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Nekymsa 1.
BBeaeHue B OMONTOruio KIeTKu

3a nocaeanue S0 JeT Mpor30II0 3HAYHUTEIbHOE pa3BUTHE OHUOJIO-
TMYECKON HayKH: TUTAHTCKHM I1ar BIiepe] caeIanu MOJICKyIsipHas Oro-
JIOTHSL M MOJIEKYJIIPHASI T€HETHKA, KJIETOYHAs U MOJICKYJISIpHAs WHXKE-
HEpHs, YTO MO3BOJIMJIO BHEAPUTH B MPAKTHUKY, B MPOMBIILICHHOCTb
MHOTHE, Ka3aJI0Ch Obl, YUCTO TEOPETUUECKHE Pa3padOTKH B Pa3IMUHBIX
00JIacTAX COBpeMEHHOM Ounojioruu. Pe3koe pacimpeHue HHTEPECOB KC-
CJIEIOBATENCH U PAa3BUTUE MHOTHUX IPUHIUNMUAIBHO HOBBIX METOIWYE-
CKHMX IOJXOJIOB MPUBEIN K HAKOIUICHUIO 3a MOCJIEAHUE TO/Ibl MHOXKECT-
Ba HOBBIX (DaKTOB M MPEJCTABIICHUM, KACAIOIMIMXCS MPAKTUYECKH BCEX
aCIeKTOB OHMOJIOTHH KJICTKH KaK B M3YUCHUU €€ CTPOCHUS, TaK U B MO-
JIEKYJISIPHOW M T'€HETUYECKOU ee opranusauuu. [loaTomy 4ncTo CTpykK-
TYPHBIE, «IUTOJIOTUYECKUEY», MO MPEICTABICHUIO HEKOTOPBIX aBTOPOB,
YPOBHM M3YYEHHUS KIIETKH KaK TAKOBOM YK€ MPOCTO HEBO3MOKHBI XOTS
OBl OTOMY, YTO HEBO3MOXKHO OTOPBATh CTPYKTYpy OT (yHkIiuu. Cre-
JIOBaTEIbHO, U OOy4YeHHE NpEeAMETY IOJDKHO TakKe CTPOUTHCS Ha
CTPYKTYPHO-()YHKITHOHATHFHOM TIOIXO0E B U3YUYEHUH KIICTKHU.

B TexcTe neknui 3Ha4UTEIbHO U3MEHEH MATEpPHUAJl O KIETOYHOM
sape, 0 MEMOpaHHOW BaKyOJIPHOU CUCTEME, O IIUTOCKEJIETE, O Kie-
TOYHOM JICJICHUH; JPYyTOM OCOOCHHOCTBIO SBISETCS TO, YTO OHO JIaeT
CBEJICHUS O CTPOCHUHU U (PYHKITMOHUPOBAHUH KJIETOK Pa3HOTO MPOHUC-
XOXKJICHHUS: OaKTepUil, paCTCHUM, )KUBOTHBIX. JTO Ba)KHO, TaK Kak Oy-
TyIUE 300JI0TH, O0TAaHUKHA, MUKPOOHOJIOTH M BUPYCOJIOTH, HE TOBOPS
yXke 0 OMOXMMHUKaX, JIOJKHBI 3HaTh HE TOJBKO KJIETKY BO BCEX €€
dbopmax, HO U IJIaBHbIE 3aKOHOMEPHOCTH, SBJISIONIMECS OOIIMMHU s
KJIETOK BHE 3aBUCHMOCTH OT UX OPraHHOT0, TKAHEBOI'O WJIM BHUJIOBOTO
MIPOUCXOKICHUA.

[IpencrapisieTcss BaXKHBIM B Kypce KJIECTOYHONW OHMOJIOTHU HE TOJIb-
KO J1aBaTh 00beM KOHKPETHBIX 3HAHUM, HO M MOKa3bIBaTh, KaK dTH 3Ha-
HUs ObLIM TOy4eHbl. [103TOMyY 4acTo B ONMMCAaHUM KJIETOYHBIX CTPYK-
TYp M UX CBOWCTB BBEJICHBI ONMHCAHUS IKCIIEPUMEHTOB M METOHUYEC-
CKMX IIPHUEMOB COBPEMEHHOM HAyKh M OCHOBHBIX METOJOB
COBPEMEHHOM KJIETOUYHOW OMOJIOTUU. DTO JIeJIaTh HEOOXO0IUMO TTOTOMY,
YTO HEPEJIKO MMEHHO HOBBIE METOJMYECKHE MPUEMbl U pa3padOTKU



MOT'YyT OBITH OCHOBaHHUEM AJIA Pa3BUTHUA HOBBIX HaHpaBJIeHI/Iﬁ B U3y4cC-
HHHN KIJICTKU.

lMpedmem yumosnozauu

[utomorus (OT rpey. kutos — A4eiika, KJIE€TKa) — 3TO HaAyKa O KJIET-
K€, B COBPEMEHHOM 3BY4YaHUM — OUOJOTUs KIeTKU. W3 cpenbl apyrux
OMOJIOTMYECKUX HAyK OHa BBIACIMIACH OoJiee cTa JeT Hazad. BrepBbie
00O0OIIICHHBIE CBEJECHHUS O CTPOCHUHU KJIETOK ObUIM COOpaHbl B KHUTE
K.-b. Kapnya «buomnorus kinetkun», Boimeaneid B 1884 r.

3a nocneaHue ASCATUIIECTUS LIUTOJIOTUS U3 OMUCATEIbHO-MOP(OII0-
TUYECKOW MPEBPATWIIACH B AKCIEPUMEHTAIBHYIO HAYKy, CTaBSIIYIO Iie-
pen coboit 3amaun u3ydeHus: (GU3UOJIOTHU KJIETKH, €€ OCHOBHBIX YKH3-
HEHHBIX (DYHKIIMI M CBOMCTB, €€ OMoJioruu. JIpyrumu cioBaMu, COBpe-
MEHHasl IUTOJIOTHSI — 3TO OMOJOTHsl KJIETKU. BO3MOXHOCTH TaKOTroO
NEPEKIIOYEHUS UHTEPECOB HUCCIIeIoBaTeNe BO3HUKIIA B CBA3U C TEM,
YTO LUTOJIOTUSI TECHO COMPSKEHA C HAYYHBIMUA U METOJAUYECKUMMU JIOC-
THKEHUSIMUA OMOXUMUU, OMOPU3HUKH, MOJIEKYJISIPHON OMOJIOTUN U TeHe-
TUKHU. DTO MOCIYXUJIO OCHOBAHUEM JJIsl YIITYOJICHHOTO U3YUYEHUS KIIET-
KM KaK TaKOBOM, JJIsl U3y4EHUsI €€ OOIIMX CBOMCTB U (DYHKIIMOHUPOBA-
HUS YK€ C MO3UIIMI 3TUX HAYK, YTO U J1aJI0 OCHOBAHUE VISl TIOSIBJIICHMUS
HEKOM CHMHTETHYECKOW HAyKH O KJIETKE, a UMEHHO OHMOJIOTMH KJICTKH,
WJIM, KaK ee Yallle Ha3bIBaloT, KIECTOYHOM Ouosoruu. B aToi Hayke 11o-
JIOTBOPHO COYETAIOTCS KaK MOP(OJIOTHYECKHEe, TaK U MOJEKYIISPHO-
OMOJIOTMYECKHE TTOAXOIbI; 3TO MO3BOJISIET B HACTOSIIIIEE BPEMSI CUUTATb,
4TO TEPMUHBI "IIUTONOTUSA" U "OHOJOTHS KIETKU' COBIAJAIOT, TaK Kak
MPEIMETOM MX M3yYCHHUs SIBIISCTCS KJIETKa, UMEIOIIasi CBOM COOCTBEH-
HbIE 3aKOHOMEPHOCTH OpraHu3aiuu u GyHkimonupoBanus. [{lutonorus,
WM OMOJIOTHUSI KJIETKH, UMEET OOJIbIIIOE 3HAYECHUE JJII MEUIIMHBI, TaK
KaK Jr00bIe 3a00JI€BaHMS YEIIOBEUECKOTO OpraHM3Ma CBOEH OCHOBOM
UMEIOT MaTOJIOTHI0 KOHKPETHBIX KJIETOK WJIM MX TPYIII, YTO BAXKHO JJIS
MOHUMAHMS Pa3BUTHUA OOJIE3HU, €€ TMarHOCTUKU U BhIOOpa METOJIOB Jie-
YeHUsl U pouiIakTUKU 3a00sieBaHus. JIUTENbHOE U TIIATEIBHOE U3Y-
YeHUE KJIETKU KaK TaKOBOW MPHUBEIO K (POPMYTUPOBAHUIO BAXKHOTO
TEOPETUYECKOTO0 O0OOIIEHUS — TaK HAa3bIBAEMOW KJIETOUYHOW TEOPHH,
UMEIOIIEH OrpOMHOE 00I111e0M0IOTHYECKOe 3HAaUCHHE.



Knemo4Hass meopusi

Knerounast Teopusi — 3170 0000IIEHHBIEC MPEACTABICHUS O CTPOE-
HUU KJIETOK KakK €IMHUI] KUBOTO, 00 UX Pa3MHOXKEHUU U POJIk B op-
MUPOBAaHUM MHOTOKJIETOYHBIX OpraHu3MoB. [losiBieHuo u Gopmyiu-
POBAHUIO OTHAEJIBHBIX MOJIOKEHUIN KIETOUYHOW TEOPHUH MPEAIIECTBOBAI
JIOBOJILHO JIJIUTENIbHBIN (00Jiee TPEXCOT JIET) MEePHUO]l HAKOIUICHUS Ha-
OJItOICHUIN HaJ CTPOCHUEM PA3IMYHBIX OJHOKJIECTOYHBIX M MHOTOKJIE-
TOYHBIX OPTaHU3MOB PACTEHHUU U KUBOTHBIX. ITOT NEPHOJ ObUT CBSA3aH
C YCOBEPIICHCTBOBAHUEM PA3JIUYHBIX ONTHYECKUX METOJOB HCCIEI0-
BAHUU U PACIIMPEHUEM UX TPUMEHEHUS.

PoGept I'yk (1665) nmepBbIM ¢ MOMOIIBIO YBEIUYUTEIBHBIX JIMH3
HaOII01aNl TTOJpa3/ielICHUE TKaHEH MPOOKU Ha «STYEHKU», WIH «KJIET-
ku». Ero onucanusi moCiay>XWIM TOTYKOM JIJI TOSIBIICHUSI CUCTEMATH-
YECKUX HCclieloBaHuN aHaToMuM pacteHuit (Manbnuru, 1671; I'pro,
1671), xotopsie moAaTBepAUan HabmoaeHus: Pooepra I'yka u nmokazanu,
YTO Pa3HOOOpa3HbIE YACTHU PACTEHUH COCTOST M3 TECHO PAaCIOJIOKEH-
HBIX «ITy3BIPBKOBY», WIH «MemoukoBy. [lo3aHee A. Jleenryk (1680)
OTKPBUI MUP OJHOKJIETOYHBIX OPraHU3MOB U BIEPBbIC YBUJEH KIETKU
KUBOTHBIX (3pUTpOIUTHI). [1031HEE KIETKH )KMBOTHBIX OBLITN OMUCAHbI
@®. @oHTaHa, HO ATH W JAPYTrM€ MHOTOYHWCIICHHBIE HUCCIEIOBAHUS HE
NPUBEJIM B TO BpPEMs K MOHUMAHHWIO YHHUBEPCAIBHOCTH KIJIETOYHOIO
CTPOCHHUsI, K YETKUM MPEJCTABICHUSIM O TOM, YTO K€ SIBJISIET COOOM
kierka. [Iporpecc B M3yueHUM MUKPOAHATOMUM KJIETKH CBSI3aH C pas-
BUTHEM MUKpockonupoBanusa B XIX B. K atomy BpeMeHU U3MEHMINCH
MPEJCTABJICHUS O CTPOCHUU KJIETKU: IJIaBHBIM B €€ OpraHU3al[uu cTajia
CUMTATHCS HE KJIETOYHAs! CTEHKA, & COOCTBEHHO €€ COAEPKUMOE.

JlanpHeiiliee pa3BUTHE 3TU MPEACTABICHUS MOJYYUIU B paboTax
P. BupxoBa (1868). Co3naHue KJIE€TOYHOW TEOPHUH CTANO BaKHEUIITUM
COOBITHEM B OMOJIOTUM, OJJHUM M3 PEIIAIONINX JTOKA3aTeIbCTB €IUHCT-
Ba BCEW XMBOW mpupoibl. KinerouHnas Teopus Okaszajia 3HAYUTEIBHOE
BIIMSHUE HA pa3BUTHE OMOJOTHUM, MOCIYXuida QyHIaMEHTOM IJI pa3-
BUTHSI TaKUX NUCIUIUIAH, KaK SMOPHUOJIOTHS, TUCTOJOTUS U (HU3UOJIO-
rus. OHa Jajia OCHOBBI JIJI1 IOHUMAHUS KU3HU, JJIsI OOBICHEHUS POJI-
CTBEHHOM B3aMMOCBSI3HM OPTraHU3MOB, Ui MOHUMAHUS WHIWBUIYAIb-
HOT'O Pa3BUTHSI.

OCHOBHBIE TOJIOKEHUSI KJIIETOYHOW TEOPUU COXPAHUIIM CBOE 3HA-
YEHUE U HA CETOJHSALIHUN JIE€Hb, XOTs 3a 00Jiee YeM CTO MATHAECST JIET
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OBLIA TIOJTyYEHBI HOBBIE CBEJICHUS O CTPYKTYPE, )KU3HEACATECIbHOCTH U
pa3BUTHUM KJIETOK. B HacTosIee BpeMsl KIeTOUHasi TEOpUs MOCTYJIUPY-
€T CJICIYIOIIIEE:

1. Knerka — sjmeMeHTapHash €IMHUIA KUBOTO: BHE KJIETKH HET
AKU3HU.

2. KneTtka — enuHasi cucteMa, BKJIIOYAIOIas MHOXKECTBO 3aKOHO-
MEPHO CBSI3aHHBIX JAPYT C JAPYTOM DJIEMEHTOB, NMPEICTABISIONINX COOOM
OTIpeJICTICHHOE 1IEJIOCTHOE 00pa30BaHHUE, COCTOSIIECE U3 COMPSIKEHHBIX
(YHKIMOHAIBHBIX €UHUILl — OPTaHesl UM OPTaHOUIOB.

3. Knetku cxoaHbl (TOMOJIOTUYHBI) TIO CTPOCHUIO M MO OCHOBHBIM
CBOVCTBaM.

4. KneTku yBEIUYMBAIOTCA B YMCIIE MyTEM JEJICHHUS HMCXOIHOM
KJIETKU TIOCJIe yABOEHHUs ee reHetuyeckoro mMarepuana (JJHK): kieTka
OT KJIETKH.

5. MHOTOKJIETOUHBIM OPTaHU3M MPEJICTaBIsACT COOOM HOBYIO CHC-
TEeMY, CJIOXKHBIM aHCaMOJIb W3 MHOXKECTBA KJIETOK, OOBbEAMHECHHBIX U
WHTETPUPOBAHHBIX B CHCTEMbI TKAHEW U OPraHOB, CBSI3aHHBIX JIPYT C
JIPYTOM C TTOMOIIBI0 XUMHUECKUX (DaKTOPOB, TYMOPAJIbHBIX U HEPBHBIX
(MoJIeKyJIIpHast peryJIsius).

6. KiteTku MHOTOKJIETOUYHBIX OPTaHU3MOB TOTHUIIOTEHTHBI, T.€. 00-
JaAal0T TeHETUYECKUMH MOTEHIUAMM BCEX KJIETOK JAHHOTO OPraHu3-
Ma, PaBHO3HAYHBI MO TEHETHYECKOW HHQPOpPMAIUH, HO OTIAYAOTCS
IpYT OT Japyra pa3HoM 3Kcmpeccueit (paboToii) pa3aTuyHbIX T€HOB, YTO
MPUBOJUT K MX MOp(doJorudeckoMy U (QyHKIIMOHAIBHOMY pa3Ho00pa-
3UI0 — K JU(PHEPEHIIMPOBAHUIO.

Jlekuma 2.
KneTka — anemeHTapHasa egnHuula XXnBoro

[IpencraBineHne o KIETKE KaK O CAaMOCTOSTEIIBHOM KU3HEICITCIIb-
HOM eauHUIlE ObUTO HaHo emle B padoTtax T. [lIBanHa. P. Bupxos (1858)
TaKXe€ CUMTAN, YTO Ka)KJas KJIETKa HECeT B ce0e MOJHYI0 XapaKTepH-
CTUKY JKU3HHU: OHA €CTh IMOCICTHUN MOP(HOIOTHYSCKUI IJIEMEHT BCEX
KUBBIX T€JI, © MBI HE MMEEM IIpaBa UCKATh HACTOSAIICH KU3HEICITCIIb-
HOCTH BHE €€.

CoBpeMeHHasl HayKa MOJIHOCTHIO JIoKa3ajia 3TO ToJiokeHue. B mo-
MyJISIPHON JNHTEpaType KJIETKY YacTO Ha3bIBAIOT «aTOMOM >KHU3HN,

6



«KBaHTOM JKM3HM», TIOJAYEPKHBAsi TEM CaMbIM, YTO KJIETKa — 3TO Hau-
MEHbIIIas €IMHUIA )KUBOTO, BHE KOTOPOIl HET KU3HHU.

Takast oOmias xapakTepuCTHKa KJIETKHU JIOJDKHA B CBOIO OYepellb
ONMUpaThCsl Ha OMNpPEJENICHUE KUBOTO: UTO TAaKOE XKHUBOE, YTO TaKOe
KW3Hb. OYeHb TPYAHO JaTh OKOHYATEIbHOE ONpPEIECICHUE KUBOTO,
*u3Hu. M.B. Boapkenmreitn (1965) maet ciemyroiiee ompeesieHue
KU3HU: <«OKUBBIE OpPraHU3MBI MPEJACTABISAIOT COOON OTKpPHITHIE (T.€.
OOMEHMBAIOIINECS C OKPYXAIOIIEH Cpelod BEIIECTBOM W SHEpruei),
CaMOPETYJIUPYIOIINECS U CaMOBOCIIPOU3BOJIAIINECS CHUCTEMbI, BaX-
HEeUIMKUMHU  (QYHKIIMOHUPYIOITUMH BEIIECTBAMU KOTOPBIX  SIBJISFOTCS
O€JIKM U HYyKJIEMHOBBIE KUCIOTHI. JKHBOMY CBOMCTBEH PsiJi COBOKYITHBIX
MPU3HAKOB, TAKUX, KaK CIOCOOHOCTh K BOCIPOU3BEIICHUIO (PETPOIYK-
[M1), UCTOJb30BaHUE U TpaHCHOopMalMs SHEPruu, METabOIU3M, UyB-
CTBUTEJIILHOCTh, U3MEHUUBOCTh. M TaKyl0 COBOKYMHOCTbH 3TUX MpPU3HA-
KOB MO>XHO OOHApy>KUTh Ha KJIETOYHOM YpoBHE. HeT MeHbllel equHu-
1Bl )KUBOT'O, YEM KJIETKA. MBI MOXKE€M BBIJICJIUTh U3 KJIETKU OTJICJIbHBIC
€€ KOMIIOHEHTBI WJIU JaXKe MOJICKYJIbI U yOeIUTHCS, YTO MHOTHE U3 HUX
o0samarT crnernu@uIecKuMyu  (PyHKIIMOHATLHBIMH  OCOOCHHOCTSIMH.
Tak, BbIJIeJICHHBIE aKTOMHUO3UHOBBIE (DUOPUILIIBI MOTYT COKPAIIAThCS B
oTBeT Ha fgoOapieHne AT®; BHe KIIETKU MPEeKpacHO «paboTaroT» MHO-
rue (epMEHTHI, YYaCTBYIOIINE B CUHTE3€ WM pacraje CIOKHbIX OHO-
OpraHUYE€CKUX MOJIEKYJI; BbIJICICHHbIE PUOOCOMBI B MPUCYTCTBUU HE-
00X0AUMBIX (haKTOPOB MOTYT CUHTE3UPOBAThH OEJIOK, pa3paboTaHbl He-
KJIETOYHBIE CUCTEMBI ()EPMEHTATUBHOTO CUHTE3a HYKJIEUHOBBIX KUCIIOT
U T.1. MOXHO JIU CUMTATh BCE 3TU KJIETOYHBIE KOMIIOHEHTHI, CTPYKTY-
pBI, GEPMEHTHI, MOJICKYJIbI KUBBIMU? MOXKHO JIU CUUTATh >KUBBIM aK-
TOMHUO3UHOBBIM KoMIUIeKc? [[ymaercs, 4To HET, XOTs Obl OTOMY, YTO
OH 00J1aJIaeT JUIb YaCThI0 HAOOpa CBOMCTB KMBOIr0. TO K€ OTHOCHUTCS
U K OCTAJIbHBIM MpUMepaM. TOJbKO KIIETKA KaK TaKOBas SIBJISETCS HAU-
MEHBIIEN eqUHUIIEH, 00JIagaroneil BCEMU BMECTE B3ITHIMH CBOMCTBA-
MU, OTBEYAIOIIUMU OMIPEACICHUIO «GKUBOEY.

YTo xe Takoe KJIeTKa, KaKoe el MOYKHO JIaTh oOIee onpeaecHue?
M3 mIKOABHOrO Kypca M3BECTHO, YTO Pa3HOOOpa3HbIE KJIETKH HMEIOT
COBEPIICHHO HECXOAHYI0 MOP(OIOTHIO, X BHEIIHUN BUJl U BEIIMUUHBI
3HAUUTENIBHO pacxoasarcs. JIeHCTBUTENBHO, YTO OOIETO MEXIY 3BE3/I-
yaToi (POPMOM HEKOTOPBIX HEPBHBIX KJIETOK, IIAPOBUIHON (HOpMOil
JerKoIuTa U TpyokooOpazHou Gopmoil kiaeTku 3HA0TeNusA? Takoe xe
pazHooOpa3ue (popM BecTpeyaeTcs U Cpear MUKpoopraHu3mMoB. [103To-
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MY MbI JJOJDKHBI HAXOJUTh OOIIIHOCTH KMBBIX OOBEKTOB HE B MX BHEIII-
Hell hopMe, a B OOIITHOCTH MX BHYTPEHHEH OpraHu3alluy.

Cpenn XUBBIX OPraHM3MOB BCTPEUYAKOTCA JBa THHa KJIETOK. K
HanOoJIee MPOCTOMY TUITY CTPOEHHUSI MOKHO OTHECTH KJIETKU OaKTepUid
U CHHE-3€JICHBIX BOJIOPOCJEH, K 00Jie€ BBICOKOOPTaHW30BAHHBIM —
KJIETKHA BCEX OCTAJIBHBIX KMBBIX CYHIECTB, HAUMHASA OT HU3IIUX pacTe-
HUM 3€JI€HBIX BOJOPOCIEeH M KOHYas 4yesioBeKOM. [IpuHSATO Ha3bIBaTh
KJIETKH OaKkTepuil M CHHE-3€JICHBIX BOJOPOCIEH MPOKAPUOTUYECKUMHU
(TosimepHBIMU KJIETKaMH), a JPYTUX MpEeACTaBUTENICH KMBOTO — dyKa-
PUOTUYECKUMH (COOCTBEHHO $IJIEPHBIMH), MOTOMY YTO Yy TMOCIETHUX
00s3aTEILHON CTPYKTYPOU CIIYKHUT KJIETOYHOE SIPO, OTIACICHHOE OT
IIATOIIJIA3MBI SIIEPHON 000JIOUKOM.

ConepKuMoe MPOKAPUOTUYECKON KIIETKU OJIETO IJIa3MaTUUECKON
MeMOpaHOH, UTrparolel poJib aKTUBHOTO Oaphepa MeXIy COOCTBEHHO
IIMTOIJIa3MOM KJIETKU U BHEIIHe# cpenoi (puc. 1 u 2). OObIyHO CHa-
PYXHU OT IJIa3MaTUYECKONW MeMOpaHbl pacrloJiOKeHa KJIETOYHAsl CTEH-
Ka, Ui 000J10YKa, — MPOAYKT KJIETOYHOM aKTUBHOCTH.

Y npokaproTHUYECKUX KJIETOK MOP(OJOTHYECKH BBIPAKEHHOTO
sipa HET, HO MPUCYTCTBYET TaK HA3bIBAEMbI HYKJICOMJ — 30HA, 3a-
nosiHeHHas JIHK.

B ocHOBHOM BemiecTBe (WM MaTPHUKCE) LUTOIIa3Mbl MTPOKAPUO-
TUYECKUX KJIETOK PacIojararoTcsi MHOTOUHCICHHbIE pubOocoMsbl. [lu-
TOTUTA3MAaTHUECKHUE KE MEMOpaHbl OOBIYHO BBIPAKEHBI HE TaK CHUJIBHO,
KaK y BbICIIIEro Tumna (3ykapuotudeckux). Kpome siapa, B nuToriazme
CYIIECTBYET LIENbIi HA0Op CHEIUATbHBIX O00A3aTENbHBIX CTPYKTYp —
OpraHesul, BBIMOJHAIONIMX OTHaeNbHbIe crnenuduueckue ¢yHkmuu. K
YUCIIYy OpraHeJUl OTHOCSAT MEMOpaHHBIE CTPYKTYpBI: CHUCTEMY 3HJIO-
MJIa3MaTUYECKON ceTu (peTukyiayma), anmapaTr [oibaku, JTU30COMBI.
MUTOXOHJIPUU, TIJIACTHU/IBIL.

Hecmotpst Ha yeTkue Mop(doaoruueckue OTanyusi, U MPOKapruoTH-
YECKUE U FYKAPUOTUYECKUE KIIETKU UMEIOT MHOrO OOIIEero, 4YTo U Io-
3BOJISIET OTHECTH UX K OJHOM — KIIETOYHOW — CHUCTEME OpraHU3alHU
xuBoro. M Te u npyrue oaersl mjiasMaTUYeCKol meMOpaHoil, oOna-
Jaroer cXoaHoW (QYHKIIMEH aKTUBHOIO MEPEHOCA BEIIECTB U3 KIETKU
U BHYTPb €€; CUHTe3 OeJika y HUX MPOUCXOJIUT Ha PUOOCOMAX; CXOHBI
U Ipyrue npoueccel, Takue, kak cuare3 PHK u permmukanus JJHK, no-
X0XM U OHMO3HepreTudeckue mpoiecchl. Icxo/s U3 BhINIECKa3aHHOTO,
KJIETKE MOXHO JaTh obiee onpeneneHue. Kietka — 3To orpaHnueHHas
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aKTUBHOM MeMOpaHOU, YIMopsao4YeHHass CTPYKTypHpOBaHHAs CHCTEMa
ononosnmMepoB (OETKOB, HYKJIIEMHOBBIX KHUCJIOT) U MX MaKpPOMOJIEKY-
JSIPHBIX KOMIUJIEKCOB, YYAaCTBYIOIIMX B €IMHOW COBOKYITHOCTH MeTabo-
JTMYECKUX U DHEPreTUYECKUX MPOIECCOB, OCYIIECTBIISIONINX MOAEP-
YKaHWE U BOCIIPOU3BEICHUE BCEH CHCTEMBI B IIEJIOM.

i Erd bR PR

I‘—-——?

et 4
°:ll'.,.unfuhllﬂllNb._lﬂ:|r\l'Nl'lrn'r~ AR
e .

Puc. 1. YabTpaTOHKHH cpe3 Puc. 2. KomOnHUpoOBaHHAs cXeMa NMPOKa-
NponuoHOBoi 0akTepum (hoto PHOTHYECKOM KJIETKH:
JI.A. BopoObeBoii): 1 — kyeTouHas CTeHKa; 2 — Mmi1a3MaThudecKas
1 — knmeTo4Has cTeHka; 2 —30na  MemOpana; 3 — [IHK nykneoun; 4 — noiaupu-
HyKJIeon1a; 3 — Me3ocoma; 4 — 0OCOMBI IIUTOILIA3MBI; 5 — ME30COMa;
oOpa3oBaHME CEMNTHI IIPH fIee- 6 — JaMeIUISIPHBIE CTPYKTYPBI; 7 — BISTYMBAHUS
HUU KJIETKU MJIa3MalieMMBbl; 8 — CKOTUJIEHUSI XpoMaTodo-

poB: 9 — Bakyosu ¢ BKIroueHusiMu; 10 — 6ax-
TEepUaIbHbIC KIYTUKH; 11 — miacTuH4aThIe
THWJIAKOUIBI

Kietka — 3T0 camMomoaJepKMBAOIIAsACId M CaMOBOCIPOH3BOIS-
ascsi cucTeMa OMOMOJUMEPOB. ITO OMpeACICHHEe JaeT ONMMCaHUE OC-
HOBHBIX CBOWCTB «CKMBOT'0» — BOCHPOU3BEACHHE IMOJI00HOTO cede u3
Hero100H0ro ceoe.

Y MHOTOKJIETOUHBIX OPTaHU3MOB YacTh KJICTOK yTpauyuBaceT CBOM-
CTBO Pa3MHOXKaThCS, HO OHHM OCTAIOTCS KJIETKaMH 10 TeX Iop, IMOoKa
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CIIOCOOHBI OCYIIECTBIIATh CHUHTETHYECKHUE IMPOIECChl, PETyIUPOBATH
TPAHCIIOPT BEILIECTB MEXKAY KIETKOW U CPENOM, MCIOIb30BaTh IS
TUX TMPOIECCOB H3Hepruto. EcTh mpuMepsl Oe3bsIACPHBIX KIETOK
(pUTPOLUTHI U TPOMOOILUTHI MJIEKOMUTAIOIINX, HEKOTOPHIC MBIIICY-
HBIE KJIETKH MOJIJIFOCKOB), 3TO CKOpee HE COOCTBEHHO KJIETKH, a UX OC-
TaTKU — OJEThIE MEMOPAHOM YYaCTKH LIUTOIUIa3Mbl C OrpaHUYCHHBIMU
(GYHKIIMOHAJIBHBIMU TTOTEHIIUSIMH.

OIHO BpeMs MEPBBIM MOCTYJNAT KJIETOYHOW TEOPUU IOJBEPrajcs
MHOTOYMCJIEHHBIM Hamajkam W KpuTtuke. HekoTtopeie aBTOpBI yKa3bl-
BaJIU, YTO B MHOTOKJIETOYHBIX OpraHU3Max, OCOOCHHO Y >KMBOTHBIX,
KpPOME KJETOK, CYHIECTBYIOT U MEKKJIECTOYHBIE, TPOMEKYTOUHBIE BE-
IIECTBA, KOTOPHIE TOXKE, Ka3aJI0Ch Obl, 00Jaal0T CBOMCTBAMU >KHBOTO.
OpnHako OBUIO TOKAa3aHO, YTO MEXKKJIETOYHBIE BeEleCTBa (OCHOBHOE
BEIIIECTBO M BOJIOKHA COCAMHUTEIHLHON TKaHW) MPEACTABISIOT COO0O0M
HE CaMOCTOATENIbHbIE 00pa30BaHusl, a MPOIYKThl aKTUBHOCTU OTJIEIb-
HBIX TPYMIT KJIETOK.

Jpyrue BO3paKEHHS Kacalauchb TOr0, YTO YACTO Y KUBOTHBIX, KPO-
M€ OTIEIBHBIX KIJIETOK, BCTPEUAIOTCA TAK HA3bIBAEMBIE CUMILIACTHI H
CUHLMTHUU (COKJIETHS), a Y PACTUTENbHBIX KJIETOK — Iazmoauu. Ilo
MOP(OJIOTHIECKOMY OINKMCAHUIO ATO KPYMHBIE IUTOILIa3MaTUYECKHE
o0pa3oBaHusi CO MHOXKECTBOM SIJIEp, HE pa3/ieJICHHbIE Ha OTICIbHBIC
KJIETOUHbIE Tepputopuu. [IpuMepamMu Takux CHUMILJIACTOB MOTYT OBITh
MBIIICYHBIE BOJIOKHA TTO3BOHOYHBIX WM SMHUAECPMHUC Y JEHTOUYHBIX Yep-
BE, a TakXe MUIa3MOAUHU Y HUBIIUX T'PUOOB MUKCOMHIETOB. OIHAKO
€CJIM MPOCIICIUTh 33 PAa3BUTUEM TAaKUX HEKJIETOYHBIX» (POPM, TO JIETKO
yOeIUTHCS B TOM, YTO OHU BO3HUKAIOT BTOPUYHO, 3a CUET CIUSHUS OT-
JEBHBIX KJIETOK, WM XK€ B pPe3yjbTaTe ACJICHUS OJIHUX sifep 0e3 pas-
JI€JICHUSI ITUTOIIA3MBI, T.€. 0€3 IUTOTOMHUH.

Knemka — eQuHasi cucmema cornpsi>XeHHbIX
pYHKUUOHasIbHbIX eQUHUU,

B Hayane Halero M3J0KEHHsS B COIVIACMU C KIETOYHOM TEOpHUen
MbI 00CY>XIaJId MIEPBBIM €€ MOCTyJaT: KJIETKAa — HAUMEHbILAs €IMHULIA
&KUBOro. OQHAKO MBI 3HAEM O CII0KHOCTH CTPOECHUS 3TOM «EIWHHUIIBI,
KOTOpasi COAEPKUT B ce0€ MHOXKECTBO THUIIOB BHYTPHUKJIETOUHBIX
CTPYKTYp, BBINOJHSIOMNX pa3HooOpa3Hbie PpyHKiuu. [Ipu sToM Kax-
Ibld KOMIIOHEHT «CHELUATN3UPOBaH» Ha BBIIIOJIHEHHE OJHOM CcOOCT-

10



BEHHOW rpynnbl (yHKIHH, APyrue KOMIIOHEHTBI HE MOTYT padoTaTh
«MO COBMECTUTEINILCTBY», HE MOTYT IPUHATH Ha C€0s1 OCHOBHBIE (hyHK-
MU APYTUX BHYTPUKIETOUYHBIX CTPYKTYp. BaXXHO OTMETHUTH, UTO KaX-
nas u3 QYHKUMN SBISETCS 00s3aTeIbHON, 0€3 BBIMTOJIHEHUS KOTOPOM
KJIETKa HE MOXET CYILIECTBOBaTh. Bce 3TO B 3HAYUTEIBHOU CTEIEHU
HAIIOMHWHAE€T MHOTOKJIETOUHBIA OpPraHW3M, KOTOPBIA TaKXKe SIBIAETCS
0co00M KUBOU CUCTEMOM, 00eCcTIEeYMBaIOIIEH CBOE COOCTBEHHOE CYIIIe-
CTBOBaHME W BOCIpou3BeAcHUE. Bce Teno opraHusma MOXKET OBIThH
MOAPA3ACICHO Ha PSAJ MOJACUCTEM WM CUCTEM: MUILIEBAPUTEIbHYIO,
BBIJICTIUTENIbHYI0, MBIIICUYHYI0, HEPBHYIO, MOJOBYIO U Ap., oOecrnedu-
BAIONIMX OTMPABJICHUE LEJIOTO psAJia OPraHU3MEHHBIX (YHKIUH. OTH
(YHKIMHU BBITIOJIHSIOTCS OTAEIBbHBIMU OpraHaMy WM TPYyNHol opra-
HOB: KHUILIEYHUK, TTOYKH, MO3T U T.A. M1 B JaHHOM mpuMepe 3TU CUCTE-
MbI B OCHOBHOM MOHO()YHKIIMOHAJIbHBI U HE3aMeHUMBI. B o01eit cuc-
TEM€ OpraHM3Ma Kak IIeJIOT0 BCE OHU HMIPaloT IJIaBHBIE, a HE MOIYH-
HEHHbIe poiu. JKW3Hb OpraHu3Ma CTAaHOBUTCS HEBO3MOXKHOW MpH
BBIKJIFOUEHUH JIFOOOM U3 ATUX CUCTEM.

@opMalibHO JIOOYI0 KIETKY MOXKHO «Pa3foXHUThy» Ha Psij KaK Obl
HE3aBHUCHUMBIX CTPYKTYPHBIX M (PYHKIIMOHAJIBHBIX KOMIIOHCHTOB, BBI-
MOJIHSIOMUX CBOM crnenuduueckue PyHkimu. Tak, 3yKapuOTHYECKHE
KJIETKU TIPUHATO pa3feisaTh Ha sjpa U uurorasmy. B nuromnasme, B
CBOIO OYEPEb, BHIICISIOT THATIOIUIa3MYy, WM OCHOBHYIO IJIa3My KIIET-
KH (IIUTO30JIb — PACTBOPUMBIM KOMIIOHEHT ITUTOIIa3MbI 10 TEPMHUHO-
JIOTUM OMOXMMHUKOB), a Takke MeMOpaHHbIe (MUTOXOHJIPUM U TUIACTH-
JIbl) 1 HEMEMOpaHHbIE OPTraHOU bl (BKIIOUCHUS).

PuGocombl BHITIONHSIOT (YHKIIMU CHUHTE3a Oe€iKa; IUTOCKEIEeT —
OMOPHO-/IBUTATENIbHAsl CUCTEMa KIJIETKH, BaKyOJIApHAsl CUCTEMa — CHC-
TeMa CUHTE3a WU BHYTPUKIETOYHOI'O TPAHCHOPTA OEIKOBBIX OMOIOIU-
MEPOB U T'€HEe3Hca MHOTHUX KJIETOYHBIX MEMOpaH; MUTOXOHJPUU — Op-
raHeJUIbl IHEProoOecieYeHs KJIETKH 3a cueT cuHTe3a AT®; nmnactuibl
PACTUTENBHBIX KJIETOK — cuctema cuHTe3a AT® u porocunTesa; mias-
MaThyeckass MeMOpaHa — 6apbepHO-PEIENITOPHO-TPAHCIIOPTHAS CUCTE-
Ma KJIETKH.

AHAaJIOTH 3TUX CUCTEM €CTh U Y MMPOKAPHUOT: 3TO — MIa3MaTUyecKas
MeMOpaHa, KOTopas KpoMme MOrpaHuYHOM POJiv, y4acTBYET B IMpOIleC-
cax cuHre3a AT® u poTocuHTe3a, IUTO30JIb, pUOOCOMBI U JTAXKE dJie-
MEHTBI IIUTOCKEJIETA.
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BaxHO MOIYEPKHYTh, YTO BCE 3TU MOACUCTEMBI KIIETKH, 00pa3ys
HEKOE COIPSKEHHOE €IUHCTBO, HAXOIATCA BO B3aMMO3aBHCUMOCTH.
Hampumep, HapylieHre QyHKIUHU spa cpa3y CKa3bIBae€TCsS HAa CUHTE3E
KJIETOUHBIX OEJIKOB, HapylIEHHWE padOThl MHUTOXOHJIPUIM MpEeKpaniacT
BCE CUHTETHUYECKHE U OOMEHHBIE MIPOLIECCHI B KJIETKE, pa3pylICHUE dJie-
MEHTOB LIUTOCKEJETAa MPEKPAIIaeT BHYTPUKIETOUYHBIA TPAHCIIOPT U T.J.
KiteTky MOXHO CpaBHUTH C YaCOBBIM MEXaHU3MOM, B KOTOPOM ITOBPEXK-
JIeHHEe JF000M €ro 4acTu NPUBOJUT K OCTAHOBKE BCEHl CHCTEMBI B LIETIOM.

Jlekumsa 3. ToMOoNOrM4YHOCTb KNeToK

TepMUH «TrOMOJIOTUYHOCTBY» O3HAYaET CXOJICTBO IO KOPEHHBIM
CBOMCTBaM U OTJIMYHME 10 BTOPOCTEIIEHHBIM. Hampumep, pyku denoBe-
Ka, KPbLJIO IITUIIBI, IEPEIHSS HOTa JIOIIaA TOMOJOTMYHBI HE TOJIBKO IO
IJIaHy CTPOCHMS, HO M M0 CBOEMY MPOUCXOXKIeHHI0. [10100HO 3TOMY
MO>KHO TOBOPHUTb, UTO pa3HbIC KJIETKU OPraHU3MOB PACTUTEIBHOIO WU
YKUBOTHOT'O TIPOMCXOKICHUS CXOHBI, TOMOJIOTUYHBI.

Dto 0000meHue, caeitantoe emie 1. [IIBanHOM, HaAILIO CBOE MOJI-
TBEPKJCHUE M PAa3BUTHE B COBPEMEHHOMN ITUTOJOTHHU, MCIIOJIb3YIOIICH
HOBBIC JIOCTHKEHHMSI TEXHUKH, TAKHWE€, KaK DJICKTPOHHBIM MHUKPOCKOII.
['OMOJIOTHYHOCTh CTPOCHMS KIJIETOK HAOJIOMACTCS BHYTPH KaXKIOTO U3
TUMOB KJIETOK: IMPOKAPHUOTHYECKOM M 3YKAPUOTHYECKOM. XOPOIIO H3-
BECTHO pa3HOOOpa3ne KIETOK KaKk OaKTEepHaIbHBIX, TaK U BBICIINX Op-
raHn3MoB. Takoe 0JJTHOBPEMEHHOE CXOJICTBO CTPOCHUS U pa3HOOOpa3ue
dbopM ompeaensroTcs TeM, YTO KJIETOYHbIe (YHKUMH MOXKHO I'py0o
NoApa3ieIuTh Ha JBE TPYMIbI: OOs3aTelbHbIE W (paKyJIbTaTUBHBIC.
OO0s3aTenbHble (PYHKIIMM, HATTPABJICHHBIC HA MOJJICPKAHUE KU3HECTIO-
COOHOCTH CaMMX KJI€TOK, OCYIIECTBIISIOTCS CIElUaJIbHBIMUA BHYTPH-
KJICTOYHBIMH CTPYKTYpPaAMHU.

