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BBEOEHUWE

Knerka — BBICOKOOpPraHM30BaHHAs CTPYKTypa, COJAeprKaiiasi MHOXXECTBO
(GYHKIMOHANBHBIX €AMHHUIL, XapaKTepU3yeTCs HAJIWYHEeM IUIa3MaTHUYecKOM u
BHYTpeHHUX MeMOpaH. Ilna3smartuyeckass memOpaHa TMpeAcCTaBiseT CcoOoMn
BHEIITHIOI0 MeMOpaHy KJIETKH, a BHyTPEHHHE MEMOpaHbl SBISIOTCS MeMOpaHa-
MU KJIETOYHBIX opranesul. [1nomaas MOBEpXHOCTH TIa3MaTHYECKO MeMOpaHbl
COCTaBJISIET MMPUMEPHO OJHY COTYIO YacTh CyMMAapHOW IJIOLIAJAN MOBEPXHOCTH
BCEX MEMOpaH KJIETKH.

Bce MeMOpaHbl uMEIOT O00OHOE CTPOCHUE — JUMUAHBIA OUCION (CTPYK-
TypHasi OCHOBa MeMOpaHbl), OEJIKH, ACCOLUUUPOBAHHBIE C JTUMUAHBIM OUCIIOEM,
W YTJIEBOJBI, CBSI3aHHBIC C O€NKaMH W JHUMHUIAMU. Paznuuus B CTpyKType U
CBOMCTBax MeMOpaH ONpEeNeNstoTCs, B MEPBYIO OUYepelb, Pa3IUYHEM B COCTABE
U XUMHYECKOM CTPOCHUH MEMOpPAaHHBIX KOMIIOHEHTOB.

MemMOpaHa — HE TOIBKO CTPYKTYPHBIN 3JIE€MEHT, OTACISIOMUNA COIEPKUMOE
KJIETKU OT OKPYXEHHsS M 00ECIeUUBAIOLIUIl €€ LEJIO0CTHOCTh. DTO — CIIOKHAs
¢yHkuoHanbHast cucremMa. C ydactueM MeMOpaH pa3BHUBAETCS MHOKECTBO
OMOXUMHUYECKUX U OMO(DU3UYECKUX TPOIIECCOB U SBJICHUA B KJIETKE, B TOM
quCcJie TPEeBpaIleHUe SHEPTUU U3 OJHON (OPMBI B JPYTyIO, CBSI3bIBAHUE TOP-
MOHOB M aHTUTEHOB, PETYJISAIUs aKTUBHOCTU (epMeHTOB, cuHTe3 ATD u npy-
TUX BEIECTB, PEIENIHs CHUTHAJIOB, KIETOYHOE y3HABaHUE, TCHEpaIUs dJIeK-
TPUUYECKUX CUTHAJIOB. MemOpaHbl 00ecreunBaloT 3agsKOpUBaHUE (DUIAMEHTOB
IIUTOCKENIETa WM KOMIIOHEHTOB JKCTPAKJIETOYHOTO MaTtpukca. Kpome Toro,
MeMOpaHbl 00ECTIEUMBAIOT HAMpaBJICHHUE ABIKCHUS KJIETOK WU OpraHeill B
KJIETKaX.

MemOpaHbl TPEACTABISAIOT COOOM MOTYNpPOHUIIAEMBIN Oapbep, obecreun-
BAIOIIMI CEJIEKTUBHOCTh U CHENU(DUUHOCTh TPAHCIIOPTA MOHOB M MOJIEKYJI Kak
BHYTPb KJIETKH, TaK M HapyXy. BOJBIIMHCTBO BELIECTB HE MOTYT CBOOOJHO
IPOHUKATh yepe3 MeMOpany. VX NBU)KEHUE KOHTPOJIUPYETCS UHTETPAIbHBIMU
MeMOpaHHBIMU OeJIKaMH, B TOM YKCJIe KaHaJlaMU, HACOCaMU U MIEPEHOCUNKAMHU.
KonTtponupyst GyHKIIMKM TPAHCHIOPTHBIX CHCTEM, MEMOpaHa CriocoOCTBYET OIl-
TUMU3ALMN [1apaMETPOB BHYTPEHHEH Cpelbl U ObICTPHIM CHEUU(PUUECKUM H3-
MEHEHHMSIM B 3TOWM Cpelie MpU OTKIUKE Ha COOBITHS 3a MpeaeiamMH KIETKH.
CaoiicTBa MeMOpaH MOTYT U3MEHATHCS JTMOO MPU U3MEHEHUH MPOLIECCOB BHYT-
peHHero merabonusMa, MO0 MpU ACHCTBUM BHEUIHUX CHUTHAJIOB, HAIPUMED,
TOPMOHOB.



FMABA 1. NUNUOHbIA KOMNOHEHT
BUWONOIMYECKUX MEMBPAH

Jlumuel — K1acc OpraHMYeCKUX COCTUHEHHM, ITMPOKO PACIpPOCTPaHEHHBIX
B KMBBIX OpraHM3Max. B UBBIX CHUCTEMax JHIHbI BBITOIHSIOT MHOTOYHC-
neraple pyHknuu. OHH SBISIOTCS HEOTHEMIIEMBIMH CTPYKTYPHBIMH KOMIIO-
HEHTaMH OMOJIOTMYECKUX MeMOpaH, HICTOYHHKOM SHEPTHUH, CIIyXaT PeryssiTo-
pamMu (QyHKIIMOHATLHOW AKTUBHOCTU OEJIKOB, BBIMOJHSIOT POJIb CHUTHATBHBIX
MOJIeKyJ (IepBUYHBIE BHEKJIETOUHBIE MECCEH/KEPbl, BTOPUUHbBIEC BHYTPHKIIE-
TOYHBIE MECCEH/KEPHI) B MPOIecCax KIETOYHON CUTHAIU3ALUH U T. JI.

