KA3ajo, 4YTO Jaxe HeOOJbIINe
M3MEHEHHUs 0alaHca XpOMOCOM BCerja MPHUBOIAT K PE3KOMY YMEHBIICHHIO KH3HECTIOCOOHOCTH U
IJI0JOBUTOCTH. Tak, TPUCOMUKHM OOBIYHO 3HAUUTEIBHO ciabee, YeM UCXOAHbIE AUIIOU I, IPUYEM
3TO ocjabJeHre BBIPAXXEHO TeM CHIIbHEe, YyeM OOJbIle pa3Mepbl XpPOMOCOMBI, HAXOMAIIECHCS B
TPUCOMUYECKOM COCTOSHUU. JKM3HECTIOCOOHOCTh MOHOCOMHUKOB €I1I€ HUXKE, YEM Y TPUCOMUKOB, a y
HYJIMCOMHMKOB OHa TaK Maja, 4YTO MX yJaeTcs Moiay4yaTh O4eHb pelnko. Huskas ku3HecrocoOHOCTh
aHEYIJIOWJIOB BIIOJHE TMOHATHA, T.K. Y HUX PE3KO H3MEHSETCS KOJMYECTBEHHOE COOTHOLICHHE
MEXIYy pa3IuyHbIMU XPOMOCOMAMH, 4YTO MPUBOJUT K HAPYIIEHHIO ONTUMAJbHBIX CBOMICTB
OpraHu3Ma, BbIPAa0OTaHHBIX €CTECTBEHHBIM OTOOPOM M  XOpOILIO MPHUCIOCOOJIEHHBIX K
CYILIECTBOBAHUIO B MPUBBIYHBIX I HUX YCIOBUAX
BHEILHEH cpefibl. Y HYJIHCOMUKOB II0JIHOE OTCYTCTBUE OJHOM U3 XPOMOCOM, a
CJIEIOBATEIIbHO, MU BCEX I'€HOB, PACIIOJIOKEHHBIX B 3TOM XpOMOCOME, IMPUBOAMT K BBINAJICHUIO
OMOXMMHUYECKUX MPOIECCOB, KOHTPOJIMPYEMBIX OSTUMH TE€HAaMH, M BCJIEJICTBHE JTOTO K
KaTtacTpo(uyecKoMy HapyLICHHI0O HOpMajbHOro oOMeHa BemiecTB. [103TOMy HYJIMCOMUKH MOTYT
COXPaHATHCSA U 3aKAaHUMBATH PA3BUTHE TOJIBKO B TEX CIIy4asiX, KOr/ia yTepsSHHAs XpOMOCOMa OYEHb
Maja U pacrojoKEeHHbIE B HEW T'eHbl HE UMEIOT CYIECTBEHHOIO 3HAYeHHsI JUii 0OOMEHa BEIECTB U
COXPAHEHUs KU3HU.

AHeyIIonus XOpOIIO W3y4YeHa Yy Jojleld. Y MyX4YHH JaBHO W3BECTCH CUHOPOM
Kneungenvmepa - Tpucomusi, 3aKII0YAOIMIAsACS B J00OaBIeHUH K mape X- U Y-XpOMOCOM JUIITHEH
X-XpoMOCOMBI. My>XKUHMHBI C TaKUM XPOMOCOMHBIM HAa0OpPOM OTJIMYAIOTCS OOIIEH BSJIOCTHIO,
YMCTBEHHOW OTCTaJIOCThIO, YMEHBIIIEHUEM CEMEHHUKOB U OCJIabJieHHeM criepMmaroreHesa. Jactora
cunapoma Kreitndenbrepa cpeau myxuuH coctaBisieT okojo 0.1%. Cpenu KEeHIIUH Takxke
BCTPEYAIOTCS TPUCOMHUKH, UMEIOIIYIO TPEeThio X-XpomMocoMy. Y HuX HaOiromaeTcst ociabieHHOe
pa3BUTHE BTOPUUHBIX MMOJIOBBIX MPU3HAKOB, HEIOPA3BUTHE STUYHUKOB U ci1aboymue. MOHOCOMUKH,
UMEIOIME TOJIBKO OAHY X-XpOMOCOMY, SIBJISIOTCS JKEHIIWHAMH, CTPAJAIOUIMMU CUHOPOMOM
Lllepewesckoco-Teprnepa: HHU3KHA POCT, 3aMEIJIEHHOE TIOJOBOE pa3BUTHE, HEIOpPa3BUTHE
SIMYHUKOB, OTCYTCTBHE BTOPHYHBIX MMOJOBBIX MPU3HAKOB, HAIMYUE CBOCOOPA3HOM CKIAJKH KOXKHU
Ha mee U T.4. C 4acToToil B cpenHeM y oHOro u3 800 HOBOPOKIECHHBIX Y YEJIOBEKA BCTPEUACTCS
cunopom Jlayna - Tpucomust mo 21-ii coMaTHMYECKOW XpOMOCOME, YTO TOXE COMPOBOXKIACTCS
cinaboymueM. M3BeCTHBI Cilydan TPMCOMUU U 10 APYTUM COMAaTUYECKUM XPOMOCOMAM.

CBA3b MEX/Y TEHOM U ITPU3HAKOM
['eHbI OIIpeeNs0T NPU3HAKK OPTaHNU3Ma [0 CXEME: TEH 6 6eroK 6



npusHak. OpHako Takasg IMpocTas CBSA3b pEANM3yeTcs pENKo: OObIYHO TPU3HAK SIBISIETCA
MHTETPUPOBAHHBIM PE3YJIbTaTOM HECKOJBKUX MPOLECCOB WM META0OIMUECKUX PEaKIMid, U B €ro
peaiv3aluy MPUHUMAIOT Y4acTHE HECKOJIbKO OENKOB - MPOIYKTOB pa3HbIX reHoB. Kpome toro, u
HKCHPECCHs] T€HOB, U AKTUBHOCTh OEJIKOB 3aBUCAT OT YCJIOBHM Cpelbl, B KOTOPOW HaXOIUTCS
OpraHu3M, H, CJI€I0BATEIBHO, IPOSBICHAE IPU3HAKOB TOKE 3aBUCUT OT CPEJBI.

Oxpacka XKHUBOTHBIX - OMH U3 IPUMEPOB, KOT'J1a My Th Nepeaun TeHeTHYecKol HHPpOpMaLuu
ot JIHK k mpusnaky opranusma pacmudposat. [louTn Bce T03BOHOYHBIE 00s13aHBI CBOCH
OKpacKoi menanuram. MenaHuHbI CYIIECTBYIOT B ABYX (pOpMax: YepHBIE - 9y MeNaHUHbL U )KEThIE
- peomenanunwvl. O6-

pa3yloTcsi MEJIaHWHBI B OpPraHu3Me W3 aMUHOKHCIOTH (DeHWJIAlaHWHA B pe3ysbTare IMHHOMN
JUHEHHOW  1emovykd  (pepMeHTaTMBHBIX  peaknuii. Ha  mepBom  stame  depMeHT
Genunananuneudpoxcunaza NpespamaeT (GpeHuwnagaHuH B aMUHOKHUCIOTY THUPO3uH. Clenyronuii
bepMeHT - muposunaza - NpeBpallaeT TUPO3UH B CIEIYIOMMA MPOAYKT U T.n. OKpacka HIKYpHI
MJICKOTUTAIONINX 3aBHCHUT HE TOJIHKO OT HAJIMYHS Pa3HBIX (JOpPM MEITaHWHOB, HO M OT pacrpeaene-
HUSA ATUX NUTMEHTOB IO JJIMHE BOJIOCA, KOTTOPOE TOXKE€ HAXOAUTCS MOJ KOHTPOJEM IeHOB. B
TUIMYHOM BOJIOCE OKpACKa paclpeesieTcss 30HaMU: KOHYMK YEPHBIA (MHOTO SyMEIaHUHA), Jajiee
uaeT xentas 30Ha (peoMenaHuH), CHOBa uepHas (dyMENIaHHWH), a OCHOBaHHE Oelloe, JHMIICHHOE
MUTMEHTOB. Takol THUII OKPACKH BOJIOCA, Yallle BCEr0 BCTPEYAIOLIMKCS y JHUKUX >KUBOTHBIX,
HazbIBaeTCs munom azymu (0 UMEHU F0)KHOAMEPHUKAHCKOTO TPhI3yHa, Y KOTOPOTO OH YEeTUe BCETO
BbIpaxkeH). Kaxas 30Ha OKpacku KOHTPOJIMPYETCS CBOMM I'€HOM, U HACJIEICTBEHHOE CMEIICHHUE U
paciiMpeHre 30H MPUBOIUT K W3MEHEHHIO OKpacku. CepjieBHHa Bojioca (MSKOTHBIA CJIOW) U
Hapy»Hasl €ro 4acTb (KOPKOBBIN CII0M) OKpaIIMBAIOTCS O] YIPaBIEHUEM €Ill€ OAHOro reHa. B rex
ClIy4asix, KOTJja 4epHasi Cep/IlieBUHa BOJIOCA IPOCBEUMBAET Yepe3 HEOKPALIEHHYIO 000JI0UKY, BOJIOC
Ka)KeTCsl ToiyObIM, HApUMeEp, Y TOIYObIX MECIIOB. AHAIOTUYHO OT KOJMYECTBA, PacpeeIICHUs 1
cOCTaBa MEJIAHUHOB B Pay’KHOI 000J0YKe 3aBUCUT I[BET TJa3.

®epmeHT Tupo3uHaza koaupyercs reHoM C (ot anri. colour - mBer). Eciu B 3TOM rene
BO3HUKAET MYTaIlUs, BBI3BIBAIONIAS MTOJHYIO WHAKTHBANIO (DepMEHTa, TO MEJIAHMHBI U3 TUPO3WHA
He 00pa3yIOTCsl U MONYYarOTCs )KUBOTHBIE a160UHOCHL, BOIIOCSIHOW U KOXKHBINM MOKPOBBI KOTOPHIX
HEOKpAaIlleHbl, a 4epe3 OECUBETHYIO palyXKHYIO O0OJOYKY TIJia3a MPOCBEYMBAIOT KPOBEHOCHBIC
COCY[Ibl, B Pe3yJIbTaTe YEro IJla3a BBINISAAT KpacHbIMUA. HanmpoTuB, eciau akTUBHOCTh TUPO3HHA3bI
MOBBILIEHA B PE3yJIbTaTe MyTalluy, YCUIUBAIOUIeH skcnpeccuto reHa C, TO Moxy4yaroTcsi )KUBOTHBIE
MenaHucmel - TEMHbIE, NPKTUYECKH YEpHbIe, HalpuMep, YepHble NaHTepbl. MyTamuu,
3aTparvBaoIlle IeHbl, KOTOPblE KOHTPOIHUPYIOT BPEMsI U MECTO 3Kcrnpeccuu reHa C, MpUBOAAT K
MOSIBJICHUIO HETIOJIHBIX albOWHOCOB - TETHWX, C OKpAIEHHBIMU TJla3aMM U TIOJOCTBIO pTa.
PasHoumHocTs TeHa C, oGo3Hauaemas kak C KOAMPYET THUPO3UHA3y C HEYCTONUMBOMN
IPOCTPAHCTBEHHON CTPYKTYPOM MOJIEKYJIBI: OHa TepseT akTMBHOCTH mpu 37°C. B aroMm ciydae
MeJIaHUH 00pa3yeTcs TOJbKO Ha OXJIaKJIEHHBIX ydacTKaX Telja: y OesIbIX TOPHOCTAEBBIX KPOJIHMKOB
Ha yIIaX, XBOCTAX W JianaxX BbIPACTAeT YepHas LIEPCTh, TO K€ MPOUCXOJUT U Y CHAMCKUX KOIIEK.
Ecnu BEIOpHUTE y TOPHOCTAEBOTO KPOJIMKA YUACTOK KOXKHM Ha OOKY WM MPHUKIABIBATh K HEMY JIe/, TO
LIEPCTh Ha 3TOM MECTE BBIPACTET
yepHasi. TepMouyBCTBUTENIbHASA TUPO3UHA3A ONPEEISIET CE30HHYIO CMEHY
OKpacKH MeXa M MEPheB y 3aillleB, TOPHOCTAEB, OENbIX KypOomaToK U JPYTHX >KUBOTHBIX. JleTom,
IIpY TIOBBIILIEHHON TeMIiepaType, Tupo3uHa3a He padoraeT. [loaToMy B KieTKax, I/ie UAET CUHTE3
BOJIOC WUJTU ME€PhEB, MEJIAHUH HE HAKAILITUBAETCS, U OCEHBIO, MOCIE JIMHBKH, OTPACTAIOT Oelible MeX
U 1epbsi. 3UMOMN MTOKPOBBI OXJIAXKIAECHBI, THPO3UHA3a AKTUBHA, U MOCJIE€ BECEHHEN JTMHBKU OTPAcTAIOT
OKpallleHHbIE IIEPCTh U MEPhA.

Tspxenas HacieAcTBEHHAas! O0JIE3Hb - (heHuUIKemoHypus - BOSHUKAET B pe3yJIbTaTe MyTalluH,
KOTOpasi MHAKTUBHPYET I'€H, OTBETCTBEHHBIN 3a cHHTE3 (epMeHTa (peHUIaATaHWHTHIPOKCHUIIAZHI,
KOTOPBI IMpEeIIIecTBYeT THPO3MHA3E B IIENIM CHHTE3a MEJaHWHA M NpeBpamaeT (heHWIaTaHUH B
tupo3uH. OOpa3zoBanue u3 (eHWIalaHWHA - STO HE EJUHCTBEHHBIH MCTOYHHUK THUPO3MHA B
OpraHM3Me, M THpPO3UMHA3a HAXOJUT THUPO3UH JUId CHUHTe3a MejnaHuHa. OpHako OoJibHBIE



(deHWIKeTOHypreld HMEIOT OJICMHYI0 KOXY W 00eCIBEYCHHBIC BOJOCHL. TakoW HEMOJHBIH
anbOMHU3M SIBISIETCSl CIEACTBHEM TOTO, YTO MPUTOK "ChIphs" JUIsI CHHTE3a MENlaHWHA PEe3Ko
YMEHBIICH, M, KpPOME TOTr0, HAKaIUTMBAIOIIUICS W30BITOK (eHWIATaHWHA WHTUOHMpYyeT (He
MOJIHOCTBIO TOJABIIAET) aKTMBHOCTh TUPO3MHA3bl. M30BITOK (eHHIanaHnHa MPUBOAUT TaKkKe K
HAKOIUIEHHUIO €0 MPOU3BOAHBIX - KUCIOT C (DEHOJIHBIM SAPOM, KOTOPbIE MOPAXKaOT HEHTPATbHYIO
HEPBHYIO CUCTEMY, UTO MPHUBOIUT K HEU3IeunMomy ciaboymuto. Takoe siBIeHHE, KOTJa OUH T'eH
MOJKET OKa3bIBaTh BIHMSHHE Ha HECKOJIbKO MPU3HAKOB (HEMOJHBIN ansOWHU3M, caboymue u 1p.),
Ha3bIBACTCS NI1€OMPONnUel.

Koneunsiii pe3yibpraT (EHOTUITMYECKOTO MPOSBICHUS T€HA 3aBUCUT M OT YCJIOBHUH CpEIbl
OT JeWCTBUSA JApyrux TeHOB. OOHU TeHbl MOYTH HE MPOSBISIOT HM3MEHYUBOCTH B CBOEM
(EHOTUITMYECKOM BBIPRKEHUH, TOTJA KakK IS TPOSIBICHUS JPYTHX T'€HOB XapaKTEepHa BBICOKas
CTETIeHb W3MEHUYUBOCTHU. VI3MEHYMBOCTH MOKET OBITh OOYCJIOBIIEHA Kak TeM, YTO HE Bce 0COoOH,
MMEIOINE TaHHBIH T€HOTHII, UMEIOT COOTBETCTBYIOIIMH eMy (DEHOTHN, TaK M TEM, YTO CTEICHb
MmposiBIieHUST (PEHOTHMa pa3NuyHa y Pa3NUYHBIX OcoOeil. [lenempanmuocms 2eHa - 3TO JONA
oco0ell, y KOTOPBIX TPOSBISETCS OXKUAAEMBIH (HEHOTUT. DKCnpeccusHOCmy 2eHa - 3TO CTETCHb
BBIPXEHHOCTH (DEHOTHMA Y T€X 0C00€ii, Y KOTOPBIX OH MPOSBUIICS. MHOTHE T€Hbl UMEIOT MOJTHYIO
MIEHETPAHTHOCTh U 3KCIPECCUBHOCTh: HampuMep, HopMasbHbI reH C, OTBETCTBEHHBIN 3a CHHTE3
aKTUBHOM THpo3uHa3bl. OIHAKO IIO/M, HOCHUTENU TeHa HEKOTOPBIX TE€HETHYEeCKHX Oosie3Hei
(manpumep xopeu [enmunemona), 3a00lIeBalOT B pa3HOM Bo3pacte (BapbUpyrOIIas
AKCIIPECCUBHOCTh) WJIM HE 3a00NeBal0OT BOBce (HEMONHAs TMEHETPAaHTHOCTh). [lpuumHamwu
BapBUPYIOLIEH
HKCIIPECCUBHOCTH M HEMOJHOW TEHETPAHTHOCTU MOXKET OBITh BIHMSHHE BHEIIHEH CpeJibl
(mammpumep, Oorarasi mUTaTEeNbHAs Cpelda Ui MUKPOOPTaHWU3MAa C ayKcompoguot MyTauuei)
W(WIM) TeHOTHIIA.

3AKOHbI HACJIEAOBAHU

3aKoHBI HAcCJEIOBaHUs ObUTM BIIEPBBIC SKCIIEPUMEHTAIBHO OTKPBITHI M CHOPMYIMPOBAHBI
I"'Mennenewm. IlepBblit 3akoH MeHAeNs - npasuio eounoodpasus nepeo2o cubpUOHo20 NOKONeHUs -
TJIACUT: TIPH CKPEUIMBAaHMHM TOMO3UTOTHBIX POJHTENEH, OTIMYAIOIIMXCS Ipyr OT JApyra mnapou
(oHOM MK HECKOJIBKUMH) AbMEPHAMUBHBIX NPUSHAKOS, BCE TIEPBOE MTOKOJIEHHE €MHOO0OPA3HO U
o0nasaeT domMuHupyrouum TIPU3HAKOM. | '€H MOKET CyIIecTBOBATh B AIbTEPHATUBHBIX (POPMax, 4To
MIPOSIBIISIETCS] KaK albTePHATUBHBIC TIPU3HAKU. AJIbTepHATHBHBIC ()OPMBI T€HA HA3BIBAIOT A/LIEIAMU.
Kaxaplit TUmiioniHeii Opranu3M UMeeT JBa ajuiens. Enu o0a ansens oAnHaKOBBI, TO OpraHu3M Ha-
3BIBAIOT 20MO3UCOMHBIM, €CIH AU PpasHble - TO cemeposucomubiM. Ecnm onuH amiens
OJoMuHaHmen, a APyroil peyeccugen, TO OPraHU3M 1O CBOEMY BHEUIHEMY BUIY (penomuny) Oynet
TOJBKO JOMHWHAHTHOTO THUMAa (TaK YTO TETEPO3UTOTH HE OTJIMYAIOTCA OT TOMO3UTOTHOTO
JOMHHAHTHOTO POAMTEINs). MOJEKyIsIpHas OCHOBAa OMHUHHMPOBAHHS 3aKIIOYAeTCs B TOM, YTO
pEIeCCUBHBIN T€H YacTO MYTAaHTHBIM M HE HMEET M3-32 3TOTO aKTHBHOTO OEIIKOBOTO MPOAYKTA, TaK
YTO BECh BKJIAJ B pa3BUTHE NMPH3HAKA MPUHAUICKUT HOPMAILHOMY, COXPAHUBIIEMY SKCIIPECCHIO
aJUIETbHOMY TeHy. XOTs B OmbITaXx MeHJens WMCCIeIOBaHHbIE MPHU3HAKH MPOSBILLIN IOJHOE
JIOMHHUPOBaHUE, Tak ObIBaeT He Bcerna. JloMHHHpOBaHHE ayuiesieii MOXKET OBITh HenoIHbIM WA
COBCEM OTCYTCTBOBaTb (Kooomunanmuocms). B cioydae KOJOMHHAHTHOCTH TI'€TE€PO3UTOTHI
OTJIMYAIOTCSI OT TOMO3HMIOT MPOMEXYTOYHBIMU CBOWCTBaMu. Hampumep, ckpemiuBaHue pacTeHUH
JHBUHOTO 3€Ba C KPACHBIMU M O€JBIMH I[BETaMHU JJA€T PO30BbIC THOPUABI. XOTS B 3TOM CIIydae HET
JTOMHHUPOBAHUS, HAOOAAETCS BCE Ta XKE 3aKOHOMEPHOCTh - TMOpHIBI mepBoro nokonenus (Fp)
OJTMHAKOBEI.

Bropoii 3akon Mennens - npasuio pacwenienus - TIACUT: BO BTOPOM ITOKOJIEHUH THOPHIOB
(F2) mpoucxonuT paciuersieHue, Mpu KOTOPOM COOTHOILIEHHWE MEXAY YHCIOM ocolell ¢
JOMHHAHTHBIM W PELECCUBHBIM NpU3HaKoM cocTaBiseT 3:1. J[as Toro 4toObl OOBSICHUTH STOT
pe3ynbTar, MeHzaenb NpPeAoXWI THUIOTE3y YUCmomsl 2amem: Kakaas TamMeTa IIOJydaeT II0
OJJHOMY T€Hy M3 KaXIOW Mapbl a/UIeIbHBIX TE€HOB M pAa3IMYHbIE TaMeThl KOMOWHHPYIOTCS



cily4aiiHbIM 00pa3oM. Temnepp M3BECTHBI LIUTOJIOTMYECKUE OCHOBBI YMCTOTHI TaMeT - 3TO MEHO03,
IIPU KOTOPOM F'OMOJIOTUYHBIE XPOMOCOMBI PACIIPEEIISIOT-

cs o rametaMm. CootHomieHue 3:1 sBiseTcs cmamucmuyeckum, T.€. BBIIIOJIHAETCS C JOCTaTOYHOU
TOYHOCTBIO TOJIBKO JUIsl OOJNBIINX BBIOOPOK OpPraHu3MOB. JIJisi BBINOJHEHUS 3TOTO COOTHOIIEHUS
TpeOyeTcst TakXke Xopollee 'mepeMennBaHue' aiebHbIX TE€HOB, KOTOpOe OOeCIeYrBaCTCS
CIIy4ailiHOM BCTpeyer raMer IPU OIIOAOTBOPEHUHU.

CkpeuuBanue, Opu KOTOPOM OPraHM3Mbl OTJIMYAIOTCA JPYr OT Jpyra JABYMs HapaMu
MIPU3HAKOB, HA3bIBACTCS OUUOPUOHBIM, TPEMS - mpueubpuoHvim U T.4. Tpetuit 3akoH Menaens -
npasuio He3a8uUCUMo20 KOMOUHUPOBAHUS 2€HO6 - TIACUT: T'eHbl Pa3IMYHbIX AJJICIbHBIX Hap U
COOTBETCTBYIOILIME MM NPU3HAKU NEPEAAl0TCsl MOTOMCTBY HE3aBUCHMO JAPYT OT JIpyra, KOMOWHU-
pysIiCh BO BCEX BO3MOXHBIX COYETAHHSX. B Cilyuae n-ruOpHIHOTO CKpENIMBAaHUS Tojydaercs 3"
pa3sHbIX F€HOTHIIA, KOTOPbIE pachpeeseHsl 1o 2" HEeHOTUIINYECKMM KJIACCaM, OIHAKO M0 KaXKI00i
nape ajuleJbHBIX NPU3HAKOB COXpaHseTcs (MpU MOJHOM JIOMHUHHPOBAaHUM) pacIlEICHHE B
cooTHomeHnH 3:1. BrinosgHeHne 3TOoro 3akoHa obecrnedrnBaeTcsl TpeMs NepeMeInBaOIUMU TeHbI
MIOCJIEZI0BATEIBHO MPOUCXOAALIUMH CIyYalHBIMU IPOLECCAMH IPU KPOCCHUHTOBEPE - CIydalHBIM
OOMEHOM ydYacTKaMH MeEXJy T'OMOJOTMYHBIMH XpomMocomamu B maxureHe [Ipodassr I meiiosa,
CIIy4alHBIM PacXO0XJIEHUEM TOMOJIOTHYHBIX XPOMOCOM IO JIOYEPHUM KJIETKaM, CIydyailHOU
BCTpeUYel raMer Ipu OIUIOAOTBOPEHMU. M3-3a OAHOTrO TOJNBKO CIIydyalfHOrO pachpezeneHHs
FOMOJIOTMYHBIX XPOMOCOM KayK/IbIi 4eTOBEUECKHUiT OPraHU3M CIIOCOOEH 00pasoBarh 2> ~
8.6710° renernuecku paznuuHbIX rameT. Kpoccunrosep u ciydaitHast
BCTpeyYa raMeT HEU3MEPUMO YBEJINCUUBAIOT pa3HOO0pa3ne reHEeTHYECKUX
koMOuHaimii. KoMOuHMpOBaHuE pOIUTENBCKUX T€HOB B IOTOMCTBE SIBIISIETCS
Pa3HOBUAHOCTBIO HACJIEICTBEHHON M3MEHYMBOCTH, KOTOPasi Ha3bIBAECTCA KOMOUHAMUBHASL
UBMEHYUBOCD.

OpHako 3aKOH HE3aBHCHMOI0 KOMOMHHMPOBAHUS I'€HOB JIOCTATOYHO XOPOIIO BBINOJIHAETCS
TOJIBKO JUIsl TEX Map IMPU3HAKOB, T'€HBl KOTOPHIX HAXOAATCS B HETOMOJIOTUYHBIX XPOMOCOMAaX WM B
TOMOJIOTHYHBIX XpPOMOCOMaX, HO Ha OOJBIIOM YyJAJIEHUH APYT OT APYyra, TaK YTO KPOCCHHTOBEP
MEXJly HUMH IPOUCXOJUT OYEHb 4acTo. Ecau reHsl HaXoAsTcs psaoM B OJHOW XpOMOCOME, TO
pa3nengomuil UX KpOCCUHIOBEp OyJeT peaKUM SIBICHHUEM, U TaKue I'eHbl OyAyT, Kak IMpaBHIIO,
HaclleI0BaTbCsl COBMECTHO. DTO SIBIIEHUE MOJIYYHUIIO Ha3BaHUE CYENIEHHO20 HACNIe008aHUs 2eHO8 U
IIOAYMHAETCS 3aKOHY MopraHa: reHsl, JIOKAIN30BaHHbIE B OJTHOM XPOMOCOME, HACJIEIyIOTCs CLEI-
JIEHHO, ITPUYEM CHJIA CLICIIJICHHS 3aBUCUT OT PacCTOSHUS MeXAy reHamu. Ecim B Tpex nmapax reHoB
OTIPEJIENIUTh YaCTOTYy KPOCCHHTOBEpa B %, TO 4aCTOTa KPOCCHHTOBEPA MEXIY KaKUMHU-JINOO IBYMS
U3 HUX, HaIlpuMmep, A u
C, Onm3Ka K CymMMe MM pa3HOCTH BEITUYMHBI KpoccuHroBepa B mape A u B u B mape B u C, T.e.
AC% = AB% + BC% wm AC% = AB% - BC%. Dta 3akOHOMEpPHOCTh HAaXOAMUTCS B MOJIHOM
COOTBETCTBUM C OOBIYHON TI'€OMETPUUYECKON 3aBHCHUMOCTBIO B PACCTOSHHUSAX MEXIy TOYKaMU Ha
IpsIMOM  JIMHUM W SBUJAch IIEPBBIM JOKA3aTEIbCTBOM JIMHEHMHON IOCIIENO0BATEIbHOCTH
pacmosoKeHusi reHoB B XxpomocoMme. YactoTta kpoccuHrosepa MoxeT gocturatb 50%, HO HUKOT A
HE TPEBBIIIAET 3TOW BEJWYMHBI, T.K. MPU OOJNBIIMX PACCTOSHUIX MEXKIAY T€HaMH HPOUCXOIUT
JIOTIOJIHUTENbHBIA OOMEH ydacTKaMHM, T.€. JBOMHOM, TpoiHOW M T.A. KpoccuHrosep. [Ipu stom
4acTh NEPBOHOYAIBHBIX MIEPEKPECTOB OCTAETCS HEYYTEHHOM, YTO MPUBOIUT K OOIIEMY CHHKEHHIO
IIPOLIEHTa KPOCCUHIOBepa. PaccTosHUs MEKy T€HaMM, HAalJICHHbIE KAK 9acCTOThI KPOCCHUHIOBEpPA,
IIOCITY>KHJIM OCHOBOM Il COCTABJICHUS NIEPBBIX T€HETUUECKUX KapT OpraHU3MOB.

X-XpoMOCOMa HAaMHOIO [UIMHHEE, 4Y€M Y-XpOMOCOMAa, M COJEPKUT HEKOTOpBIE TIEHBI,
KOTOPBIX HET B Y-XpPOMOCOME, B TOM YHCJIE U I€HBI, KOAUPYIOIIHAE HE CBSI3aHHBIE C NPOSBICHUEM
nosia Oenku. TakMMU T€HaMM ONPENENSIOTCS NMPU3HAKH, CLEIUIEHHBIE C MOJOM, U OHHU MOTYT
IIepelaBaTbCsl IMOTOMCTBY TOJIBKO C X-XpOMOCOMOH. I'€HBI, pacloJIOKEHHBIE B IOJOBBIX
XpoMOCOMax 4eJ0BeKa, MOKHO Pa3AeNuTh Ha TpHU Ipyninsl (puc. 166): 1) reHsl, pacrnonoxeHHbIE B
TOM Y4YacTKe, KOTOPBIM SIBISETCS OAMHAKOBBIM y X- M Y-XpOMOCOM H TNPOSBIISIIOIIME JIAIIb
YaCTUYHOE CLEIUIEHHE C TOJOM (HapyllaeMoe KPOCCHHIOBEPOM); 2) T€HbI, PacIOJIOKEHHBIE B



y4acTke X-XpOMOCOMBI, JJIi KOTOPOTO HET TOMOJIOTHMYHOTO y4YacTKa B Y-XpOMOCOME; K TaKuM
TeHaM OTHOCSITCS PELIECCUBHBIC aJlIeNId, BBI3bIBAIOIINE, B YACTHOCTH, JAIBTOHU3M U TeMO(HUINIO U
MOJIHOCTBIO CLEIJIEHHBIE C TOJIOM; 3) TEHbI, PACIOJIOKEHHBIE B Yy4YacTKEe Y-XpPOMOCOMBI, HJisi
KOTOPOTO HET TOMOJOTMYHOTO YydyacTKa B X-XpOMOCOME; TaKh€ TEHbl Ha3bIBAIOTCA
2onanopuyeckumu (TIOPOKIEHHBIMU Y -XpOMOCOMOM), WX TIPOSBICHHE OrPAHUYEHO TOJBKO
MY>KCKHM TIOJIOM, M YHCJIO MX Y YeJIOBEKa OYeHb HEBEJIMKO (BCETO 5 - phIObs KOXKa, MEepPernoHYaThie
Majbllbl, TOBBINIEHHOE KOJWYECTBO BOJOC Ha ymax © T.4.). i NpuU3HAKOB, TMOJHOCTHIO
CIIETVIEHHBIX C IOJIOM, HE BBIMOJHSIOTCS 3aKoHbI Menzaens. [loMmuMo mpu3HaKoB, ONpeaesieMbIX
re€HaMM IIOJIOBBIX XpOMOCOM, T.€. INPU3HAKOB, ONpeoenseMblX NOJIOM, €CTh €llle IpU3HaKH,
3asucumvle om noaa. OHU ONPEACNIAIOTCS T€HaMU ayTOCOM, HO 3KCIPECCHUS TaKUX T'€HOB 3aBHCHUT
OT KOHIICHTPAIIMH TOJOBBIX TOPMOHOB B opraHusme. CienoBaTreabHO, MPOSBICHNE 3aBUCUMBIX OT
moJjia MPHU3HAKOB (B OTJIMYME OT OMPENENISIEMbIX MOJIOM MPU3HAKOB) MOKHO HU3MEHUTH WU3MEHSS
0aJlaHC MY)KCKUX H KEHCKUX TOPMOHOB B OpraHU3ME.

[IpaBuna pacuierieHus MPU3HAKOB HAPYILAIOTCS, €CIIU MTPOUCXOAUT B3aUMOICHCTBUE MEXKITY
HeaJyieIbHbIMU TeHaMu. K TakuM B3auMOAEUCTBUSIM OTHOCSATCS INUCA3, KOMNJIEMEHMAPHOCMb 1
nOUMEPUSL.

Onucmaz - 5TO B3aUMOJEICTBUE HeaIeIbHBIX TI'€HOB, IPU KOTOPOM OJMH U3 TEHOB
MOJIaBIISICT MPOSBICHUE IPYTOro JIOKyca. DMUCTa3 aHAJOTUYCH JIOMUHUPOBAHUIO, TAK KaK B 000UX
Clly4asiX OAMH T€H MOJaBJsieT MPOSBICHHE APYroro: B OJHOM JIOKyC€ MpH JOMHUHUPOBAHUU, B
pa3HbIX JIOKycax IMpu smnucraze. Kiiaccuueckum npuMepoM 3IucTa3a SBISIETCS HACIEIOBaHUE
OKpacKd TEpPheB y Kyp: reH | mposiBiseT smmcTa3 1mo OTHOIICHHIO K TeHy okpacku C. Ocobw,
HECYIIMe JTOMHHAHTHBIA aiyensb [, OymayT umMeTh Oeloe omepeHue Jake B TOM CIIydae, €ClU OHH
TaKke HeCcyT NOMHUHAHTHBIA amiens C. Takum o00pa3om, MPUYMHON O€I0M OKpacKH OIepeHus
MOXET SIBIATHCS HAlW4he JHOO PEIHCCUBHOTO T'eHa OKPACKHM C B TOMO3UTOTHOM COCTOSIHHH
(renotumn cc), mu6o momuHanTHOTO amtens I (renotun II mmm Ii) smucratnyeckoro jokyca. Kypbr
nopojsl Jlerropn umeroT 6esoe onepenue, nockonbKy ux renorur - [ICC. Kypsl nopoast Buangot
HMEIOT Oeyioe omnepeHue, Tak Kak ux reHorun - iicc. [loromku F; or ckpeunuBanus Jler-
ropa&Buannotr umerot rerotun [iCc u takoe xe Oenoe omepeHue, kKak Kypbl Buangor. OgHako
MOTOMCTBO F> COCTOHT M3 O€IbIX U LBETHLIX 0co0eli B cooTHoIeHn# 13:3.

Komnnemenmapnocms - 3TO B3aUMOJCHCTBHE HEAIENbHBIX TE€HOB, MPU KOTOPOM IS
(EHOTUIMYECKOTO  TPOSIBJIGHUS]  MpHU3HaKa HEOOXOAMMO  OZHOBPEMEHHOE  TPHUCYTCTBHE
JOMUHAHTHBIX aijienied BceX OJTUX JIOKycoB. Kilaccmyeckum NpUMEpOM KOMILJIEMEHTapHOTO
NEHCTBUS TEHOB SIBIISIETCS TOSIBJICHUE OKPACKHM BEHUYMKA I[BETKA AYIIUCTOTO ropouika. [lypmypHsrit
[[BET BEHYHMKA Y HEro oOyCIIOBJIEH JEHCTBHEM JIByX NOMHHAHTHBIX T€HOB OJHOBpeMeHHO. [lpu-
CYTCTBHE B TEHOTHUIIE TOJIHKO OJHOTO JIOMHMHAHTHOTO IeHa OKpacku, Hanpumep AAbb wim aaBB, He
BBI3bIBACT CHHTE3a MHUTMEHTA, U PACTCHHUS C TaKHUM TEHOTUIIOM HUMEIOT Oenble nBeTkH. [lpu
CKpEIIMBAaHUU JBYX TAaKUX PACTCHUM BO3HHMKAET MOTOMCTBO ¢ reHoTtunoMm AaBb, B xoTopom
MpeJcTaBiIeHbl 00a JOMUHAHTHBIX reHa. COBMECTHOE JAEWCTBHE ATHX T'€HOB BBHI3BIBACT CHUHTE3
MMATMEHTA, U BEHYMK TAaKMX PACTEHWW OKpalleH B MyprypHbId 1BeT. [Ipu camoombuieHHH 3THX
pacTenuii moToMcTBO F, cocTOMT W3 pacTeHuii ¢ MypHoypHbIMH U OelbIMH IIBETKaMU B
COOTHOLIEHUH 9:7.