Tak, y Bcex NpOKapuOTUUYECKUX KJIETOK IJIa3MaThUdeckas MmeMOpa-
Ha HE TOJIBKO OrpaHMYMBACT COOCTBEHHO IIUTOILIA3MYy, HO U (DYHKIIHO-
HUPYET KaK CTPYKTypa, oOecleuunBaroiias aKTUBHBIM TPAHCHOPT Be-
IIECTB U KJIETOYHBIX MPOAYKTOB, KaK CHUCTEMa OKHCIUTEIHLHOIO (poc-
dhopuIMpoBaHMs, KaK UICTOYHUK 00pa30BaHUs KIECTOYHBIX OaKTepHasb-
HbiXx cTeHoK. JIHK nykieouma GakTepuii U CUHE-3€JICHBIX BOJOPOCIICH
oOecreynBaeT reHETUYECKUE CBOMCTBA KJIETOK U T.1. PHOOCOMBI ITUTO-
IJ1a3Mbl — €IMHCTBEHHBIC alllapaThl CUHTE3a MOJIUIIENTUIHBIX LEeTeH —
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TaKkke 00s3aTeNIbHBII KOMIIOHEHT ITUTOIIA3Mbl MPOKAPUOTHYECKOM
KJIeTKU. PazHOOOpasue ke MpoKapuOTHUUYECKUX KIETOK — 3TO PE3YbTaT
PUCTIOCOOJIEHHOCTH OT/ACJIbHBIX OAKTEPUATBHBIX OJHOKJIETOUYHBIX Op-
raHU3MOB K YCJOBHUSIM cpelibl obuTaHus. [IpokaproThueckue KiIeTKU
MOTYT OTJIMYAThCA JAPYT OT APYyra TOJIIMHOW U YCTPOMCTBOM KJIETOY-
HOM CTEHKH, CKJIaIYaTOCThIO IJIA3MAaTUUYECKOM MeMOpaHbl, KOJIUYECT-
BOM U CTPYKTYpOH IUTOIIa3MaTUYECKHUX BBIPOCTOB 3TOM MEMOpaHbI,
KOJIMYECTBOM M CBOMCTBAMU BHYTPHUKJIETOYHBIX BaKyoJel U MeMOpaH-
HBIX CKOIUIeHUH U Jip. Ho «oOmuii miman» CTpoeHHs MpOKapHOTHYE-
CKHMX KJIETOK OCTAETCs MOCTOSTHHBIM.

Ta sxe kapTrHa HaOMIOIAETCA U JIS1 DYKApUOTHIECKUX KIIeTOK. [1pu
U3YYEHUU KJIETOK PACTEHUM M JKUBOTHBIX Opocaercs B Iiia3a pa3uTelb-
HOE CXOJICTBO HE TOJIbKO B MUKPOCKOMUYECKOM CTPOSHUM ATUX KIIETOK,
HO U B JIETAIISIX CTPOCHHSI MX OTACIIbHBIX KOMIIOHEHTOB. Y 3YKapHoT,
KAaK M Y MPOKAPUOT, KIETKA OTACIICHBI APYT OT APYra WIK OT BHEIIHEU
Cpellbl aKTUBHOM IUIa3MaTUYECKON MeMOpaHOi, KOTOpasi MOXET MpH-
HUMATh YYaCTHUE€ B BBIJICJICHUH BEUIECTB U3 KIETKU M MOCTPOCHUH BHE-
KJIETOUHBIX CTPYKTYpP, UTO OCOOCHHO BBIPAXKEHO Yy pacTeHuiM. Y Bcex
AYKAPUOTHYECKUX KJIETOK OT HU3ILIMX I'pUOOB JI0 MMO3BOHOYHBIX BCErAa
UMEETCS AJIPO, NPUHIUITMATIBHO CXOAHOE MO MMOCTPOCHUIO Y Pa3HbIX Op-
rauu3MoB. CTpoeHrue U PYHKIIMU BHYTPUKIIETOUHBIX CTPYKTYP TaKkKe B
MPUHIIMAIIE OMPEICISIOTCS TOMOJIOTUYHOCTBIO OOIIEKJIETOYHBIX (DYHK-
1A, CBSI3aHHBIX C MOJJIEPKAHUEM CaMOM KUBOW CUCTEMBI (CUHTE3 HYK-
JICUHOBBIX KHCIIOT M OEJIKOB, OMOIHEPreTHKA KICTKU U T.1.).

OHOBpEMEHHO MbI BUJIUM U pa3HOOOpa3ne KIETOK Ja)xe B Ipeje-
Jax OJTHOr0 MHOTOKJIETOYHOro opranusma. Hanmpumep, no popme maio
MOXO0KH JIPYT HA JIpyra TAKWE KJIETKH, KaK MBIIICYHAS WIN HEPBHAs.
CoBpemMeHHasi IIUTOJIOTUS TOKA3bIBAET, YTO PA3JINUYKE KIETOK CBSI3aHO
CO creuuanuzanuend ux (yHKIUH, ¢ pa3BUTHEM OCOOBIX KJIETOUYHBIX
amnmaparoB. B MBIIIEYHON KIIETKE, KpoMe OOIIEKIETOUYHBIX CTPYKTYP
(BIIC, AT, pubocoMsl M Ap.), BCTPEUAIOTCS B OOJIBIIIOM KOJIHUYECTBE
bubpmIIbI 6€NIKa, KOTOPhIE U 00€CTICUNBAIOT (PYHKIIMIO COKPAIIICHUA.

B HepBHOI KJI€TKE MOXXHO OOHApPYXHUTh T€ K€ KOMIIOHEHTBI, YTO
MPUCYTCTBYIOT MIPAKTUYECKU B JIFOOBIX IYKAPUOTUUECKUX KIIETKaX, XO-
TS OHU OyAYT U HE Tak oOmiIbHBI. Hanmpumep, punaMeHTsl, CXOIHbBIC 110
XUMU3MY C aKTUHOBBIMU (hUOPUIITIAMH MBIIIIEYHBIX KJIETOK, UMEIOTCS B
nuroriazme ¢pudpoodacToB. B Hell ke 0OHapyKUBAIOTCA U MUKPOTPY-
oouku. CrnenoBaTrenbHO, U MUKPODUIAMEHTBl 1 MUKPOTPYOOUKH MpeE/I-
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CTaBJISIIOT cOOOM 00s13aTeNbHbIE OOIIEKIETOYHbIE CTPYKTYpHhI. M3BecT-
HO, YTO MUKPO(DUIAMEHTHI KJIETOK MPEJCTaBICHbl AKTUHOM, YTO YKa-
3pIBaCT Ha WX OOIIECKJIETOYHOE 3HAYCHHE — OOECNeYMBATH IOJBHK-
HOCTh KJIETOK. B MBIIIEUHBIX KJIETKax 3Ta (YHKIUS CTaja TJIABHOW,
MO03TOMY TaK CHJIBHO B HUX BBIPa)KE€H COKPATUTENIbHBIN anmnapar.

CtpykTypHOE pazHO0Opa3ue KJIETOK MHOTOKJIETOYHOTO OpraHu3Ma
MOKHO OOBSICHUTH OTJIMYMEM UX CIEIUATIbHBIX (PYHKIUN, OCYIIECTB-
JSIOIMUXCA JAHHOM KJIETKOW Kak Obl Ha (poHE OOIIMX, 0053aTeIbHBIX
KJIETOYHBIX (DYHKITHM.

Jlpyrumu cioBaMu, TOMOJIOTUYHOCTD B CTPOCHUU KIIETOK OIpeje-
JSIETCSL CXOJICTBOM OOIIEKIETOYHBIX (PYHKIMH, HAITPaBICHHBIX HA MOJ-
Jiep>KaHue )KU3HU CaMUX KIJIETOK M Ha UX pa3MHOKeHHe. PazHooOpasue
KE B CTPOCHUU KJIETOK MHOTOKJIETOYHBIX OPraHU3MOB — PE3yJbTaT
(YyHKUIMOHANBHOU CIIEUaIN3allNH.

Knemka om knemku

dopMyIHpOBKA MOJOKEHUS «BCAKAas KJIETKa OT KJIETKH» («omnis
cellula et cellulay) cBsizana ¢ umeHem 3HameHuToro ydesnoro P. Bup-
xoBa. T.IlIBaHH B cBOMX O0OOOIIEHUAX MOMYEPKUBAT OJUHAKOBOCTH
MPUHIMIA PA3BUTUS KJIETOK KaK y KMBOTHBIX, TaK U Y pacTeHUi. ITO
npenacTaBiieHre 0a3upoBanoch Ha BbiBoAax lllnelinena o Tom, 4To KieT-
KM MOTYT 00Opa30BbIBATHCS U3 3EPHUCTON MacChl B HEJpaxX KIETOK 3aHO-
BO (Teopus nuToOnactemsl). P. BUpXoB kak MPOTHUBHUK UAEH O CaMO3a-
POKJICHUM KW3HU HACTauBaJl HA «IIPEEMCTBEHHOM Pa3MHOXEHUU KJie-
Tok». Ceromusi copmynupoBanHoe P.BupxoBbiM adopuctuueckoe
OTPEJICIICHUE MOKHO CUUTATh OMOJIOTMYECKUM 3aKOHOM. PazMHOkeHHe
MPOKAPUOTUYECKUX U IYKAPUOTUUECKUX KJIETOK MPOUCXOAUT TOJIBKO
MyTEM JIEJIEHUS UCXOJIHOM KJIETKHU, KOTOPOMY MPEIIECTBYET BOCHPOU3-
BEJICHHE €€ reHeThUecKoro Marepuana (peayrukaiuu JTHK).

VY 3yKapUOTUYECKUX KJIETOK €AWHCTBEHHO MOJHOIIEHHBIM CII0CO-
OOM JIeTIeHUs SIBJIIETCSI MUTO3 (MM MEWO03 MpU 00pa30BaHUU MOJOBBIX
kietok). [lpu sTom oOpasyercsl crneluaibHBIN anmapaT KI€TOYHOTO
JEJeHUs1 — KJIETOYHOE BEPETEHO, C TOMOIILbI0 KOTOPOTO PaBHOMEPHO U
TOYHO TIO JIBYM JIOUYEPHUM KJIETKAM PACHpPEACSIOTCS XPOMOCOMBI, J0
3TOr0 YJBOMBIIMECS B UMCIIC. DTOT TUN JIeJICHUs HAOII01aeTCs Y BCEX
AYKApPUOTUUECKUX (KaK paCTUTEIbHBIX, TaK U )KUBOTHBIX) KJIETOK.
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[IpokaproTHYECKUE KJIETKHU, ACISIINECS TaK Ha3blBa€MbIM OMHAap-
HbIM 00pa3oM, TaK)K€ MCHOJb3YIOT CHEIUAIbHBIN aNmapar pa3aeieHus
KJIETOK, 3HAYUTEJIbHO HAITOMUHAIOIINI MUTOTUYECKUN CIIOCOO JEICHUS
sykapuoT. CoBpeMeHHass Hayka OTBEpPracT WHbIC MYTH OOpa30BaHUS
KJIETOK M yBeJIMUCeHHE uX yucia. [losBUBIIMECS OAHO BpEeMsl OMUCAHUS
o0pa30BaHus KIIETOK U3 «HEKJIETOYHOI'O KHUBOTO BEIIECTBA» OKA3AIHChH
B JIy4llleM ClIy4ae pe3yJIbTaTOM METOJIMYECKUX HEAOCTATKOB WJIU JaXKe
OIIMOOK, a B Xy/IIIeM — IJIOJOM Hay4HOU HEeJOOPOCOBECTHOCTH.

Cuuranock, YTO KIETKA MOTYT Pa3MHOXKAThCS MPSMBIM JICTICHHEM,
NyTEM Tak Ha3blBaeMoOro amurosza. OgHaKO IpsMOE pas3fesieHue Kiie-
TOYHOTO SI7Ipa, a 3aTEM U ITUTOIIa3Mbl HaOJII0/1a€TCsl TOJIBKO Y HEKOTO-
peix uHQy30pui. [Ipy >TOM aMUTOTHYECKH NEIUTCA TOJIBKO MAaKpO-
HYKJIEYC, B TO BpeMsI KaKk T'€HepaTUBHbIE MUKPOHYKJICYCHI JEISATCS UC-
KJIIFOYUTEIbHO IyTEM MHUTO3a, BCIEI 3a KOTOPhIM HACTYyIAET
pa3ziesieHue KJIETKH — HUTOTOMUA. YacTo MOsiBIEHUE JBY- WJIA MHOIO-
SICPHBIX KJIETOK TAKXKE€ CUUTAIA PE3yJIbTaTOM aMUTOTHYECKOTO Jese-
HUs saep. OJHAKO MOSIBIICHHE MHOTOSIIEPHBIX KIIETOK SIBIIIETCS pe-
3yJbTATOM JIMOO CIUSHUA APYT C IPYTOM HECKOJIBKHUX KJIETOK (TUTaHT-
CKHE€ MHOTOSIJIEPHBIE KIJIETKU TEJI BOCHAJEHUS, OCTCOKJIACThI U Jp.),
aM00 HApYIIEHUsI CaMOro MPOoIecca IUTOTOHUH.

Knemka u MHO20K/1emo4HbIll op2aHU3M

Ponb OTHENbHBIX KIETOK B MHOTOKJIETOYHOM OpPTaHHM3ME IOJBEP-
rajgach HEOJHOKPATHOMY OOCYKICHUIO U KPUTUKE U TpeTepriesia Hau-
oonbivie u3mMeHenus. T. IlIBaHH mpencTaBisii ced0e MHOTOTPAHHYIO
NEATEIIbHOCTh OPraHU3Ma KaK CyMMY KU3HEJEATEIIbHOCTH OTIAEIbHBIX
KJIETOK. DTO MpEACTaBICHUE ObIJIO B CBOE BPEMSI IIPUHATO U paCIIUpe-
HO P. BUpXOBBIM U MHOJYyYUIIO HA3BAaHUE TEOPUU «KIIETOYHOI'O TOCY-
napcTBa». BHUpPXOB mucal: «...BCAKOE TEJO, CKOJIbKO-HUOYAb 3HAUYU-
TEJILHOTO 00beMa, MPEACTABIISIET YCTPOUCTBO, MOJO0OHOE OOIIECTBEH-
HOMY, TJI€ MHOXECTBO OTJECIbHBIX CYIIIECTBOBAHUN IIOCTABJICHO B
3aBUCHUMOCTb JIPYT OT APYra, HO TaK, OJHAKO K€, YTO KAXKJI0€ M3 HUX
UMEET CBOIO COOCTBEHHYIO ESTEIBbHOCTh, U €CJIM MOOYXKJIECHUE K ITOU
JEATEIIbHOCTH OHO W MOJIy4aeT OT JPYTUX 4YacTe, 3aTO CaMOI0 padoTy
CBOIO OHO COBepIIaeT coOCTBeHHBIMU cuiaamMu» (Bupxos, 1859). An-
caMOJI1 KJIETOK OOBEIUHSIOTCS B TKAHU, & TKAHU — B OpPTraHbl.
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Opranu3Mbl TPEACTABISIIOT COOOM CII0KHBIE IIEJIOCTHBIE UHTETPH-
POBaHHBIE CHUCTEMBbI, CBSI3aHHBIC MEKKJIETOUYHBIMU, MEKTKaHEBBIMU,
MEXOpPraHHbIMU (opMaMu peryisiuuud. BoT moueMy Mbl TOBOpUM 00
opranu3Me Kak o uesmoM. Crernuanusanus 4acTed MHOTOKIETOYHOIO
€AMHOr0 OpraHu3Ma, PaCwICHEHHOCTh €ro (PyHKUUW Aat0T eMy OO0Jib-
IIME BO3MOXKHOCTU TMPUCTIOCOOJTICHUS Il Pa3MHOKEHHSI OTAEJIbHBIX
WHJIMBHUIYYMOB, JJIsI COXpaHEHHUS BUAA.

B uTore M0XHO CKa3aTh, YTO KJIETKa B MHOTOKJIETOYHOM Opra-
HU3ME — 3TO eIMHHUIA PYHKIMOHUpPOBaHUS U pa3Butus. Kpome Toro,
IIEPBOOCHOBOM BCEX HOPMAJIBHBIX M IMATOJOTMYECKUX PEAKIMHN LEI0-
CTHOTO OpraHu3Ma fBJISIETCS KJEeTKa. JIeHCTBUTENBHO, BCE MHOTOYUC-
JICHHBbIE CBOMCTBA M ()YHKIIMM OpraHM3Ma BBIMIOJHSIOTCS KIIETKaMHU.
Korga B opranusm nomnajaroT 4y>KepoJHble Oeiaku, Harmpumep OaxTe-
pHUalIbHBIE, TO Pa3BUBAETCS UMMYyHoOJIOTHYecKas peakuus. [Ipu s3tom B
KPOBU TMOSABJISIIOTCS OCNKU-aHTUTENA, KOTOPHIE CBA3BIBAIOTCS C UY>KUMHU
OellkaMyd M WX WHAKTHUBUPYIOT. DTH AHTHUTENA MPEACTABISAIOT COOOM
OPOIYKTHl CHHTETUYECKOM AKTUBHOCTU OIPEACIICHHBIX KIETOK —
ma3MouuToB. Ho 4To0bl mia3MouuThl Havyaiu BhIpa0aThIBATh CIEIU-
dbuyeckrue aHTUTENA, HEOOXOAUMBI paboTa U B3aMMOJICUCTBUE 1EJIOTO
psla CreuaIu3uPOBAHHBIX KIETOK-TUMQPOIUTOB U Makpodaros. [Ipy-
rol MmpuMep: MpocTerimuii pedaeKkc — CIIOHOOTICICHHE B OTBET Ha
IIPEABSBICHUE TUIINA. 31ECh MPOSBISETCS OYEHb CIIOXKHAS LEMb Kile-
TOYHBIX (PYHKIIMI: 3pUTEIIbHBIC aHATU3ATOPHI (KJIETKH) MepeatoT CUT-
HaJl B KOPY T'OJIOBHOTO MO3ra, I'/I€ aKTUBHPYETCS LENbIA PSAIl KIETOK,
NEPEIAOIINX CUTHAJbl HA HEUPOHBI, KOTOPBIE MOCBUIAIOT CHUTHAJIBI K
Pa3HBIM KJIETKaM CIFOHHOM JKeJie3bl, T/I€ OJHU KJIETKU BbIPaOAThIBAIOT
OCJIKOBBIN CEKPET, IPYTU€ BBIACISAIOT CIU3UCTBIN CEKPET, TPEThU, MbI-
IIEYHBIE, COKPAIASCh, BBIAABIMBAIOT CEKPET B POTOKH, a 3aTEM B IIO-
J0CTh pra. Takue Ienu Mociea0BaTeIbHBIX (DYHKIIMOHAIHHBIX aKTOB
OTJEJIBHBIX TPYIII KJIETOK MOYXHO MPOCIEINTh HA MHOXKECTBE IPUME-
pOB (DYHKIIMOHAIBHBIX OTIPABICHUN OpraHu3Ma.

JKu3Hb HOBOTO OpraHM3Ma HAYMHAETCS C 3UTOThI — KIIETKH, MOJTY-
YUBLIEHCA B pE3yJIbTATE CIUSIHUS KEHCKOU MOJOBOM KIETKH (0OOIUTA)
co cepmueM. IIpu esreHnn 3uroTsl BO3HUKAET KIETOYHOE ITOTOMCTBO,
KOTOpPOE TaKXK€ JIEIUTCS, YBEJIMUMBAETCS B YUCIE U MPUOOPETAET HO-
BbIC CBOMCTBa, creruanusupyercs, nuddepennupyerca. Poct opra-
HU3MAa, YBEJIMYEHUE €TI0 MACChI €CTh PE3YJIBTAT PA3MHOKEHUS KIETOK U
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BBIPAOOTKM MMHU Pa3HOOOpa3HBIX MPOAYKTOB (HampuMmep, BeIEeCTBa
KOCTH WJIK XPSIIIa).

W HakoHell, UMEHHO TOpaXE€HHUE KJICTOK WU HU3MEHEHHE HX
CBOMCTB SIBJIIETCSI OCHOBOM NJIs1 pa3BUTHS BCEX 0€3 UCKIIIOUEHUs 3a00-
JeBaHuil. JlaHHOE€ TOJOXKEHHE OBUIO BIEPBBIE CHOPMYITUPOBAHO
P. BupxoBeim (1858) B ero 3namenutoi kuure «Kiierounas martoJo-
rus». KnaccuueckuMm npumepoM KJIETOUYHOM OOYCIOBIEHHOCTH Pa3BU-
THS OOJIE3HU MOXKET CIY>KUTh CaxapHbIM JUa0ET, IIUPOKO pacipocTpa-
HEHHOE 3a00JIeBaHUE COBPEMEHHOCTH. Ero mpuumHa — HEIOCTATO4-
HOCTh (PYHKIIMOHUPOBAHMS JIMIIb OJHOW TPYMNIMbl KJIETOK — TakK
Ha3bIBa€MbIX B-KJIETOK OCTpOBKOB JlaHreHrapca B IIOJKEITYAOYHOU
XKeJe3e. ITU KIETKH BbIpaOaThIBAIOT TOPMOH MHCYJIMH, YYaCTBYIOIIHM
B PEryJISIIIUUA CaXapHOTO 0OMEHa opraHu3Ma.

Bce 3Tu mpumepsl NMOKa3bIBAlOT BAaXKHOCTh M3YUEHUSI CTPYKTYPbI
CBOMCTB U (PYHKITUN KJIETOK JJISI CaMbIX Pa3JIMYHBIX OHOJOTHYECKHUX
JUCHUIUIUH U JJI METUITUHBI.

TomunomeHmMHoOCMb K/1IeMOK

Kak >xe BO3HMKAIOT pa3HOOOpa3HbIE TUIIBI KJIETOK B MHOTOKJIETOY-
HBIX opranu3Max? M3BeCTHO, YTO OpPraHU3M YeJOBEKa, Pa3BUBIIHUUCS
BCETO M3 OJHOW MCXOJHOM KJIETKH — 3UTOThI, cojepkuT Oosee 200
Pa3IMYHBIX TUIIOB KJIeTOK. KakuM 00pa3oM BO3HHMKAET 3TO pa3HOOOpa-
31M€, CerOAHS J0 KOHIIAa HE SICHO, TaK KaK €Ile MajJo KOHKPETHBIX JaH-
HBIX, KaCAIOIIUXCS ITyTeH MOSBICHHS TEX W WHBIX KJICTOYHBIX THIIOB.

CoBpemeHHasi OuoJiorusi Ha 0a3ze MpeICTaBICHUN SMOPHUOJIOTHH,
MOJICKYJISIPHOM OMOJIOTMM Y T€HETHKU CUMTACT, YTO MHAMBUIYATHHOE
pa3BUTHE OT OJHOU KJICTKH JI0 MHOTOKJIETOYHOTO 3PEJIOro opraHu3Ma
— pe3yJbTaT MOCJIeI0BATEILHOTO, HM30UPATEIHFHOTO BKITFOUEHUS PaOOThI
Pa3HBIX TE€HHBIX YYACTKOB XPOMOCOM B Pa3JIMYHBIX KJIETKAaX. ITO MPHU-
BOJIUT K TOSIBJICHUIO KJIETOK CO CHEIU(PUISCKUMH ISl HUX CTPYKTypa-
MH M O0COOBIMH (DYHKIIMSMH, T.€. K Ipolieccy, Ha3biBaemMoMy audde-
PEHIIMPOBKOM.

HuddepenimpoBka — 3T0 pe3ysibTaT U30UpATEIbHON AKTUBHOCTH
Pa3HBIX T€HOB B KJIETKaX IO MEpe Pa3BUTHS MHOTOKJIETOYHOTO Opra-
Hu3Ma. Jlpyrumu cioBamu, quddepeHIMpoBKa — 3TO pe3yJabTaT aud-
dbepeHnranbHOl aKTHBHOCTH TeHOB. ClieoBaTelIbHO, MOKHO yTBEp-
XKIaTh, 4TO JIt00as KJIETKa MHOTOKJIETOYHOIO OpraHu3Ma oO0JagacT
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OJIMHAKOBBIM TIOJHBIM (POHAOM TEHETUYECKOro MaTepualia, BCEMHU
BO3MOKHBIMU MOTEHIMSAMH JJIs1 POSBJIEHUS 3TOTO MaTepuaa, T.e. TO-
TUIIOTEHTHA, HO B Pa3HbIX KJIETKaX OJAHU U TE K€ T'€Hbl MOTYT HaXo-
JTUTHCS WIM B aKTUBHOM, WJIM B PENPECCUPOBAHHOM COCTOSIHUU. OTH
IpeJicTaBlICHUs 0a3uPyIOTCS Ha OOJIBIIIOM 3KCIEPUMEHTAIBHOM Mate-
puaze. CTano BO3MOXKHBIM BBIPACTUTH 3PEJIOE PACTEHUE U3 OJHOM €ro
COMATUYECKON KJIETKH. MHOTOUUCIICHHBIE OMBITHI HA JIATYIIKAX MOKa-
3aid, 9TO siapa qudPepeHIIMPOBAHHBIX KIETOK COXPAHAIOT BCE T€ IO-
TEHILIUH, KOTOPBIE €CTh Y s/ipa B 3UTOTE.

N3 3TOro BBITEKAET, YTO KJIETKH MHOTOKJIETOUHBIX OPTraHU3MOB
00Jaat0T MOJTHBIM HAOOPOM TeHEeTHYEeCKON MHGOpPMAaIiU, CBOMCTBEH-
HOM ISl JAHHOTO OpPraHu3Ma, U B ’TOM OTHOILIEHUH OHU PaBHO3HAYHBI.
Ho ogHOBpeMEHHO KJIETKH OTJIMYAOTCS MO 00BEMY MPOSBICHUS 3TOU
nH(OpMaIMK, 4TO U CO3AAET BO3MOKHOCTD MOSIBJICHHUS CTIEIIUATU3UPO-
BaHHBIX KJIETOK. OJIHAKO ATH MPEJICTABICHUS HE MOTYT ObITh IPUHSITHI
MOJTHOCTBIO, TaK KaK UMEIOTCSI UCKIIIOUCHUS, TTOKA3bIBAIOIIIUE, YTO MPU
mudPepeHITUPOBKE MTPOUCXOIUT KOJIMUECTBEHHOE M3MEHEHHE T'C€HETH-
yeckoro Marepuana. Tak, mpu ApoOJEHUM SUIl acKapuabl KIETKH,
JAIOIIME Hauyall0 COMAaTUYECKUM TKaHSAM, TEPSIOT YaCTh XPOMOCOMHOIO
Marepuana (quMuHynus). CXOAHBIN MPOLECC OMUCAH Y HACEKOMBIX —
rauiiH. B aToM citydae ripu 000C00JI€HUHU COMAaTUYECKUX SJIep MPOUC-
XOJUT 3HAUUTEIbHASI PEAYKIHSI XPOMOCOMHOT0 Matepuaia. [Ipu 3Tom
KJIETKH TOJIOBBIX 3a4aTKOB cojiepkat 40 XpoMocoM, a COMaTHYECKHE —
Bcero 8. Cremyer MOMHUTh, UTO TaKUE Pa3IvyuMs ObUIM OOHApPY>KEHbI
TOJIBKO MEXIY IMOJOBBIMM M COMATUUYECKMMM KIJIETKAMH; Pa3IUyuid B
XPOMOCOMHBIX Ha0Opax MEXAYy pa3HbBIMH COMATHUYECKMMU KIIETKaMu
He oOHapyxxeHo. OJHaKO B MOCJEAHEE BpeMsl MOSBUWIHUCH JaHHBIE O
TOM, YTO IUIa3MOLIMTHI B pe3ysbTare creruduueckoi auddepeHiu-
POBKM IIPM MMMYHHOM OTBETE MPETEPNEBAIOT MOJICKYJSIPHBIE TEpe-
CTPOWKHU B 00JaCTH I'€HOB, OTBETCTBEHHBIX 3a CUHTE3 aHTUTEI, U TEM
CaMbIM I'€HETUYECKU OTJIMYAOTCSI OT OCTAIBHBIX KJIETOK.

OOmMM e 3aKOHOM JIJIs MHOTOKJIETOUHBIX PACTUTEIBHBIX U JKH-
BOTHBIX OPraHU3MOB SIBJISIETCSI TO, YTO, HECMOTPSI Ha CTPYKTYpHBIE U
(YHKIMOHAJIBHBIE PA3IUYusl KIETOK JJAHHOTO OpraHu3Ma, B T€HEeTHYe-
CKOM OTHOILIEHUU OHU OJHOPOJIHBI, TOXKIECTBEHHBI U TOTUIIOTCHTHBI.

[TonBOMIsT UTOT PACCMOTPEHUIO COBPEMEHHOTO COCTOSIHUS KJIETOU-
HOM TEOPHUU, HYKHO CKa3aTh, YTO UMEHHO KJIETKA SIBJISIETCS €IMHUIICH
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pa3BUTHUS MHOTOKJICTOYHBIX, CAMHUIIEH WX CTPOCHHS, (YyHKIIMOHHPO-
BaHMS U CAMHUIIEH MTaTOJOTHYECKUX U3MEHEHUI OpraHu3Ma.

JIjist Toro 4yToOBl MOHATH HE TOJILKO 3HAYEHUE CTPYKTYPHBIX OCO-
OCHHOCTEH KJIETKHU, HO W, TJIABHOE, pa3o0paThbcid B (PYHKIMOHAIbHBIX
OTIIPABJICHUSAX €€ OTACJIbHBIX KOMIIOHEHTOB M BCEH KJIETKHU B IIEJIOM,
4TOOBI COYETATh U3ydYeHHE MOP(MOJIOTHH KJIETKH C TJIABHEUIIUMHU OHO-
XUMHUYECKIMHU M TCHETUIECKIUMHU OCOOCHHOCTSIMU €€ YCTPOMCTBA U pa-
00TbI, YTOOBI M3y4aTh KJIETKY UMEHHO C MO3UIMNA COBPEMEHHOM Kile-
TOYHON OHOJOTHH, HEOOXOAMMO XOTSI ObI BKpaTiie BCIIOMHUTH OCHOB-
HBbIC MOJICKYJISIPHO-OHMOIOTHYECKUE 3aKOHOMEPHOCTH, €IIe pa3 KPaTKo
00paTUTBHCS K COACPKAHUIO IEHTPATBLHON JOTMBI MOJICKYJISIPHOU OHO-
JIOTHH.

Jlekunsa 4. MeTtoaonorus
U MeToAbl U3yYeHUs1 OMONOrnn KrneTku

Ha coBpemeHHOM JTame pa3sBUTHSA LUTOJOTUH CYIIECTBYIOT JBa
NO0JIX0/la K M3YYEHHUIO OOIIMX 3aKOHOMEPHOCTEH OpraHu3alii U 3BO-
JIFOLIMU KIIETOK — JUCKPETHBIN U MHTEIPATUBHBIN.

B sm0xy Hay4yHO-TEXHUYECKON PEBOJIOLMK HAMOOJBIIUMU YyCIe-
XaMU ¥ MHTEHCUBHBIM PAa3BUTUEM XapaKTEPU3YETCSA NUCKPETHBIN ITOJ-
XO/Jl, IOCKOJIbKY OOJIBIIMHCTBO COBPEMEHHBIX METOJIOB HALIEJIEHO HA Jie-
TaJIbHOE HCCIEJAOBAHNE XHMUYECKOM OpraHu3aluu CyOKJIETOYHbBIX
CTpyKTyp. IIpu 3TOM HE Bcerna ynaercst IpOBECTH YETKYHO I'PaHb MEX-
Ny CTPYKTYPHO-OMOXUMUYECKUMHU U TUTOJIOTHUYECKUMU UCCIIEI0BAHNSA-
MU, TIOCKOJIbKY MHTEPECHI IIUTOJIOTOB M OMOXMMHUKOB YacTO COBIAAIOT.
[TpaBna, kaccMUecKre METO/bl CTPYKTYPHOM OMOXHMMHM OCHOBaHbI Ha
pa3pyLICHUH KJIETOK U MOJYYEHUH B TaJbHEHUIIEM OTAEIbHBIX (paKiuid
UCCIIETyEeMbIX CYOKJIETOUHBIX CTPYKTYpP C MOMOIIBI0 AU(epeHnaib-
HOro HeHTpudyrupoanus. «Knaccuueckne» IUTOJOTHYECKHE METObI
IPEANoNIaraloT MakCUMMalabHO BO3MOXHOE COXpPAaHEHHE HATUBHBIX CYO-
KJIETOYHBIX CTPYKTYpP M JIOKAJIU3ALUI0 B HUX KOHKPETHBIX XUMHUYECKUX
COEMHEHHI ¢ TOMOUIBIO0 HUTOXUMHUH U aBTOPATUOTpapuu.

Y KaXI0ro noaxoja B KJIACCUYECKOM UCXOAHOM BAapHUAHTE €CTh U
JOCTOMHCTBA, U HENOCTaTKU. Tak, OMOXUMHMKH HMMEIOT BO3MOKHOCTb
VICIOJIB30BaTh MOUIHBIA aNllapaTrT Ka4eCTBEHHOI'O U KOJIUYECTBEHHOIO
aHaJIn3a, OJHAKO UM JAJIEKO HE BCErJa yAaeTcs BBIACIATH «YUCTHIC)»
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dbpakiuu uccieyeMbiX CTPYKTYp, OCOOCHHO MpU paboTe ¢ TeTEPOreH-
HBIMU KJIETOYHBIMU cUCTeMaMU. J[Jisi CHATHUS OAOOHBIX OTpaHUYEHUN
UTOJIOTUYECKUE U OMOXMUMHUYECKHUE MOIXO0JIbI MPUXOIUTCS COUYETATh B
OJIHOM HCCJIEIOBAaHHM, a TAKXE CIEUHAIBHO pa3padarbiBaTh Morpa-
HUYHBIC METO/JIbl, TAKHE KaK TMOpUIU3alMs HYKJIEUHOBBIX KUCJIOT Ha
Cpe3ax WM WMMYHOIMTOXUMHSI C MPUMEHEHHUEM MOHOKJIOHAIBHBIX
aHTUTEJ Ha AJIEKTPOHHO-MUKPOCKOMMYECKOM ypoBHe. [To mepe yriyo-
JICHUS HAIIUX MPEJICTABICHUN O XMMUYECKOU MPUPOJIC CYOKIECTOUHBIX
CTPYKTYP IPHU AUCKPETHOM IOJXO0JI€ HE BCEra YIaeTCs MPOBECTU YET-
KYIO TPpaHb MEXIY HCCIICIOBAaHUSIMU OMOXMMHUKOB M MOJICKYJISIPHBIX
OMOJIOTOB, C OAHOW CTOPOHBI, U IIUTOJOTOB — C Apyroi. OOBIYHO CUH-
TaeTcsl, 4TO IEPBbIE 3aHUMAIOTCS MOJEKYJSAPHBIM M HAJAMOJIEKYJISP-
HBIM YpPOBHSIMM OpraHU3alliM, a BTOPbIE — CyOCHCTEMHBIM M OpraHo-
uaHbeiM. Ho, ecTecTBEHHO, Takoe mojipa3pa3/ieIcHHe BECbMa YCIOBHO.
Tak, CTpyKTYpHO-XMMHUYECKYIO OpTaHU3allli0 puOOCOM M3y4aroT B OC-
HOBHOM CHEIHUAJIUCTBI B O0JIACTM MOJIEKYJISIPHOM OHOJOTHH, a
AT®-cruHTa3HbIE KOMIUIEKCHI BO BHYTPEHHEH MEMOpaHe MUTOXOHIPHUI
BIIEpBbIC OB OMHUCAHBI IUTOJIOTAMH.

[ToMUMO CTPYKTYPHO-XMMHUYECKOTO aHAJI13a B COBPEMEHHOM IUTO-
JIOTUU CYIIECTBEHHYIO pOJIb WIparoT HKCIEPUMEHTaILHO-(PU3HNO0IIO-
rMyeckue Meroabl uccienoBanus. OHM BecbMa MHOTroo0Opassbl. OO0-
HIMPHYIO 00JACTh 3/IECh COCTABIISAIOT paOOThl HA MOJEIBHBIX O0BEKTAX,
TaKUX KaK KyJbTYypbl 3YKapHUOTHBIX KJIETOK. [Ipu 3TOM BO3MOXHO MOJTY-
YeHUE OJHOPOJHOTO KJIETOYHOI'O Marepuasa B OOJIBIIMX KOJIMYECTBaX,
YTO BEChbMa BaKHO 11 OMOXMMUYECKUX UcclieoBanuil. Kpome Toro, Ha
KJIETOYHBIX KYJIbTYpax MOXHO HW3y4YaThb BO3JECHCTBHE XHUMHUYECKHX H
(GU3MYECKUX areHTOB Ha OTACJIbHbIE CYOKJIETOUHbIE CUCTEMBI U KIIETKH
B 1IEJIOM, MCIOJIb3YySl METOJbl COBPEMEHHOIO YJIbTPACTPYKTYPHO-
XUMHUYECKOTO aHaJIn3a, YTO JOMOJIHSIET UCCeoBaHNE TeMOM (PYHKITHO-
HAJILHOTO 3HAYEHUS CYOKJIETOUHBIX CTPYKTYP B HOPMAJIbHBIX YCIOBUSIX.

Ha kynbTypax KJIETOK pa3paboTaH TakkKe KOMIUICKC CIECIHAIbHBIX
METOJIOB, B TOM YHCJI€ THOPUAN3AIMS COMATUUECKUX KJIETOK U MOIyye-
HUE TeTePOKAPUOHOB KJIETOK (PMIOTCHETHUUYECKU OTJAJICHHBIX OpraHu3-
MOB U Ap. [lo100HBIE SKCIEPUMEHTATIBLHBIE METO/IbI TTO3BOJISIIOT MaHU-
MyJIUPOBATH C TAKUMU KJIETOYHBIMU CHCTEMAMH, KaK SIAPO U LIUTOILIA3-
Ma, JIeJIal0T BO3MOXKHBIM HE TOJILKO JUCKPETHBINA, HO U UHTETPATUBHBIN
MOJIXO0J1 K MCCIIEIOBAHUIO OOIINX 3aKOHOMEPHOCTEN KIIETOUHOM OpraHu-
3aiu. OCOOEHHO OOJIBINOE 3HAYCHHUE MJI Pa3BUTHS MUHTETPATHUBHOTO
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M0JIX0/1a B COBPEMEHHOW ITUTOJIOTUH MUMEIOT HEIPEPHIBHO PaCIITUPSIO-
IIUECS CPABHUTEIIBHO-ITUTOJIOTUUECKUE UCCIICIOBAHUSI.

OHU pa3BUBAIOTCS B TPEX B3aWMHO JIOMOJIHSIIONIMX APYT JIpyra Ha-
npasieHusX. CyTh IEPBOTO U3 HUX 3aKJIIOYAETCS B BHIOOpE M3 OO0JIbIIIO-
0 MHOT000pa3usi METa30MHBIX KJIETOK M KJIETOK OJHOKJICTOYHBIX 00b-
€KTa, yJI0OHOTO JJIsl PEIICHUs JaHHOM MPOOJIEMBbI, U CIy>)KUT OCHOBOM
TaKoro TMOAX0Ja, KaK MPEICTABICHUS O MHOXECTBE (yHUBEpCAIU3ME)
OCHOBHBIX CYOKJIETOUHBIX CTPYKTYp, YTO HamOoJiee SPKO OTPAXKEHO B
KOHIETIIMN YHUBEpCAIbHBIX 0J0KOB. CyTh €€ 3aKIIt04aeTcs B TOM, UTO
HBIHE CYIICCTBYIOIIME KJICTKH TMPETEPIEIN IUTCIBHYIO SBOJIOINIO
€Ille B TIEPHO/J CTAHOBJICHNS MHOTOKJIETOUHBIX OpraHu3MoB. B 3To Bpe-
Ms1 1 ObUTH HaWCHBI UICXOIHBIE CUCTEMBI M JIOBEICHBI 10 COBEPIIICHCTBA
BCE KJTFOUCBBIC MEXAHU3MBI U «Yy3JIbD» KJICTOYHOW OpraHm3aiiu. Y co-
BPEMEHHBIX OPraHU3MOB (MHOTOKJIETOYHBIX U OJTHOKJIETOYHBIX) SBOJIIO-
U1 KJIIETOK MJIET MyTeM KOMOMHATOPUKH JaBHO BO3HUKIINX KOHCEPBa-
TUBHBIX YHUBEPCAIBHBIX (PYHKITMOHAIBHBIX OJIOKOB. C ATHX TO3UIIUH,
OCOOCHHO TpPU JUCKPETHOM aHaJM3€, €CTECTBEHHO MCIOJb30BaTh TE
00BEKTHI (KJICTKH), TAC TAKUX OJIOKOB OCOOCHHO MHOT'O, OHU MHTCHCHUB-
HO (DYHKIIMOHUPYIOT U €CTh BO3MOXKHOCTh WX BBIJICIUTH METOIAaMHU
muddepeHnpansHOro 1eHTpudyrupoBanus. IMEHHO TakoW MOIXO] U
OBUT IIIMPOKO PACTIPOCTPAHEH Ha MEPBBIX 3TAlaXx COBPEMEHHOTO MEPUO-
Jla Pa3BUTHSA IMTOJOTHUHU. Pe3yabTaToM 3TOro SBHJIOCH JETAIBHOE HC-
CJIeIOBaHHE JOBOJBHO IIUPOKOTO, HO BCE K€ OTPaHUYCHHOrO0 Kpyra
O00BEKTOB, HAIPUMEDP KYJIHTUBUPYEMBIX B KYyJIbTypax KJIeTOK (Hhudpoo-
JacToB (ISl aHAJIM3a OpPraHW3allUM IMTOCKENETa), HEPBHBIX KJIETOK B
KyJbTypax (Kak B IEPHOJ] TUCTOTEHE3a, TaK U AC(PUHUTUBHBIX — JIJISl HC-
CJICJIOBAaHHUSI MEXaHW3MOB BHYTPHKJICTOYHOTO TPAHCIIOPTA), BCACHIBAIO-
MIUX KJIETOK KUIIIEYHOTO SMUTENUS U KJIETOK HE(POHOB MOYKH MIIEKO-
NUTAIOMMX (U1 aHaJIW3a MPUHIMIIOB OpraHu3alliu TpaHCIopTa B
ACUMMETPHUYHBIX KJIETKAX). ITOT MOAXO0/I IHUPOKO MPUMEHSETCS U B Ha-
CTOSIIIIEE BPEMS U, BEPOATHO OyJET NPUMEHSTHCS B Oy 1yIIeM, OCOOCHHO
P TUCKPETHOM aHAIN3€ OpraHU3alUK SyKapUOTHBIX KIETOK.