OOIIEenpUHATOTO OMpeNeNieHNs TePMUHA «TUMUABD HeT. OOBIYHO JTUTUIBI
XapaKTePU3yIOTCS KaK COCTUHEHHs IPUPOJAHOTO MPOUCXOXKICHUS, 00muM pu-
3UYECKUM CBOMCTBOM KOTOPBIX SIBISIETCA BBICOKAs PacCTBOPUMOCTH B OpPraHH-
YECKUX PAaCTBOPUTEISIX, TAKUX KaK XJIOpohopM, OeH30i1, 3(DUPBI U COHUPTHI, U
HU3Kasi pacCTBOPUMOCTH B Bojie. CKa3aHHOE OTHOCHUTCS K IIHPOKOMY Pa3HO00-
pa3uio MPUPOTHBIX MPOAYKTOB, BKIIOYAIOIIEMY YKHPHBIE KUCIOTHI M UX MPOU3-
BOJIHBIE, CTEPOU/IBI, KEITUYHBIE KHCIOTHI, TEPIIEHBI, KapoTeHOu1bl. OJTHAKO MHO-
THE U3 BEIIECTB, KOTOPBIE PACCMATPHUBAIOTCS KaK JUMHIbI, MOTYT PacTBOPATHCS
KaK B BOJIC, TaK U B OPTAHMYECKUX PACTBOPUTEIISX.

YacTo TEpMHH «JTUIUABD) UCTIOIB3YETCS HE TOJIBKO JJIsi 0003HAYEHUS KUP-
HBIX KHCIIOT M MX MPOMU3BOJIHBIX (3()MPOB M aMHJIOB), HO TaK)Ke M COSAMHCHHUIA,
CHHTE3 KOTOPBIX B MPUPOJIE TECHO CBSI3aH C KUPHBIMU KHCIOTaMu. B cooTer-
CTBUM C JAHHBIM MOJXOJOM MOXHO BCTPETUTH CIEIYIOIIEE ONpE/esIeHue: JIH-
Bl — 3TO JKUPHBIE KUCIOTHI U X MPOU3BOJHBIC, a TAKXKE BELIECTBA, CBA3AH-
HbIE OMOCHHTETUYECKH WU (QYHKIIMOHAJIBHO C ATUMH COCAMHEHUsAMU. B pam-
Kax JaHHOTO OMPEICNICHUS XOJIECTEPUH M PACTHUTEIbHBIE CTEPUHBI MOXKHO
paccMaTpuBaTh Kak JUMUABI, a TAK)KE OTHECTH K JIUIHIAM JKETYHbIE KHCIIOTHI,
TOKO(EPOJIbI U HEKOTOPHIE APYTHE COeNMHEHUs. ['aHTIMO3UIbI TaKKe MOMXKHO
KJIaCCHU(PHUIIMPOBATh KaK JIMMUIBI, XOTSI OHH Jy4YIlle pacTBOPSIOTCS B BOJE, YeM
B OpraHMYECKUX pacTBoputessx. OJHAKO MO JaHHOE OMpEe/eIeHUe He Moma-
JAIOT TaKWe MPUPOIHBIC BEIIECTBA, KaK CTEPOMIHBIE TOPMOHBI, HEKOTOPHIC
’KHPOPACTBOPUMBIC BUTAMHUHBI, KAPOTCHOUIBI U TEPIICHBI.

ConepkaHue JHIHOB pa3IMYaeTCss HE TOJBKO B Pa3HBIX TKAHIX, HO U B
Pa3IMYHBIX OpraHesIax.

1.1. KNACCUDPUKALIUA NUNNOQOB

Cy1iecTByeT HECKOJIBKO CIIOCOOOB KiacCU(pUKAIMU JTUMIUA0B, OCHOBAHHBIX
Ha XUMHUYECKOU CTPYKType, PU3NYECKUX CBONCTBAxX, OMOJIOrMYECKOU poJik U
T. J.

B 3aBucHMOCTH OT OMOJIOTUYECKON POJIU JTUTTUBI MOXKHO PA3eIUTh HA TPU
KJIacca: 3amacaeMble JIMIUAbI — KUPHBIE KUCIOTHI, TPUALWITIUIEPUAbI, BOCKA;
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CTPYKTYpPHBIC JUIUALI — TiHiiepodochonmunuabl, COUHTOMUIUIL U CTEPUHBI,
PEryJISITOPHBIE JTUMUILI — CTEPOUTHBIE TOPMOHBI, U30TIPEHOUABI U SUKO3aHOU-
JTBI.

C y4eToM MEXaHHW3MOB B3aWMOJICHCTBHUS CO IICIOYBIO JIMMUABI ETATCS Ha
JIB€ OOJIBIIIME TPYIIIBI: OMBUIIEMbIE U HeOMbUIsIeMble. K rpynme oMbLIsieMbIX
JIUMHUAOB OTHOCSITCS MPOCTHIE W CJIOKHBIC JIMIKJIBI, KOTOPbIE MIPU B3aUMOJICH-
CTBUM CO WIEJIOYAMHU THIIPOJIM3YIOTCS ¢ 00Opa30BaHUEM COJIEH BBICOKOMOJIEKY-
JIAPHBIX KHUCJIOT, HAa3bIBAEMBIX «MbUIaMU». K HEOMBLISEMBIM JIMIKMAAM OTHO-
CATCSI COCJMHEHMS, HE MOJBEPraroiuecs MeI0YHOMY TUAPOIU3Y (CTEpPUHBI,
KUPOPACTBOPUMBIC BUTAMUHBI, IPOCTHIE SPUPHI U T. 11.).

HawubGonee pacmpocTpaHeHHOW SBIsSETCS KiacCU(UKAIUS OMOJOTUYECKA
B)KHBIX JIMITUIOB HA OCHOBE UX CTPYKTYPHBIX OCOOCHHOCTEH, XOTS U B JAHHOM
MOAXO0JIe BCTPEUAIOTCS BapUalllK, CBI3aHHBIE C OTCYTCTBUEM €IMHOTO OIpe/e-
JICHUS JIUMHJIOB.

OCHOBY CTpOEHHUS JIUMHAOB, TMOJBEPralOIIMXCs THAPOIU3Y, COCTABISIOT
CIIUPTHI — BBICIINE AIM(PATHYECKUE OJHOATOMHBIE, TPEXaTOMHBIH CHUPT TJIU-
IEPUH U JABYXaTOMHBIM aMUHOCTIUPT cHUHTO3MH. CIIUPTHI allUJIMPOBAHbI BhIC-
[IUMU KUPHBIMU KHUCIIOTAMU; OJIUH U3 CIIUPTOBBIX THAPOKCUIOB MOXET OBITh
stepudunrpoBad GochopHONH KUCIOTOH, CBA3aHHON ¢ OCTaTKAaMU aMHUHOCITHP-
TOB WJIM AMUHOKHUCJIOTHI (CEPUH).