Ionumepus - 3T0 B3aUMOACHCTBHE HECKOJIBKUX OJHOTUITHBIX HEAIEIbHBIX T€HOB, KaXIbIi
U3 KOTPBIX ACHCTBYeT Ha ()OPMHUPOBAHHE OJHOTO W TOTO K€ NMPU3HAKA M BBI3BIBACT MPUMEPHO
OJIMHAKOBBIE M3MEHEHHS B WHTCHCHBHOCTH MPOSBIEHUS ATOro Mpu3Haka. Yem Oonblie Takux
(nonumepnuix) TEHOB
COJICP>KUT OPTaHU3M B JIOMUHAHTHOM COCTOSIHHH, TEM CHJIbHEE BBIPAKECH
npu3Hak. [IpocTedmmm npumMepoM MONIMMEPUH MOXKET CIIYKUTh OKpacKa 3epHa
y HEKOTOPBIX COPTOB MILEHUIIBI, KOHTpOIUpYyeMas AByMs reHamu. Haubomnee
TEMHYIO OKPacKy 3epHa OyIyT UMETh PACTCHHUS C TeHOTUIIOM A 1A 1ALA,, y
pacTeHuii ¢ Tpemsl JOMHUHAaHTHBIMU T€HaMU OKpacka 3epHa OyJeT MeHee WHTCHCHBHOM, eIle
cBeTIiee OyJIeT 3epHO y paCTeHHH ¢ IBYyMs JOMUHAHTHBIMU T€HaMHU, COBCEM CIa0yI0 OKpacKy 3epHa



OyIyT WMETh PAaCTCHUs, Y KOTOPBIX HMMEETCS TOJbKO OJWH JIOMWHAHTHBIA TEH, W, HAKOHEII,
pacTeHusi ¢ TEHOTUIIOM a,a;aa; OyAyT MMETh HEOKpalleHHblE 3epHa. Takum 00pa3om, MO HH-
TEHCUBHOCTH 3TOT0 TpPH3HAKAa TCHOTUIIBl PACTEHWHW MOXKHO PaCHoONIOKHUTh B psin AjA1ArA; >
A1A1A232 ~ A]&]AzAz > A1a1A2a2 ~ A1A1a2a2 ~ a1a1A2A2 > A1a1a2a2 ~ alalAzaz > dajajaap, Tak 4TO
MOKHO BBIICTUTH 5 (DEHOTHITMYECKUX KIACCOB C pacmieruicaneM 1:4:6:4:1 wnmm Gonee rpybo -
OKpallleHHbIC:HeOKpameHHble = 15:1. ¥ npyrux copToB MIIEHUIIBI HAONIIOIAETCS paclleryieHHe
IIpU3HAKa OKpAIlEHHbIC:HEOKpALIEHHbIE 3€pHa B cOoOTHOIIeHMH 63:1. YV Takux cCOpPTOB OKpacka
KOHTPOJIMPYETCA TPEMsl MOJMMEPHBIMU T€HAMH M Yy HUX MOXXHO BBLACTUTH 7 (DEHOTUMUYECKUX
KJIacCOB B cooTHOmIeHUH 1:6:15:20:15:6:1. [TonumepHast HacaeACTBEHHOCTh XapaKTepHa ISl KOJIU-
YeCMBeHHbIX NPU3HAKOS, T.€. TPU3HAKOB, KOTOPBIC OMpEACNEeSIOTCS OOBIYHO B MepaxX IUIMHBI,
Macchl U T.1. (HapuMep, AJUHa KOJIoca UJIU TI0YaTKa, COJEpKaHUE caxapa B CBEKJIE MM BUTAMHUHA
B IJI0JIaX, Macca U pa3Mepbl OPraHu3MOB, MOJIOYHOCTh CKOTA, SIMIIEHOCKOCTh Kyp U T.11.). B o0miem
cily4ae, KOrja UMEeTCsl N aJUiesied IMOJIMMEPHBIX T'eHOB, HaOmromaercs 2n+1 (eHOTHITUICCKUX
KI1accoB B Ounomuanvhom coomuouwenuy C:C:C*.:C:.:C*™ rme C' = 2n(2n-1).(2n-i+1)/i!, a C°
CUMTAETCS PaBHBIM 1.

['eHbl HAXOAATCS HE TOJBKO B SApE, HO U B TUIACTUIHOM U MUTOXOHIpHAbHOM reHomax. [lpu
MOJIOBOM Pa3MHOKCHHH IUIACTHIBI M MHUTOXOHIPHU COJACPKATCS B SUICKICTKE M OOBIYHO HE
nepeHocsTcs cnepmaro3onioM. CraenoBaTeNlbHO, OPTaHU3M, HAYMHAIOIINI pa3BUBATHCS U3 3UTOTHI,
MMEEeT TE€HOMBI OpraHesul, IMOJyYEeHHBbIE TOJIbKO OT MAaTEepUHCKOro opraHu3zMa. B pesynbrare
MPHU3HAKK, KOTOPBIX OMPENENSIOTCS BHESJEPHBIMU Te€HaMH, HE MOMYUHIIOTCS 3aKOHAM
pacierienuss Menaens.

[IpumepoM  MIACTUAHOM  HACIEACTBEHHOCTH  MOXET  CIYXHUTh  HaclieJJOBaHUE
MECTPOJINCTHOCTH Y JEKOPATUBHOTO pacTeHUs HOYHOW KpacaBullbl (Mirabilis jalapa). Y onnoil u3
Pa3HOBUAHOCTEH 3TOrO PAacTEHHUs HA JHCTHIX UMEIOTCS CIy4ailHO pa30pocaHHbIE Oenble MATHA.
Ecnu 3Ty pa3HOBHIHOCTH UCIIOJIB3YIOT KaK MY’>KCKOE pacTEHHUE JIUIsl CKPELMBAaHUS C pa3HO-
BUJHOCTBIO C 3€JIEHBIMU JIUCTHSIMH B KQU€CTBE )KEHCKOTO POJUTENIS, TO BCE
MMOTOMCTBO MMEET LIEJIMKOM 3eJIeHbIe JTUCThs. Ho B TeX ciyuasx, Kkoraa Jist
CKpEIMBAHUN MECTPOIUCTHASI PA3HOBUIHOCTh UCIOJIb3YETCSI B KAUECTBE MAaTEPUHCKOTO PaCTeHMUS,
B IMIOTOMCTBE HAOJIOAAaeTCs paclieIUieHUe: OJHU THOPUAHBIE PACTCHUS MMEIOT IEIMKOM 3EJICHBIC
JUCThs, y JPYIMX PAcCTeHHM JHCTbS MECTpble W Yy TPEThUX JHMCThbI LEIUKOM Oenble. benbie
pacTeHHs - albOUHOCHI - TIOTUOAIOT HA PaHHUX CTAAMSX Pa3BUTHS. Y MECTPOIHCTHBIX pacTEHUI
yacTh IUIACTHUJ B pe3ysibTare MyTallud MX T[E€HOMAa I[OJIHOCThIO TOTEPSIIU CIIOCOOHOCTD
0o0pa3oBBIBaTh XJIOPOPWIT U OCTarOTCs OenbiMu. Tak Kak MpH JCNEHUU KIETOK IIIACTHIIBI
pacripenensioTcss MeKIy JOUYEpPHUMH KJIETKaMHU HE3aBHUCHMO APYT OT ApYra, TO JAOYEpHUE KIETKU
MOJTy4al0T pa3IUYHbIe KOJIWYEeCTBa 3€leHbIX u Oenbix muactua. [locne psaa neneHuii HEM30EKHO
MOSIBJISIFOTCST KJIETKH, COBEPIICHHO HE MMEIOLINE 3€JeHbIX IUIACTHA U ocTatomuecs OenbiMu. [Ipu
JeNeHUH OeIbIX KJIETOK OHM JAloT Hayallo TOJIBKO OelbIM KieTkaM. VX ckoruieHus o0pa3yioT Ha
JTUCThAX Oenble MATHA (MO3aWYHOCTH), IPUUEM pa3Mep OeNoro MsITHa 3aBUCHUT OT TOTO, CKOJBKO
KJIETOK o0pa3yeTcs M3 UCXOAHOU Oenoi kieTku. Paciienyienue B MOTOMCTBE SIBJISIETCS CIIEACTBHEM
TOT0, YTO MPU MOJOBOM PAa3MHOKEHHU IUIACTUABI UMEIOTCS TOJIbKO B sifllekyieTke. SIHIEeKIeTKH,
COJIEp>KalIfe TOJIbKO TUIACTHUIBI, CIIOCOOHBIE 3€JICHETh Ha CBETY, OO0pa3yIOT LEIHKOM 3eJICHBIC
pacTenus. SIHUEKIETKH, COAEp)KAlUe CMECh 3€JIEHbIX M OeNbIX (MyTaHTHBIX) IJIACTHU[, AIOT
Hayajao MECTPOJUCTHBIM PACTCHMSIM, M, HAKOHEILl, SUIIEKIETKH, COJIepKallhe TOJIbKO MYTAHTHbBIC
ITACTUIBI, TPOU3BOIAT PACTECHUS-ATLOMHOCHI.

3anava 48. Y neonapja akTUBHOCTh THUPO3UMHA3bl KOHTPOJIUPYETCS TOJBKO OJHUM I'€HOM, U
yepHas OKpacka JOMUHHUpPYET Haj MNATHUCTOW. KakoBa BEpOSTHOCTh, YTO B IMOTOMCTBE JBYX
TeTEPO3UTOTHBIX JICOMAPIOB U3 YETHIPEX JETEHBINICH 1BOE OyayT YEPHBIMH, a IBOC MATHUCTHIMU?

3amaga 49. Yacrora pexomOuHanmu wMexay reHamu A u B - 6.3%. B kakoit
MOCJIEIOBATEILHOCTH pacmojiokenbl Tensl A, B u C B xpomocome, eci TNpu AaIbHEHIINX
HCCIIEIOBaHMIX BBIICHUJIOCH, YTO YyacToTa pekomOuHanuu Mexay reHamu A u C - 8.1%, a B u C -
1.8%?



3amaua 50. YV poauTeneld ¢ HOPMAJIbHBIM 3PEHUEM POJWJICS CBHIH-JATBTOHUK. MOXET JH y
HETO POJUTHCS CecTpa-AalbTOHUK? MOXET JIU y MaTepu, CTPAJAIoNICH NalbTOHM3MOM, U OTIA C
HOPMAaJIbHBIM 3pEHUEM POJIUTHCS ChIH C HOPMAJIBbHBIM 3peHueM? A 10Yb?



KOJIMYECTBEHHBIE TTPU3HAKU
OpnHol U3 0COOEHHOCTEN KOJIMYECTBEHHBIX MPU3HAKOB SBIISIETCS TO, YTO PACIIPEICTICHUE UX
YHUCIEHHBIX 3HAYEHWH TMpeAcTaBisieT Co00i  KOJOKOJOO0Opa3HyI0 KpPUBYIO, Ha3bIBaeMYIO
HOpMAbHbIM pacnpedeneruem, Wi kpusou I aycca: f(x) = (2p52)'1/2exp(-0.5(x-m)2/sz), rae X -
BeJIMYMHA MPHU3HaKa, f(X) - yacToTa BcTpedaeMocTH 0co0el ¢ BETMYMHON MPU3HAKA, PAaBHOM X, M -
CpeiHss BEIMYMHA MPU3HAKA, S° - Oucnepcus BEIMHHHBI MPU3HAKA, CIIyKalas Mepoil pasGpoca
BEJIMYMHBI [TPU3HAKAa OTHOCUTEIILHO €r0 CPeAHEro 3HaueHMs. BO3HUKHOBEHHE TaKoW 3aBUCHMOCTH
JUIS. KOJTMYECTBEHHBIX MPHU3HAKOB MPOJAEMOHCTPUPOBAaHO Ha puc. 167. OHa sBIsIETCS MPSMBIM
CIIEICTBUEM OMHOMHUAIBHOTO paclpeiesieHusl MpH paculeyieHud 1Mo (EHOTUIY U OIpelensieTcs
MOJIMTCHHBIM HACJIeIOBaHUEM U "pa3MbIBalomuM'" JIEWCTBUEM OKpYXKaIoleH cpensl (cpedosas
usmenuusocms). Kpupas I'aycca
SIBIISICTCS UICATILHBIM paclpe/ielIeHueM pU3HaKa, OJHAKO B SKCIIEPUMEHTE
BCETJ1a IPUXOAUTCS UMETH JICJIO JIMIIB CO CIIy4aitHOM BRIOOPKOI M3 ATOTO
pacnpenenenus. [losTtomy mapaMeTpsl HOPMAIBHOTO PACIIPEACTICHUS HE MOTYT
ObITh TOYHO OIpEAENeHbl, HO MOTYT OBITh OyeHeHsbl U3 PE3YJbTATOB ASKcrepuMeHTa. OIeHKOM
CpenHel BeTUYHMHBI IPU3HAKA CITYKUT 8b100pOUHOe cpedHee, a OLEHKON TUCTIEPCUU - 8b100POUHAs
oucnepcusi, onpeiensieMble Kak
n n
X =Sxi/nu s’ =S(xi-x )/(n-1).
i=1 i=1
Bomnpoc, B kakoil CTENEeHN AaHHBIN MPU3HAK ONPENENIeTCS TEHOTUIIOM, a B KaKOW BHEIIHEH
CpeIOii, SIBIIIETCS HEKOPPEKTHBIM, T. K. Pa3BUTHE JIOOOTO MPU3HAKA TOTHOCTHIO OMpPENESIeTCS U
TeHOTHUIIOM, U YCJIOBMSMHM BHEUIHEH cpeabl. Borpoc o cpaBHUTENBbHOI posiM HACIEACTBEHHOCTH U
cpens! (mpobiema "mpupoas!" U "BocnUTaHHA'") MOXKHO MPABHIBHO c(hOPMYyITUPOBATH CIEAYIOIIMM
o0pa3oM: B Kakoil CTENEeHW H3MEHYMBOCTb MEXAY OCOOSIMH IO JAHHOMY KOJUYECTBEHHOMY
MPHU3HAKY OOYCJIOBIICHA 2eHeMuUyeckol U3MeH4Uu80Ccmoio (T.e. TEHETHUYECKUMHU PA3THYUSIMU MEKITY
0CO0sIMH), U B KaKOW CTETIEHH OHA OOYCIIOBJIECHA CPedos8ol UZMEHUUBOCMbIo (T.€. Pa3IHUUSIMHU BO
BHemHe cpene)? Yacth (peHOTHUNHUECKONW W3MEHYMBOCTH TMpHU3HAKa, OOYCIOBJICHHAS
TCHETUYECKUMU  PAa3IUYUsIMHU, H3MEPSETCA HaciedyeMOCmblo 3TOrO0 TPHU3HAKA, KOTOpas
ompenensiercss kak H = Vg/(Vg+ Vi), tne Vg - gons (eHOTUNHUECKONW W3MEHUYUBOCTH,
00yCIIOBJICHHAST TCHETHYSCKUMHU PAa3IHUUAMUA MEXIy 0coO0siMH, a Vg - J0is (hEHOTHITMYSCKOM
M3MEHYUBOCTH, 00YCIIOBICHHAS PAa3TUYUSIMHU B YCIOBUSAX BHEIIHEH Cpelibl, B KOTOPOU pa3BUBAIKCH
ocoou.

HacnenyemocTb MOXKHO OLIEHUTH pPa3sHbIMH MeToJgaMu. M3mepsss BelWuyuHy Mpu3HaKa
TeHETUYECKH HICHTHYHBIX Oco0eil, Hampumep, B MOTOMCTBE F; ABYX YHCTBIX JIMHUH, MOXKHO
OLIEHUTh Vg KaK BBIOOPOYHYIO JHUCIIEPCHUIO JaHHOTO mpu3Haka. OOuryro ke u3MeHYMBOCTh (Vg+
VE) MOXKHO OLIEHUTH KaK BRIOOPOUYHYIO JUCIIEPCUIO ATOTO MpHu3Haka B Fy, korna k qeicTBUIO Cpeibl
no0aBisieTcss paciieruieHne mo reHotuny. OTHOIIeHHWe 3TUX ABYX TUCHEPCHUN [AeT OICHKY
HACJIEyeMOCTH JIaHHOTO mpu3Haka. OLEHKa HacleIyeMOCTH MemoOoM MAacco8ou celeKyuu
nokazaHa Ha puc. 168. BzaumonelcTBUsi MeXAy TI'€HaAMU OKa3bIBAIOT BIMSHUE HA OLICHKHU
HACJIETyeMOCTH, TIOCKOJbKY JTH B3aUMOJEHUCTBUS HeaJAUTUBHBL. Kpome TOro, oOILeHKH
HACJIEAYEeMOCTH CIIPaBEJIMBbBI TOJBKO JUIsI T€X ONMpPENENEHHBIX YCIOBHH Cpelibl, B KOTOPHIX OHU
ObUTH MOJIy4eHbI. B Ipyrux ycloBusix cpeibl OHU MOTYT OBITh COBEPUICHHO HHBIMHU.

3anaua 51. Cpegnuii Bec 6-HeeNbHBIX MBIIIEH B 1a00paTOPHON MOMYJISAIMU cocTaisier 21.5
r. /IBa THMa MbIIIEH UCTIONB3YIOTCS JUIS TOJIYYEHUS CIeIYIOUIero MOTOMCTBA: 1) MBIIIH ¢ OOJIBIINM
BeCOM (cpenHui Bec - 27.5
T') U 2) MBIIIK C MaJIbIM BecoM (cpemnuii Bec - 15.5 1). Cpennuii Bec MOTOMCTBA B BO3pacTe 6
HeJienb paBeH B onbiTe 1) 22.7 1, a B onbiTe 2) -

18.1 r. PaccunraiiTe HaclienyeMoCTh Beca B KaXKJA0M U3 dKcrepuMeHTOB. [loueMy HacieayemMocTs B
JIBYX OTBITaX MOydYaeTcs pasHas?



TEHETHUKA TTOITY IS

Ilonynayus - 3T0 COBOKYIHOCTb CBOOOTHO CKPEILMBAIOIUXCA 0cO0en
OJIHOTO BHUJA, KOTOpasl JJUTEJIBHO CYIIECTBYET Ha OOOCOOJIEHHON TEpPUTOPHUHM OTHOCHUTEIBHO
M300JIMPOBAHHO OT JPYTUX COBOKYMHOCTeH ocobeit Toro ke Buga. COBOKYMHOCTb TI'€HOB
MOMYJISINUN B JIaHHBIA TIEPUOJl BPEMEHHU HA3bIBACTCS 2eHOpoHOOM nonyiayuu. B oTinndme oT
reHOMa HWHAWBUAYAIbHOTO JUILIOWIHOIO OpraHu3Ma, B KOTOPOM MOXET OBbIThb TOJBKO JBa
aJJIENIbHBIX T€Ha, B TEHOTHUIE NOMYJSIMM MOXET ObITh OoJsibllieé 4YeM [Ba aJUIEJIbHBIX TI'EHOB.
KonuuecTBo KaXIoro BUAAa TI'€HOB B MOIYJSILUM ONMCHIBAETCS BEIMYMHOW, aHAJIOTMYHOU
KOHLEHTPAalUu JUIsl MOJIEKYJ, Ha3bIBaeMOW uacmomou 2eHa, KOTopas OmpeleisieTcs Kak
OTHOIIIEHHE YHCciia TeHOB JaHHOTO BUIA K 00IIEeMY YHMCIy BCEX ajUICNbHBIX JJIS 3TOrO BU/a F€HOB B
reHoQoHe MOmyJsIuU. YacToThl TEHOB B TeHO(MOHIE TOCTOSHHO MEHSIOTCS TOJ| JCHCTBHEM
MyTalui, eCTECTBEHHOTO 0TOOpa, MUTPALlMK OPraHU3MOB M3 OJHOW MOMYJISAILMU B IPYTYIO U M3-3a
cly4aHbIX mNpuurH. OAHAKO B JOCTaTOYHO OONBIION momynasuuu (Korga ciydaHbIMH
U3MEHEHUSAMU MOXHO TIpeHeOpeub), NpU OTCYTCTBHUM MYTallMif, €CTECTBEHHOTO o0TOOpa H
MUTpalui, a TaKkKe IMpU CBOOOJHOM CKpPELIMBAHUU OCOOEW M OTCYTCTBHE MNPEANOYTEHUN B
CIIapUBaHUU
0oco0eil Mpu MOJIOBOM Pa3MHOKEHUH 4YaCTOTHI T€HOB, a CJIEJ0BATENIbHO, M T'€HOTUIIOB OCTAIOTCA
IIOCTOSIHHBIMHM W3 IIOKOJIEHUS B IIOKOJICHHE. DJTO SIBJICHHE HA3BbIBACTCS 3AKOHOM 2€Hemu4ecko2o
pasHosecus 8 nonyiayuax Xapou-Batinbepeaa.

[Ipenmnonoxum, 4TO B MOMYJISIIIMA €CTh TOJILKO /1B BHJA AJUICIBHBIX T€HOB A U a, ¥ 4TO B
JAHHOM TIOKOJICHHM MOMYJISIUM 4YacTOThl ATHX TE€HOB B TIE€HO(POHIE COCTAaBISIIOT P U (
cootBeTcTBeHHO (p + q = 1). Torzna B cOOTBETCTBUU ¢ 3aKOHOM Xapau-BaiinOepra 3Ty 4acToThI U
YacTOThI TEHOTUNIOB AA, Aa 1 aa, KOTOpPbIE PaBHbI pz, 2pq u q2 COOTBETCTBEHHO, OYyT OCTaBaThCs
MMOCTOSIHHBIMH BO BCEX TMOCIEAYIONINX MOKOICHUSX. [Iomymsius, moI4uHSIONIasICS 3aKOHy XapIu-
BaitnOepra, sBiseTcs uaeaTM3UpPOBAHHON IMOAOOHO MoAenW uacanbHOro rasa. OmHAKO ecTh
Clly4ad, KOTJIa 3TOT 3aKOH JOCTAaTOYHO XOPOIIO BBIMIONHSETCS Ha MpakTuke. Hampumep, mpu
HacJIeIOBaHUH TPy KpoBu crcteMbl AB0, 0 KOTOpO# moapoOHO OyAeT pacckazaHo JalibIile.

[Tomymnsimust, moauuHSIONIAsCS 3aKOHY Xapnau-BaiinOepra, - 3T0 craTudeckas MOMYJISLUS.
PaccMoTpuM Temepr IWHAMUKY TOMYJISANWAW, HAa KOTOPYIO ITOCTOSHHO JCHCTBYIOT (DaKTOPHI,
M3MEHAIOIINE 4YacTOoThl reHoB B reHodonzae. I[lpakTuyecku Bcerma NPUPOAHBIE MOMYJISIHH
HCHBITHIBAIOT JABJIEHUE €CTECTBEHHOI'O OTOOpa, KOTOPBIN NEWCTBYET 4Y€pe3 NpucnocoOIeHHOCmb
opranu3moB. [Ipucnoco6neHHoCTh JaHHOTO TeHoTHna (W) MOXKHO ONpeAeTuTh KaK YUCIO 3UTOoT,
MPOIYIUPYEMBIX B JAHHOM ITOKOJICHUU K YUCITY 3UTOT MPEIBIIYIIero MmoKoyieHust. W ciaraercs us3
JrcuzHecnocobnocmu 2enomuna (Vg, BEPOSTHOCTh 3aBEPIICHHS] OHTOTE€HE3a 3UTOTON ¢ T€HOTUIIOM
G), nonosou axmusHocmu (rG, BEPOSHOCTh CKpeHIMBaHUS oco0Oei, mMewmmx reHotun G) u
nrooogumocmu (fg, cpeaHee 4yucio 3UroT, Mmpoayuupyemoe ocodsiMu c¢ reoturnom G): Wg =
vgTrg7fg. Hampumep, ecnu B mannom mokosneHuu Obi10 1000 3uror renoruna G, u3z Hux 45%
MPOLUIA paHHUE dMOpUOHaNbHBIE (a3bl, 1/3 OT ocTaBUIMXCSA JOCTUTIIN MOJIOBOW 3pENoCcTH, 2/3 OT
OCTaBIUXCS BCTYIWIN B CKPEIIMBAHUS U IPOU3BEININ B cpeiHeM 1o 15 3uror, 1o W =
1.5. TTockonbKy peanbHbIe 3HAYEHHS MPUCIOCOONIEHHOCTH T€HOTUIIOB HAWTH TPYIHO, TO OOBIYHO
HCIIONIE3YIOT OTHOCHUTEIIBHBIC BEIIMYUHBI TMPHUCIIOCOOJICHHOCTH, MPUHUMAS TMPUCIIOCOOJICHHOCTD
OJTHOTO M3 TEHOTHIIOB 32 1.

PaccmoTpuM momynsmuio ¢ aByMmMs amnenbHbIMM TeHaMu A u a. [lpumem 3a 1
MPUCTIOCOONCHHOCTh TeTepo3uroT: Wa,= 1. Torma Was= 1-s u Wy= 1-t, tne s u t -
omuocumenvHvle KodQppuyuenmovl ombopa (MOTYT OBITh KaK IIOJIOKHTCIBHBIMUA, TaK W
oTpHuaTenbHbIME). YacTOThl TeHOTHIOB AA, Aa U aa, KOTOpHIE B JAHHOM IOKOICHHH ObLIA P,
2pq ¥ q° COOTBETCTBEHHO, B
CIIeyIoIIeM MOKOJIEHUH (1mociie 0Toopa) OyayT COCTaBISITh p2WAA, 2pqWaa 1
qZWaa. Bennunaa Wy = pZWAAJr 2pqWaat+ qZWaaZ 1-(sp2+ tqz) Ha3bIBAaeTCs
cpeoHss npucnocodienHocms nonyiayuu. HoBble 4acTOTHI T€HOB A U a BBI-
passTest Kak p'=(p°Waa+ pqWaa)/Wu 1 q'=(pqW aat q°Waa)/ W, OTKy A



p'=p(1-sp)/(1-(sp’+ tq’)).

PexkypentHoe cooTHouieHue p'=F(p), cBsA3bIBarolee 4acTOTy T'eHa B JAHHOM IOKOJICHHUU C
4acTOTOW ATOrO T'€HA B MPENbIAYIIEM YpPaBHEHUHU, HA3bIBACTCS VPAGHEHUEeM OUHAMUKYU NONYIAYUU.
W3meHsisich U3 MOKOJIEHUS! B MOKOJICHHE, YACTOTa P B KOHIIE KOHIIOB MOKET CTaOMIM3UPOBATHCS U
JIAJTBIIIE OCTABATHCS MOCTOSHHOM. Takas 4acToTa (p') HAa3BIBACTCS CIMAYUOHAPHON FACTOTON H ee
MOYHO HaiiTH 13 ypaBHerns p =F(p ). OXHAKO HalieHHast TAKHM 0Opa30M CTALHOHAPHAS YacTOTa
MOJKET OBITh YCTOMYMBOW M HEYCTOWYHMBOM. Y CTOUMBAs CTAIMOHAPHAs JaCTOTA XapaKTePH3yeTCs
TE€M, YTO TOCJE€ HEOOIBIIOrO OTKIOHEHHs €€ OT BEeIWYMHBI p OHa BO3BpAIAeTCAd K ITOH Ke
BEJIMYMHE B TOCIEAYIONIMX IOKOJCHUsAX. HampoTus, B cilydae HEYyCTOMYMBOW CTallMOHAPHOM
YaCTOTHI JaXe HE3HAYMTEIBHOE OTKIOHEHHE OT P B MOCICAYIONMX MOKOJICHHSX MPOJOIKACT
YBEIIMYMBATHCS, U YaCTOTA P JAOCTHTAaeT HOBOTO CTAIMOHAPHOTO 3HAa4YeHHs. ECTECTBEHHO, YTO B
MPHUPOJIC PEATU3YIOTCSl TOJNBKO YCTOWYHMBBIC CTAallMOHAPHBIE YAacTOTHL. YCJIOBHE YCTOMYHMBOCTH
HAXOJIUM Pa3JIOKHB F(p) B psin Telinopa B OKpeCTHOCTH TOUKH p* F(p) ~ F(p*) + F'(p*)(p p*) = p* +
F' (p “p-p ) qaCTOTa reHa B cJeayIoleM nokonenuu oynet: p' = F(p) ~p + F (@ )(p-p ), oTKyaa p'-
p ~ F(p )(p p) Touka Oyner CTaIII/IOHapHOI/I KOrJla OTKJIOHEHHE p' p OyIeT MeHbIe, 4YeM
OTKIIOHEHHE P-p , T.¢. pu ycnosun 2F'(p )2<1.

Bo3Bpamasich K YpaBHEHHIO IMHAMUKH MOMyISmHE ¢ or6opoM p'= p(l-sp)/(1-(sp™+ tq)),
HAXOIMM TPH CTAIlMOHAPHBIC YacTOTH: 1) p =0, T.¢. MOJNHOE BHITECHCHHE IeHa A TEHOM a; ITOT
nporecc ycroiiumB mpu  t<0, T.e. KOTJa TPHUCIOCOOJIEHHOTh TEHOTHIIA aa  BBIIIC
TIPUCIIOCOOICHHOCTH TeHOTHNA Aa; 2) p =1, T.c. MOJHOE BHITECHCHHE I€Ha a IeHOM A; 9TOT
mporecc  ycroiumB mpu  s<O, T.e. KOrJa MPHCIIOCOOJICHHOCTh TEHOTHIA AA  BBIIIC
TPUCIIOCOOICHHOCTH TeHOTHNA Aa; 3) p =t/(st+t), ciydail cOanancuposannozo nonumopdusma,
KOTJ]a TeHBl A M a COCYIIECTBYIOT B IIOCTOSSHHOM COOTHOIICHHH; 3TOT MOJUMOP(HU3M YCTOWYHB,
korna s>0 u t>0, T.e. Korjaa NpUcIocoOICHHOCTh T€TEPO3UTOT BhIIIIE, YeM 000UX TOMO3UTOT.

Ecnu B monysmuy MpoOUCXOAUT MyTalusi, HanpuMep, A 6 a ¢ 9acTOTOW m, TO €CIIM YacToTa
reHa A B JIaHHOM IOKOJIEHMH paBHA P, YEPE3 N MOKOJEHHMN OHA OyJeT COCTaBIATh P, = p(1-m)".
YacToTel MyTanuid, Kak
MPaBWIIO, JIEXKAT B Mpeesiax 10°-10™. MyTauuu cirykat MaTepuaioM JJis
0TOOpa, IOATOMY MPEACTABISET HHTEPEC PACCMOTPETh YpaBHEHHE JUHAMUKHU
MOMYJIAIMK ¢ MyTallie 1 0OTOOPOM I10 ATOM MyTallu:

p'=p(1-m)(1-sp)/(1-(sp’+ tq?)).

Ecnu mytanusa netanbHast: Waa= Wa,=1 1 Wy,= 0, 10 s=0 u t=1. B aTOM cniydae ypaBHeHUe
JUHAMUKHU TIOMYJISIUU YIPOILAETCA: P = (1 -m)/(1-q*) = (1-m)/(1+q) U HMeeT eIMHCTBEHHYIO
YCTOMYMBYIO CTALMOHAPHYIO YacToTy 1-p = q = m"2. DTo moKasbiBaeT, 4TO JaXe Takas BPEIHAs
MyTalus, Kak JieTajJbHas, HE MOXET OBITh IOJHOCTBbIO BBITECHEHA OTOOPOM M MPOJOJIKACT
COXPAHATbCA B MOMYJSIUU B T€TEPO3UTOTHOM cocTOsHUMU. Ecnu ke MyTanusi He JeTalibHas, a
npocTo Bpe;[Ha;I MOHIDKAIOIIAS TIPUCTIOCOOIEHHOCTh TeHOTHUIA aa: Wapa= Wa,=1, Wy,= 1-t, 0<t<l1,
TO q == (m/t)' "2 AHaJOrHYHBIM 00pa3oM MOKHO TMOJTYYUTh U MCCIICIOBATh YPAaBHCHUS JUHAMUKH
MOMYJISIUA C MHUTpalMed, ¢ TPEANOYTEeHHEM MPH CHApPUBAHUM M C JPYTUMHU Pa3IHYHBIMU
KOMOWHAUsIMHU (aKTOPOB, U3MEHSIOIIMMH YaCTOThI T€HOB B TEHO(OH/IE.

3amaua 52. Bo Bpems oTena B cTajge KopoB Ha (epme pommwiochk 3200 TensT U cpeau HUX
OKa3aJoCh 2 CIENbIX TEJIEHKA. M3BeCTHO, YTO clleloTa B 3TOM Cllydae BbI3BaHA MYTAaHTHBIM
perieccuBHBIM T'eHOM a. [Ipennonaras, 4ro K cragy nNpUMeHUM 3akoH Xapau-BaitnOepra, Haiinure
YHCJIO CKPBITBIX HOCUTEJIEH T€HA a CPEU HOBOPOXKICHHBIX TEIIAT.

3anava 53. B momysiuu TOMOBBIX MbIIIEH 0COOU € pa3HbIM F€HOTUIIOM Pa3INyaroTCs Mo
IPUCTIOCOOTIEHHOCTH:

AA Aa aa
JKM3HECITIOCOOHOCTH 90% 100% 70%
[0JIOBasi aKTUBHOCTh 100% 100% 80%
IJIOJIOBUTOCTH 60% 80% 100%

PaccuuTaiiTe craiimoHapHbie 4aCTOTHI FTEHOB A M @ B TAKOW MOITYJIALIUU.



3anava 54. 13 Gonpuioi nmomyJsiuy, 4acTOTH TEHOB A U a B KOTOpoi cocTaBistoT p' = 0.6 u
q' = 0.4 cCOOTBETCTBEHHO, UJIET MHUTpALMs 0COOEH B Malylo MOMYJISLMIO, YUCIEHHOCTh KOTOPOH
MOJICPKUBACTCA TOCTOSIHHOW W3 TIOKOJICHMsI B TIOKosieHHe Ha ypoBHe N = 100. B kaxmom
MOKOJIEHHH M3 OOJbIION MNOMyJsAUM B Malyio mepeberatoT B cpeaHeM 5 ocoOeit. CKOJIbKO
MOKOJICHUH MOHAI00UTCS, YTOOBI CPAaBHSUIMCH YAaCTOTHI T€HOB A U a B 00CHX IOMYJISIHUAX, €CITU B
JAHHBIII MOMEHT 4YacTOThl F'€HOB A M a B MaJloM momyisinuu coctaBisiioT p = 04 u q = 0.6
COOTBETCTBEHHO?

I'EHETUKA UHJIMBUJIY AJIbHBIX PA3JIMYNI

B rnukokammkce 3pUTPOLMTOB HPHUCYTCTBYIOT TJIMKOMPOTEUHBI, OJUrocaxapHuaHas 4YacTb
KOTOPBIX pa3iuyaeTcsi y OJAHUX OPraHU3MOB OJHOTO BHJA U OJAMHAKOBA Yy JPYTUX. DPUTPOLUTHI,
HECYII[MEe pa3Hble MNIMKOMPOTEUHBI, MO-Pa3HOMY B3aUMOJIEHCTBYIOT JIPYT C APYTOM U C JPYTHMH
KJIETKaMH KPOBH, MOATOMY HAa OCHOBAHHMH STUX PAa3INUUN OPTaHU3MBI MOTYT OBITH pa3/iejeHbl Ha
rpynnsl. Y dejgoBeka U3BECTHO Ooisiee 9 cucteM Ipymi KpOBH, HO JAJISl IEPEIUBAHUS KPOBU BaXKHBI
TONIBKO ABe U3 HUX - ABO- 1 Rh-cucremsl.