Bropoe HampaBieHHE CpaBHUTEIBLHO-IIUTOJIOTHYECKUX HCCIICIOBA-
HUH CBSI3aHO C UCIOJIb30BAaHUEM CPaBHUTEIHLHOTO METO/IA 110 MPUHITUITY
TOMOJIOTUUN — TOJIX0/1a, TPATUIIMOHHOTO IS SBOJIIOIIMOHHOM MOpdO-
JOTUU. DTOT MOAXOJ MpeciaeayeT psj IeNIe: YTOUHUTh €CTECTBEHHYIO
CUCTEMY OJIHOKJIETOUHBIX OPTraHU3MOB, BBISIBUTh MX UCTHHHBIC (pUiIOTe-
HETUYECKHE OTHOILICHUS U IMyTEM COIMOCTABJICHHS JAPEBHUX KJICTOYHBIX
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CUCTEM C 0o0Jiee COBEPIICHHLIMU TMOHSTH MPUHIMIBI IBOJIOIMOHHOIO
YCIOXKHEHHUS KIJIeTOK. Eciau mepBoe HampaBiIe€HHUE CPaBHUTEIBHO-
ATOJOTUYECKUX UCCIETOBAHUN HOCUT CKOPEE YACTHO IIUTOJIOTUUECKUI
XapakTep, TO BTOPOE UMEET MPSIMOE OTHOIIECHUE K 00IEOMOIOrMYeCKUM
npoosiemaM. OOBIYHO MPH TAKOI'O POJa COMOCTABICHUSAX MPU3HABAJIOCH
MIPOKAPUOTHOE MTPOUCXOXKACHUE DYKAPUOTHBIX KJIETOK M, CIEI0BATEIIb-
HO, IPU3HAKY OPTaHU3AIMH PYKAPUOTHBIX KJIETOK, CXOJAHBIE C ITPOKAPH-
OTHBIMH, pacCMaTPUBAIMCh KaK MpUMUTHUBHBIE. [IprmMepom Takoro nmoj-
X0J1a MOKET CIIY>KUTh CO3JJaHHE MHOTOYUCIICHHBIX CXEM 3BOJIFOIIMA MH-
TO3a, COIJIaCHO KOTOPBIM y4acTHE sJIEpPHON 00O0JIOUKU B PACXOXKICHUU
XPOMOCOM PAacCMATPUBAETCS KaK MPHU3HAK, IEPBUYHO YHACJICAOBAHHBIN
YKApUOTAMU OT MTPOKAPUOTHBIX KIIETOK. C 3THX € MO3ULINI OLICHUBA-
€TCS HAJIMYME Y HEKOTOPBHIX HUBIIMX JYKAPUOT KOJBIEBBIX MOJICKYJI
JIHK, oTCyTCTBME TMCTOHOB M IIUMKJIA CIIUPATU3ALAU U ICCIUPATU3ALAN
XpoMOCOM. B KOHEYHOM cyeTe pe3yibTaraMu SIBJISIOTCS ITUPOKO pac-
MPOCTPAHEHHBIE TEOPUU CUMOMOTUYECKOTO MPOUCXOKICHUSI MUTOXOH-
JIPUU U XJIOPOILIACTOB.

TpeTbe 1 HanboJee BaXKHOE HAIIPABIICHUE CPAaBHUTEIBHBIX HCCIIC-
JIOBaHUM B OOIIEH ITUTOJIOTUM — 3TO MPUMEHEHUE CPABHUTEIILHOTO Me-
TOAA O MPUHIUNY (YyHKIIMOHATILHONW aHAJIOTHU. TeopeTHUecKon oc-
HOBOM TaKOI'0 IMOJXO0Ja SIBIIETCA UJES O COCYIECTBOBAHUM BHYTPEH-
HUX 3aKOHOMEPHOCTEW OHBOJIIOIMHU JKWBOW MATEpUM B paMKax
KJICTOYHOW OpraHu3allu¥ IPU HAJIWYUKM OTPAHMYCHUN Ha CyOKJIETOd-
HOM M MOJICKYJISIPHOM YPOBHSIX. MI3MEHEHUS B 3BOIIOIMH JAJIEKO HE BO
BCEX CIy4YasX CBOJATCS K MEPEKOMOMHAIIMU CXOJHBIX WM HACHTHY-
HbIX (DYHKITMOHAJIBHBIX OJIOKOB B pa3HBIX KJIeTKax. bojee Toro, ujaeH-
TUYHOCTh ATHUX OJIOKOB CKOpPEE UCKIIOUCHHUE, YeM MPABHUIIO0, TTOCKOJIBbKY
ABOJIIOIIMOHUPYIOT IEJIOCTHBIE MHTEIPUPOBAHHBIC KIIETKH, a HE OT-
JeNIbHbIE MX KOMIOHEHTBI, ECTECTBEHHO IIpU ATOM, YTO B Pa3HBIX
KJIETKaX BIIOJIHE BO3MOYKHO OKHMJATh HAJIWYWs 3HAYUTEIIBHBIX U HETO-
XKJECTBEHHBIX MoAU(pUKaMi (YHKIMOHAIBHO aHAJIOTUYHBIX CyOKJe-
TOYHBIX CTPYKTYp. A ClIeJOBATEIbHO, U3YUYeHUE HauOoJee CyIeCTBEH-
HBIX MOJU(UKAIUI UTPAET BaXKHEUIIIYIO POJIb B BHISCHEHUH 00IIeOnO-
JOTMYECKOI0 3HAYCHHUS ATUX CTPYKTYP M B IOHHUMAHMH OCHOBHBIX
MPUHIMIIOB UX CTPYKTYPHO-XUMHYECKON OpraHu3alIiH.

Takum 00pa3oM, 3TOT MOJAXOJA CBOOOJEH OT HEIOCTaTKa, MPHUCY-
IIEr0 MEePBOMY HAIIPaBJICHHUIO CPABHUTEIBLHO-IIUTOIOTMYECKUX HCCIIe-
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JIOBaHUH, OTPHUIIAIOIIEMY BO3MOXHOCTb CYIIECTBEHHBIX MOAU(PUKAIIAMN
Ha HU3IIKUX CYOKJIETOUHBIX YPOBHSIX OpPraHU3AIUU.

Crnenyer eme pa3 NOA4YEPKHYTh, YTO B OCHOBE NMPUMEHEHHUS CPaB-
HUTEJIBHOTO METOJIa IO MPUHIUITY (YHKIIMOHAIBHON aHAJIOTUM JICKUT
UMEHHO TMpU3HAaHHE (AaKTa HBOIIOIMOHHBIX U3MEHEHUMN IIEJOCTHOU
KJIETKH KaK UHTETPUPOBAHHON CHCTEMBI, @ HE CBOOOHON KOMOUHAIIMN
OTJIENbHBIX ()YHKIIMOHAJIBHBIX OJIOKOB.

[To mepe pacuipeHust Kpyra oObEKTOB, U3y4aeMbIX METOJaMU ITH-
TOJIOTHYECKOTO M MOJIEKYJIIPHO-OMOJIOTMYECKOT0 aHaln3a, CTAHOBUTCS
OUYEBUIHBIM, YTO MPEKHUE MPECTABICHUS O (DUIOTCHETUYECKUX OTHO-
HICHUSX MEXAY OJHOKJIECTOYHBIMU OpraHu3MaMu ObUIM BEChbMa MOBEPX-
HOCTHBIMU; KPOME TOr'0, 0€30rOBOPOYHO MPHUHSATASI CXEMa O MTPOKAPHUOT-
HOM TMPOUCXOXKJICHUN 3YKAPUOTHBIX KIIETOK OKAa3bIBAETCSI HECOCTOS-
TenpbHOM. Celuac MpaKTUYECKH OOIIenpu3HaHa W O JUIMTEIbHON
MMAPAUICIIBHOM 3BOJIOLIUAM II0 KpPaWHEW MEpe TpPEX THUIIOB KIIETOK-
OpraHW3MOB — MPEJIIIECTBEHHUKOB 2yOaKTepuii, apxebakTepuil 1 syKa-
pUOT. B CBsI3M € 3TUM JTAJIEKO HE BCE UX CXOJHBIC YEPTHI ABJISIOTCA PeE-
3yJAbTATOM OOUIHOCTH MPOUCXOXKIEHHUSA, PAJl MPU3HAKOB U CTPYKTYP
MOIJIM BO3HUKHYTh HE3aBHCUMO Ha CXOJHOM OCHOBE B pE3yJIbTaTe Ma-
paJIENBbHOM BOJIFOLIANA B COCTABE PA3HBIX LEITOCTHBIX KIIETOK.

Takast moruka paccyXJIeHUM MOXKET ObITh NMPUMEHEHA W MPU CO-
MTOCTABJICHUU HEKOTOPBIX COBPEMEHHBIX MPOTUCTOB U META30MHOU
KJIETKHU: HAXO/sl Y HUX OOIIMe MPU3HAKK OPTaHU3alliU, BPSI JI1 MOYKHO
0€30rOBOPOYHO YTBEPXKIaTh, YTO 3TU MPU3HAKU OTpakaloT HEMOCpe/I-
CTBEHHOE POJICTBO ATHUX KJIETOK M ObUIA BBIPAOOTaHbI B ABOJIOIUU B
nepuoJ npeodiagaHuss OJHOKIECTOYHOTO YPOBHS opraHu3aiuu. Bros-
HE BO3MOYKHO, YTO CXOJHBIE MPU3HAKH MOTJIM HE3aBUCHUMO IMOSBUTHCS
B PE3YJIbTATE HAMPABICHHBIX 3BOJIOIMOHHBIX U3MEHEHUMN 3THX KJIETOK
B CBSI3U C BBITIOJIHEHUEM CXOJHBIX (DYHKIIMOHAJIBHBIX 3a7a4 Ha KaKOM-
TO OOIIEH OCHOBE W JIaJIeKO HE B TOXIECTBEeHHOU dopme. Bo Bcsikom
CJIydyae CpaBHUTEJIbLHBIN aHAIU3 B TAKOM BHUJE MOIY4YaeT Bce OOJblee
MPUMEHEHHE B COBPEMEHHOM KJIETOUHOW OUOJIOTUM MPU UCCIICTOBAHUU
OPraHOUHOT'O Y BBICIIIUX HAJIMOJICKYJISIPHBIX YPOBHEW OpraHu3alvH.

NMeroTcsi TOMBITKU CEPhE3HON PEBU3UMU OOIIETIPUHSITHIX TMPE]-
CTaBJIEHUM O MOJIEKYJIAPHOM 3BOJIFOIIMM HA YPOBHE HYKJICHHOBBIX KH-
CJIOT W OTJACJIbHBIX O€NKOB: 0€30rOBOPOYHOCTDH OLIEHKU CTENEHU POJ-
CTBa MO KOJWYECTBY COBMAJICHUH IOCIEIOBATEIIbHOCTEN HYKICOTUIOB
WJIA AMUHOKHCIIOTHBIX OCTATKOB CEMYAaC COMHUTENBHA.
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OOGHapyxeHbl, HanpuMep, QYHKIIMOHAJIBHO CXOAHBIE, HO HE TOMO-
JIOTUYHbIE OeNIKu (HOTOPENENTOPOB — OAKTEPUOPOIAOINICUH U POJIOIICHH.
C npyroil CTOpOHBI, B PAJI€ CIIy4yaeB MOKAa3aHO, YTO COBIAJCHHE TO-
CJIE€AOBATEIbHOCTH  AMHHOKHUCJIIOTHBIX OCTAaTKOB  (hYHKIIMOHAJIBHO
CXOJIHBIX OEJIKOB JIAJICKO HE BCETJa OTPAXKAET JCHCTBUTEIHLHOE POJICT-
BO OPraHU3MOB, MOCKOJIBKY 3TO MOCTOSTHCTBO MOKET MOJIEPHKUBATHCA
U TMapaJuieIbHbIMU, W BO3BPaTHBIMU MyTalUsIMA. MHOTOUYHCIICHHBI
npuMepsl BechbMa crnenupuueckux (yHKIMOHAIBHO aHaJOTHYHBIX
O€JIKOB Yy MIPOKAPUOT U META30MHBIX KJIETOK, YTO TPYAHO OOBSICHUTH C
MO3UIUK TOMOJIOTUH. Pa3pennts 3T0 MPOTUBOPEUHE MOXKET MIPEJICTaB-
JIEHHE O BO3MOKHOCTH €CTECTBEHHOIO TOPU30HTAIBLHOTO MEPEHOCcA Te-
HETUYECKOU MH(pOpMAIIUU OT MPOKAPUOTOB K 3YKapHOTaM.

BoJbinM TOCTOMHCTBOM CPAaBHUTEIBHOTO METOJA SIBISIETCS €T0
AKIIEHT Ha TPEJCTaBICHUU O KJIETKE KaK 3JIEMEHTApHOW LEIOCTHOU
CHUCTEME KMBOW MaTepuu — Kak HanboJjee crenubudecKui s ooIen
IIUTOJIOTUH (KaK CaMOCTOSITEIbHON HAyKH) MOJX0/1 K IIpobiieMe uccie-
JIOBaHUS 00X 3aKOHOMEPHOCTEN OpPTraHU3alluy U SBOJIOIIUHU KIIETOK.

[To cytu pena, Bemymias pojib B HOBOM CUHTETHYECKOW HAyKE O
KJIETKE JIOJDKHA MPUHAMJICKATH OOIIEH IUTOJIOTUM — HayKe 00 00X
3aKOHOMEPHOCTSX KJIETOYHOI'O YPOBHSI OpraHU3aluU KUBOM MaTEpHH.
N3 coBpeMEHHBIX OMOJIOTMYECKUX HAYK, UCCIEIYIOIIUX 3TOT YPOBEHb
OpraHu3aiivy, oOmIas I[UTOJIOTUS, pPaclIupsis leJIeHANpPaBICHHbIN
CPaBHUTEIBHO-ITUTOJIOTHYECKUM TMOJX0J, Oa3upyronuics Ha CTPYK-
TypPHO-OMOXUMHUYECKUX METOJaX, HauboJiee MOJAroTOBJIEHA K TITyOOKO-
My OOOOIIEHHI0O OTPOMHOT0 (PAaKTHUECKOr0 MaTepuaja, MoJy4eHHOTO
IpU TUCKPETHOM aHAJU3€ OTAEIBbHBIX KJIETOYHBIX CTPYKTYpP B MHOIO-
YUCJIEHHBIX Pa3HOBUIHOCTAX KIETOK. Bepayiiee mosokeHue AOJKHA
3aHSATHh OOIIAs IMTOJIOTHMS U B aHAJIM3€ KIETOYHBIX MHTETPATUBHBIX
MEXaHU3MOB. BaXxHOM MPEANIOCHIIIKON K 3TOMY SIBIISIETCSI HHTEHCUBHAS
pa3paboTKa HOBBIX AKCIIEPUMEHTAIBHBIX Mojenei. Mx yriayOneHHbIi
aHaJIu3 COBPEMEHHBIMU METOJIaMH WM IIMPOKOE BHEIPECHHUE SKCIECPU-
MEHTAJIbHBIX MOJIEJIEH B LI€JICHAIPABICHHBIE CPABHUTEIBHO-IUTOIOTH-
YECKHUE HCCIICIOBaHUs JOJKHBI 00ECIIEUUTh MPOTPECC B PEIICHUHU OJ-
HOM M3 OCHOBHBIX MPOOJIEM OpraHu3Ma U KJIETOK — MPOOIEMBI KIETOY-
HOW MHTETPALINU.

[To mepe HakorieHHs (PAaKTHYECKOTrO maTepuaiga o0 3JIeMEHTap-
HBIX YHUBEPCAJIbHBIX MEXaHU3Max MHTErpalMy KIETKH M pa3zMaxe ux
MoauUKaIMA UMEHHO Tiepes] oOIIel MUTOJIOrMEeN CTOUT 3ajada Mpo-
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BECTH TITyOOKUH aHaln3 UCTOPUYECKON OOYCIOBIEHHOCTH OpraHH3a-
LI YACTHBIX KJIETOYHBIX CUCTEM M KJIIETOYHOW OPTraHU3AIUU B LIEJIOM,
a Tak»Ke Crelr(pUKHU 3BOJIOIMOHHOTO Mpoliecca Ha KJIETOYHOM U CyO-
KJIETOYHOM YPOBHSIX OpPraHU3alluu XUBOW MaTepuu. PerreHuro stou
3aJ1a4yr COCOOCTBYET OTYETIMBO MPOCTYyNAaroas ceilyac B OOLIEHUTO-
JIOTUYECKUX MCCIICIOBAHUAX TEHACHIMSA K COYETAHUIO JIMCKPETHOIO
aHaJIN3a OTJAEJIbHBIX KOMIIOHEHTOB KJIETKM C U3YYECHHUEM €€ KaK LEeJIO-
CTHOW CUCTEMBI.

INNekuuns 5. NoBepxXHOCTHbLIN annapar

Bce npokapuOTHBIE U 3YKapUOTHBIE KIETKH COCTOSIT M3 TPEX yac-
TEl: MOBEPXHOCTHOTO arapara, UUTOIUIa3Mbl U SAESPHOrO ammapara.
Uepes MOBEpXHOCTHBIN anmapar KJIETKa B3aUMOJCHCTBYET C BHEIITHEU
Cpeol U C COCEHUMHU KJIETKAMU. DTUM ONPEACISIIOTCS YHUBEPCAIb-
HbIE, 00IIME ISl BCEX PA3HOBUIHOCTEN KIIETOK (DYHKI[MU MOBEPXHOCT-
HOTO anmapara: OapbepHasi, TpaHCIIOpPTHas U perenTopHas. Kpome To-
ro, B CIEUHUAIU3UPOBAHHBIX KJIETKAX, HAPAY C OOIIMMHU, OH MOXKET
OCYILIECTBIATh W P crneruduueckux (QyHKIUH, NPUCYIIUX JHUIIb
JTAHHOMY THUIy KJIETOK (Hampumep, MexaHWdeckas, TypropHas (QpyHk-
U KJIETOYHON CTEHKH PACTUTENIbHBIX KIIETOK).

B noBepXHOCTHOM amnmnapare 3yKapHuOTHBIX KJIETOK pa3InyaroT TPH
CyOCHUCTEeMBI: IUIa3MaTHYECKYI0 MeMOpaHy, HaIMeMOpaHHBIH KOM-
IJIEKC U CyOMEeMOpaHHYI0 YaCTh OMOPHO-COKPATUMOr0 anmnapara.

OOHUM U3 KPYIHBIX JTOCTHXKEHUM [IUTOJOTMYECKUX HCCIEI0BAHUIM
MOCJIETHETO BPEMEHM CJIEYyeT CUWUTaTh BBIACHEHHE CTPYKTYpPHO-
XUMHUYECKON OpraHu3aiuu cyOCUCTeM MOBEPXHOCTHOTO ammapara ¢ Io-
MOIIBK0 JUCKPETHOTO M MHTETPATUBHOIO aHaiu3a. Pe3ynpTaThl 3THX
UCCJICIOBAaHUM, MOTYyYEHHbIE BHAYaje Ha OTPAaHUYCHHOM Kpyre oObek-
TOB (TJIaBHBIM 00Pa30M Ha KYJbTUBHUPYEMBIX MH-BUTPO KJIETKAX MJIEKO-
MUTAIONINX), CTUMYJHUPOBAIU Pa0OTHI MO BBISIBIECHUIO OCOOCHHOCTEU
MOBEPXHOCTHBIX aIllapaToOB y PA3IMYHbBIX CHEIUATM3UPOBAHHBIX JYyKa-
PUOTHBIX Y IPOKAPUOTHBIX KIJIETOK. TakuM 00pa3oM BO3HUKIIO U CIIELIH-
JIbHOE HAIPABJICHUE B OMOJIOTUU KJIETKU — M3YYEHUE 3aKOHOMEPHO-
CTel OpraHu3alKi MOBEPXHOCTHOTO arapaTa — HampaBJieHHWEe, pPaBHO-
LEHHOE aHAJIM3Y paboyero annapara HUTOIUIa3Mbl U SIIEPHBIX CTPYKTYP.
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MBbI paccMOTpUM COCTOSIHUE TTPOOJIEMBI UCCIEAOBAHUS CTPYKTYP-
HO-XUMHYECKOM OpraHW3alMi IOBEPXHOCTHOI'O ILIMTOCKEJIETA W HA
npuMepe peanr3alui HEKOTOPHIX (PYHKIMHU MOKaXeM B3aUMOCBS3b U
€MHCTBO CyOCHCTEM MOBEPXHOCTHOIO anmnapara.

lnasmamu4yeckass membpaHa

[InazmaTtuyeckas MeMOpaHa — OCHOBHAs, YHUBEpCaJIbHAs 111 BCEX
KJIETOK CyOCHCTEMa MOBEPXHOCTHOro ammapara. OCHOBHBIE €€ XUMHU-
YeCcKHe KOMIIOHEHTHI — Oenku u mumuael. B 1935 r. JI. Jaausau u
I'. JIPBCOH mpeaJIOKUIIA MEPBYIO, TaK HA3BIBAEMYIO «OyTEpPOPOTHYIO»
MOJIeJIb OpraHu3anuu Memopansl (puc. 3). CorjlacHO 3TOW MOJEIH OC-
HOBY MeMOpaHbl COCTABIISICT JIBOMHOM CJIOW JIMIHIHBIX MOJIEKYJ], 00-
palllEHHBIX JAPYT K ApYyry rujipo)OOHBIMH y4acTKaMH, a BHEIIHSA U
BHYTPEHHSSI TIOBEPXHOCTH OMJIMIIUIHOTO CJIOs, OOpa30BaHHBIE THAPO-
(UIBHBIMU TOJIOBKAMH MOJIEKYJI, TOKPBITHI CIUIOUIHBIMU CIOSIMU OeJl-
Ka. JTa ymMo3puTelibHasi MOJIeJIb MOoJiyuuia Mopdosiorudeckoe moj-
TBEPKJICHUE B NEPBBIX YJIbTPACTPYKTYPHBIX UCCIEIOBAHUSAX, BBIMOJ-
HEeHHBIX B cepeanHe 50-x rr. XX B. B kneTkax Oblia BBISIBIICHA YHH-
BEpCcalibHAsA CTPYKTypa — TPEXCIOMHBIE MEMOpaHbl TOJIIIUHON J0
10 HM, cocTosiliue W3 ABYX MNEpUPEPUUECKUX DICKTPOHHO-TUIOTHBIX
cJI0eB U 00Jiee TOJICTOr0 MPOMEKYTOUHOIO CJIO0sl. DTa CTPYKTYpa OTBE-
yajga OyrepOpoaHor mojaenu Jlanusau u J[PBCOHA: CBET/IBIM CllOH
peACTaBiIsiia coO0r ruaApoPoOHYI0 YacTh OMIUNUIHON (a3bl, a HJIEK-
TPOHHO-TIJIOTHBIE CJIOM — TUAPODUIBHBIE TOJTOBKH JTUMHUIHBIX MOJICKYJ
Y CILIOIIHBIE TTIOBEPXHOCTHBIE CJIOM Oenka (puc. 3, A).

CooTBeTCTBHE YMO3PUTEIHHON MOJIETU pe3ysibTaTaM MOPQOJIOTH-
YECKUX HAOIIOJICHUI CO3/1aJI0 BIEYaTIECHHUE O TOM, UTO IMpobdiema op-
raHu3aIuyd OMOJOTMYECKHX MEeMOpaH B IIPUHIMIIE pellleHa U «OyTep-
opomHas» monens Janwdnu u JPBcoHa BmojHe crupaBenBa. Kpome
TOro, MHTEHCUBHOE M3yUYE€HHUE KJIETOUHBIX MEMOpPAHHBIX CTPYKTYp Ha
MIEPBOM 3TaIle JIEKTPOHHO-MUKPOCKOIMMYECKUX HCCIEAOBAHUM CBUJIC-
TEIbCTBOBAJIO B IMOJIb3Y YHUBEPCATILHOCTH X OPTraHU3AIMU, B CBSI3H C
yem B 60-x rr. /. PobeprconoM Oblia chopMynrpoBaHa TEOPUS YHU-
TapHOM OHOJIOTHYECKOM MeMOpaHbl, B KOTOPOH IMOCTYJIMPOBAJIOCH
TPEXCJIOMHOE CTPOCHHE BCEX KIJIETOYHBIX MeMOpaH. (B y4ueOHo# nuTe-
paType 3TU TPEACTaBJICHUS ObLIM BYJIbrapU3UPOBAHBI JOMYIIEHUEM
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BO3MO’KHOCTH TIPSIMOTO Tepexo/ia Mia3MaTHIeCcKoi MeMOpaHbl B MEM-
OpaHbl H/I0TIA3MATUYECKOU CETH.)
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Puc. 3. Moaesun opranusanuu memOpan: 0yrepopoanas (A4),
IUIETEHOr 0 KoBpuKa (b), :KUIKOCTHO-MO3au4Has (B)
1 — OMAMMIHIHBIN CTI0i; 2 — BHYTPEHHUH U 3 — Hapy>KHBIN OEITKOBBIE CIIOU;
4, 5 — CIIO’KHBIE KOMILIEKCHI 0€IKOB (4) 1 mumu 0B (5); 6 — JTUIMUIBL, TPUIIETato-
pe K OEIKOBBIM TTI00yIaM; 7 — UHTETpalibHbIe U § — iepudepudeckue OenKu;
9 — yuacTok ckona MmemOpanbl. CTpelikaMu YKa3aHbl BO3MOXHBIE HAIPABIICHUS
nepeMenieHus: OSJIKOBBIX U JIMIHUIHBIX MOJIEKYI.

OpnHako yxke ¢ cepenubl 60-X I'T. HAYAJIM HaKaruIMBaThCsl (DAKTHI,
NPSIMO WJIM KOCBEHHO CBUJIETEILCTBYIOIINUE MPOTUB YHUTAPHOU TEOPUH
OpraHu3aliu MEMOpaH M OCHOBHBIX MOJIOKEHUHN «OyTepOpOIHOI» MO-
nenu. B yacTHOCTH, OKa3anock, YTO YETKYIO TPEXCIOMHYIO CTPYKTYpPY
IpU BJIEKTPOHHO-MUKPOCKONMYECKOM HCCIIEIOBAaHUU OOHAPYKUBAIOT
nanexko He Bce MeMOpaHbl. [IosSIBHIIOCH 3HAYUTEIBHOE KOJIUYECTBO
JAHHBIX, CBUJETEIbCTBYIOMINX O TIIOOYJISIPHOW CTPYKType MeMOpaHHI,
MPUYEM 3TO KacajoCh KaK OTJICJIbHBIX Pa3HOBUIHOCTEH MEeMOpaH, Tak
U pa3HBIX YYaCTKOB OJIHOM W TOM ke MeMmOpaHbl. bojee Toro, okasa-
JIOCh, YTO YJIBTPACTPYKTypa MeMOpaH B 3HAUUTEIHLHOW CTENICHU 3aBU-
CUT OT criocoba (ukcaruu matepuana. M B CBSI3U ¢ 3TUM JaXe CTAIH
BBICKA3bIBaTh MHEHHUS O HENPUTOJHOCTH OOBIYHBIX 3JIEKTPOHHO-
MUKPOCKOMMYECKUX METOJ0B (PUKcAMU U 00pabOTKU Marepuana Jjis
W3YUYCHUS] OpraHu3aluu MeMOpaH.
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MHuoro (akToB, TpyAHOOOBICHUMBIX C NO3ULUNA «OYyTepOPOIHON
MOJIEH, OBLIO MOJYYECHO B IIUTOPU3UOIOTUUECKUX HCClieIoBaHugX. B
YaCTHOCTH, aHAJIU3 MPOILIECCOB TPAaHCMEMOPAHHOIO TPaHCIOpPTa MOKa-
3aJl, YTO MEMOpaHa, No-BUAMMOMY, rOpa3/o JIaOUJIbHEE U TUHAMUYHEE,
YeM A3TO clieayeT u3 «O0yTepOposHoi» Moaenu. Kpome Toro, 3Haudm-
TeJIbHasl 4aCTh MEMOpPaHHBIX OEJIKOB MMEET TJI00YISIPHYIO CTPYKTYpY,
YTO TaKXe€ MPOTUBOPEUYUT MOJIOKESHUSIM ITOM MOJIENIH, a JIETKO SKCTpa-
rupyembie O€NKH, T.e. T€, KOTOpbIEe YAAISIIOTCS areHTaMu, pa3pyliaro-
IIMMU 3JEKTPOCTATUYECKUE B3aMMOJCUCTBUSA, COCTABIISIOT JUIIL Ma-
JYI0 4acTh MeMOpaHHBIX O€JIKOB. B OCHOBHOM K€ 3TO TPYJIHOIKCTpa-
rupyemMbie O€JIKH, CBA3aHHbIE C JIUMHUIAMH HE 3JIEKTPOCTATUYECKUMHU, a
00Jiee MPOUYHBIMU B3aUMOICHCTBUSIMU.

BeckuM aprymMeHTOM NIPOTHMB TPEXCIOMHOW MOJAEIU CIYXKUT U
TEPMOJIMHAMUYECKAsd HEYCTOMUYMBOCTh TAKOTO POJa CUCTEMBI. Tak Kak
ruApOoUIbHBIE KOMIIOHEHTHI JIUIIUIHOTO CJI0sA, coriacHo JlaHuamio u
JIPBCOHY, M30JIMPOBaHBI OT BOJHOM (pa3bl CIJIONIHBIM CJIOEM OEJIKOBBIX
MOJIEKYJ, TO JUIsl MOJACPKaHUS TaKOW CTPYKTYphl TPEOYIOTCS 3HAYU-
TEJIbHBIE 3aTpaThl SHEPTUU. B TO e BpeMs OeIKOBO-IUIUAHAS CUCTE-
Ma MeMOpaH B >KMBON MPUPOJIE JOJDKHA CTPOUTHCS Ha 00Jiee BBITOA-
HBIX TEPMOJIMHAMUYECKUX yCIOBUsIX. Cpear MHOTOYUCIEHHBIX MOJIE-
Je MeMmOpaH, MPENJIOKEHHBIX B cepeauHe 60-X TIT., HadaIH
BBIJICJISITHCS T€, B KOTOPBIX IMOCTYJHMPOBAJIOCHh HaIu4due rujipodoOHo-
rUAPODUIBHBIX B3aUMOACHCTBUM, MPUYEM HE TOJIBKO MEXAY JUTIN/I-
HBIMU MOJIEKYJIaMH, HO U MEX1Y JTUIUIAMU U OCITKaMH.

CormacHo OHOW U3 TAKUX MOJIEJIEH — MOJIEJH JIUTIOIPOTEUHOBOTO
KOBpUKa — MEMOpaHbl 00pa30BaHbl MEPEIVICTEHUEM JIUIIUIHBIX U Oell-
KOBBIX Mules1 (puc. 3, b). OgHako 3Ta )KecTKas cucTemMa peajin3yercs,
MO-BUJIUMOMY, JIUIIIb B OMIPEJEICHHBIX YYaCTKaX HEKOTOPHIX MEMOpaH.

Haubonee yHuBepcaabHON M KU3HECIIOCOOHOM M3 paccMarpuBac-
MBIX OKa3ajlach TaK Ha3bIBaeMasl >KMJAKOCTHO-MO3aWyHas MOJIeNb 3UH-
repa — Hukoscona (puc. 3, B), koTopas Takke MOCTYJUPYET HAITUYKE
JBOMHOTO CJIOSI CTPOTO OPUEHTUPOBAHHBIX JIUMUAHBIX MOJeKyJ. OngHa-
KO B OTJIMYME OT B3MIsAA0B JlaHudsnau U J[PBCOHA MO KUIKOCTHO-
MO3aUYHOM MOJIeNIM O€JKH MeMOpaHbl HE 00pa3yIOT CILIOIIHOIO CJIOs
Ha BHYTPEHHEW M BHEIIHEW €€ MoBepXHOCTX. CoriacHo mpejcraBiie-
Husim C. 3unrepa u I'. HukoscoHa, B coctaB MeMOpaHbl BXOST OCIKU
JIBYX pa3HOBHIHOCTEH: mepudepudeckue u uUHTErpaibhbie. Ilepude-
pudeckre OeiaKku ACHCTBUTENBHO CBA3aHBI C TMOJIIPHBIMU TOJIOBKaMU
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JUTHAIHBIX MOJICKYJI JJICKTPOCTAaTHUYECKHMH B3amMmopeicTBusmMu. Ho
OHHM HUKOTJa HE 00pa3yloT CIUIONIHOTO CJIOS U, 1O CYTH Jieia, HE SB-
JSI0TCA OeNKkaMH COOCTBEHHO MeMOpaHBI, a CKOpee CBS3BIBAIOT €€ C
HaJ- Wil cyOMeMOpaHHOM cHUCTeMaMu MOBEPXHOCTHOrO ammnapara
KJIeTKM. OCHOBHYIO POJb B OpraHM3allMd MEeMOpaHbl UIPAlOT HHTE-
rpaJibHBIE TIOOYJISIpHBIE OCNKH, CBSI3aHHBIE C JUMUAAMU TUAPOGHOO-
HbIMU B3auMojeicTBussMU. Kak npaBuio, 3tu Oenku aubdo Oosee miu
MEHee TJIyOOKO MOTpy»eHbl B MeMOpaHy, JTU0O0 MPOHU3BIBAIOT €€ Ha-
CKBO3b (puc. 3, B).

Takas opranuzaruss MeMOpaHbI MpeAroaracT BO3MOKHOCTD JlaTe-
PAbHOTO CMEIICHUS] UHTETPAIbHBIX OEJIKOBBIX IJIOOYJ, T. €. JMHAMHY-
HOCTb U JIAOWJIBHOCTh CUCTEMbI. BONBIIMM TOCTOMHCTBOM >KHMJIKOCTHO-
MO3aWYHOW MOJIENH SBIISICTCS TaKXKe €€ TepMOAMHAMUYECKasl yCTOMYH-
BOCTb: JJIA MOAACPKAHUS ITOU CTPYKTYPhI HE HYKHBI 3aTPaThl SJHEPTUH.

Kak creayer W3 BBINIEU3TI0KEHHOTO, KHAKOCTHO-MO3an4yHasi MO-
Jeb OpTaHW3allMi MeMOpaHbl 3HAYUTEIBHO JIy4Ille COOTHOCHUTCS C
OMOXMMHMYECKUMH JaHHBIMU IO KUHETHKE OJKCTPAKIMU OEIKOB U3
MeMOpaHHBIX (paKInif; KpOME TOTO, OHAa HAXOJAUTCS B MOJHOM COOT-
BETCTBUHU C peajbHBIMU (pakTamMu TpeobiiajlaHus B KIETOYHBIX MEM-
OpaHax MIO0YJISIPHBIX OCJIKOB.

K macrosmemy BpeMEeHH HAKOIUIOCh MHOT0 MOPGhOOHOXUMHUYE-
CKUX W IKCIEPUMEHTATBHO-IIUTOJOTHYECKUX JTAHHBIX B TOJb3Y KHUJI-
KOCTHO-MO3an4HoOM Mojenu. Hanpumep, Takve naHHbIe TOJTYYEHBI TIPU
UCIIOJIb30BAHUHM METOJIa 3aMOpaKMBaHUS-CKaJIbIBaHUsI, HauboJee aje-
KBAaTHOTO i1 MOP(}OJOTrMYECKOro HcciaeqoBanusi meMOpaH. CKOJbI
Yarie BCEro MpOoXosT Mo cepenune ruapodoOHoi ¢a3sl MeMOpaHsbl, U
Ha PEIUIMKaX CKOJIOTHIX MOBEPXHOCTEH yJaeTcs BUIETh WU OyropKu
I00YJT MHTETPAIBHBIX OCJIKOB, BRICTYIAIOIIUX HAJl JIUMUIHBIM CIIOEM,
Wi yrayOJieHusT Ha €ro IMOBEPXHOCTH, COOTBETCTBYIOIIHME MECTam
pacrosiokeHusi 0eaKoBbIX 00y (puc. 3, B). 9To cBsSI3aHO € TEeM, 4TO
OeJIKoBasi MOJICKYJIa HE PAaCKaJIbIBAETCS M OTXOJUT IIEJIMKOM B OJHY U3
MOJIOBUH «pacHieruieHHO» MeMmOpaHbl. Oka3anoch, 4TO KOJUYECTBO
II00YJI MHTETPAIIbHBIX OCIKOB M XapaKTep WX PACIOJIOKSHUS] B MEM-
OpaHe cnienuPUYHbBI HE TOJBKO JIJIA MJIa3MaTUUYECKUX MEMOpPaH KJIETOK
Pa3IMYHOM CHeIUaIN3aliy, HO JaXe U JJIS Pa3HbIX y4acTKOB IIa3Ma-
TUYECKHUX MEMOpaH OJIHOM U TOM K€ KJIETKH (Jale BCero y3Kocrelma-
JWM3UPOBAHHOM, HAIlpUMEpP, MEeMOpaHbl MY>KCKOM MOJIOBOM KIIETKH —
CIIEpMaTO30M1a).
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JlokazarensCTBa JaTepaIbHOTO TMEpEeMENICHUsT OCIKOBBIX TJIOOYJ B
IJIOCKOCTH MEMOpaHbl ObLIM TOJIYYEHBI B OIBITaX MO THOPUIU3ALMU
KJIETOK Pa3HbIX BHUJIOB MJICKOMUTAIOUIMX M OMPEICIICHUIO BUIOCIICIIH-
(GUYHBIX OEJIKOB B IJIa3MAaTUYECKOW MEMOpaHe THOPUIHON KJIETKU Me-
TOJAMU UMMYHOIIUTOXUMUU. Pe3ysbTaThl 3KCIIEPUMEHTOB MTOKA3bIBAIOT,
4TO Yepe3 HEKOTOPOEe BpeMs Mocjie 00bEAMHEHUS TUIa3MaTUYECKUX MEM-
OpaH KJIETOK YeJIOBEKA M MBIIIU «UYEJIOBEUECKUEY» U «MBIIIMHBIC» OCIKU
PaBHOMEPHO pacTpeAesisatoTCs B IIa3MaTHYECKON MeMOpaHe THOpUIHON
KJIETKU (reTepoKaproHa). BelpaBHUBaHUE KOHIIEHTPAIIMU OEJIKOBBIX MO-
JEKYJI MOXKET MPOUCXOAUTH Onaroaaps cBOOOIHON 1 @y3un B MIOCKO-
CTH MeMOpaHbl, COBEpIIAOIIEHCs O€3 3aTpaThl SHEPTHUH.

Ntak, Mo >XUAKOCTHO-MO3AaWYHOW MOJICIM WHTETpajbHbIC OCNKH,
MO3au4YHO paclpe/ieiICHHbIE B MEMOpaHe, CIIOCOOHBI K JlaTepalbHOMY
NEePEMEIIECHUI0 B JKUJIKOCTHOW numnuaHou ¢aze. Takas moaenb mpe-
noJiaraeT BO3MOKHOCTb M3MEHEHHUS CTENEHH KUJIKOCTHOCTH MeMOpa-
HbI (puc. 3, B).

Co3nanue >XKUIKOCTHO-MO3aUYHOM MOJIESIH OpraHu3aiuu OHnoso-
IMYECKUX MEeMOpaH CTHUMYJIHUPOBAIO M3YUYEHHUE KOHKPETHBIX (PU3UKO-
XUMUUYECKUX CBOMCTB pa3HOOOPA3HBIX JUIMHUIOB U OEIKOB, BXOASIIUX B
COCTaB KJIETOYHBIX MEMOpaH.

Jlunuowl. JIMIMIHBIN COCTaB KJIETOYHBIX MEMOpPaH MHOT0OOpa3eH U
cnenuduyeH. Jlunuanas gaza meMOpaH y OOJIBIIMHCTBA KJIETOK 00pa3o-
BaHa riaBHBIM oOpa3zom (ochomumuaamu. Hanbomee pacmpocTpaHeH-
HbIe U3 HUX — (pochormumepuibl — Mpou3BoaHbIE PochaTHAHON KUCIIO-
Tol: (pocharumunxonut, GocharuamisTaHosamMut, (HochaTUIUINHOZUT
u (dochartuamwicepud. OHU UMEIOT CXOAHYIO CTPYKTYPY M COCTOSIT W3
rUApOGUILHON TMOJSPHOM TOJIOBKH, OOpa30BaHHOM COOTBETCTBEHHO
CIUPTAMHU XOJIMHOM, 3TAaHOJAMHUHOM WJIM WHO3UTOM U aMHUHOKHCIIOTOU
CEpUHOM, U JABYX THAPO(POOHBIX «XBOCTOB YTJIEBOJOPOJHBIX IIETEH OC-
TaTKOB >KUPHBIX KUCJIOT, CBSI3aHHBIX CO CITUPTOM TIIUIICPUHOM.

MemOpaHHbIe TUNUABL APYTOro Kiiacca — COUHTOIUNUABI — TAKKE
COCTOSIT M3 MOJISIPHOM TOJIOBKU U JIByX HEMOJISIPHBIX «XBOCTOBY», OJMH
U3 KOTOPBIX 00pa30BaH OCTAaTKOM >KUPHOM KHCIIOTHI, a IPyrol — oc-
TaTKOM JJIMHHOIETIOYEYHOT0 aMUHOCIIUPTA C(PUMHTO3UHA UJIU €TrO Mpo-
U3BOAHBIX. JIMMUABI 3TOTO KiIacca, COEPIKAIINE OCTATKH CaxapoB, OT-
HOCSAT K TJIMKOJIUIIHIAM.

['MukonunumoB B MeMOpaHE CpaBHUTEIbHO HEMHOro. Mx yrie-
BOJ[HAsI YaCTh MOXXET JIOCTUTaTh OOJbIINX pasMepoB. Cpeau TIUKOIuU-
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MUJIOB BBIICIISIIOT KJIACC TaHTJIMO3UJIOB, COAEPKAIIUX OCTATKHM MOHO-
CaxapoB U OJWH WM HECKOJIBKO OCTAaTKOB N-aleTUIHEUPaMHUHOBOU
WM CUAJIOBOM KUCHOTHI. Takue JUMUbI BXOASAT B COCTaB MIMKOKAJIHK-
ca (OCHOBHOTO HaJIMEMOPAHHOTO KOMIIOHEHTA MOBEPXHOCTHOIO arla-
para KJIETKH). [ TuKoIunuaaM TpUIKMCHIBAIOT BAXKHYIO POJb B peIlel-
TopHOM (QyHKIIMM MeMmOpaHbl. Hampumep, O0Jbilioe 3HaUYeHHUE IS pa-
O0OThl XMMHMYECKMX CHHAIICOB MMEIOT TaHIMo3uabl. Mx cocTaB
MEHSETCS TIPU 3JI0KAYECTBEHHOM TMEPEPOXKACHUMN KICTKH. [ uKomumnu-
JIbI TJIa3MaTUYECKON MEMOpPaHbl 3PUTPOIIUTOB Y YEJIOBEKA OMPEACIISIOT
rpyriny kposu. [Ipenmnonararor, 9To IMEHHO JIMIUABI HEOOXOIUMBI IS
OCYIIECTBIICHUS MEXKJIETOYHBIX KOMMYHHKAIIMKM B TIpolieccax SMOpHO-
U TUCTOTEHE3a.