B cooTBeTcTBUU ¢ MaHHOW KiacCU(UKAIIMEH JTUMHUIBI MOKHO pa3/ieliuTh Ha
TpU OOIIMPHBIX KJlacca: MPOCTHIEC JTUMUIbI, CI0XKHBIC JTUMUbI U TPEAIIECTBEH-
HUKHU U TTPOU3BO/IHBIE JIUTUIOB.

1.1.1. MNMpocTble nunNuabI

[Iponykramu TuapoOIM3a MPOCTHIX JUIMUIOB SIBISIOTCSA, KaK MPABUIIO, CITUP-
Thl ¥ KapOOHOBBIE KUCIOTH. K MPOCTHIM JTUTIUIAM OTHOCSATCS JKUPBI (TPUTIIN-
HEpUbl), MPEACTABISIONME COO0M CIOXKHBIE 3PUPHI TPEXATOMHOIO CHUPTA
TJIMIIEPUHA W BBICIIUX XUPHBIX KHUCIOT, BOCKM — CJIOKHBIE A(UPBI BBICIIIAX
KUPHBIX KHCJIOT M BBICHIUX OJHOATOMHBIX CHHPTOB. K MpOCTBIM Jumugam
MOKHO OTHECTH W JIUIIH/IBI, HE TIOIBEPTAIONTUECS TUIPOIU3Y: CTEPOUIBI U TEP-
TICHBI.

Tpurnmunepunbl (TpUANMITIAIIEPUIBI) — CaMble PACIPOCTPAHEHHBIC U3 JIH-
MUJIOB, BCTPEUAOIINUXCS B mpupoje. [IpupoiHbIe KUPBI IPEICTaBISIIOT co00M
CIIOXHBIE CMECH PAa3JIMYHBIX TIUIEPHIOB. B MX cocTaB B OCHOBHOM BXOMST
TPUTIUIEPUIBI, HO IPUCYTCTBYIOT IH- U MOHOTJTHIICPH/IBI.

['uaponu3 TPUTIULIEPUIOB MPOUCXOIUT IO BIUSIHUEM KHUCIOT, IIE0YeH,
Cynb(OKHUCIOT, a Takke pu ydactuu pepmenTtoB. [Ipu ruaponmsze o6pa3yroT-
Csl CHavaJia Jiu-, 3aTeM MOHOTJIMIICPU/IBI K B KOHEYHOM HUTOT€ KUPHBIE KUCIOTHI
U TJIUIIEPUH.

JIist ykazaHus TIOJIOKCHUS JKUPHOKUCIOTHBIX 3aMECTHUTENICH B MOJIEKYIIe
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[VIMLEPUHA UCIOJIb3YIOT SH-CUCTEMY CTEpeOoCrelnu(PpUUecKol HyMepauuu aTo-
MOB yTJiepoja (sn- OT aHIII. Stereo-specific numbering) (puc. 1.1). Hanpumep,
TPUTTULEPHU, COAepKalIUil B iepBoM nosioxkeHuu (C-1) ocTaTok cTeapuHOBOM
KHUCJIOTHI, BO BTOpoM (C-2) — onlenHoBoM, B TpeTheM (C-3) — maabMUTHHOBOMH,
o0O3HayaeTcsi ClenylmuM 00pa3oM: su-Timiepo-1-creapar-2-onear-3-
najgbMUTAT.

C-1 C-2 c3

CH,— CH— CIH2

|

R.COO R,COO RLCOO

Puc. 1.1. sn-Hymepauust aToMOB yriiepoa
[JIMLEPUHOBOTO OCTOBA

B Tpurnuuepuaax xKUPHOKUCIOTHBIE 3aMECTUTEIN MOTYT pa3iN4aThCs Kak
M0 JUIMHE LIENH, TaK U N0 YUCIYy ABOMHBIX CBS3€l. B MUINEBBIX Kupax yamie
BCEr0 COAEPKATCs MAIbMUTUHOBASI, CTEAPUHOBAsI, OJICMHOBAs U JIMHOJIEBAs! KU-
cinoTbl. OCTaTKU HEHACHIIIEHHBIX KUPHBIX KUCJIOT BCTPEYAIOTCS, KaK MPaBUIIo,
B nojoxxeHuu (C-2) rnuiepuna.

BOABIMIMHCTBO MPUPOJHBIX BOCKOB MPEACTABISIET cO00il cMech 3PUPOB OA-
HOATOMHBIX HACBIIIEHHBIX KapOOHOBBIX KUCIOT U cnupToB (R{COOR,).

Creponbl OTHOCATCS K JIMOUAAM KHUBOTHOTO MPOUCXOXkKAEHUS. OCHOBHOM
YaCThIO CTPYKTYPBhI CTEPOHUJOB SIBISETCS LMKIONEHTAHIEPrUuapoPeHaHTPEH.
Wx nmoapaznenstoT Ha CTEPUHBL, CTepUIbl (3(PHUPHI XOIeCTEpUHA), KETUHbIEC K-
CJIOTHI, TIOJIOBBIE TOPMOHBI, KOPTUKOCTEpOUIbl. OCHOBHAsI Macca CTEPUHOB B
OpraHu3Me YeJIOBEKa MPEICTaBICHA XOJIECTEPUHOM — OJJHOATOMHBIM ITUKJINYE-
ckuM ciuptoM (puc. 1.2). XonecTtepuH COIEPKUTCS B KEI4H, IJIa3Me KPOBH,
KJIETOUYHBIX MEMOpaHax, sIBJISETCS KOMIIOHEHTOM JIMIIOIIPOTEUHOB.

CH;4
%H—CHJ,

HO

Puc. 1.2. CtpykrypHas popmyiia XolecTepruHa



TepneHbl OTHOCATCS K JIMIIMAAM PACTEHUN W MOCTPOEHBI U3 JIBYX, TPEX U
Oosee 3BeHbEB HM30MpeHa. M3onpeHoniHple e BXOAAT B CTPYKTYPY MHOTHUX
OMOJIOrMYECKN aKTUBHBIX COCIUHEHUM, HAllpUMep HEKOTOPBIX >KMPOPACTBOPU-
MBIX BUTAMUHOB, CTUMYJIITOPOB POCTa PACTEHUN, KADOTUHOUIOB U T. 1.

1.1.2. CnoxHble nMnuabl

[Tpu TrIpOIN3E CIIOKHBIX JTUMUIOB, KaK MPABHUIIO, 00Pa3yIOTCS COSTUHEHUS
Tpex u 0oJiee BUIOB.