ABO-cucmema onpenensercsi COUETaHUEM TPEX aJUICIbHBIX T€HOB - I*, 1®u 1°. Ux coueranue
naet 4 denoruna - 4 rpymmsl kposu. Jrogu ¢ denorurmom A (Il rpymma, rerorumsr 1°T* u I*1°%)
UMEIOT TJTIMKONPOTEHH A Ha MOBEPXHOCTH 3PUTPOIUTOB U OETOK acenomuHur b B MiIa3Me KPOBH.
Jlronu ¢ penotunom B (III rpymnna, reHOTUITBI I°I° u I°I°) umeror IJIMKOIPOTEUH B Ha moBepxHOCTH
IPUTPOLUTOB M OEJIOK arrIOTHHUH a B masme kpou. ®enorun AB (IV rpymma, rerorun [°1°)
onpeeseT NPUCYTCTBUE B APUTPOLUTAX TIIUKOMPOTEHMHOB A U B U OTCYTCTBHE B IJIa3Me€ KPOBHU
arrmoTUHUHOB a 1 b. ®enortun 0 (I rpymma, reHoTHI IOIO) CBSI3aH C MPUCYTCTBUEM B IIJIa3ME KPOBHU
000MX arrTIOTHHUHOB M OTCYTCTBHEM B SPHUTPOIMTAX TIUKONPOTEMHOB A U B. ATTIIOTUHUHBI
SBISIIOTCA  awmumenamu (UMMYHO2I00YIUHAMUY), KOTOPBIE CHEIU(PUISCKA B3aUMOICHCTBYIOT
(CBS3BIBAIOTCS) C TJIMKONPOTEMHAMHM HA TMOBEPXHOCTH SPUTPOLUTOB: AarrilOTUHUH a C
rMkonporeuHoM A, a b - ¢ B. CBs3blBaHHE arrflOTUHUHOB C TJIMKONPOTEMHAMHU MPHUBOJIUT K
CKJICMBAHUIO SPUTPOLMTOB JAPYr C APYrOM B HEPACTBOPUMBIC HE(QYHKIMOHHMPYIOLIHE CTYCTKU
(cBopaunBanue kpoBu). [losToMy npu nepenuBaHUN KPOBU HENb35 JOMYCKATh, YTOOBI APUTPOLIUTHI
JIOHOpPa BCTPETHIIUCH CO CIIOCOOHBIMU CKIIEMBATh MX arrflOTHHUHAMU peluIueHTa. B pesynbrare
M0JTy4aeM CJIEIYIOILYI0 TabJUIy COBMECTUMOCTH TPYII KPOBH NP NEPETUBAHUU:

2 JOHODp
pELUIIUEHT 2

2100)2 II(A) 2 ITII(B) 2 IV(A u B)

2

[(aub)+ - - -
IT (b) + + - -
I1I (a) + - + -
IV (0) + + + +

B EBpone npumepno 40% nacenenus umeer | rpymiy, 40% - I rpyn-

ny, 15% - Il rpynny u aume 5% - IV rpynmy. 3To cOOTHOIIEHHE COXpaHSETCs Ha MPOTSKEHUU
MHOTHMX TOKOJIEHUH U CITy>KUT PUMEPOM BBINOJIHEHHS 3aKkoHa Xapau-BaitnOepra.
Jpyroii BaxXHOW CHCTEMOM I'PYIIIT KPOBU SIBIIAECTCS pe3yc-cucmema

(Rh-cucmema), OTBETCTBEHHAsl 32 HaJM4Me Ha MOBEPXHOCTHU IPUTPOIMTOB pesyc-dakropa (ObLT
OTKPBIT TP BBEJICHUU OHPUTPOIIMTOB MaKaKk pe3ycoB Kponukam). CHHTE3 pesyc-(paxTopa
KOHTPOJIMPYETCST TpeMsl TECHO clLeIuleHHbIMU mapamu reHoB - C, D u E. PesycorpunarensHsie
moan (He MMEIONIHe 3TOro Oeka) UMeIoT reHoTun cde. JJst MpoCTOTHI pacCMOTPHUM CITydaid, Koraa
CYIIPYT'H OTIMYAIOTCS MEXAy coOoi Toibko mo reHy D. B ciydae Opaka pe3ycoTpuuaTelbHON
KCHIIUHBI, 00saaromiei renoturioM dd, ¢ Myk4uHOH, uMerormumM resotun DD, ux pebeHok Oynet
umeth reHotun Dd u Oyzaer pesycnonoxurenbHbIM. B KoHIle O€peMeHHOCTH 3PUTPOLMTHI 104,
Hecymme pe3yc-(hakTop, MPOHUKAIOT B KPOBh MaTepH W BBI3BIBAIOT B HEH 0Opa3oBaHWE aHTHTEN



npoTuB pesyc-pakropa. Tak Kak d3TO TNPOHUCXOAWT B CaMOM KOHIIE OEpEMEHHOCTH, TO
3HAYUTENbHBIX MOBPEXKACHUN y peOeHKa He BO3HMKAET, U OH poXKAaeTcss HopMayibHbIM. Ho mpu
cienyomeid OepeMEHHOCTH YK€ HAKONMBIIMECS BO BpeMs MEpBOMl OEpEeMEHHOCTH aHTUTENa
NPOHUKAIOT B KPOBb IUIOJA U BBI3BIBAIOT pa3pylICHUE SPUTPOLMTOB, UMEIOLIUX pe3yc-(hakTop.
BcenenctBue 3Toro y BToporo peOeHka pa3BUBaeTCs reMoiauTHueckas anemus. [Ipu nocneayromux
0epeMEeHHOCTAX KOJIMYECTBO aHTUTEIN MPOTHUB pe3yc-(hakropa elle OoJblIe YBEINIUBAETCS, U 3TO
NPUBOAUT K BBIKMAbIIIAM. Ecim ke TakoM JKEHIIMHE ObUIO CHeNaHO IepeluBaHHe
PE3yCIIONOKUTEIBHON KpPOBH €Il OO MepBOoi OepeMEHHOCTH, TO OHAa OKaXeTCS COBEPILICHHO
6e3nernoit. Cpean HaceneHust EBporsr okono 15% mroneit mMeroT pe3ycoTpulaTebHyl0 KPOBb U
85% - pe3yCrnon0KUTENbHYIO.

He Tonpko KpoBb, HO M BCE BBIJICICHUS YEIOBEYECKOTO OpPraHuM3Ma - CJE3bl, CIIOHA, MOT,
KelTyb, MaTEPUHCKOE MOJIOKO, CIepMa - MMEIOT TPYIIOBbIE CBOICTBA, OJHAKO HE y BceX. Y
OOJIBIIMHCTBA JIIOJICH BBIIEICHUS UMEIOT TPYIIOBBIE CBOWCTBA (6bl0enumenu), HO TMPUMEPHO Y
14% mnronelt TakuX CBOWCB HET (Hegvloenumenu). BploeneHUs KakJoro 4eloBeKa-BbIAEIUTENS
OTHOCATCSL K TOW K€ TPYIIE, YTO U ero KpoBb. ONHAKO TKaHU Tena O0NamaroT Oojee CIIOKHOU
CHCTEMOW OIO3HaBaHMs, 4yeM KpoBb. [lpum moOBIX mepecajnkax TKaHeW W OPraHoOB OT OJIHOTO
OopraHusma K JpyroMy BCErja BOZHUKAE€T UMMYHOJIOTUYECKAsl PEAKIUsl OTTOPKEHUsI, Ha3bIBacMast
mKanegou necogmecmumocmoio. OHa BBI3BIBAETCS MPUCYTCTBHEM Ha IMOBEPXHOCTH BCEX KIIETOK
Teja TIIMKONPOTEMHOB TKAHEBOM HECOBMECTHUMOCTH U Y ueloBeKa HasbiBaeTcst HLA-cucmemoui (OT
anra. human leucocyte antigenes). B
cucremy HLA BXoasT GesiKi TKaHEBOW COBMECTUMOCTH TPEX KJIACCOB: OEIKU
1-ro kinacca KOgUpyroTcs TpeMs JoKkycamu - A, B u C; 6enku 2-ro kinacca ToXe KOJUPYIOTCS TpeMst
nokycamu - DR, DP u DQ; reHsl TkaHEeBOH COBMECTUMOCTH 3-T0 KJIacca KOJAUPYIOT OCITKH CHCTEMBI
KOMILIEMEHTA U HEKOTOpbIE Apyrue OMOJIOrn4eckue NpoAyKThl. Eciiu uMeTs B BUy TOJBKO O€NKH
HLA 1-ro u 2-ro kiacca, To ux yxe oTkpbeiTo 6osee 100. D10 03Ha4aeT, 4TO KaXKAbIH UEIOBEK
XapaKTepu3yeTcs CBOMM MHAMBUIYalbHBIM HabopoM u3 12 GenkoB HLA (1o 6 n10oKycoB Ha Kax10i
U3 XpOMOCOM 6-#1 Taphl), ¥ YUCIO BO3MOXKHBIX HAOOPOB 3HAUUTEIILHO MPEBOCXOJUT YUCIIO JIIOJIEH,
KOT1a-1100 KUBIINX Ha 3eMIIe.

WnpuBunyansuelii  Habop OenkoB HLA  sBnsercss mnpuumHOW TOro, dTO JoOas
TPAHCIUIAHTHpYEeMasi TKaHb Y3HAeTCd HMMMYHHOHW CHCTEMOM KakK 4YyXKepoJHas, U IpPOTHB Hee
HAUMHAETCS peakiysl OTTOpKeHUs. VICKIIoueHHe COCTABIISIOT TOJIBKO OJHOSIHIIEBBIC OJM3HELbI,
nMeromue uaeHTHIHbIN Habop HLA OenkoB. YcnenHee 3akaHIUBAIOTCS TaKXKeE MEPECaIKU TKaHEH
MEXIy ONM3KUMHU POJCTBEHHUKAMH, HMEImMUMu MHOro obmmx HLA-6enkoB. PasHble TkaHm
HMMEIOT pa3Hylo KOHIEHTpaluio miukonpotenHoB HLA Ha moBepxHocTH. Majno uX Ha MOBEPXHOCTH
KJIETOK POTOBHUIIBI, XPSIIA U KOCTEH, KPOME TOTO B 3TUX TKAHIX KJIETKU OKPYKEHBI TOJICTBIM CIIOEM
MEXKJIETOYHOTO BELIECTBA, KOTOPOE 3aTpyJHsET KJIeTKaM HMMYHHOM CHCTEMBl JOCTyH K
TJTIUKOKAJIMKCY U ono3HaHue uyxepoaHbix HLA GenkoB. [loaTomMy 3TH TKaHM MPHKHUBISAIOTCS XO-
pomo. "Andasur" HLA-OGenkoB eawH Uisi BCEro 4YEJIOBEUECTBA, HO HMEIOTCS XapaKTEpHbBIC
pacoBbIe pazIHuus, MPOSBIIONIMECS KaK pa3Has 4acTOTa BCTpedaeMocTu pasHbix OenkoB HLA.
bnaronapss  HMCKIIOUMTENBHOMY  MOIMMOP(GU3MY M HEOJHOPOAHOCTH  Ieorpapuueckoro
pacnipoctpanenus 6enku HLA-cuctemMbl 04eHb MOJE3HBI 7Sl aHTPOMOIOTMYECKUX HCCIIEIOBAHUH.
bnaronaps uM, Hampumep, yJajloch JOCTOBEPHO YCTAHOBUThH IOJIMHE3MHCKOE MPOUCXOXKIECHHE
xutened octpoBa Ilacxu. CyluecTBYIOT TakKe HaAEKHbBIE KOPPEISALMN MEXAY BCTPEUAEMOCTBIO
onpeneneHHbIX OenxkoB HLA u mpenpacnonioXEeHHOCThIO WM YCTOMYMBOCTBIO K Pa3HBIM
3a00JeBaHMsAM. DTO MO3BOJSIET paccMaTpuBaTh pasHble TeHbl HLA-cucteMmbl Kak eewnsl pucka M
2eHbl 3auumsl 10 OTHOIIEHUIO K KOHKPETHOMY 3a00JI€BaHHUIO.

3anaga 55. Moxer nu y Mmatepu, umetouieil Il rpynmny xposu, u otua, umeromtero I1 rpynmy
KPOBH, pouThCst pedeHok ¢ I rpynmoii kpoBu?

3anaga 56. IIpoBepbTe, nelcTBUTENBHO U HabmonaemMoe B EBpore cooTHoOIIEHME TpyIn
kpoBu ABO-cucTeMbl COOTBETCTBYeT 3akoHy Xapau-BaitHOepra, W HalauTe CcTallMOHApHBIE
4acTOThI TEHOB ATOW CUCTEMBI.



KPATKHWE BbIBO/IbI

['eHeTyeckue MEXaHM3Mbl TPAHCKPUIILMK, TPAHCISALUU, PEIUTMKALMM WU PACXOXKICHHS
XpOMOCOM B MHTO3¢ M MeHo3e paboTaroT ¢ OONBIIOW TOYHOCTHIO M HAAECKHOCTHIO, HO HE
abcomoTHON. B pe3ynbraTe HEKOTOpOro "momycka" 3THX MEXaHM3MOB BO3HMKAET MYTallMOHHAS
U3MCHYHNBOCTS. MyTaIII/IOHHaH 1 KOMOMHATHUBHAs HacJI€aACTBCHHAas1 U3MEHUYHUBOCTDL - 3TO MCTOYHHUK
pa3zHoo0pa3usi, KOTOPOE CIYKHT MaTepuaioM ISl SBOJIIOIMMOHHOTO OTOOpa HOBBIX, HauOolee
MPHUCIIOCOOJICHHBIX OpraHu3MOB. B pe3ynbraTe BIHMSHHS TeHa Ha (QopMUpOBaHWE Ooyiee deM
OJTHOTO TIpHU3HaKa (TUIEHOTPONHH) BOSHHUKAET €Ille KOPPEISTUBHAS HACJIEICTBEHHAs! N3MEHUYHUBOCTbD,
KOTOpasi BBICTYIAET KaK yCJIOBUE OIpaHUYEHUs IIPpU (HOPMUPOBAHMHM MHOTOOOpPA3Usi OPraHU3MOB C
pa3HbIMH NPU3HAKaMHU (HapuMep, JNIMHHOHOTHUE KUBOTHBIE BCET/1a UMEIOT JITUHHYIO HICI0 U T.1I.).

Cry4aitHblil XapaKkTep KPOCCHHTOBEPa, PACXOXKICHUSI XPOMOCOM TI0 TaMe€TaM, BCTPEYH raMeT
IpU  OIUIOAOTBOPEHUU U BIHSHUS Cpelbl HA SKCIPECCUBHOCTh M TMEHETPAHTHOCTh TI'€HOB
npeaonpeacidacT MPpUMCHCHUEC CTATUCTUICCKHUX MCTOAOB ITPHU OIMMMCAHUH I'CHETUYCCKUX MPOLICCCOB.
Jlnst onMcaHMsT TEHETHMYECKHX IMPOIECCOB B NOMYJSILUAX HCIONb3YETCS 4YacTOoTa I'€HOB B
FeHO(i)OHI[e, AHAJIOTUYHAsA KOHLCHTpALUMKW MOJICKYJI B pacTBOpPC, HO HM3MCHCHHA 4YaCTOT T'CHOB
paccMaTpuBaloOTCs Yepe3 TUCKPETHBIE MPOMEKYTKH BpeMEHH (ITOKOJICHUS).

KoMOuHaTOpHbIi OpPHUHLUII yBEJIWYEHUS] MHOrO00pazus HCIOJIb3YETCS Takke Ipu
JNETEPMUHAIUU T€HETUUYECKUX PA3TUYUA MEXy OpraHU3MaMU - Pa3JIMYHbIE COUETAHUS U3 €IUHOTO
OTpaHWYEHHOrO0 Habopa OETKOB TKAHEBOW COBMECTUMOCTH JICTAIOT KAXKIBIA OpPraHu3M
WHANBUAYAIbHO OINO3HABaeMbIM Ha o00meM (OHE OAMHAKOBOTO MOIEKYJISIPHOTO CTPOCHHUS
MoA00HO HOMEPHOMY 3HAKY JUIsl aBTOMOOUJIEH OJTHON MapKHu.

Puc. 165. Pactenus u xpoMocoMHble HaboOpsI maciena yepHoro ¢ 36 (A), 72 (b), 108 (B) u
144 (I') xpomocomamu.

Puc. 166. PacnionoxeHre reHOB, OTBETCTBEHHBIX 32 PAa3IMYHbIC HACJIEICTBEHHbIC aHOMATTUU
u O6one3nu, B X- (cieBa) U Y-xpomMocoMe (CrpaBa) y 4esioBeKa.

Puc. 167. Bo3HUKHOBEHHE HOPMAIBHOTO paCIpeeTICHIs BEIUYNHBI KOJTMYECTBEHHOTO
MpHU3HaKa.

Puc. 168. OueHka HacneyeMOCTH METOIOM MacCOBOM celleKuu. D - ceneKImoHHbIN
muddepennnan, G - CeNEKIMOHHBINA CIBHT.



Jlexums 13. PABHOOBPA3UE OPTTAHU3MOB U 3BOJIFOIUA (vacts 1) Dsonroyus
KIemKU - CmpoeHue U pazHooopasue 6akmepuil - cmpoenue
u paznoobpasue epubos - 360110YUSL PACMEHULL - KDAMKUE 8b1600bl

OBOJIIOLMA KIIETKA

CuuTaercs, 4ToO BCe OPraHU3Mbl U BCE COCTABJISIIOIIME KJIETKH MPOU3OILIN 3BOJIOLHOHHBIM
nmyTeM OT oOIIel npenkoBoi kieTku. Eciu uepes Harperyro cMech BOJIBI M T'a30B, Takux kKak CO,,
CH4, NH; u Hj, npomyckarh 37€KTpUYECKHM pa3psll, OHU pearupyroT ¢ oOpa3oBaHHEM MalbIX
OpPTraHUYECKUX MOJIEKYJ, CPEIU KOTOPHIX YEThIPE OCHOBHBIX THIA OMOMOJIEKYJ - aMHUHOKHCIIOTHI,
HYKJICOTHbI, YIIEBOJbl M KUPHBIE KUCIOTHL. YCIOBHS, CYLIECTBOBABIINE HAa 3eMJj€ B INEPBBIH
MIIpA. JIET €€ UCTOPHH, SBJISIOTCA MpeaMmeTroM cropa. C TOUKHM 3peHHus Hanbosiee COBPEMEHHOM
TEOPUU - 27100ANbHOU MEKMOHUKY Naum, WIH HeoMOOUnU3Ma - TPOUCXOKIACHUE MEPBBIX
OpPraHUYECKUX MOJIEKYJI CBA3aHO C aKTUBHOCTBIO puU@mosuix 30H - TPEIIUH, Yepe3 KOTOpble Heapa
36eMHON KOpbl W TOBEPXHOCTh IUIAHETHI COOOIIAITCA APYr ¢ ApyroMm. Takue pudToBbIE 30HBI
ABJIAIOTCS. MECTOM IIOCTOSIHHOM BYJIKAaHWYECKOW aKTMBHOCTH M IPEAINOJAraloT, YTO 4Yepe3 HUX
MIPOMCXOMIIA JIera3alus MAaHTHITHOTO BerecTBa 3eMitd (BbiaeiaeHue napoB Bobl, CO,, CHy, NH3 1
H,), Torna xak B mepBHUYHON atMoc(epe IIaHeThl BOJOPOJa M MeTaHa ObUIO HUUYTOXHO Majo, a
amMMmuaka He ObU10 BooOmie. YacTUyky BYJIKAHHYECKOIO Terjia BO BpPeMs U3BEP>KEHUS! MOCTOSHHO
TpyTCA ApPYr O Apyra, HNPOUCXOAMT MX CHJIbHAs J3JEKTpU3alMsl U OTCIOJIa 4YaCThle BCIIBIIIKU
paspsaoB. OceBHIMHI Memen CIyXHJI 3alllUTOM OT JKEeCTKOro yibTpaduoJIETOBOTO HU3IYUYEHHS
(030HOBBIM CIIOM TOrAa €Ile OTCYTCTBOBAl), W IOJ HUM MOIJIa HAKallJUBaTbCS IEPBUYHAL
opranuka. Ilemnbl B u300mnIMu cojepaT aKTUBHbBIE KaTalu3aTOPbl: CBOOOJHBIE XPOM, KEJe30,
K0OaJIbT, HUKEJb, CBUHEL, IIaTHHY. OUeHb NOPHUCTHIA POTOJUT NEPBO3TAHHOTO TPYHTA MOTJIOIIAT
3HAYUTENIbHYIO YacTh KOHJEHCHUPYIOIIEHca U3 mapa Bojabl. MenKkue mopsl poraiura mpuaaT eMy
CBOWCTBa TyOKH, B KOTOpPOW CO3/1aBajach BBICOKAs KOHIEHTpAlWs aMHUHOKHUCIOT, HYKJICOTH]IOB,
AKHUPOMOJOOHBIX BEUIECTB U IPYTUX MOJIEKYJ HapoKaarolieics »xu3Hu. Takum oopazoMm, pudToBbie
30HBI, NOKPBHIBABUIME BCIO IMOBEPXHOCTb 3EMJIM, MOIJIM CIYKUTh I[OCTOSHHO JEHCTBYIOIIMMHU
peakTopaMu IO IPOU3BOJCTBY NEPBUYHON OPTaHUKH.

[TpocTeie opraHuyecKkre MOJEKYJbI, TaKhMe KaK aMHHOKUCIOTBHI, WIM HYKJICOTHABI, MOTYT

aCCOIMUPOBATH ¢ 00pa30BaHKEM OOJBIINX MOJUMEPOB. Eciu momumep oOpa3oBaiics, OH CIIOCOOCH
BIUSATh HA CHUHTE3 JPYIHX MOJIMMEpPOB. B 0COOEHHOCTH 3TO OTHOCHUTCS K MOJHHYKICOTHUIAM,
KOTOpBIE CIIOCOOHBI CIIy’KHTh MAaTpHULIEW B peakIuu [OJIMMEpPU3alMUd M, TaKUM 00pa3owm,
HAMpPAaBIATH CBOM cOOCTBEHHBIN cuHTe3. Criennduyueckoe criapuBaHUE KOMII-
JIEMEHTAPHBIX HYKJICOTHIOB ChIrpajio, BUAWMO, PEUIAIONIYI0 pOJib B BO3HMKHOBEHHMU >KU3HHU.
[Tockonbky W Bpemsl IUisl CHHTE3a, U XHMHUYECKH AaKTHBHbBIC TMPEANICCTBEHHUKH HYKICOTHUOB
MMENNCh B U300MIINH, BIIOJIHE BO3MOXKHO, YTO B MPEOMOTHYECKUX YCIOBHSIX Ha 3eMJI€ BO3HUKIIH
MEJICHHO PeIUTHIHPYIOMINECS CHCTEMbl MNOTUHYKICOTHIOB. [lpu OnarompusTHBIX YCIOBUSX
MOJIMHYKJIEOTH/T MOKET Pa3MHOKAThCs, MOCKOJIbKY Kak/as MCXOJHAs MOJIEKYJa HUCIOJIb3YETCs B
KauecTBE MaTpullbl Ansi oOpa3oBaHUs Ao4yepHUX Komuil. OgHAKO B Mpolecce KOMUPOBAHUS,
0cOOEHHO B TIEPBOOBITHBIX YCIOBHSAX, HEW30€KHO NPOMCXOTUT MHOTO Omubok. Haunyt
Pa3MHOXKaTbCs HOBBIE M HETOYHBIEC KOIMU OPUTHHAJA, TAK YTO MOCIEI0BATEIHLHOCTh HYKICOTHIOB
Oyner wu3MeHsAThCs. IlOCKONMBKY TpexmepHas YKIaJKa NOJMHYKICOTHIA BIHMSIET Ha €ro
CTaOWUJIBHOCTh U HA CMOCOOHOCTH PEIUIMIIMPOBATHCS, TO BCE MOJIEKYJbl B PEIUIMKATUBHOM IIeTH
OyAyT pa3MHOXAaTbCs C Pa3HBIM ycrexoM. HekoTopele OyayT CIMIIKOM JUTMHHBI WA CIHIIKOM
IUIOTHO CBEPHYTBIMH, YTOOBI CIIY)KMTh XOPOIIMMH MaTpuiiamu. Jlpyrue, HampoTuB, OymyT
HecTaOUIbHBIMU. JleMCTBUTENBHO, B JAaOOPATOPHBIX ONBITaX ObUIO TOKAa3aHO, YTO CHUCTEMa
PEIUIMLUPYIONIUXCST MOJIEKYJ TOJBEP)KEHA ecmecmeeHHoM)y omoOopy, U U4TO B KOHIIE KOHIIOB B
3aBUCHUMOCTH OT KOHKpPETHBIX YCJIOBMM HayHeT INpeodiaiarb Ta WM HHas Haubosee
KOHKYPEHTHOCTIOCOOHAs MOCIIE0BATEIbHOCTh HYKJIEOTH/IOB.

BosmoxHo, uyro 3.5 - 4 wipa. neT Ha3alg CaMOPEIUIMLUPYIOLIUMECS CUCTEMBI
MONMHYKICOTHAOB (BepositHO, PHK) momoxwiu Havaao 3BOJTIONMOHHOMY MpoLECCy. XOTH
CTPYKTypa MOJMHYKJICOTHAOB XOpOILIO MPUCHOCOOJieHAa Ui XpaHEHHS U peIuIMKaliu



MH(POPMALINH, TH MOJICKYJIBI HEJJOCTATOYHO Pa3HOOOpa3HbI ISl 00ECIICYeHNUs BCEX CTPYKTYPHBIX
(GYyHKIMOHANBHBIX MOTpeOHOCTeH kieTku. HampoTuB, O€IKM COCTOAT M3 MHOTUX pPa3lIWYHbIX
aMUHOKHCIIOT, W pa3HoOOpa3uMe MX MPOCTPAHCTBEHHON CTPYKTyphl J€JaeT MX BecbMa
MNOJIXOAAIIMMH Uil BBIOJHEHUS IIHPOKOTO Kpyra CTPYKTYpHBIX M (PYHKLIHMOHAJIbHBIX 3a7ad.
HekoTopsle ciy4yailHO BO3HUKIIME MOJMIENTUABI MOTJIM 00JeryaTh perumkanuio moiekyn PHK
KaK Karanu3aropbl. s pemIuuMpyONMXCs CHCTEM OCOOCHHO IOJIE3HBIMU JIOJDKHBI OBLIH
0Ka3aTbCs T€ U3 HUX, KOTOPbIE MOTJIH OBITh BOCIIPOM3BeAeHBI Ha Mosiekyinax PHK kak Ha MaTpuiax
3a CUeT MPOCTPAHCTBEHHBIX COOTBETCTBUI M clIaObIX HEKOBAJIEHTHBIX B3aUMOJECHCTBUI MEXIy
HYKJICOTUJAAMH W aMHHOKUCIOTaMHU (MOAOOHBIE COOTBETCTBHS JEHCTBUTENBHO CYIIECTBYIOT).
Takum o00pa3oMm, MOr BO3HMKHYTb HPOTOTHII TeHeTHdYeckoro koja. IlomyudmBiimecs
aBTOKaTauTU4YeCKue cuctemsl (puc. 169) nomkHbl ObUTH TPUOOPECTH OOJBINIOE MPEUMYIIIECTBO B
HBOJIIOLIMOHHON O0pbOe 3a CyIIEeCTBOBAaHHE.
benku, cuHTE3MpyeEMBbIe IO KOHTposieM onpezesneHHoro tuna PHK, ve

MOTJIH ObI OOJIETYUTh PEIUTHKAINI0 UMEHHO 3TuX MoJiekyn PHK, ecnu Ob1 He

yAEpKUBAIUCH N00aM30cTH OT HUX. Kak ObLIO paccka3aHo B JIEKIMHU, MOCBAIIEHHOW MeMOpaHaw,
¢dochonunuabl B BOXHOM pacTBOpPE CaMOIPOM3BOJIBHO MOTYT OOpPa30BBIBATH CTPYKTYPHI THIA
aunocoMel. CuMTaeTcs, 4To nepBasl KiIeTKa oOpa3oBajiach, KOTJa Takas CIIydyailHO BO3HMKILIAs
JUIOCOMa 3aKiioumia B cebe camoperuiupymonyocs cmech Monekyn PHK u Oenka. Oto
o0ecrneymsio MpeUMyIECTBEHHOE HCIOIb30BAaHUE 3TUX OEJIKOB TOJIBKO sl BHYTPEHHHMX HYXI
(puc. 170). IIpu3Hakom, Mo KOTOpPOMY Temepb Haydajics OTOOp, CTaja HE TOJIBKO COOCTBEHHas
ctpykrypa PHK, HO um cBoiicTBa komupyembix ei OenkoB. Takum oOpa3oMm, HYKICOTHAHAS
nocnenosarenabHocTh Mosiekya PHK crana mposBisaTecs B cBOMCTBaxX KJIETKM Kak Lenoro. Ha ka-
KOW-TO OoJiee mo3mHen craauu 3BostonronHoro mnporecca JIHK, kak 6onee ycroitunBas u Goiee
NOIXOAAIIas Al XpaHEeHHUs TeHeTnueckor nHpopmarmu, 3amennina PHK mis BeimomHeHus 3Toit
byHKIIH.

JlanpHelimass SBOMIONMS TEPBBIX KIETOK - HNPO2EHOMOE - 3aKI4alach B pa3BUTHUU
MeTabonnueckux peaknuii. CHayama, Korja NepBUYHOM OPTaHUKU OBLJIO MHOTO, B META0OJIMYECKUX
peaknusax He Obulo HYXAbl. HO Mo Mepe HUCTOIIEHHs 3THX €CTECTBEHHBIX PEcypcoB OOJIbLIOE
MPEUMYIIECTBO NpU OTOOpE JOKHBI OBLTH TOJIyYaTh OpPraHU3MbI, BhIpaOaThIBAIONIHE (EPMEHTHI
e 00pa3oBaHUs OpPraHUYECKMX MoJIeKyJ. HaJnyHbIi KOMIIJIEKT KJIETOYHBIX (DepPMEHTOB
MIOCTETIEHHO YBEJIUYMBAJICSA, M B pe3yJbTaTe BO3HUKIM META0OIMYECKHE ITyTH COBPEMEHHBIX
opranu3zmMoB. Cample paHHUE CTaJuu MeTadoiu3Ma pPa3BWINCH I TOTO, YTOOBI BOCHOJIHHUTH
HEIOCTady OpPTraHMYECKUX MOJIEKYJ, 00pa30BaBIIMXCS €mle B MpeOHOTHUeCKuX ycioBusax. Korma
3arac TakUX COEIMHEHMH IOJIHOCTBIO HCYEpHascsi, MPEUMYIIECTBO IpU OTOOpE AOJKHBI OBLIH
nproOpecTr OpraHu3Mbl, CIOCOOHBIC MCIIOBF30BAaTh aTOMBI YTIJIEPOAa M a30Ta aTMOc(eps! (B BUIE
CO; u Ny). Ho yrnekucnelif ra3 ¥ MOJIEKYJISIPHBIM a30T OYeHb CTAOWJIBbHBI, XOTS U MMEIOTCSA B
n300mwmmu. [losTOMy mnsi MX mpeBpamieHuss B METaOOJMYECKH TMOJE3HYI0 ¢opMmy TpedyeTcs
00JIbIII0E KOJIMYECTBO SHEPTUHU U 3HAUUTEIBHOE YUCIIO CIIOKHBIX XUMUYECKUX peakuuil. MexaHus-
MOM, pa3BUBIIMMCS s ucrionb3oBanus CO,, sBuics (oTtocuHTe3, B mporecce koroporo CO,
IpeBpallaeTcs B OPraHUYECKHUE COEAMHEHHMs 3a CUeT DSHEPrud COJHEYHOTO H3JIy4EHUs.
XI0poduILI, UCHONB3YsI SHEPTHUIO COJHEYHOTO CBETa, OTOMpPAET AIIEKTPOHBI y CIAOBIX JOHOPOB
3JIEKTPOHOB M TEPEHOCUT UX Ha CUJIbHBIE JIOHOPBI 3JIEKTPOHOB, KOTOPHIE B CBOIO OYepe]b HC-
noJib3yroTes Uit BocctanoBieHus: CO; mmn Np. CpaBHeHHE MeXaHH3MOB (POTOCHMHTE3a Y pa3HBIX
COBPEMEHHBIX OaKTepuil CBUAETENBCTBYET O TOM, YTO OJHUM U3 MEPBBIX UCTOYHHKOB 3JICKTPOHOB
o1 HoS, MeTabonmueckum 0TX0-

JIOM KOTOPOTO SBJISUIACh cepa. 3HAUMTENbHO M03XKe pa3BUIICA Ky1a Ooee
CJIOKHBIN, HO B KOHEUHOM cueTe 0oJiee NOJIE3HbIH Mpoliece MoJydeHus
anekTpoHoB u3 H,O. B pe3ynbraTte B kKauecTBe METa0OIMUECKOTO OTX0/1a B
3eMHOM aTMoc(epe cTaj HaKariuBaThCs KUCIOPOI.

[TockonbKy KHCIOPOJ HCKIIOYUTENBHO PEAKIMOHHOCIIOCOOEH M MOXKET pearupoBaTh C
OOJIBIIMHCTBOM KOMIIOHEHTOB ITUTOIUIa3MbI, TO JUII MHOTHX pPaHHUX OPraHW3MOB OH ObLI



TOKCHYCH, TaK K€, KaK IJII MHOI'MX COBPCMCHHBIX aHaZ—)pO6HBIX 6aKT€pHﬁ. OpFaHI/BMaM CHOBaA
NOTPeOOBANIOCH MPHUCIOCA0INBATHCS K U3MEHUBIINMCS yCIOBUAM, TIPUUYEM MIPU OTOOPE BBIMTPAIN
T€ M3 HHUX, KTO CyMeJ He NMPOCTO HEUTPaIM30BaTh OMACHOE ACUCTBUE KHCIOpPOJa, HO U 00paTuTh
BBICOKYIO PEaKIIMOHHOCIIOCOOHOCTh KHCIIOPOJa Ha MOJb3Y. Tak MOSBUIIOCH KIETOYHOE IbIXaHHE,
kotopoe B 20 pa3 Oonee rddekTuBHEE, UeM OSCKUCIOPOIHBIN TIUK0M3. OHAKO TaKHe TOJIE3HbIC
MeTabOoIMYeCKUe MPOIEecChl Kak (OTOCHHTE3 M JbIXaHWE BO3HUKIM HE y BCEX OpraHu3MoB. EcTh
OCHOBAaHUA JOyMaTb, 4YTO OJYKAPUOTUUYCCKHC KIICTKHU ABJIAIOTCA IIOTOMKAMHU IIPHUMUTUBHBIX
aHa’pOOHBIX OPraHW3MOB, KOTOPBIC BBDKWIIM, IOTJIOTUB (OTOCHHTE3UPYIOUIMX W JIBIIIAIIHX
Oakrepwmii. Takoe MookeHNe 0Ka3aaoCh B3aUMOBBITOJIHBIM - BOHUK YHOOCUMOUO3.

Y IUBUTENBHOE CXOJCTBO TCHETUYECKUX CHUCTEM DYKAPHOTHYECKHX OPTaHesll (XJIOpOIIacToB
Y MUTOXOHJIpHI{) U IPOKAPUOT JOKA3bIBAET SHAOCUMONOTUYECKYIO TUIIOTE3Y MPOUCXOKACHUS ITUX
OopraHeil B Mpoliecce 3BOJIONUU. Tak Kak MUTOXOHAPUU >KMBOTHBIX M PACTEHUN OYEHBb CXOJIHBI,
M0JIaraloT, 4To COOBbITHE, MPUBE/IIEe K BOSHUKHOBEHUIO 3THX OpraHesl, MPOU30IUI0 HAa PaHHEM
3Tare 3BOJIIOLUUA dYKAPUOTHYECKOM KIIETKH €€ 10 Pa3JeJCHUs JIMHUM XUBOTHBIX U PACTEHHIA.
VYcTaHOBNIEHA MHOKECTBEHHOCTh IyTEH MPOUCXOXKIEHHUS XJIOPOIUIACTOB: y pPa3HBIX TIpyMl
pacTeHMii OHHM TOSBUJINCH B peE3ylbTare SHIOCHMOMO32a C HECKOJBKO pa3HBIMU THUIIAMHU
¢dotocunTe3upyromux O6akrepuid. [louemy nmpoaokaeT cyuiecTBOBaTh COOCTBEHHAs! T€HETHYECKas
CUCTEMa B MHUTOXOHJAPHUAX M XJIOPOIUIACTaX, HEMOHATHO. [l0 KakMM-TO NPUYMHAM MPOIIECC
MepeHoca IreHOB HJOCUMOMOHTOB B SIZICPHBIM T'€HOM XO35MHA MPEKpaTWiICs paHblle, YeM Obul
MOJIHOCThIO  3aBepiueH. [IpoucxokneHne Tpex M[apCcTB COBPEMEHHBIX 3YKapHOTUYECKHUX
OpraHu3MOB (pacTeHusi, TPUOBI M >KUBOTHBIC) CBSI3aHO C Pa3BUTHEM TPEX pPa3HBIX CIIOCOOOB
nuTaHus: Hanboyiee MPUMHUTUBHBIM GCACHIBAIOWUM CNOCOOOM TIUTAHUS MPOJOJDKAIOT MUTATHCS
rpubsl, gomocunmemuueckui cnoco6 TIUTAaHUS TIPUBEN K TOSBICHUIO pAcTeHHM, a
3a2namulearouull cnoco6 THUTAHUS - JKUBOTHBIX. 3aryIaThIBAIONIMKA CIOCOO MUTAaHUS - CaMbId
CIIOKHBIN, MMO3TOMY y JKUBOTHBIX HAdalld Pa3BUBATHbCS MEXaHU3MBbl JIBUKEHHS U OpPraHbl YyBCTB
JUTS TIOMICKA TIHIIU ¥ MIPUCTIOCOOTICHUS
Ul ee 3axBaTa. X pa3BUTHE CONMPOBOXKAATOCH BOSHUKHOBEHHEM W YCIOKHEHUEM CHEIUATbHBIX
pacripeeNuTeNbHbIX, BBIICIUTEIPHON U JIBIXaTENbHON cUCTeM. B pe3ynbraTe KHBOTHBIE CTalu
Han0oJiee BHICOKOOPTaHW30BAHHBIMU OpPTaHU3MaMHU Ha TIJIaHETE.

CTPOEHUE U PABHOOBPA3BUE BAKTEPUI

baktepun Haxonsarcs Bezae. bosbiie Bcero nx B mouse - oT 200 muH. 10 2 mupa. Ha 1 r
nouBbl. B uncroit pognukosoi Boae ux 100 - 200 va 1 mu, a B 3arps3HeHHO# cTtosueil - oT 100
thiC. 10 300 ThIC. Ha 1 Mu. B Bo3ayxe ot 5 Thic. 10 300 ThIC. B 1 M°. Ha Koe ueoBeka HacUH-
ThIBaeTcs OoT 85 MiH. 1o 1 mupa. GakTepuii, a B poTOBOM monoctu - cBeime 100 pa3HbIX BHIOB.
Kaxxnprit B3pOoCbIii 4eTOBEK BBIIACISET €KEIHEBHO C IKCKPEMEHTaMH OKOJIO 18 mupa. GakTepuid.
CB0OOIHBI OT HUX TOJBKO OPraHbl, HE COCIUHSIIOIINECS ¢ BHEUIHEH cpenoil (Mo3r, cepale, KpOBb,
Me4YeHb, MOUEBOH My3bIPh U Ap.). B 3TH opransl 6akTepuu MOMagaroT TOILKO BO BpeMs O0JIEe3HH.