BaXHBIM KOMIIOHEHTOM IIIa3MaTUYECKOW MEMOpPaHBl JKMBOTHBIX
KJIETOK SIBJISIETCSI CTEPOUIHBIN JTUMHU XoJiecTepoll. MoJjiekyna xoJecre-
poJia COCTOUT M3 YEThIPEX KOHJECHCHUPOBAHHBIX KOJEI[ YTIIEBOAOPO/A.
Opna ee yacth ruapoduiIbHa, a Apyrad — ruipoPoOHa U MOTPyKEeHA B
ommmuaHeI cioi. KoamdecTBo XojecTeposia B MEMOpaHE HE MOXKET
BapbUPOBATh U B 3HAYUTEIILHON MEpe OMpeAeIsieT CTENEHb KUIKOCTHO-
CTH MeMOpaHbI: yeM OOJbIIIE XOJeCTeposia, TEM HUXKE KUJIKOCTHOCTD
MeMOpaHbl. Y MPOKAPUOT CTEPOUIHBIC JTUTIHBI BCTPEUAIOTCS JOBOJIBHO
PEAKO; B YaCTHOCTU, OHU OOHAPY>KEHBI Y MUKOILJIa3M U IUaHOOAKTEPUH.
VY pacTUTENbHBIX KJIETOK TaKU€ JUMUIbLI MpeACTaBICHbI (PUTOCTEpOIa-
MU. [TOBBIIIAET KUIKOCTHOCTH MEMOpaHbI TaKXKE U MPUCYTCTBUE OHO-
LEMOYEYHBIX AUOJBHBIX JIMNHUAOB (B MX COCTaB BXOAMUT OJMH OCTaTOK
KUPHOM KHUCJIOTHI); 3TUMH JUNUJAMUA OOOTalieHbl MEMOpaHbl KIIETOK
MIPOPACTAIONIUX €€ U MHTEHCHBHO PETeHEPUPYIOIINX TKAHEH.

CreneHb KUIKOCTHOCTU MEMOpaHbl MOXET OMNpPEAeNAThCs HE
TOJBKO KOJIMYECTBEHHBIM COCTABOM JIMIIHUJOB (B YACTHOCTH, OTHOCH-
TEJIBHBIM COJEPKaHUEM XOJIECTEPOJIa), HO U COOTHOIICHUEM HAChI-
IICHHBIX U HEHACBIIICHHBIX OCTATKOB >KUPHBIX KHUCJIOT B JIMIHIAHBIX
MoJsekyJsiax. Yem Ooibllie B MEMOpaHE OCTATKOB HEHACHIIEHHBIX KUP-
HBIX KUCJIOT, TEM BBIIIIE CTEIICHb €€ KUIKOCTHOCTH.

[[nacTUYHOCTH JIMIUIHOTO KOMIIOHEHTa MEMOpaH SIPKO MPOSIBIIS-
€TCsl TIPU aJalTalluy >KUBOTHBIX K M3MEHEHUSAM TeMIIepaTyphl OKpY-
xKaromen cpenpl. Tak, B KJIETOYHBIX MEMOpaHaxX B 3aBUCUMOCTH OT
TEMITEpaTyphbl MOKET B ITMPOKHUX IPEAeiiaX MEHSATHCS CTEICHb HACHI-
IICHHOCTH JKUPHBIX KHUCJIOT. Perymnsius >KuIKoCTHOCTH MEMOpaHHOM
¢da3pl uMeeT OOJIBIIIOE 3HAYEHUE, TaK KAK COCTOSIHUE JIUMUIHOTO KOM-
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MOHEHTA BJIUSIET Ha aKTUBHOCTh MeMOpaHHbIX (pepmeHTOB. OaHUM U3
OCHOBHBIX CBOMCTB JIMIUJIOB IJIa3MAaTUYECKON MEMOpaHbI SIBIIICTCS UX
CITIOCOOHOCTh K CBOOOJHOMY JIaTe€paIbHOMY IEPEMEIICHUIO U Bpallie-
HUI0. BO3MOXKEH U mepexoa MOJIEKYJl U3 OJHOTO MOHOCIOSI B JIPYTOH,
KaK Obl MEepeKyBbIPKUBAHUE (TaK Ha3bIBaeMbld «Puum-(aomn»), HO 3TO
MPOUCXOTUT OCTATOYHO PEAKO U C MEHBIIEH CKOPOCTHIO, YEM JiaTe-
panbHas qudPysusi.

bucnoiinas miazmarudeckas MeMOpaHa acCUMMETpUYHA IO COCTa-
BY JHMIOUAOB. B Hapy>XHOM MOHOCJIO€ COCPEIOTOYEHBI MPAKTUYECKU
BCE TJIMKOJMUMIUABL, pazinyHble (HochOoMUnuisl pacrpeieieHsl B Ou-
cJioe Takke HepaBHOMepHO. Hampumep, B miia3matuueckoi MmeMOpaHe
PUTPOIUTA B HAPYKHOM MOHOCJOE TpeodiianaeT dhochaTuanaxoyvH,
a BO BHyTpeHHEM — (ochaTuanIdTaHOIaMUH. Y TJIEBOJOPOJAHbBIC LIETIH
KUPHBIX KUCIOT BO BHEIIHEM MOHOCJOE 0oJiee JJIMHHBIC M, KaK Ipa-
BUJIO, 00JIe€ HACHIIIEHHBIE, YEM BO BHYTPEHHEM. ACUMMETpHUS OUCIOS
oOecrnieynBaeT psJi BAKHBIX CBOMCTB MEMOpaH M MOJJICPKUBACTCA B
npoiiecce (GYHKIIMOHUPOBAHUS C MOMOIIBIO Pa3HbIX MEXaHU3MOB, B Ya-
CTHOCTH, €CJIM UCTOLIUTH KIeTKy 1o AT®D, To acummerpusi OyaeT Ha-
pyII€Ha U JUIIUIHBIA COCTaB MOHOCJIOEB BBIPOBHSIETCS.

Oco06o¢e mookeHne B OMCIIOE 3aHUMAIOT W JIMIHUIbI, HEITOCPEICT-
BEHHO MPUMBIKAIONINE K TJIOOYJISIPHBIM MHTErpalibHbIM OenkaM. OHu,
KaK MpaBwio, 0oJiee yHopsiAOUCHHBI U MEHEE IMOJIBUKHBI, YeM B 0€3-
OCJIKOBBIX ydacTKax MeMOpaHbl. belKkoBO-TMMUAHBIE MOJEKYJSPHBIC
B3aUMOJICHCTBUSI MMEIOT CYIECTBEHHOE (DYHKIMOHAIBHOE 3HAYCHUE.
Hanpumep, MHOTHE OEIKM WM OEJIKOBBIE KOMILJIEKCHI BOOOIIE HE MO-
I'yT HOPMaJbHO (PYHKIITMOHUPOBATH 0€3 COOTBETCTBYIOIIETO JTUITUIHOTO
OKPY’KEHHSI.

HecMmoTpss Ha yHHMBEpCaAJbHBIA XapakTEp PACCMOTPEHHOTO THIIA
OpraHu3alluy JUIUIHOTO OUCIION MIa3MaTUYeCKOM MeMOpaHbl Tpo- U
YKApUOTHBIX KIJIETOK, €r0 HEJIb3 CUYUTATh €IMHCTBEHHO BO3MOKHBIM.
B nocnennee BpeMs MOSIBISIOTCA JAHHBIE O TOM, UYTO B (DYHKIIMOHMU-
PYIOLIUX TUTa3MaTHYECKUX MeMOpaHax ropasjo yalie, 4YeM Mpearnosia-
rajioch, BCTPEUAIOTCSl YYAaCTKU C BPEMEHHBIMHU WIH Oojee-MeHee IO-
CTOSTHHBIMM HAPYUICHUSIMUA TUIIUYHOW OMJIUIUIHON CTPYKTYpHI. Takue
HapYIICHUS] MOTYT MPOUCXOAUTH, €CIM B MEMOpaHE YBEIMYEHO OTHO-
CUTEJIbHOE KOJIMYECTBO HMHTErPAIbHBIX OEIKOB (KJIETKH MPOKapHoT,
CHELUATU3UPOBAHHBIE YHACTKH MEMOPAH METAa30MHBIX KJIIETOK).
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Becbma cBoe0Opa3HO yCTpoeHa Hapy»KHas MeMOpaHa IpalWIuKyT-
HbIX OakTepuii, 3HaUMTEJIbHAs YacTh KOTOPOMW IpeJiCTaBlIeHa JIUIOIPO-
TEMHAMU U JIMTIONOINCcaxapuiaMu. Y MPoOKapruoOT MOKHO HAWTH U IPYTUE
BapHaHTHl HEOOBIYHOHN OpraHu3aIuu MeMOpaH. Hampumep, y HEKOTOPBIX
apxeOakTepuii BMecTO (ocoaunuaHoro OHCIIOSN HMEETCS MOHOCIION
nuonbuTaHuATeTparuiepuaa. MemOpaHa XJIOPOCOMBI 3€JIEHBIX aHOK-
CUT€HHBIX POTOTPOPHBIX OakTepuil 0OpazoBaHa TIIMKOJIUITUIHBIM MOHO-
cinoeM. CBoeoOpa3HO MOCTPOCHBI MEMOpaHbl OaKTepUaIbHBIX BKIIIOUE-
HUM — ra30BbIX BE3UKYJ, CEPHBIX YaCTHII, KAPOOKCUCOM U JIp., JOCTATOU-
HO IIIMPOKO PaCHpOCTpaHEHHBIX Yy Tpokapuor. OHHM COCTOAT W3
MOHOcJ0s Oenka ToimmHou 3,5 — 4 um. Ilpu sToM ruapoduibHbIE U
ruipohOOHBIC aMUHOKHCIIOTHI pacIipeiesieHbl B O€JIKOBOM MOJIEKYJIe Ta-
KUM 00pa3oM, 4TO 00pa3yroT CpeIuHHBIA TUAPOPOOHBIN M HAPYKHBIE
TUIPOPUIIEHBIC YYaCTKH. DTH MPUMEPHI OTCTYTUICHUSI OT OOBIYHOTO THTIA
OpraHu3ai MeMOpaHbl CBUAECTEILCTBYIOT O BO3MOXKHOCTH BapbUpOBa-
HUSI MEMOpaHHBIX KOMITOHEHTOB MPH COXPAaHEHUH OCHOBHOT'O MPUHITUTIA
ruApoPOOHO-TUAPOPUIIEHBIX B3aUMOICHCTBHIA.

benxu. Ecnu nunuapl SBISIOTCS UACAIBHBIMU COCTUHEHUSIMU JIJIS
peanu3alyi YHUBEPCAIbHBIX O0apbepHBIX CBOMCTB MeMOpaH, TO OeNKu
00€eCTeUnBaIOT BHIMIOTHEHNE BAKHEUIINX KIETOYHBIX (YHKIMH — pe-
TYJIUPYEMOro TPaHCIOPTa, PELENIUH, CTPYKTYpPHOW OpraHU3aluu
nporeccoB meradonusma W Jp. HMHTerpanbHbie O€JIKH MEMOpaHBI
MIPOYHO CBSI3aHBI C JIMMHUAAMH; B OTJIUYHE OT JIETKO DKCTPArupyeMbIx
nepudepudeckux OCIKOB UX HEJb3s BBIIACIUTH U3 MEeMOpaH, HE pas-
pyIIuB OWIIMOUIHBIN ciiod. VHTerpaiibHble OEIKUM MOXHO Pa3/eiiuTh
Ha CIeyrolue Tpynmbl: OeNKH, Mepecekaronme MemMOpaHy (TpaHc-
MeMOpaHHBIE), U OeJIKH, MpHUJIErallue K JUIUIHOMY CIIOI, KOBa-
JIGHTHO CBSI3aHHBIC C HUM, JHOO HEMOCPEJACTBEHHO, JIMOO Yepe3 OJIUro-
caxapua. Cpeau TpaHCMEMOpaHHBIX OSJIKOB MOXXHO BBIJICIIUTH OCIIKH,
3aKpeIJICHHbIE B MEMOpaHEe JIMIITh KOHIIEBBIM Y4acTKOM (T.€. OOJbIasi
4acTh MX MOJIEKYJIbl pAcIojiaraeTcsi BHE OUCIO0s), U OEJKH, MPOIIU-
BaOIIME MEMOpaHy HECKOJBKO pa3 M obOpasyromue riaodymny. bemku
MIEPBOTO THIIA YaCTO CBSA3aHBI ¢ MHOTOYHUCICHHBIMH YTJICBOJIHBIMHU OC-
TaTKaMU U SIBJISIOTCSA, TIO CYIIECTBY, TIMKONpoTenHamMu. MIX ocHOBHas
YacCTh HaXOAUTCS 3a MpeAeaMu OUIUITUIHOTO CIIOSl U BXOJUT B COCTaB
TIIMKOKaNMKca. Takne OSNKM BBITIONHSIOT PEIENTOPHbIC (PYHKIIUU, aH-
TUTeHpacno3HaBanue. K TakoMy ke THUITy OTHOCAT O€NKH-(EePMEHTHI.
benku BTOpOro Tumna oCcyliecTBISIOT TPAHCIOPTHYIO (PYyHKIIHIO.
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Htak, MemOpaHa mpeacTaBiseT cOO0M TUMUAHO-OETKOBYIO CHCTE-
My, JIUIsl KOTOPOM XapaKTEepHBI CII0KHBIE B3aUMOJACHCTBUSI KaK BHYTpU
TUMUIHON (a3bl U B OEIKOBBIX KOMIUIEKCAX, TaK U MEXKAY JUMHIAMHU U
oenkamu. Kpome toro, u MmemOpaHa, ¥ Apyrue 4acTH MOBEPXHOCTHOTO
anmnapara Takke y4acTBYIOT B MOJJEPKaHUHM CTAOUILHOCTH OEJIKOB B
MeMOpaHe.

Ilekuma 6. CybmembpaHHasa 4yacTb
NOBEPXHOCTHOro annapara u uutockeneTt

VY 23yKapuOTHUECKUX KJIETOK CyOMeMOpaHHash 4acTh MOBEPXHOCT-
HOTO afmnapara pacrojoKeHa B Nepu(epruyeckoM CJI0€ THajloria3Mbl
(mpumemOpanHOM 1MTO30j€). OHA 3aHUMAET MPOMEKYTOUYHOE MOJIO-
KEHHE U UTPAET CBAZYIOIIYIO POJIb MEXKy MEMOpPaHOM, ITUTOCKEIETOM
U OCHOBHOHM ruanorasmoi. K cyOMemMOpaHHBIM KOMIIOHEHTaM II0-
BEPXHOCTHOTO ammapara clIeyeT OTHECTH NepudepruIeCKyr0 MpUMEM-
OpaHHYIO YacTh IUTOCKENeTa ¢ OelKkaMu, 00€CTICUMBAIOIIMMU CBSI3b C
MeMOpaHOM.

Nnes o cymecTBOBaHUU CIO0XKHOU CTPYKTYPHOM OpraHu3aluu Oc-
HOBHOM IMTOIUIa3Mbl 3yKApUOTHBIX KJIETOK ObLa IIMPOKO PacHpo-
cTpaHeHa B ruTojoruu B KoHie XIX — navane XX B. OgHako 1o mepe
yriiyOJIeHUs TPEACTaBICHUM 00 OpraHu3ali >KUBOM IIUTOILIA3MBI
OOJBIIMHCTBO HAOIIOaeMbIX Ha (DUKCUPOBAHHBIX W OKpAIIECHHBIX
mpernaparax CTpyKTyp ObLIO MpHU3HAHO apTedakTaMu, OCHOBHYIO ITH-
TOTUTa3My CTaJIM PACCMATPUBaTh KaK CIO0XHYIO KOJUIOUJIHYIO CUCTEMY,
HE HMEIONIYI0 MOCTOSIHHBIX CTPYKTYPHBIX KOMIIOHEHTOB. DJIEMEHTHI
MOCTOSIHHOTO ILIMTOCKEJNeTa OOHAPYXUBAJIHUCh U HA CBETOONTHUYECKOM
YPOBHE JIUIIH B CICIHATN3UPOBAHHBIX META30MHBIX KIIeTKax (HaIpu-
Mep, TOHOGUOPUIIBI B IIUIIOBATHIX KJIETKaX SMHUACPMUCA) U Y OJIHO-
KJIETOYHBIX OpraHu3MoB. CTporue Hay4yHbIe JOKa3aTeJIbCTBA HAIUYUS
CJIOKHOTO IIMTOCKEJETa KaK YHMBEPCAIHHOW CTPYKTYphl B MaTpPHUKCE
DYKAPUOTHBIX KJIETOK TMOSBUJIUCH JIMIIb B 3Py OAJIEKTPOHHO-
MUKpPOCKOMMYECKUX HccienoBanuil. [Ipu sTom Hambosiee neTanbHbIC
paboThl BHauasie ObLIM BBINOJHEHBI Ha KYJbTHUBUPYEMbIX (hruOpoOa-
CTaxX — U3JIIOOJICHHOM MOJIETbHOM OOBEKTE OOIIEH [IUTOIOTHH.

B HacTosimmee Bpems MCCIeI0BaHNs OpTaHU3aIlUN [IUTOCKETIETa, €To
CBSI3b C MOBEPXHOCTHBIM aIllapaToM KIETKH, MPOIecCaMu BHYTpPHUKIIC-
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TOYHOT'O TPAHCIIOPTA U KJIETOYHOM MOJBHUKHOCTH COCTABJISIIOT OJIHY U3
aKTyaJIbHBIX OOMICIIMTONIOTMYECKUX MpoOsieM. HakorjieHo MHOro gaH-
HBIX 00 OpraHu3aIy IUTOCKEIeTa U ero MpuMeMOpaHHOU nepudepuye-
CKOM YacTH KaK Ha MOJEIBHBIX 00BEKTax, TaK W Ha CIEIUATM3UPOBaH-
HBIX METa30MHBIX KJIETKaX. YTIYOJISIFOTCS M PACIIMPSIIOTCS MpeIcTaBIIe-
HUSl 00 OpraHM3aly IUTOCKENETa B KIETKAaX PAaCTEHUM U y OIHOKIIEe-
TOYHBIX OpraHuU3MOB. Bce 3TO MO3BOJIAET JIaTh TOBOJILHO OOCTOATENb-
HYI0  XapaKTePUCTHKy OOIIMX  3aKOHOMEPHOCTEH  OpraHu3aluu
IIUTOCKEJIETa — CTPYKTYp MaTpUKCa IIUTOILIa3Mbl 3YKapUOTHBIX KJIETOK.

B naubonee moiaHOM BHAE OH MPEACTABICH TPEMs TECHO B3aUMO-
CBSA3aHHBIMHU, HO JIOCTATOYHO WHIWBHUAYaJTU3UPOBAHHBIMU CUCTEMAMM:
1) cucremoit mukpoduiaMeHTOB (MUKpO(PUOPHILT), OCHOBY KOTOPOM
COCTABJISIIOT Yalle BCEro AakTHHOBBbIE (DUOPUIIIBI TOJIIMHOW 7 HM;
2) cUCTEMOM, OCHOBHBIM KOMIIOHEHTOM KOTOPOM SIBJISIFOTCS TYyOYJIHMHO-
BbIE MHUKpPOTPYOOUKH auameTpoMm 22 — 24 HM; 3) T€TEpPOTreHHOM IO
OEJIKOBOMY COCTaBY CHCTEMOM MPOMEKYTOUHBIX (PHIIAMEHTOB JTHAMET-
poMm okoJio 10 HMm.

JleTanbHble UCCIEAOBAaHUSA HEKOTOPBIX CIECHHUATU3UPOBAHHBIX Me-
TAa30MHBIX KJIETOK, HANpPHUMEpP MBIIICYHBIX, a TakK)Ke CPaBHUTEIHHO-
IIUTOJIOTHYECKUM aHaJU3 KJIETOK MPOTHUCTOB M HEKOTOPBHIX PACTCHHM
MO3BOJISIIOT Celyac BBIACIUTh YETBEPTYIO, T€TEPOTCHHYIO IO MPOUC-
XO0XKJICHUIO IUTOCKEJIETHYI0 CYOCUCTEMY TaK Ha3bIBAEMbBIX TOHKUX (Pu-
JJAMEHTOB JUAMETPOM <5 HM.

Eme ogHa pa3HOBHAHOCTh TOHKHUX COKPATHUMBIX (HHOpHILT OOHa-
py’XeHa B CIIEPMHSIX HEMATO/I, JIUIIEHHBIX KTYTHUKOB U BPAIIAOITUXCS
C TIOMOIIBIO TCEBAOMOAUN. [ 3TUX KIIETOK XapaKTEPHO OTCYTCTBHE
BCEX TPEX IIUTOCKENIETHBIX CUCTEM: B HUX HE BBISBIISAIOTCS HU aKTUHO-
Bble MUKPOGUOPUILIBI, HUI MUKPOTPYOOUKH, HU MPOMEKYTOUHBIE (Pu-
namMeHTbl. ToHkHe (UIaMEHTBhl CIEPMATO] COCTOST W3 OeiKa, Mpe-
CTaBJIEHHOTO TpeMs noarunaMu 1no 15 kJla 1 He MOX0XKEero mo CBOMCT-
BaM HM Ha CTIa3MHH, HM Ha OEJIOK KOPHEBBIX HUTEH.

Jpyryto rpynmny TOHKHX (DUJIAMEHTOB COCTaBIISIIOT CTPYKTYpHI,
MPEJICTABIISIONINE COOOM CBS3YIOIIME 3JIEMEHTHI IIUTOCKEIETa — «JIMH-
Kepbl» (puc. 4). Ot PpunaMeHTbl ObUTM 0OHAPYKEHBI B TICEBAOMOIUSIX
dbopamunudep, rae oHM Kak Obl COMPOBOXKAAIOT MUKPOTPYOOUKH TIO
BCEHl JUIMHE TCEBMIONONU, 00paszys CBsi3u Mexay HuMU. [lo3nHee Ta-
KHE CTPYKTYpPHI OBLIN BBISBIECHBI B MUTOTHYECKOM allllapaTte HEKOTO-
peIX Bojopociei. B mpodasze onu pacnonoxkens guddys3Ho, a B mpo-
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MeTradaze coOuparoTcs BOJIU3M KUHETOXOPHBIX YYAaCTKOB XPOMOCOM.
HekoTopeie aBTOpBI MPUIKCHIBAIOT UM CYIIECTBEHHYIO POJb B aKKYy-
MYJILMHA CUJT HATSDKEHMS, 00€CIIeUnBaIOUX JBUKEHUE XPOMOCOM B
anadasze. B KylIbTUBHpPYEMBIX KJIETKaX IMPU OCOOBIX YCIOBHSIX OOpa-
OOTKHM JIETEepreHTaMH C MOMOIIbIO BBICOKOBOJBTHOM YJIBTPAMUKPOCKO-
MU yJaeTcss HaOIoJaTh T'YCTYIO CeTh TOHKMX (DUOPHIUT AUAMETPOM
2,5 — 3 HM, IPOHU3BIBAIOLIYIO BCIO [IUTOIIA3MY Y ONMCAHHYIO O] Ha-
3BaHMEM MUKpPOTpaOeKyIapHO# pemeTku. OqHaKo 0 CUX MOp HE yjAa-
J0Ch BBIIETUTH OEJIKH, BXOJAIIUE B COCTAB 3TOM PEIIETKH, U MHOTHE
UCCJIE0BATENN CKIIOHHBI CUUTATh €€ apTe(PaKTOM.

J 7 2.8

Puc. 4. B3aumMocBsi3b OCHOBHBIX KOMIIOHEHTOB IMTOCKeJIeTAa:
1 — MukpodUIaMeHThl, 2 — MUKPOTPYOOUKH, 3 — IPOMEKYTOUHbIE (PUIIAMEHTHI, 4,
5 —6enku MAP-2, 6 — ekTuH, 7 — TOHKUE (PUIIaMEHThI

TpeTplo Tpymmmy TOHKUX (DHIAMEHTOB COCTaBJSAIOT CTPYKTYPHI,
MPEJCTABIISIONINE COO0OM KaKk Obl OCHOBY CapKOMepa MONEePEUHO-0JI0-
caThIX MBI, B MakcUMaIbHO PACTIHYTBHIX CAPKOMEPAX BBIABIISIOTCS
MHOT'OYMCJICHHbIC TOHKHE, MapaJyieIbHO PacIojoXeHHbIe (GUOPUILIBI,
UJyIIME OT OJHOTO 3€T-IUCKa K Jpyromy. OCOOEHHO OTYETIIMBO OHHU
BUJIHBI B yYacTKax capkomepa, e 3aKaHYMBaIOTCSI MUO3MHOBBIE MPO-
Topubpuwiibl. ToHKME QUIAMEHTBI TONEPEYHO-TIOIOCATHIX MBIIIII]
MIPEJICTaBIISIOT COOOM CTPYKTYphl AUAMETPOM 4 — 5 HM, 00pa30oBaHHbIC

36



BBICOKOMOJIEKYJISIPHBIM ~ O€TKOM — KOHHEKTHMHOM, WIW THTHHOM
(1 000 xa). IIpenmnonaratoT, 4TO 3TU CTPYKTYpPHl HE TOJBKO (hopmu-
PYIOT AJIACTUYHYIO PEIIETKY B CapKOMEpPE, HO M CO3/Jal0T IMACCUBHOE
HaIpsDKEHUE TIPU PACTSITHBAHUM MBIMIEL. TUTHHONOAOOHBIE OENKH
OOHApy>KEHbl B JIPUTPOIUTAX, JICUKOIMTAX, SIMIIEKIETKaX MOPCKOTO
eXa, HO COOTBETCTBYIOIIUX UM (DUOPHUILT B ATUX KJIETKAX BBISIBUTH IO-
Ka He yAaiock. HempllieuHble TUTUHBI HAMIEHBI TAK)XKE Y MUKCOMMIIE-
Ta puzapuym nosauiedarym, rie BbISIBIACTCS U cUCTeMa (PHIaMEeHTOB
JTAAMETPOM 2 — 3 HM.

Wtak, 3a HemocTtaTkoM HH(POpPMAIUU, Mbl JODKHBI JIOBOJBCTBO-
BaThCsl BEChMa YCJIOBHOM KilaccuduKaiuend TOHKUX (UIaMEHTOB, TEM
00Jiee MHOTOYMCIICHHBIE CTPYKTYphI MOJOOHOTO THIIA, BBIABICHHBIC Y
0€Cr03BOHOYHBIX (TJIaBHBIM 00pa3oM MPOTUCTOB) MOPPOIOTHUECKUMHU
METOJIaMH, BCE €I€ O’KUJIA0T OMOXUMHUYECKOro aHanu3a. [lanbHeilmume
CPABHUTEIBHO-IIUTOJIOTHYECKUE HCCIIECIOBAaHUSI, HECOMHEHHO, BHECYT
SICHOCTb B 3TH BOIPOCHI U MPUOJIU3AT HAC K TOHUMAHUIO POJIM TaHHBIX
CTPYKTYp B LIEJIOCTHOM CHCTEME LIUTOCKETIETA.

Hadmemb6paHHbIE CMPYKMYPbI
noeepxHOCMHO20 arnnapama

HanmeMOpaHHbIE CTPYKTYpbl KaK 3YKapUOTHBIX, TaK U MPOKApHU-
OTHBIX KJIETOK BEChbMa MHOI0OOpa3Hbl MO XUMHUYECKOMY COCTaBy,
B3aMMOOTHOILICHUSIM C IJIa3MaTHUYE€CKOW MeMOpaHOl M (PYHKIIMOHAb-
HOMY 3HaueHuto. [lepBUYHOE M OCHOBHOE Ha3HAYEHHUE HAIMEMOpaH-
HBIX CTPYKTYP — OCYILIECTBJIEHUE B3aUMOACHUCTBUS KJIETOK C BHEIIHEU
Cpedol WM C APYrMMH KJIETKaMH, T. €. peajiu3allusi IEepBbIX ITAIoOB
peleNMU B IIMPOKOM MOHUMaHUM 3ToM PyHKIKU. O HAKO B IIpoIecce
IBOJIIOLIMA U Y TMPOKAPUOT, M Y KIETOK AYKApUOT HagMeMOpaHHBIE
CTPYKTYpPHBI CTAJIA UTPATh BAXKHEUIIIYIO POJIb B peIM3alMU PAa3TUIHBIX
cnenrpuueckux GYHKIUNA: TYPpropHOd, MEXaHUYECKOU, (DYHKIINU «JI0-
BYIIKIW» HOHOB, CTPYKTYPHOW Opranu3anuu GepmMeHToB U Ap.

VY npokapuot (3y0akTepuu) 3T CTPYKTYpPbl HPEICTABICHBI KJle-
TOYHOM CTEHKOM, crenu(prKa KOTOPOl CIyKUT OCHOBOM JIJIsS pa3jielie-
HUS MX Ha JIB€ TAKCOHOMUYECKHE TPYNIbI — TPAlUIUKYTHBIE U PUPMU-
KyTHbIC. Y (PUPMUKYTHBIX OaKTepUM KJETOYHAs CTEHKA MpejCcTaBlieHA
cpaBHUTENBHO MpocTo. K nuronorunyeckoir MemOpaHe mpuiieraeT e-
CTKAM MYPEUHOBBIN CJIOW; BO3MOYKHO, OH SIBJISIETCS OJIHOM TMTaHTCKOU
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MOJIEKYJIOH — MEIIKOM, OOECHEYMBAIOUIUM PUTHIAHOCTH KJIETOUYHOU
CTEHKH U €€ WHAMBUIyaJbHYIO (popMy. B TeCHOM KOHTaKTe ¢ Mypeu-
HOBBIM CJIOEM HaXOJUTCA BTOPOU MOJMMEP — TeUXO0eBbIe KUCIOThI. OH
aKKyMYJIUPYET KaTUOHBI U PETYJIHUPYET HOHHBIM 00MeH co cpenoit. Ha-
PY’KHBIE CIIOM KJIETOYHON 000JI0YKH 00pa30BaHbI OEIKOM B KOMILJIEKCE
C JINTTHIAMH.

KiieTouHasi cTeHKa TpalWJMKyTHBIX OaKTEepUil ropasio CIoKHEe.
Han mMyperHOBBIM CIIOEM pacrojiaraeTcs BTOpasi OEIKOBO-JIMIHIHAS
MeMOpaHa, B € COCTaB BXOJAT JUNoNnorucaxapusl. OHa KOBaJEHTHO
CBSI3aHa C MYPEUHOM CIIMBKaMH W3 MOJEKYJI JIUIONPOTernHa MeMOpa-
Hbl. OTIMYaeTcss OT OOBIYHOW M HAJIMYUEM YHHUKAJIbHBIX YYaCTKOB —
MOPUHOB, YYACTBYIOIIMX B MAaCCUBHOM TPAHCIOPTE HU3KOMOJEKYJISP-
HBIX BEILECTB, YTO MO3BOJISIET HAPYKHOH MeMOpaHE IpalliIuKyTHBIX
OakTepuit (Tak e Kak KJIETOYHOU CTeHKE (PUPMUKYTHBIX) UTPATh POJIb
MOJIEKYJISIpHOTO cuTa. Jlumomonucaxapuibsl HapyXHOH MeMOpaHbI
o0ecrneynBaloT UMMYHOCTICIIM(UUHOCTh U OTBEUAIOT 3a MEPBBIC ITAIBI
B3aUMOJICHCTBUSI KJIETOK JAPYT C APYrOM U TMapa3uTaMu MPOKapUOT —
OakTepuodaramu.

IIpocTpaHCTBO, OTPAHUYEHHOE HAPY)KHOM M LUTOILIA3MATUYECKOU
MeMOpaHaMH, HOCUT Ha3BaHUE MEPUILIA3MATUUECKOTO MPOCTPAHCTBA U
SBJISIETCS YHUKAJIBHOW MPUHAJIC)KHOCTBIO TPAllMIMKYTHBIX OaKTEpuUi.
B Hewm nokanuzyercs 1einblii Hadbop ¢pepMeHToB — (pocdaraz, ruaponas,
HyKJIea3 U T. 1. OHU pacIICIUISIIOT CPABHUTEIBHO BBICOKOMOJIEKYJISIP-
HbIE MTUTATENIbHBIE CYOCTpaThl, a TAKXKE pa3pylIaloT COOCTBEHHBIN KJle-
TOYHBIA MaTepual, BbIICIIEMbIA B OKPYKAKOIIYIO0 CPEY M3 IIUTOILIA3-
MbI. B U3BECTHOU CTENEHU MEPUILIIA3MATUYECKOE MPOCTPAHCTBO MOXK-
HO YIOAOOUTH JTU30COME PYKapUOT. B 30He mepumiiasMbl OKa3bIBaeTCs
BO3MOHBIM HE TOJIBKO MaKCUMaJbHO 3(D(PEKTUBHOE MPOTEKAHHUE SH-
3UMATUYECKUX PEaKIMi, HO U MU30JUPOBAHUE OT LUTOILIA3MbI COEIH-
HEHUM, MPECTABIAIONINX YIPO3y IJii HOPMAJIbHOTO (DYHKIIMOHUPOBA-
HUs. Y OakTepuid, 00JaJal0NIMX CIIOCOOHOCTHIO K aKTUBHOMY JIBHMKE-
HUIO 3a CYET KT'YTHKOB, KJIETOUYHAsl CTEHKAa SIBIISIETCS KOMIIOHEHTOM
JJOKOMOTOPHOT'O MEXaHU3Ma.

HanmeMOpaHHbIE CTPYKTYphl MPOKAPUOT MOTYT 3HAYUTEIHLHO
BApbUPOBATH IO COCTaBY. Tak, KOMIIOHEHTOM KJIETOYHOW CTEHKH He-
KOTOPBIX apXeOaKTEepUil SIBISETCS MCEBAOMYpPEHUH (B OTIMYUE OT MY-
perHa OOJBIIMHCTBA BUAOB), Y APYTHUX apXxeOakTepuil B KIECTOYHOU
CTEHKE OOHApYKUBAIOTCS reTeponoiucaxapuasl u T.1. OTHAKO BCE 3TH
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pasHoOOpa3Hble COCNMHEHUSI 00pa3yloT CXOAHYI0 B MOP(POdyHKIIHO-
HAJbHOM OTHOIIEGHUM CTPYKTYPY, YPE3BBIYAWHO BAXHYIO ISl JKU3HE-
JesTeNbHOCTU KieToK. HamMeMOpaHHbIe CTPYKTYPBl XapaKTepHBI AJIS
OTPOMHOTO OOJIBITMHCTBA IPOKAPHUOTHBIX OPTaHU3MOB; OTCYTCTBHUE JKE
ITUX CTPYKTYpP (KaK y MHUKOIUIa3Mbl M HEKOTOPBIX TepMOAIua0(huiIb-
HBIX apXeOaKTepwii U T.J.) SBJISETCS pe3yIbTaTOM BTOPUYHOU PEayK-
1107078

HadmembpaHHbIe cmpyKmypbI
3YKapUOMHbBIX KJIeMmMOK

Bce MHOTOOOpa3ne HagMeMOpaHHBIX CTPYKTYP dYKapUOTHBIX KJle-
TOK MOKHO pa3/IeIuTh Ha JIBE OCHOBHBIC KaTeTOPUH: COOCTBEHHO Ha/I-
MeMOpaHHBIH KOMIUIEKC (WJIM TIMKOKAJIMKC) U TIPOU3BOIHBIC HAJMEM-
OpaHHOrO0 KOMIUIEKCa (MM CJIOKHbIE HAaJAMEMOpaHHBIE CTPYKTYpPHI).
['MuKOKanuKC, WIM COOCTBEHHO HaJAMEMOpPaHHBIM KOMILIEKC (pHC. 5),
M0 CTPYKTYPHO-(YHKIIMOHAIBHBIM OCOOCHHOCTSIM MOKHO TOJpa3/ie-
JUTh Ha HECKOJIbKO pa3sHOBUIHOCTEH. K mepBoil OTHOCHTCS TIIMKOKa-
JIMKC, B COCTaB KOTOPOro BXOJAT nepudepuueckrue O0eKh MeMOpaHHI,
YTJIEBOJIHbIE KOMIIOHEHThl MEMOPAHHBIX TJIMKOJMIHUAOB M TJIHUKOMPO-
TEWHOB, a TaKXke pabouyre YacTH MHTETPaTbHBIX OCIKOB 3asSKOPECHHBIX

B MEMOpaHe OJHUM O-CLIUPATbHBIM T'UIPOHOOHBIM YYACTKOM.
A b

iy

e

Puc. 5. Opranusanusi HAAMeMOPAHHOT0 KOMILJIEKCA:
A — sykapuoTHas KjeTka, b — 001acTh XOMMHIPrUYECKOTr0 CHHAIICA!
1 — urazmaTudeckas MmemoOpana, 2, 3 — yrieBOAHbIe KOMIIOHEHTHI TJTMKOIIPOTEUI0B
(2) u rmukonunuaoB (3), 4 — aacopOUPOBAHHBIN TJIMKOTPOTEHUH,
5 — raHrJIvo3uabl B CHHAIITUYECKOM IIEIIH
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['TMKOKaIMKC MakCUMaJIbHO Pa3BUT B KIIETKaX METa- U MPOTO-
30MHBIX OPraHU3MOB, UMEETCSA OH U y KJIETOK pacTeHuil. OH Urpaet
BAXXHYIO POJIb B PELIENTOPHON (PYHKIIMK MOBEPXHOCTHOTO amrmapara.
B noBepXHOCTHOM ammapaTre 3pUTPOLUTOB MIIEKOMUTAIOIINX MOIIHO
Pa3BUTHIA YIJIEBOJAHBIA KOMIIOHEHT TJIMKOGOpHUHA CO3/aeT OTpHlla-
TEJIbHBIN 3apsi] Ha TOBEPXHOCTU 3PUTPOIIUTA, UTO MPENATCTBYET UX
arrJIIOTUHALWH.

B npe- u mocTcMHaNTUYECKUX MEMOpaHax HEPBHBIX KJIETOK HMe-
I0TCSI B OOJBIIMX KOJMWYECTBaX cCHEUU(PUUECKUE TIMKOJIUIHIbI-
TaHTJIMO3UIbl, KOTOPHIE YYAaCTBYIOT B MPOIECCAX, 00YCIOBIMUBAIOIINX
SBJICHUE JOJITOBPEMEHHOM MaMATU. B COJIEBBIX KJIETKAaX IIMKOKAIUKC
UTPAET POJIb JIOBYIIKKA MOHOB, YYacTBYeT B peabcopOuuu. YTIIeBOIbI
TVIMKOKAJIMKCA SIBJISIOTCS U MapKepaMmH, MPUAAIOIIMMH «CBOE JIUIIO»
KJIETKaM.

benku riMkokanukca UrparoT pojib PEIEnTOPoB (K MMMYHOTI00Y-
auHaM 'y B-mumdounrtoB), pepmMeHTOB, CTAOMIN3aTOPOB HHTETPasIb-
HBIX O€JKOB B JKMJIKOW JIMMUIHOW (haze, y4acTBYIOT B MPUCTEHOYHOM
MUIIEBAPEHUNH, aICOPOUPYIONINX CTPYKTypax U Jp.

Jlekumsa 7. UnTonnasma

Obuwas xapakmepucmuka

[{utormiazMa npeAcTaBiIsIeT co00i pabouwii anmapar KJIE€TKH, B KO-
TOPOM IIPOTEKAIOT OCHOBHBIE METAOOJUUECKHE MPOIIECCHI, COCPEIOTO-
YeHbl OOIMe W crenuanbHble opraHouabl. Crnenuduueckas audde-
PEHITMPOBKA KJIETOK METa30MHBIX OpPraHW3MOB M MPOTUCTOB YaIlle BCe-
ro CBsizaHa C TUnepTrpodueii ogHOro OO0 HECKOJIBKUX OPTraHOWIOB
WIN KaKUX-TO CUCTEM IIUTOILIA3MEL.

B mocnenaune mecaTmiieTHs JOCTUTHYTHI OOJBIITNE YCIIEXU B U3Y-
YEHUH OTJEIbHBIX OPTraHOWJIOB U MEMOPAHHBIX CHCTEM ITUTOILIAa3MBI.
[Tonumanue PyHKIMOHAIBHOTO 3HAYEHHUS dTUX 00pa30BaHUN BO3MOX-
HO TOJILKO Yepe3 MCCIICAOBAaHNE UX CTPYKTYPHO-XUMHUUYECKOW OpraHu-
3aruy. B 9TOM Ij1aHe MpOBEAEH JETaNbHBIM aHAJW3 OCHOBHBIX Opra-
HOHUJIOB OEJIKOBOTO CHHTE3a (puOOCOM) M CHUCTEM, OOCCIIeUMBAIOIINX
SHEPreTUYECKU OOMEH (MUTOXOHJIPUNA, XJIOPOIUIACTOB, IUIa3MaTUYe-
CKMX MEMOpaH MPOKAPUOTHBIX KJIETOK). bobIme ycrnexu JOCTUTHY ThI
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U B u3ydyeHuu anmapara ['onabaxu. OTKpPBITHE HOBBIX COPTUPOBOYHBIX
OpPraHOUJIOB CYIIECTBEHHO U3MEHWIIO HAIM MPEACTABICHUS O B3aUMO-
JNEUCTBUM BHYTPHUKIECTOYHBIX MEMOpPAHHBIX OPTraHOUJOB C IJIa3MaTH-
4eCKOM MeMOpaHO! KJIETKH U €€ MTIOBEPXHOCTHBIM alllapaToM B IIEJIOM.

IIo coBpeMEHHBIM BO33PEHUSIM META0OJIMYECKUM ammapar ILHUTO-
1a3Mbl IPEACTABISET COO0M CUCTEMY, KOTOpasi COCTOUT U3 OCHOBHOM
IATOIIa3Mbl (THAJIOIIa3Mbl), HEMEMOpPaHHBIX OPraHOUJI0B, MEMOpaH-
HBIX CTPYKTYp M UX COAEpPKUMOro. Eciu paHblie ruanoriasMy cuuTa-
JIA OOHOPOJHOM KOJUJIOWIHOM CHUCTEMOM, TO TE€HEPh SCHO, UYTO ITO Te-
TeporeHHasi (a3a IUTOIIA3MBbI, CIIOCOOHAsT K (HOPMHUPOBAHUIO CIIOXK-
HbIX CTpYKTyp. Ocobas cybOcucTteMa Truagoria3Mbl — UTO30Jb —
dbopMupyetrcst B 00,1aCTH BCEX MEMOpPAHHBIX U HEMEMOpPaHHBIX CTPYK-
Typ LUTOIIa3Mbl; MOP(HOOMOXUMHUYECKAst OpraHu3alus U QyHKIUU Ta-
KOT'0 IIUTO30JIS1 B 00JIACTH Pa3HBIX OPraHOMJIOB HEOIMHAKOBHI.