B pamkax maHHOro Kjlacca MOKHO BBIIETTUTh HECKOJIBKO T'PYII JUMIHUIOB:
dbochornunepuabl, TIMKOIUIUABL, APYTHe CIOXKHBIC TUMUABI (AUOJIbHBIE JU-
MUIBI, CYJIb(OTUTNBI, AMUHOHITHUIBI, JIMTIONIPOTEUHBI U JIP.).

dochornunepusipl — JUNUABI, COAEPKAIIUE TMOMUMO KUPHBIX KHUCJIOT U
cnupTa octatok (ocopHOH KHCIOTBI, KOTOPBI 00pa3yeT CI0KXHOA(DUPHYIO
CBA3b C aTOMOM KHMCJIOpOAa TUAPOKCWIbHOU rpynnsl sn-C-3 rmunepruHa. B ux
COCTaB MOTYT BXOJUTh a30TUCTHIC OCHOBAHUS U IPYTHE KOMIIOHCHTHI.

®docdorauriepuasl pa3aensaoT Ha TAUHIEpodocPOTUNUAbl (CIIUPTOM SIBIIS-
etcs rurepur) (puc. 1.3) u chunarodochomunuas (cupTom sSBIsIETCS CHUH-
TO3WH — HEHACHIIEHHBIN JTIMHHOIETIOYEYHBIN IBYXaTOMHBIN ciupT) (puc. 1.4).

R’COO—(Isz
R'COO-CH (l“f
|

|
OH

' 1. H - d¢ocdarunossie kucnotsl (PK)

2. CH2CH2N(CH3)3 — (ocharuaunxonunsl (neuntunsr) (OX)

(1,2-nuanui-sn- rauuepo-3-GpochoxoauHb)

3. CH,CH,;NH, = docharnaumranonamunsr (O3)
} (xedanunbr)
4. CH,CHNH, - pocharuauncepunsl (PC)

|
COOH

5. CH,CH(OH)CH,OH - ¢docharnamnrnuuepunst (OI)

6. C6H“05 = docharuaumnosut bl (OPH)
(MHO3UTHI)
7.@ocharuauarinuepus = KapAHOJHITHHbI

Puc. 1.3. Tmanepodochomumnuasr
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R'-CH-OH
|
R'CONH-CH (“)
I

|
OH OX

X:
1. CHZCHQN(CH3)3 — cunromuenunsl (CM)
2. UHOBUTHITIIMKO3UI = (PUTOCHHUHTOIMUITHIBI

Puc. 1.4. Chunrodpochomumumbt

Haubonee mpoctas dhopma dochorautiepunoB — docharnaoBbie KUCIOTHI
(bochomononrdpupel nuamwiriauiepuna). Ocratok (ocaTUI0BON KHUCIOTHI
(bocdharummni) MokeT 0Opa3OBBIBATh CIIOXKHOA(MUPHYIO CBS3b C KHCIOPOJIOM
TUAPOKCUIBHBIX TPy aMUHOCIIUPTOB (XOJWH, STAHOJIAMHUH WM CEPUH) WU
noJUCTIUPTOB (MUOMHO3UT). [Ipu B3auMOEHCTBUY C TIIMIIEPUHOM JIBYX OCTaT-
KOB (ocdaTumoBoii KMCIOTH oOpa3yeTrcss AupochaTUIMITIULIEPHH (Kapauo-
aunuH) — ¢ochonunul BHyTPEHHUX MeMOpaH MUTOXOHIpuil. JInzodpocdou-
nuel 00pazyroTes u3 (HochaTuaoBON KUCIOTH NP OTIICTUICHUH OJHOTO W3
aIUIBHBIX 0CcTaTKOB. OHU MPHUCYTCTBYIOT, HAIIPUMED, B IMTUCIIMHOM U 3MEUHOM
sax.

Chunronmunuasl B 60JbIIOM KOJIUYECTBE MPUCYTCTBYIOT B MeMOpaHax Kiie-
TOK HepBHOU TkaHU. [Ipon3BoaHbIe CHUHTO3MHA, AIMIIMPOBAHHOTO MO AMHHO-
rpynie ocTaTKkaMu >KUPHBIX KUCJIOT, HA3bIBAIOTCS LIEpAMUJIAMU.

['muxonunuast (puc. 1.5) — nunuael, coaepkaume KUPHbIE KUCIOTHI, TIH-
HEPUH WK CHUHTO3UH U YIIIEBOJHBIN KOMIOHEHT. Yale BCero B TJIMKOJIUIIHU-
Jlax MpUCYTCTBYIOT D-ranakro3a, D-riiroko3a, ypOHOBBIE KUCIIOTHI.

I rRCOO-CH,
R'COO-CH
(|3H20 — yrieBo1 (MOHO-, ii- WM TPHCAXapHIL)
I R'-CH - OH
R'CONH-CH
CH,-0-X

X

1.Monocaxapua — nepedbpo3uisl
2.0nurocaxapuji =— raHTJIMO3U/IbI

Puc. 1.5. T TUKOIAIINIBI
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['MuKOIUIUARl MMPOKO PACIPOCTPAHEHBI B PACTEHHUSX, KUBOTHBIX M MHUK-
poopranm3Max. boiblioe KOJIMYECTBO MX HAXOIUTCS B HAPYKHOM JIMITHIHOM
MOHOCJIO€ TJIa3MaTHYECKUX MEMOpaH.

['muxonunuast (cMm. puc. 1.5) MOXKHO pa3ienuTh HA TIULIEPUHTIIMKOIUITUIbI
(I) u cunrormukomunuab (1iepedpo3uanl U ranrro3uasl) (1I).

[lepebpo3ubl coaepkarcs B TKAHSAX YETOBEKA, )KUBOTHBIX M BBICIIMX pac-
tenuit. K Hambomee mpoCThIM MpeACTaBUTENSAM 11epeOpPO3UI0B OTHOCSTCS Ta-
JAKTO3UIIEPAMUJI U TITFOKO3HIILIEPAMUI.

["aHrIMO3uARI MHUPOKO PACIPOCTPAHEHBI B TKAHSAX KUBOTHBIX. Pacmomara-
I0OTCSI B OCHOBHOM B IIJIa3MaTHUYECKUX MEMOpaHax KIIETOK, YJacCTBYIOT B IPO-
I[eccax PeryJIAliA POCTa M aAre3uH KJIETOK, MEKKJICTOUHBIX B3aUMOJICHCTBU-
X, HIMMYHHBIX TIPOIECCaX.