Bakrepun pasHooOpa3ubl 1mo ¢opme - mapooOpas3Hble (KOKKH), BBITSHYTbIE (OalMIbD),
W30THYTHIC (BUOPHOHBI), W3BUTHIC (CIUPWIUIBI) U Ap. JlOTMONMHUTENbHBIE PAa3THYUs BBISBIISIOTCS
MocJie OKpacku OakTepuil criennaabHbIMU KpacuTensiMu. Haubosee pacnpocTpaneH METOJ] OKpaCKH
o ['pamy, npeanoxennbiii um emie B 1884 r. Okpacka 6akTepuii KPUCTATUNTMYECKUM (PHUOJIETOBBIM C
nocienyromeil 00paboTKoi MOJOM MPUBOAUT K OOpPA30BAHMIO KOMILJIEKCA KPACHUTENS C HOJIOM
cuHero uera. llocnmemyromass o06paboTka CIUPTOM CMBIBA€T ATOT KOMIUIEKC C HEKOTOPBIX
OakTepuil  (epamompuyamenvhvie), TOTAA Kak Jpyrue (epamnonodcumenvhvie) OaKTEpUH
YAEPKHUBAIOT KOMILUIEKC Ha moBepxHOCTH. [Tocne obeciiBeunBanusi rpaMOTpULIaTENbHbIE OaKTepUn
MOTYT OBITH JOIOJIHUTEIBHO OKpAIICHB ()YKCHHOM B KpacHBIH 1BeT. JlanpHeime uccieoBanus
MOKa3aJii, YTO Pa3IMyusl B OKpAlIMBAaHUM CBSI3aHBI C Pa3HUIIEH B CTPOEHUU KJIETOYHON OO0OJIOUKH
Oakrepuil. Y TpaMIOJOXHUTEIbHBIX OaKkTepuil KIETOYHAs CTEHKa IMPEJCTaBIseT CcoOOU
MHOTOCJIOMHBI ~ TMENTUAOTJIMKAHOBBIM  MENIOK, TOoraga Kak y  FpaMOTpULIATENbHBIX
MENTUIOTIUKAHOBBIM MEIIOK OJHOCIOWHBIM, HO TIOBEPX HErO €CTh JOMOJHUTEILHBIC HAPYKHBIC



ciou (puc. 171). ITomumo KIeTOYHOW 00OJOUYKK OAKTEPUU MOTYT UMETh M JIONOJHUTEIbHBIC
MOKPOBBI - KaIICYJIbl (TOJIMCaXapyuIHbIe U MOJUMENTUAHBIE) U MOJIUCaXapuIHbIe CIU3H.

MHorue 6akTepuu COCOOHBI IBUTAThCS C TOMOIIBIO KI'YTUKOB. OJTHAKO KT'YTUKH OaKTEepHil
NPUHIUIHAIBHO OTJIIMYHBI 10 CTPOSHUIO U MEXaHU3MY JBH)KEHUS OT JKI'YTHKOB 9YKapHOTHYECKUX
kieTok (puc. 172, A). XKryTtukoBas

HUTH TIOCTpOEHA U3 Oenka ¢hracentuna ¢ mon. maccoit ot 40 mo 60 x/la B

3aBUCUMOCTH OT BH1a OakTepuu. [ ToOysipHbIe CyOheTMHUIIBI (DIIaresuiiHa

MOJIMMEPHU3YIOTCS B CIIMPAJIbHO 3aKpyUYEHHBIE HUTH TaK, 4TO 00pa3yercs

TpyOuaTas CTpyKkTypa auametpom 12 - 25 HM, nonast u3HyTpu. Tak xe,

KaK TyOYJUHBI, ()JIareJTTIMHBI MOTYT CIIOHTAHHO TIOJTMMEPU30BATHCS B HUTH,

MpUYEM HapacTaHHE KTyTHKAa MPOUCXOIUT HA €ro KOHIE, TaK YTO TPAHCIOPT (IarejyIMHOB IS
HA/ICTPOMKHU JKI'yTHKa IPOUCXOIUT Yepe3 ero mnouyr cepeauHy. OcTalbHbIE YacTH KI'yTHKa
(Kpro4oK, Tajgouka, MCKH) COCTOST, IO KpaiHel mepe, emie u3 12 pa3HbIX OEIKOB W CIy>KaT IS
3aKpeIUICHUs] JKTYTHKa M TPHUBEIEHHUs €ro B JBW)KEHHUE. [[BM)KEHHE JKTYyTHKA OCYIIECTBISETCS
TOJIBKO Oyiarojapsi 3JeKTPOXMMHUYECKOMY TpaJUeHTy MPOTOHOB Ha IJa3MaTH4YEeCKOW MeMOpaHe
KJIETKH U He 3aBUCUT OT ATO.

[IpennonaraeMbIii MEXaHU3M BpAIICHUS KI'yTUKA MOKa3aH Ha puc. 172,

b. Cuutaror, uto M-AHCK XT'yTHKA CIyXKHT POTOPOM, a IIa3MaTHYecKas MemOpaHa - cratopoM. B
CTaTOpPE HaXOJATCS Ba MPOTOHHBIX "KOJIOANA", KaXKIbIi U3 KOTOPBIX MEPECEKAET YacCTh TOJIIIUHBI
MemOpanbl. Ha He BXomHOTO "KOJO/IA" pacmonoxeHa MpoTOH-aKIenTopHas rpynna X M-aucka
(Hampumep, aMMHOTpyMINa ocTaTka Jn3uHa). [losBIeHNe MOMOKUTENBHOIO 3apsiia Ha X MPHU €ro
NPOTOHUPOBAHUM BBI3BIBAET KYJIOHOBCKOE TMPHUTSHKEHHE OSTOW TPYyNIbl K JAPYrod MpPOTOH-
akmentopHo rpymme Y o (Hampumep, HWOHU3UPOBAHHOM KAapOOKCHIIBHOM TpYIIE OCTaTKa
acraparuHOBOM WM TJIyTaMHUHOBOM KHUCIOTHI MeMOpaHHoro Oenka). IlpuTspkeHue NpUBOIUT K
BpalieHuto M-nucka u CONMKEHUIO XH u Y. [Tepenoc nmpotoHa ot XH" k Y u nanee B 1uror-
a3My 1O BBIXOJHOMY "Komoamy" 3aBepmaet ruki. Teneps apyroit mon H' 13 HepUILIa3Mbl MOXKET
IIPOTOHUPOBATh CIEAYIONLYI0 Ipynmy X, 3aHABIIYI0 MECTO Ha JHE BXojHoro "konoama". Oaux
00opoT potopa TpeOyeT mepeHoca okono 200 mpoToHOB Yepe3 MeMOpaHy mo rpaaueHty DmH.
CKOpOCTh BpallleHUs KTYTHKa HAXOAHUTCS B mpeaenax oT 5 g0 50 o60poToB/c, 4To obecneunBaet
OakTepusM ckopocTh aABmxkeHus 20 - 30 mxm/c. THTepecHas 0cOOEHHOCTh MOTOpa OaKTepUaIbHOTO
KTYTHKA - €r0 CHOCOOHOCTH BpalllaTh XTYTHK KaK IO YacOBOH CTpeNKe, TaK W NMPOTUB HEEe IPH
HEU3MEHHOM HarpasiieHHOCTH DmH.

[lepBooHavyanmpHO cHcTEeMaTHKa OakTepuid CTPOMJIACH HAa OCHOBE MOP(OIIOTHIECKUX
MPU3HAKOB (pa3Mepbl, IBET U XapakTep MOBEPXHOCTH KOJOHUH, (opma OakTepuii, okpacka Mo
I'pamy) m OMOXMMHYECKMX TIPU3HAKOB (HampuMep, a’poObl wiu aHadpoObl). OmgHako Oonee
MH(GOPMATUBHBIM OKa3aJiCsi METOJl CPAaBHUTEIBHOTO aHajin3a HYKJIECHMHOBBIX KHCIOT, O KOTOPOM
OBLIO paccKa3aHo BO BTOPOH Jiekuuu. CpaBHEHHE TIOCIEI0BATEIBHOCTH HYKIICOTHIOB
6axrepuanbHbiXx pPHK mo3Bomimio BeIIEIUTh YHUKAIBHYIO U Harboliee APEBHIOK0
TPYIITy apxeobaxkmepuil i IOCTPOUTD ClIeAytomIee (PUIOTeHETHIECKOE AEPEBO
OakTepuil: 6 aykapuomul 6 epamnonoxcumenbHvle baxmepuu

26 apxeobaxmepuu 26 epamompuyamenbHvle bakmepuu

npocenomul --6 3yb6axmepuu ----- 6 yuanobaxmepuu

[Ipu sToM Hambomblee pa3zHOOOpa3ue OakTepwii HAOMIOJAETCSs HE TO CTPOCHHIO, a IO
MeTaboMMUecKUM TpolieccaM, JIeKAllUM B OCHOBE WX JHepreTuku. Ecim y  BbICHIUX
YKapUOTHYECKUX OPraHu3MOB €CTh TOJBKO OJUH aHa’poOHbINH KaTabonMyecKuil mpolecc -
[NIMKOJIN3, TO Yy OakTepuid MBI BHUIUM IEJNbIA CHEKTP aHAJOTHYHBIX aHA’POOHBIX MPOIECCOB
MOJTyYEHUs SHEPTUH
- OpooiceHull, KOTOpbIE TakK K€, KaK M TJIUKOJIM3, HAYMHAIOTCA C PACIICIUICHUS TIIOKO3BI [0
NnUpyBaTa, HO pa3IUYalOTCs [0 KOHEYHOMY TMPOIYKTY, B KOTOPBIA MpeBpaliaercs Ha
3aKJIIOUUTENBHBIX CTAAMSIX TUPYBaT. Tak, HampuMep, pa3indaioT MOJIOYHOKHCIOE OpoKeHUeE,
MIPOMMOHOBOKUCIIOE OpoKeHHe, a KIOCTPUANM U OaKkTepuH TPYMNbl KHUIIEYHOW MalOuKH



cOpaXMBarOT caxapa 10 OyTaHnuosna, OyTaHoJa, TIPOMaHoJa Wik anerata. KieTtouHoe apixaHue y
OakTepuil TOXKE OTIMYaeTcss OonbuM pasHooOpazueM. Hambonee npeBHMM CcUHTaeTCs Tak
Ha3bIBAEMOE aHA3POOHOE OblxaHue, IPU KOTOPOM KOHEUHBIM aKILIENITOPOM 3JIEKTPOHA B 3JIEKTPOH-
TPAHCIIOPTHOM WENH CIYXUT HE KHUCIOPOA, a Jpyrue HeopraHudeckue coequHeHus - NO;3°
(HUTpaTHOE JBIXaHUE), S04 (cynsdaTtHoe npixanue) i CO, (kapOoHATHOE JbIXaHUE). BeposTHo,
YTO TaKHe TUIBI JbIXaHUS MOSBUIUCH €Ie B IEPUO OTCYTCTBHSI KHCIOpOAa B 3eMHON aTMocdepe
U SBHJIUCH TPEIIICCTBEHHUKAMH KUCIIOPOAHOTO JbixaHUs. DOTOCHHTE3 y MyPIYPHBIX U 3€JICHBIX
pacTeHuii OTIMYaeTcs OT OOBIYHOrO (POTOCHMHTE3a XJIOPOIJIACTOB PACTEHUI TEM, YTO 3IIEKTPOHBI
JUTSE BOCTIOJTHCHHSI AJICKTPOHHOW JBIPKU B XJIOPO(WIUIC, OTJABIIEM CBOW JJIGKTPOH B PE3yJIbTaTe
(bOTOXMMHUYECKOHN peakiuu, OepyTcsl He U3 MOJEKYIbl BOAbL, a U3 Mosekyn H,S, H, mnu gaxe us
OpraHudeckux BemlecTB. Kucmopon mpu 3ToM He oOpasyercs, W TaKoH, BEpOSITHO, Hamboiee
JpeBHUI TUT (POTOCHHTE3a HA3BIBACTCS AHOKCUSEHHBIM (DOMOCUHMEZOM.

[Tomumo pasHooOpa3HbIX "MpoO" yke 3HAKOMBIX HaM IO JYKaApPHOTHYECKOW KIIETKE
METa0OJIMYECKUX MPOIECCOB, y OaKTEpUil BCTPEUAIOTCS M APYTHe OpUTHHANbHbIC "pa3zpaboTku.
VYxe ObUIO paccka3zaHO MPO OAKTEPHOPOJOINICHH TalOOAKTEPHM, KOTOPBIH SBISICTCS MPSMBIM
npeoOpas3oBareneM >Hepruu csera B DmH. J[pyroii npuHIMIT MONXY4YEeHUS HEPTUU HCIOIB3YIOT
xemompognvie OaKTEpUM - HCTOUHUKOM DSHEPrUM s HUX CIyXkaT PEeaKklUM OKUCIEHUS MpHU
MOMOIIM KHCJIOPOZa COEAMHEHHH a30Ta (HUTpUPHUIMPYIOUIHME OaKTepUH), COCIUHEHHUH Cephl
(TmoOakTepun) u kees3a ((Keae300aKTepun) WiIn
MOTYT UCIIOJIb30BaTh B KAYECTBE BOCCTAHOBUTEIISI BOJIOPOJI (BOAOPOAHBIE
6akTepnn). Kpome TOro, MHOTHE GaKTEpHH MCIIONB3YIOT B KAUECTBE COMpATAIoNero nona He H', a
Na': y Gakrepuii HaiizieHsI IepBUYHbIE MeMOpanHbIe DmNa-renepatopsl, Na'-TpaHcIopTHpYOIHe
apIxarenbHble  1end u Na -AT®dasbl. [Ipeanonaror, 4YTO TEPBUYHONW ObLIa DHEPIreTHKA,
6a3upyIoasca Ha MUPKYIALMH TIPOTOHOB, a 3aMEHa TIPOTOHOB Ha Na' B KauecTBe CONPATAIOLIEr0
HOHa - Ooree TO30HEE OHBOJIOLUOHHOE mpuodOpereHue. Takasg 3aMeHa MPHUIAET KIETKe
YCTOMYMBOCTE K CpelaM ¢ HM3KOH KoHueHTpamueii H' U, Kpome TOro, BHYTPHKIETOYHBIE
(epMEHTHI TOPa3/I0 YyBCTBUTEIIbHEH K H3MCHCHHUIO KOHIICHTPAIIHH H', yem Na". [TonTBepxeHreEM
TAKOT0 3BOJIIOLIMOHHOTO IMpeoOpa3oBaHusl SBISETCA (PAKT, YTO BHYTPHUKIETOYHBIE OPraHEUIbI
AYKapUOTHUYECKON KJIETKH (MUTOXOHJPHUM M XJIOPOILIACTHI) MCHOJB3YIOT MPOTOHHYIO 3HEPTETHUKY,
TOr/Ia KaK MasMaTudeckas Mem6pana - Hatpueyio (Na K -AT®aza).

K GakrepuanbHbiM "n300peTeHUSAM" OTHOCATCS U aHMUOUOMUKU - BE-

I1€CTBA, KOTOPbIE BBIIENAIOTCS OAKTEpUsSMU Ul MOAABICHHS APYTUX KOHKYPUPYIOUIMX OakTepuil,
U MOKCUHbL, BBIACTSEMbIE OOJIE3HETBOPHBIMU OaKTEPUSAMH. AHTHOMOTHKH YacTO MPEACTABISIIOT
co0o0if oueHb crierupuieckiue UHrHOUTOPBI OMOIOTUYECKUX TPOIECCOB. Pugomuyun, odpa3yeMslii
Oaktepusimu  Streptomyces, crnenupUUECKH WHTHOMPYET HWHHULUAIMIO CHUHTE3a TOJBKO TIpPO-
kapuotudyeckoii PHK, ne mnpenorBpamas csspiBanus PHK-nmomumepassr ¢ JIHK-matpuneit.
Pudomunina mpenstcTByeT oOpa3oBaHuio mepBoii dochoprHomudGupHOit cBs3u B nern PHK, HO
MPAKTUYECKH HE BIUSET Ha JIOHraluio Lend. Moekyna Apyroro aHTUOMOTHKA - AKMUHOMUYUHA
D - umeeT MII0CKyI0 4acTh, KOTOPasi MPOHUKAET B ABOMHYIO crinpais JJHK mexny cocennumu na-
pamu [-II, nedbopmupys wmarpuny JHK. Takum oOpa3om, aktuHomMunud D uHruOupyer
AJIOHTALIMI0 TPAHCKPUIILMU KaK Yy MPOKAapHOT, TaK M y JyKapHOT, BbI3bIBas Kak Obl '"3aemaHue
MonHUK". a-amanumun (TMPOIYIUPYEMBIA SIOBUTHIM TpuOOM Amanita phalloides) nHTuOMpyet
cunte3 MPHK, ocymecTBisseMslli TOIBKO 3yKapuoTHdecKod nonumepasoil II, Ho He Bimsger Ha
cunte3 PHK y npokapuot. AHTHONOTUK Kuppomuyun cBs3biBaeTcsi ¢ EF-Tu. Takoit cBsizaHHBIH ¢
aHTUOMOTHKOM (akTop crmocobeH aocTaBisaTh amuHoamwi-TPHK B A-ydactok pubGocomsl,
MPOUCXOAUT eAuHUYHBIA akT tumaponm3a ['TD, mocme yero EF-Tu He cmocoOeH MOKUHYTH
pubocoMy, W DJIOHTAlWs OCTAHABIMBACTCSA. AHTHOMOTHUK y3uduesdas Kucioma TPETSTCTBYET
ocBoboxaeHHt0 TpaHciokassl [EF-G7I'I®] y npokapuotr u B MeHbliel crenenu [eEF27T D] y
AYKapHOT, "KOHCEPBUPYs" pHOOCOMBI B TPAHCIOIMPOBAHHOM COCTOSTHUH. AHTHOUOTHK 1YPOMUYUH
HACTOJIBKO CTPYKTYPHO ITOX0K Ha aMUHOKHCIIOTY, IIPH-



COEIMHEHHYIO K KOHLeBoMY asieHo3uHy TPHK, uto pubocoma BocipuHUMAET ero Kak aMUHOALWII-
TPHK. Pubocoma mpucoenuHseT mypoMHULIMH K pacTyliemMy Oeliky HeNTUAHOHN CBS3bI0, HO IOCIe
3TOr0 MHPOHMCXOAUT MPEXKIEBPEMEHHOE OT/AENEHHE pAcTyIlero MOoJWNenTuaa B  Qopme
NOJUNENTUATYypOMULIMHA. [Jugpmeputineiti moxcun, ucnonb3dys HAJl B kadectBe Kodakropa,
npucoemunsier AJ[®-pubosun x eEF2. Momudunuposannsiii eEF2 He MOXeT OCyIIeCTBISTH
TPAHCIIOKAILMI0 pUOOCOMBI, IIPU 3TOM OJIHA MOJIEKYJla TOKCHHA CIIOCOOHa MOJIU(UIIMPOBATH TaKOE
KOJI-BO TPAHCJIOKa3bl, KOTOPOE BbI3bIBAET FMOEIb KIETKH.

Baktepun cmocoOHBI OTAMYUTH cBOIO coOcTBeHHYr0 JIHK ot mro6oii BTopraromeics
gykepoanoit JIHK mo xapakrepHOMy METHIMpPOBAaHHIO OCHOBaHWM (MO THUIY Mooduguxayuu).
Otnuune mno Tumy Moaudukanuu aenaer vyxepoanyro JHK nocrymHoit nmist paspesanus
pecmpuyupylowumy  gepmeHmamu, KOTOPbIE Y3HAIOT OTCYTCTBHE METHIMPYIOIIMX TIpPYyNI B
cootBercTByromux yuactkax JHK. Ilocne perumkanmn JIHK Tonbko ncxonHas poauTenbckaas
LENNb HECeT METWIbHBIE TPYNNbl, OAHAKO JOYEpHAA LENb TOXKE BCKOPE METHUIMPYETCS
cneun(UUYeCKUMU KIETOYHBIMH Memunazamu. Takum oO0Opa3oM, cHCTeMa pecmpukyuu u
MoOughukayuu 3aIuIIaeT OaKTepruaTbHyI0 KIETKy oT BTopkeHHs dyxoil JIHK. MerunupoBanue y
JYKapuOT MMEET COBCEM JpYryl Ielb: y3HaThb TE€HbI, HaxoJiALIMecs B  Ppa3InYHbIX
(YHKIMOHATBHBIX YCIOBHUSX. JTOT MPOLECC HE CBS3aH C PECTPUKIUEH HEMETHIMPOBAHHBIX
Y4acTKOB.

CTPOEHUE U PABHOOBPA3UE BOJIOPOCJIEN

CrtpoeHune pa3HbIX pacTeHUIl CWIBHO pasnndaerca. EcTh mpocrelime pacTeHus, y KOTOPBIX
He OBIBACT 3apOJIbIINICH W MPOBOMAIINX TKaHEeW. VX Ha3bIBAIOT Huswumu pacmenusimu. K HU3IUM
pPacTeHHUsIM OTHOCATCS MHUKPOCKOINMUYECKHE OJHOKJIETOYHBIE PACTEHUS U MHOTOKJIETOYHBIE
pacTeHus, TeJIO KOTOPBIX HE IMOJApa3AeiIeHO Ha KOPHH, CTeONM M JUCThbA. Teno Takux pacTeHui
Ha3bIBAETCS croeguuje, U maiiom. K HU3IMKUM pacTeHUsIM OTHOCATCSA BOoLopociu. Bomopocnsamu
Ha3blBAIOT PACTEHMs, KOTOPbIE C CaMOr0 CBOET0 BO3HUKHOBEHHUS B IPOLECCE HBOJIOLUU
npucnocoOJIeHbl K JKU3HU B Boje. Bogopocnu - 3To camble apeBHHE pacTeHHs Ha 3emie. OHH
OYEeHb PA3HOOOPA3HBI: OT OJHOKIETOYHBIX (HOPM MHKPOCKOMTUYECKUX Pa3MEpPOB JI0 OTPOMHBIX Oy-
PBIX BOJOpOCIHEH, AIMHA KOTOPbIX MHOrAa mpesbimaeT 100 M. BelcmMu pacTeHUsIMM Ha3bIBalOT
pacTeHus, o0pa3yroIye 3apoblil, UMEIOLINE TPOBOASIINE TKAHH, TEJIO KOTOPHIX MOAPa3AEseTCs
Ha JIMCTbsI, KOPHU M cTedenb. Briciiue pacTeHus - 3T0 MXM, NalOpOTHUKOOOPa3HbIE U CEMEHHBIE
pactenus. Kak HM31IME, TaK ¥ BBICIINE PACTEHUS pA3MHOXKAIOTCS HE TOJIBKO OECIIOJIbIM,

HO U MOJIOBBIM IyTeM. CIusiHMe raMeT U Meio3 - 3T0 COOBITHS, KOTOPBIE

Pa3AEIAIOT KU3HB PACTCHUS Ha JBE (a3bl - TUILIOUIHYIO U raruionHyo. B

JIUIJIOUAHOM (a3e NMPOUCXOAUT pa3BUTHE PACTEHUS C MOMEHTAa CIMSHHS ramer 10 Meiosa, a B
TarIoNIHOM (a3ze - pa3BUTHE PACTEHUS OT Meio3a o ciausHus ramer (puc. 173). Tammonanas u
oumiaouaHas (as3sl 4YepeayloTcst M CMEHSIOT Jpyr Jpyra, oOpasys yuki 60ocnpouzgedenus
pacmenus.

VY oueHb MHOTMX PAacTeHUH B IMKJIE BOCHPOM3BEAEHUS MPOUCXOJUT CMEHA MOKOJIEHUH -
rarionIHOE MOKOJIEHHE, 00pa3ylollee raMeTbl, CMEHSETCS JUIUIOMAHBIM TOKOJEHUEM, NarOIIUM
criopbl. J{MIuioniHOE MOKOJIEHHE, Jarolllee CHOpbl, Ha3bIBAIOT cnopogumom (OT rped. cropa +
(GUTOH - pacTeHue), a TAIUIOUIHOE OKOJIEHHE, 00pasyroliee TaMeThl, - camemoghumom. B 3Bosro-
UM pPacTeHUH OT HU3IMHKX (OPM K BBICIIMM LMKJI BOCHPOM3BEACHUS MOCTENIEHHO H3MEHSUICS.
[TosToMy, YTOOBI TOHATH KaK MPOUCXOIMIIA HBOJIONMS PACTCHHWH, Hamo o00paTtuth ocoboe
BHUMaHHME Ha COOTHOUIEHHWE raMeTO(UTHOTO U CHOPO(UTHOIO MOKOJICHUH B KU3HEHHOM LIMKIE
Ka)KJI0TO U3 TUIIOB PACTECHUM.

[lapcTBO pacTeHMi MOIpa3neNsIOT Ha OTAENbl. PaccMOTpUM TpU OCHOBHBIX OTJeNa
BOJIOPOCIIEH - 3eneHble 8000pocau, Oypvlie 6000pOCIU N KpACHble 8000pOCu. 3€JIEHbIE BOJIOPOCIU
KMBYT B IIPECHBIX BOJIOEMax, peXe B MOPCKOH BOJI€ U Ha CBHIPBIX MOYBAX. 3€JIE€HBIX BOAOPOCIEH
u3BecTHO okojo 5700 BumoB. Cpeau HHMX €CThb OJHOKJIETOYHBIE, KOJIOHUAJIbHBIE M MHOTOKJIE-
TouHble (opmbl. KonmoHuanbHble (OpPMBI BO3HUKAIOT TOTAA, KOI/Ia KJIETKM BOJOPOCIH IOCIE
JIEJIEHUs] HE OTPBIBAIOTCS JIPYT OT JIpyra, a OCTalTCs CKpersieHHbIMU BMecTe. Ho KonoHuanbHast



BOJIOPOCIb OTIMYAETCS OT MHOTOKJIETOUHOM TEM, UTO €€ KJIETKH COXPAHSAIOT CAMOCTOSITEIbHOCTD U
94acTO CKPEIUICHBI IPYT C IPYTOM TOJBKO CH3bI0. KileTk MHOTOKJIETOYHOI BOAOPOCTH MOTEPSIIH
CBOIO CAMOCTOSITETTLHOCTh U MX MPOTOIUIACTHI OOBIYHO COCAMHSIIOTCS APYT C APYTOM Yepe3 KaHaIbl
B KJIETOYHBIX CTEHKaX.

Bceex 3enenbix Bonmopociell oObeAMHSIET, KaK BUAHO W3 MX Ha3BaHHWA, 3€JIeHas OKpacka.
3eneHyr0 OKpacky UM mpumaeT ximopodpmwmn. Ho B oTnuyme oT BBICHIMX PACTEHHM, XI0pO(HILT
BHYTPU KJIETOK 3€JIEHBIX BOJOPOCIEH HAXOAWUTCS HE B XJIOPOIUIACTaX, a BHYTPH TeJell caMou
pa3zHooOpa3Hon (HOpMBI
- Xxpomamogopos (0T rped. XpoMeo - Kpamry + (hopoc - Hecymuii). Xpoma-

TO(OPHI 3eNIEHBIX BOJIOPOCIEH OBIBAIOT MJIACTUHYATON, 3B€3/14aTOMU, JICHTO-

BHUIHOU (HOpMBI W (HOPMBI pEOPUCTHIX IMIIMHIAPOB. BHYTPH KICTKH X OOBIYHO

MaJjo, HO 3aTO OHU, KaK MPaBHUIIO, OYeHb KpymHHbIe. Tak ke, Kak U 'y XJIo-

poruiacToB, PyHKIMs XpoMaTo(OpoB - OCYIIECTBIATh PoTocuHTE3. Bogopociu, kak U Ha3eMHbBIE
pacTeHusi, MOJTY4YalOT OCHOBHOE MHTaHHME 3a cueT (orocuHTe3a. [ 3TOro OHHM MOTJIOLIAIOT
YIJIEKUCIIBIN T'a3, PACTBOPEHHBIN B

BOZIE BOKpPYr HHMX. Tak ke, Kak M y Ha3eMHBIX pacTeHHid, B Tpolecce (HOTOCHHTE3a 3eTEHBIX
Bojiopociell Bwlaensercs Kuciaopoa. OH pacTBOpsieTcss B OKpy)Kawoollled HUX BOJE, a 3aTeM
nepexoauT u3 BoAbl B aTtmocdepy. Kuciopon, BbiaensieMblii BOJOPOCISIMH, HCIONB3YIOT IS
CBOCTO JbIXaHUS pa3Hble BOJHBIC JKUBOTHBIC. [l0JIOBMHA BCEro KOJWUYECTBA KHCIOPOA,
MOCTYMNAIOIIer0 B 3eMHYIO atMmocdepy B pesyibTare (oTocHHTEe3a, oOpa3oBaliach B KJIETKaX
3eJIeHbIX Bojopociield. OpraHamMu JBWKEHUS Y TOJBIIKHBIX BOJOPOCIEH CIyKaT >KTYTHKH.
Pa3smHOXaroTcsi 3eneHble BOAOPOCIH BEreTaTUBHBIM, OECHOJBIM M TOJIOBBIM MyTeM. becromoe
Pa3MHOKEHHE MPOUCXOIUT TIPH TTOMOIIH criop. Ecinu cropbl UMEIOT )KTYyTHKH M TIOJIBUXKHBI, TO OHU
HA3BIBAIOTCS 300cnopamu. PaccMoTpuM moapoOHee CTPOCHHWE M JKU3HEHBIM LUK HEKOTOPBIX
3€JIEHBIX BOJOPOCIEH.

XITAMUJOMOHA/JIA. B mnepeBoge ¢ Trpedyeckoro s3blka '"XJaMUIOMOHAnAa" O3Hadaer
"MpocTelnii OpraHu3M, MOKPBITHIA ONEKA0N" - 000JOYKOW. ITO OMHOKJIETOYHAS IOJBHKHAS
Boziopocib. OHa BCTpeyaeTcsl MOBCIOJy B KaHaBaX, HEOONBIIUX Jy)KaX U APYTHX METKOBOJHBIX
BojoemMax. Ee MOKHO HaWTH ellle Ha IIMHUCTOW MOYBE M B CHIPBIX MecTax BAoJb aopor. Korna
XJIaMHUJIOMOHA/1a pa3MHOXKA€TCs B OOJBIINX KOJIMYECTBAX, TO BOJIa CTAHOBUTCA 3€JIEHOM, 0COOEHHO
B BeceHHee Bpemsi. Torma rosopdr, 4to Boja "uperer". Xi1aMUAOMOHAA - 3TO MUKPOCKOTHUYECKU
Majasi KjeTka oBajgbHOW (opmbl. Ee mepemnuii KOHEI[ 3a0CTPEH B BUJE HOCHKA, U K HEMY
MIPUKPETUICHBI BA OJJUHAKOBBIX JKTYTHUKA, C TOMOIIBIO KOTOPBIX BOJOPOCIH IIepeaBUraeTcs (puc.
174). Knetka XJIamMuaIOMOHAIbl OKpPYKEHa >KECTKOM CTCHKOH, TaK €, KaK M KJIETKH BBICIIHUX
pacteHuil. BHyTpH KJIETKHM B LUTOIUIa3ME PACIOIOXKEHO SAPO U XpomaTrodop, KOTOPHIA HMeEeT
yameBuHy10 hopmy. Kpome Toro, Ha nepeHeM KOHIE KIETKU €CTh JBE MyJIbCUPYIOIINE BAKYOIH
M KpacHBIM IJ1a30K. XJIaMHJIOMOHA/IA )KUBET B MPECHOM BOJE, U BOAA CTPEMHUTCS BCE BPEMs IPO-
COYHTHCSI BHYTPh KJIIETKH, 4TOOBI paz0aBuTh €€ coaepkumoe. OT 3TOro KiIeTKa HaOyxaer.
EnuHcTBeHHBINH crioco0d 60poThes ¢ HaOyXaHHEM KIIETKH - 3TO MOCTOSIHHO OTKAYMBATh JIMIIHIOKO
BOAYy OOpaTHO HapyXy. TakuMu OTKaYMBAIOUIMMH BOJY HAcoCaMU Y XJaMHJIOMOHAJbI CIyXaT
MyJIbCUPYIOIIKUE Bakyosu. OHU MEPUOAMYECKH COKpAIIalOTCs (MyJbCUPYIOT) M BHITAIKUBAIOT W3
KJIETKM HAKaIUIMBAIOIIYIOCS B HUX BOAY. KpacHbI I1a30K - 3TO CBETOYYBCTBUTENBHBIM Opraf
XJIaMuJJOMOHaIbl. UTOOBI muUTaThCS 3a c4eT (PoTOCHHTE3a, HyKeH cBeT. llpu momomm cBoero
KpacHOTO TIJIa3Ka XJaMHJIOMOHAJa OIpenesseT, JOCTaTOYHO Ju cBeTa Ansi ¢oTtocuHTe3a. Ecim
CBETa CIUIIKOM MaJio, TO OHa, paboTas )KT'yTHKaMH, IJIBIBET Tya, T1e cBeTa Oomnbiie. M, Hao0opoT,



€CIIM CBET CJIMIIKOM SIPKMH, TO OH MOXET MOBPEIUTh XpoMaTodop, MO3TOMY XJIaMUAOMOHA/IA
OTIUIBIBAET B Ty YacTh BOJOEMA, IJI€ CBETA MEHBIIIE.

Pa3mHoOkaeTcs XmaMuaoMOHaa AByMsl criocobamu: OecrionbiM U mosioBbIM. [lpu Gecrionom
Pa3MHOXKEHHUU KIJIETKA NEPEeCTaeT JBUTaThbCA, U Yy HEE OTNAJaloT KI'YTUKU. 3aTeM OHa AEIUTCS
MuTO30M Ha 2, 4 unu 8 kietok (puc. 174). VI3 HUX BHYTpU MaATEPUHCKON KJIETKH 00pa3yroTcs
300CMOpPbI. 300CMOPHl UMEIOT MO JBA JKIYTHKA, KaK U B3pocias KJIETKa, HO OTJIMYAIOTCS OT Hee
MEHbIIUMH pazMepaMu. O00I0UYKa MAaTEPUHCKOM KIIETKU pa3pyllaeTcs, U 300CIOPhI BBHIILIBIBAIOT
Hapyky. OHHM OBICTPO BBIPACTalOT W MOIYT CHOBa pa3MHOXKaTbCi TakUM ke myTeM. Ecnu
HACTYIMJIU IUIOXHUE Ui pOocTa U OECIOIOro pa3MHOXKEHHS BpeMeHa (HampuMep, MOX0J0JaHue UIIH
IepechbIXaHrue BOJ0EMa), TO XJIaMHUI0MOHA1a IEPEXOTUT K IIOJIOBOMY pa3MHOXKEHHIO. B pe3ynbrare
JIeJICHUsI MUTO30M BHYTPH MaTE€PUHCKOM KJIETKH 00pa3yroTcs 32, a uHorzaa u 64 KieTku-raMeTsl. Y
HUX €CTh JKTYTHKH, U OHM IOXOKH Ha 300CHOpHI. 3peible TaMeThl IOCJIEe pa3pbiBa 00OJOUKU
MaTepUHCKOM KJIETKH BBIILIBIBAIOT HapyKy. BHellHe rameTsl Bce COBEpIIEHHO OJMHAKOBblEe. B
OTJIMYME OT 300CHOp raMeThl COECAUHSIOTCS mnomnapHo (puc. 174) u miaBaroT HEKOTOPOE BpEMsI B
COEZIMHEHHOM IIO0JIOKEHUH. 3aT€M OHM OCTaHABIUBAIOTCS, COpPACHIBAIOT KTYTUKU M 00OJIOYKH, U
cnuBaroTcs. VX g1pa TOXe CIMBAIOTCS, U XPOMOCOMBI 00beANHSIOTCS. B pe3ynbrate oOpasyercs
JUIJIOUHAS 3Ur0Ta. 3UroTa MOKPHIBAETCS TOJICTON 0OOJIOYKOM, U HACTYyIMaeT Nnepuoj ee nokos. B
HEl ecTh 3amac MUTATeNbHbIX BemlecTB. [Ipu HacTymiaeHuM OJAronpHUATHBIX YCIOBUH 3UT0OTa
JenuTcs Meio3oM Ha 4 kieTkd. M3 kaXIoi M3 HHUX BBIpACTaeT HOBas KJIETKA XJIaMUJAOMOHAbI.
Taxum o0pa3om, Bce KJIETKH XJIaMHIOMOHA[bI - U 3peible, U 300CHOPbI, U TaMEThl - TallJIOUIHBI.
JluniaouaHelii Habop XpoMOCOM HUMeeT Toyibko 3urora (puc. 174). CrnemoBaTelbHO, B LUKIE
BOCIPOU3BEICHUS XJIaMHUI0MOHA/IbI TPE00IIaacT ralionaHas CTaausl.