B 1mMT03015X OpraHouI0B OCYIIECTBIISIIOTCS. OCHOBHBIE ATaIlbl Me-
Ta0OJIMYECKOT0 IIUKIIA KIETKU. 3/I€Ch K€ COCPEAOTOYEHBI U OCHOBHBIE
3alacHbIC TMHUTATEJIbHBIC BEIIECTBA, COBEPIICHHBIC KaTaOOJWYECKHE
CTPYKTYPBHI.

Pubocomsi. PUOOCOMBI — CpaBHUTEIBHO HEIABHO OTKPBITHIE Opra-
HOMJBI KJIIETKU. B 1UTOMIa3Me KJIETOK KMBOTHBIX OHU OOHApPYKEHBI B
50-e rr. XX B. ¢ IOMOIIBIO NEKTPOHHOIO MUKPOCKOIIA. 3aTEM HX yJia-
JIOCh BBIJICJIUTh OMOXUMUYECKUMH METOJIAMH, TOKa3aTh B HUX HAJIMYKE
PHK. Toraa e ycTaHOBUJIM UX y4acTHEe B CUHTE3¢ Oerka.

PubocomMbl ecTh y TIpo- M 3yKapuoTOB. PaznuyaroT 1Be UX pa3HO-
BUJIHOCTH Yy 3YKapUOTOB: PUOOCOMBI IIUTOIIA3Mbl U PUOOCOMBI Opra-
HOUAOB (TwiacTuA U MUTOXOHApUi). KoHcTaHTa ceaumenTanuu pubdo-
coMm y npokapuot 70 S, y sykapuot — 80 S, y rpuOOB U 3BIIICHOBBIX —
70 — 74 S, y BbICHIUX XUBOTHBIX — 55 — 60 S. CtpykTypa pubdbocom
MPUHIUIKAIIBHO OJIMHAKOBA y BCEX OPraHU3MOB, OHA COAEPKUT JIBE
cyOuacTuupl: 00JblIyl0 U Manyto. [Ipu CUIBHOM HM3MEHEHUH CpEIbl
IUTOIIa3Mbl pOOCOMa 00OpPaTUMO pacliaiacTcsl Ha ABE CYObEIUHUIIBI.
B cocraB pubocomsl BxoasaT PHK u 6enku, ynmakoBaHnHbie B puOOHYK-
neonpoteu. [Ipu CHUIKEHUM KOHIEHTPAIIMM MOHOB MarHusi B IIUTO-
IJ1a3Me MPOUCXOJIUT Pa3BOpPAYMBAHUE PUOOHYKJIICOMPOTEUTHOTO TSKA
U BO3HUKaeT OoJjiee phIXJiasg CTPYKTypa, KOHCTaHTa CEIUMEHTAIluU €¢
paBHa 35 S, 3aTem nepexo B cocTosiHue 22 S u nanee 110 S S.

Pubocomusie PHK uMeroT xapakTepHyr0 BTOPUYHYIO CTPYKTYPY,
KOTOpasi CO3/Ia€TCsl 3a CYET KOPOTKUX JIByCHUPAIbHBIX YYaCTKOB C
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npeoodagaHueM «IIMUiIeK» (Y4acTKU MOJIEKYJIbI, 00pa30BaHHBIE KOM-
MJIEMEHTAPHO CBSI3aHHBIMU HYKJIEOTHJaMH, Kak B MoJekyne JIHK).
benkoBbIii cocTaB pubocoM rereporeHeH. MosiekynsipHas Macca Bapb-
upyet oT 10 10 30 — 70 x/la. Uucno GeIKOB TakKe pa3sHOE: Y dyKapHuo-
TOB B prbocomax okojio 70 6enkoB, y mpokapuot — 50.

Nnentudukamnuio puOOCOMHBIX OEJIKOB MPOBOJAT C ITOMOIIBIO
anekTpodopesa. Pubocomubie 0eku 0003HAYAIOT MO MOPSJKY UX pac-
MOJIOXKEHUS Ha 3JIeKTpodoperpaMmax Mano cyobeauHuIbl kak S1, S2
U T.1., a 6onbion cyoseauuuisl — L1, L2, L3 u ap. Tlourn kaxmwiii
0eslok prOOCOMBI YHUKAJIEH, MPEACTaBICH OJTHOM MOJIEKYJIONH Ha pudo-
comy. bonpias 4acTh puOOCOMHBIX OEIKOB OTHOCHUTCS K OCHOBHBIM,
HO B puUOOCOME €CTh M HEOOJIbIIOE KOJIMYECTBO HEUTPATIBHBIX U KHUC-
JIBIX O€JIKOB.

OgHuM H3 OCHOBHBIX OOBEKTOB MCCIIEAOBAaHUS CTPYKTYPHO-
dbyHKIIMOHAIBHOW opraHu3aiuu pudbocom Obuta Escherihia coli; okaza-
JOCh, YTO B COCTaB Majiol cyOowbeauuuilpl pudocom E. coli Bxoaut
21 Genok, B coctaB Oombioit — 32. OmnpesneneHa Takke U MepBUYHAS
CTpYKTypa pubocoMHbIX O0eikoB E. coli; modyTu Bce UX KHUCIOTHBIE TO-
CJIEAOBATEbHOCTH YHUKaJIbHBI. VICKItoueHue cocrtapisieT 6enok S20,
UJCHTUYHBIN Oenky 126, u 6enku L7 u L12 no cyTu ABISIIOTCS OHUM
u tem xe Oenkom (L7 — ato amerunupoBaHHbIM mo N-koHity L12).
L7/ L12 E. coli — kucnslii 6eJ10K, COCTaBICHHBIA YETHIPbMS MOJICKYJIa-
MU Ha pubocomy. U y mipo- u y 3ykapuoT B pubocoMax UMerTcs Oel-
KU, aHajgjoruunaeie L7/ L12.

PubocomHbie O€JIKH 3BOIIOIMOHHO BEChbMa KOHCEPBATHUBHBI: TO-
MOJIOTHS 110 aMUHOKHUCJIOTHBIM MOCE0BATEIBLHOCTSM Y (DHIIOTEeHETH-
YECKHU OTJIAJICHHBIX Tpynn MokeT gocturats 40 — 50%.

B coctaBe pubocomsl ee OelIKh UMEIOT B OCHOBHOM IJI00YJISIPHYIO
KOH(OopMaIio, KOTOPYIO MOTYT COXPaHSTh U MPHU BhIIeIeHUU. benok
L7/ L12, obpa3yromuii B pacTBOpe AUMEp, MpeJcTaBiIseT coOol mMma-
JIOYKOOOPA3HYIO MOJIEKYJY; MOHOMEPHI UMEIOT TNIOOYIsipHbIi C-KOH-
LIEBOW JOMEH Y BBITSIHYTHIN N-KOHIIEBOM.

BakHoe 3HaUueHUe A1 MOHUMaHUs PabOThl pHOOCOMBI HMEET BHI-
SICHEHHE XapaKTepa B3auMOJICUCTBUSI €€ KOMIIOHEHTOB. Hekotopeie
Oenku pudOCOM CBSI3aHBI MEXIY COOOM B JOCTATOYHO CTAOUIIBHBIC
komruiekchl; 53 PHK B3aumoneicTByeT ¢ omnpe/ieieHHbIMU OeJIKaMu
O0JIBIIION CcyOYacTHIlbl, 00pa3ysl HYKJICONPOTESUIHBIN KOMILJIEKC, CIIO-
coOnbii cBa3piBaTh TPHK. MHTEpECHO OTMETHUTD, YTO HAOOPHI OEIKOB,
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oOpazyromux komiiekcsl ¢ 5SS TPHK, cxoansl y npo- u sykapuot. Psa
pUOOCOMHBIX OEIKOB CrieliM(UUHBI U HE3ABUCUMBI OT IPYTUX OCIKOB U
CBSI3BIBAIOTCSI C OINpPEJICIICHHBIMU YYaCTKAMU BBICOKOMOJIEKYJISIPHBIX
PHK, »T0 Tak Ha3bIBaeMble «KOpPOBbIe» Oeyiku. Hamuuue omHoro wim
HECKOJIBKMX «KOPOBBIX» OEJIKOB HE00Xoaumo miis cBsa3biBanusi ¢ PHK
IpYrux puOOCOMHBIX O€lIKOoB. Bce 3TH B3aMMOACHCTBUS UTPAIOT BaXK-
HYIO0 poJib B (h)OPMUPOBAHUU (PYHKIIMOHAJIBHBIX (AKTUBHBIX) IIEHTPOB
pubocom, obpasyromuxcs npu ykiaake Tsoka PHII B cyObenuHUIIBL
Tak, B pubocome HaxoasaTcss ”PHK-cBsi3bIBaromuii y4acTok; y4acToK
s yaepxkanusa amuHoauwia-TPHK  (A-nentp); nentuamn-TPHK-
CBA3BIBAIOIINM yuacTok (P-11eHTp), a Takxke nentuaui-TpaHchepasHbiii
LEHTP, B KOTOPOM MPOUCXOUT 00pa30BaHNE MENTUAHBIX CBSI3ECH.

VYxe Kk koHIly XX B. 0XapaKTE€pU30BaH padOuUMil LUK pUOOCOM.
OcHOBHBIE ATalbl CMHTE3a Oejika MOXKHO MPEJICTABUTH CJICAYIOIINM
oOpasom. [Iporecc 6eIKOBOro cCMHTE3a MOAPA3ALIAETCA Ha TPU dTara:
WHUIMAINIO (Ha4aJlo CUHTE3a), JIOHTaIui0 (0Opa3oBaHUE MENTHIHOM
IEMOYKN) U TEepMHUHAIIMIO (OKOHYaHME) cuHTe3a. JleTasn OuocuHTe3a
OeJika XOpOIlIO U3YUYEHBI Y MPOKAPHUOT.

[IpuBeeHHBIC TPUMEPHl KacarTCSd HWMEHHO JSTHUX OPraHHU3MOB.
[Ipu wHULMAaMK CUHTE3a OejKa MPOUCXOIUT COOpKa pUOOCOMBI U3
cyouactui u npucoeaunenue k Heit uPHK u dopmunmernonun-TPHK.
Ha stom sTtame TpeOyercs ydyacThe BHEpHMOOCOMHBIX OenkoB u I'TO.
[Tocne cOopku roTOBOTO K CUHTE3Yy OeJika KOMIUIEKCa IPOUCXOAUT BbI-
CBOOOXKIEHNE OEIKOBBIX (PAKTOPOB, IS 4Er0o HEOOXOAUMO paciierie-
Hue ['T® na I'’/I® u neopranmueckuii dpochar. B pudocome nPHK
pacrioiaraetTcsi Mexay OOJIBIION U MaJIoN YacTUIaMU; (POPMHUIMETHO-
HI-TPHK, cBsizannas ¢ manunuupyromum kogoHoM WPHK, 3anumaer
P-uienTp.

Cranusi »JIOHTAllMM HAYMHAETCS C MPUCOCAMHEHUS K pudocoMme
amuHoarmuiI-TPHK B A 1ieHTpe, 4To TpeOyeT ydacTrss BHEPUOOCOMHBIX
dakropoB u ['T®. 3arem oOpa3yercst nenTUAHAS CBA3b MEXKIY KapOOK-
CWJIBHOM Tpynmnoi (OPpMUIMETHOHUILHOTO OCTaTKa M aMHUHOTPYTION
aMHHOALMJIBHOTO OCTaTKAa, HAXOIAIIETOCs B A-LIEHTPE. DTOT MPOIIECC
MOJIYYWJI Ha3BaHUE ''TpaHCIEeNTU3aus'', T.€. MIEPEHOC MENTUANIBHOTO
ocTaTka (B MEPBOM IMKJE SJIOHTAIMHU 3Ty POJb BBIMOJHACT (HOPMUII-
MetroHuH) Ha aaTPHK, nokanu3oBanHyio B A-lleHTpe. 3aTeM HacTy-
MaeT cTajus TPaHCIOKAIuU — MepeMelieHue pudocomsl Baojib HPHK
Ha oJMH KOJOH. B pesynerare srtoro nentuauia-tTPHK u3 A-uentpa
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nonajaet B P-ientp, a oceodoauBmasics TPHK B P-nientpe yxonur u3
pubocoMbl. B 3TOM mporiecce y4yacTBYIOT BHEPUOOCOMHBIN (hakTop B
koMmiuiekce ¢ ' TO. Ilocime craauu TpaHCIOKAIMA TPOUCXOAUT THAPO-
m3 I'T® ¢ obpazoBanueMm I'/I® u Heopranmdeckoro ocdara u BbI-
cBOOOXIeHUs (pakTopa. B ocBOOOIMBIINICS A-IICHTP CAaJUTCS HOBas
mosekysa aa-TPHK; BriOop aa-TPHK ocymecTBisercss KojgoHOM, KO-
TOPBIM B 3TOT MOMEHT HAaXOJUTCS B HEMOCPEJACTBEHHON OJIM30CTU OT
A-uentpa. Ctaaus 3JIOHTallMU 3aKaHYMBAETCS, KOTJa Ha Majiol puodo-
COME OKa3bIBAETCS OJMH U3 TEPMUHUPYIOIINUX KOJT0HOB NPHK.

[Tocnenusisi cTaausi CUHTE3a O€IKa — TePMUHALIMS — MPOUCXOUT C
y4acTHEM BHEpUOOCOMHBIX (PakTopoB, a Takxke ['TdD; mpucoennHeHue
3TUX (DAKTOPOB BHI3BIBAET OTIIEIIJIEHUE TOTOBOTO MOJHUIMENTHAA OT IO-
cienneit nentuami-TPHK. OcBoboxnenue pubocom 0T (HakTOpoB
tepmuHanuu 1 MPHK u nuccoumarust pubocomM Ha CyObeIUHULIBI Tpe-
OyeT ydacTHs JOTOJHUTEIbHBIX OCIKOBBIX (hakTopoB 1 ['TD.

Takum oOpa3zoM, MEpBbIM 3Tan U3y4yeHUs PUOOCOM O3HAMEHOBAH
YCTAHOBJICHUEM NPUHLIUIOB WX CTPYKTYPHOW OpraHHU3alvv U CO37a-
HHUEM CXEMbl UX pabOThl B MpoIllecCe CHHTEe3a Oeika. 3amadeil nanb-
HEWIIIETO UCCIICIOBAaHUS CTPYKTYPHO-XMMHYECKOM OpraHu3aluv U
GYHKIIMOHUPOBAHUS pUOOCOM CTajo yTouHeHHe mMopdosoruu cyoyac-
THII, BBISICHEHUE KOHKPETHOM POJIM KaXKAOT0 KOMIIOHEHTA B CJIOKHOM
npoiiecce OEIKOBOTO CUHTE3A.

MumoxoHOpuu

Hctopust nzydeHus MUTOXOHAPUN HACUUTHIBAET OKOJIO 130 ier.
Ha3zpiBaTh MUTOXOHAPUAMU 3THU OpraHouabl ctamud B 1898 r. Onmnako
IJIAHOMEPHOE UX M3yudeHue Hayanoch juiib B 40 — 50-x rr. XX B. K
HACTOAIIEMY BPEMEHH MOJTYyYE€Hbl MHOTOYMCIIEHHBIE CBEJICHUSI O MOP-
bhoDYHKIIMOHATBPHON OpraHU3aIuy TUX OPTaHOHUIOB.

MUTOXOHJpUK OTCYTCTBYIOT y MPOKAPHUOT U BCTPEUAOTCS MpakK-
THYECKH BO BCEX KJIIETKAX 3YKApPHUOT, 3a UCKJIOUYEHUEM HEKOTOPBIX Ma-
pa3suTUUYECKUX MPOTUCTA. KOIMYECTBO MUTOXOHAPHI B KJIETKE 3HAYU-
TEJIbHO BapbUPYET: KJIETKU BOJIOPOCIEH COJEpKaT MO OJHONM MHTO-
XOHJIpUHU, B CHEPMATO30MJaX >KMBOTHBIX — oT 20 no 72, B comaru-
yeckux kietkax miekonutaromumx — 500 — 1000, a y ruraHtckou

ameOnl — 110 500 000.
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Onnako 00beMHBIC PEKOHCTPYKITMM MUTOXOHJIPUI Ha cpe3ax, Io-
JyYeHHBIE JJIT MHOTUX OOBEKTOB C MOMOIIBEI0 MUKPOCKOTTUYECKUX HUC-
CJICTOBAHUH, MOKA3aJIM, YTO KOJUYECTBO MUTOXOHAPUIN B KJIETKaX, MO-
BUJIMMOMY, 3HAYUTEIIBHO MEHBIIIE, YeM IIPEANOJIaraioch paHblIe.

Tak, y npoxokei, rpubOB, B raMeTax XJIAMHUJIOMOHAJIbI HAXOIUTCS
OJlHa TUTAHTCKas, CHJIBHO pa3BETBICHHAs MUTOXOHpus (puc. 6). Ec-
TECTBEHHO, YTO Ha OOBIYHBIX Cpe3ax IPH ITOM BBISBIISIIOTCS MHOTO-
YUCJICHHBIE MEJIKME MUTOXOHApUU. B dhubpodraacTax U HEPBHBIX KIIET-
KaxX MO3ra, KyJIbTUBUPYEMBIX 1N Vitro, Mpu PEKOHCTPYKIIUU 0OHAPYKH-
BaIOTCS JUIMHHBIC HUTEBHUIHBIC MUTOXOHJIPHH, a B TUM(DOIIUTAX — JBE-
TPU KPYIHBIE MUTOXOHJIPHH, PACTO0XKEHHBIE BOKPYT siapa. B mome-
PEYHO-TIOJIOCATBIX MBIIIIAX OOHAPYKUBACTCS HEOOJBIIIOE KOJTUIECTBO
CHJIBHO Pa3BETBIICHHBIX MUTOXOHJPHUH, TJIE OHM O0Opa3yeT Tak Ha3bl-
BaeMYI0 MUTOXOHJIPUATIBHYIO CETh.

Puc. 6. 'mranrckass MUTOXOHAPUSA rpuda:
1 — sapo, 2 — y4aCTKM TMTaHTCKOW MUTOXOHJIPUU Ha MOIIEPEYHOM Cpe3e

[1acTMYHOCTH OpraHu3aliid MUTOXOHJAPUN TPOSABIISAETCS MPU U3-
MEHEHHSX B OHTOreHese. Hampumep, BHadasie B 300CIOpPE OJHOIO M3
OOMHUIIETOB BCETO OJHA KpyIHast MUTOXOHApUs. [1lo Mepe pazButus oHa
YTOHYAETCSI, B HEW IIOSIBIISIFOTCS CKBO3HBIE OTBEPCTHSI, B KOHEYHOM
UTOTe 00pa3yIOTCsl YEThIpe MUTOXOHAPUM: OFHA OOJbIIAsS U TPU MEJ-
KHe. Y OT/ACNIbHBIX MpEeACTaBUTENeH 00JIbIIas 4acTh MEJIKUX MUTOXOH-
JIPUM B OOIIUTAX IO MEPE pOCTa ATUX KJIETOK CIUBAIOTCSA, U BOZHUKAET
TUTAHTCKas KOJIBIICBUIHAS MUTOXOHAPHS, OKpYXKarolias OOBIYHBIC
MEJIKUE MUTOXOHAPUHN U HEKOTOPHIC APYrUe OpraHou/ibl (B YaCTHOCTH,
anmapat ['oaskn). Ilocie momagaHus OOIUTOB B MOPCKYIO BOJY IPO-
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UCXOJUT pa3BUTHE, a 3aTeM U (parMeHTals TUTaHTCKON KOJIBIIEBOM
MUTOXOHJIPUM HA MHOTOYHMCIICHHBbIE Menkue. OJHOBpEMEHHO HaOIIo-
JAeTCA aKTUBM3AlLUs JbIxaHus ooruTa. [lomo0HbIE M3MEHEHUs OTMe-
YalOTCAd B XOJE€ KJIETOYHOTO IUKJIA 3BIJICH. MEJIKHE MUTOXOHIPUH
OOBEIMHSIOTCA B TUTAHTCKYI0, KOTOpas 3ateM (pparmentupyetrcs. 1 B
3TOM Clly4ae aKTHBHU3AIUs JAbIXaHUsI COBMAJAcT ¢ 0Opa30BaHUEM MHO-
TOYHUCIICHHBIX MEJIKUX MUTOXOHIAPUU U3 OJHOU TMTaHTCKOM.

Pasmepsl u popMa MUTOXOHIIPUH, BBISBISIEMBIX Ha OOBIYHBIX HX
cpes3ax, CuibHO BapeupytoT. 1o popmMe oHM MOryT OBITH HUTEBUIHBI-
MH, MAJTOYKOBUIHBIMH, OKPYIJIBIMA W TaHTEIECBUIHBIMU B IIpEIeiIax
onHo kieTku. Kpome Toro, ¢pa30BOKOHTpACTHAsi MUKPOCKOIHUS KH-
BBIX KJIETOK IIOKa3ajla, YTO MUTOXOHAPUU — OYEHb JUHAMHUYHBIC
CTPYKTYpPbI: OHU MOTYT PacTH B JUIMHY, C)KUMAaTbCA, JICIUTHCS — U BCE
3TO OBICTpEE, YeM 3a OJHY MUHYTY. MUTOXOHIpUHU, KaK MPaBUIIO, pac-
MOJIAratoTCs B KJIIETKE WJIM OKOJIO YYaCTKOB, T'JI€ PACXOIy€ETCsl SHEPIus,
WM OKOJIO CKOIUICHUM >kupa (JUNUAHBIX Kamnenb). CTporas opueHTa-
UsI UMEETCS BIOJIb KIyTUKA y CIIEPMATO30UJIOB; B AMUTEIHAIBHBIX
KJIETKaxX MOYEYHBIX KaHAIBIEB MUTOXOHAPHUH JIOKAJIU3YKOTCS B CKIaj-
Kax 0a3zaJibHON MeMOpaHbl, 00pa3ys BMECTE C HEIO anmnapaT akTUBHOIO
TPAHCIIOPTA MOHOB, CBONCTBEHHBIA BBIJEIUTEIBHBIM U OCMOPETYIIU-
pytomuM snutenusM. CKOIJIEHHE MUTOXOHJIpUNA OOHapyKUBaeTCs B
00JIacTH CUHAIICOB M B (POTOPELIENTOPHBIX KJIETKAX y OCHOBAHUS Ha-
PY>KHOTO YJIEHHKA, TJIe¢ OHU COCTaBJISIIOT OCOOYIO CTPYKTYPY — MHOM/I.
EctecTBEHHO, 4TO Takoe pacnojoxeHue ymeHbinaer norepu ATD Bo
Bpems ee nuddy3umu.

[Ipr 3JIEKTPOHHO-MUKPOCKOIIMYECKUX U CPABHUTEIBHO-LIUTOJIOTU-
YECKHUX MCCIIEIOBAHUSAX YCTAHOBJIEH OJUH M TOT K€ IJIaH CTPOEHUS MU-
TOXOHAPUM BCEX OPraHU3MOB — OT APOKIKEU 10 BBICIIINX )KUBOTHBIX.

OHU OKpY’KEHBI JIByMsI MeMOpaHamH, MEXKIYy KOTOPBIMH — MEX-
MeMOpaHHOE TTPOCTpaHCTBO. BHyTpeHHss MeMOpaHa oOpa3yeT BhIpPOC-
Thl B MUTOXOHJIPUAIIBHBIA MAaTPUKC — KPHUCThI, B MATPUKCE COJIEPIKATCA
JHK, pubGocombl 1 pasznuyHbie BKIIOUYECHHS. PuOOCOMBI MHOTIA TMpH-
KPEIUISIIOTCS. K BHYTpEHHEW MeMOpaHe Wiu 00pa3yroT MOJUCOMHbBIC
LECTIOYKHU.

dopMa KpUCT MOXKET OBITh IJIACTUHYATON WM TPyOUaTOM, OHH
pacrojararoTcsi Ju00 mapauieibHO JJIMHHOM OCH MUTOXOHJpUU (aK-
COHBI HEPBHBIX KJIETOK, IOINEPEUYHO-II0JI0CAThIE MBIIIIIBI), JUOO Mep-
NEHIUKYISIPHO €U (KJIETKU IE€YeHH, MoYeK). KpucTbl MUTOXOHApHUIA
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BeCbMa JJa0MIbHBIE 00pa30BaHUs U JIETKO NEPEXOJAT U3 OJHOM (HOPMBI
B JPYIyl0, a MHOT/Ia MOTYT M penyuupoBaThcs. Hanpumep, npu ana-
SPOOHOM Pa3BUTHUU APOXKKEU KPUCTHI MOUYTH HcUe3aroT. Eciu BHOBB
CO3/1aTh a3pOOHBIE YCJIOBUS, TO KPUCThl BOccTaHaBiuBaroTcs. CTpyk-
Typa MUTOXOHJIpUM 3aBUCUT OT (DYHKIIMOHAIBLHON aKTUBHOCTU TKAHU U
opranusma. [Ipu 3ToM MOXKET U3MEHSTHCA HE TOJIBKO KOJIMYECTBO MHU-
TOXOHJAPHUAIBHBIX KPUCT, HO W KOJUYECTBO CaMHUX MHUTOXOHJpuil. B
(GYHKIIMOHAIBHO aHAJIOTUYHBIX CTPYKTYpax y (PriIoreHeTHYecKu OTAa-
JICHHBIX )KUBOTHBIX MUTOXOHJIPUHU OOJIBIIIE CXOKHU MEXKITY COOOH, 4eM B
pa3HBIX OpraHax OJHOTO M TOTO K€ BUaa. Hanmpumep, B CTpyKType Mu-
TOXOHJIPUH JIETATEIbHBIX MBIIII] TOIYO0s U CTPEKO3bl OOJIBIIIE CXOJCT-
Ba, YeM MEXJIy MUTOXOHJPHUSMH JIETATEIbHBIX U CKEJIETHBIX MBbIIII]
CTPEKO3BI.

KonnyecTBO U cTeneHb pa3BUTUA KPUCT OMpeaesieTcss (PyHKIMOo-
HaJbHOM AaKTHUBHOCTHIO TKaHU. Tak, B MHUTOXOHJPHUAX CIOPOLMCT
Fasciola hepatica, mapa3ura ne4eHu MOJUTHOCKOB, KPUCThI €IMHUYHBI.
VY nepkapuu, BeAyIIeil aKTUBHBIA CBOOOJHBIM 00pa3 *KWU3HHU, KOIUYE-
CTBO KpPHUCT OYEHb BEJMKO. MUTOXOHAPUU OOJBIIMHCTBA KIIETOK
OOBIYHO UMEIOT Maji0 KPUCT, HO B CEKPETOPHBIX KJIETKaX PACTCHUHN MX
TaK JK€ MHOTO, KaK M B )KHBOTHBIX KJIETKaX (puc. 7).

-

A

Puc. 7. O01mas cxema opraHu3anum MUTOXOHAPHUH (A)
U y4acTKa ¢ rpudoBuanbIMu Teiami (b):
1 — HapyxHasg MemOpaHa, 2 — MeXMEMOPaHHOE TPOCTPAHCTBO, 3 — BHYTPEHHSA
mMemOpana, 4 — KpUCTHI, 5 — MUTOXOHIpHUaIbHbIN MaTpukc, 5 — JIHK,
7 — pubocomsbl, 8 — koHKpenuu (ocdara Kabiys, 9 — rpuOOBUIHBIE TEla
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Bynyun n1aOuibHON CTPYKTYpOM, MUTOXOHAPUHU JETKO MOAAAI0TCS
aJanTUBHBIM TepecTporikaM. Tak, Mpu TUMOJUHAMUU Y KPbIC KOJIMYE-
CTBO KaK KPUCT B MUTOXOHIPHSIX, TAK U CAMHX MUTOXOHJIpUUA B TOTIE-
PEYHO-TIOJIOCATHIX MBIIIIAX PE3KO yMEHbINaeTcs. Eciaum 3Tux >XuBOT-
HBIX 3aCTaBUTh aKTUBHO JIBUTaThCs (HAOpUMEp, IJIaBaTh), MUTOXOH/-
pUd  CTOJb XK€  OBICTPO  NPUHUMAIOT TPEKHUM BUI U
BOCCTaHABJIMBAETCSA UX UCXOJIHOE KOJIUYECTBO.

Hapy>xHast u BHyTpeHHSIE MEMOpaHbl MUTOXOHJIPUN 3HAYUTEIHHO
paznuyaroTcss Mexay coooi. ITpu MoBwIlIEHUH WU TOHMKEHUU OCMO-
TUYECKOTO JIaBJICHUS BHYTPEHHSA MEMOpaHa COOTBETCTBEHHO CMOp-
IIMBAETCS WA PACOPABISAETCS, JIETKO NMEPEXOAS U3 OJTHOTO COCTOSTHUS
B JIpyroe. A HapykHas MeMOpaHa CIOCOOHA JIMIIL K HEOOpaTUMOMY
pacCTSKEHUIO, BEIYIIEMY K Pa3phIBY.

MeMOpaHbl MUTOXOHJIpUN HEOAMHAKOBBI U MO CTPYKType. Tak,
COOTHONIEHHUE JIUIHUJIOB U OCJIKOB B HApPY>KHOM MeMOpaHEe COCTaBIISET
0,88 (T.e. B ee coctaB BXoAUT MeHble 20% Oeiika, BO BHYTPEHHEU
MeMOpaHne ux 75%). Jlunuapl BHyTpEeHHEH U BHEIIHEW MeMOpaH Takxke
Pa3IMYHbI — HACBIIIEHHBIX >KUPHBIX KUCIOT BO BHYTpEHHEH MeMOpaHe
oonpuie. HeoanHakoB cocTaB JIMNKUAOB B MeMOpaHax. Tak, BO BHYT-
peHHe MeMOpaHe OYeHb HU30K YPOBEHBb COACP)KAHUS XOJECTepUHA U
BBICOK — KapJIUOJHUIINHA, JBOMHOTO (Dochorauiepuaa, COCTOSAIIETO U3
JIBYX OCTaTKOB (hocaTUIHOW KHUCIIOTHI, CBA3aHHBIX JPYr C JIPyroM
DIMUEPUHOM. DTOT JIMIUJ NPAKTUYECKH HE BCTPEYACTCS B JPYTUX
MeMOpaHax 3yKapUOTUYECKUX KIIETOK U, MO-BUIUMOMY, OOYCJIOBJIMBA-
€T MaJyl0 NPOHUIIAEMOCTh BHYTPEHHEW MHUTOXOHJpUAIIbLHOU MeMOpa-
HBI J1J11 UOHOB.

Hecnenuduueckas mpoHUIIAEMOCTh Hapy>XKHOM MeMOpaHBI OIpe-
JESIeTCSl HAUTMYUEM B HEM OEJIKOB MOPUHOB, (POPMUPYIOIINX B JIMITU/I-
HOM CJIO€ MHOTOYHUCIICHHBIE KaHAJIbI, 4€pE3 KOTOPHIE MOTYT IIPOXOJIUTh
MouieKkyJbl Mmaccoit 10 10 k/la (cBoeoOpa3zHOE MOJIEKYJISIPHOE CUTO, Ha-
MIOMMHAIOIIEE HAPYKHYIO0 MEMOpaHy IpalllUIMKyTHBIX OaKTepuii).

Hapy>xHast MemOpaHa MUTOXOHJIpui OenHa GepmMeHTaMu; HEMHO-
ro UX U B MEKMEMOpPaHHOM MPOCTPAHCTBE. 3aTO BHYTPEHHSS MeMOpa-
Ha U1 MUTOXOH/JIpUAJIbHBIM MAaTPUKC OYKBaJIbHO HACHIIIEHBI UMU. TaK, B
MaTpuKce cocpenoToueHbl depMeHThl Iukia Kpebca u oxucieHus
AKUPHBIX KUCIOT. Bo BHyTpeHHEN MeMOpaHe JIOKaJIM30BaHbI LIEMb Ie-
pEHOCa BJIEKTPOHOB, JIbIXaTeIbHAs 1enb, (epMeHTHI (pochopunupona-
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HUSI 1 MHOTOYHUCJICHHBIE TPAHCHOPTHBIE CHUCTEMBI, 00ECIIEUNBAIOIINE
ee n30upaTeabHyI0 IPOHUIIAEMOCTb.

[Topsiaok pacnoaokeHus: MEPEHOCUYUKOB JIEKTPOHOB ObLI OIpee-
JI€H C TIOMOUIBIO PA3IMYHBIX HWHTHOUTOPOB, OJOKUPYIOIIUX pa3HBIC
3BCHbBS JIBIXaTCIbHOM ILICTIN.

Elie oTHOM CTOPOHOM JESITEIbHOCTH MUTOXOHIPUM SIBIISIETCS CIIE-
upuyecKkuil CUHTE3, B KOTOPOM OHU YYaCTBYIOT, 3TO CUHTE3 CTEPOU/I-
HBIX TOPMOHOB (KOPKOBOE€ BEIIECTBO HAANOYEHYHUKOB) U OTHACIIBHBIX
JIUTIAJIOB.

MutoxoHnpun umeroT cBoro cooctBeHnyo JIHK u coOcTtBeHHBIM
OEJIOKCUHTE3UPYIOIIHM anmapar.

Cpenu npoxiKel eCTh KaK BHJIbI, TEHOM KOTOPBIX IO CBOEH OpraHu-
3alu OJIM30K K MUTOXOHJIpUAJIbHOMY T'€HOMY IMO3BOHOYHBIX, TaK U BU-
Ibl, 3aHUMAKOIIME IPOMEXKYTOUHOE MOJIOKEHHE. OOHAKO IIUPOKUN
CPaBHUTEJIbHBINA MOJXOJ K MCCIEIOBAHUIO ITOW MPOOJIEMBbI MO3BOJIUII
OOHApYXUTh B OpPraHU3allUd MHUTOXOHAPHUAIBHBIX T€HOMOB M YEPTHI,
CBUJIETENBCTBYIOIINE 00 UX IBOIOIMOHHON KOHCEpBAaTUBHOCTH. K uuc-
Jy TakuxX MPU3HAKOB OTHOCUTCS OTHOCHUTEIIBHOE MOCTOSHCTBO MH(OP-
MannoHHou emkoctu JJHK murtoxonapwmii. Kak yxe roBopuiocs, B re-
HOMaxX MHOTHMX THIOB MOJABJISIONIETO OOJIBIIMHCTBA M3YYEHHBIX O0B-
ekToB MuToxoHapuaibHas JIHK kogupyer Bce cOOCTBEHHBIE BCIIOMOTa-
TEJIbHbIE U OEIOKCUHTE3UPYIOIINE CUCTEMBbI (JIB€ BBICOKOMOJEKYJISP-
Heie pPHK u TPHK) u okono 7 — 8 GenkoB BHYTpeHHEW MeMOpaHbI
(bepmenTh! apixaTenbHOM e U AT®O-CMHTa3HOTO KOMILIEKCA).

OnHako M B 9TOM cilydae He o0xoauTtcst 0e3 uckiaodeHuil. Tak, B
MHUTOXOHAPHUAX PACTEHUN KOAMpyeTca HuskomousekysipHas PHK pu-
0ocoM. B MUTOXOHApHAIBHBIX T€HOMaX XJaMUJOMOHAIbl U UHPY30-
pUU TETpaxUMEHbl coJepkuTcs uHopmanua He 000 Bcex TPHK:
gacth TPHK, paboTaromux B MUTOXOHIPUIX, 3aKOJUPOBAHA B TEHOME
anpa. A B SiICGPHOM T'€HOME TPUIIAHOCOM Mpe/CTaBieHa UHPpOpMAITUs
000 Bcex TPHK MuTOXOHIpHanbHON OEIOKCUHTE3UPYIONIEH CUCTEMBI.
Cy1iecTBeHHbIC pa3inyuus HAOMIOAIOTCA MEXKY Pa3HbIMU OObEKTaMHU
U B KOJUPOBAHMM O€JKOB JbIxaresbHOW 1enu U ATd-cuHTa3zHOrO
KomIuiekca. Takum oOpa3om, Ha (POHE OTHOCHUTEIBHOTO IMOCTOSHCTBA
UH()OPMAIIMOHHONW €MKOCTH MHUTOXOHAPUAIIBHOTO T€HOMA BBISIBIIICTCS
Y 3HAYUTEIbHAS SBOJIIOLIMOHHAS TJIACTUYHOCTh 3TOTO MPU3HAKA.

49



lMMnacmuodsbi

[Tnactuapl — cnenupUUecKue «IHEProJarolIne» OPraHOUIALI pac-
TUTEJIBHBIX KJIETOK — MOJAPOOHO pacCMaTpHUBAIOTCA B Kypce aHATOMUHU
U (U3MOJIOTUM PACTEHUM, MOATOMY MBI YJEIIeM 3TOMY OPTraHOUIy
3HAYMTEJIbHO MEHBIIIE BHUMAHUS, YEM MUTOXOHJpHUsIM. BriepBeie mia-
cTtunbl ObutM omucaHbl A. JleBenrykoM B 1676 1. MIHTeHCUBHOE HX
M3y4YEHHE HA4aIoCh ¢ KOHHA XIX B. W mMpomoOiDKAaeTcCsa B HACTOSLIEE
BpeMsI B CBSI3U C aHAJIU30M IPOIECCOB (hOTOCHHTE3A.

VY BBICHIMX PACTEHUH BBIACISIOT CIEAYIOMINE BUABI TIACTH]T — XJIO-
POILIACTHI, JIUKOIIACTHI M XPOMOTIIACTHI, MPEICTABIISIONINE COOOM sl
B3aMMHBIX IIPEBpAIlCHUA OJHOIO0 BHUJA IUIACTUI B Apyrou. Ilepsbie
UMEIOT MPEUMYIIECTBEHHO 3€JICHBIN 1IBET, 00YCIIOBJICHHBIA MPUCYTCT-
BHUEM XJIOpO(HMIIA, BTOpbIE OECIIBETHBI, & B TPETHUX — KPACHOTO, JKEJI-
TOTO WJIM OPAH)KEBOTO IBETa — XJIOPOMUIT MACKUPYETCsl OOIBIITUM KO-
JMYECTBOM KapOTUHOMAOB. I[LmacTuapl MMEIOTCS BO BCEX TKAHAX Y
OOJIBIIMHCTBA BBICIINX PACTEHUN, OAHAKO (HYHKIIMOHUPYIOIIUE XJIOPO-
JIACTHI OOHAPYKUBAIOTCS TOJIHKO B (DOTOCHHTE3UPYIOITUX TKAHSIX.

Yucmo miactull Ha KIETKY 3HAYUTENBHO BapbUPYET: OT OJIHOM
(Y HEKOTOPBIX BUJOB XJIAMUIAOMOHAJ) IO AECATKOB M HECKOJBKHUX CO-
TeH (y BbICHIMX pacTeHui). OObBIYHO KJIETKH BBICIIMX PACTEHUM CO-
nepsxkat okoJio 30 xynopomactoB. X pazMepsl B CpeTHEM COCTABIISIIOT
4 — 6 MxM. OOMIMH TUTaH CTPOSHHMS XJIOPOIUIACTOB OJIMHAKOB U Y BOJO-
pOCJIEH, ¥ Y BBICILINX PACTCHUM.

[To00HO MUTOXOHAPHUSIM, XJIOPOIUIACTHI MMEIOT HAPYXKHYIO U
BHYTPEHHIOI0 MEMOPaHbI (TaKKe paziInyaroninuecs Mo MpOHUIIaeMOCTH )
u crpomy, coaepxauryto JJHK, pubocombl u BkiItoUeHUs (ILIACTOIIIO-
OyJibl, KpaxMaJIbHbIE 3€pHA, OEIKOBBIE KpUcTaILIbl). Kpome Toro, xio-
pPOIUIACTBl MMEIOT CHUCTEMY BHYTPEHHUX MeMOpaH, (pOpMHUPYIOIIHNX
IJIOCKME MEIMIOYKHU, KOTOPBIE HA3bIBAIOTCS TWIAKOWAaMH. B cTpome
XJIOPOIJIaCTa TUJIAKOUJIBI MOTYT PacrojaraTbCsi MOOJAMHOYKE (arpaHy-
JSpHBIE TWJIAKOUBI) WJIM COOUPAThCS B CTOIKH, 00pas3ysl Tak Ha3bl-
BacMbI€ rpaHbl. UKCIIO TWJIAKOWAOB B IpaHaX PAa3HBIX KJIETOK MOXET
OBITh HEOJIMHAKOBBIM, TaK € KaK YMCJIO rpaH B xjoporuiactax. O0bIu-
HO TIJIACTUJIBI UMEIOT DJITUIICOUIHYIO (hopMYy.

Bapeupyst ycnoBus coJepkaHus PacTCHUW, MOXHO HW3MECHUTH
CTPYKTYPY XJIOPOILIACTOB, KOTOpasi 3aBUCUT OT Pa3IUYHBIX (PAKTOPOB,
B TOM YHCJIC€ U3MEHEHHI YPOBHS OCBEIIEHHOCTH, MUHEPAJIBLHOTO MUTA-
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HUs, OTTOKA CaxapoB, COJAEpPKaHUsI TOPMOHOB U Jp. JIaOMIBHOCTH XJIO-
POIIACTOB BBIPAXAETCsl €lIe U B TOM, YTO MEMOpPaHbl COCETHUX XJIO-
POIUIACTOB MOTYT CIIMBAThCS; 3TO SBJIICHHE HAOIIOATI0Ch C TTOMOIIbIO
MHUKPOKUHOCHEMKH.

Opranusanys reHoMa XJIOPOIUIACTOB CXOJHA C TAKOBOM Yy MpPOKa-
pHOT.

CXOZICTBO ¢ MUTOXOHJIPUSIMH B TOM, YTO XJIOPOILIACTHI MUMEIOT
coOcTBeHHYI0 reHeTnueckyto cuctemy — JJHK xnopomnnacta — u coOceT-
BEHHBIN OEOK-CUHTE3UPYIONTMNA ammapaTr. Tak ke KaKk U MUTOXOH]-
pHH, XJOPOIUIACTHI ACHATCS, UX JCJICHUIO MPEAIIECTBYET ACICHHUE HX
JAHK, xpome TOro, neneHve MpOUCXOIUT HE3ABUCUMO OT KJIETOYHOIO
NEJICHUS.

HacnenoBanue xj0poIruiacToB yallle BCero cMemanHoe. Hu y on-
HOM M3 UCCJIEAOBaHHBIX TPYIN PaCTEHUN HE HAOIIOJAETCA Haclea0Ba-
HHUSL CTPOTO IO KaKOW-TO OJAHOW POJUTENILCKOW JIMHWUM, BCTPEUAIOTCS
ClIydyal KaK MaTE€pPUHCKOTO, TaK U OTIIOBCKOIO HaclieloBaHUs (XBOM-
HBIE), @ TAK)KE CMEILIAHHBIE BAPUAHTHI (LIBETKOBBIE).