K auonbHbpiM nunugaMm (3gupam JuU0JIOB) OTHOCSTCS JUNO(UIbHBIC Bellle-
CTBA, SIBJISIIONTUECS TPOU3BOJIHBIMHU JTUJICH- W TPONMUJICHTIUKOICH, a TaKxKe
POJICTBEHHBIX UM JIMOJIOB M UMEIOIINE OOIIYI0 CTPYKTYPHYIO (OpMYITY:

R'OCH,(CH,),CH,0R" (=0, 1,2,3,4).

Odupsl AMOJIOB NPUCYTCTBYIOT B COCTABE JIUMKI0B MOPCKUX OPraHU3MOB,
OOHapyX E€HbI B TKaHSAX MIICKOMUTAIOIINX, CEMEHAX PACTEHUH U MHUKPOOpra-
HUA3MaX. J[MOJIbHBIE JTUMHABI B )KUBBIX CUCTEMAX COJIEPKATCS B MAJIBIX KOJIUYE-
ctBax. [Ipu ycunenHoii nponudepanuu KIeTok (pereHepupyroias neyeHb, pak
MEYEHHU, CO3PEBAIOIIUE CEMEHA PACTEHUMN U JIp.) COACPKAHUE TUOIbHBIX JTUIHU-
0B Bo3pactaeT. K CIOXHBIM JIMIUIAM TaKkKe OTHOCATCS CYJIb(QOIUMUILI U
aMuHOIUINUbI. K KaTeropuu CioXHbIX JUINAI0OB OTHOCAT U JTUIONPOTEHHBI.

1.1.3. lNpeAaLwecTBEHHUKN N NPOU3BOAHBbIE NUNUAOB

K mpenmecTBeHHHKAaM U TMPOU3BOAHBIM JIMIHUI0B OTHOCST JKUPHBIE KUCIO-
Thl, OKCWJIUIIUHBI, >KUPOPACTBOPUMBIE BUTAMHUHBI, TOPMOHBI, TJIULEPUH U JIPY-
T'H€ CIIUPTHI, aJIbJICTU bl JKUPHBIX KUCIIOT U JIp.

JKupHble KHUCIOTHI IPEJICTABISAIOT OO0 anudaTrueckiue MOHOKapOOHOBBIE
KHCJIOTHI, COJIEprKalllie B yrieBOJIOPOJAHOM LIeTH Ba U O0jiee aTOMOB YIJIEpO-
na. JKupHble KUCIOThI, MOJIEKYJIBI KOTOPBIX coaepxkar O6oiee 10 aromoB yrie-
pO/a, HAa3bIBAIOT BHICIIMMHU KUPHBIMH KUCIOTAMHU.

JKupHble KHCIIOTBI, KaK MPABHUIIO, MPUCYTCTBYIOT B JKUBBIX OpPTaHU3Max B
BUJIE CJIOKHBIX 3(QUPOB C TIUUEPUHOM, CHPUHTO3HMHOM, XxoJjecTepuHoM. CBo-
0oaHbBIE )KUPHBIE KUCIIOTHI B OPTaHU3ME COJIEP)KATCSl B HEOONBIINX KOJTUYECT-
Bax.

O6mas dopmyna kapboHoBbix kucioT: R-COOH, rne R — yrieBomgopo-
HBbI 3aMECTUTEINb. B 3aBUCHUMOCTH OT IPUPOJBI paJuKaia, CBA3aHHOIO C Kap-
OOKCHUIIBHOW TPYMIION, UPHBIE KUCIOTHI MOTYT OBITh MpeNeiabHBIMU (HACHI-
HICHHBIMU) WJIM HENpeNeabHbIMU (HEHACHIIICHHBIMU). YTJIEBOJOPOAHAS 1IETh
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ABJISICTCSl HACBIIIEHHOW, €CIIM B HEW NMPUCYTCTBYIOT TOJNBKO oauHapHble C—C-
CBSI3HU, JIUOO HEHACHIIICHHOM, €cliiu uMeeTcs oAHa uiu OoJee ABOMHBIX C=C-
cBa3ei. [lo cTeneHn HEHACHIIIEHHOCTH JKUPHBIE KUCIOThI MOAPA3ACISIIOT Ha
HACBIIIEHHbIE, MOHOHEHACHIIIEHHbIE (MOHOCHOBBIE) W TMOJUHEHACHIIICHHbIE
(monmueHoBwie). B 3aBUCHUMOCTH OT uMciia JBOMHBIX CBA3EH pa3invyaroT MOHO-,
-, TpU-, TETPa-, IIEHTa-, TEKCACHOBBIC JKUPHBIE KUCIIOTBHI.

Ha3Banus u kiaccudukaiys >KUPHBIX KHCIOT OCHOBAaHBI Ha ydeTe YHCIIa
aTOMOB YIJIEPOJIA B MOJIEKYJIE UCXOAHOTO YIJIEBOJIOPOAA, IIPOU3BOJIHBIM KOTO-
poro sABisieTcs xkupHas Kuciaora. CUCTEMAaTHUYECKOE HA3BAHUE KUPHBIX KHACIOT
oOpazyeTcs myTeM J00aBIeHUs K Ha3BaHUIO COOTBETCTBYIOUIETO YIJIEBOAOPOIa
OKOHYaHUS «-06as». Ha3zBaHUs HACBIILIEHHBIX XKUPHBIX KUCIOT OKAHYMBAKTCS
Ha «-aHosasy (HaNpUMEpP, OKTAHOBAs), & HEHACKIIICHHBIX >XUPHBIX KUCIOT —
Ha «-eHosas» (Hampumep, OKTaJeIeHOBas ).

B nutepatype BMECTO CUCTEMATUUYECKHUX HA3BAHUW HIUPOKO HCIOIB3YHOTCS
TpUBHAJIbHBIE Ha3BaHWA. Hampumep, rekcajgekaHoBas KUCJIOTa, coAepKaiias
16 aromMOB yriepona, U3BECTHA IOJ Ha3BAHHEM «IAJbMUTHHOBAs», & OKTaJe-
KAaHOBAasl KMCJIOTA — MO/ HA3BaHUEM «CTE€apUHOBAS.