XJIOPEJIJTIA. DT0 onHOKJIETOYHAS MIAPOBUIHAS BOAOpOCIb (puc. 175), nuamerpom okomo 10
MKM. OHa BcTpedaeTcs Ha BIQXXHOM IMOYBE U JKMBET B IPECHBIX BojoeMax. B ominume ot
XJIAMHJIOMOHA/Ibl Y XJIOPEJUIbl HET JKIYTHKOB M IMO3TOMY €€ KJIETKM HemoABWXHbl. OHa OYeHb
OBICTPO pa3MHOXKAeTcsi OECToNIbIM IyTeM, 00pa3ysl HEmoJABHXKHbIE (T.€. 0e3 XI'yTHKOB) cropsl. B
OJIarONpPUATHBIX YCIOBUAX XJIOPEJUIa JeIUTCs Kaxaple 12 4acoB U OBICTPO pacTeT, Tak 4To oOuias
Macca Bojopociiell 3a 1 cyTku yBenuuuBaerca B 7-12 pa3. Xuopemia conepxut 15 pasnnynbix
BUTaMHHOB U 50% MOJHOIICHHBIX 0€JKOB (Toraa Kak 000bI - 25%, a mmenuna - Toybko 12%). 13-
3a MIOJIE3HBIX BEUIECTB U BHICOKOH CKOPOCTH Pa3MHOXKEHHUS XJIOpeIlia MOXKET ObITh
HCIOJIb30BaHa B KauecTBe NMuiy. CBexxas XJIopeia Ha BKyC Kak TpaBa, HO
¢ OOJIOTHBIM 3amaxoM. M3-3a LeJIII0JI03HOM KJIETOYHOM CTEHKH OHA, KaK U
TpaBa, 0e3 IpeABapPUTEIILHON 00pabOTKH TIJIIOX0 YCBaWBaeTCs JT0pMU. Ee
HCIOJIB3YIOT KaK JIOTIOJHEHHE K MUIIE CEITbCKOX03IMCTBEHHBIX KUBOTHBIX. B
V36ekucrane paboTarOT NPOMBIIUIEHHBIE YCTAHOBKH 10 BBIPAILMBAHUIO XJIOPEIIBI HA KOPM CKOTY
- 3TO MEJIKHE OCBellaeMble COJHIEeM OaccelHbl. [loMrMo nmuTaHus 3a cyeT GOTOCHHTE3a XJIopesuIa
aKTHBHO IOTJIONIAET U3 OKPY’KAIOIIEH €€ Cpe/ibl OpraHuYeCKUe BEIECTBA, I03TOMY €€ J00aBIISIOT
K CTOYHBIM BOJaM JJIsi MX OUMCTKH. Ha KocMHuYecKuX KOpaOuisix M MOABOAHBIX JOAKAX XJIOpesa
MOJKET HE TOJBbKO CIyKUTb JONOJHUTEIbHBIM HCTOYHHMKOM IHIIM, HO 3a CYeT (POTOCHHTE3a
IIOMOTaeT MOAJEPKUBATh HOPMAJIBHBIM COCTAB BO3/AyXa, MOIJIOLIAs YTJIEKUCHBIA Ta3 U BBIACISAS
KHUCJIOPOA.

BOJIBBOKC. DT0 nmpumep KoIOHUAIBHON Bogopociud. OH BCTpeyaeTcsl B MPyAax C YUCTOU
BOJIOM W JIPYTHX XOPOIIO MPOrpeBaeMbIX BOJOEMax CO CTOsiuei BOoi. BombBOKC mmeeT Gopmy
1apa, OKpaleHHoro B 3e1eHbld 1BeT (puc. 176). Ero nuamertp - okoso 2 mMm. Kononus coctout us3
60-75 ThIcsiy KiIeTOK. OHM pacOJIOKEHBI B OJIMH CJI0M Ha MOBEPXHOCTH IIapa U COETUHEHBI MEXITY
cOOOH HHTSAMH LUTOIUIA3MbI, KOTOPHIE MPOXOAAT uepe3 KICTOYHbIE CTEHKH. BHyTpu Imapa
HaxoauTcst ciu3b. KileTKu KONMOHMM MOX0KHM Ha KJIETKH XJIAMUJOMOHAJbI [0 CBOEMY CTPOEHHUIO.
Kaxxnas M3 HUX MMeeT MO [Ba JKT'yTHKa, KOTOpbIE HAINpaBieHbl HapyXKy. JKIyTHKU IOCTOSHHO
KOJIBIILIATCS. U 3aCTaBJIAIOT MEPEMEINaThCsl BCIO IApOOOpa3Hyr0 KOJOHHUIO. BOIbBOKC Bce Bpems
BpAIllaeTCsl ¥ OJJHOBPEMEHHO JBIKETCS 110 HAPABJICHUIO K CBETY.



He Bce KIeTKM KOJOHUHM OAWHAKOBBIC. Pa3HbIE KIETKH BBIMIOJIHSIOT pa3Hble (YHKIWH.
BoJIBIIMHCTBO KJIETOK BBIMOJIHAIOT (DYHKIIMM MUTAHUS U ABMXKEHHS BCETO I1apa, OHU HE CIIOCOOHBI
nenutbes. Ho HekoTopas 4acTh KJIETOK KOJIOHMU BBINOJHSET (QYHKIHUIO pPa3MHOXKEHUS. ITO
KpPYIHBbIE KJIETKH, HE HUMEIOIME >XIYTHKOB M 00Jajarolie crnocoOHOCThIO nenuthes. [lpu
0ecrojioM pa3MHOXEHHH OTH KPYIHBIE KIETKH MHOTOKPAaTHO MAENSATCS MHTO30M B OJHOU
iockocTd. bnaromapst TakoMy JeleHUI0 00pa3yeTcs MHOTOKJIETOYHas IJIaCTUHKA, KOTOopas
HAYMHAET 3aBOPAYMBATHCS CBOMMHU KPasMHU U CMBIKAETCS B IIap C HEOONBIINM OTBEPCTHUEM. 3aTeM
TAaKOM IIap BBIBOPAYMBACTCS, U y €ro KJIETOK BBIPACTAIOT XI'yTHKH. BHyTpH Oojblioro mmapa
MOJTyYar0TCsS MAJICHbKHE APkl - JoYepHHe KooHuH (puc. 176). OHM CBOOOAHO NBUTAIOTCS BHYTPH
OosbLIOTO 1Iapa U pacTyT TaM. Uepe3 HEKOTOpoe BpeMsl J0UYEepHHUE KOJIOHUM, HANUpas U3HYTPU Ha
CTEHKH MAaTEpUHCKOI KOJIOHHH, Pa3pblBalOT €€, BBIXOAAT HApyXkKy W HAUMHAIOT CAMOCTOSITEJIbHYIO
*u13Hb. OCTaTKM MaTEPUHCKOTO 1apa MOCJIe 3TOr0 OTMUPAIOT.

Jns 1monoBoro pa3MHOXEHHUS BOJIBBOKC MCIOJB3YET IIOJIOBBIE KIETKM JIBYX THIIOB.
SlifuexneTkn Oonee KpyNHbIE, TEMHO-3€JIEHOr0 IIBeTa, 0e3 KIyTHKOB, C XOPOUIO pPa3BUTHIM
xpomatodopom. Criepmato3ouiibl, HAOOOPOT, OYEHb MEJKHE, CO JKTYTUKaMH, YTPaTUBILINE CBOM
OpraH THUTaHUS - 3€JeHbId Xxpomarodop. U siflekneTku, u crnepMaro3ouibl 00pa3yroTcs B
pe3yapTaTe Meio3a M TOITOMY HMEIOT TaIuIOWIHBIM Habop XpomocoM. [lomBwrkHbIE crniepma-
TO30Mbl IIJIABAIOT M HAXOIAT HEMOJBW)KHbBIE SHIEKIETKHM MU CIMBaroTCs ¢ HuUMU. [Ipomcxomut
omnonoTBopenue. [lomyduBiuascs IUIUIOWAHAS 3UTOTa IOKPBIBAETCA TOJICTOM 000J0YKON U
3allOJIHSIETCA  3allaCHBIMM  BEIIECTBAMU. B TakoM COCTOSHHMHM OHA XOpOLIO IEPEHOCUT
HEeONaronpusITHBIE YCIOBUS 3UMBbI, @ BECHOM IMpopacTaeT U oOpa3yeT MyTeM JAENEeHUS MUTO30M
IUTACTUHKY, CBOPAYUBAIOIIYIOCS B IIap. Y OJHUX BUJOB BOJIbBOKCA KOJOHUH OBIBAIOT ABYIOJIBIMU -
OHU O0pa3yIOT U SIMIEKIETKH, U CIepMaTO30Ubl. Y JIPYTUX - OAHOMOJBIMH, 00pa3yIOIUMHU WIH
TOJIBKO SIULEKIIETKH, WU TOJIBKO CIIEPMATO30UIbI.

VYIJIOTPUKC - 3T0 MHOTOKJIETOYHAsI BOJOPOCIb, KOTOpasi pacTeT B OBICTPO TEKYIIUX peKax,
IIPUKPEIISAACh K MOABOJHBIM IIpeIMeTaM - KaMHsM, cBasgM. OHa BBITIAUT Kak SPKO-3EJICHBIE
HUTH, KOTOpbIE BCE BpeMs Kojblmiarcs B Bojae. KileTku ynoTpukca pacroyioKeHbl B OAMH Ps.
Takoe cTpoeHue Tena Ha3bIBalOT Humyamuim (puc. 177). YIOTpUKC MPUKPEIIISETCS K MpeaMeTam
IIpY OMOIIY OECLIBETHOM, BBITSHYTOH B AJMHY KJIETKU. OcTanbHblE KIETKH BOJOPOCIH YCTPOEHBI
OJIMHAKOBO. Y KaXKIOW M3 HUX €CTh LEJUIIONIO3HAs KIETOYHAs CTEHKa, SApOo U xpomaTtodop,
KOTOpBIM MMEET BHJI IIMPOKOTO HE3aMKHYTOro Kouiblla. Bece KieTKM Tena yJoTpuKca raruiouaHbI.
Hutpk Bomopocau pacTeT 3a cueT JeNeHUs] MUTO30M COCTABJISIONIMX €€ KJIETOK U X BBITATUBAHUS B
JUIAHY .

Jlns Oecronoro pa3MHOMKEHUSI YJIOTPUKC oOpa3yeT 300cmophl. [IpoTormmact HEKOTOpBIX
KJIETOK €T0 TeJla OTCTAeT OT OOOJIOYKH M HAa HEM BBIPACTAIOT YEThIpE KryTuKa. [I0TOM KIIeTOYHbIE
CTCHKH DPa3pylIalOTCs, U 300CHOPHI BBIXOIAT Hapyxky (puc. 177). IlomnaBaB HEKOTOpoe Bpems,
300CIopa TMPHIUNAET K KaKOMY-HHOYIb TOABOAHOMY MpPEIMETYy, 3aTeM JEIUTCS MHUTO30M H
o0Opa3yeT HOBYIO HUTh. [Ipu MOJOBOM pPa3MHOXKEHHH MPOTOILUIACT HEKOTOPHIX KIETOK JIEIUTCS
MHUTO30M, 00pa3ysi raMeThl. ['aMeThl yI0TpuKca OTIMYAIOTCS OT €r0 300CTIOp TE€M, 4TO Y HUX J[BA, &
HE YeThIpe KIyTHKa. Bce ramMeTsl ylIoTpuKca BHEITHE COBEPILIEHHO oANHaKOBbIe. [locie Beixoaa u3
MaTEPUHCKHUX KJIETOK I'aMEThl MOMAapHO CIMBAIOTCS U 00pa3yroT 3UroTy. 3Urora JIEIUTcs MeHo30M
1 o0pa3yeT rariouIHbIE 300CTIOPHI, KOTOPhIE 00Pa3yIOT HOBbIe HUTH yioTpukca (puc. 177). Takum
o0pa3oMm, Tak ke, KaK ¥ B clIydae XJIaMu-

JIOMOHA/IbI, B IIUKJIE BOCTIPOM3BEICHUS YIOTPHUKCa MpeobaaiaeT rarnaouHas
cTajus.

CIIMPOI'MPA - 3TO MHOTOKJIETOYHAs 3€J€Hasi BOJOPOCIb, KOTOpasi BCTPEUaeTcs B Mpylax,
o3epax, peukax. OHa oOpasyerT OOJIbIINE CKOIUICHHS CIIM3UCTBIX Ha OIIYIb HHUTEH, KOTOPHIC
Ha3bIBAIOT TUHOM. BOJOpOCIBL COCTOUT U3 OHOTO psAZia BHITAHYTHIX B JUIMHY KJIETOK, TaK ke, KaK U
y YJOTpHKCa rariouaHbIX. KieTku cnuporupsl UMEIOT LIEJUTIOJIO3HBIE CTEHKU U BBIIEISAIOT CIH3b,
KOTOpasi CIUTIOMIHBIM (DYTJIIPOM OJIEBAae€T BOAOPOCHb. B cepeanHe KakIoi KIETKU PACHOIOKEHBI
PO M BAaKyoOJIIb, 3aIIOJIHEHHAs KJIIETOYHBIM COKOM. B cioe muroma3Mel HaX0AuTcs: XpoMaTtogop,



KOTOpBIM MMEET BUJ CHUPAIbHO M30THYTOM JIeHTHl (puc. 178). Bce KiIeTku cnuporupbl MOryT
JENUTHCS MUTO30M, 32 CUET YeTr0 BOJOPOCIb PACTET U YUIUHSAETCS.

Ecnu Bozmopocnb ciy4ailHO pa3pbIBaeTcsi Ha OTAENbHbIE KYCKH, TO OTIEJIbHBIE KYCKH HE
noru6aroT. OHU OBICTPO YUIMHSAIOTCS U JOCTUTAIOT Pa3MepoB IeNoi Bogopocin. Tak mpoucxoauT
BEreTaTuBHOE pa3MHoXkeHHe. [lonoBoe pa3sMHOKEHHE CHUPOTMPBI OCYLIECTBISIETCA IMyTEM
KOHBIOI'AIINMUN. Konbloramus 3akiio4aeTcsi B CICAYIOMIEM: JIB€ OJH3KO PACIOIOKEHHbIE HUTH
BOJOPOCHM CONMMXKaroTCsl BIUIOTHYI0. Ha OOKOBBIX CTEHKaxX KakJI0il BOAOPOCIM 00pa3yroTcs
BBIPOCTBI, MPHU TOMOIIM KOTOPHIX KIETKH compukacaroTcs. KieTouHele CTEHKH B MecTax
CONPUKOCHOBEHHUS pa3pyLIalOTCs M MEXKIY KJIETKaMH 00pa3yroTcsl KaHajibl HUTOIIa3Mebl (puc. 179).
CopepxuMoe OHOM KIIETKHU MepenBaeTcs Mo o0pa3oBaBIIeMyCsl KaHay B APYTYIO U, COSIUHAACH
BMECTE, OHU OO0pa3ylOT IUIUIOMAHYIO 3UroTy. OTOT MPOIECC IMPOUCXOAUT IO BCEH UIMHE
BOAOPOCHH. XOTSI MEXIY HUTSAMHU BHEIIHE HET HUKAKUX PA3IUYMid, COACPKUMOE KJIETOK OJIHOM
HUTH, KOTOPYIO YCIIOBHO CYHUTAIOT MY>KCKOW, TMEPEIMBACTCS B KIETKH APYrOod HHUTH, KOTOpas
cuMTaeTcs keHCKoW. Takum 00pa3oMm, 3UTOTHl 00pa3yroTcs B >KeHCKoW HUTH. Kaxkmas 3urora,
BHaYaJIe 3eJICHasI, MOCTEIICHHO yTPaYrBacT XJIOPO(HILT U 0/IeBaeTCs TOJICTOW 000s109KOoi. B Takom
BUJIC OHA TIEPEHOCHUT HEONAroNMpHsITHBIE YCIOBHS 3UMOBKH. BecHoit 3urorta nenutcs meiozom. U3
BO3HHUKIIUX YETHIPEX TAIUIOWIHBIX KJIETOK TPH MOTHOAIOT, pa3BUBACTCS JUIINL OJHA KJIETKA, U3
KOTOPO# BbIpacTaeT HOBasi BOJOPOCTH CITUPOTHUPBHI.

VJIbBA, wim MOPCKOW CAJIAT, - 5T0 MHOTOKJICTOYHAS JIHCTOBHIHAS BOJIOPOCIIb,
HAMIOMMHAIOIIAsE CMATHIN JTUCT 3eseHoro nemiodana (puc. 180). Ona nocturaet B anuny 30 cM mpu
TONMMHE "MHucTa" BCEro B JIBE KJIETKU. YIIbBa pacTeT HAa MEIKOBOJHBIX yyacTkax mops. Cpenu
HEPa3IMYUMBIX Ha BHJI BOJOPOCIEH €CTh KaK rarioNAHbIe, TaK U TUIUIOUAHbBIE. Jleno B TOM, 4TO B
OIpe/ieIEHHOE BpeMS T'0la HEKOTOPhIE KJIETKU JUILIOMIHBIX BOAOPOC-
neit nenstest meiiozomM. OOpa3yroTCs raruionIHbIE 300CTIOPHI C YETHIPHMS JKTYTUKaMH Kakaas. Eciu
Takasi 300CIOpa, OMyCKasCh Ha JHO, MOMAJacT B OJIArONpPHUATHBIE YCJIOBMS, U3 HEE BHIPACTAET
rarmioniHas BOAOPOCIb, HUYEM HE OTJIMYAIONIasiCsl OT MCXOAHON AMIJIOMTHOW BOJOpOCTHU (pHC.
180). Co BpeMeHeM TaIuUIOMAHBIE BOJOPOCIH 00pa3yloT MHOTO OJUHAKOBBIX IaMeT, Kaxaas W3
KOTOpPBIX HMMEET TOJbKO JABa XryTuka. ClIuBasch MOMAapHO MEXIY COOOM, rameTsl o0pa3yroT
3Uroty. M3 3urotsl onsiTh BhIpacTaeT JUILIOUIHAS BOJOPOCIb.

BYPBIE U KPACHBIE BOAOPOCIJIN. B otaene "bypbie Bogopocan" HACUUTHIBAETCA
npumepHo 1000 pa3HbIX BUIOB. DTO KpyIIHbIE MHOTOKJIETOYHBIE Bogopociu. Hanpumep,
TUTaHTCKUE JIJAMUHAPUH TIOCTUTAIOT B JJIMHY HECKOJIBKUX COT METPOB. BobIIMHCTBO OyphIX
BOJIOpOCIIEH oOuTaeT B MOpSAX U okeaHaX. OHU MOKPHIBAIOT CKAJIBI B TIOJIOCE IPUOOS U CITyCKAIOTCS
B BOJly IpUMEPHO 10 Tiryounsl 15 M. bBypyto okpacky um npumaet murmeHT ®YKOKCAHTHUH.
DyKOKCaHTHUH BMECTE C XJIOPOPHIIOM B OOJIBIINX KOJIMYECTBAX CONEPKUTCS B XpoMaTodopax
OypBIX BOJOPOCIICH.

MHoroJieTHEE CIIOEBHUIIE MHOTHX KPYMHBIX OypbhIX BOAOPOCIEH pa3/ieleHO Ha YacTh. JTU
YacTH HAIIOMHUHAIOT JIUCT, cTe0elb W KOpeHb BhICIIMX pacteHuid (puc. 181). Ho 310 TOIBKO
BHEIIIHEE CXOJCTBO, MOTOMY YTO BHYTPH STH YaCTH HE COJEpXk AT CIEUHUATbHBIX TKAHEW Kak
HACTOSIIINE JIUCThSI, KOPHU W CTEeONM. Y BOAOPOCICH 3TH YaCTU HA3bIBAIOT HHACTHHKOPT,
YEPEIIKOM u PU3ONTAMMU (0T rpeu. pusa - KOpeHb; PU30U] - KOPHETIOAOOHBIN) (pHC.

181). BomopocinsimM He Hy»XKHO JTOOBIBaTh MUHEPAIbHBIC BEIICCTBA U3 TPYHTA,
MOTOMY YTO BCE HEOOXOMMBIC UM BEIIECTBA CONEPIKATCS B OKPYKAIOMICH UX
Boze. [loaTomMy pu3ombl ciyskaT BOJAOPOCISIM TOJIBKO JJIs IPUKPETIICHUS KO
IHY. Y HEKOTOPBIX OYPBIX BOJIOpOCIel, Hanpumep (pykyca, B CTIOCBHILE €CTh
3aIOJIHEHHBIE BO3/IyXOM ITy3bIpH, KOTOPBIE MTOI00HO MOIJIaBKaM MOIEP>KUBAIOT
€ro B BOJIE B BEpTUKAJILHOM MosioxeHuu (puc. 181, 4).

ITo yucny BugoB otaen "KpacHble Bomopociaun" kpymnHee, yem otaen "bypeie Bogopociu'". B
HeM HacuuThiBaeTcsa mnpumepHo 3000 pasueix BuaoB. KpacHble Bomopocnu, Kak U Oypble,
BCTPEUAIOTCS MOYTH HCKIIOUYUTEIBHO B MOpAX W okeaHax. OHHM pacTyT, MPUKPEIUISISICh KO JHY U
MOABOAHBIM MpeameTaM. JKUBYT OHU, B OCHOBHOM, B TEIUIbIX MoOpsx. [lo BHemHeMy BHUay 3TU
BOJIOPOCIIH OY€Hb pa3HooOpa3Hbl. Hampumep, MOTYT UMETh BHUJI CUJIbHO Pa3BETBICHHBIX KYyCTHKOB



(puc. 182). X cunbHO pa3BETBICHHBIN TaJNIOM WM CJIOEBHILE BHEIIHE HAIIOMUHAET PAcTEHUE C
JUCTBSIMU M CTEOsIMHU. TanioM KpacHBIX BOJOpOCHEd OOBIYHO MMEET pa3Mephbl OT HECKOJIbKUX
cantumeTpoB 110 0,5 M. Bce oHU OKpallieHbl B pa3Hble OTTEHKH KPACHOTO - OT PO30BOTO

0 TYypIypHOro, TMOTOMY UTO COAEpXKaT, KpoMe XJIopodwuina, KpacHbIM MUTMEHT
OUKOSPUTPUH. U3 kpacHbIX Bogopociiell J0OBIBAIOT OYEHb LIEHHOE jKeIe00pa3HOe BEIECTBO,
Ha3bIBa€MoOE arap-arap. Arap-arap UCIOJIb3yeTCs AJIs U3TOTOBJICHHUS IMacTelbl, MapMenanaa, sedupa.
HexoTtopeie kpacHbIE BOIOPOCTH MCTONB3YIOTCS JIIOJMH B THITy. B fmoHnm kpacHast Bogopocib
nopdupa cuuTaeTcs IEIMKATECOM U €€ CIICIUANIbHO BRIPAIIMBAIOT B MOABOIHBIX Ca/Iax.

Bypbie u KpacHbIe BOAOPOCIIN Pa3MHOKAIOTCS BETETATUBHBIM, OSCIIOJIBIM M TIOJIOBBIM ITyTEM.
B ux mukie Bocrpou3BeieHUs] YeTKO BhIpaKEHA CMEHA TalTIONIHOTO U JAUIIJIOUTHOTO TOKOJIECHUH.
JIMIIIIONAHOE TTIOKOJIEHHE 00pa3yeT TaryIOWAHbIE 300CTIOPhI, U3 KOTOPBIX B PE3yJbTaTe NEJICHUS U
pocTa BO3HHMKAIOT TalUIOMAHBIE pacTeHus. [ amjgougHble pacTeHUsT B CBOIO OdYepelb HaloT
raryIOWAHbIE TAMEThI, KOTOPBIE CIMBAIOTCS M 00pasyloT AWIUIONIHYIO 3UroTy. M3 3urorsl mocie
Mei03a CHOBa BBIPACTAIOT TallJIOUIHBIC PACTCHUS.

Bypble W KpacHble BOAOPOCIH, TaK K€, KaK W 3€JCHbIe, MHUTAIOTCS M PACTYT 3a CYET
dotocunTe3a. Mx paszHas okpacka - 3T0 mpucrnocoOnenue k ¢orocuHtedy. [leno B Tom, 4TO
3elieHble, Oypble W KpacHbIe BOJOPOCIH PACTyT Ha pa3HOM TIiryOuHe. 3eJieHble BOJOPOCIHU
BCTpeuaroTcs Ha riayOuHe 10 6 M, Oypble Bogopocnu - 10 15 M, a KpacHbIe BOJAOPOCIH PacTyT Ha
rryoune 10 100 m. Kak BbI 3HaeTe, COJIHEUHBIN CBET COCTOUT M3 Jy4ei pa3sHOro I[BETa ¢ pa3HOU
sHeprueil. B 3aBHCHUMOCTH OT CBOEH SHEpPrUM pa3HbIe JIydd MOTYT MPOHUKHYTh Ha Pa3HYIO
riyOunHy. KpacHbie iy4n IpOHHUKAIOT JIMIIE B BEPXHHUE CIIOM BOBI, TOTJA KaK CHHUE U (prOJIeTOBbIC
JTy4yd TpPOHUKAIT riyOke Bcero (puc. 183). Xmopodusn xopoiio moriomaer KpacHBIA CBET.
[ToaTomy pacteHwmsi, 00JIAArOIIME TOJBKO XJIOPOMHUIUIOM, CIIOCOOHBI K (DOTOCHHTE3Y TOJBKO Ha
HeOonbpIUX rayOuHax. JKenro-3eneHble JTy4yd XOpOIIO TIOIJIOMIAIOTCS MUTMEHTOM OypBhIX
BOJIOpOCIIEH (YKOKCAHTHHOM, TOATOMY Oypble BOJOPOCITH MOTYT KHTh TIIyO)Ke, YeM 3eliCHBIE.
OUKOIPUTPUH XOPOILIO TMOTJIOUIAET CHHHE JIy4H, TIOATOMY COJIEPKaIle €ro KpacHbIe BOJOPOCIH
MOTYT KHUTh O4eHb Ty0oko (puc. 183).

OTIEJI MOXOOBPA3HBIE

Jlonroe Bpemst Bogopociu ObLTH €IMHCTBEHHBIMH pacTeHHMsMU Ha 3emie. Ho mocreneHHO
pacTeHus CyMell IPUCIIOCOOUThCA K KU3HH Ha cyuie. [ 3Toro UM Npunuiock o0pa3oBaTh LETbIH
P HOBBIX OpPraHOB W TPHUCIIOCOOJICHWI, KOTOpBIE B3sUIM Ha ce0sl BBIMONHEHHE (YHKINH,
OCYILECTBIISIBLIIMXCSl Y BOJOpOCiel Bogoil. MoxooOpa3Hble - 3TO MPOMEKYTOUHast (hopMa MEXTy
BOJOPOCISIMU M HAaCTOSIIIMMU Ha3eMHBIMH pacTeHUsIMU. OHHU IUI0XO MPUCIIOCOOJIEHBI K KU3HU Ha
CyLLE U BCTPEYAIOTCSA
TOJIBKO B CBIPBIX MecTax. [103ToMy MOX000pa3HbIX Ha3bIBAIOT €IIIE
36MHOBO/IHBIMU PAaCTEHUSIMHU.

K moxoo6pa3zubim otHOcuTcst okoio 23000 BumoB. CtpoeHue Bcex MXOB Moxoke. OHu
cocrosaT u3 Huted [IPOTOHEMBDI, pacnosokeHHBIX Ha IOBEPXHOCTH MOYBBI WIM B IOYBE, OT
KOTOPBIX OTXOIUT BEPTUKAIbHBIN cTe0eNb ¢ TUCThsIMU (puc. 184). JIMCTbsI MXOB TOJIIIMHON BCETO
B OJIHYy KJETKY U pacrojiokeHbl Ha cTebie mo cnupaiu. OT OoCHOBaHUS CTEOJIsI TSAHYTCS MHO-
rOYMCIIEHHbIE OeCIBETHBIE, TOX0KHE Ha KOPHU BBIPOCTHI, HazbiBaeMble PU3ONIAMMU (ot rpeu.
pH3a - KOpeHb; PU30U]] - KOPHENOA0OHKIH). B oTiimune ot puzonnoB Bogopociel, pu3ouisl MXOB
CIIy’KaT HE TOJIbKO JJIs YKPEIJIEHUs Tejla MXa B I0YBE, HO U /Il BCAChIBAHUS BOJbI 1 MUHEPAJILHOM
IUIIM, XOTsA [JENalT 3TO €Ileé HE TaK XOpolo, Kak KOpHHU. M3-3a TOro, 4ro y MXOB HET
CHEIMAJIbHBIX IPOBOASIINX U MEXaHUUYECKUX TKaHEH, OHM HUKOTJ1a He BeIpacTaroT Bhie 15-30 cMm.
Ecnu 661 OHM BBIPOCIIHM BBIIIE, TO U3-32 OTCYTCTBUS NMPOBOAALINX TKaHEH (P103MBI M KCUIIEMBI) HE
cMoriiu Obl OBICTPO TIEepenaBaTh BEIIECTBA W3 OJHUX OPraHOB B JIPyrHe, a M3-3a OTCYTCTBHUS
MEXaHUYECKUX TKaHeW JIerko ciIoMaiuch Obl. B KieTkax MXOB €CTh XJIOPOIUIACTBI, COJEpIKAIIIe
XJIOPOGHILT ¥ OCYIIECTBISIONNE (POTOCHHTES.

B numkie BocmpousBeneHHs MOXOOOpa3HBIX UYETKO BBIpaKEHA CMEHA JBYX IOKOJECHUH -
TarIONTHOTO raMeTo(HTa U AUILIONTHOTO criopoduTa (puc.



185). TlokpeIThIE JHCTBSIMHU 3€JCHBIE PACTCHUs - ITO TamiouaHele Tametoputsl. Korma poct
ramero(uTa 3aKOHYEH, U OH MOATOTOBJIEH K Pa3MHOKEHHIO, HAa BEPXYIIKE €ro CTeOIs pa3BUBAOTCS
MI0JIOBBIE KJIIETKH. Y OJHHMX BHUJIOB PACTEHUS Pa3/eJIbHOMOBI, HAPUMEP Y MXa KyKYIIKMHOI'O JbHa
(puc. 186), a y Ipyrux Ha OJHOM M TOM >€ PAcCTEHUH pa3BUBAIOTCS M MYKCKUE KIETKU
(cmepmaTo30Ubl), M JKEHCKHE IIOJIOBblE KJIETKH (sifiexieTkn). MHOTOYMCIEHHbIE MEJIKHE
CIHMPAJIbHO 3aKpy4Y€HHbIE CIEPMATO30MAbl MXOB HMEIOT M0 JBa JKIYyTHKa U CIOCOOHBI
CaMOCTOSITENbHO MJ1aBaTh. [locie 10k as8 WK CUIBbHON POCHI CIIEPMATO30HM1bI IO BOJAHBIM IUIEHKAM,
MOKPBIBAIOIIUM pacTEeHUs, NOAIUIBIBAIOT K silliekieTkam. X mpuBieKaroT XMMHUYECKHE BEleCTBa,
BBIJICTIAEMBIE  AMIEKIETKaMHU. [{OCTUTHYB SIMLIEKIETKH, CIEPMATO30MJ CIMBAaETCs C HEW -
NPOUCXOIUT ormogoTBopeHue. OOpasyercss IOUIUIOWJHAs 3UrOTa, KOTOpas pa3BUBAETCS B
IMIIIOUAHBIN criopodut. Takum oOpa3zoM, MOX00Opa3HbIe, TaK K€, KaK U BOJAOPOCIH, HE MOTYT
pa3MHOXaTbcsl 6€3 BOJIbI, IOTOMY UTO CIIEPMATO30U bl JOKHBI MOAIIBITE K SHIEKIETKaM, YTOObI
IIPOU30ILIO OIUIOOTBOPEHUE.

['aMeTouT y MXOB - 3TO CaMOCTOSITEJIbHOE 3€JI€HOE pacTeHue, a Ccrnopodur - 3To
0e3CTHBIN, OyphIi cTedenek. OH MmUTaeTCs 3a CUeT Ta-
MeTo¢uTa 1 6€3 rameropura )KUTh He MokeT. CriopopUT BpacTaeT B TKaHb
ramerodura HOXKKOM, a Ha ero npotuBononoxHoM Kone Bepactaer KOPOBOUKA (puc. 186).
Knetku KopoOGOUKH copepkaT XJIOPOIUIACTBI M MO3TOMY CIIOCOOHBI K 00pa30BaHHIO MUTATEIbHBIX
BELIECTB B Mpoliecce (GoTocuHTe3a. BHYTpH KOpOOOUKM HEKOTOPBIE TUILUIOMAHBIE KIETKH JENSTCS
Meio30M, U Kax/ias U3 HUX 00pa3yeT 4eTblpe ramionaaslie cnopsl. Korna kopobouka co3peBaer, Ha
€€ BEpXHEM KOHILIe 00pa3zyeTcsl KphlllieuKka, KOTopasi OTIAJaeT, U CIOPHI JIETKO Pa3HOCATCS BETPOM.
Ecnu cnopa nomagaer B OjaromnpusTHbIE YCIOBHS, TO OHa NPOpPacTaeT M pa3BUBAETCS B
ramoninyto [IPOTOHEMY. IIporoHema - 3TO 3€I€HO€ pa3BETBICHHOE HUTEBUIHOE TENO, Ha
KOTOPOM CHOBa BBIpacTaeT 3€JCHbI MOKPBITHIA JUCThAMH TameTopuT. IIpoToHEeMa MXOB IO
CBOEMY CTPOCHMIO CHJIBHO HANOMUHAET 3€JIEHYyI0 BOJOPOCIb. OTO JOKa3bIBAET, UYTO MXH
MPOM30LIIIN OT 3€JEeHBIX BoJopociel. BereratuBHoe Oecrionoe pa3MHOKEHHE MXa MPOUCXOJIUT,
KOTJa OT €ro MPOTOHEMBI OTPBIBAIOTCS OTAENIbHBIE YacTu. HoBble raMeTopuThl MOTYT BBIPACTaTh
TaKXe U3 CHelHMaIbHBIX BEIBOAKOBBIX OUYEK, HAXOASAIUXCS Ha pu3onaax (puc. 184).

OO01u1re mpU3HaKH MOX00OPa3HBIX:
1) B MKJIe BOCTIPOM3BEACHUS IPEO0IaTaeT CTaus TaluIONIHOTO TaMeTo(huTa;
2) cnopouT MPHUKPEIUIEH K TaMeTO(QUTY, IIOJHOCTHIO 3aBUCUT OT HETO M MTUTAETCS 32 €r0 CUET;
3) OTCYTCTBYIOT CIELMAIN3UPOBAHHBIE IPOBOASIINE U MEXaHUUECKUE TKAHU;
4) ISt TOJIOBOTO PA3MHOKEHHS HE00X0IMMa BOJIA.

OTAEJI ITAITOPOTHUKOOBPA3HBIE

[ManopoTHrKOOOpa3Hble OBLIM TEPBBEIMH PACTCHHAMH Ha 3e€Mile, Y KOTOPBIX MOSBHIIHNCH
CrellMalbHbIE IPOBOIAIINE U MEXaHUYECKHE TKaHU. B pe3ynbTaTe OHM MOTJIM BBIPACTaTh OOIBIINX
pa3MepoB u 0kosio 300 MIUITHOHOB JIET Ha3al 00pa30BhIBANIM (DAHTACTUYECKHE JIeCa U3 TUTAHTCKUX
JPEBOBHUJIHBIX pacTeHHH BbICOTOM 10 40 M M ¢ auamerpoMm cTBojia 70 2 M. OTMHUpaBLIME YaCTH
TUX pAacTEeHUH HaKalJIMBaIUCh TPOMAIHbIMM MaccamMu. OHHM MOABEPrajiuCh MEIJIEHHOMY
Pa3IOKEHUIO IMOJl BOAOH mpu ci1aboM J0CTyne KHcIopoJa MOJOOHO TOMY, KaK HaKaIllIMBAaeTCs
Top. Maccel CTBOJIOB ManoOpOTHUKOOOPA3HBIX HAKAIUIMBAJIMCh MUJUIMOHBI JIET, CJIEKHUBAIUCH,
MOKPBIBAJIMCH WJIOM MOpEi, BO3HUKIINX Ha MECTE OBIBIIMX JIECOB, U IMOCTENIEHHO NMPEBPATUIINCH B
mwractel KAMEHHOI'O VIJISA. Takum o00pa3oM, MarnopOTHUKOOOpPA3HbIE PACTEHHS, >KHUBIIHE
MHOI'0 MMJUIMOHOB JIET TOMY Ha3aJ, HaKOMWJIN KOJOCCAJIbHBIE 3alachl SHEPTUU B BUJAE 3alexkel
KaMeHHOro yris. KaMeHHbIN
yrojib MCIOJb3yeTCs HE TOJBKO KaK TOIJIMBO, HO M KakK ChIpb€ Ui MOJY4YEHHUs TOpIOYero rasa,
aHWIMHOBBIX KpacokK, JIaKOB M IacTMacc. Bpems, Kkorma mnpowuspacTanu Jieca TMTAaHTCKUX
NanopOTHUKOOOPA3HbIX, TETEPh TaK U HA3bIBAIOT - KAMEHHOYTOJIbHBIN MEPUOI.

B KoHIIE KaMEHHOYTOJIBHOTO MEpHOJa MPOU3O0LLIO PE3KOE IMOXOJOJaHHE M CTajo CyIIE.
BosbMHCTBO NManopoOTHUKOOOPA3HbIX, HE MPUCHOCOOMBIIMCH K HOBBIM YCJIOBHUSIM, BBIMEPIIO.
OcTanuch TOJBKO JIOBOJIBHO MEJIKME MalnopOTHUKOOOpasHble. B Hacrosiiee Bpems otaen



[TanopotHukoobpasubie comepxkutT okono 10000 BumoB. OH moxpaznensercs Ha TpU Kiacca -
[TImaynsl, XBowmu u [TanopoTHUKH.