JIHK xiopomiacToB HE TOMOJIOTMYHA SJACPHOM M OTJIIMYAETCS OT
HEe IUIaBy4Yel MIOTHOCTHIO U copepxkanueM ['I{-map. [IHK nmeer komnb-
neByro dopmy. JIHK xmopomnactoB comaepxut Oombiiie nH(pOpMaImH,
4eM Y MUTOXOHJPHH, XJIOPOILIACTHI CHHTE3UPYIOT TAKKE CBOU JIUITUIBI.

Ilekuma 8. MembpaHHbIe CTPYKTYpbI
MeTaboNMMYecKoro n katabonmyeckoro oomMmeHoB

AHdormaamamu4yeckasi cemb
(3HOonnaamamu4eckul pemukysnym)

OupomiazMmarudeckas cetb (JIIC) — cpaBHUTENBHO «MOJIOTON
MeMOpaHHBIN opranou. MicTopus ee n3ydeHus Hadajaach ¢ BHEAPCHUS
B TIPAKTUKY IIUTOJOTHYECKUX HCCIASAOBAHUN YIBTPACTPYKTYPHOTO
aHanu3a. OTKpPBITHE DHIOIUIA3MAaTUUECKOW CETH U JOKa3aTeIhCTBO Ha-
JUYHUS €e BO BCEX DYKAPHOTHBIX KJIETKaX HAHECIH CEPhe3HBIN yap 1o
B3TJIAJIaM Ha ITUTOILIa3My KakK Ha 0€CCTPYKTYPHYIO KOJUIOMJIHYIO CHC-
TEMYy U JISTJIM B OCHOBY COBPEMEHHBIX IPEJCTaBICHUH O Tpexda3zHoi
OpraHM3aly IUTOTUIA3Mbl M YHHBEPCATBbHOCTH TPUHIUIIA KOMMapT-
MEHTAJIM3aIU1 U CTPYKTYPHPOBAHHOCTH OMOXUMHUYECKHUX IPOIISCCOB.
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CymectByror ase pazHoBuaHoctu JIIC: mepoxoBaras U rpany-
JYMpPOBaHHAS; OHU OrpaHUYEHBI MeMOpaHoU TonmuHou 6 — 7 uM. Ille-
poxosaras JIIC npencrapiseT co00i yIUIOMIEHHbBIE ITUCTEPHBI, HA MO-
BEPXHOCTH KOTOPBIX PAacCIojaraloTcsi MHOTOYHMCIICHHBIE PUOOCOMBI.
I'magkas OIIC, kak npaBuiio, NpeacTaBieHa TyOyIsIpHbIMU 00Opa3oBa-
HUSMH — CUCTEMOM TMeperuieTaloNINXCsl TpyOOUeK, KaHAJIOB U My3bIPh-
KOB HeOoubiioro auamerpa. Mexnay mepoxoBaroid u riaakou IIIC
CYIIECTBYET CTPYKTYpHas B3aWMOCBS3b BCIEJICTBUE MPSIMOTO MEPEXO-
1a MeMOpaH OJIHOrO TUMa B MEMOpaHbl IPyroro, KaHajibl U LUCTEPHBI
aTtux pazHoBugHocTer JDIIC He pa3rpaHHYeHBbl CIEHUAIBHBIMU CTPYK-
TypaMd. B HEKOTOpBIX KJIETKaX MOXHO BBIACIUTH MPOMEKYTOUHBIN
TUI HAOIUIA3MATHYECKON CEeTH, MPEACTABISIONIMNA COOO0M YacTh Ile-
POXOBATOr0 PETUKYJIyMa, yTpaTUBIIETO pUOOCOMBI. OOBIYHO Takas
CETh KOHTAaKTUpYET ¢ anmapatom [onbmxu. IMEHHO B 3TUX ydacTkax
OIIC npoucxoauT 00pa3oBaHHWE TPAHCHIOPTHBIX IMY3BIPHKOB, OOecIe-
yuBaronux cBa3b JIIC ¢ annaparom [ onbmxu.

Pa3zBuTre nByX THUIIOB SHIOIUIA3MATHUYECKOM CETH B OHTOTCHE3E
UJET HEe OJIHOBpeMeHHO. Tak, y remnarouuroB B SMOPHOHAIBLHOM THUC-
torenese riaakasgs JIIC BO3HMKAET TOJHLKO HAa OTHOCUTEIHLHO MO3IHUX
JTamax pa3BUTHSI, KOTJIa KJIETKH YK€ 00JaJar0T BBIPaKEHHOM CHUCTe-
Mou mepoxosaton IIIC.

HecmoTpsi Ha CTpYKTypHYIO CBsI3b, 00€ pasHoBuaHocTu OIIIC
MPEACTaBIAIOT coO0M MocTaTOuHO MU depeHIIMPOBAHHBIE OPTaHOUIbI
METa0O0JIMYECKOTO amnmnapara, 00eCleunBalOIUe BHIOJHEHUE Pa3HBIX
(GYHKIUH.

OpHa U3 rIaBHBIX M BaXHEUIIUX (QyHKIUH mepoxoBaThix JIIC —
obOecrnieueHre CUHTE3a OETKOB Ha MPUKPEIJICHHBIX PUOOCOMaxX U BHYT-
PUKJIETOYHOTO UX TpaHCNOpTa. BBIAECHSAIOT TpU OCHOBHBIEC TPYMIIHI Ta-
KHX OEJIKOB: CEKPETOPHBIE OCJIKH, TPAHCIIOPTUPYEMbIe BO BHEKJIETOU-
HOE MPOCTPAHCTBO, HEKOTOPHIE OCIKU KJIETOYHBIX MeMOpaH, crernudu-
yeckue OeJIKM BHYTpeHHe (a3pl mMeMOpanHbiX opranoujioB (JIIIC,
anmapara ['oiabKu, TM30C0M, MaTPUKCa MUTOXOHIPUI).

Crenenp pasutus mepoxoator JIIC moxer BappupoBath. Tak,
B KJIETKaX, CHECHUAIM3UPYIONIMXCS Ha peanu3aiuu oOmux (QyHKIHMA
opranu3Ma (3K30KpHUHOBAsI YacTh MOJHKETYJIOYHON JKEJI€3bl TTO3BOHOY-
HbIX), mepoxoBartas JIIC mpencraBieHa KOMILJIEKCOM YIUIOMIEHHBIX
IUCTEPH, PACIOJI0KEHHBIX B 0a3aJbHOM OTJEJIE KJIETKHU, MPUUYEM €€
IMCTEPHbl 3aHUMAIOT 3/IECh OCHOBHYIO 4YacTh LMTOIUIa3Mbl. Yucio
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MPUKPETUJICHHBIX PUOOCOM B 3TOM CJIydae TaK BEJIUKO, YTO OHU 00pa-
3YIOT CIUIOUIHOM CJIOM, KOHTAKTHUPYIOIIUHA ¢ TAKUM K€ CJI0eM puOoCcoM
cocenHeil meMOpanbl. B npyrux kierkax mepoxopatas JIIC moxer
OBITH TIpEJCTaBJIEHa OJAMHOYHBIMU IHUCTEPHAMH, Pa3OpOCAHHBIMHU IIO
nuroriazme. [llepoxoBaras OIIC moxker cnenuanu3upoBaThCS HA
CUHTE3€ M TPAHCHOPTHUPOBKE KaK OJIHOrO BHAa Oeiika (Hampumep,
MJIa3MaTHYECKUX JIUM(POUTHOM CHUCTEMBl TO3BOHOYHBIX), TaK M He-
CKOJIbKMX. B mocieaHem ciaydae BO3MOXHBI JBa BapraHTa OCYIIECTB-
J€HUS MYJIbTUCUHTETHUUECKON NESITENIbHOCTH KIETKU: 0€3 BUIUMOUN
Mopdosiornueckon audpepeHuupoBKH OEIOKCUHTE3UPYIOIIETO amma-
paTa (CEKpeTOpHBIC KJIETKHU MOJKETYI0YHOM KeJie3bl, TenaTolUuThl U
JIp.) ¥ TIpU OTUETINBOMN nudPepeHIIUpOBKEe IIEPOXOBATON CETH U KOM-
miekca ['onbIKK Ha pa3InyHbIe YYaCTKH COOTBETCTBEHHO Pa3HBIM TH-
naM BbIpa0aThIBAEMOT0 KJIETKaMU OEJIKOBOTO cekpeTa (TOJIUILIONIHBIC
KJIETKH CJIFOHHBIX JK€JIe3 HEKOTOPBIX ABYKPBUIBIX).

Annapam NonbOxu

B oTnmuume ot mia3zmMaTrudecKou cetH, anmapar [oJbIKu OTKPBIT B
koHile XIX B. Ero MeMOpaHHbIE CTPYKTYpbl CIIOCOOHBI OCAXIaTh COJIU
OCMUSI, YTO JIEJIAET BO3MOYKHBIM U3YYEHUE JAHHOW CTPYKTYPHI B CBETO-
BOM MHKpOcKore. Pa3paboTka OMOXMMHUYECKHX METOIOB HCCIIEI0Ba-
HUSI, SJICKTPOHHOM MUKPOCKOIHWHU W IIUTOXWUMHUHU J1ajla MHOTO HOBBIX H
UHTEPECHBIX MOIPOOHOCTEHN B CTpOECHUHU U GyHKIIMOHUPOBaHUH Al

AT — 510 0c00adg yacTh META0OINYECKON CUCTEMBI IIMTOILUIA3MbBI. B
€ro COCTaB BXOJST LIUCTEPHBI, TPYOOUKH, PA3JIMUYHbIC BAKYOIU U TPAHC-
MOPTHBIE MY3BIPHKH, COACPKUMOE ITUX MEMOpPAHHBIX KOMIIOHEHTOB U
creluaibHas 30Ha THalomia3mMel — nuto3oibs Al B nmepudepudeckom
IIUTO30JI€ PACIIOJIOKEHbI CKOIUIEHUS MOJUPUOOCOM, CHUHTE3UPYIOIIUX
psn pepMeHTOB, crienuPUIecKuX Il MEMOpaH armapaTa [ osb 1Ky,

A" MOXeT OBITh MPEACTaBICH B KJIETKE OJHUM OTHOCHUTEIHLHO
KPYIHBIM KOMIUIEKCOM MEMOpPAHHBIX CTPYKTYpP, HaXOJSAIIUMCS B CIie-
HAATBHOM Yy4acTKe ruanoruia3mbel. OQHAKO Yallle BCTpPEYaeTcs Lenas
CHUCTEMa CBSI3aHHBIX MEXy COOON WJIM M30JUPOBAHHBIX KOMILIEKCOB,
PACTOJIOKEHHBIX B PA3HBIX YYaCTKAX IUTOIIA3MbI — JTUKTHOCOMBI, JIO-
KaJIM30BaHHBIC B alMKaJIbHOM, IEHTPAJbHOM M 0a3ajJbHOM YacCTAX IIH-
TOIJIa3Mbl, OHU CHEIUAIU3UPOBAHBI HA OOpPa0OTKE Pa3HBIX CUHTE3U-
PYEMBIX WU TOTJIONIAEMbBIX U3 TEMOIUM(BI BEIIECTB.
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[{enTpanbHasi, HanOoJiee TUITMYHAS U MMOCTOSIHHASI CTPYKTYypa ara-
para ['oibKM — 3TO CTONKA MPUWIETAIOMINX APYT K IPYTY, YILIOMIEHHBIX
UCTEPH. JTa CHUCTEMA LIUCTEPH MOJSPU30BAHA KaK MO BEPTUKAIBHOM,
TaK U MO0 TOPU30HTAIBHON OCH — OT LIEHTpa K Nepudeprun Kaxaou 1uc-
TepHbL. BepTukanbHasg MOJApHU3alMs YacTO BBIPAKAETCS B HAIAYHAU
JBYX TIOJIFOCOB, MHOT/IA pa3ivyaromumxcs no Mmopdosnoruu. Paneiine ux
MMEHOBAJIM BBINYKJIBIM U BOTHYTBIM, MPOKCUMAIbHBIM U JAUCTAIBHBIM,
pEereHepaTopHbpIM M cekpeTopHbIM. Ceilfyac OoJiee MPUHSITO Ha3bIBATh
COOTBETCTBEHHO ILIUC- U TPAHCITOIKOCAMHU. BBIIEIAIOT TaKKE U CPETHIOIO
(wmm MmenuanbHyr0) yacTh Al. Ha nmcmosmtoce KOMIUIEKCa KpaeBbie
IIUCTEPHBI OOBIYHO HAXOJATCA B TECHOM KOHTAaKTE C AHAOIIa3MaTHye-
CKOM CEThIO; OHU YIUIOUIEHBI U U30THYTHI TAKUM OOpa30M, YTO UX BbI-
nykJjias nmoBepxHocTh oOpaimieHa k JIIC. Ha TpaHcmostoce IUCTEpHBI
OOBIYHO pacCIIMPEHbI U 3aMOJIHEHbI CEKPETOM. 371eCh MHOTIa HalIro/a-
€TCsl HETOCPEACTBEHHBIM MEPEeX0/1 LENbIX UCTEPH WM UX nepudepu-
YECKUX YYaCTKOB B CEKPETOpPHBIE TIpaHyJbl. [[HUCTEpHBI TpaHCHOIIOCA
CBOEH BOTHYTOM IMMOBEPXHOCTHIO OOpAIIEHBI K IUTOIIIa3ME.

[Muc- u Tpancyactu anmapara ['oJbKU CyIIECTBEHHO Pa3InyaroT-
CAd U IO XUMHUYECKOMY cocTaBy. C MOMOIIBIO MUTOXUMUYECKUX METO-
JIOB TIOKa3aHO, HaMpHUMeEp, 4TO Kuchas (ocdartaza JoKaIu3yeTcs U B
TpPaHCYACTH U HE OOHApPYKUBAETCS B IMcUacTU KomIuiekca. HekoTopeie
(GhepMEHTHI YHAOIIA3MATHYECKON CETH, HAPOTUB, BBISABISIIOTCS TOJIBKO
B nucuactu Al'. Temu xe MeTogaMH MOKHO NMPOJIEMOHCTPUPOBATH U
nubepeHIMPOBKY ITMCTEPH IO TOPU30HTAIU. Tak, B IUCHHUCTEpPHAX
dbepmenThsl DIIC KOHIIEHTPUPYIOTCS B UX NEPpUPEPUUECKUX yUACTKaX.
AJleHUIaTUMKIa3a JIOKAJIU3YETCsl B PACIIMPEHHBIX KOHIEBBIX YUACTKAX
TPAHCUMCTEPH M OTCYTCTBYET B MX ILEHTpaidbHON uyactu. Ha mepude-
pUHU TPAHCIIUCTEPH YacTO HAOJIOJAETCS U KIIATPUHOBOE «OITYILICHUEY.

OnvH U3 TpuMepoB TUNUYHOM opranu3anuu Al maroT cau3ucTeie
OOKaJIOBUJAHBIE KJIETKU KHUIIEYHOTO SMUTEIUS MIEKomuTaroumx. Me-
TOJOM aBTOpaavorpauu Ha yJbTPACTPYKTYPHOM YPOBHE B HUX Je-
TQJIbHO M3Yy4Y€Ha JMHAMHUKA CHUHTE3a MYKOIPOTEHIHOTO CEKpeTa. Ar-
napat ['odbKKM B ATUX KIETKAX 3aHUMAET 3HAUUTENIBLHYIO OOJACTh
HaJIbSIICPHOM LUTOILIA3Mbl U TIPEJCTABICH B OCHOBHOM OJIHUM KpYII-
HBIM KOMIUIEKCOM CHJIBHO M30THYTBIX IIUCTEPH.

Oco0Oyto posib B ()yHKIIMOHUPOBAHUU armapara [ oibIKu uUrpaet
COOCTBEHHO COPTHUPOBOYHBIN KOMIIAPTMEHT, WJIM TaK Ha3bIBA€MbIU
TpaHCpaCHPEACIUTENbHBIA OTAEN (pacUOpeAeIUTENbHBIA OTAEN TPAaHC-
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4acTH) KOMIUIeKca — nepudepudeckas (1Mo BEpTUKAIN) YaCTh TPAHCIIU-
CTepH. B 3TOM KOMIIapTMEHTE, MO-BUIAMMOMY, UMEET MECTO OKOHYa-
TEJIBHOE pa3/IClICHHE TPEX MOTOKOB BEIIECTB — CEKPETOPHBIX OEJIKOB,
MEMOpaHHBIX U JIN30COMAIbHBIX (DEPMEHTOB.

Ha npumepe MHOTUX KJIETOK B HACTOSIIEE BPEMsS MOKA3aHO, YTO
HE XapaKTEpHBIM 1Ji1 HaIMEMOpPaHHOW YacTH MOBEPXHOCTHOTO amma-
paTa yIJIEBOAHBIN aHCaMOJib, ONPEACNSIIOMUN crenupuKy ITaHHON
KJIETKH, (DOpMUPYETCS B My3bIpbKax amnmapaTa ['oJbIKu U ykKe B TOTO-
BOM BHJIE BCTPAMBAETCA B CUCTEMY IMOBEPXHOCTHOTO armapara. Takum
o0pa3oM, UIMEHHO 4Yepe3 amnmapar ['oJb/IKU MOKET B KOHEYHOM CHETE
PETYJIMPOBATHCS COCTOSSHUE OCHOBHOM PELIENTOPHON CUCTEMBI KIIETOK.
B To e Bpemsi HaOIIOAAI0TCSl HE MEHEe TECHbIE OTHOIICHUS arnmnapara
INonbxu ¢ memOpanamu JIIC u snepHO 000JI0YKH, YTO 00YCIIOBIIH-
BAa€T BO3MOYKHOCTH ONOCPEJOBAHHOIO WJIM IPSAMOTO TE€HETUYECKOTO
KOHTPOJIS 32 €r0 CUHTETUYECKOU JEATENBHOCTHIO.

Anmnapat ['oJbJI>KU SIBJIIETCS OPTaHOUIOM, B KOTOPOM IPOTEKAIOT
KJIFOUEBBIC 3BE€HbS aHAOOJIMYECKUX MPOIIECCOB, HO MPHU 3TOM HE UCUep-
MBIBAETCS €r0 MCKIIOYUTEIIBHO BaXKHas pOJb B JKU3HEACSATEIbHOCTH
kietku. Oynkimonuposanue Al' odbecrieunBaeT 1 HOpMaJIbHOE MPOTE-
KaHHE KaTaOOJMYECKUX MPOIIECCOB, MOCKOJIbKY OH MPUHUMAET HEIo-
CPEICTBEHHOE y4acThe B 00pa30BaHUU JTU30COM.

B anmnapare ['oibku IpoXoasiT HOCTTPAHCIAIIMOHHYIO 00pabOTKyY
JIU30CcOMajbHbIe epMEHTHI — THpoia3bl. KpoMe Toro, oH MOXET TeM
VI UHBIM 00pa3oM y4acTBOBATh U B UX CTPYKTYPHOH YMaKOBKE, T. €.
0o0pa3oBaHUM MYKOIOJHUCAXaPUJHOTO MaTpHKCa U MEMOpaH NEepBUY-
HBIX JIU30COM. OCHOBHAs 4acTh 3TUX MPOLIECCOB Y HEKOTOPHIX KIIETOK
MOXET OCYIIECTBIATHCS B crnenuainusupoBanHom otaene JIIC, Hemno-
CPEIACTBEHHO CBsi3aHHOM ¢ Al'. B npyrux xietkax mist 3TOM LEIN UC-
MOJIB3YIOTCS OT/IENIbHBIC IUCTEPHBI ammaparta [ oibaku, mo nepudepun
KOTOPBIX (hOPMUPYIOTCA MEPBUYHBIE JIU30COMBI. B cityuae y3koil cre-
qUaau3aluy, HanpuMmep Opu oOpa30BaHUM TUTAHTCKOM JM30COMBI
CIIEpPMATO30MI0B (aKpOCOMBI), NIESITEIBLHOCTh ammnapara IeJIMKOM Ha-
paBjieHa Ha 00pa30BaHUE 3TON CTPYKTYPHI.

VYyactue annaparta ['onb/ku B KaTaOOJIMYECKUX MPOIEeccax MHO-
I7la He OorpaHUYMBaeTCs oOpazoBaHueM Jm3ocoMm. Hampumep, B kiert-
KaX »UPOBOr0 TeJla HACEKOMBIX 3a cueT My3bIpbkoB Al dhopmupyercs
MeMOpaHa ayTo(aruueckoi BaKyoOJH, Ha IEPBBIX ATalax Ipolecca He
COAEPKAILIEN JTU30COMHBIX THIPOIA3.
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Wrak, annapat ['onbaKu — yHHUBEPCAIbHBIA OPraHOU] dYKapUOT-
HBIX KJIETOK, UTPAIOIIUN BAXKHEUIIIYIO POJIb B OpraHU3aI[uu BHYTPUKJIE-
TOYHOTro Metabonn3ma. DyHKIMSA €ero B KJeTKaxX pa3HbIX TUIIOB MOXET
MPOSIBISATHCS] HEOJAMHAKOBO, YTO M OOYCIIOBIMBAET OO0JIBIIIOE pa3HOOOpa-
3ue MOpGHODYHKIIMOHATBLHON OpraHu3aiuu 3Toro opraHouaa. OHaKo,
HECMOTPS. HA MHOTOYHUCJICHHbIE MOJU(UKAIIMKA KOMIUIEKCa, €ro olIiee
(GYHKIIMOHAIBHOE 3HAYEHWE W B3aUMOCBSI3b C JPYTUMH CUCTEMaMU Me-
Ta0OJIMYECKOTO anmapara IUTOIIa3Mbl, a TaKXe C MOBEPXHOCTHBIM U
SJICPHBIM arapaTaMyd OCHOBaHbI Ha OOIIMX JJII BCEX KJIETOK MPHUHIIU-
nax. DTOT OpraHOMWJ, B YAaCTHOCTH, OOECIEUMBACT 3aKIIOYUTEIIbHBIC
3Tambl (POPMUPOBAHUS U CO3PEBAHUSI BCEX CEKPETUPYEMBIX KIIETKOMN
MPOJIYKTOB, (DEPMEHTOB JIN30COM, a TAK)Ke OCJIKOB M TJIIMKOIPOTEHIOB
MIa3MaTH4eCcKOM MeMOpaHbl TOBEPXHOCTHOTO armapara KJISTKH.

Jluzocomwi. JIN30COMBI — 3TO MEJIKHE ITY3bIPbKH, OrPAHUYCHHBIC
MeMOpaHOM U cojiepKale Habop THMAPOIUTHUUECKUX (PEPMEHTOB, OC-
HOBHasi QyHKIUSI KOTOPBIX — OCYIIECTBICHUE BHYTPUKJICTOUHOTO IH-
IEBAPECHUSL.

B orimmune ot DIIC 1 MUTOXOHAPHIT — OPraHOUJIOB, KOTOPBIE Xa-
PAKTEPU3YIOTCS AaKTUBHOM KOMIIAPTMEHTAIN3AIMEN, CBA3aHHOW C BEK-
TOPHOM OpraHu3alueil MeTadOoJIMYECKUX MPOIIECCOB, JIM30COMAM CBOM-
CTBEHHA Tak Ha3blBaemas MaccUBHasg KoMIapTMeHTanuzanusa. OHa 3a-
KJIFOYAeTCsl B HEOOXOAMMOCTA BPEMEHHOUW M3O0JISILINM, BBIKIIFOUEHUS U3
MeTa0oIM3Ma TUIPOJIUTUUECKUX (DEPMEHTOB, M JOCTUTAETCA 3TO IIy-
TeM (GOpMUPOBAHUS MEMOPAHHBIX BE3UKYJ, COACPIKAUUX THAPOIA3HI.
bapbepHast posib MeMOpaH JM30COM JOMOJHSETCA PazHOOOpa3HBIMU
MexaHm3MamMu uHakTuBanuu. Oxono 20% GepMEeHTOB JIM30COM
BCTPOEHO B MeMOpaHy, BpEMEHHO MHAKTUBHUPOBAHO B HEW Onaromaps
cBs3sM ¢ Junuaamu. OctaibHas 4acTth pepmeHToB (okoio 80%) He
CBs3aHa C MEMOpPaHOW U HaXOJAUTCS B MYKOTIOJIUCAXaPUTHOM MaTPUKCE
au3zocoM. VX MHakTHBaIus, Mo-BUIUMOMY, OOECIIEUUBACTCS YIJIEBO/I-
HBIMU KOMIIOHEHTaMHU, BXOJSIIMMHU B COCTaB MOJIEKYJ OOJBIIMHCTBA
(dbepMEHTOB, a TaKKe CI0KHBIMH MYKOTOJIMCAaXapuaaMy THUIIAa TJIMKO-
3aMUHOIJIMKAaHOB, UMEIOIIUMUCS B MaTpUKce Jnu3ocoMm. OmnpeneneH-
HYIO POJIb B MHAKTUBAIIMU JIN30COMAIIbHBIX (DEPMEHTOB UTPAET KUCIIAs
cpena, Kotopas noaaepxkusaercs B im3ocomax (PH 95).

B n3yyeHnn mexaHusmoB peryisanuu pH cpeasl B mu3ocomax J1oc-
TUTHYTHI ONpejieieHHbIe ycrnexu. OTHOCUTENBHO AaBHO ObLI pa3pado-
TaH U HAJECKHBIM METOJ OIpenesieHus: BelndrHbl pH BakyoJIsipHBIX
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CTPYKTYp C MOMOIIbIO JUMO(PUIBHBIX CIAa0bIX OCHOBaHUU. OHU TIpo-
HUKAIOT Yepe3 MeMOpaHbl, OyAyun He3apsiKEHHBIMU TTPU HEUTPaIbHBIX
3HaueHuAX pH, u akkyMynupyroTcs B my3bIpbkax ¢ HU3KUM pH B Tem
OoJbIIMX KoJMYecTBaX, ueM Huxke pH. Xopomme pe3ynabTarhl JIaeT
NPUMEHEHUE B TMOJOOHBIX HCCIIEIOBAHUAX MPUKUZHEHHOW OKpPACKU
AKpUJIMH-OPAHXKEM, TOCKOJbKY MPH HM3MEHEHWH €r0 KOHLEHTpaluuu
MEHSIETCS UHTEHCUBHOCTD (PIIFOOPECUEHITMU. AHAIN3 C UCIOJIb30BaHU-
eM JIMMO(PWIHHBIX OCHOBAaHUN MO>XHO MPOBOJWTH U HA CBETOONTHYE-
CKOM, M Ha 3JICKTPOHHO-MHUKPOCKOIMYECKOM YPOBHSIX C HCIOJIb30Ba-
HHUEM MEUYEHBIX aTOMOB.

CnoXHOCTh OpraHu3aluu MeMOpaH JU30COM 3aKJII0YaeTCsl B TOM,
4TO UX OapbepHas U30JHUpYIOMas (PYHKIMA HOCUT OTHOCUTEIbHBIN Xa-
paKkTep, T.e. IPHU OINPEJCICHHBIX YCIOBUSX OHHM CIIOCOOHBI M IMPOITyC-
KaTh BHYTPbh BHICOKOMOJICKYJISIPHbIC COCAMHEHHUS, U 00eCTieYnBaTh pe-
T'YJIUPYEMbIM BBIXOJ] B IUTOIIA3MY THAPOIUTHUYECKUX (PEPMEHTOB.

JIuzocombl coniepkat PepMEHTHI, CIIOCOOHBIEC Pa3pyLIUTh MPAKTH-
YECKHU BCE MPUPOJHBIE MOJUMEPHBIE OPTAHUYECKUE COeTMHEHU. B Ha-
CTOSIIIEE BPEMS B JIM30COMAX BBISBIIEHO 0KOJI0 40 ruaposias.

JIn30coMBI UTpalOT BaXXKHYIO pojib B mpoueccax rerepodaruun. Io-
CJI€ CIUSIHUSI TIEPBUYHBIX JTU30COM C (parocomoit u obpazoBanus ¢aro-
JIM30COMBI TPOUCXOJAUT aKTUBALMS TUAPOJIa3 U OHU MEPEBAPUBAIOT CO-
nepxuMoe garoan3zocoMbl. [IpoayKTsl TUapoiK3a MOCTYMAOT B T'Ha-
Joria3my, a (paroamzocoma MpeBpaIlaeTcss BO BTOPUUHYIO JTU30COMY.
BropuyHnas nr30coMa, HaAKOMUB OOJIBIIOE KOJWYECTBO HEMEpEeBapEH-
HBIX OCTaTKOB, 00pa3yeT OCTAaTOYHOE TEJO — Teaoau3ocoMy. PaszHo-
BHJIHOCTBIO JIN30COM, CBSI3aHHOM C pealn3alfeil 3aimuTHON (DYHKIINH,
SBJISIIOTCA  JIM30COMBI TPAHYJISIPHBIX aMeO0OIMTOB OECHO3BOHOYHBIX,
o0ecrnieynBarolne CBEpThIBAHUE TeMOIUM(DPBI. Y MEUeXBOCTa OHU MO-
ryT ¢$aroluTUPOBaTh OAKTEPUH, MOIMABIINE B TEJIO KUBOTHOrO. Y Ha-
CEKOMBIX TaKH€ KJIETKH OO0pa3yloT CKIECPOTHU3UPOBAHHBIC 3alllUTHBIC
OCJIKOBBIC TIJICHKH, Y MO3BOHOYHBIX JIU30COMBI B KJIETKAX SMUTEIUA
MOYEK MOTYT (harolUTUPOBATh, pa3jaras KpyIrHble OpraHUYEeCKUe MO-
JIEKYJIbI, TOTIAJIAIOIIUE B MIEPBUYHYIO MOYY.
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Nekuusa 9. ApepHbIN annapart

Obwas xapakmepucmuka

buosiornyeckoe 3HaUY€HUE SAAECPHOIO ammapara ONpPEAENseTCs €ro
IJIAaBHBIM KOMIIOHEHTOM — TuranTckumu mosekyiaamu JIHK, croco6-
HBIMHU K PEIUIMKALUA U TPAHCKPUIILUU. DTU CBOMCTBA JIEKAT B OCHOBE
BOKHEUINX (DYHKIUN SIEPHOTO arrapara Jo00i KIEeTKH:

— YIBOCHUS HACJIEACTBEHHON MH(OpMaLUK U TIepeauul €€ B Py
KJICTOYHBIX ITOKOJICHHM;

— perynupyeMou TpaHckpuniuu ydactkoB Mojekyn JHK wu
TpaHcniopra cunTesupyemot PHK B nuronnasmy KieTok.

[Io xapakrepy opraHu3auvu sJAEPHOrO aIapara BCE KIETKH MOJ-
Pa3AeNSIOTCA HAa TPU TPYIIIBL: IIPOKAPUOTHBIE, ME30OKAPUOTHBIE U Y-
KapuoTHble. KIleTKM NMpoOKapuoOT HE UMEIT SAEpPHOM O000JOUYKH, UX
xoapuesas JIHK permmnupyercs mo MOHOIMCTPOHHOMY NPUHLMITY, A
€€ peryJsilus — MPEUMYIIECTBEHHO II0 IIPUHLMIY IOJIOKUTEIBHOU U
OTpHULIATEIIBHOW 0OpaTHOM CBSI3H.

KiieTkn sykapuoT, HalpoOTUB, OTIMYAIOTCS HAJIUYUEM CIOKHOTO
IIOBEPXHOCTHOTO amnmapara siapa U MyJbTUPEIUIMKOHHBIM TUIIOM pEll-
mukanuu Monekys JIHK. Ykmaaka JIHK B xpomocomsbl ocymiecTBisier-
Ci C NOMOIIBI KOMIUIEKCAa OENKOB-TUCTOHOB. [Ipym mnpoxoxaeHuu
KJIeTkamMu (a3 HUKIa penpoayKIUU MPOUCXOISIT 3aKOHOMEPHBIE U3Me-
HeHus ynakoBku JIHK. Me3okapuoTHble KIETKM MO OpraHU3aluu
AJIEPHOTO anmnapara 3aHUMAaroT Kak Obl IPOMEKYTOUHOE MOJIOKEHUE. Y
ME30KapruOT UMEETCS XOPOILIO PA3BUTHIA IMOBEPXHOCTHBIM ammapar, a
YKJIaJIKa XPOMOCOM CYIIECTBEHHO OTJIMYAETCS OT DyKAPHOT.

B sinepHoM anmapare 3yKapuoT MOXHO BBIIEIUTH Pl CyOCHCTEM.
[{eHTpasbHOE MECTO 3aHUMAET COBOKYIHOCTHh MHTEP(A3HBIX XPOMO-
coM — xpomatus, wim JIHII. [pyroi noacucreMon sBIISIETCS «CKEIEeT»
spa, MPEACTaBIAIONIMN cO00M KOMILIEKC (GUOPUILISPHBIX OCIKOB, KO-
TOPBIA 00ECIIEYMBAET CTPYKTYPHYIO OPraHU3alMI0 BCEX KOMIIOHEHTOB
AIpa U YY4aCTBYET B PETYJALMU MPOLECCOB PEIIMKALMNA, TPAHCKPUII-
LIMU, CO3PEBAHUS MPOIYKTOB TPAHCKPUIILIUU (MPOLECCUHIE) U UX BbI-
BEJICHUS B LIUTOILJIA3MY.

Eme ogHa noxcucrteMa — 3T0 NOBEPXHOCTHBIN amnmapar siapa, B CO-
CTaB KOTOPOTO BXOJUT siAEpHAst 000JI0UKA C TOPOBBIMU KOMILIEKCAMU
¥ cyOMeMOpaHHas IUIaCTUHKA, WU JJaMUHA.
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[Tocnennsiss cybcucTemMa — Kapuoruia3Ma — aHaJOTHYHA THAaJIo-
miasMe; 0eccTpykTypHas (aza, cozaaromias crernuduyeckoe s saep-
HBIX CTPYKTYp OKPY>KEHHE OOECIEYMBAET BO3MOKHOCTh UX HOpPMaJlb-
HOTO (pyHKIIMOHUpOBaHUA. Uepe3 cHucTeMy MOPOBBIX KOMILIEKCOB H
MeMOpaH sIEpHOM 00O0JIOUKH KapHOILIa3Ma MOCTOSTHHO B3aUMO/ICUCT-
BYET C THAJIOIIJIA3MOM.

S10epHasi 060s104Ka

Hanuuue Ha mnoBepXHOCTH siapa MeMOpaHbl OTMEYaliu €lie B
1833 r. 3areM moOCHENOBAIM JJIUTEIBHBIE NUCKYCCUH O PEATbHOCTHU
sIepHOM 000109KH, HO yKe K 1880 r. ee cymiecTBoBaHNE HE BBI3BIBAJIO
comHeHui. [locTynupoBanocs U Haau4Yue B 000JI0YKE OTBEPCTUM, WU
nop. ['myObokoe u3ydeHue 3Tol U JPYrux 4acTel mMOBEPXHOCTHOTO afl-
napara CTajio BO3MOKHBIM TOJIBKO B 3JIEKTPOHHO-MUKPOCKOIHYECKYIO
apy. buoxumuueckuii aHaM3 TON CHUCTEMBI OBLT JIUTEIHHOE BpEMsI
3aTPYJIHEH U3-3a2 OTCYTCTBHUS HAJEKHBIX METOJIOB BBIJCICHUS YUCTHIX
dbpakiuii OTIeTBHBIX CYOCHCTEM MOBEPXHOCTHOTO alapara.

AnepHas 000yi0uKa SBISETCS CIECIHMATU3UPOBAHHONW YacThiO 00-
e MeMOpaHHOM cucTeMbl MTOIIa3Mbl. OHa 00pa3oBaHa YILIOIICH-
HBIMU LIUCTEPHAMH M UMEET COOTBETCTBEHHO HAPYKHYIO U BHYTPEH-
HIOI0O MEeMOpaHbl ¥ MEepUHYKJIeapHOe MpoCcTpaHCTBO. HapykHas mem-
OpaHa sjepHON O00OJIOUKH IIEPEXOJUT BO BHYTPEHIOIO B 00JIaCTH
SAIEpHBIX TIOp. B 3THX ydyacTkax pacmnosyaratorcsi O€IKOBbIE CTPYKTYPbI
MOPOBOTO KOMILJIEKCA, MPEACTaBICHHBIE CUCTEMOMW YHOPSA0UYEHHO
OPUEHTUPOBAHHBIX TJI00OYJ. BHYTpeHHIOI0O MeMOpaHy sifepHOl 000-
JIOYKA HAa BCEM NPOTSKEHHUM BBICTWIAET IUIOTHAs IIACTHHKA (CM.
puc. 8), HaxoAsascad B TECHOW CTPYKTYpHOW CBA3U C OEJIKOBBIMU
rJ100yaaMuy MOPOBOr0 KOMILIECKCA.

OcHOBHOE OHMOJIOTHYECKOE 3HAUYECHHE MOBEPXHOCTHOIO arapara
sipa PYKapUOTHBIX KJIETOK 3aKJIF0YAeTCsl B OOECIIEUCHUHU pPETyJupye-
MOI'0 JIBYCTOPOHHEIO B3aUMOJEHUCTBUA siApa M IUTOILIA3MBI. ITO
B3aMMO/JICVICTBUE OCYIIECTBIISIETCS M YEPE3 CUCTEMY IOPOBBIX KOM-
IJIEKCOB, U 3a cueT (DYHKIIMOHAIBHON U CTPYKTYPHOM CBSI3U MEeMOpaH-
HBIX KOMIIOHEHTOB $IJICPHOM 00O0JIOUKM C MEMOpPAHHBIMU CTPYKTYpaMHU
MEeTa0O0JIMYECKOTO amnmnapara HHUTOIUIa3Mbl. Takum o0pa3oM, siaepHas
000J104Ka o0ecrneuruBaeT U KOMIapTMEHTAIM3AIIMIO SIICPHOTO armapa-
Ta, U €ro CBSI3b C MEMOPAHHBIMU OPraHOMWIAMU IIUTOIUIA3MbBI: HAPYXK-
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Hasg MeMOpaHa SIAEPHOM OOOJIOUKM HEMOCPEACTBEHHO MEPEXOIUT B
MeMOpaHbl 3HJIOMJIA3MATUYECKONW CETU U MEPUHYKJIEapHOE MPOCTPaH-
CTBO OKAa3bIBAETCS CBSI3aHHBIM C MOJIOCTHIO KaHAJIOB U 1uctepH JIIC.

[ToMrMMO TakuX MOCTOSIHHBIX CTPYKTYPHBIX OTHOIIIEHUM BO MHO-
TUX KJIETKaX HaOJIOJal0TCd M BPEMEHHBIC CBS3U IUCTEPH SIACPHOU
00OJIOYKHU C amnmapatoM [ OJbKHU, KOTOPHIM YacTO JIOKATU3YETCS B
OKOJIOSIACPHOM 00JlacTH. DTH BPEMEHHbIC JUHAMUYHBIC CBSI3U 4Yallle
o0OpasyroTcsi myTeM (HOPMUPOBAHUS TPAHCIOPTHBIX MYy3BIPHKOB, OTE-
JSIFOIIUXCS OT Hapy)XKHOW MeMOpaHbl SEpPHOM OOOJOYKH U BCTpau-
BAIOIIUXCS B LUCTEPHBI 'onb/ku. BO3MOXHBI M 0OpaTHBIE OTHOIIIE-
HUS: HallpuMep, anmapat ['oiabHKH MOXKET MPUHUMATh ydacTue B (op-
MUPOBAaHUMU IUCTEPH SAEPHOM 000J04Ykd. MHOrHe ucciaeaoBaTeIu
MPUIIKUCHIBAIOT 3Ty POJib amnmapary ['ofibJKu Mpu HOBOOOPA30BAHUU
SAJIEpHON 00O0JIOUKH MOCTIe MUTO3a WU, TI0 KpailHel Mepe, IpH dKCIie-
PUMEHTAJIBHBIX HAPYIICHUSIX MOCTMUTOTHYECKOM SIAEPHOM 00O0JIOUKH.

BpemeHHble CBSI3M sipa U LMUTOILUIA3Mbl MOTYT, IMO-BHIUMOMY,
OCYILIECTBIATHCS MyTEM JIOKATBHOIO pa3pylIeHUs sIAEPHON 000JT0UKH,
3TO OOHApyKUBAETCs, HANpUMEp, B HEHUPOHAX MIIEKOMHUTAIOIINX.
[IpenmnonaratoT, 4TO TaKUM CHOCOOOM MOXKET MPOUCXOIUTH AKCIOPT
cyObeuHUI] puOOCOM U3 sAJIpa B IUTOILIA3MY.

Yto kacaetrcss TOHKOM MOP(POJOTHYECKON opraHu3aluu MeMOpaH
SIEPHON 000JIOUKH, TO OHA MPUHIUIHNAIBHO HE OTIMYAETCS OT aHAJIO-
TUYHOM OpraHu3alvi JAPYruX MeMOpaH MeTaboJWYecKoro ammapara
UTOIIa3Mbl. B HapyxHO#T MeMOpaHe s/IepHOM 000JIOYKH MOTYT OBIThH
JIOKAJIU30BaHbI crielupuieckue OCNKU ISl peleniul U TPAHCIIOPTH-
POBKHM CHUHTE3UPYEMBIX Ha pUOOCOMax TMCTOHOB M, BO3MOXKHO, pelIeTi-
TOpPbl K HEKOTOPBIM TOPMOHAaM; YJAJoCh 3/1eCb OOHApPYXHUTh U P
dbepmenToB. CnenupuyeckuMu Jjisi BHYTPEHHEN MEMOpPaHbI SIBISIOTCSA
WHTErpaJIbHbIC O€JIKU, KOHTAKTUPYIOIIUE C KOMIIOHEHTAMH ILJIOTHOM
IIaCTUHKU. B 00nactu siAepHbIX MOp, HA TPAHULIE MEXIY HapY>KHOU U
BHYTPEHHEH MeMOpaHaMH, TAKXKE JIOKAIU3YIOTCSI 0COObIE€ MHTErpalib-
HbIE OCIKH.

I'lopoeble KOMIUJIeKCbI U rJyiomHasi riJiaCmuHKa

CyOmeMOpaHHasi TUIOTHas IUTACTMHKA (JIAMHUHA), BBICTHJIAOIIAS
BHYTPEHHIOIO SIJICPHYI0O MEMOpaHy, U CBSI3aHHBIE C HEW CIIOXKHBIE Oell-
KOBBIE CTPYKTYpPBhl — IOPOBBIE KOMILIEKCHI — MIPEACTABIIAIOT COOOM Crie-
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AATU3UPOBAHHYIO YACTh SIICPHOTO MATPUKCA. JTa YaCTh MOBEPXHOCT-
HOTO almapara siipa BBIMOJHAET MPEUMYIIECTBEHHO JBE (DYHKIIUU:
o0ecreunBaeT B3aMMOCBSA3h Spa U IIUTOIUIA3Mbl, PErYJIUPYET KOHTAKT
Kapuo- ¥ TMaJIoIIa3Mbl B 00JIACTH SIAEPHBIX TIOP, U UTPAET CTPYKTYPHO-
OpPraHU3YIOIIYIO POJb B OTHOIICHUH UHTEP(PA3HBIX XPOMOCOM, OIpee-
JIEHHBIE YYAaCTKU KOTOPBIX CBSI3aHBI C TUIOTHOW ITACTUHKOM.