ATOMBI yriaeposia B MOJEKYJax >KUPHBIX KHUCIOT HYMEPYIOTCS, HaYMHas C
atoma yriepona kapookcuiabHOUM rpymmbl (—-COOH) (puc. 1.6). Illupoko wuc-
MOJIB3YETCsI CUCTEMa KPaTKOTO 0003HAYEHUS JKUPHBIX KUCITIOT «71 : my, TAe n —
YUCJIO aTOMOB YIJIEPOJa B MOJEKYJIE KUPHOM KHUCIOTHI (BKJIOYas YIJIEPOJ
KapOOKCWJIBHOW TpYIIbI), & m — KOJMYECTBO IBOMHBIX cBA3eill. Hampumep,
0003HaYCHNE MATLMUTHHOBOM KUCIOTH — 16 : 0, 0JJeMHOBOM KHCIOTHI — 18 : 1,
apaxuI0HOBOM KUCIOTHI — 20 : 4.

MeTtunbHas KapOokcunbHas
rpymnmna rpymnmna
CH3- CH,- CHp ----- CH= CH - CH, = CH,= COOH
n n-1 R=2  eeeeecienns 5 4 3 2 1

Hywmepanus atomoB yriiepoaa

Puc. 1.6. Cxema kpaTKoro 0003Ha4CHUS )KUPHBIX KUCIOT

JI1s1 HACBIIIEHHBIX JKUPHBIX KUCIIOT KpaTKas (popMa OMUCHIBAET CTPYKTYPY
MOJIHOCTHIO. JIJIsi HEHACKIIIEHHBIX KUPHBIX KUCJIOT TPeOYyeTCs yKazaHue MoJIo-
YKEHUsSI IBOMHBIX CBsI3el W ux KoHpurypanuu. Kparkoe 0003Hau€HHE KUPHBIX
KHUCIIOT C YYETOM MOJIOKEHUS IBOMHBIX CBsI3e umeeT Bua «n : m(Aa,b,c)» unum
«n : mA“"», tie a, b, ¢ — HOMep IepBOro aToMa yrJIepoa, OTCYHTHIBAEMBIH OT
KapOOKCHJIBHOW TPYIIIBI, I KaXa0W ABOWHOHN cBsizH (cM. puc. 1.6). Hampu-
Mep, 06o3Hagerns 18 : 2(A9,12) wiu 18 : 2 A”'? oTHOCSTCS K THHONCBOH KH-
CJOTE.

[IpuMeHnsieTcs eme OJIMH Croco0 KPaTKOro 0003HAYEHUS KUPHBIX KUCIIOT C
YUYETOM TIOJIOKEHUS KaXJIOW JBOWHOM CBSI3M, WCHOJB3YIOIIMKA HYMEpPALUIO
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aTOMOB yTJepoJa HE OT KapOOKCHJIBHOW TPYIIIBI, & OT MPOTHBOIOJIOXHOTO
KOHIIa — TaK Ha3bIBaeMoOE «oMera-obo3naueHue» (puc. 1.7).

MeTuibHas KapOoxkcuibHast
rpynma rpymnna
CH;— CH,- CH= CH ----- CH,~ CH, = CH,— COOH
1 2 3 4 creeeneeen n-3 n-2 n-1 n
Hymepauus atoMoB yriiepoja i
ol o2 3 (17 S B (lx

® — 0003HaUYEeHHE YTria€pOoAHbIX aTOMOB

Puc. 1.7. Cxema «oMera-o003Hau€HU» JKUPHBIX KUCIOT

VYrieponHblii aTOM KapOOKCWIBHOW TIpyIIbl HEe Hymepyercs. IlepBbie He-
CKOJIBKO aTOMOB YIJIEpOJa, HAYMHAsA C aTOMa yIJIepoJa MepBOi METHUIIEHOBOM
IPYIIbl CO CTOPOHBI KMCIOTHOTO OCTAaTKa, 0003HAYAIOTCS IPEUEeCKUMHU OyKBa-
MU a, B, V,.... ATOM yrjiepoja METUILHON Tpynibl 00o3HavaeTcs kak ol (uim
®—1), aToM yriaepoja nepBoil METUIEHOBOW TIPYIIIbl Y «METHJIBHOIO» KOHIIA
o0o3HavaeTcs Kak o2 (i ©—2) u T. 1. Takum 00pa3om, KpaTkoe 0003HAUEHHE
KUPHON KHUCJIOTHI UMEET BUI «1 : m(mx)» WK «n : m(0—x)», TIe X — HOMEep
NEepPBOr0 aToma yriepoja JABOWHOW CBSI3U, OTCUMTAHHBIA OT «METHIJIBHOTO»
KOHIIA KUPHOU KUCIIOTHI.

Hampumep, 18 : 1(0—9) unu 18 : 109 — 0603HaueHNE OJIEMHOBOI KUCIIOTHI.
MO>KHO BCTPETUTh KPaTKyIO 3aIlUCh JJII CUCTEMbl «OMera-0003HAuYEHHUs», KO-
I7la CUMBOJI «®» 3aMEHSIETCS CUMBOJIOM «n». B 3TOM ciiyyae kpaTkoe 0003Ha-
YEHUE )KUPHOU KUCIOTHI OyJeT UMETh BUJ «n:m(n—x)» (Hanpumep, 18 : 1(n—-9)
win 18 : 1#n-9). Ilpu HanmuuuM B cOCTaBE MOJIEKYJIbl HECKOJIbKHUX JIBOMHBIX CBSI-
3el yKa3bIBaeTCs MOJOKEHHE TBOMHOM CBSI3M, OMMKaWIIEHd K «METHUIHHOMY
KOHIY KUPHOM KHUCJIOTHI. [1070%K€EeHne OCTanbHbIX NBOMHBIX CBSI3EM HE yKa3bl-
BaeTCA, TaK KaK OHU PaACIOJIOKEHBI MOCIEI0BATENbHO APYT 3a APYroM 4epes
nBe onuHapHele cBsizu. Hampuwmep, 18 : 3(n-3), unu 18 : 3n-3, unm 18 : 3w3,
i 18 : 3(w—3) — 0603HaUEHUS JTUHOJICHOBON KHCIIOTHI.

HenacepllieHHble KUPHBbIE KUCIOTHI MOTYT COJIEpPKaTh JIBOWHBIE CBSI3U B
yuc- umu mpauc-koupurypauuu. IIpakTuyecku Bce KUPHBIE KUCIOTHI COMEp-
’KaT JBOMHBIC CBSI3U TOJIBKO B yuc-KoHPUrypamuu. Toabko HEOObIIOE KOJIU-
YECTBO JKUPHBIX KUCIOT UMEIOT mpanc-KoHpurypanuro. [Ipu kpatkoii 3anucu
KUPHOU KHUCIOTHl KOH(UTypalus, KaK MPaBUIIO, yKa3bIBACTCs MPUCTABKaAMU
«cis» U «trans», 1100 MEPBHIMU OyKBaMU «c» U «t». Hampumep, nmust auHOIE-
BOM KHCIIOTHI UCIIOJIB3yeTcsl 00o3HaueHue 18 : 2 cisA9,12, nis >31anintHOBOM —
18 : 1 transA9.