KIIACC IUJTAVHBI. IlnayHsl Mo BHEIIHEMY BHJIY HEMHOIO HAllOMUHAIOT MXH. Y HHX
CTEINIOIIUECS] 0 3eMJie BETBSAIIMECsS 3eJeHble MOOErH, MOKPHITHIE MEIKUMH TECHO CHUISIIMMHU
mucTbsiMU. Ho B 0TIMuMe OT MXOB 3€JI€HOE pacTeHUE IIayHa MPEICTaBIseT OO0 HE raruIouaHbIN
ramMeTouT, a TUIUIONAHBIN ciopoduT. OT HUKHEH YaCTH CTEIIOMIMXCS MOOEroB OTXOMIAT TOHKHE
BETBSIINECS NPUAATOUYHBIE KOpHU. Ha BepXyIlike HEKOTOPHIX CTeOJei HaXOASTCs CHelHalbHbIC
mucThs, cobpannsie B CITIOPOHOCHBIN KOJIOCOK, HamoMHHAIOMM €T0BYI0 MIMIIKY (pPHC.
187). BHyTpu CIOPOHOCHBIX KOJOCKOB 00pa3yroTCsl COpbl. Y NPUMUTUBHBIX IUIAYHOB BCE CHOPBI
OJIMHAKOBBIE, a y APYTUX OoJiee BBHICOKO OPTraHM30BAaHHBIX IIAYHOB B CIIOPOHOCHBIX KOJIOCKAaX
obpasyrorcst criopsl 1ByX TUoB - MAKPOCIIOPBI 1 MUKPOCIIOPHI. Takue 1uiayHsl Ha3bIBAIOT
pazHociopoBbIMU. [lo3HakKOMUMCST C LHKIOM BOCIPOU3BENEHHUS Pa3HOCIOPOBOrO IUIayHa
cenarunesisl (puc. 187).

Cenarunernsia BcTpedaeTcss B yulenbsx rop Ha KaBkaze. DTo HeOONbIOE TPaBSHUCTOE
pacTeHue, credelb KOTOPOro TYCTO TMOKPBIT YeIIyH4aTbIMM JIMCThAMU. Makpocrnopbl u
MUKpOCTIOPBI 00pa3yroTcsi B OTHOM U TOM K€ CIIOPOHOCHOM KOJIOCKE. MHKpPOCHOpPHI - B BEpXHEH
€ro 4acTH, a MakKpoCHOpbl - B HIKHEH. Makpocrnopbl 1 MUKPOCHOpBI 00pa3yroTcsi B pe3yJibTaTe
JIeNIeHUs] KJIETOK MeW030M U TMO3TOMY HMEIOT TaljIouJHBIM Habop XxpoMocoM. Makpocmopa
npeacTaBiIsieT co00oll OAHY TpPOMAaaHYIO KIETKY, COAEpXKallyld B BepxHed wactu sapo. U3
MaKpOCTIOpbl Pa3BUBAETCSA TAIUIOMAHBINA JKEHCKUH rametodut. XKeHckuil rameTopuT HaYMHAET
pa3BUBAThCS U3 MAKPOCIHOpPHI €Ille TOr/a, KOrjJa OHa HAXOJAWUTCS BHYTPH CIHOPOHOCHOTO KOJIOCKA.
Pa3ButHe xeHckoro rametouTa 3aKiIrO4YaeTcs B TOM, YTO SIAPO MAKPOCIOPHI ACTUTCS HA MHOTO
MEJKUX A1ep, MEXIYy KOTOPbIMH MOSBIAIOTCS neperopoiaku (puc. 187). IlocteneHHo kieTodHast
TKaHb 3aMOJIHSAET OOJBIIYI0 YacTh BHYTPEHHOCTH MAaKpOCHOpHI. 3aTeM MaKpOCHopa BhINAAAeT U3
CIIOPOHOCHOTO KOJIOCKA Ha 3€MJII0, €€ 000JI0UKa JIONAETCSl U B MECTE pa3pbIiBa 000JIOUYKU SKEHCKHM
ramero-
¢uT obpasyer *KEHCKHE raMeThl - AUIEKIeTKA. B pe3ynbTrare AeneHuss MUTO30M U3 MUKPOCIOPHI
pa3BUBAETCd MHOTOKJIETOYHBIM MYXCKOM TaMeTo(QuT, IOJHOCTBIO CKpPBITBI B 000J0YKe
MUKpocmopsl (puc. 187). HacTh KIIETOK MY»KCKOTO raMeTopuTa 00pazyeT crepMaTo30U/Ibl.

Korma wmukpocrnopa momagaer B BOdy, OOOJIOYKa MHKPOCHOPBHI pa3pbIBaeTcs, U
CIIEpPMAaTO30M/Ibl BBIXOJAT B OKPYXKAIOIIYI0 KX BOLYy M IIJIAaBAlOT IPHU IOMOIIM >KTyTHKOB.
Oxa3aBmuch BOJM3M KEHCKOro rameropuTa, CHEepMaTo30HM], NPUBICYECHHBI XUMHUYECKHUMHU
BELIECTBAMM, MOJIUIBIBAET M OIJIOJOTBOPSET TaIUIOUJHYIO SHIEKIETKY. OIIoJ0TBOPEHHAs
SMIIEKJIETKAa Pa3BUBAETCS B JUILIOMIHBIN 3apOAbIII, KOTOPHIM HEKOTOPOE BpeMs MUTAETCS 3a CUeT
OoraToii MUTAaTEIbHBIMU BEIIECTBAMH TKaHU KEHCKOro ramerodwura. [Ipu npopactanuu 3apopapli
OCTaeTCsi HEKOTOPOE BpEMsi COEIMHEHHBIM C MAaKpOCHOPOW M HAllOMHHAET BCXOJbl CEMEHHBIX
pacTeHHii, KOTOPbIe OOBIYHO COEMHEHBI ¢ ceMeHeM (puc. 187). 3apobiil BEIpacTaeT M CTAHOBUTCS
JTUTUIOMIHBIM CTIOPO(UTOM.

KIIACC XBOIIM. Xpomwm OTIHYAIOTCS OCOOBIM CTpPOEHUEM CTeOJel IUIIOUIHOTO
criopouTa, KOTOPbIC PACWICHEHBI HAa YepeAyromuecs y3iabsl U Mexaoy3nus (puc. 188). Ha y3max
PacmosIOoKeHbl KPOLIEYHbIE JIUCThsS B BUAE delryek. POTOCUHTE3 MPOUCXOJUT HE B JIMCTHAX, a B
caMHX 3€JIeHbIX CTeOJIX, KIETKH KOTOPBIX coepxkaT xyioporuiactel. CTebsn XBOIIEH OYEHb KECT-
Kue Oyaroaapst KpeMHe3eMy, KOTOPBIM IPOIMUTAaHbI CTEHKU KJIIETOK smnuaepmuca. Hagzemusie yactu
y OOJBIIMHCTBA XBOLIECH €KEroJHO OTMHUPAIOT, a MOJ3EMHbIE YacTH (KOpHEBHUIIE U NMPUAATOUYHbBIE
KOpHH) MHOTOJIETHHE. BecHOW Ha BepIIMHE HEKOTOPHIX CTEOJICH XBOIIa 00pa3yIOTCsl CIOPOHOCHBIE
KOJIOCKH, COCTOSIIME W3 IECTUYTOIBHBIX HMIMTKOB (puc. 188). BHyTpH CIIOPOHOCHBIX KOJIOCKOB,
TaKk ke, KaK M y IUIAyHOB, B pe3yJbTaTe ICNCHHUS KIJIETOK MeW030M OOpa3yIOTCsl TarlIouJHBIC
criopsl. BHeliHe cropbl XBolla OJWHAKOBBIE, HO W3 OJHHUX W3 HHUX BBIPACTAIOT MYXKCKHE, a U3
APYTUX - KEHCKHE rariongHble raMmerodutsl. U Te, 1 Ipyrue UMEIOT BUJ BETBSILUXCS 3€JICHBIX
IUTACTUHOK, HO HECKOJIBKO pa3jMyaloTcs Mo BHEIHeMy Buay. JKeHckue rameTouTbl o0pa3yroT
AWLEKIETKH, a MYXKCKHE TraMeTouTsl - crepmaTo3ouabl. CrnepMaTo30Mabl XBOIA CHHPATBHO
CKpYYE€HBbl M HECYT Ha IEepelHEM KOHIIe My4OK >KTYTHKOB. [[s omonoTBOpeHUs HE0OX0IuMo,



9TOOBI MY)KCKHE H KCHCKUE raMeTO(UThI HAXOAMINCh HETATICKO APYT OT JIpyra. DTO JOCTUTACTCS
TEM,UYTO TPH BBIMAJCHHH W3 CIIOPOHOCHOTO KOJIOCKA CIIOpPBI CHEIUIIOTCS JAPYr C JPYroM
CIUPATHbHO-3aBUTHIMU JICHTOBHJIHBIMH BBIPOCTAMH W TIOTOMY PAacCEMBAIOTCS TPYIIaMU TI0
Heckoibko mTyK (puc. 188). Ilocie omuogoTBOpeHHs] W3 3WUTOTHI BBIPACTACT JMITIOWIHBIN
criopodur.

KIIACC TTAIIOPOTHHMKU. ITanopOTHHKH OTIMYAIOTCS XOPOLIO Pa3BUTBIMU KpPYIHBIMU
JUCTBAMH 110 1 M JJIMHOM, KOTOpBIC PACTyT BEPIIMHOW, W OTMHparoT Ha 3umy (puc. 189). ¥V
pacTymux B HAIIMX JiecaX NAaloOpPOTHUKOB HET HAJ3EMHBIX CTeOJe - TOJBKO MHOTOJIETHEe
KopHeBuIle. OT KOpHEBMIA OTXONAT MHOTOYMCIEHHBIE IIPUAATOYHbIE KOpHU. Ha HmkHen
IIOBEPXHOCTH JIMCTHEB NMANIOPOTHUKA B KoHIIE JieTa BblpacTatoT CIIOPAHI'MU. Cnopanruu umerot
Buj OypoBaThIX KyuyeK. BHyTpu KaI0oro crnopaHrusi B pesyJjibTaTe AEJICHHUs KIETOK MeH030M
o0pa3yeTcss MHOXECTBO OJMHAKOBBIX TrariouAHbIX criop. Co3peBlIne CHOpPaHTHH PAacKphIBAIOTCS
Onarozapsi 0coOOMy KOJbIy M3 KIETOK C TOJCTBIMM CTEHKaMH. [IpM CKaTuM 3THX KJIETOK OT
BBICBIXaHHsI CIIOPAHTUH JIOTIAIOTCS, U CTIOPHI C CHIIOHN BBHIOPACHIBAIOTCS B BO3AYX.

Criopel MamopoTHHKA JIOJT0 COXPAaHSIOT YKU3HECIIOCOOHOCTb, M IONAaB B OJIaronpHsTHbIE
yCIIOBHUS, NpopacTaroT. B pe3ynbrare MHOIOKPaTHBIX J€JIEHMM MHUTO30M CIOpa CTaHOBUTCS
ralIouAHbIM ramMeTouroM. I'aMeTopuT manopoTHUKAa UMEET BUJ 3€JIE€HOM IUIACTHMHKH B (opme
cepana u pazmepom okoio 1 cum (puc. 189). [To kpasm muacTHHKA OJHOCIIONHA, a OJIMKE K IICHTPY
HUMEET HECKOJIBKO CJIOEB KJIETOK. ['aMeTo(uT manmopoTHHKA MPUKPEIUIIETCS K 3eMJIe ¢ ITOMOIIBIO
HUTEBUIHBIX BBIPOCTOB Ha HUXKHEW CTOpOHE - pu3onaoB. KpoMme pHU30MI0B HAa HUKHEH CTOPOHE
rameroura oOpa3yroTCcss MyKCKUE U KEHCKHE raMeTsl. CriepMaTo30uIbl MAOPOTHUKA TOBUKHBI
U UMEIOT BHUJI CIIMPAJIM, OKAHYMBAIOLIEHCS IMyYKOM XI'yTUKOB. OIIONOTBOPEHUE NPOUCXOIUT TaM
e, Ha HIDKHEH IOBEpXHOCTH TramMeTo(uTa, KOrAa Mocie A0XKIA WIM CHUIBHOM pPOCBHI TMOA
raMeTopuTOM CKarmmBaeTcs BojJa. llpuBiekaeMble BBIAENIAEMON SHIEKIETKAaMU sIOJIOYHOM
KHCIIOTOM CIIEpMAaTO30MIbl MOMAIUIBIBAIOT K HHUM H CIHMBAIOTCI C HUMU. B pesynbrare
OIJIOJIOTBOPEHUS] BO3HMKAET MAUIUIOMAHAs 3urora. M3 3UroTsl pa3BUBAETCs CHOPOHOCHBIN
MArlOPOTHHUK C JIMCTHSIMU M KOPHEBUIIEM, KJIETKH KOTOPOTO MMEIOT IBOWHOW HAbOp XpOMOCOM.
HekoTopble ManopoTHUKH, Kak M IJayHbl, ObIBAIOT Pa3HOCIIOPOBBIE M 00pa3ylOT MHUKPO- U
MaKpOCTIOPBI, U3 KOTOPBIX Pa3BUBAIOTCS MYKCKHE M KEHCKHE TaMeTO(UTHI COOTBETCTBEHHO.

OO01u11e mpU3HaKU NAaOPOTHUKOOOPA3HBIX:

1) B ukJie BoCIIpoU3BEACHUS MTPE00IaaeT CTausl IUIJIOUTHOTO CIIOPOuUTa;
2) raMeTo(UTHI CYLIECTBYIOT OT/IEIBHO OT CIOPO(UTOB, HO CHIIBHO YMEHBUICHBI B pa3Mepax u

KUBYT HEJOJITO;

3) umeroTcd CHENMAIM3UPOBAHHBIE IMPOBOASALINE U MEXaHWYECKHE TKAaHU M, CIIEJOBATENIbHO,

MOSIBIJINCH HACTOSAIUE JINCThS, CTE0IN U KOPHH;

4) 15 MOJNIOBOTO Pa3MHOXKEHUS MO-NPEKHEMY HE00X01MMa BOJIa.

OTAEJI TOJIOCEMEHHBIE

N CEMEHHBIX pacTeHui, KOTOpPBIE OpULIIM  Ha CMEHY
MaOpPOTHUKOOOPA3HBIM, MOSBUIINCH J1BAa BaXKHBIX MpEeUMyIecTBa. Bo-nepBbix,
nosieunack [IBIJIBLIA. D10 ycTpaHuiio 3aBUCMMOCTD ITOJIOBOTO Pa3MHOKEHHUS
pacTeHui OT BOJIHOM CpeJibl, HEOOXOIUMOM IS JIJISl TIEPEABHKCHIS
cnepmato3onioB. Bo-Bropsix, nossuinncs CEMEHA. Cemena, 3anuiieHabie
HAJEKHOM 000JI0YKOH U coiepKallye 3arac MUTaTeIbHbIX BEIIECTB IS
3apOo/IbIIIa, MOTJIM BBDKHBATH B HEOIArOMPHUATHBIX YCIOBUAX (CUIIbHAS XKapa,
X0J10/1 WK 3acyxa). [lepBbie ceMeHHbIE pacTeHUsI MOSBHIIMCH OKOJI0 350
MWLIHOHOB JeT Hazaa. Oto Obuin ['OJIOCEMEHHBIE pacrenus. Haspanue 'ronocemeHnbie"
yKa3bIBaeT Ha TO, UTO CEMEHA 3TUX PACTEHUIN PACIOJIO0KEHBI OTKPHITO (T0JI0) Ha YELTYsIX IIUIIKH U
HUYEM He 3amMileHbl. B Hacrosmee Bpems HacuuTbiBaeTcs okojo 700 BHIIOB TOJIOCEMEHHBIX
pactenuii. K HUIM OTHOCSTCSI CaroBHUKH (ITOX0XKHME Ha MajJbMbl TPONUYECKHUE JAEPEBbs) U XBOMHbBIE
(COCHBIL, MUXTBI, €11, TUCTBEHHUIIbI, KHIIAPUCHI, CEKBOWH U MOYKEBEJIBHUKH).



Tunuynoe ronocemenHoe pacrenue - 3570 COCHA. KpymnHoe MHOroJjieTHEE BEUHO3EJIEHOE
JIEpeBO COCHBI - 3TO AMIUIOMAHBIM criopo¢ut. Ha Bepxylikax BeTBeH OJHOIO M TOTO Xke AepeBa
00pa3yloTcsi MyKCKHMe M jkeHckue mmmku (puc. 190). MyKCKHe IIWIIKH JKEITOro I[BETa U
coOpaHbl M0 HECKOJIBKO IITYK B KOJOCKU. Kaknast My’kckasi IIMILKa B cepeluHe UMEET OCh, K KO-
TOPOH CHHPAJIbHO MPUKPEIUIAIOTCS JIUCThs-dyellyikn. Ha BHYTpeHHEHM CTOpOHE dYellyeK
PacmosoKeHbl MUKPOCHOpPAaHTMH. B MHKpOCIOpaHrusix B pe3ysbTaTe JEJICHUS KIETOK MEH030M
00pa3yIoTCs TaIUIONIHBIE MUKPOCTIOPBI. MUKpocopa JeIUTCs HECKOIBKO pa3 MHTO30M, 00pasys
rarmiouAHbIM  MyXCKoi rameropur. OH COCTOMT BCEro JHIIb M3 HECKOIbKHX KIETOK H
MpeAcTaBiIsieT coO00M HE YTO MHOE, Kak MbuiblieBoe 3epHO (puc. 190). Korma nmpousoiiger moiHoe
CO3PEBAHUE MBUIBLBI, MUKPOCIIOPAHT MU B MY’KCKHMX IIMIIKAX JIONAKOTCS U MbUIbLIA TOAXBAaTHIBACTCS
BeTpoM. [IpUTBbIIEBOE 3€pPHO COCHBI MMEET IBE OOOJOYKH, MEXIY KOTOPBIMH 0Opa3yercs IBa
BO3JYIIHBIX MEIIKAa. Bo3ayliHble MEIIKM NbUIbLBI MOJACPKHUBAIOT €€ B BO31yXe, KOorga OHa
MIEPEHOCUTCS BETPOM.

JKeHckne mMMIIKM UMEIOT KpacHOBAThIM LBET. OHU, KaK U MY)KCKHE, UMEIOT OCb, K KOTOPOU

CIUPAIBHO IPHUKPEIUISIOTCA JUCThA-dellydku. Ha BHyTpeHHEH CTOpOHE KaXIOW 4Yeurynku
KEHCKOM HIMIIKH PAacloIOXKEHBI ABAa MAKpOCIOpaHrus. B kKaX1oM MakpOCIOpaHTMH B Pe3yJIbTaTe
JIeJIEHUs1 OJIHOM U3 KJIETOK MeH030M, 00pa3yroTcs 4 ramjaouHble KIeTKU. 3 HUX Tpu OTMHUpAIOT, a
4yeTBepTas CTAHOBUTCS MAaKpoCNopoi. B pe3ynbrare neneHus mak-
POCIIOPBI MHTO30M IOJIYy9aeTCsS TaIIOMIHBIA KCHCKUI rametodur. OOpa3oBaBIIMIACS KCHCKUI
raMeTopur - 3TO HE YTO MHOE, KaK 3apoAbllieBblii MemoK. OH COIEpXKHUT SHLIEKIeTKY |
pPacmosoKeH BHYTPU MaKpOCIIOPAHTUs, KOTOPBIA TENepb CTAaHOBUTCS ceMmsizadaTkoMm (puc. 190).
MHoro mneuUIbIbl TMOHET MHpPU IMEPEeHOCEe BETPOM, U JIMIIL HeOoJbllasg €€ 4yacTh IMonajaeT Ha
ceMsi3ayaTKy JKeHCKHX Iuiek. [lociie onbuieHHsl ceMsA3a4aTKOB Yellyd >KEHCKHMX IIMIIEK CMBbI-
KalOTCS M CKJIEHMBAIOTCA CMOJOH. MyXCKOH raMeTopuT - NbUIBLIEBOE 3€PHO - MPOJOIKAET
pa3BHUBATHCS, TO €CTh MPOPACTATh, POPMUPYS MBUIBIIEBYIO TPYOKY, TOJIEKO BECHON Ha CIIEAYIONIUI
rog mnocie omnbuleHuss. Kak W B IBeTKe, MO MbUIBLEBOW TPyOKE K 3apOJbILIEBOMY MELIKY
CIyckaroTcs ABa cnepMmus. Ho nmpoHMKaeT B 3apobIIIEBbII MEIIOK M OCYLIECTBISET OILUIOAOTBO-
peHue SMIEKIETKH TOJBKO OJIMH CIEPMHM, a JIPyroil crnepMuil morudaeT. Y TOJIOCEMEHHBIX, B
OTJIMYHE OT LIBETKA, HET JBOWHOTO OIUIONOTBOpEHUs. B pesynbraTte omnonoTBopeHus: oopasyercs
aumiaouaHas 3urota. M3 Hee ¢opmupyercs IUIUIOMIHBIA 3aponsll ceMeHH. Okpykarolue
3apOJBIII KJIETKM CTAHOBATCS TalUIOMIHBIM 3HJIocnepmMoM. dopmupoBaHue 3aposllia U
CO3PEBAHHE CEMSH y COCHBI IPOMCXOAUT B TEYEHHUE BTOPOrO JeTa. B 3TO BpeMs IINIIKa 3€JI€HEET U
YCUJICHHO pacTeT. Pa3BHUTBHIM 3aponblll COCHBI COCTOMT M3 KOpEIIKa, 3adaTka cteOms u 7-12
CEeMAA0JIEH, MEXKAY KOTOPBIMM HAXOAWUTCS Nodedyka. Co3peBlIMe CEMEHA BBICBHINAIOTCA U3 IIMIIEK
IIOYTH YEpEe3 ABa rojia Mocie ONbUICHUS.

[Mukn BOCHPOM3BENCHHUS COCHBI IO CBOEH CyTHM IOXO0X HAa LHKJI BOCIHPOW3BEICHUS
Pa3HOCIOPOBOIO IUIayHAa, HO C JABYMS HCKIIIOUEHUSMHU. Bo-NepBBIX, MUKPO- M MAaKpOCIOpBI y
IUIayHa OOpa30BBIBAIMCh B OJHOM CIIOPOHOCHOM KOJIOCKE, & Y COCHBI - B Pa3HbIX (MYXCKHUX U
KEHCKHX) IIMIIKax. M, BO-BTOpPBIX, OKOHYATENBHOE pPa3BUTHE MXEHCKOro ramerodura M ero
OIJIOZAOTBOPEHHE MTPOUCXOIMIIO Y IUIayHA YK€ Mocye OTAeTIeHUs raMeToduTa oT ciopoduTa, Toraa
KaK y COCHBI KEHCKHH raMeTo(QUT OocTaeTcs CBA3aHHBIM CO CIOPO(GUTOM BIUIOTH A0 00pa3OBaHHS
MHOTOKJIETOYHOI'O  3apOJblllla. JTO BBITOAHO PACTEHUIO, IIOTOMY 4YTO B JTOM Clyd4ae
Pa3BUBAIOIIMICS 3aPO/IBIII JOJIBIIE OCTACTCS MO 3AIMUTON CIOPO(PUTA U TTUTACTCS 3a €ro CUeT.

OTAEJI HBETKOBBIE
HBGTKOBI)IG pacTCHusA, WM KaK HMX CHIC HMHA4YC HAa3bIBAIOT, IMOKPBITOCCMCHHBLIC PACTCHUA,
MOSIBUJIMCh HAa HAIlleW IJIaHETe CPAaBHUTENbHO HEAAaBHO, OKoyo 130 MWIIMOHOB JeT Haszad. 3a
KOPOTKOE€ BpeMsi OHU CTalid TpeoOnamaromniet ¢gopmoit 3eMHON pactutenbHocTH. K oTaemy
[[BETKOBBIX PacTeHUN
CeroiHst oTHocUTcs 0K0J10 200 ThICSY BUJIOB AEPEBbEB, KYCTAPHUKOB, BHIOIIMXCS PACTEHUHN U TPaB.
OHU pacTyT Ha cylie MPAKTUYECKHU BE3JIE.



Takoro ycriexa IBETKOBBIC PAaCTCHUS TOOMINCH OJarogaps TPEeM BaKHBIM MPEHMYIIECTBAM.
D10, BO-NEPBBIX, OOpazoBaHuWe  IUIOAOB.  L[BeTKOBBIE  pacTeHUsT  HA3BIBAIOT  €Ile
MOKPHITOCEMEHHBIMU, TOTOMY YTO HX CeMeHa O00pa3yroTcsi BHYTpH IUIOJOB. Ilnomel ciyxat
JIOTIOJTHUTEIIBHON 3aIlIMTON M JTOTOJHUTEIBHBIM MUTAHUEM IS CEMSH, HO caMoO€ TJIaBHOE - IIJIOJIbI
YYacCTBYIOT B pPaclpOCTPAHEHUH CeMsIH. BO-BTOPBIX, 3TO ABOMHOE OmogoTBopeHue. IIpu nBoitHom
OILJIOIOTBOPEHUH, KpOME AMILIOUIHOTO 3apObllia, 00pa3yeTcsi TPUILIIOUIHBINA SHAOCIIEPM, OYCHb
Ooratelii THUTATEIBHBIMUA BemleCTBaMH. M, B-TPETbUX, 3TO MPHUCTIOCOOJICHUS IS ONBUICHHS
HaceKOMbIMU. OTbUIEHHE HACEKOMBIMH FOPa30 HAJIEKHEE, YEM OIBUICHHE BETPOM.

[uxn BocHpOM3BEACHUS IIBETKOBBIX PACTCHUM TIOX0X Ha IHUKI BOCHPOU3BEIACHUS
rojoceMeHHbIX. Ho ramnonaneie raMeToQUTHI IIBETKOBBIX PACTEHUN CTAHOBSTCA €IE MEHbIIIE, YeM
y TrojoceMeHHbIX pacteHuil (puc. 191). TamuiomaHble MUKpPO- W MaKpOCHOpbl y IIBETKOBBIX
pacTeHmii 00pa3yloTcs, Kak MPaBWJIO, B OJJHOM U TOM >K€ CIOPOHOCHOM KOJIOCKE, KOTOPBIM MBI
Ha3bIBaeM IBETKOM. MUKPOCTIOPAHTHUH HAXOSATCS HA THIYMMHOUYHBIX HUTSX, & MAKPOCIIOPAHTHH - B
3aBs34X MECTHKOB. V3 ramimonaHoil MUKpPOCTIOPHI Pa3BUBAETCS TAIIOMIHBIN MY>KCKON raMeToQurT -
3TO TBUIBLIEBOE 3E€PHO, COCTOSAIIEE BCETO JIMIIb U3 JABYX KIETOK. M3 ramiougHoil MakpoCIopbl
pa3BHUBaeTCA KEHCKHUI raMeTo(uT - 3TO 3apOABIIIEBBIN MEIIOK, COCTOSIIIHNMI BCEro U3 7 KIETOK, U3
KOTOPBIX OJIHA - SIMIEKIIETKA.

Otnen "LiBeTkoBbIe pacTeHus" AenHUTCs Ha JBa Kiacca - "'J[ByonbHbIE", collepKalinii OKOJIo
175 Teicsy BumoB, U "OpHOmONbHBIC", OOBEIUHSIOMMUA OKOJIO 75 ThICSY BUIOB. l[BeTKOBBIC
pacTeHusi pa3/iefieHbl Ha JiBa KJjlacca IO YHUCIYy cemsifofied 3apojpiima cemeHu. Kpome storo
pacTeHUs STUX JIBYX KJIACCOB PA3TMYAIOTCS €IIe U IPYTUMHU Npu3HaKaMu. OCHOBHBIE U3 HUX:
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JIByIOJIbHBIE OnHOMONBHBIE
B L e B o B B o L L o o B B B B B o o B
1. V 3apogpima ceMeHu aBe 1. V 3apogapima ceMeHn oiHa
CEMSIONH. CeMSIOS.
2. KopHeBas cuctema cTep>kHeBasl. 2. KopHeBas cuctema MOUYKOBaTasl.
3. Crebenp numeer kam6Ouii, 3a cuet 3. KamOus netr. CocyucThie MyYKH KOTOPOTO YTOJIIIACTCS.

Cocy- 3aKpbITbIe U PacHOI0KEHbI Oec-
JUCThIE TyYKU OTKPBITHIE U HOPSIIOYHO.
PacIOJI0KEHBI KOJIBIIOM.

4. JIucThs POCTHIE U CIOXKHBIE, Yac- 4. JIUCTbs MPOCTHIE, LENbHOKpai-

TO C U3pPE3aHHBIM KpaeM. JKui- Hue. JKunkoBaHue mapauieinb-
KOBAHHE CETYATOE. HOE ¥ JTyTOBOE.

5. OKOJIOLBETHHUK I1AIl€ ABOHHOM. 5. OKOJIOIBETHUK Yallle TPOCTOM.

6. IBeTOK valie 5-4J€HHOrO THIIA, 6. IIBeTOK vaIie 3-4IeHHOTO THIIA
pe>I<e 4-'—IJ'ICHH01"O. NN UMECT YHCJIO YJIICHOB,

KpaTHOE TPEM.
7. Pactenust npeBecHble, KycTapHH- 7. PacreHus, raBHBIM 00pa3oM, KOBBIE U TpPaBSHHUCTHIC.
TPaBSIHUCTHIE.

K ABYJOJIbHBIM PAaCTCHUAM OTHOCATCA IOPpOX, MOPKOBb, OAYBAHYUK, ThIKBA, ITOJCOJIHCUHHUK U
IMO4YTH BCC KYCTAPHUKU U OCPCBbA. K OIHOAOJBHBIM PAaCTCHUAM OTHOCATCA OCOKH, JIUJIINU, UPUCHI,
THOJIBIIAHBI, JIYK, ITAJIbMblI U HCKOTOPBIC APYIUC PACTCHUA. O,[[HO,Z[OJ'IBHLIG pacTeHuA MpPOU30LIIN B
XO0J¢€ 3BOJIIOIMHU OT ABYAOJbHBIX.

KPATKHWE BbIBOJIbI

DBoonys OakTepuil ObliIa MPEXKIE BCETO IBOIIOIUEH PAa3HBIX META0OJINYECKHUX MPOIECCOB.
CoBpemeHHOE pazHOOOpa3zue OMOIHEPreTHMYECKHX MPOIECCOB Yy OakTepHil - 3TO OTpaKeHHE
ABOJTIOIIMOHHOTO TIOWCKa HamOosiee A(h()EKTUBHON KIETOYHOW HSHEPreTuku. B Xozje 3BoOnuu
KJIETKH ObUIM O0TOOpaHbl Hanbosee >PPEeKTHBHbIE YHEPTETUUECKUE MEXAHU3MBbI, KOTOPhIE CTaJIH
€IMHBIMU ¥ YHUBEPCATLHBIMU JIJISl BCEX dYKAPUOTUIECKUX OPTaHU3MOB.



Bo3HuKHOBEHHE MHOTOKJIETOYHOCTH CO3/1aJl0 HOBBIE BO3MOXXHOCTH B SBOJIIOLUH
OPraHM3MOB: CICIHMANN3AIMA U KOOMEpalus KIETOK OTKPBUIM HOBBIE IyTH HPHUCIIOCOOICHUS K
BHCIIHUM YCJIOBUAM, HANpHUMEp, 3a CUYCT CO3JaHHUAd W NOAACPKAHUA BHyTpCHHGfI Cpeanl
opranm3Ma. Pa3HooOpa3me pacTeHHil - 03TO pe3yJibTaT »HSKOHOMHUYECKOW aJanTaluh K
pa3zHo00pa3io BHEITHUX YCIOBHI, B KOTOPBIX OOMTAIOT PACTCHHUS.

Jlexuus 14. PABHOOBPA3UE OPITAHU3MOB U1 5BOJIIOLUA (uacts II) Deorroyus
800opociell - I80MOYUSL NOTOBO20 PASMHONCEHUSL 8000POCIEl
- 960MOYUSL HAZEMHBIX pPACMEHUll - 9601H0YUS OECNO360HOYHBIX ICUBOMHBIX - 3IBONOYUS
NO360HOUYHBIX HCUBOMHBIX

SBOJIIOLMI BOJJOPOCJIEN

OBouroLMsl pacTeHUi Oblla M3ydeHa MO HCKOMAEMBIM OCTaTKaM JIPEBHHUX PAcTEHUH U ¢
MOMOUIBIO TIIATEIBHOIO CPAaBHEHUSI CTPOCHMSI Pa3HBIX COBPEMEHHBIX pacTeHuid. [lo-Buammomy,
NEPBBIMH TPUMUTUBHBIMU PACTEHUSMHU ObLTH MOPCKHE OJTHOKJICTOUYHBIE 3eJIeHbIe Bogopocian. OHH
MepeMEeIIAINCh C MOMOMIbIO XI'YTUKOB. Y HEKOTOPBIX M3 HUX MOSBHIIACH KECTKas KJIETOYHAs
crenka. OHa choyXuiaa JUid 3aIlIUTBl OT MEXaHWYECKHX W XUMHYECKHX MoBpexaeHuil. Ho
KJIETOYHAs! CTEHKa Y JKTYTUKOBBIX BOJIOPOCIIEH HE MOTJIa ObITh MOJIHOCThIO 3aMKHYTOH, MOTOMY
YTO MOJBMXHBIE XTYTHKH - 3TO BBIPOCTHI LUTOIIA3Mbl, U OHHU JOJDKHBI IMPOXOAWUTH YEpe3
OTBEpCTHsS B KJIeTOYHOW creHke. [lomaB B mpecHbIl BolOEM, Takhe BOJOPOCIU JOJHKHBI ObUIH
norudaTh M3-3a MPOHUKHOBEHUS B HUX IPECHOH BOJBI, CTpeMsIIEHCs pa30aBUTh COICPKUMOE
kJeTkd. IprucrnocoOuThesl K JKU3HU B MPECHBIX BOJOEMAaX CMOIJIM TOJIBKO Takue BOJOPOCIH, Y
KOTOPBIX MOSBMJIACH CHOCOOHOCTh OTKAaYMBATh HAKAIUTMBAIOIIYIOCS BOJY KIETOK C IOMOIIBIO
MyJIbCUPYIOIIUX Bakyosied. Tak Kak 3TO J1e1aroT COBpEMEHHbIE XJIaMUI0oMOHaAbl. Ho Ha oTkauky
BOJIbI y XT'YTHKOBBIX BOJOPOCJIEH TPAaTUTCS OYEHb MHOrO 3Hepruu. I1o3ToMy pacTeHHs HalLIH
apyroi crnoco0 u3bexaTh M30BITOYHOIO MPOHUKHOBEHMSI BOABI B KJIIETKY - KJIETOUHAs CTEHKa
3aMKHyJ1ack. HO IpH 3TOM KJIETKH MOTEPsUTM CIOCOOHOCTh K aKTMBHOMY INEPEIBMKEHUIO, TaK KaK
JUIIWIUCH KTyTHKOB. [IpeacTaBuTenemM Takux OJHOKIETOUHBIX BOAOPOCIEH SIBIIsIeTCS, HallpUMep,
HBIHE KUBYILAs XJIOpeJIa.

OT OAHOKJIETOYHBIX BOJOPOCIEH NPOM3OLUUIM MHOTOKJIETOYHBIC. [IOBBICHTH CII0)KHOCTB
CTpOCHHsI B Tpeaenax OJHONW eOUHCTBEHHOW KIETKH TpyAHo. HekoTopble oOpraHU3MBI
YBEIIMYMBATIM CBOM pa3Mepbl HE JeNACh Ha JOYepHHE KIETKH, a oOpa3ys BHYTpH Tela
MHOTOUYHCJICHHBIE SApa M JPYrHe CTPYKTypbl. Takue OpraHu3Mbl MOTYT HUMETHh JIOBOJIBHO
cioxayro ¢opmy (puc. 192). Hampumep, y Bomopociu OOTpuIWyMa TEIO COCTOUT U3
TPYIIEBUIHOTO MY3bIpbKa BEIMUYMHON C OyJIaBOYHYIO TOJIOBKY M OTXOJSIIMX OT HErO B MOYBY
OECIIBETHBIX BETBUCTHIX PU30HMIOB. BHYTpM Tenma HET HMKAaKUX KIETOYHBIX Teperoponok. Erme
CIIO)KHEE YCTPOEHa MOpcKasi BOJIOpOCHb Kayiepra, nocturatomas 10-50 cm. Ee Teno coctout us
CTEJIIOIIETOCS TI0 THY MOPSI TOPH30HTAIFHOTO TAJIOMa, TIOX0XKET0 Ha KOPHEBHUIIE, OT KOTOPOTO
BBEpPX OTXOJSAT OTBETBJICHUS, MOXO0XHE Ha JUCThbA. OIHAKO y KayJlepnbl BHYTPH Tella TOXE HET
HUKAKUX KJIETOYHBIX Neperoponok. OpraHu3Mel, OJ00HBIE OOTPHINYMY H KayJeprie, Oy IIn
HazBanne HEKJIETOUHbIX. HekneTounsle opra-

HU3MBI HE MOTYT 00pa30BHIBATh CIEIHAIBHBIX TKAHEH U, KpOME TOTO, OHU
OUYEHbB YSI3BUMBI, €CJIM UX MIOPAHUTH, TO CTPATAET )KUBOE COACPHKUMOE BCETO
Tena.