[TopoBbIii KOMILIEKC MPEACTaBIsAET COOOM JBa KOJbla U3 BOCBMU
OeNKOBBIX MOJIeKyd (rio0yn) nuamerpoMm ot 10 mo 25 HM, pacmodio-
YKEHHBIX IO nepudeprun OTBEPCTUS B SJICPHOM 000J0YKe — B 00JIaCTH
CIMSIHUS Hapy>KHOM W BHyTpeHHel MeMOpaH. MHorma wumeercss u
TPEThE KOJIBIO, PACIOJOKEHHOE MEXIYy ABYMS APYyrUMU. B 1eHTpe
NOpbl HAXOAUTCS TpaHyJia, CBsA3aHHas ¢ epudepuIECKUMU TI100yIaMu
U TOHKUMH (puiaMeHTaMu. B IeHTpalibHOM IpaHyJie MOXET pacroJia-
raTbCs KaHaj, Yepe3 KOTOPBIM U3 A1pa MOTYT IMPOXOJAUTH BBICOKOMOJIE-
KyJIapHbIe coenuHenus — 6enku u PHK.

B uccnegoBanusax 60 — 70-x IT. JOKa3pIBaJIOCh, YTO CYLIECTBYET
TE€CHAasA CTPYKTYpPHAasl CBSA3b MOPOBBIX KOMIUIEKCOB C IUNIOTHOM IUIACTHH-
koi. Ilpu melcTBUM AETEPreHTOB yAalseTcs sjaepHas 000J0dYKa, HO
dbopma sigpa He u3MeHsaercs. Takum o0pa3oM, OCHOBHYIO POJib B CKe-
JETOOPraHU3yIoIe (QYHKIUM TOBEPXHOCTHOTO ammapara UrpaeT
MMEHHO IUIOTHas miiacTuHka. [Ipu ynaneHuun sjuepHoit MeMOpaHbl MO-
POBBIE KOMILJIEKCHI OCTAIOTCS CBSI3AHHBIMU C IUIACTUHKOM (puc. §).

MHuorouncneHnsbie (GakThl CBUIECTEIbCTBYIOT 00 U3BMEHEHUU KOJIU-
YECTBA AJICPHBIX MOP, @ 3HAYNUT, U TOPOBBIX KOMIUIEKCOB B Pa3HBIE Ie-
PUOJBI JKU3HENCATEIbHOCTH KJIETKH, B pa3HOM (PYHKIIMOHAIBLHOM CO-
CTOSIHUM U TIPHU DKCIIEpUMEHTE. ECIIM aKTUBHOCTH SJEPHOTO armapara
BO3PACTAET, TO KOJWYECTBO MOPOBBIX KOMILJIEKCOB BO3pPACTAET, TO KE
caMog€ MPOUCXOJUT U NpU TUPHEPEHITUPOBKE KIIETKHU.

Yepe3 nopoBbIM KOMIUIEKC OCYIIECTBIIETCS TPAHCIIOPT Pa3iny-
HBIX COCAMHEHMH U3 siapa B nuroriazmy (Bce Tunbsl PHK) u u3 muto-
a3Mel B spo (paznuunbie Oenku). Hu3komosieKysipHbIE COEIUHE-
HUA CBOOOIHO NUPGYHIUPYIOT uepe3 mopy. Tak, moJunenTuabpl MoJie-
KyJisspHoi Maccoit 10 30 — 35 k/la nerko mpoxondar B siapo, audys3us
oBanbOymMuHa (43k/la) yxxe 3aTpyaHeHa, a Obruuii ansOymuH (68 k/la)
HE MOXET MPOUTH Oaphep MOPOBOTO KoMIUIeKca. /(s TpaHcmopTHpOB-
KM B SIJIPO KPYIMHOMOJICKYJISIPHBIX OCJIKOB OHU JIOJIKHBI UMETh OMpejie-
JIEHHYIO CHTHAJIBHYIO MOCJIEI0OBATEIBHOCTh — CUTHAJ SIIEPHOU JIOKAJIH-
3alUH.
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Xopolo u3ydeHa BakHas CTPYKTypa — IUIOTHAs IJIaCTUHKA, WU
namuHa. CTENeHb €€ Pa3BUTHSI MOXKET BapbUPOBATh B MIUPOKUX Tpeie-
Jax: oT eaBa 3aMeTHO (TonuHoi 20 — 80 HM) cyOMeMOpaHHOM ceTu
10 MomHoro (250 — 300 HM) COTOBOTO CJOS f[pa Yy HEKOTOPBIX MPO-
crermux. CyOMeMOpaHHas TUIaCTUHKA 00ecTieurBaeT MPOYHYIO CBS3b
nepudepruyecKkoro SIAEPHOr0 MaTpUKCa C BHYTpPEHHEH MeMOpaHoM
saepHo obosouku. Eimie onHa BakHash (QPyHKIMS IUIOTHOW TUIACTHH-
KA — CBSI3b C IIUTOCKEJIETOM, B YAaCTHOCTH, C €ro MPOMEXKYTOUYHBIMU
dbunaMeHTamu.

Puc 8. Sinepnast mopa:

1 — memOpa#sbl si7iepHOI 000JI0YKK B HAIIPABJICHUY IIUCTEPH armapaTa ['onbmku,
2 — nokanbHas pa30opka sepHON 000JI0UKH B 00JIACTH SIIPBIIIIKA TPAHCIIOPTA
cyOBeuHuUIl puOOCOM); 3 — MPOXOKACHUE YACTHUIIBI Yepe3 III00YITy TOPOBOTO

KOMIUIEKCa; 4 — CTPYKTYpPHBIHN nepexoj; 000104uku saapa B MeMOpansl JI1C;
5 — OpOBBIE IUIACTUHKU B ITUTOIIA3ME KJIETOK; 6 — siapbliiko; 7 — JIHII
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S10epHbIli Mampukc

[IpencraBieHust 0 CyIIECTBOBAHUH MHTEPXPOMATHHOBOTO SJIE€PHO-
ro MaTpUKCca BO3HHUKIIM €HIE JI0 NMPUMEHEHUSI B IIUTOJOTMYECKUX HC-
CIEIOBAHUAX AJIEKTPOHHOIO MUKPOCKOIMA. Yxke B 1942 r. B aapax onu-
CBhIBAJIM MOUIHYIO CETh OCTATOYHBIX OCJIKOB MOCIIE€ IKCTPAKIIUU XpOMa-
THHA coJeBbIMU pacTtBopamMu. K 70-m IT. HaKOMWIOCH JOCTATOYHO
JAHHBIX O CYIIECTBOBAHHUM siiepHOTO MaTpukca. [Ipu oOpaboTke smpa
HEKOTOPBIMM areHTamu (Xmopuj Hatpus, nereprentsl, JIHKaszoi,
PHKas3oi1) usBnekaercsa 1o 99% JIHK, PHK, docdomunumos u 90%
oenka. OCTaTOYHBIM KOMIIOHEHT MPEJCTaBIACT COOOM SAEpPHBIN MaT-
PUKC WM HEXPOMATHUHOBBIE CTPYKTYpHI siAepHoro ammapara. OH co-
crout u3 92,4% 6enka, 1,1% — PHK, 0,1% — IHK, 1% — ¢ocdonumnu-
noB, 5,5% — yraeBoaoB. OmnpeneneHHble ydacTku mosekysn JIHK wu
PHK 00pa3yioT TeCHbIE CTPYKTYPHBIC U XUMHUUYECKHE CBSI3U C OCIKaMU
SIGPHOTO MAaTPUKCA U MPU 00padOTKE U3BJICKAIOTCS BMECTE C HUMH.

SAnepHblii MaTpukc oOpasyeT cieayrolme Mopdoaoruueckue
CTPYKTYPBI:

1) nepudeprueckyto ceTh (MIOTHYIO MJIACTUHKY U MOPOBBIE KOM-
IJIEKCHI);

2) OCTaTOYHYIO SIJIPBIIIKOBYIO CETh;

3) rpanyJIsIpHO-OUOPUILISAPHYIO HHTEPXPOMATHHOBYIO ceTh. 130u-
paTeabHOE YyNalieHWE MOBEPXHOCTHOTO ammapara siapa (000J0YKH U
MJIOTHOM IUIACTUHKHU C TIOPOBBIMU KOMILJIEKCAMM) HE BBI3BIBACT H3MeE-
HEeHUs (DOPMBI SiJIpa, COXPAHSIONIEHCS 32 CUET OCTAaTOYHOM CETH siAep-
HOT'O MaTpHKca.

OTH JaHHBIEC €IIE€ pa3 JOKA3bIBAIOT PEATBHOCTH CYIIECTBOBAHUSA
SIEPHOTO MATPHUKCAa M YKa3blBAOT HA €ro CKEJICTOOPTraHU3YIOUIYIO
pOJIb.

LenmpanbHasi 0doama MoJieKynsipHou 6uosio2uu

JIiist Toro 4yToOBl HE TOJBKO MOHATH 3HAYEHUE CTPYKTYPHBIX OCO-
OCHHOCTEH KJIETKHU, HO W, TJIABHOE, pa3o0paTbcsd B (PYHKIMOHAIBHBIX
OTIIPABJICHUSAX €€ OTACJIbHBIX KOMIIOHEHTOB M BCEH KJIETKHU B IIEJIOM,
4TOOBI COYETATh U3ydYeHHE MOP(DOJIOTHHU KJIETKH C TJIABHEUIIUMHU OHO-
XUMUYECKIMHU M TCHETHIECKIUMHU OCOOCHHOCTSIMU €€ YCTPOMCTBA U pa-
00TbI, YTOOBI M3y4aTh KJIETKY UMEHHO C MO3UIMNA COBPEMEHHOMN Kile-
TOYHON OWOJIOTHH, HEOOXOAMMO XOTSI ObI BKpaTiie BCIIOMHUTH OCHOB-
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HbIE MOJICKYJISIPHO-OMOJIOTUUECKHE 3aKOHOMEPHOCTH, €Ille pa3 oOpa-
TUTHCS K COJICPIKAHUIO [IEHTPATILHOM JIOTMBI MOJIEKYJIIPHOU OUOJIOTUH.

Kierka kak TakoBas BBINOJHSAET MHOXECTBO Pa3HOOOpPA3HBIX
dbyukiuii. Kak Mbl ye TOBOpWIM, YaCTh U3 HUX — OOIIECKJICTOYHBIC,
4acTh — CHEHHAIbHBIE, XapaKTEePHbIE ISl OCOOBIX KJIETOYHBIX THIIOB.
['maBHBIMM pabOUYMMHM MEXaHU3MaMH BBITIOTHEHUS 3TUX (DYHKIUHN SIB-
JSIOTCA OCJIKKM WM MX KOMIUIEKCHI C APYTUMH OMOJIOTUYECKUMHM MaK-
pOMOJIEKYJIaMH, TAKUMHU, KaK HYKJICMHOBBIE KUCIIOTHI, JIMIUIBI U MOJIU-
caxapuasl. Hanpumep, U3BECTHO, YTO MPOLIECCHI TPAHCIIOPTA B KIIETKE
pa3HOOOpa3HbIX BEIIECTB, HAYMHAS C MOHOB M KOHYAas MaKpPOMOJICKY-
JaMu, OMpENEstoTCs pabOoTOM CHEeNHATIbHBIX OEJIKOB WU JIUIOMNPO-
TEMHOBBIX KOMILUIEKCOB, BXOSIINX B COCTAB IJIa3MaTUYECKON U WHBIX
KJIETOUHBIX MeMOpaH. [IpakTHuecku Bce MpolecChl CUHTE3a, paciaja,
MEePECTPOUKH pa3HBIX OEJKOB, HYKJIEUMHOBBIX KUCJIOT, JIMIIUAOB, yTJiie-
BOJIOB MPOUCXOMST B PE3yJIbTaTE€ aKTUBHOCTH CHEIU(UUECKUX IS Ka-
KON OTIAEIBbHOU peakuuu OeakoB-hepMeHTOB. CHUHTE3bl OTIACIbHBIX
OMOJIOTUYECKUX MOHOMEPOB, HYKJICOTHJIOB, AMHHOKHCIIOT, >KUPHBIX
KHUCJIOT, CaXapoOB M JIPYTUX COEAWHEHHH TAK)KE OCYIIECTBISIOTCA Or-
POMHBIM 4YHMCJIOM cnienuduueckux pepmeHToB — OenKkoB. CoKpalieHue,
MPUBOJIAIICE K MOJIBUKHOCTU KIIETOK WM K IMEPEMENIEHHUIO BEIIECTB U
CTPYKTYP BHYTPHU KJIETOK, OCYIIECTBIISIETCSA TAKKE CIEIUATIBbHBIMU CO-
KpaTUTEIbHBIMU OenkaMu. MHOruMe peakiiuu KJIETOK B OTBET Ha BO3-
JIEUCTBHE BHEIIHUX (PAKTOPOB (BUPYCOB, TOPMOHOB, UY>KEPOIHBIX O€JI-
KOB U JIp.) HAUMHAIOTCSA C B3aUMOJIEUCTBHUSA 3TUX (haKTOPOB CO CIICIIH-
aJbHBIMU KJIETOYHBIMU O€JIKaMU-pPELEITOPAMHU.

benku — 3T0 OCHOBHBIE KOMIOHEHTHI MPAKTUYECKH BCEX KIJIETOY-
HBIX CTPYKTYp. MHOKECTBO XMMUYECKUX PEAKLHNI BHYTPU KIETKHU OI-
penenseTcss MHOKECTBOM (PEPMEHTOB, KaXKJIbli U3 KOTOPBIX BEIET O/I-
HY WIM HECKOJIBKO OTAENbHBIX peakiunuil. CTpyKTypa KaxkKJA0ro OTAEIIb-
HO B3SITOrO Oeika cTporo crenuduyHa, 4YTO BBIpaXKaeTcs B
creur(pUUHOCTH UX MEPBUYHON CTPYKTYpPbI — B IMOCIIEIOBATEILHOCTU
AMHUHOKHCIIOT BJOJIb MOJUICITHAHON OenkoBoil memnu. [Ipudem cre-
MU(PUIHOCTh 3TOW AMUHOKHUCIOTHOM IMOCIEI0BATEILHOCTA O€30I1H-
OOYHO MOBTOPEHA BO BCEX MOJIEKYJIaX JIAHHOTO KJIETOYHOIrO OeJKa.

Takast mpaBWIIBHOCTH B BOCIPOU3BEAECHUN OJIHO3HAYHOW IMOCIEN0-
BaTEJIbHOCTU aMUHOKHUCIIOT B OCJIKOBOM 1IEMH JETEPMUHUPYETCS CTPYK-
typoit JIHK Toro reHHoro yuyacrka, KOTOpbli B KOHEUHOM CYETE OTBE-
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YaeT 3a CTPYKTYPY U CHUHTE3 JAHHOTrO Oenka. DTU MpeACTaBICHUS CIIy-
AT OCHOBHBIM MOCTYJIATOM MOJIEKYJISIPHON OMOJIOTHH, €€ «JOTMOI.

N3 oOmmel cxeMbl O€IKOBOrO CHHTE3a BHIHO, YTO HaYaJIbHBIM
IIYHKTOM, C KOTOPOT'0 HAYMHAETCS MOTOK UHGOPMALIMK JIJI1 OMOCHUHTE-
3a OenkoB B kietke, saBisiercsa JIHK. CnemgoBarensHo, umenno JIHK
COJICPXUT Ty MEPBUYHYIO 3aMKCh MH(POpMalMK, KOTOpas JOJKHA CO-
XPaHATHCS U BOCOPOU3BOAUTHCS OT KJIETKHU K KIIETKE, U3 MOKOJICHUS B
ITOKOJICHUE.

Kparko kacasicb Bompoca 0 MECTE€ XpaHEHUsS I€HETHYECKOW WH-
dbopmaiuu, T.€. 0 Jokanuzanuu JIHK B kieTke, MOXXHO ckasaTh cClie-
OyIOIIee. YK€ JTaBHO U3BECTHO, UTO B OTIMYHME OT BCEX MPOUYUX KOM-
MOHEHTOB OeJlok cuHTesupyromiero ammapara JIHK umeer ocoOyro,
BEChbMa OTPAHUYEHHYIO JIOKAIM3AIMIO: MECTOM €€ HAXOXKJICHUS SIBIIA-
ercsa sapo. OCHOBa CTPOEHUS — I'€HbI, MOCIEA0BATEIBHOCTh KOTOPBIX
BJIOJIb IIENIM YHUKAJIbHA M crierududHa 11 Kaxaou monekyasl [JIHK u
KaXJOro €€ ydacTka. Pa3nuyHble JTOCTATOYHO JJIMHHBIC YYACTKH MO-
nexynbsl [JHK oTBeTcTBEHHBI 3a CHMHTE3 pa3HbIX OenkoB. Tem caMbiM
onHa Mojekyia JIHK mokeT ompenenuTb CHHTE3 OOJBIIOTO YHcia
(GYHKIIMOHAIBHO U XUMHUYECKU PA3JIMYHBIX OCJIKOB KIIETKU. 3a CUHTE3
KaXXJIOr0 OJTHOTO THUIA OEJIKOB OTBETCTBEH JIUIIL OMPEACIICHHBIN yua-
ctok monekynbel JJHK. Takoun ydactok monekynsl JJHK, cBA3aHHBIN C
CHHTE30M OJHOI'0 KaKOro-JIn0Oo Oeiaka B KJIIETKE, 4acTO 0003HAYaroT
TEPMUHOM «LUCTPOH». B Hacrosmee Bpems IMOHSATHE LUCTPOH pac-
CMaTpUBAIOT KaK 3KBUBAJIECHTHOE MOHITUIO T'eH. B yHHUKaIbHOU CTPYK-
Type r'eéHa — B ONPEAECICHHOM IOCIEA0BATEILHOM PACIIOJIIOKEHUNA €T
HYKJICOTUIOB BJIOJb LIETH — 3aKJII0UeHA BCS HH(POpMaIIMS O CTPYKTYpe
OJIHOT'O COOTBETCTBYIONIETO OeKa.

Nudopmanus o Oyaymiedl Moliekysie Oenka IepenaeTcss B MecTa
ero cuHre3a (B pubocombl) mocpenHukomM — uHpopmanuonnor PHK
(nPHK), HyKJI€OTUIHBIN COCTaB KOTOPOM OTpakaeT COCTAB U MOCIEI0-
BaTEJIBLHOCTh HYKJIEOTHI0B reHHoro ydactka JIHK. B pubocome cTpo-
UTCS TOJIMNENTUAHAS LENb, MOCIEA0BATEIHOCTh AMUHOKHUCIIOT B KO-
TOpoM ompezensercsa nocieaoparenbHocThio PHK, mocnenosarenbHo-
CThIO WX TPUILICTOB. Te€M camMbIM, HEHTPaJbHAs A0rMa MOJIECKYJIAP-
HOM OHO0JIOTMH NOAYEPKUBACT OJHOHAINPABJECHHOCTH Iepeaayuu
uHpopmanuu: Toab6K0 oT JTHK Kk 0esky, yepe3 nocpeacrso uPHK.

YKa3aHHbI CTPYKTYPHBIN ITPUHLMUIL, JICKAIIUN B OCHOBE JBYTSIK-
HOro crpoeHust mojekyiabl JIHK, mo3BonsieT JIerko MOHATh TOYHOE
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BOCIIPOU3BEIICHUE MCXOJHOW CTPYKTYpBhI, T.€. TOUHOE BOCIPOU3BEIIEC-
HUE MH(pOpMaIMu, 3aMCAaHHON B IIEMSAX MOJICKYJIbI B BUJIE ONPEICIICH-
HOW TIOCJIEAOBATEIIBHOCTH U3 YETHIPEX COPTOB HYKJIEOTUIOB. [lerCTBU-
TEJIbHO, CUHTE3 HOBBIX MoJieKyJ JIHK B kieTke mpoucxoauT TOJIBKO HA
0aze yxxe umeronuxcs monekyn JIHK. Ilpu atom aBe nenu ucxoaHoun
MoJiekyJibl JIHK HauMHarOT ¢ OJHOTO M3 KOHIIOB PACXOIMUTHCS, U HA
KOKJIOM M3 Pa30LIEIIINXCS OJHOTSKHBIX YYaCTKOB HAauMHAET COOU-
paThCs U3 MPUCYTCTBYIOIIUX B Cpelie CBOOOTHBIX HYKJICOTHIOB BTOpast
LENb B TOYHOM COOTBETCTBHUM C IPUHIMIIOM KOMILIEMEHTAPHOCTH.
[Ipouecc pacxoxaeHds NBYX Lenodyek ucxomnor momekynsl JIHK
MPOJIOJKACTCS, U COOTBETCTBEHHO 00€ MMM JOMOJHAIOTCA KOMILIe-
MEHTApPHBIMU LENsAMU. B pe3ynbrare BMECTO OJHOM BO3HMKAKOT JIBE
Mosiekynsl JJHK, B TOUHOCTH MaeHTHYHBIE UCXOAHOW. B kaxkaoul mo-
nyuuBlIencs «aouepHen» moiekyne JIHK onna nens nennkom mnpowc-
XOJUT OT UCXOJIHOM, a APYTas SIBIISIETCS 3aHOBO CUHTE3UPOBAHHOM.

HeoOxoauMo MmoauepKHYTh, YTO MOTEHIMAJIbHAs CIOCOOHOCTh K
TOYHOMY BOCITPOM3BEACHUIO 3aJI0KEHA B CaMOM ABYTSIKHOW KOMILIE-
MeHTapHOU cTpykType JIHK Kak TakoBOM, W OTKpBITHE 3TOrO, Oe3yc-
JIOBHO, COCTaBJISIET OJIHO U3 IJIaBHBIX JOCTHUXKECHUI OMOJIOTHHU.

Opnako mpobiema BocmpousBenenus (penyruiukanuu) JJHK He
HCUEPIIBIBACTCA KOHCTATallMed MOTEHIIUAJIBbHOM CIIOCOOHOCTH €€
CTPYKTYpPbl K TOYHOMY BOCHPOM3BEIICHUIO CBOCH HYKJICOTHUIHOW IO-
caenoBarensHOCTH. Jleno B ToM, uto JIHK cama mo ceGe BoBce HE SB-
JIAETCSI CAMOBOCIIPOM3BOASAIIECH MOJIEKYJION. [{JIs1 OCYIECTBIEHUS TIPO-
1ecca cuHTe3a — BocnpousseaeHusa JJHK nmo onucanHoM Bbile cxeme —
HE0OXoauMa JEeATEILHOCTh CIEHHUATIBHOTO (PEPMEHTATUBHOTO KOM-
mekca, Hocsmero HasBanue JIHK-momumepassl. MiMeHHO 3TOT (hep-
MEHT OCYIIECTBIISAECT MOCIEIOBATENBHO UAYIIUKA OT OJJHOTO KOHIIA MO-
nekynsl JIHK k nmpyromy nporecc pacxoXAeHUs IBYX LENEN ¢ OIHO-
BPEMEHHOM TOJIMMEpH3alliel Ha HHUX CBOOOJHBIX HYKJICOTHIOB IIO
KoMILIeMeHTapHOMY npuHuumny. Takum oopaszom, JITHK, nmogo6Ho mat-
pUIIE, TUIIb 3a1A€T MOPAIOK PACIOJIOKEHUA HYKIIEOTUIOB B CUHTE3U-
pyIOIIUXCS MEMNsAX, a caM Mpolecc BeaeT Oenok. Pabora pepmenrta B
xone peaymaukauuu JIHK mpencraBisier co0oii Ha ceroaHsi OaHy H3
HauOoJiee MHTEpEeCHBIX npoodsem. Bepostrno, JIHK-nonumepasa kak Obl
aKTUBHO TIOJ3ET BAOJIb ABYTs)KHOU MoJiekynbl JIHK ot ogHOTO €e KoH-
1a K IPyromy, OCTaBJIsisl 103a]i1 Ce0sl pa3BOCHHBIN peayTUIMIIUPOBAH-

66



HBI «xBocT». DU3NYECKUEe MPUHIMUIIBI TaKOW pabOThl JaHHOTO Oenka
ITOKa HE SICHBL.

Opnnako JJHK u otnenbHble ee (pyHKIIMOHAIBHBIE YYACTKH, HECY-
ne uMH(popMalMio O CTPYKType O€NKOB, caMU HEMOCPEICTBEHHOTO
y4acTUsl B MPOLIECCE CO3JaHUS OEJIKOBBIX MOJIEKYJ HE MPUHUMAIOT.
[lepBbIM 3TAnoM Ha MyTH K peanu3aluu 3Tol uHdopMaluu, 3anucaH-
Hou B nemsax [IHK, sBnsercs tak Ha3zpIBaeMbIN MPOLECC TPAHCKPHII-
AU, WU «IIEPETTUCHIBAHUSY.

B stom nponecce Ha ognout uenu JIHK, kak Ha marpuue, npouc-
XOJIUT CUHTE3 XUMUUYECKU POJCTBEHHOIO MOJUMEpPa — PUOOHYKICHHO-
Boi kuciotel (PHK). Monekyna PHK npeacrasnsier co6oit ofHy 11€mb,
MOHOMEPaMHU KOTOPOM SBISAIOTCS YEThIpE COpTa pUOOHYKIECOTHIOB,
KOTOPBIE pAacCMATPUBAIOTCS Kak HeOoJbInas MoAu(UKaIus YeThIpex
coptoB ne3okcupudonykiaeotuaoB JIHK. IlocnegoBaTrenbHOCTH pactmo-
JIO’KEHHST YETBIPEX COPTOB PUOOHYKICOTHAOB B OOpasylolleics 1enu
PHK B TOYHOCTH MOBTOPSIET MOCIEAOBATEIBHOCTh PACIIOIOKEHUS CO-
OTBETCTBYIOIIMUX JI€30KCUPUOOHYKICOTHUIOB OIHOM W3 JBYX ILIETEH
JIHK. Takum 1mmyTeM HYKJI€OTHIHAs MOCJIEI0BATEILHOCTh T€HOB KOIH-
pyetcsa B Buzae moisiekya PHK, 1.e. undopmanus, 3anucaiHasi B CTPyK-
Type IaHHOro reHa, nenukoMm nepenuceiBaetca Ha PHK. C kaxmoro
reHa MOXKET CHUMAaThCs 0OJIbIIOE, TEOPETUUECKH HEOTPAaHUUYEHHOE KO-
JMYECTBO Takux «kormui» — Mmosiekyn PHK. Otu mosnekynel, nepenu-
CaHHbIE BO MHOTHX JK3EMIUISIpaxX KaK «KOIMHUW» T€HOB U, CTaJO OBITh,
HECyIIME Ty kK€ MH(OpMaIMIO, YTO U TE€HbI, PACXOASITCS IO KIIETKE.
OHH y’Xe HEeTOCPEICTBEHHO BXOSAT B CBSI3b C OCIOKCUHTE3UPYIOIIMMU
YaCTUIAMHU KJIETKA W TNPUHUMAKOT <JIMYHOE» Y4YacTHE B MPOIECCAX
CO37aHus OCNKOBBIX MOJEKYI. [IpyrumMu cioBaMu, OHHM MEPEHOCAT WH-
(dbopmanuio OT MecTa, II€ OHA XPAHUTCA, B MECTA €€ peaIU3alUU.

CootBerctBenHo 3t PHK o00603HawaioT kak HHQPOpMAIIMOHHBIC
(nPHK) unu matpuunble, nokasbiBas, 4to 1enb ”PHK cuntesupyercs,
npsimo Ha JJTHK BeiOupast coorBeTcTBytronuii yuactok JJHK B kauecTBe
Mmatpuilbl. CoueTaHne HECKOJIBKUX JIECATKOB MaKpOMOJIEKYJI 00pa3yeT
UJ€albHO OPraHU30BAHHYIO M HAJIEKHYIO «MalIMHY», 00JIaJalolIyl0
CBOMCTBOM MPOYUTHIBATH UH(OPMAIIHNIO, 3aKI0ueHHYI0 B 1ienu MPHK,
U pean30BaTh €€ B BUJE T'OTOBOM OEJIKOBOW MOJEKYJbI crenuduye-
CKOI0 cTpoeHus. [IockonbKy CyIlecTBO mporecca COCTOUT B TOM, YTO
JuHeWHass pacctaHoBka 20 pa3MYHBIX aMUHOKHCJIOT B IeNu Oenka
OJHO3HAYHO JETEPMUHUPYETCS PACIOJOKEHUEM YETBIPEX Pa3HBIX
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HYKJICOTHJIOB B LMK XUMHYECKU COBCEM HMHOIO MOJUMEPA — HYKJIICH-
HoBoM kucioTel (MPHK), TO 3TOT npouecc, nmpoucxoasiuii B pudoco-
Me, MPUHATO 0003HAYaTh TEPMUHOM «TPAHCIISIIIUS», UITU «IIEPEBO», —
NepeBoI Kak Obl ¢ YeTHIPEXOYKBEHHOTO ajipaBUTA IETIEH HYKJICMHOBBIX
KUCJIOT Ha JABAJAUATHOYKBEHHBIN angaBUT OEIKOBBIX (MOIUIETTU-
HbIX) Henei. Kak BUaHO, B mpoliecce TPaHCISIMU YYaCTBYIOT BCE TPH
u3BecTHbIX kiacca PHK: undopmanumonnas PHK, sBistomascs o0bek-
TOM TpaHcisiuuu; pudbocomuas PHK, wurpatomast posb opranuzaropa
OCJIOKCUHTE3UPYIONIEH PUOOHYKIICOMPOTEUTHOW YaCTHUIBI — PUOOCO-
Mbl; 1 anantopubie PHK, ocyiectsistonue GyHKINIO MEPEeBOIUMKA.

[Ipornecc cunte3a Oenka HauyMHAETCS TIPU OOPA30BAaHUM COEIAMHE-
HUM aMUHOKHUCIIOT ¢ MoJiekyJiamu agantopHbix PHK, winu TPHK. Ilpnu
3TOM CHayaja MPOUCXOJUT HSHEPreTUYECKas «AKTUBALUS AMUHOKHC-
JOTHI 3a CYET €€ (DePMEHTATUBHON PEAKIIMU C MOJICKYJION aJeHO3WH-
Tpudocdara (ATD), a 3aTeM «aKTUBHPOBAHHAS» AMHUHOKHCJIOTAa CO-
€IMHSIETCS] C KOHIIOM OTHOCUTENHbHO HemuHHOM nenouku TPHK, mpu-
pallleHue XHWMWUYECKOW DSHEPrurd AKTUBUPOBAHHOM aMHHOKHUCIIOTHI
3amacaeTcs MpU 3TOM B BUJIE YIHEPTUU XUMHUYECKOU CBSI3U MEXKIY aMHU-
Hokucsoror u TPHK.

OIHOBPEMEHHO C 3TUM pPEIIAETCA M BTOpasd 3amaya. Jleno B TOM,
YTO peaKIui0 MEXIy aMuHOKHCI0oTOW U Mojekynord TPHK Bexet dep-
MEHT, 0003Ha"yaeMblii kak amuHoauiI-TPHK-cunTerasa. Jnsa kaxmoi
3 20 aMHUHOKHCIIOT UMEIOTCS CBOM 0OCOOBIC (PEpPMEHTHI, OCYIIECTB-
JSIFOIIUE PEAKIMIO C YYACTHEM TOJBKO JAHHOW aMHUHOKHUCIOTHL. Takum
oOpa3zom, cymiectByer He MeHee 20 depmentoB (amuHoanun-TPHK-
CUHTETa3a), KKJIbIH U3 KOTOPBIX CHelu(UUeH Il OJTHOM Oomnpe/esieH-
HOM aMUHOKHUCIOTHI. Kaxkpiit u3 3TUX (epMEHTOB MOXKET BECTHU pPeak-
110 He ¢ Moo Monekyno TPHK, a numb ¢ TeMu, KOTOpbIE HECYT
CTpPOrO ONPEACIICHHOE COYETAaHWE HYKJIECOTHUIOB B CBOEH LENU. Takum
oOpa3om, Oarojaps CyIlIecTBOBaHHIO HaOOpa CTOJb CHEIU(PUISCKUX
(GhepMEHTOB, pa3IUYaAIONINX, C OJHON CTOPOHBI, MPUPOY AMUHOKHUCIIO-
THI U, C IPYrOM — HYKJICOTUAHYIO nocienoBareabHOCTh TPHK, kaxnas
3 20 aMUHOKUCIIOT OKa3bIBAETCS «IPUIUCAHHOW» TOJBKO K OIpeJie-
neHHbIM TPHK ¢ maHHbIM XapakTepHBIM HYKJICOTUIHBIM COUYECTAHUEM.

CxeMaTH4ecKd HEKOTOphIE MOMEHTHI Ipollecca OMocuHTEe3a Oel-
Ka, HACKOJIBKO MBI UX MPEACTABISIEM Ha CETOJIHAIIHUMN JEHb, CIETYIO-
nme: npexjae Bcero Mosekysa uHdopmanuonno PHK coeamnena c
prUOOCOMOI, WK, KaK TOBOPSAT, pUOOCOMa «3amporpaMMUpPOBaHay HH-
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dbopmanmonnoit PHK. B kaxxaplii JaHHBIH MOMEHT HEMIOCPEACTBEHHO B
caMoi pubOCOME HAXOJUTCS JUIIb OTHOCUTEIBHO KOPOTKHUI OTPE30K
et MPHK. Ho uMeHHO 3TOT OTpe30K mpH y4acTUu puOOCOMBI MOXKET
JNerncTBOBaTh ¢ MoJjeKyJiamu agantopHeix PHK. U 3necs cHoBa riaB-
HYIO POJIb UTPAET MPUHIHUI KOMIIEMEHTAPHOCTH.

B »TOM u cocTouT 00BACHEHHE MEXaHU3Ma TOTO, TOYEMY JTaHHOMY
tpuriety nenu MPHK cooTBercTByeT cTporo ompeneiieHHass amUHO-
kucioTa. HeoOXoIMMBIM MPOMEXYTOYHBIM 3BEHOM, WJIHM aJalTepoM,
IPU «y3HABAHUMW» KAXKIOWM aMUHOKHUCIOTOM cBoero Tpuruieta Ha MPHK
apisiercs TpancnioptHas PHK (TPHK). B pubocome, noMmumo MoneKyibl
TPHK ¢ HaBemeHHOW aMUHOKHUCIIOTOW, HAXOAUTCA €II€ OJIHA MOJIEKYJIa
TPHK. Ho, B otimnune ot paccMorpeHHou Beie MoJiekyJbl TPHK, ata
Mozekysia TPHK cBonMm KOHIIOM mpucoeuHEeHa K KOHILY HaXOJSIIEHC
B IIpoILIeCcCe CHHTE3a O0EIKOBOH (MOIUMENTHAHON) IIEMOYKH.

Takoe 1mosjoXeHrne oTpakaeT NMHAMHUKY COOBITUM, TPOUCKXOISAIINX
B puOOCOME B MpOILIECCE CUHTE3a OCIKOBOM MOJIEKYJIbI. DTy TUHAMUKY
MOKHO TPEJICTaBUTh cebe clenyromuM oopazoM. HauneM ¢ Hekoero
IIPOMEKYTOYHOTO MOMEHTA, XaPaKTEPU3YIOLIETOC] HAIMUUEM YXKE Ha-
4aBIllel CTPOUTHCS OCJIKOBOM IEMOYKH, NpucoeanHeHHon k Heit TPHK
U TOJILKO YTO BoIIeNeld B puOOCOMY M CBSI3aBIICHCS C TPHUILIETOM
HoBOM MoJiekysibl TPHK ¢ coorBercTByromien €l aMUHOKHCIOTOW.
[To-Bugumomy, cam akT npucoeanHenus: moJiekyasl TPHK k pacnono-
KEHHOMY B JIaHHOM MecTe pubocombl Tpuriety MPHK npuBomut k
TaKOW B3aMMHOW OPHMEHTALMU U TECHOMY KOHTAKTY MEXIY aMUHOKHC-
JIOTHBIM OCTATKOM M CTPOSILIEUCS LENbI0 O€IKa, YTO MEXYy HUMHU BO3-
HUKAEeT KOBaJ€HTHas CBsA3b. CBsI3b BO3ZHUKAET TaKUM 00pa3oMm, 4TO KO-
HeIl CTposiiIeics: 0enKoBoM 1ienu nepeHocutcs ot 3tod TPHK Ha amu-
HOKHUCIIOTHBI OCTaTOK, TOCTENEHHO CO37aBas LEMOYKY IOJIH-
MENTUIOB.
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INNexumna 10. Mopdronorusa sgepHbIX CTPYKTYP

Posb si0epHbIX cmpyKkmyp
8 JXU3HedesimesibHOCMU KJiemkKu

[IpuBeeHHBIN BBIIIE KPATKUM 0030p OCHOBHBIX IMPOIIECCOB, CBSI-
3aHHBIX C CHHTE30M O€jKa W B IMPHUHILMIIE OJUHAKOBBIX y BceX (popm
KMBOTO, YKa3bIBa€T Ha 0CO00€ 3HAYCHHUE KIETOYHOIOo sjapa. Smapo
OCYIIECTBIISIET ABE IPYMIbl OOIIMX QYHKIMI: OHA U3 HUX — XpPAaHEHUE
reHeTh4eckor mHdopMaluu, apyras — €€ peanuzaius, o0ecreueHue
cUHTE3a Oenka.

B nepByto rpyIiny BXOJAT MPOLIECCH], 00YCIOBINBAIOIINE MOIEP-
YKaHWE HaCJIEeACTBEHHOW MHGOpPMAIlUU B BUAE HEU3MEHHOU CTPYKTYPhI
JIHK. D11 npoueccel CBsi3aHbl ¢ HUIMYUEM TAK HA3bIBAEMBIX PEIaparu-
OHHBIX (PEPMEHTOB, JTUKBUAUPYIOIINX CIOHTAHHbBIE TOBPEKICHUS MO-
nexkynsl JIHK (pa3pwiB ognoit u3 neneit JIHK, yacts pamuannoHHBIX
MOBPEXACHUMN), YTO coxpansieT ctpoeHue moiekyn JIHK mpaktuyecku
HEW3MEHHBIM B Psiy MOKOJEHUN KIIETOK WM OpraHu3MoB. [lanee B sij-
pe MPOUCXOAAT BOCHPOU3BEACHUE, WA PEIYIUIAKALINS, U Pa3bCIUHEHNE
(cerperamust) mosiekyn JIHK, 4To gaeT BO3MOKHOCTh ABYM KJIETKaM I0-
JYyYNATh COBEPIICHHO OJMHAKOBBIE U B KaYECTBEHHOM M KOJIMYECTBEH-
HOM CMBbICIIE O0BEMBI reHeThuYeckol mHpopManmu. B siape sykapuot
MIPOUCXOMAT MPOIECCHl M3MEHEHUS] M PEKOMOMHAIIMU TEHETHYECKOTO
MaTepualia, yTo HabJro1aeTcsa Bo BpeMs Meno3a (kpoccunrosep). Hako-
HEIl, SIpa HEMOCPEACTBEHHO YYACTBYIOT B MpOLECCaX PACHPEACICHUS
monekyJs JJHK npu nemennm kieTok.

BTopo#i rpymnmoi KJIETOUYHBIX MPOIECCOB, 00ECIICUNBAIOIINXCS aK-
TUBHOCTBIO SI/Ipa, SIBJISETCA CO3JAaHUE COOCTBEHHOIO armapara OenKo-
BOIO CHHTE3a. JTO HE TOJBKO CHUHTE3 (TPAHCKPHIIMA) HA MOJIEKYyJax
JIHK pa3zubix nadopmanronsasix PHK, HO U TpaHCKpuUIIUS BCEX BH-
noB Tpanchepubix PHK u pubocomubix PHK. B sapax sykapuornue-
CKHX KJIETOK MPOUCXOJUT «CO3PEBaHKE» (MPOLIECCUHT, CILUIAWCHHT)
NEPBUYHBIX TPAHCKPUNTOB. B siape sykapuoT 00pa3yroTcs Takxke
CyObEeAMHUIIBI PUOOCOM MyTEM KOMIUJIEKCUPOBAHUSI CUHTE3UPOBAHHBIX
B sapbiiike puoocoMubix PHK ¢ pubGocomubiMu Oenkamu, KOTOpBIC
CUHTE3UPYIOTCSl B IIUTOIJIA3ME U MEPEeHOCATCA B s1po. Takum obOpa-
30M, SIAPO MPEACTABIISIET COOOM HE TOJBKO BMECTHJIMIIE T€HETUUYECKO-
ro Marepuana, HO U CTPYKTYpy, A€ STOT MAaTEPUAII BOCIIPOU3BOIUTCS
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u QyHkuuoHupyer. [1o3ToMy BbINIaJIcHHE WX HApYIICHHWE JII0OOW W3
NEPEUYUCIICHHBIX BbIIIE (PYHKIMN T'MOEIbHO IJIs KJIETKU B LEIoM. Tak,
HapylIEHNE PENAPALMOHHBIX MPOLIECCOB MPUBEAET K U3MEHEHUIO MEP-
BUYHOM CcTpyKTyphl JIHK 1 aBTOMarnyecku K U3MEHEHUIO CTPYKTYPBI
O€JIKOB. DTO HEMPEMEHHO CKaXETCSl Ha UX CHeU(PUUIECKON aKTUBHO-
CTH, KOTOPAsi MOYKET MPOCTO MCUE3HYTh WIM U3MEHUTHCS TaK, YTO HE
Oyner obecnieunBaTh KJIETOUYHbIE (DYHKIIMH, B PEe3yJIbTaTe YEro KIeTKa
norubaer. Hapymenus penymmukanuu JIHK npuBegyt k octaHoBke
Pa3MHOXEHHS KJIETOK WJIM K MOSBJIEHUIO KJIETOK C HEMOJHOLEHHBIM
HA0OpOM TreHeTUYeCKOW MH(pOpMalMU, YTO TOKE THOEIbHO IS Kile-
ToK. Takoi ke pe3ysbrar OyAeT HaOJII0AaThCs MPU HAPYLIEHUU MPO-
IIECCOB pacmpenesicHus TeHeTnueckoro marepuana (mosekyn JIHK)
IIpU JENEHUH KJIETOK. BrinmazeHne B pe3ysbTaTe MOPaXEHUs sSapa WIH
B Cllydyae HApYyIIEHUH KaKUX-TUOO PEryiasiTOPHBIX MPOLECCOB CUHTE3A
moboit popmel PHK aBTOMaTtHuecku mpuUBEAET K OCTAHOBKE CHHTE3a
OeJiKa B KJIETKE WM K TPYObIM €ro HapyIlICHUSIM.