[Tepeuenr Hamboee PacHpPOCTPAHEHHBIX KUPHBIX KUCIOT MPEJCTABICH B
tabn. 1.1.
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Tabnuya 1.1
HexoTopbie Hanbo/1ee pacnpocTpaHeHHbIE JKUPHbIE KUCIOTHI

HasBanue HasBanue Kpatkoe MonekyisipHas
(TpUBHANIBHOE) (cucremaTHuecKoe) 0003HaueHne dbopmyna
HacpbllieHHbIE JKMPHbIe KHCJIO0THI
Macasguas OyTaHOBast 4:0 CHj3(CH,),—~COOH
Kanponosas reKCaHOBast 6:0 CHj3(CH,),~COOH
Kanpunosas OKTaHOBas 8:0 CH;3(CH;,)e—COOH
KanpunoBas JIEKaHOBas 10:0 CHj3(CH,)s—COOH
JlaypuHoBas noJeKaHoBas 12:0 CH;3(CH»),0—~COOH
MupuctuHoBas TETpaJCKaHOBas 14:0 CHj3(CH;),,—COOH
ITanmemMuTHOBAS rexcageKaHoBast 16:0 CHj3(CH;),.—COOH
CreapuHoBas OKTaJieKaHOBas 18:0 CHj3(CH;),6—COOH
ApaxuHoBas 3IKO3aHOBas 20:0 CHj3(CH;);5—COOH
Bberenosas JIOKO3aHOBas 22:0 CH;3(CH»),0—COOH
JlurHouepuHoOBas TETPaKO3aHOBAs 24 :0 CHj3(CH;),,—COOH
IlepoToBas reKkcako3aHoBas 26:0 CHj3(CH;),4—COOH
MoHoeHOBbBI€ JKHPHbI€ KHCJIOTHI
ITaneMuTOIEMHOBAA cis-9- 16 : 1 cisA9 CHj3(CH,)sCH=CH-
rekcajiclicHOBas nin 16 : 1o7 (CH,);—COOH
OnenHoBas cis-9- 18 : 1 cisA9 CH;(CH,);CH=CH-
OKTaJIeIleHOBas (CH;);—COOH
BaxkienoBas cis-11- 18 : 1 cisAl1 CH3—(CH,;)s—CH=CH-
OKTaJICIIEHOBAs (CH,)o—COOH
IloJineHOBBIE KUPHbIE KHCJIOTHI
JInnomeBas cis-9,cis-12- 18 : 2 cisA9,12 | CH3(CH,);CH=CHCH,—
OKTaJEeKaIUEHO- CH=CH(CH,);—COOH
Bas
JIu"oneHoBas cis-9,cis-12,cis- 18:3 CH;CH,CH=CHCH,—
15-oxTanekarpu- cisA9,12,15 CH=CHCH,CH=CH-
€HOBas (CH,)—COOH
ApaxunoHoBas 5,8,11,14- 20:4 CHj3(CH,)4(CH=CHCH,);
slKo3aTeTpa- A5.8,11,14 —CH=CH(CH,);—COOH
eHOBas

Yamie Bcero B KMBBIX OPraHU3Max BCTPEYAOTCS JJIMHHOLIETIOYEUYHBIE XKUP-
HBIE KACJIOTHI C YETHBIM YHCIIOM aTOMOB yIJIEpOa.

IlonmHeHaChIIEHHbIE JKUPHBIE KUCIOTHl HE CHHTE3UPYIOTCS B OpraHHU3ME
XKUBOTHBIX. OHM OTHOCSTCS K HE3aMEHHMBIM JKUPHBIM KHCJIOTAM U SIBIISIFOTCS
BaXHBIMU COCTABIIIOIIMMU MEMOpPaHHBIX (POCHONMUIHUIOB U MPEIIIECTBEHHU-
KaMHU OKCHJIUIIMHOB.

K okcununuHam OTHOCAT COSAMHEHUS, O0Pa3yIOMUecs MPU OKCUTAINH TT0-
JIMHEHACBIEHHBIX XUPHBIX KUCIOT. OCHOBHBIMU OKCWJIMIIMHAMHU SIBJISIOTCS
sliKO3aHOUbl. B 3aBUCHMOCTH OT MexaHu3Ma oOpa30BaHUs BBLACIAIOT MPO-
CTarjlaHIuHbl, TPOMOOKCAHbI, MPOCTALMKINHBI, OKCHU- U TEPOKCUKUCIIOTHI,
JEUKOTPUEHBI, JIMIOKCHUHBI U Ap. OrpOMHBIN UHTEPEC K 3MKO3aHOUIaM CBSI3aH
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C UX HEOObIYaliHO BBICOKON OMOJOTMYECKOM aKTHMBHOCTHIO, UX MPAMbBIM WIIU
OMOCPEAOBAHHBIM YYaCTHEM BO MHOTUX (PU3UOJOTMYECKUX MPOLECCaX.

1.2. DU3NKO-XUMUYECKUE CBONCTBA NUNMNO0B

JIunmuasl B COOTBETCTBUU C OCOOCHHOCTSIMU CTPOEHHUS MOTYT OBITH pase-
JICHBI Ha HETIOJSIPHBIE W TOJIApHBIC. K HEMOMAPHBIM JTUMUAAM OTHOCSTCS] TPHT-
JUIEPHUIBI, BOCKH, 3PUPHI CTepUHOB U Jp. OHU MPAKTUIECCKH HEPACTBOPUMBI B
BOJIC.

MoJiekyJibl TOJIIPHBIX JIUMHUJOB — aM(@UIaTHYECKUE CTPYKTYphI, MPOSB-
JS0IIKMe Kak TuaApodoOHbIe, Tak U ruapoduibHbIe cBoicTBa (puc. 1.8). JnuH-
HOIICTIOYEYHbIC aTu(aTUIECKUE 3aMECTUTENN («XBOCTBI») 00ECTIeUnBAIOT He-
MOJIAPHBIN XapaKTep 4acTU MOJIEKYJIbI, @ OCTaJIbHas YacTh («TOJI0OBAY) SABIISICTCS
MOJISIPHOM WJIM UMEET JICKTPUUECKUN 3apsil.