CaMbIM yJa4HBIM CTajl JAPYTOW MyTh MOBBIMIEHUS CIOXHOCTU CTPOCHHS - 3TO TOSBIICHUE
MHOTOKJIETOYHOCTH. biaromapss MHOTOKIIETOYHOCTH TOSBHIIACh crieruanu3anus. Crieruan3arist
- 9TO MpeBpallleHNue OJUHAKOBBIX YaCTEH B HEOJUHAKOBBIC JIsI BHITOIHEHUS PA3NIUYHBIX (QYHKITHIA.
Hanpuwmep, y ynoTpukca Bce KJIETKHM OJUHAKOBBIC, IMOTOMY YTO OHHU BBINOJHSIOT OJUHAKOBHIC
GbyHKIUU. Y BOJBBOKCA OJIHU KJIETKH BBIMONHSIOT (DYHKIMIO TUTAHUS U JBUKCHHS, a APyTHE -
TOJIBKO (DYHKIHIO pa3MHOXKeHHS. [103TOMy OHM pa3iuyaroTcs MO BHEIIHEMY BHUIY M CTPOCHHUIO.
3HAUUT, Y BOJHBOKCA MOSBUIIACH CIIEMAIN3aIUs KIeToK. [lepexos OT 0JHOKIETOUHBIX K MHOTOK-
JIETOYHBIM BOJOPOCIISIM OCYHIECTBIISUICS 4epe3 KOoJOHHaIbHbIe (opmbl. CHavaa 1ocie JesIeHUs



JOYEpHUE KJIETKH HE OTACSINCH APYT OT ApPYyra U KWW BMECTE OJTHOM KOJIOHUEH, CKpEIUIEHHbIE
TOJIBKO CIH3bI0. 3aTeM CBS3M MEXIY KJIETKaMH YCHUJIWINCh U 00pa3oBajiCh MHOTOKJIETOYHBIE
OpPraHU3MBI.

B rycThIx 3apocnsx WM Npu pacceleHUuH Ha TIyOMHY BOJOPOCIH UCTBITHIBAN HEOCTATOK
ceera. [loaToMy BOZOpOCIH, KOTOpBIE B TOTOHE 33 CBETOM MOIJIM YIJIUHATBCA C OONbHICH
CKOPOCTBIO, UMENIN OOJIBIIIE MAHCOB BBDKUTH. CHavana Takoe YUIMHEHHE MTPOUCXOIIIIO TOJIBKO 32
cUeT JienieHust KiIeTok. Ho moToM Hapsiay ¢ 5TUM MOSIBHIICS HOBBIM, 3HAUUTENILHO Oosiee OBICTpHIA
croco0 - yATWHEHHE 3a CYET PACTsDKEHUS KIETOK MyTeM OOpa3oBaHWs KPYMHOW LEHTPaTbHOU
Bakyousid. Tak B pacTUTEIbHOMN KJIETKE MOSBUIIACH KPYITHAS BaKyOJlb.

SBOJIFOLA I[TOJIOBOI'O PASMHOXEHN S BOJIOPOCJIEN

3esieHble BOAOPOCIM BO3HUKIIM paHbIle APYruX pacteHud Ha 3emie. [loaTomy y HHUX MBI
BCTpEYaeM MHOTO Pa3HBIX CIIOCOOOB IOJIOBOTO pa3MHOXeHMs. Ha Bomopocisax mpupoja Kak Obl
WCIBITBIBAJIA €r0 Pa3HbIC BAPUAHTHL. Y 3€JICHBIX BOJOPOCIIEH BIIEPBBIC BO3HUKIIN TAKUE YIAYHBIC
YepThl MOJOBOTO PAa3MHOKEHHS, KOTOPBIE 3aKPENHIMCh M HCIIOJIB3YIOTCS Yy 0ojiee BBICOKO Op-
TaHW30BAaHHBIX PACTECHHIA.

[losoBoE pa3sMHOMKEHHE 3€JIEHBIX BOJIOPOCIEH YCIOXKHSUIOCH II0 JBYM HaIlPaBJICHUSIM.
IlepBoe HampaBieHHE - 3TO IMOSBICHHE CIELMAIBHBIX KIETOK IS IOJIOBOTO Pa3sMHOXKCHHS. Y
INPUMHUTHUBHBIX MHOTOKJIETOYHBIX BOAOPOCIEH, HampuMep YyJIOTpPHKCa, BCE KIETKH Tejla
OJIMHAKOBBI, U KaX/asg MOKET HauaTb OOpa30BbIBATh CIIOPbI MM raMeTbl. Y 0Oojee pa3BUTHIX,
HaIpuMep BOJIbBOKCA, IPOUCXOANT "pa3zieneHue Tpyaa" Mexay KIeTKaMH - OJHU
KJIETKH BBITOJHAIOT TOJIBKO (DYHKIMM MUTAHUS U IBUKEHUS, a APYTHUE -

TOJIBKO pa3MHOKeHUs. BTopoe HalpaBiieHHE - 3TO NTOCTENEHHBIIN epexo OT

00pa3oBaHMsl BHELIHE COBEPIIEHHO OJWHAKOBBIX TIaMeT (TaKuX KaK y XJIaMUIOMOHAIbl U
YIIOTpUKCA) K OOpa3oBaHUIO TamMeT JBYX pa3HbIX THUIIOB - MEJIKHUX MOJBM)KHBIX MY>KCKUX U
KPYIIHBIX HEMOBMKHBIX EHCKMX raMeT (Kak y BOJbBOKCa). DTO JaeT sBHbIE NPEHMYIIECTBA -
MHOTOYHCIICHHOCTh M TOJBM)KHOCTH CIIEPMATO30UI0B (MEJIKHX MY>KCKUX T'aMeT) 00eCIeYHBarOT
UX BCTpEUy C SHIEKICTKON (KPyIMHON HETOJBMKHOM JKEHCKOW raMeToil), a OOJbIIne pa3Mephl ’
3arachl MUTATEIbHBIX BELIECTB SMLEKICTKH 00ECIeYrBalOT 3UTOTY MUTAHHWEM J0 TeX IOop, MoKa
OHAa HE CMOXET CAMOCTOSATEIbHO MUTATHCSL.

ABOJIFOLMA HASEMHBIX PACTEHUN

Ecnu Bojopocnu mosiBWIIMCH NMpUMEpPHO | MMIUIMapA JieT HazajJ, TO IEpBbIe Ha3eMHbIE
pacTeHus] MOABUIMCH TOJIbKO 420 MWUIMOHOB JieT Hazax. 580 MHUIMOHOB JIET MOHaI00MIOCH
pacTeHusiM, 4TOOBI TMEPEUTH OT BOJHOTO K Ha3eMHOMY oOpasy xu3HH! 3aBoeBaHUE CYIIH OBLIO
JUINTEbHBIM W TPYAHBIM IIPOLIECCOM, CTOMBIIMM MHOTMX JXXEPTB pacTeHMsM. Bo-nepBbix,
BOJIOPOCIISIM Ha Cylle HaJl0 ObUIO HAYYUTHCS 3aIMILIATHCS OT BBICBIXaHUs. PacTeHns cMOTu )KUTh
Ha CyII€ TOJBKO IOCJIE TOTO, KAK y HUX MOSIBWICA 3MUJIEPMHUC - CIEIMAIbHAs IOKPOBHAsI TKAaHb C
TOJICTBIMM ~ KJIETOUYHBIMH CTEHKaMH, [PONHUTAHHBIMH BOCKOBHUJHBIM BOJOHENPOHULIAEMBIM
BEIIECTBOM (KyTHKYJIIOH).

Bropass TpymHOCTh ObITa CBsi3aHAa C TMOJNyYeHHEM MUTATEIbHBIX BemlecTB. Bce, dTO
TpeOyercss AN POCTa pacTeHUs - BOJA, YIJICKUCIBIA ra3, MHUHEpaJbHbIE COJH, CBET - BCE 3TO
BMECTE€ HAaxOIWUTCSI B BOJHOM cpene OKpyxKaroumed Boxopociau. Ha cyme oHu paszneneHsl B
IIPOCTPAHCTBE - YIVIEKUCIBIA ra3 U CBET HAXOIATCS HaBEPXY, B BO3yXe, a BOJa U MUHEPAJIbHBIC
COJIM - BHM3Y, B INouBe. Te mepBble HAa3eMHbIE PACTEHMs, KOTOPBIE MBITAINCH >KUTh B IIOYBE,
MOJTyYaJld I0CTaTOYHO COJIeH U BO/BI, HO OHU OBLIH JIMIIEHBI CBETA M UM HE XBaTaJIO YIJIEKUCIIOTO
raza. A Te, KOTOpBIE MBITAINCH XKUTh HAa TIOBEPXHOCTH ITOYBBI, OBUIM OOECIICYECHBI CBETOM H
YIJIEKHCIIBIM Ia30M, HO MCTIBITHIBAIN HEAOCTATOK B BOJE M HE Moiyvanu cojeil. Pacrenusim 6bu10
HE00X0IMMO "Hay4HThCS" PacTH cpa3y B JIBE MPOTHUBOIIOIOKHBIE CTOPOHBI - BBEPX K CBETY M BHU3
B IIOYBY.

B-Tpetbux, Boa HaMHOTO IUIOTHEE, YEM BO3AYX, M OHA MOJJEPKUBAET TEJIO BOJOPOCIH, HE
naBas eMy ynacTb. Ha cyiie pacTeHMsM NPHUIUIOCH CAMUM MOJAEPKUBATh CBOE TEJO C IOMOILBIO



CTIEMANBHBIX MEXaHUYECKUX TKaHeW. B-4eTBepThIX, Ha/l0 OBUIO 3aIIMIIATHECS OT PE3KHUX IepEeMeH
TEMIIEPaTyphl U PE3KUX MEPEMEH JPYTUX BHEIIHUX YCIOBHIA, OT KOTOPBIX BOJIOPOC-

JIei IpeoXpaHseT BOAHAs Ccpeaa. B-IATHIX, 1 3TO caMoe TI1aBHOE, BOJA

CIIy)KHUT JUIS BCTPEUM TaMeT MpU TOJOBOM DPAa3MHOKEHUU M IS PACIPOCTPAHEHHs CIOp MpH
6ecrionoM. [ToaTomMy Hao OBIIIO KaK-TO PEIUTH MPOOIEMy C pa3MHOKECHHUEM Ha CyIIIE.

[TockonbKy 3JI€MEHTHI MUTAaHUSI PABHOMEPHO paccesiHbl B OKPY’Kalollell cpene, pacTeHHs B
XOZI€ 9BOJIIOLMU TOCTETNICHHO TOTEPSUTH TOABMKHOCTh M TEPENUIH K HMPUKPEIUICHHOMY 00pasy
xu3HU. OHU B TeUEHHE BCEH KU3HU OCTAIOTCS HA OJTHOM MECTe, a MepeABMKEHHE CBSI3aHO JIHOO C
pasMHOXKEHHEM (TaMeThl, MBUIbIA, CIOPHI), JHOO C TOCTENICHHBIM HAapacTaHUEM OpIaHOB
(Hampumep, KOpHEH B MOYBE).

DJeMeHTHl THTaHUs, PAaBHOMEPHO pAacCHpelesieHHbBIE BO BHEUIHEH Cpefe, MOTJIOMA0TCS
4yepe3 HapyXHYIO MOBEPXHOCTb pacTeHus. Yem Oouible MIOMAAb MOBEPXHOCTHU, TeM OOIbIIe
noryomenue. [1o3ToMy B X0/1€ 9BOJIIONIMY MHOTOKJIETOUHBIE PACTECHHS CTPEMIIIUCH K YBEITHUCHHIO
MOBEPXHOCTU COMPUKOCHOBEHHS CO BHEIIHEW cpenoi. Bomopocnu mepexoauiau OT HUTYATHIX
dopMm Kk Bce Ooiee pa3BETBICHHBIM. A Ha3eMHBIC PACTCHHUS YBEIWYHBAIN MOBEPXHOCTH TEJa,
o0pa3ys MI0CKUE TUCThS U MPHU MOMOIIIA MHOTOKPATHOTO
OOMIIEHOTO BETBJICHUS TIOOETOB U KOPHEH.

[lepBpIMU pacTEHUSMH, MPUCTOCOOMBIIMMHUCSA K YKU3HU Ha Cylle, ObLJIM HBIHE BBIMEpILHE
ncunogumet (OT Tped. TICHIIOC - CKYIHBIA, TOJbId + (UTOH - pacTeHue). HalimeHsl ucKommaeMble
OCTaTKU HEKOTOPBIX MCUIO(UTOB, U MO HUM OBLT BOCCO3JaH BHEIIHUI OOIWK ATHX JIPEBHUX
pactenuii (puc.193). [lcunodurel ObUTH elle 0OYCHB MTOX0XKHU Ha 3€JICHBIX BOJAOPOCICH, OT KOTOPBIX
npousonuid. Mx Temo eme He ObUlOo pa3feneHo Ha opradbl. OHO TPEACTaBISIO COOOM
pa3BeTBIICHHBIN TaiuoM. [IpearmonaraeTcs, 4To JUCThS B XOZ€ IBOJIOINH PACTCHUN BOSHHUKIIN W3
OTPOCTKOB TajsIoMa IyTeM HMX PACIOJIOKEHHS B OJHOW IUIOCKOCTH, CKPYYMBAHHUS U CPAaCTaHUs
(puc.194). Crebmu ¢ uX CI0XKHON MPOBOAIICH CUCTEMOM, BUIUMO, TOXKE BOSHHUKIIN U3 TAIJIOMOB.
KopHu npouzonuiu U3 TaaIoMoB, JIeKAIIUX HA MOBEPXHOCTH TMOYBHI, a 3aT€M YTIIyOMBIIMXCS B
Hee. Takum o00pa3oM, Bce BeEreTaTUBHBIC OpraHbl BO3HHMKJIM M3 TalIoMa B CBSI3U C
MPUCTIOCOOICHUEM PACTEHUI K KU3HU Ha CylIe.

Moxoo0pa3Hble ¥ ManopOTHUKOOOpa3Hble HE3aBUCHMMO JAPYT OT JApyra MPOU3OLLIH OT
ncunoputoB. M Te, u apyrue Hy»X AalOTCs B BOJAE ISl CBOETO IMOJOBOro pa3MHokeHus. Ho
MaropOTHUKOOOPA3HbIE CTANIN MEPBBIMU COCYTUCTHIMH PACTCHHUSIMU - Y HUX BIIEPBbIC MOSBUINCH
CHelHagbHbIe MPOBOAIINE TKAaHU - KCHiieMa U ¢GiodMa. ITO MO3BOJUIO UM IIHPOKO
paccenuThbes Mo 3emiie B KAMEHHOYTOJIbHOM TEPHOE U BBIPACTATh 10
TUraHTCKUX pa3MepoB. Ho peskoe moxosonanue kaumaTa U MOBBILICHHUE

CYXOCTH IIPHUBEJIO K BEIMAPAHUIO OOJBITMHCTBA MAIOPOTHUKOOOpa3HbIX. Ha
CMEHY ManopOTHUKOOOPA3HBIM HAYaId Pa3BUBATHCA JPYTHE PACTECHUS,
MPpOHU30MICAIINE OT CCMCHHBIX IMAIIOPOTHHUKOB, HO JIYUIIC HUX HpI/ICHOCO6J'I€HHI)I€
K JKA3HH Ha CyIE - TOJIOCEMEHHbIE pacTeHusl. OHU CyMeln MPE0I0JIETh
3aBUCUMOCTD OT BOABI 3@ CUCT BOBHUKHOBCHHS OIBIIICHUA BETPOM. Korz[a
MOSIBUJIMCH TOJIOCEMEHHBIE paCTeHUs Ha 3eMJie ellle He ObLIO JIeTaroIX
JKHNBOTHBIX. HBGTKOBLIC pacTCHUA NMOABUIIMCH B OJHO BpEMs C JICTAIOIINUMU
HACEKOMBIMHU U NTHIIAMU. [103TOMY TONBKO Y IBETKOBBIX PACTEHU PA3BUIIHCH
CIICIIMaJIBHBIC HpI/ICHOCO6J'I€HI/I$I JJI1 OIIBIJICHUS JKUBOTHBIMMU. L[BCTKOBI)IC
pacTeHus - 3TO BEpILIMHA 3BOJIIOIMH 1[apcTBa pacTeHuid. OHU rOCHOACTBYIOT
HBIHE Ha 3eMJie CpeIu PACTEeHUH.

CxeMaTHYHO 3BOJIOIHUIO PACTEHUN MOYKHO U300pa3HTh TaK:

IIBETKOBBIE PACTCHUS
%
TOJIOCEMEHHBIC PACTCHHUS
%
JPEBHUE Pa3HOCIIOPOBHIE



HNanOpPOTHUKH
%
COBPEMEHHBIE BbIMEpILINE
NaropoTHUKOOOpa3Hble 5 NMCHIIOPUTHI 6 MOXOOOpa3HbIe
%
3eJIeHble MHOTOKJIETOYHbBIE
BOJIOPOCIIH
%
KOJIOHUAJIbHbIE 3€JICHbIE
BOJIOPOCIIH
%
OJTHOKJICTOYHBIE
3€JIEHbIE BOAOPOCIN

Ecin cpaBHUTH LIMKJIBI BOCIIPOM3BEIEHUS PACTEHUM Pa3HBIX OTHAEJIOB - OT BOAOPOCIEH 10
MOKPBITOCEMEHHBIX, TO BHJHA YETKas 3aKOHOMEPHOCTh: B IIPOLECCE 3BOJIOLUU pPa3MEpPbl H
JUTUTENBHOCTh JKU3HU JUIUIOMIHOTO CHOPO(HUTa YBEIWYMBAINCH, @ pa3Mepbl U JITUTEIHHOCTD
YKU3HH TaIUTIOMIHOTO TaMeTo(uTa yMEeHbIIaIuch (puc.195). V HEKOTOpBIX BOJAOPOCIIEH, HapuMep
YJIOTPHKCA, B K&KJOM LIUKJIE BOCIIPOM3BEEHMSI €CTh TOJIBKO OJIHA
IOUIUIOMIHASA KIIETKA - 3UT0Ta, & OCTaJIbHBIC KJIETKHU TaIlJIONIHBL. Y MXOB
rarIONIHOE IOKOJIEHHE BCE €11I€ KPYIHEE U )KUBET JOJIbIIE, YEM
aumonaHoe. Ho nqumionHoe nokosieHne y MXOB yiKe IpeACTaBiIseT coOoi
CJIO’KHO€ MHOTOKJIETOYHOE pacTeHHe. Y ManopoTHUKOOOPa3HBIX COOTHOIICHUE
rarIouAHON U AUIIOUAHOM (pa3 pasBUTHS IPOTUBOIOJIOKHO - JUINIOUTHOE
MOKOJICHUE - 3TO KPYITHOE pACTEHHUE, TOTAA KaK ralIOnHbII raMeTogur,

SBJIAIOIIUICS €I1I€ CAMOCTOSTEIIBHBIM PACTEHUEM, FOPa310 MEIb4€e U XKUBET
HEZ0IT0. Y TOJI0CEMEHHBIX U MOKPBITOCEMEHHBIX PACTEHUN YMEHbILIEHUE
TaIyIONAHOTO TTOKOJICHHS 3a1IUI0 TaK JaJIeKO, YTO UX TaMeTOPHUTHI COCTOST
TOJIBKO U3 HECKOJIBKUX KIJIETOK. Y MOKPHITOCEMEHHBIX MY KCKOH raMeTouT
(TBLTBLIEBOE 3€PHO) COCTOUT BCETO U3 JIBYX KJIETOK, & JKEHCKUH

ramMeTo(uT (3apOABIIIEBBIN MEIIOK) - U3 CEMHU.

OOBSICHUTH HBOJIIOLIMIO LIMKJIA BOCIPOM3BEICHHUS pacTeHHM, KOTopas IpuBENIa K
YMEHBIICHHUIO TaIUIOUIHOT0 raMeTopuTa 10 HeOOBILION IPYTIIIbI
KJIETOK, MOKHO HECKOJIbKUMH NPUYMHAMU. Bo-1IepBbIX, Y JUILIONIHOTO
OpraHM3Ma JIB€ KOIIMYU KaX10ro reHa. Eciim uCOopTUIICS WK IJI0XO0
paboTaeT OAMH M3 IE€HOB, €ro "HamapHUK" HCHPABUT MOJOXKEHHUE, U TUIUIOMAHBIA OpPraHu3M He
noruOHeT. IlosTOMy AMMIOWMAHBIE OPraHM3MBbI HKM3HECIIOCOOHEE TaIIOMIHBIX. B0-BTOpBIX,
YMEHBIIEHUE MY>KCKOTO0 raMeTo(pHTa CBSI3aHO C MOSBICHUEM OIbUICHUS. Y MXOB U MAallOPOTHUKOB
IUIs IepeHoca CrepMaTo30m/ia K AHIeKIeTke Heo0XoAuMa BOIHAsl TJIEHKa, 110 KOTOPOil OH Mor Obl
WIbITh. ONbUIEHHE YCTPaHWJIO 3aBUCHUMOCTh PAaCTEHUIl OT BOJbL, HO YTOOBI MEPEHOCHUTHCS IO
BO3yXY BETPOM WJIM HACEKOMBIMH-ONBUIUTENAMU MYKCKOH TaMeTO(UT CTal O4eHb MaJICHbKUM.
B-Tperpux, mis mepexona K HAa3eMHOM JKM3HM PACTCHHUSM OBUIM HYXXKHBI TPOBOJSIINE |
MexaHudeckue TkaHu. Ho 3TH TkaHM MMenuch Tonbko y cnopogutos. [loaTromy Ha cyme ObuI0
OoJyibllle MIAHCOB BBUDKHTH y PACTEHHH C TPOJMOJDKHTENBHOM CIOPO(GUTHOW W KOPOTKOM ra-
METO(UTHOMN CTAAUSIMHU IIUKJIa BOCTIPOU3BEICHHUS.

OBOJIIOLMA BECIIO3BOHOYHbLIX )KMBOTHBIX

[lepBble KHMBOTHBIE MOSIBUIUCH Oosnee 3.3 MipH. JeT Ha3al B apxXelcKuil mepuoj
apXepo30MCKOM 5pbl. Takue NPUMHUTUBHBIE XUBOTHBIC INPOJOJDKAIOT CYLIECTBOBAaThH M B Hallle
BpeMs M UX OOBEAMHAIOT B THI npocmeliwiue. HecMOTpss Ha MPUMUTHUBHOCTh, OHU 32 MHJUTHAP.IBI
JIET CBOEr0 CYIIECTBOBaHMs OYEHb XOPOIIO MPHUCIOCOOMINCH K Pa3HbIM YCIIOBHSM OOMTaHUS, U
3TO MO3BOJISIET UM COCYIIECTBOBAaTh HapaBHE ¢ 0ojiee BBICOKOOPTaHW30BAHHBIMHU IKMBOTHBIMHU.



[Ipocreiimme  (KOPHEHOIIKH, JKTYTUKOBBIE, WH(Y30pUH H  CHOPOBHUKH) TIOBCEMECTHO
pacrpocTpaHeHbl U X HacuuThiBaeTcst 6osee 30 ThIC. BUIOB.

Ponp opraHoB y mNpoCTEHIIMX BBINOJHAIOT KJICTOYHBIE OpPraHENUIbl, HANPUMED, XIYTUKA H
PECHUYKH - OpraHbl ABM)KEHHUS, COKPATUTENbHBIE BAKyOJIN - OPTaHbl BbIJAEIEHUS U T.1. OpraHesuibl
MOTYT OBITh BBICOKO CIIELMAJIN3UPOBAHBI, KaK, HAIPUMED, MPUXoyucmsl HEKOTOPBIX UH(y30puii -
KOPOTKHE MAJOYKH B HAPYXHOM CJIO€ KJIETOYHOM LUTOIUIA3MbI, KOTOpBIE IPH DPa3ApaKeHUU
’KMBOTHOTO BBICTPEJIMBAIOTCS HAPY’)Ky, IPEBpAIlasCh B JIMHHYIO YIPYI'YIO HHMTh, BOH3AIOTCA B
TEJIO Bpara WM JOOBIYM M BHOCSAT B HETO SIJOBUTOE BEUIECTBO. ba3anbHbIe Teblla pECHUYEK
nH(]Y30pul CBsI3aHBI MEXAY COOOW BOJIOKOHIIAMH, KOTOPBIE OOECIEYMBAIOT COTJIACOBAHHYIO
paboTy pecHHYEK (KOTOPHIX MOXKET ObITh 10 - 15 ThIC.), - 3a4aTOK HEPBHOW CUCTEMBI, a Y HEKO-
TOPBIX MHPY30pUH €CTh COKPAaTHTEIbHbIE aKTUH-MHUO3MHOBBIE BOJIOKOHIIA - 3a4aTOK MBIIIEYHOMN
CUCTEMBI IBHXEHHS. J[EMOHCTpUPYs BBICOKYIO CTENEHb CIELMAIN3ALUN PA3IMYHbIX KJIETOYHBIX
opraseii, UHQY30pHUHn SIBIISIOTCS MPENEIOM CI0XKHOCTH CTPOEHHS OJHOKJIETOYHOIO OpraHu3Ma.
[Tocnenyromiee NOBBIICHHE CIOXKHOCTH OPTraHU3aLUU MOTJIO OBITh CBS3aHO TOJBKO C MOSIBICHUEM
MHOTOKJIETOYHOCTH.

MHOrOoKJIETOYHBIM OpraHu3M OTJIMYAETCS OT KOJIOHUH KJIIETOK TE€M, 4TO KJIIETKH, 10 KpanHen
Me€pe, YaCTUYHO YTPAuMBAIOT CAMOCTOSTEIBHOCTh W HAYUHAKOT CIEHUAJIMUPOBATHCS  JUIA
BBINOJIHEHUS pa3HbIX QyHKuui. [IpocTeifiine MHOTOKJIETOYHBIE KUBOTHBIE BYCIIOWHBIC: UMEIOT
CJIOM BHYTPEHHHUX JXI'YTHKOBBIX KJIETOK Ul MUILIEBAPEHUs (9HmoOepmy) W CIOH HapyKHBIX
3aIIUTHBIX KJIETOK (9k300epmy). OOIIETTPU3HAHO, YTO MHOTOKJIETOUHBIE KUBOTHBIE IIPOU3OILIH OT
KOJIOHUH JKTYTHKOBBIX KJIETOK, OJHAKO KaK IMPOM3O0LLIO TAKOE MPEBPAIEHUE, OCTAETCS CIIOPHBIM
BonpocoM. CyIlecTByeT HECKOJbKO runore3. ['actpeitHas runore3a ['ekkens mpeanosnaraer, 4yTo
CTEHKa IIapooOpa3HOW KOJOHUM BTSHYJIAaCh BHYTPb, M BO3HUK [IBYCIOWHBIH OpraHuU3M C
NEPBUYHBIM PTOM, BEIYIINM B MEPBUYHYIO MHIIEBAPUTENBHYIO MOJOCTh. Takoe mpeoOpa3oBaHue
(Onmactynsl B racTpyiy) JEHCTBUTENBHO IPOUCXOIUT B OHTONEHETHYECKOM pa3BUTHHM BCEX
MHOTOKJIETOYHBIX KUBOTHBIX. OJIHAKO 3Ta TUIIOTE3a HE OTBEUYAET Ha BOIMPOC, I0YEMY B IBOJIIOLIMU
MPOM301LIO0 Takoe BrsiunBaHue. 1o runornse browin mpenkoM MHOOKIJIETOUHBIX Oblia HE IIapo-
BUJHAs KOJIOHHUS, a KOJIOHUS B (opMe IBYCIOHMHOW MJIACTUHKU: HWKHMHA CIIOW KJIETOK - JUIs
MUTaHUs, a BEPXHUH - AN 3alluThl (TaKWe OPraHU3Mbl €CThb M Ceiuac - 3TO MpUxonniaxc).
[TnacTuHKa cBepHyIach, 1 00pa3zoBaach MUILIEBAPUTEIbHAS 110JI0CTh. HakoHel], B COOTBETCTBUU C
runoTe30ii MeyHnkoBa NMUTaHUE MEPBBIX MHOTOKJIETOUYHBIX U KOJIOHHAJIBHBIX KT'YyTHKOBBIX CXO[-
HO: HACBITUBIIHECS OT/ENbHbIE KJIETKH IMOTPYXaJUCh BIIIyOb KOJOHHUM M TaM MepeBapHUBaIH
nunty. Co BpeMeHeM 3TO pa3/ieJieHHE Ha BHEIIHEE U BHYTPEH-

Hee CTaJIo MOCTOSTHHBIM. Ho B 111000M ciTydae 3BOIIOIMOHHOE Pa3BUTHE MEPBBIX MHOTOKJIETOYHBIX
KUBOTHBIX, BEPOSATHO, IPOUCXOUIO TAK, KaK IIOKa3aHO Ha puc. 196.

I'yoKu - OIHU U3 CaMbIX NMPUMUTHBHBIX MHOTOKJIETOUHBIX OpraHu3MoB. OHU HMEIOT MATh

TUIOB CHELMATU3UPOBAHHBIX KJIETOK (puc. 197), HO B3aMMO03aBUCHMOCTb MEX]y KJIETKaMH Teja
emte oueHb Mana. OO 3TOM CBUAETENBCTBYET TOT (PAKT, YTO €CIIU I'yOKy MPOTEpETh Yepe3 CUTo, TO
obpa3zo-
BaBlIasiCs KalllUIla, COCTOSIAS U3 OTIENbHBIX KJIETOK U IPYMI KJIETOK, OKa3bIBAETCS CIOCOOHON K
BOCCTAHOBJICHHIO II€JIOTO  OpraHum3ma. Y TyOOK COXpaHseTcsl caMoe MPUMUTHUBHOE
BHYTPHUKJIETOYHOE IMUIIEBAPEHNUE, U OHU CIOCOOHBI KaKk K IIOJOBOMY, TaK U BEreTaTUBHOMY
(MOYKOBaHMEM) Pa3MHOKEHHUIO.

Kuweunononocmmuoie - 3T0 TOXKE IBYCIONHBIE )KUBOTHBIE, HO YHCJIO CHELUAIN3UPOBAaHHBIX
KJIETOYHBIX 3JIEMEHTOB Y HUX BO3pacTaeT 110 6 - 7 (puc.

198), 1 B [OMOJHEHHE K BHYTPUKICTOYHOMY ITUILEBAPEHUIO A00aBIsSeTCS MNHUIIEBAPEHHUE B
MUIIEBAPUTEIBHOW MOJOCTH (KHUIIKE). Y KHIIEYHOIIOJIOCTHBRIX TOsBisiercss auddy3Has HepBHAS
CHCTEMA U INEPBbIE OpraHbl UyBCTB - IPOCTHIE TJ1a3a, CIy’KalIUe TOJbKO IS pa3IN4eHUs CBETa U
TbMBI, U cmamoyucmel (OpraHbl paBHOBecHsi). OHHU CTAHOBSTCS CIIOCOOHBI K JIBHIKCHHIO
Onmarozapsi SMUTENHUATBHO-MBIIIEYHBIM KJIETKaM C Pa3BUTOM CHCTEMOW aKTHMH-MHO3MHOBBIX



BOJIOKOH. Tak ke, Kak TryOKH, KHUIIEYHOIIOJIOCTHBIE CIIOCOOHBI Kak K IIOJIOBOMY, TaK M K
BEreTaTUBHOMY Pa3MHOXKEHHUIO.

KuieqHonosnocTHble )KMBOTHBIE UMEIOT PadajibHYI0 CUMMETPHIO U3-32 MPUKPEIJIEHHOIO
WIA MAaJIONOABIKHOIO o0pa3a JKHM3HHU, KOTJIa IUINA MOXET MOSBUTbCA C JI000H CTOPOHBI.
[lepexon Kk aKTUBHOMY JABM>KEHHUIO COIIPOBOXKIAJICS MOSBICHUEM MEPEAHETO KOHIIA TeNa, KOTOPhIM
’KMBOTHOE HATAJIKMBAETCS HA MPEMATCTBUS U Ha J00bI1y. Ha 3TOM KOHIle HAUMHAIOT CKaIJIUBaThCA
HEpBHbIE KJIETKM M OpraHbl UYyBCTB, OH CTAHOBUTCS T'OJIOBHBIM, BO3HHUKAE€T JIBYCTOPOHHSA
(OmnarepanbHasi) cuMMeTpus. Takast cCHMMeTpUs Tella BO3HUKAET Y NI0CKUX Yepsell, IepeIIe/IInX
OT IJIaBaHUS K ION3aHMI0 Mo JHY. Ho y HuUX emie coxpaHseTcss 4epThl, OCTaBIIMECS OT
pazuaJbHOCUMMETPUYHBIX KHUIIEYHOIOJOCTHBIX MPEAKOB: HAllpUMEp, POT y IJIaHAPUH PaCIoIo-
KEH BCE €Il€ B CEpEUHE )KMBOTA, @ KUIIEYHUK HE UMEET aHAJIbHOTO OTBEPCTHS U PA3BETBJIEH KakK
Ha IPaBYIO U JIEBYIO CTOPOHBI T€Jla, TaK U MO PaguycaM OT IJIOTKH BO BCE€ CTOPOHBL. OgHAKO
CTPOEHHE PECHUYHBIX IJIOCKUX YEPBEH OTIMYAETCsl 3HAYUTENIBbHO OOJiee BBICOKOM OpraHu3anuen
10 CPAaBHEHUIO C KMIIEYHOIIOJIOCTHBIMU KUBOTHBIMHU (puc. 199).

[1nockue yepBH, KaKk ¥ BCE IBOJIIOLIMOHHO CIEAYIOLINE 38 HUMU KUBOT-

HBIE, TPEXCIIOMHBI: B IPOLIECCE OHTOTEHE3a Y HUX (OPMHUPYETCS HE JIBa,

Kak y Ty0OK M KHIIEYHONOJOCTHBIX, a TPU 3apOJBIIIEBBIX JHUCTKA. MexXay 3KTOonepMoil,
o0pa3zyloliel MOKPOBbI, U SHTOJEPMOM, M3 KOTOPOW MOCTPOEH KHUIIEYHHK, Y HHUX €Ie UMeeTcs
IIPOMEKYTOUHBINA 3apOJBIIIEBBIN JUCTOK - Me300epma. BaxkHas 0COOEHHOCTh CTPOCHMS MIIOCKUX
YyepBeil - 3TO HAJIMYME y HUX KOXKHO-MBIIIEYHOTO MeIKa. Tak Ha3bIBaeTCs COBOKYIHOCTb
SMUTENNUS U PACIOJIOKEHHON HEMOCPEICTBEHHO IOJA HHUM CIIO0XHOM cucteMbl auddepeHunpo-
BaHHBIX MBIIICYHBIX BOJOKOH. BriepBble B 53BOMIONMHM Y IUIOCKUX 4YepBEeH BO3HUKACT
BBIJICIUTENIbHAS CUCTEMA. [[namennble KiemKu, UMEIOINEe BHYTPH ObIOLINECS PECHUYKH, CO3JAI0T
TOK BOJbI, KOTOPBII BHIHOCUT COOMpaeMble OTXO/bl MeTabonu3Ma B coOMpaTelbHbIe TPYOOUKH,
BEIyIIME K MEJIbYaWIIUM IOpaM Ha TOBEPXHOCTH XKUBOTHOTO (puc. 199). HepBHas cuctema
COCTOUT M3 MApHOTO MO3TOBOTO TaHTIHUS M HUAYLIMX OT HEro Hazaj HEPBHBIX CTBOJIOB, COEIH-
HEHHBIX KOJIBIIEBBIMU TI€PEMBIYKaMU. Tel0 TIUIOCKMX YepBed MOXKET OBITh JOCTaTOYHO
NPOTSDKEHHBIM, HO CIUIIOIIEHO B CIMHHO-OPIOIIHOM HAalpaBlIEHUHM, TaK KakK JbIXaTeIbHOU H
KPOBEHOCHOM CHCTEM Yy HUX HET, M KHCIIOPOJ MOCTYIAaeT B TEJIO YepBs myTeM auddy3un depes
BCIO NOBEPXHOCTh Tena. Ilmockue uepBu repmMadpoauThl, HO HEKOTOPbIE M3 HUX CIIOCOOHBI K
0ecroIoMy pa3MHOXKEHHIO TTOCPEICTBOM MOMIEPEYHOTO JICICHUS TIEPETSIHKKOM.

Teno mnockux 4depBeil He wumeer mnoijoctd. [lomocTe Tenma, oTauyaromascs OT
MUIIEBAPUTEIHLHON MOJOCTH TEM, UYTO HE HUMEET COOOIIEHUS C HapyKHEW cpenoil MosiBUIach
BIIEPBBIE Yy Kpyeavix uepgeil. I1onocTh Tena 3amojHEHAa MHUJIKOCTbIO U BBINOJHSET HECKOJIBKO
¢byskumii: 1) Hec)kKMMaemasi )KUIKOCTh MPHUIAET YIPYTrOoCTh TEIy 4epBs (TUAPOCKENET); 2) yepes
MOJIOCTh Te€Ja MPOUCXOMUT TPAHCHOPT BELIECTB, YCBOGHHBIX M3 MHIIM, OT KHUIIEYHHKA K
MYCKyJIaType U TOJOBOM CHUCTEME; 3) uepe3 IOJOCTh Tela OCYLIECTBISIETCS BBIHOC MPOIYKTOB
oOMEHa K OpraHaM BBbIJENCHHs, KOTOPBIMHM CIyXaT CIeLUalbHble KOXKHbIE Xene3bl. Takum
00pa3om, TMOJIOCTh Tella UTPAaeT PoJib BHYTPEHHEH cpeabl opranu3ma. Kpome Toro, y 3Toro Tuma
yepBeil MosIBUIIACh 3aHs KHUILIKA M aHAJIbHOE OTBEPCTUE, KUIIEYHHUK CTal CKBO3HBIM (puc. 200).
CHapyu KpyIJible 4YepBU OJIEThl CJOXKHO YCTPOCHHOW MHOTOCIONMHOW KYmuKyaot, KOTOpas
BMECTE C THAPOCKEIETOM CO3/aeT OMopy JUIsl MYCKynaTypsl. M3-3a KeCTKOH KyTHKYJbl pOCT
COIIPOBOXAAETCS JIMHBKON. B oTIMuMe OT MIocKuX yepBeil OHU Pa3/IeIbHOIONbI U HECTIOCOOHBI K
pereHeparyu.