Bce 3T0 ykaspiBaeT Ha Beayllee 3HAUYECHHUE SAEPHBIX CTPYKTYp B
npolieccax, CBSI3aHHBIX C CUHTE30M HYKJIEHHOBBIX KUCIOT U OCJIKOB —
OCHOBHBIX (DYHKIIMOHEPOB B KU3ZHEACATEIBHOCTH KIETKH.

Heobxoaumo ermie pa3 noa4epKHyThb, YTO (DYHKIIMOHUPOBAHUE SIJI-
pa KaK CUCTEMBbI XpaHEHHUS U pealn3ali reHeTUYeCKo nHpopmauu
HEpa3pbIBHO CBA3AaHO C JPYrMMH (PYHKIHMOHAJbHBIMUA CHUCTEMAMHU
KJIETKH, KOTOpbIe 00eCneunBaloT padoTy slipa crenuaibHbIMU OenKa-
MU, IOTOKOM IPEAIIECTBEHHUKOB, SHEPTUEH U TIP.

510po aykapuomu4ecKux Kiiemok

Tepmun «sapo» BrepBbie ObUT IpuMeHeH bpaynom B 1833 r. mis
0003HAUYEHMS IIAPOBUAHBIX MOCTOSIHHBIX CTPYKTYp B KIIETKax pacte-
Hui. [lo3gHee Takyro e CTPyKTypy ONMCaid BO BCEX KIIETKAaX BBIC-
IIMX OPraHU3MOB. SAEpHBIN anmapar 3yKapHOTHYECKUX KIETOK UMEET
P4l OTIWYHAM OT mpokapuotndeckux. Bo-nepseix, JTHK-conepxammit
KOMITOHEHT OTJEJEH OT IIUTOIIa3Mbl CHEUAIbHON 000JI0UKON (saep-
Has 000JI04YKa); BO-BTOPbIX, konuyecTBo JJHK B sigpax sykapuor B ThI-
csiuM pa3 OoJibllie, YEM B COCTaBE HYKIICOTUJOB OAKTEpHUil; B-TPETHUX,
JIHK sykapuoT mpeacTaBisieT cO00#M CI0XKHBIN HYKJICOMPOTECHIHBIN
KOMILJIEKC, 00pa3yronuil CielualbHyI0 CTPYKTYPY — XpOMaTHH, U3 KO-
TOPOTrO M COCTOSIT 3YKapUOTHYECKUE XPOMOCOMBI. [lanmee, B cocras
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SIep PYKAPUOT BXOJAT HECKOIBKO (PU3MYECKH HE CBSI3aHHBIX XPOMO-
COM, KaXJasd U3 KOTOPBIX COAECPKUT OAHY JIMHEWHYIO TUTAHTCKYI0 MO-
nexyny JJHK. Kaxnas xpomocomuas JIHK npencrasnser coboit mosu-
PEIUIMKOHHYIO CTPYKTYPY, T.€. COJACPKUT MHOKECTBO aBTOHOMHO pell-
JULUAPYIOMIMXCS y4acTKOB. CuHTE3 W 00pa3oBaHUE TPAHCKPHUIITOB
DYKAPUOTHYECKHUX KIIETOK COIMPOBOXKIAOTCA MPOLECCAMU BTOPUYHOM
UX MEPECTPONKH, «CO3peBaHUs, BKIIOUaKOIed B ce0s Kak (parMeH-
Taluio (MPOILECCUHT), TaK U CpalluBaHUE OTIEIbHBIX (pParMeHTOB
JIHK (crmaiicunr). Hakonerr, B siipax He MPOUCXOIUT CUHTE3a OEJIKOB,
T.€. B dyKapuoTniueckux kietkax npoueccel cunresa [JHK n PHK pa-
300I1ICHBI.

[Ipy HaOMIONEHUM MHOTHX HUBBIX KJIETOK, OCOOCHHO PACTUTENb-
HBIX WJIM K€ KJIETOK Tocie (UKCAIMU U OKPACKU, BHYTPH sifpa BbISB-
JIIFOTCSL TOHBI IUIOTHOTO BEMIECTBA, KOTOPBIE XOPOIIO OKPAIIWBAKOTCS
pPa3HBIMM KpacUTEIsIMHU, OCOOCHHO OCHOBHbIMU. biarogapst sTomy
CBOWCTBY BBISIBIICHHBIA KOMIIOHEHT sipa MOJIyYHWJI Ha3BaHUE «XpOMa-
tuH» (Onemmunr, 1880). CrnocoOHOCTH XpoMaTHHA BOCIPUHUMATh
OCHOBHBIE€ (IIIEJOYHBIE) KPACUTEIU YKa3blBa€T Ha €ro KHUCIOTHBIC
CBOIMCTBA, KOTOPBIE OMPEAEISAIOTCS TEM, YTO B COCTAB XPOMATHHA BXO-
mut JJHK B xommiekce ¢ 6enkamu. Takumu ke CBOMCTBAaMH OKpalllu-
BaemMocTu W cojaepxkanuem JHK oOmamaroT m XpOMOCOMBI, KOTOPBIE
MOHO HaOJI01aTh BO BPEMSI MUTOTUYECKOTO JICJICHUS KIETOK.

B ortnmmuume ot npokapuornueckux kietok JIHK-comepxkammin ma-
TEepUaJl XpoOMaTHHA SYKApHUOT MOKET MpeObIBaTh B JABYX aJIbTEPHATHB-
HBIX COCTOSIHUSIX: JICKOHJACHCUPOBAHHOM B UHTEp(a3e U B MaKCUMAaIbHO
YIDIOTHEHHOM BO BPEMSI MUTO3a B COCTABE MUTOTHYECKUX XPOMOCOM.

[Tpu ctumyssauuu 3tUX Kietok Kk cuHTe3y JJHK nmo mepe Bkitoue-
Hus npenmectBeHHuka JJHK H-tumuauaa npoucxoguTt mocteneHHas
JIEKOHJICHCAINsT XpoMaThHa. Takum ke 00pa3oM MEHSETCS CTPYKTypa
xpomatuna nipu cunreze PHK. [lanenue cunreza JIHK u PHK B kiter-
KaxX OOBIYHO COIPOBOXKJAETCS YBEIMUYEHUEM 30H KOHJEHCHUPOBAHHOIO
XpoMatuHa. B spuTponmTax HA3MKX MO3BOHOYHBIX ITPAKTUYECKHU BECH
XPOMATHH SI€P HAXOJUTCS B KOHJICHCUPOBAHHOM COCTOSIHUM, U B 3THX
sapax He npoucxoaut cuareza Hu PHK, uu JIHK. Ecim ke simpa stux
KJIIETOK CTUMYJIUpPOBaTh K cuHTe3y PHK, Hanmpumep B rerepokaproHnax,
TO OHU TIepexoAiT B TU(P(Dy3HOE COCTOSHUE.

MakcuMalibHO KOHJICHCUPOBAaH XPOMAaTHH BO BPEMSI MUTOTHYE-
CKOTO JCJICHHUS KJIETOK, KOrjja OH OOHapyKMBaeTCsl B BUJIEC TeJel —
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XpoMOcOoM. B 3TOT nepuoa XpoMOCOMbI HE HECYT HUKAKUX CUHTETHYE-
CKUX Harpy3oK, ¥ B HUX HE MPOMCXOJUT BKIIOYCHUS MPEIICCTBCHHH-
xoB JIHK u PHK.

Hcxoas u3 3TOro, MOKHO CYUTATh, YTO XPOMOCOMBI KJIIETOK MOTYT
HaXOJIUThCS B JIBYX CTPYKTYPHO-(PYHKIIMOHAIBHBIX COCTOSIHUSIX: B pa-
O0oueM, YaCTUYHO WJIM TOJHOCTHIO JIEKOHJAESHCHUPOBAHHOM, KOT/Ja C MX
y4acTHEM B UHTEP(PaA3ZHOM SIAPE MPOUCXOIAT MPOLECCHl TPAHCKPHUIILIUU
U pEeIYIUIMKAIINK, ¥ B HEAKTUBHOM — B COCTOSIHUHM METa0OJIMYECKOTO
MOKOSI MPY MaKCUMAJIbHOM MX KOHJEHCAIIMH, KOTJla OHU BBIMOJIHSIOT
GYHKIMIO pacrpeqiefieHus U TMepeHoca TeHETUYEeCKOTo MaTepuasa B
"mouepHue" KIECTKH.

Nekuyma 11. XpomaTuH.
JyXpoMaTUH U reTepoxXpomMaTuH

MHOrumMu rcclieoBaTeIs MU ObUIO OTMEYEHO, YTO CTENIEHb CTPYK-
Typu3allui, KOHJCHCAIIUM XPOMATHHA B MHTEP(PA3HBIX AIPax MOXKET
ObITH BbIpakeHa B pa3Hoil Mepe. Tak, B MHTEHCUBHO JEJAIIMUXCA U B
MaJio CHEHMAIM3UPOBAHHBIX KJIETKaxX siipa OHU HUMEIT IU(dy3HYIO
CTPYKTYpPY, B HUX KpOMe€ Y3KOro nepudeprudeckoro 000/1ka KOHICHCH-
POBAHHOTO XpOMAaTHWHA BCTPEYAETCS HEOOJIBIIOE YUCIO MEIKUX XPO-
MOIICHTPOB, OCHOBHAs K€ YacTh sijipa 3aHsATa 1u(PQy3HbIM, JEKOH]ICH-
CUPOBAaHHBIM XPOMATHHOM. B TO k€ BpeMs B BBICOKOCHIEIUAIA3UPO-
BAaHHBIX KJIETKaX WJIM B KJIETKAaX, 3aKaHYMBAIOLIUX CBOW KU3HEHHBIM
IUKJI, XPOMAaTUH NPEACTABICH B BHJIE MACCUBHOr0O mepuepuueckoro
CJIOA U KPYITHBIX XPOMOIICHTPOB, 0JIOKOB KOHJICHCUPOBAHHOTO XpOMa-
THHA. Takyl CTPYKTypy UMEIOT, HAllpUMED, siApa HOpMoOJIacToB (01HA
u3 craauil qudhepeHIupOBKU SPUTPOILIUTOB), SAJIpa 3PEIbIX JIEHKOIHU-
TOB. DTH J[Ba MPUMEpPa MOTYT WJUTIOCTPUPOBATH O0IIEe MPaBUIIO: YEM
OoJbplIe B SApE J0JII KOHJASHCUPOBAHHOIO XPOMATHHA, TEM MEHbIIE
MeTabouecKas akKTUBHOCThH siipa. [Ipyu ecTeCTBEHHOW WM 3KCIEepU-
MEHTAJIbHOM MHAKTUBALUM SIAEP MPOUCXOIUT MPOTrPECCUBHASL KOHJICH-
calus XpoMaTuHa, U, HA00OPOT, MPU aKTUBAIUMU fAJIEP YBEIUUMBACTCS
noJist AudPpy3HOro XxpoMaTHHa.

OnHako Tpu METa0OJIMYECKOW AKTUBALIMM HE BCSIKUE YYacCTKHU
KOHJICHCUPOBAHHOTO XPOMaTHHA MOTYT TMepexoauTh B Aubdy3HyIO
dbopmy. Eme B Havane 1930-x rr. O. I'eliTiieM ObLIO 3aMEUEHO, 4YTO B
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UHTEep(Pa3HBIX SAPaX CYLIECTBYIOT MOCTOSHHBIC YYACTKU KOHJACHCHUPO-
BAHHOTO XPOMAaTHHA, HAIMYKE KOTOPOTO HE 3aBUCHUT OT CTENEHU TU-
(dbepeHIIUPOBAHHOCTU WM OT (PYHKIIMOHAIHHOM aKTUBHOCTHU KIIETOK.
Takue y4acTKu MOJYy4WJIM Ha3BaHUE IeTEPOXpPOMATHHA, B OTIWYHE OT
OCTaJIbHOM MacChl XpOMaTHHA — AyXpoMaTuHa (COOCTBEHHO XpOMAaTH-
Ha). [lo 3TUM mpencTaBIEeHUSIM TE€TEPOXPOMATHH — KOMIIAKTHBIE y4Ya-
CTKM XPOMOCOM, KOTOpble B Tpodaze MOSABISIOTCA PaHbIIE IPYyTHX
yacTel B COCTaBE MUTOTHMUYECKUX XpOMOCOM, a B Tenodase HE JAEKOH-
JEHCUPYIOTCS, MepexoAs B HHTEp(a3HOE SAPO B BUIAE HWHTEHCHUBHO
KpaCSIIUXCs IUIOTHBIX CTPYKTYp (XpomorieHTpoB). IlepBoHavaibHO
MOHSITHE TEeTePOXpOMATUHA UMEJNIO Cyry0o MopdoIorudeckoe 3Haye-
HUE, TIOTOMY YTO IPU U3YYEHUH MPENApaTOB OKPALIEHHBIX SAEP HEJb-
3s1 3HaTh, MOKET JIM JaHHBIA y4acCTOK KOHJICHCUPOBAHHOTO XpPOMATH-
Ha — XpPOMOLICGHTp — MEPEUTH B OyaylieM B pa3pbIXJICHHOE, dyXpoma-
TUYECKOE COCTOSIHUE WA HET. B CBA3M C 3TUM B CHEHUATIBHOU
UTOJIOTUYECKON JIUTEPATYpPE 4YacTO 0€3 BCAKOTO OCHOBAHUS JIHOOOM
y4acCTOK KOHJEHCHUPOBAHHOI'O XpPOMAaTHHA CTAJId HA3bIBaTh TE€TEPOXPO-
MatuHOM. [Iporecc obmieit KoHaeH Al XpoMaTHHa, HallpUMEp B sij-
pax JEUKOLUMTOB, Ha3bIBAJIM reTepoxpoMarusanuent aaep. Ha camom xe
JIEeJIE B COCTaBE SAJIEPHOTO XPOMATHHA TOJBKO JIUIIb HEKOTOPHIE y4acT-
KU TIPAKTUYECKH HUKOTJA HE TEPSAIOT 0COO0r0 KOHACHCUPOBAHHOTO CO-
CTOSIHUSI. TaKuMH TTOCTOSIHHO KOHJICHCUPOBAaHHBIMU 30HAMU Yallle BCE-
ro SBJISIFOTCA LIEHTPOMEPHBIE U TEIOMEPHBIE YYaCTKH XpoMocoM. Kpo-
M€ HHUX, MOCTOSSHHO KOHIEHCHPOBAHHBIMU MOTYT OBITh HEKOTOpPHIE
y4aCTKH, BXOJSIIME B COCTaB IUICUYEH XPOMOCOM — BCTaBOYHBIN, WU
WHTEPKAJISPHBINA, TETEPOXPOMATHH.

DyXpOMaTUYECKNE HEAKTHBHBIE YYACTKH, KOTOpPbIE HAaXOISATCS B
KOHJICHCUPOBAHHOM COCTOSIHUH, CTaJId Ha3bIBaTh (PaKyJIbTATUBHBIM T€-
TEPOXPOMATHHOM, MOAYEPKUBas HEOOS3aTEILHOCTh TaKOTO €ro co-
CTOSIHUSI. XOPOILIUM MNpUMEPOM (PaKyIbTaTUBHOTO TE€TEPOXpOMATHHA
MOXET CIYXXUTh X-XpOMOCOMa B OpraHu3Me 4ejoBeka. B kieTkax
MYKCKOH 0co0u X-XpoMocoMma JEeKOHJICHCHUpOBaHa, OHA AaKTHUBHA,
TpaHCKpUOUPYETCSA U MOP(DOJOTHUUECKH HE BBISBISETCA HM3-32 CBOETO
pbixisioro, nud@y3Horo cocrosiHua. B kieTkax XKE€HCKOTO OpraHu3ma,
rI€ IPUCYTCTBYIOT JIBE X-XPOMOCOMBI, OJIHA U3 HUX HAXOIUTCSA B aK-
TUBHOM, TU(P(DY3HOM COCTOSIHUU, a BTOpasi — B HEAKTUBHOM, KOHJCH-
CUPOBAHHOM U BPEMEHHO IeTepOoXpomaTh3oBaHa. B 3ToM cocTosiHuu
OHA MOJKET CYyLIECTBOBAaTh B TEUCHUE BCEU KU3HU opraHu3zma. Ho mo-
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TOMKH €€, TIONAa/Iasi B KJIETKH MYXCKOr0 OpraHh3Ma CIEIYIOIIEro Mmo-
KOJICHUSI, CHOBA OyTyT aKTUBUPOBAHBI.

B nuddepenumpoBaHHbIX KIeTKax Bcero Juiib okono 10% reHos
HaXOJUTCA B aKTUBHOM COCTOSIHMH, OCTaJbHbIC T€Hbl MHAKTUBUPOBAHBI
U BXOJISIT B COCTAaB KOHJACHCUPOBAHHOTO XpoMaThHa ((paKyJIbTaTUBHBIM
reTepPOXPOMATHH). ITO OOCTOSITENILCTBO OOBSICHSET, MOYEMY OOJIbIIAS
4acTh XPOMATHHA A/ipa CTPYKTYpHUpPOBaHA JaMUHAMU, MOACTHJIAOIIN-
MU SIACPHYIO 000JI0UKY, U YYaCTBYET B 3asKOPUBAHUU PACTSIHYTHIX JIe-
KOHJICHCUPOBAHHBIX MHTEP(}A3ZHBIX XPOMOCOM, TEM CaMbIM OIpPEAeIIss
MOPSIOK B JIOKATU3AIMA XPOMOCOM B 00beMe MHTep(da3HOTO sapa.

B yriny0Onenun Halvx npecTaBICHU 0 CTPYKTYPHOUM poJik opra-
HU3aIMU UHTEeP(DA3HBIX XPOMOCOM CYIIIECTBEHHYIO POJb ChITPajd MHO-
TOYMCJICHHBIE MCCIIECIOBAHUS Ha MOJMUTEHHBIX XPOMOCOMAaXx KIJIETOK
CJIFOHHBIX JK€JIe3 JBYKPBUIBIX HACEKOMBIX U OCOOCHHO Ha XpOMOCOMax
THUIIA JJAMIIOBBIX IIE€TOK (110 BHEIIHEMY BHJy OHM HAallOMUHAIOT €pIIU-
KM JIJIsI YUCTKU KEPOCHHOBBIX JiamIl). Takue XpOMOCOMBI COCTOSIT W3
YYaCTKOB CIHUPAJIM30BAHHOTO XPOMATHHA (XPOMOMEPHBIX YYaCTKOB —
OoJiee OKpallleHHBIX ), meTeab aecnupaiuzoBanHon JIHK u uHTepxpo-
MoMepHbIX ydyacTkoB JIHK, cBs3bIBaOmMX Mexay co00il XpOMOMEpHI.
[TonuTeHHBIE XPOMOCOMBI COJEPKAT MHOTOYHUCIICHHBIE MapajuieIbHO
pacnosiokeHubie HUTH JIHK. OHM, Tak k€ Kak U NPEabIIyIIAi THUII
XPOMOCOM, COCTOSIT U3 CIUPATIN30BAHHBIX, INIOTHO YITAKOBAHHBIX y4a-
cTkOB MoJiekyn JJHK-muckoB M CBA3BIBAIOIIMX MX HECIHUPATU30BAH-
HBbIX y4acTKOB. Cnimpann3oBaHHbBIE, HIIH XPOMOMEPHBIE, YYACTKH CIIO-
COOHBI JECUPATIU30BBIBATLCA U 00OPa30BBIBATH NMETIU — TaK Ha3bIBae-
MbI€ TTy()bI MOJTUTEHHBIX XPOMOCOM.

B nydax moauTeHHBIX XpOMOCOM M Ha METISAX XPOMOCOM THIA
JIAMITOBBIX IIETOK MTPOUCXOIUT UHTEHCUBHAS TPAHCKPUIIIIHUSL.

[Tpu 6noxumuueckoMm ananuze JJHK saykaprOTHBIX KJI€TOK BBIIEIS-
10T TpU (PpaKIKK, COJIEpPKAIINE YHUKAIIBHBIE, YMEPEHHO MOBTOPSIOIIE-
CSl ¥ YaCTO MOBTOPSIOIINECS MTOCIEI0BATEIIBHOCTY HYKJICOTUAHBIX Map.

Kak oka3anoch, GpaKims yMepeHHo moBropsromuxcs (ot 10° 1o
10° pa3) mocien0BaTeNbHOCTE} MPUHAIICKNT K IECTPOMY KIACCY yda-
ctkoB JIHK, urparommx BaxxHyI0 poJib B MPOLIECCAX CO3/IAHUs anmnapa-
Ta OenKoBOoro cuHre3a. B Hee Bxonasat rensl pudbocomubix JTHK, korto-
pble MOT'YT OBITh TOBTOPEHBI y pa3HbiX BUAOB oT 100 no 1 000 pa3. B
3Ty K€ (PaKIUI0 BXOASAT MHOTOKPATHO MOBTOPEHHBIE YYACTKH JJIsI
cunre3a Bcex TPHK. bonee Toro, HEKOTOpBIE CTPYKTYpPHBIE TE€HBI, OT-
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BETCTBEHHBIC 3a CHUHTE3 OMNPEACIICHHBIX OEJIKOB, TaKXKE€ MOTYT OBITh
MHOT'OKpPAaTHO MOBTOPEHBI, MPEICTABIECHBI MHOTMMU KOMUSMHU. IJTO Te-
HBI JJ1s1 OCJIKOB XpOMaTUHA — TMCTOHOB, TOBTOpstonuxcs 10 400 pas.
Kpome toro, B 3ty ¢pakunto Bxoaat yuactku [JHK ¢ pasubimu nocne-
noBarenbHOCTAIMU (10 100 — 400 m.H.), Tak)k€ MHOTOKpPATHO MOBTO-
PEHHBIMHM, HO PACCEIHHBIMHU IO BCEMYy reHOMYy. WX poiib emie He 10
KOHIIa sicHa. BpICKa3bIBaeTCA MPEANOJ0KEHUE, UYTO TaKUE YYaCTKU
JIHK moryT mnpenctaBisaTh coOOW akKIENTOPHBIC WM PETYJISTOPHBIE
YYaCTKH Pa3HbIX TE€HOB.

Nrak, JHK 3ykapHOTHYECKHX KJIETOK T'€TEPOT€HHA MO COCTaBY,
COJIEP’KUT HECKOJBKO KJIACCOB MOCJIEAOBATEIBHOCTEN HYKJICOTHUIOB:
4aCcTO NOBTOPSAIOIIMECS MOCIEI0BATEIbHOCTH (>106 paz), BXOASAIIUE BO
¢dpakuuto caresnmutHor [IHK m HerpanckpuOupyrommuecs; Qppaxuus
YMEPEHHO MOBTOPSIOLINXCS mociIenoBarensrocteil (107 — 10°), mpen-
CTaBJSIOMIMX OJIOKU UCTUHHBIX T'€HOB, a TAKXK€ KOPOTKHUE IMOCJeI0Ba-
TEJLHOCTH, pa30pOCaHHbIC MO BCEMY T€HOMY; (Dpakiusi yHUKaIbHBIX
MOCJIEIOBATENIBHOCTEM, Hecylas HHQPOpMAIUI0 Il OOJBIINHCTBA
OEJIKOB KJIETKH.

Cnemano mpenmnonoxenue, uro caremurHas JJHK moxer ygact-
BOBaTh B Y3HABaHWU I'OMOJIOTMYHBIX PAOHOB XPOMOCOM IPHU MENO03E.
[Io mpyrum HOpennogokKEHUsIM, YYaCTKHM C 4YacTO MOBTOPSIOIIMMUCS
MOCJIE0BATEIIBHOCTSIMU UTPAIOT POJIb pa3lesuTeneil (crecepoB) Mme-
KAy Ppa3IUYHbIMH  (YHKIIMOHAIBHBIMU E€IUHUIIAMH XPOMOCOMHOM
JAHK, Hanmpumep Mexy peIIMKOHAMU.

Hcxons U3 3TUX TPEACTaBICHUN, CTAHOBSITCS TOHSATHBIMU TE€ Pa3-
mnuust B konnuectBe JIHK, xoTopbeie HaOmomaroTCs y pa3HbIX opra-
HU3MOB: OHU MOTYT OBITh CBSI3aHBbI C HEOJWHAKOBOW JOJEH TEX WM
nHbIX kiaccoB JIHK B reHome opranusmoB. Tak, y amduouii (y Koto-
peix JJHK B 20 pa3 Gombliie, 4eM y 4eJIOBEKa) Ha JIOJTIO MOBTOPSIOIINX-
csa nocaenoBareabHocTeld npuxoautces 10 80% Bcer JIHK, y mykoB —
1o 70, y nococs — 10 60% u 1.1. UcTHHOE K€ O0rarcTBO reHeTuye-
cKkoi uHdoOpMaIu T0JKHA 0TOOpaxaTh PpaKkius YHUKAJIbHBIX MOCIIe-
noBaTenabHOCTEN. B HaTuBHON HedparmenTupoBanHoil monekyie JJHK
XPOMOCOMBI BCE€ Y4YacCTKH, BKJIIOYAIONINE YHUKAJIbHBIE, YMEPEHHO M
YacTO MOBTOPSIIOIIMECS MOCJIEA0BATEIbHOCTH, CBSI3aHbl B €IUHYIO T'U-
TFaHTCKYI0 KOBaJIeHTHYIO 1ienb JIHK.
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OcHoeHbIe 6esIKu XpoMamuHa — 2UCMOHbI

Poxs JIHK B coctraBe kak uHTEp(a3HBIX XPOMOCOM (XpOMATUH WH-
TeppazHoro sSApa), TaK U MUTOTUYECKUX XPOMOCOM JOCTATOYHO SICHA!
XpaHEHHE U pealn3alius renernyeckor nHpopmaruu. OIHAKO IS BbI-
MOJTHEHUST 3TUX (YHKIMH B cOCTaBe MHTEP(a3HBIX SAep HEOOXOAUMO
UMETh YETKYI0 CTPYKTYPHYIO OCHOBY, KOTOpasl MO3BOJMIa Obl pacrio-
JIOKUTH OTPOMHBIE 10 JiyTnHE MoJiekybl JIHK B ctporom nmopsizke.

B kneTouHoMm sjipe Bemymias poiib B OpraHU3AlMK PACTIOIOKEHUS
JIHK, ee xoMIakTu3aiuu U peryaupoBaHud (QyHKIIMOHAIBHBIX Harpy-
30K MIPUHAJICKUT A1epHbIM OenkaM. Kak yke yka3bIBajaoch, XpOMaTHH
npeacTaBisieT coboit cioxubii komiieke JJTHK ¢ 6enkamu — ne30kcu-
pubonykieonporeud (JIHIT), rne Ha 105110 OEIKOB MPUXOIUTCA OKOJIO
60% cyxoit macchl. beiku B cocTaBe XpoMaThHa OY€Hb Pa3HOOOpa3HHI,
HO MX MOKHO DPa3[eUTh Ha JABE TPYIIbI: TUCTOHBI U HETMCTOHOBBIE
oenku. Ha gosmo ructonoB npuxoautcs 10 80% Bcex OETKOB XpoMaTH-
Ha. Ux B3ammopencteue ¢ JIHK mpoucxomur 3a cuer coOneBbIX WU
MOHHBIX CBSI3eH M HecnelM(pUIHO B OTHOLIEHUH COCTaBa WJIM MOCIEN0-
BaTebHOCTEeH HykiIeoTH0B B MoJiekyie JIHK. Hecmorpst Ha mpeobiia-
JaHuE B OOIIEM KOJWYECTBE, TUCTOHBI MIPEICTABIICHBI HEOOIBIINM Pa3-
HOOOpa3ueM OeJIKOB: 3YKapUOTHUECKHUE KIIETKHU COJIEPKaT BCEro 5-7 Tu-
OB MOJIEKYJI TUCTOHOB. B OTIiMuMe OT TMCTOHOB TaK Ha3bIBACMbIE HE-
TUCTOHOBBIE OCJIKM OOJIBbIIEH YacThio CeU(UUECKH B3aUMOICHCTBYIOT
C ompeJereHHbIMU TIocienoBatenbHocTsIMU Mosiekyn JJHK (ouenb Be-
JIMKO pa3HOoOOpa3ue TUIOB OCJIKOB: BXOAAIIUX B ATy IPYIITY HECKOJIBKO
COTEH), BEJIMKO pa3HOOOpa3ue GyHKIIUNA, KOTOPbIE OHU BBITIOJIHSIOT.

['uctonsl cBsazanbl ¢ [JHK B Bulle MOJIEKYJIApHOTO KOMILICKCA, B
BUJIC CYObEIMHUIL UM HYKJI€OCOM. J[0 HEJaBHETO BPEMEHU CUUTAIIOCH,
YTO XPOMOCOMAa PAaBHOMEPHO MOKPHITA ITUMHU O€JIKaMH, CBSI3b KOTOPHIX
¢ IHK omnpenensuiack Teopueil «ruCTOHOBOM ITYyObI»: paBHOMEPHO TO-
KpbITa OEITKOBBIM KOMIUIEKCOM, B KOTOPBII BXOAST JUHEUHBIE BBHICO-
konosmMepHbie MosieKyJibl JIHK u orpoMHOE MHOXKECTBO MOJNEKYJI
TUCTOHOB (710 60 MJIH. KOMMI Ka)kKJ0T0 TUIIa TUCTOHOB Ha spo). ['uc-
TOHBI — HAan00JIee XOPOIIO OMOXUMUYECKU U3YUCHHBIE OCJIKHU.

['MCTOHBI — OTHOCHUTENIBHO HEOOJIBIIIME MO MOJICKYJISIPHON Macce
oenku. IlpakThuecku y BCEX AYKApHOT OHM O0JIalaloT CXOJAHBIMU
CBOMCTBaMM, OOHAPYKUBAIOTCSA OJIHU U T€ k€ KIacchl rucTOHOB. Kitac-
Chl TUCTOHOB OTJIMYAIOTCS IPYT OT JApYra Mo COACP>KaHUIO Pa3HbIX OC-
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HOBHBIX aMUHOKHUCIOT. Tak, ructonsl H3 u H4 oTHOCAT K apruHUHOO-
raThIM U3-32 OTHOCHUTEIBHO BBICOKOTO COAECPKAHUS B HUX dTOM aMHUHO-
KHUCJIOThI. DTHU TUCTOHBI SABJISIIOTCS HamOoJiee KOHCEPBATUBHBIMU U3
BCEX HCCJICIOBAaHHBIX OEJKOB: MX aMHHOKHCJIOTHBIE IOCJEI0BATEIb-
HOCTH IIPAKTUYECKH OJIMHAKOBBI JIAKE Yy TAKUX OTJAJICHHBIX BUJIOB, KAK
KOpOBa U TOpPOX (BCETO ABE aMUHOKHUCIIOTHBIC 3aMEHBI).

JIBa npyrux ructona — H2A u H2B — oTHocsTCa K Oenkam, yme-
PEHHO OOOTaIICHHBIM JIU3UHOM. Y Pa3IUYHBIX OOBEKTOB BHYTPH 3THUX
IPYII TUCTOHOB OOHAPY>KUBAIOTCSI MEXKBUJIOBbIE BapUallMM B UX MEp-
BUYHOM CTPYKTYPE, B MOCIEA0BATEIbHOCTH aMUHOKHUCIIOT.

['ucron H1 mnpencraBisier coOoil HE YHUKAJIBbHYIO MOJICKYTY, a
KJIacC OEJKOB, COCTOSAIIMX U3 HECKOJIBKUX JOCTATOYHO OJIM3KOPOJICT-
BEHHBIX OEJIKOB C MEPEKPHIBAIOIIUMUCS TOCIIEI0BATEIILHOCTSIMU aMU-
HOKHUCJIOT. Y 3THUX TUCTOHOB OOHAPYKEHbI 3HAUUTEIHHBIC MEKBUJIOBbIC
U MEXTKaHeBble Bapuanuu. OJHAKO MX OOIIMM CBOMCTBOM SIBJISIETCS
00O0ramieHHOCTh JTU3UHOM, YTO JIeJIaeT UX CaMbIMM OCHOBHBIMHU OeJKa-
MH, KOTOPBIE JIETKO OTAEJISIIOTCS OT XpoMaTtuHa B cojieBbiX (0,5 M) pac-
TBOpax. B pacTBopax ¢ Bbicokoil nonHoii cuioit (1-2 M NaCl) Bce ruc-
TOHBI TOTHOCTBIO oTAes0TCA oT JIHK 1 mepexoast B pactBop.

Jliist rucToHOB Becex kitaccoB (ocobenHo aisg H1) xapakrepHo kia-
CTEPHOE pACIPEAECIEHNE OCHOBHBIX aMUHOKHUCIIOT — JIM3UHA U ApTUHHU-
Ha — Ha N u C-xoH1ax MoJjiekyJsl. CpeIMHHbBIC YYaCTKH MOJIEKYJI TUCTO-
HOB 00pa3yloT HECKOJIbKO (3-4) a-crupaibHBIX Y4YacTKOB, KOTOpPHIC
KOMITAKTHU3YIOTCA B TJIOOYJIAPHYIO CTPYKTYPY B M30TOHHYECKHUX YCIIO-
BUsX. [0-BHAMMOMY, B 4aCTH KJIIETOK MOTYT IPOUCXOIUTH MOCTTPAHC-
JSIMOHHBIE U3MEHeHUsl (Moau(UKaIMK) TUCTOHOB: allETHJIMPOBAHKUE U
METHJIMPOBAHNE HEKOTOPBIX OCTATKOB JIM3UHA, YTO MPUBOJUT K MOTEPE
4yuciaa TMOJOXKUTEIbHBIX 3apsiioB, U (ocPopriipoBaHUE CEPUHOBBIX
OCTaTKOB, MPUBOJSIIEE K IMOSBICHUIO OTPULATENBHOrO 3apsaa. Ale-
TUJIMpoBaHue M (PochHOpUINpPOBAHHE THCTOHOB MOTYT OBITH OOpaTH-
MBIMH. DTU MOJU(PUKAINYA 3HAYUTEILHO MEHSIOT CBOWCTBA T'MCTOHOB,
ux crnocooHocTh cBsa3biBaThes ¢ JIHK. Hampumep, noBsienHoe are-
TUJIMPOBAHUE TUCTOHOB MPEIIESCTBYET aKTUBAIIMM T'€HOB, a (pochopu-
aupoBaHue U jedhocPopuIMpoOBaHrE CBSI3aHbl COOTBETCTBEHHO C KOH-
JICHCALINEN U IEKOHICHCAIIEN XPOMATHHA.

['MCTOHBI CHUHTE3UPYIOTCA B IUTOIUIA3ME, TPAHCIIOPTUPYIOTCS B
sapo u cBsa3biBaroTcs ¢ JIHK Bo Bpems ee permkanuy B S-nepUOJE,
T.€. cuHTe3bl TUCTOHOB U JIHK cuuxponmsupoBansbl. [Ipu npekpaiie-
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Huu kietkoit cuHteza JIHK rucronoBeie mHdopmarmonnsie PHK 3a
HECKOJIbKO MUHYT PaclaJaroTCsid U CUHTE3 TMCTOHOB OCTAHABJIMBACTCA.
BxitounBIIMecs: TUCTOHBI OYEHb CTAOMIIbHBI, UMEIOT HU3KYIO CKOPOCTh
3aMEHBI.

®yHKUUOHaNbHbIe ceolicmea 2UCMOHOo8

[IIupokoe pacupoCTpaHEHUE TUCTOHOB, UX CXOJCTBO JAXE y OYEHD
OTJAJICHHBIX BUOB, 00513aTEJILHOCTh BXOXKICHHUS MX B COCTaB XPOMO-
COM — BCE€ 3TO TOBOPUT 00 MX YPE3BHIUANHO BaXKHOM POJIM B MpOLIECCEe
KUAZHEIESITENBHOCTH KJIETOK. Elle 0 OTKPBITUS HYKIIEOCOM CYILECTBO-
BaJIM JIBE€ B3aMMOJOIOIHSIOIUE IPYT Apyra TPYIIbl TUIOTE3 O (PyHK-
IUOHAJIIBHOW POJIM TUCTOHOB, O PETYJISATOPHOM U CTPYKTYPHOM UX POJIH.

OOHapy’KeHO, UYTO BBIJICJICHHBIA XPOMATHUH MPHU J0OABICHUU K HE-
My PHK-noaumMepasbl MoXeT ObITh MaTpHIEH SISl TPAHCKPUIIIIAU, O-
HAKO aKTHUBHOCTH €TO COCTAaBJISIET BCETO JUIIb OKOJIO 10% OT akTuBHO-
CTH, COOTBETCTBYIOIIEH aKTUBHOCTH BbljeneHHOW uuctor JIHK. Ota
AKTUBHOCTh IIPOTPECCUBHO BO3PACTAET MO MEPE yAAIEHUs TPYIII THC-
TOHOB ¥ MOXeT noctuyb 100% npu moimHOM yJalieHuu rucTtoHoB. Ot-
CIOJIa CJIEIOBAJIO, YTO O0IIIee COAECPIKAHUE TUCTOHOB MOXKET PEryJIupo-
BaTh YPOBEHb TPAHCKPUIIIMU. DTO HAOIIOAECHUE COBNAAAET C TeM (ak-
TOM, 4YTO MO Mepe YJalleHHus THMCTOHOB, ocobeHHo HI, mpoucxoaut
IPOTpecCHBHAs JIEKOHACHcAIUsl — pa3BopauuBanue ¢uodpumn JIHII,
4TO, BO3MOXHO, o0jerdaet Bzaumoiericteue PHK-nonumepassl ¢ mat-
puunoii JIHK. O6HapyxeHo Takxke, 4To MOAu(UKAIUs TUCTOHOB TIPU-
BOJIUT K YCUJICHUIO TPAHCKPUIIIWHA U OJHOBPEMEHHOW IEKOMITAKTU3A-
uuu xpomatuHa. CleoBaTesIbHO, HAIIPAIIMBACTCA BBIBOJ O TOM, YTO
KOJINYECTBEHHOE U KQYECTBEHHOE COCTOSTHHE TMCTOHOB BIIMSIET HA CTE-
IIEHb KOMIIAKTHOCTU U aKTUBHOCTH XpomaTtnHa. OJHAKO OCTAaBAJICA OT-
KPBITBIM BOIPOC O CHNEHU(DUUHOCTH PETYISTOPHBIX CBOMCTB T'MCTOHOB:
KakoBa poJb TUCTOHOB pu cuHTe3e crenudpuueckux uPHK B paznunu-
HO TuddepeHIIMPOBaHHBIX KJIETKaX? ITOT BOMPOC /10 CUX TOp elle He
pEelIeH, XOTs MOXKHO CJeaTh HEKOTOPhIE 0000IIECHUS: Ha ATy POJIb MO-
I'yT NPETEHIOBaTh T€ T'PYNIIBI TUCTOHOB, KOTOPHIE HAUMEHEE KOHCEP-
BaTuBHBI, Takue kak H1 wnm kak H2A u H2B, koTopsie MOryT B 3Ha-
YUTEJILHOU Mepe MOIU(PUIIUPOBATHCA U TEM CaMbIM HU3MEHSTH CBOU
CBOICTBA B OINPEICICHHBIX YYACTKaX FT€HOMA.
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bruta odeBHAHA W CTPYKTypHas — KOMIAKTHU3UPYIOIIasg — POJib
TUCTOHOB B OpraHU3allMd XpomaTuHa. Tak, MOCTENEeHHOE J00aBICHUE
dbpakiuu rucToHOB K pactBopam yuctod JIHK mpuBomut x Bblmaje-
HUIO B ocanok komruiekca JIHII, u, Ha000pOT, YacTUUHOE yJajieHHE
TUCTOHOB W3 MPENMApaTOB XPOMATHUHA BEJET K €ro MEPEXoay B PaCTBO-
puUMoOe cocTosiHKE. B TO ke Bpems B IIUTOIIIA3MAaTUYECKUX IKCTPAKTAX
OOIIMTOB 3€MHOBOJIHBIX WJIA SHI[ MOPCKUX €XEU, COJIEpKAIIUX CBO-
0o1HbIE TUCTOHBI, oOaBneHue mobdoin JTHK (Bkimtouas daroByro) mpu-
BOJUT K 00pa3zoBaHuto XxpoMatuHOBbIX (hubpuin (AHIT), nmuHa xoTo-
PBIX B HECKOJIBKO pa3 kopoue ucxoaubix JIHK. Ot nanusie roBopAr o
CTPYKTYPHOH, KOMITAKTU3UPYIOMIEH POJIM THCTOHOB. J[JiT TOTO YTOOBI
OTPOMHBIE CaHTUMETPOBBIE MOJIEeKybl JIHK ynoxurs o anuHe Xpo-
MOCOMBI, UMEIOIIIEN pa3Mep BCEr0 HECKOJIbKO MUKPOMETPOB, MOJICKYJIA
JIHK nomxHa OBITH CKpydeHa, KOMIIAKTU3UPOBAaHA IJIOTHOCTHIO yIia-
koBKH, paBHOM 1:10 000. Okazanoce, 4TO B MPOIIECCE KOMITAKTU3AIUU
JIHK cy1iecTBytOT HECKOIBKO YPOBHEW YNMAKOBKH, CBOMCTBA KOTOPBIX
PAMO ONPENECIAOTCS B3auMoericteueM ructoHos ¢ JIHK.

Hea2ucmoHoeble 6ernku

HerucronoBeie 6enku cocTaBisitoT okojo 20% Bcex OeaKoB Xpo-
MatuHa. [lo ompeneneHnio, HETUCTOHOBBIE OEIKU — 3TO BCE OEJIKU
XpoMaTthHa (KpoMe THCTOHOB), BBIICISAIONIMECS C XPOMATHHOM WJIU
XpOMOCOMaMu. ITO cOOpHas TrpyIna O0eKOB, OTIIMYAIOIIUXCS APYT OT
Jpyra Kak 1o oOIIUM CBOMCTBaM, Tak W MO (PyHKIIMOHAJIBLHOW 3HAYH-
Mocth. Okoso 80% HETrUCTOHOBBIX OEJIKOB OTHOCHUTCS K OelkaM siaep-
HOTO MaTpHUKca, 0OHAPYKHMBAEMbIM KaK B COCTaBe MHTEp(da3HBIX sJiep,
TaK 1 MUTOTHYECKUX XPOMOCOM.
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