3HAYUTENIBHOE YCIOKHEHUE CTPOCHUS IPOUCXOIUT Y KOIbUAMBIX Yep-
geti. VIx 0011eit 0cCOOEHHOCTBIO SBIISIETCSI CETMEHTUPOBAHHOCTD TYJIOBHILIA,

COCTaBJIEHHOT'O U3 OOJIBIIOrO KOJIMYECTBA OBTOPSIOIIMXCS YWIEHUKOB OJIMHA-

KOBOTo cTpoeHusi. Hanbosee CinoXxHO yCTPOEHBI MHOTOIIETUHKOBBIE KOJIbYAThIE
yepBH (puc. 201). /[ ux TyIOBHIIA XapaKTEPHO MPUCYTCTBUE HA KaXKIOM
YJICHUKE TeJa MapHBIX OOKOBBIX BBIPOCTOB - nApanoouti. 10 KOPOTKUE,



MYCKYJIUCTbIE U TMOABUKHBIE BBIPOCTHI T€Ja, 3aKaHYMBAIOLIMECS IMYYKOM IIETHHOK. [IBHMKEHMS
napanoAuii oAHO0Opa3Hbl, OHK 3arpedaroT criepeIn Ha3aj |, 3alerisas IEeTHHKaMU 32 HEPOBHOCTH
cyOcTpara, MpOABUralOT XUBOTHOE BIEPEN, HO ATO YK€ MEPBbIE, XOTS U OYEHb NPUMUTHUBHBIC
KOHEYHOCTH. Y MHOTOUIMTHUHKOBBIX KOJBYATHIX YEPBEH BIIEPBBHIE B BOJIOLMH MOSBISIIOTCA KPO-
BEHOCHasl CCTEMa U OpraHbl JbixaHus. OpraHsl AbIXaHUs IPEACTABIAIOT OO0 BUAOM3MEHEHHBIN
y4acTOK Maparnoiuu, mpeBpaTuBIuuiics B xa0py. KpoBeHocHas cucrema 3amkHyTasi. OHa COCTOUT
U3 COMHHOTO W OPIOIITHOTO COCYJIOB, CBS3aHHBIX KOJIBIIEBBIMU COCYJIAMH, 3aXOJSIIUMHU B 5KaOpbI
napanoaui. J[BukKeHue KpOBHM OCYIIECTBISETCA 3a CYET COKpAUIEHUH CTEHOK cocynoB. KpoBb
COJIEP’KUT TE€MOIJIOOWH, HO JPUTPOLMTOB HET, a NeMOIJIO0MH pPacTBOPEH MpPSIMO B JKUIKOCTU
KpoBH. BrlgenurenbHasi cucTeMa MpecTaBiseT co0oi mapy TpyOOdYeK B Ka)JIOM CETMEHTE Tena,
OTKpBIBAIOUINXCA OJHUM KOHIIOM B TOJOCTh Teja, a JApyruM - Hapyxy. HepBHas cucrema
KOJbYATBIX YEpPBEH COCTOUT W3 OKOJOTJIIOTOYHOTO HEPBHOTO KOJbI[a M OpPIOUIHOW HEPBHOM
LEMOYKH.

OT apeBHUX KOJBYATHIX YEPBEHM BEAET HA4YAJIO0 HECKOJIBKO HOBBIX THUIIOB >KMBOTHBIX, B TOM
quclie U MOJUTIOCKH. HecMoTpst Ha TO, YTO OHU COBCEM HE MOXO0XKH Ha YepBei, CXOJCTBO JIMYMHOK
U HEKOTOPBIX YepT BHYTPEHHETO CTPOCHMS YKa3bIBAE€T HA HBOJIIOLMOHHYIO POACTBEHHOCTb 3THUX
IBYX THUIOB XHUBOTHBIX. [Ipoucxoxkaenue mosutockoB wmocTpupyer nonoiaHeHue A.H. Ce-
BEpIIOBa K OMOreHEeTHYECKOMY 3aKoHy Mioiiepa-I'ekkens: B OHTOT€He3e MOTYT 3aKJIabIBaThCs
HOBble MyTH (¢uioreHesa. I[IpenmonararoT, 4YTO JHMYMHKA KaKUX-TO KOJbYATBIX 4YepBeH
OTKJIOHHJIACh B CBOEM DPa3BUTUHU OT OOBIYHOTO MyTH, M ATO MPHUBEIO K BOZHUKHOBEHHUIO HOBOTO
TUINA >KUBOTHBIX. TE€I0 MOJITIOCKOB COCTOMT M3 TpPEX OTHAEIOB - TOJIOBBI, TYJIOBUINA U HOTH.
Tynosumie
- 3TO BHYTPEHHOCTHBI MEIIOK Ha CIMHHOW CTOPOHE, HOTa - MYCKYJIMCTBIM BBIPOCT OpIOLIHOM
CTCHKHU TeJa, CIyXamui s aBukeHus. OCHOBaHME TYJIOBHINA OKPY>KEHO OOJBIION KOXKHOM
CKIIAJIKON - mMaumueu. Mexay MaHTUEH U TYJOBHILEM - MAHMUliHAsA noiocms. B Hell HaxoasTcst
#aOpbl, HEKOTOPBIE OPTraHbl YYBCTB, OTKPHIBAIOTCS OTBEPCTHS 3aJHEU KUIIKH, OYEK U MOJIOBOTO
annapata. Ha cnvMHHON CcTOpOHE, Kak MpaBUiIO, HAXOAWUTCS M3BECTKOBAas PAaKOBMHA: YIJIEKUCIAs
U3BECTh JOOBIBAa€TCS W3 3arjaThblBA€MON MOJUIIOCKAMHU BOJbl M THUIIM W 3aTE€M BBIIEISAETCS
CIELIMAJIbHBIMM JKEJI€3aMH, PACIIONIOKEHHBIMU Ha MOBEPXHOCTU MaHTHM. KpoBeHOCHas cucrema
MOJIIFOCKOB HE3aMKHY-

Tas, HO y HUX MMEETCs CepAlle, COCTOosIee U3 Keiyaouka u 1 - 4 npencepauil. BeinenurensHast
CUCTEMA IIPEICTABJICHA IOYKaMH, HEPBHAsL CUCTEMA

- pa30pocaHHO-Y37I0BOr0 THUIA. MOJUTIOCKH MOIPA3ACISIOTCA HAa TPH HEMOXO0XKHKX JAPYT Ha Apyra
KJ1acca - OproxoHozue, 08ycmeopiamele U 2010860HO2UeE.

BproxoHorue MOJUIFOCKM HMMEIOT TosIoBy ¢ | - 2 mapaMu Iiynajgen W napy rjia3, Hora c
ITUPOKON MOJI3aTeILHOM MOIOIIBOM, @ paKOBHHA U3 OJTHOTO Kycka (puc. 202). XapakrepHas uepTa
OpIOXOHOTHX - aCHMMMETPUYHOCTb CTPOCHHUS: BO BHYTPEHHEM CTPOCHHHM y HHUX MPOHMCXOIHT
peAyKLMs MpaBbIX OpraHoB ( MpaBOi MOJOBUHBI MEUEHH, IPABOTO MpeICcepIns U MPaBoil MOYKH),
COIIPOBOYXAAOIAsl KOMIIEHCATOPHBIM Pa3BUTUEM HX JIEBBIX IAPTHEPOB, @ BO BHEILIHEM CTPOEHUH -
3aKPYYEHHOCTh PAKOBHHBI IIOYTH BCEr/A MO 4acoBOM cTpenke. Hora MoxeT BUAOU3IMEHATHCS ISt
IUIaBaHUS y IulaBalommx (opM (KpPBUIOHOTHE MOJUIIOCKM), a4 PAaKOBHHA MHOTJa MOXET
OTCYTCTBOBaTh (CJIM3HM, IJIaBAIOUIME MOJUIIOCKH). BprOXOoHOrHe MOJUTIOCKH CyMeNIH OCBOMTH
CyLIy: Y Ha3eMHBIX OpPIOXOHOTHMX MOJIIIOCKOB BMECTO >KaOp pa3sBWINCH JIETKHUE JUIS JbIXaHHS.
HekoToprie OproXxoHOrHMe MOJUTIOCKH TMEPENlId 3aTeM K JKU3HHM B MPECHOBOAHBIX BOJOEMax, HO
XKaOpbl y HHMX BHOBb HE MOSBWINCH (3aKOH HEOOpPAaTHMMOCTH SBOJIONUHM) W OHHM JbIIIAT
aTMoc(epHBIM BO3TyXOM, 3arjaTbiBasi €ro BO BpeMs BCIUIBITUSL HA TIOBEPXHOCTb.

¥ nByCTBOpYATBHIX MOJUIIOCKOB I'0JIOBA PELyLIMPOBaHa, U TEJIO COCTOUT TOJIBKO U3 TYJIOBHILA
Y HOTH. Y3Kasl HOTa CIYKUT UM HE CTOJBKO JUIS MOJ3aHMS, CKOJIBKO IS PBIThSl NIECKA WIN WA,
paKkoBUHA COCTOMT M3 JBYX uacTeil. Kpass MaHTHIIHON MOJOCTH, B KOTOPOW HAxXOJATCS HOra M
XKaOpbI, OOBIYHO CPACTAIOTCS U 00PAZYIOTCS 8600HOU U 8bI80OHOU CUOHbL (PHC.

203). JIBycTBOpuUaThle MOJUIIOCKH, TaK >X€, Kak TIyOKd, (UIbTpPAaTOphl: BOJa BBOJIUTCS Yepes3
BBOJHOU cU(OH, MPUHOCUT KUCIOPOJI K Kadpam U MUIIEBbIE YACTHUIIBI KO PTY U BBIBOJUTCS 4Yepes



3aqHUI BBIBOAHOH cH(OH. ['0OJIOBOHOTHME MOJITIOCKH - aKTHBHBIE XHUIIHWUKH, PAKOBHHA y HUX
pyIUMEHTapHa UM oTcyTcTByeT. Hora y HuxX Bupousmensercs, oopasys 8 - 10 mrynanern ¢ npu-
COCKaMM Ui yJepkKaHus J00bluu. Y KajabMmapa M3 Jpyroid 4YacTH BHUJOU3MEHEHHOM HOTH
oOpasyeTcs CU(OH, 4yepe3 KOTOpbI BOJa W3 MAHTUHHOW TMOJOCTH C CHJION BBITAJIKUBAaeTCA
HapyXy, cooOIas XKUBOTHOMY OOpaTHBI TOm4oK (puc. 204, A). Y TroIOBOHOTHX MOJITIOCKOB
XOpOIIO pa3BUTHl OpraHbl 4YyBCTB, TaK, HalpUMep, MHOIME€ U3 HHMX O00JaJaloT CII0XKHO
YCTPOCHHBIMU TJIa3aMH, OUYEHb MMOX0KMMH T10 CTPOEHUIO Ha Ti1a3a 4yenoseka (puc. 204,

b). Onnako ria3a roloBOHOTHX 00Ja1al0T aKKOMOJJalluel, KOTopasi COBEpIaeTCsl He U3MEHEHUEM
KPUBU3HBI XpYyCTalIMKa (KaK y YeJIOBEKa), a €ro NpUOJMKEHUEM U YJJaJI€HUEM OT CETHYATKH.

Vke y JOpeBHUX KOJIbYaThIX dYepBed Hawancs mpouecc aupdepeHnuanuu B CTPOCHUHU
MepBOHAYAIbHO OJIMHAKOBBIX WIEHWKOB B 3aBUCHUMOCTH OT BBINIOJIHsAEMOM UMK GyHKIMH. Bo Bcex
cllyyasix TepelHUE MapanoJud W3MEHsUIM CBOIO cHenuaiu3anuio. s mepenBHKeHHs CTalu
CIIy)KHUTh TapanoJuu CIEIYIOIIUX CErMEHTOB, a IEpeJAHHE HAKJIOHSUIUCh BIEped M CTalH
noAarpedaTh MuIly KO pTy, a 3aTeM 3aXKUMaTh M H3MelbuaTh ee. TakuM o0pa3oM U3 cambIX
MepeHNX KOHEYHOCTEH Maparofuii 00pa3oBaioCh HECKOJBKO Tap YETIOCTeH M HOTOYEIIOCTEH
uneHucmono2ux KUBOTHBIX (puc. 205). OcTaibHble MapanoJuu IO BCEMY TeIy YAJIUHUINCH,
pacujeHWINCh M cTanu Horamu. OJHAKO YeNoCTH M HOTM ObUIM HE eIUHCTBEHHBIMHU
HBOJIIOIMOHHBIMU TPUOOPETEHUEMH WIEHHUCTOHOTHMX, IMOBBIIICHUE YPOBHS HMX CTPOCHHUS OBLIO
CBS3aHO TAaKXE€ C TMOSIBJICHHEM IPOYHOTO XHUTHHOBOIO HAPYKHOTO CKejeTa. Takod CKemeT-
000704YKa OBUI HAACKHOH 3alllUTOM, B TOM 4YHCIEC KU OT OOE3BOKHMBAHHS, YTO CO34AJI0
BO3MOXXHOCTH ISl WIEHUCTOHOTHUX OCBauBaTh Cylly. B To jxe Bpemsi HapyKHBIH CKeJleT MPUBEN K
pacmany eIMHOTO KOKHO-MBIIIEYHOTO MEIIKAa Ha TPYIIbl OTJEIBHBIX MBIIII-aHTarOHUCTOB. Tem
BpEMEHEM CIlelUaIn3alisl MepBoHauYaIbHO MHOTOUMCICHHBIX KOHEYHOCTEH MpOoJoIkKalach, 4To
NPUBEJIO K HEPABHOMEPHOMY PACUWICHEHMIO Tela U 00pa30BaHUIO CHAyaja JIByX OTIEJIOB Tela -
rojioBorpyau u Opromka (puc. 205), a 3aTemM Tpex - TOJOBBI, Tpyau U Opromka (puc. 206). YV
NayKoOOpPa3HbIX U HACEKOMBIX WICHUKHU OPIOIIKA MOTEPSIN CBOM KOHEUHOCTH. TONBKO Ha 3aHEM
KOHIIC OHH €Ile COXPAaHWJINCh B BHJE MPHUIATKOB B BHIOM3MEHEHHOM BHJIE - KaK SHIEKIIA] HIIH
’KaJl0 Y HACEKOMBIX U KaK MayTUHHBIE OOPOJaBKU y MAYKOB.

Oprasbl IbIXaHHUS y WIEHUCTOHOTHX pa3HO0Opa3Hbl. Y pakooOpas3HbIX - 3TO KaOpbl, y
MayKOOOPa3HbIX - JIETOYHBIE MEIIKU U TPAXEH, a Y HACEKOMBIX
- Tpaxeu. JlerouHple MEMIKK 00Pa30BAIMCH KaK MPHUCIIOCOOJICHUE K KU3HHU Ha CYIIE B pe3yJIbTaTe
yrayOneHus >KaOepHBIX BBIPOCTOB IOJ TOKPOBBI, T/I€ OHHM OBbUIM 3aIUIIEHBI OT BBICHIXAHMS.
Tpaxen o0pazoBaMCh MO3XKe, HE3ABUCHMO OT JITOYHBIX MEMIKOB, KaK BIISTYMBAHUS HAPYKHBIX
MOKPOBOB. Y HACEKOMBIX Tpaxeu MPEJCTaBISIIOT COOON pa3BETBICHHYIO CHUCTEMY TpPyOOUeK,
JOCTABIISIOUINX KUCIOPOJI BO BCE YACTH Teja. Y HACEKOMBIX BIIEPBBIE 00PA30BAIUCH M KPBLIbs, HO
HE U3 KOHEYHOCTEH, KaKk y NTHIl U JETy4YHX MBIIICH, a U3 KOXKUCTHIX OOKOBBIX CKJIaJOK. Takue
CKJIAJKM CHayajia CIYXHWJIW JUIIb /IS TUIAHHPOBAaHUS, a 3aTeM MpHOOpenn COOCTBEHHYIO
MOJBIKHOCTh. Hacekomble cTaay MEepBBIMU JICTAIONIUMHU JKUBOTHBIMH Ha 3emie. Bce atu
YCOBEPIICHCTBOBAHMS TMO3BOJMIN WIEHUCTOHOTMM M TPEXJIE BCETO HACEKOMBIM IIUPOKO pac-
CEJIUTHCS, OCBOMB CaMble Pa3HOOOpa3HbIE MECTOOOUTAHMUS.

OBOJIIOLMA [TO3BOHOYHBIX

[IpennonaratoT, 4TO MpeAKaMU MO3BOHOYHBIX )KUBOTHBIX OBLIIM MaJOMOJBM)KHBIE KOJIbYAThIe
yepBU. VICKOMaeMpIX OCTATKOB MX HE COXPAHWIOCh, HO CPEAM COBPEMEHHBIX KUBOTHBIX €CTh
Takue, KOTOpBIE COYETAIOT NPU3HAKU XOPJOBBIX M 4YepBeil. ITo nonyxopoosvie WU
KuteyHoovluauue, - 4epBeoo-
pa3Hble OPTaHU3MBI , 3aPBIBAOIIUECS B WJI WU MECOK. VX KHILEYHUK B IEPEIHEW CBOEH 4acTu
IIPOHM3aH 10 CTOPOHAM OTBEPCTHUSIMHU, CKBO3b KOTOPBIE BBIXOAUT BOJAA, MOMAJA0IIAs Yepe3 poT, U
OMBIBAET KPOBEHOCHBIE COCY/bI, IPUHOCA KUCIOPOA. Takue OTBEpPCTHS, CITy>KallUe Ul AbIXaHUS,
Ha3bIBatOTCs orcabepuvimu wenimu (puc. 207, b, 1). CnuHHas 4YacTh CTEHKH KHIIEYHUKA Yy
KHMIIEYHOABIIIAIUX YIUIOTHAETCA M OTXOAUT CHAdaja TOJIbKO B NEPEIHEN €ro 4acTH, NOAIupast
X000TOK M TMOMOrasi phITbCA B HJ€. DTO YIUIOTHEHHE CTajlo, BEPOSITHO, OTILEIUISATHCS OT



KMILIEYHHUKA BCE JAJbIIE U Jajbllle K 33JHEMY KOHILy, IOKa HE OTAEINJIOCh B BUJE XOP.bl (pUC.
207, A). XabepHble menn U xopjaa 00g3aTeNbHO MOSABISAIOTCS HA PAaHHUX CTAIUSAX Pa3BUTHS 3a-
pOJibIllIa BCEX MO3BOHOYHBIX. A MO3XKE y OAHMX, HAPUMEp pbIO, 3TU OpPraHbl COXPAHSIIOTCS 10
CTapOCTH, a Y APYTUX 3aMEHSIOTCS WM 3apacTaroT, UCYE3alOT.

bnarogaps xopze *KMBOTHBIE CTallu OBICTpEE IUIaBaTh, TAK KaK TEJO MOJIYUYUIIO YIPYIrOCTh, a
MBIIIBEl - onopy. [[nsi mpemeTcTBOBaHUS MEPEBOPAUYMBAHUIO BO BpeMs IJIaBaHUS BAOJIb Teja
MOSIBUWJIMCh TIPOJIOJIBHBIE CKJIAIKA KOXH, chyxamwue cradwmmsatopamu (puc. 207, b, 2).
JKuBOTHBIE ¢ TAKMMH CKJIaJIKAMH COXPAaHUJIUCH A0 HAIIUX JHEH - 3T0 anyemuuxu. OT MOT0OHBIX
KUBOTHBIX TMPOM3OILIM BCE IO3BOHOYHBIE. Y HHUX BAOJb IO XOPJAE CTaJlM 3aKJIaJbIBATHCA
XPAIIEBBIC MIACTHHKU B KaXKIOM CErMEHTE Tela OTAENbHO, CPACTABIIMECS TaK, YTO MOTYUHIIHCH
XpAILIEBBIE KOJbIA, CKBO3b KOTOPHIE MPOXOAMJIA XOpJa M JIeKAaBILAsHAJ HEW CIUHHAs HEpBHas
TpyOka - cnuHHOW Mo3r. Kojedkw 3TH cTanu TMO3BOHKaMH (Haclieue CerMEHTHPOBAHHOCTH
KOJIbYATBIX YEepBEii), a B TOJIOBHOM KOHIIC CITMHHON MO3T pa3pacTtajcs, 00pa3ys roJIOBHOW MO3T,
BOKPYT KOTOPOTO JJIsi €ro 3allMThl 0O0pa3oBajach XpsieBas depenHas kopoOka. [Ipoctpanctsa
MeX1y *KaOepHBIMU IIENSMU TOKE YKPEMWJINUCh MPHU MOMOIIU XPALIEH - BO3HUKIM Jrcabephbie
Oyeu. [InaBHUKOBBIE CKIIAJKU W3 HEMPEPBIBHBIX CTAalld MPEPBIBUATHIMU, BO BHYTPh ATHX CKIAJ0K
CTaJld BpacTaTb YaCTOKOJIOM XpSIIEBbIE ONpPHBIE MAJIOYKU - CHOPMUPOBAIUCH IJIABHUKU (pHC.
207, B, 3).

[lepennue xpsiieBble AYrd BCKOpE CTadd YTOJNIIATHCS W MPHOOPETH MOJBUKHOCTb,
o0Opa3oBaB uyemoCTH. Teno mo Bcel MOBEPXHOCTH MOKPHLIOCH OCTPHIMU 3AIIMTHBIMH KOCTHBIMH
yelryiikaMu B BUJE COCOYKOB, KOHIIAMH Ha-
3an. Yenryiiku BMecTe ¢ KOXeil 3aXOIWId U B POT, MOKpbIBas kpas yemocten (puc. 208). 3aech
OHH YCWIWJIHCH, 00pa3ys "Tepky', IMOMOTalIIyl0 YAEpPKWBaTh M HW3MeNbyaTh H00bIy. Tak
BO3HUKIU  akynosvle puiobl. OT HHX BeNeT Hadajlo Bce pa3HooOpasue  pblO,
MpUCIIOCA0IUBAIOIIUXCS K pa3HbIM ycioBUsM. JKaOepHble LIeNU CHpATAIUCh MOJ KaOepHBIMU
KpBIIIKaMH. XPAIIEBOM CKeNeT cTal 3aMellaThCsl KOCTHOM TKaHbiO. Y MHOTHX pBIO cTanl
00pa30BBIBATHCS IIABATEIbHBIN My3bIph (Y aKyd ero He OblI0) M3 BBIISIYUBAHHUS CTCHKH
kumeyHuka (puc. 209). K creHkaM my3sIpsi TOIXOIAT KPOBEHOCHBIE COCYABI C PACTBOPAMH T'a30B.
VY GonbIIMHCTBA PHIO MIIaBaTEIbHBIN My3bIPh - JIHIIb THAPOCTATUYECKUN OpraH, OJHAKO MHOTIA
OH NIOMOTAeT NpHU AbIXaHUHU. /[gosaKoO0biulaujue pblOvl, KOT/Ia BOJOEMBI IEPECHIXaIOT, 3apPbIBAIOTCA
B WwI. JKaOpel y HUX IPU OTCYTCTBHUHU BJIArM MEPECTarOT (yHKIIMOHHPOBATH, HO BO3IYX CBOOOIHO
MPOXOIUT Yepe3 KUIICUYHUK B TUIaBaTEIbHBIN My3bIpb. BEHO3HBIE COCY/bI, OIJIECTAIOIINE CTEHKY
My3bIpsi, OTHAIOT YIJIEKHUCIBIN a3, U KPOBb HACHIIIACTCS Yepe3 T€ JK€ CTEHKH KUCIOPOJIOM. DTO
MOKA3bIBAET, YTO IUIABATEIbHBIA My3bIPh MOT MPEBPATUTHCSA y OPEBHUX PbIO B JIETKOE, €CIH Kpo-
BEHOCHBIA COCYJl, MAYUIMHA K Iy3bIpIO, OTBETBIISJICS pAaHbIIEC DPAa3BETBICHHS Ha >KaOepHbIe
KalWUISIPBl U HEC K MY3bIPI0 BEHO3HYIO KPOBb.

Bropoe BakHOE HM3MEHEHHE CBS3aHHO C YCHUJICHHEM KOCTeH M MYCKYJIOB TpPYJIHBIX
TUTABHUKOB, HAOIIOAaEMOE y KuCmenepsix pblO6 W IOMOTalollee UM [IaraTh Ha CBOMX IUIABHHKAX
no aHy BopoemoB (puc. 210). OGa 3THX HOBOONPUOOPETEHHs MO3BOJIMIM pHIOAM HayaTh
OocBaMBaTh CYIIy BO BpeMsl OUEPEIHOT0 IMOHIKEHUS YPOBHA OKEaHa, KOIJla OKa3alucCh
3a00JI04YeHHBIMU OIpOMHBIE TeppuTopur. Ceifuac HalIeHbl B HCKOIIA€MOM BHJIE BCE MEPEXOHbIC
CTaJuH OT PbIO K 3eMHO600HbIM. Ha KUBOTE TakuxX MepexolHbIX GopMm - cmecoyeghanos - emnie
COXpaHsIaCh PbIObS MO MPOUCXOXKICHUIO KOCTHAs 4Yelrys, KOPOTKHE KOHEYHOCTH ¢ 6 - 7
najbliaMyu OBLTH MaJIOMOJBUKHBI, Y HEKOTOPBIX COXPAHUJIUCH jKaOepHbIe TyTh U OOKOBas JTMHUS
(puc. 211). Y 3eMHOBOAHBIX BO3HUKJIM JIETKME U BTOPOM KpPyr KpOBOOOpAIICHMS, BEKHU IS
3alUTHl I71a3, Yelrys 3aMEHUJIach CIM3UCTOM KOXKEH (AOMOJHUTENbHBIN OpraH AJis JIbIXaHus),
MOSIBUJINCh HO3JpPU, W TOSIBUJICS HOBBI OpraH KpOBETBOPEHHUS - KPACHBIM KOCTHBIA MO3T
TpyOuatbix kocted. IlockonbKy BO3MyX XyK€ MPOBOAMT 3BYK, Y€M BOJA, Y 3€MHOBOIHBIX
00pa3oBaoch CpeaHee yX0, KOCTOUYKHM KOTOPOTro (HaKOBAJEHKA, CTPEMEUYKO M MOJIOTOYEK) - 3TO
BUJIOM3MEHEHHBIE OCTAaTKHU Ka0epHBIX JIYT.



OpHako Tak e, Kak COBPEMEHHbIE 3€MHOBOJIHbIE, IPEBHUE 3€MHOBOJIHbIE HE MOIJIU JKUTh
BJIaJli OT BOJBI, B KOTOPYIO OHM OTKJIAJbIBAIOT HKpPY. Pa3zopBaTh 3Ty 3aBUCHUMOCTb OT BOJHOM
Cpenbl Y1aJI0Ch TOJIBKO NPEeCMbIKaio-

WUMCsL, WA penmuausm. IT0 MIPOU30ILIO OJaroaaps NepeMenieHHI0 YacTu

CTaJuid pa3BUTHS 3apObIIIA BHYTPh BOJHOM CPEbI SHLA, 3alUIIEHHOTO OT

BBICHIXaHMS TUIOTHOW KOXXHUCTOM ckopiymnoi (puc. 212). JleTeHBIT y HHUX POXKAACTCA YXKE C
c(OPMHPOBABIIMUMHCS JIETKUMHU. Pa3HOOOpa3Hble PENTHINN TMPHUCTIOCA0IMBATNCh K pPa3HBIM
YCIOBHMSIM M Jajld Hayalo JBYM HOBBIM KjaccaMm >KUBOTHBIX - NMUYAM WU MIEKONUMAIOWUM.
[Ipennonarator, 4ro Oeramomue Ha 3aJHUX KOHEUHOCTSX SILEPbl COBEPIUATM MPBIKKUH H
MepelHUMU KOHEUYHOCTSMH JEHCTBONM Ha Oery, Kak pyisMu. PoroBas uemnys y HUX cTaja BBITS-
TMBaThCS, 00pa3ys rpeOeHKH, 3auepriblBaromIue mpu Oere Ooibine Bo3ayxa. [locremeHHO OHH
MEePEeXOIUiIN K TIIAHUPOBAHUIO. Y ITUHUBIIMHMECS YEIIyHKH pacHISIUIIUCh "enoukoil”, o0pasys
nepbs, WIK M0 pajrycaM OT HEeHTpa, oOpa3sys myX. [locteneHHO mpoucxonmino npeoOpa3oBaHue
TaKMX JIa3aloNX MO JIEPEeBhSIM U IUIaHUPYIOMUX sepoB B ntull (puc. 213). Ho monet tpedyer
OOJBIIUX TIATPAT PHEPTHH, MOATOMY IMO3BOJIUTH Cce0C TaKyr "pPOCKOIIL", MOTJIM TOJEKO TaKHe
KUBOTHBIE, Y KOTOPBIX CEPJILIE CTAJIO YETHIPEXKAMEPHBIM M IIPOU30ILIO MOJHOE Pa3/IeICHUE IBYX
KpyroB KpoBoOOpaleHus. 3a CUeT MOJIHOTO pa3/eIeHNs BEHO3HOW U apTepuaibHON KPOBU Yy HUX
pPE3KO TOBBICUJICS ypOBEHb OOMEHa BEIIECTB B OpraHM3Me, W OHH MOIJIM PETyJIHpPOBATh
TEMIIEpATypy CBOEIO TeJa - CTAIU MenI0KPOGHLIMU.

MinekonuTaromue BO3HUKIM M3 OTIAEIBHOM TPYIIBI MPECMBIKAIOIINXCI - 38€posAuyepos.
Me:xy dyenryikaMu y HUX Hadajld BbIPACcTaTh BOJIOCKU B IIaXMAaTHOM IMOPSAJKE, MydYKaMH 10 3 - 5
mtyk. M3 0co00 MIMHHBIX W TPyObIX BOJIOC HA TOJIOBE OOpPa30BaIUCh YChI, HEOOXOIUMBIC IS
ocsi3aHusl. Yenrys oTTecHsIach BOJIOCAMHU U JIOJIbILIE BCETO COXpaHsUlach Ha XBOCTe (KaK U Y
COBPEMEHHBIX HYTpHH U KpbIc). Uemrys coXpaHWIach €Ile Ha KOHIAX MalblleB B BUIEC KOTTEH.
BonocsHOl MOKPOB B COBOKYIHOCTH C YETHIPEXKAMEPHBIM CEpALEM TOXKE IO3BOJIMUII
MJIEKOIUTAIOIIUM PEryJupoBaTh TEMIEpaTypy Tela M CTaTh TEIUIOKpOBHbIMU. (Camka He
MOKUAJIa BBILIEAIINX U3 UL JETEHbIIIEH, U OHU CIU3bIBAJIN C HEE BBIJICICHUS KOKHBIX JXKeEJe3, U3
KOTOPBIX BBITEKAJH, BEPOSITHO, KAK COJICHBIN IOT, TAK W KUpOBass cMa3Kka Koxku. [1o3xke xkene3bl
CTaJIl HEOJMHAKOBBIMM: OJJHH CTAJIU BBIIEIATH TOJNBKO IIOT, IPYTHE - TOJBKO XHUP, & TPEThHU, IO
KpasiM >KMBOTA, TJe JeTeHbIIaM ObLIO YAOOHO JH3aTh CBOIO MaTh, - PACTBOP MEJKUX Karelek
XKUpa ¢ JAPYTMMH MUTATEIbHBIMU BEIIECTBAMU. JTHU KEJIE3bl Pa3BUBAIUCH U CTAIM MOJIOYHBIMHU
KeEJe3aMU.

[TepBrie MiekonuTaromue ObuH stiexIanTymumMu. OQHAKO €cli S0 B yTpoOe maTepu
3aIepKUBACTCA U TOKPHITO MOPUCTOM CKOPJIYHOM, TO 3TO MO3BOJSET 3apOAbIIIy IHTATHCS
KUJKUMH TTUTATEIHHBIMU BEIIECTBAMH M3 KPOBH MaTepH. [Ipu yTpoOHOM pa3BUTHUU siilla TUTaAHUE
3apoApblla OT CTEHOK
MaTKH{ [IOCTENIEHHO CTaj0 OCHOBHBIM, & TUTAHHUE KEJITKOM yTPaTHIIO CBOE
3HadeHue. [locTeneHHO ckopiTyna cTajia TOJIbKO MEIIATh MUTAHUIO U COBCEM
ucuesna. TakuM  0o0pa3oM  BO3HUKIM JKMBOpPOJSDKME — Milekonurtaroue. JlanmpHeiimee
MPUCTIOCOOIEHHE MIICKOMUTAIOIINX K Pa3HBIM YCIOBHIM MPUBEJIO K MOSBICHUIO KX COBPEMEHHOTO
MHOT000pa3us (puc. 215).

KPATKUE BbIBO/IbI

B 9BOJJIIOIINH paCTCHI/Iﬁ XOpomo MmpoOCICKUBACTCA SBOJIOIMSA IMOJIOBOI'0 PAa3MHOXKCHUA: BO-
MEPBLIX, MEPEXOd OT OANHAKOBBIX I'aMET K BBICOKOCIICHHUATIU3UPOBAHHBIM KCHCKUM SIAIEKIIETKaM
U MYXCKUM CHOCpMUAM, U, BO-BTOPLIX, IIOCTCIICHHAA  CIICHUAIU3aIUA FaMCTO(bI/ITOB,
MAaKCUMAJIbHO BBIPAKCHHAA Yy HOKPBITOCEMCHHBIX paCTeHHﬁ. BBOJ'II-OI_II/ISI JKHNBOTHBIX, aKTHBHO
IIOABUKHBIX H3-3a crnoco0a MUTAaHUSA 3aXBaThIBAHUCM Uiy, CBsgA3aHa, TJIaBHBIM 06pa30M, C
COBCPHICHCTBOBAHUCM YIIPABJIICHHUA OPraHU3MOM KaK CAWHBIM ICJIIBIM IIYTECM PA3BUTHUA HepBHOP’I
CUCTCMBI.

Bo3nuknoBeHue CIICUAJIN3UPOBAHHBIX qacTeW IBETKAa Kak pe3yJIbTaT BUAOU3MCHCHUA
OJIWHAKOBBIX YacTeH 1'[0661"21, cricquaan3anuvsa MEpBOHAYAJIBHO OJHMHAKOBBLIX CETMCHTOB TCJIa U



KOHEYHOCTEH WICHUCTOHOTHX HIIM JKa0CPHBIX AYT Y IMO3BOHOYHBIX - 3TO BCETO JIUIIH HECKOJIBKO
SPKUX TPUMEPOB, WILITOCTPUPYIOMIUX OOIIMK 3BOJIONMOHHBIA TPUHIIHIL, JIETKO MPOCIICKUBAIO-
IIUICST HA BCEX YPOBHSIX OMOJIOTMYCCKOW OpPraHW3allid: CHAa4YaJla BOSHHKACT MHOMXECTBO KOITHIA
(pa3MHOXKEHHME) Kakoro-mmbo »sjeMeHTa (TeHa, KIETKH, OpraHa WM OpraHu3Ma), 3aTeM
HAKaITMBAIOTCSI U3MEHEHUS U (POPMUPYETCS TIEPBOHAYATLHOE Pa3HO00pa3we, MOTOM IIPOUCXOIHT
KOMOWHATOPHOE YBEIMYEHUE OTOr0 pa3HOOOpasusi, KOTOPOE COIMPOBOXKIACTCS OTOOPOM
ONTHUMAJIBHBIX (B OTHOLIEHWHW KpPUTEpPUEB OTOOpa) »dieMeHToB. OTOOp O3HAaYaeT Mpeu-
MYIIIECTBEHHOE KOMUpPOBaHHUE (BOCIPOM3BEICHNUE) ONTHUMAIBHOTO JIEMEHTA MO CPABHEHHUIO CO
BCEMU JIPYTUMH, YTO U MPUBOJUT, B KOHEYHOM UTOTE, K BOBHUKHOBEHUIO HOBBIX T€HOB, TKaHEH,
OpTaHOB WJIH BUJIOB.

TakuMm 00pa3oM, IOUCK KPUTEPHUEB ONTHUMAILHOCTH, JIS)KAIMIUX B OCHOBE 3BOJIOIMOHHOTO
0oTOOpa Ha Pa3HBIX YPOBHSX OpraHW3allMM JKU3HU, W BBISICHCHHE WX B3aMMOJICHCTBHS MOXET
MOCITY’)KUTh TIOJIC3HOW METOJOJIOTHEH I aHaJM3a CYIIECTBYIONICTO HBIHE OHOJIOTHYCCKOTO
paszHooOpasusi.