O
I e
[H—;C—C‘II — (_‘Hj} rﬂHHepHHOBb[H OCTOB
- I [

0 0
(" c::=0 c|'=_o"‘
CH,  CH
G G
CH, CH,
L'I‘n: ('ITH2
CHy CH
CHy CHy
CHy  CHy
CH  CH YTeBOAOPOAHBIE XBOCTHI
CH  CH,
CHy CH
CH, CH,
CH, CH,
('I‘n2 CII.‘HE
CH, CH,
CH, CH,
(:‘Hz e:'lru2
CHy; CH,

7

Puc. 1.8. Ctpykrypa (a) u cxemarudeckoe uzoopaxenue (6)
MOJIEKYJIBI (hochaTHANIXOIHHA

B 1abn. 1.2 npuBeneHsl TaHHbIE, XapaKTEPU3YIOLIUE IEKTPUUECKUI 3apsij
TOJIOBHOM YaCTH HEKOTOPBIX MEMOPAHHBIX JIUITHA/IOB.
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[Ipu pu3monornuecknx ycaoBusiX TOJOBHBIE YACTH JIMITUIHBIX MOJIEKYJ SIB-
JS0TCA MO0 OTpULATENIbHO 3apsbKeHHBIMU ((pocdaTuamiceput, Gocharuam-
JMHO3UT, KAPAUOJIUIMH), JUOO0 3JEKTPOHEUTPAIbHBIMU (HaXoAsaTcs B (opme
LBUTTEPUOHOB — COJIEP’KAT OTPULIATENIbHBIN U MOJOXKUTENbHBIN 3apsabl) (doc-

batuaunxonud, pochaTuauIdITAHOTAMUH, COUHTOMHEIINH ).
Tabnuya 1.2

DJIeKTpUYecKHii 3apsi/l rOJIOBHON YacTH MeMOpPaHHBIX JIUIIH/0B

T'onoBHas rpynna 3apsi roJI0OBHOM 3apsan pocdarHoit CyMMapHBIi 3apsin

X TPYIIIEI TpYMIIBL TOJIOBHOHM YacTH MOJICKYJIBI
XounH + — 0
OrtaHoJaMUH + — 0
Cepun +,— — —
WNHuo3zut 0 — -
['muuepun 0 — —

B dochomununax MmemMOpaH 4uCIIO YIIIEPOIHBIX aTOMOB B YTIE€BOAOPOIHBIX
XBOCTax BapbupyeT oT 14 no 24. Yamie BCero 0JiMH U3 XBOCTOB COAECPKUT OTHY
i Oosiee ABOMHBIX cBsized. Kak mpaBuiio, 3amenieHue B mnojoxeHuu sn-C-1
TJIMIEPUHOBOTO OCTaTKa OCYIIECTBIISETCS] HACHIIIEHHBIMU KUPHBIMH KHCIIOTA-
MU, B TO BpeMs KaK KUPHOKHUCIIOTHBIE IIETIH, UMEIOIUE HEHACHIIIICHHBIE CBS3H,
NPUCOEIUHSIOTCS K LIEHTPAJIbHOMY YyIJIepoJHOMY aTomy (mo3uuus sn-C-2).
Hannuue nBoitHOM CBSA3M B yuc-KOHGUTYpAIMH TPUBOANUT K U3JIOMY YTIEBOJIO-
poaHOI 1enu. YeM AMuHHEE yTIeBOJOPOAHBIE 3aMECTHTEIH, TEM JTHHHEE He-
MOJIAPHAsl YaCTh MOJICKYJIbI JTUITUIA.

Kak Bumno u3 puc. 1.8, pochomunuanbsie MOJIEKyIbl UMEIOT BBITSHYTYIO
dbopmy. [Ipu paccmorpenuu HOpMbI JUMUIHBIX MOJEKYJ UMEIOT B BUAY «3(-
(EKTUBHYIO MOJIEKYJISIpHYIO (OPMY», KOTOpast ONPEAEseTCs] FTeOMETPUUECKON
¢dopmoit MoaenbHOro Tena. Mosekysa JTUIUAa B 3aBUCUMOCTH OT XUMHUYECKOTO
CTPOEHHsI TOJIOBHOM TIpyNIlbl, 3apsia, KOJIWYECTBa U JJIMHBI YTJIEBOJOPOIHBIX
XBOCTOB, CTEMCHH MX HEHACBHIIIEHHOCTH, KOH(PUTYyparuu MOXKET OBITh CMOJIe-
JMpOBaHa TeJIaMH Pa3IUYHON reomeTpudeckoi Gopmsl (puc. 1.9).

a3 So
N~
L
a ] 8

Puc. 1.9. T'eomerpuueckast (popma JIMIUIHBIX MOJIEKYIL:
a — AITUHJP; 6 — yCeUSHHBIN KOHYC; 8 — HHBEPTHPOBAHHBIA KOHYC
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KonuuectBennslii napametrp P, Xxapakrepusyrowmuid (GopMy JTUIUAHOA MO-
JIEKYJIbI, MOKET OBITh OTIPE/ICIICH CIIEIYIONIUM 00pa3oM

V
=—, (1.1)
S, L
rae V' — o0beM MOJIeKYJIbl, paCCUMTAaHHBIA KaK 00BheM MOJIEIBLHOIO T€OMETPH-
4eCcKoro Teja, S, — IUIoNaab IOBEPXHOCTH, 3aHUMAaeMasi MOJIIPHOU T'OJIOBOM,

L — nnvHa MOJIEKYJIBI.

Jlnis Monekynsl mumuHApHYeckoil ¢opmel (puc. 1.9, a) mapamerp dopmbl
P =1 (manpumep, monekyna gocharnamnxonuna). Ecmm P > 1, To Monekyna
XapaKTEpHU3yeTCsl KOHMYECKOW (POopMOil, MpuyeM IUIOMAlb, 3aHMMaemasi I10-
JISPHOM TOJIOBOM, MEHBIIIE TUIOIAU MOMEPEUHOro ceueHus TuapodoOHON Jac-
v (puc. 1.9, 6) (manpumep, monekyna pocharuauidtanonamuna). Eciu P < 1,
TO MOJIEKYyJIa TaK)Ke XapaKTepusyercs KoHuueckou ¢opmoit (puc. 1.9, ), HO
IIOLIAAb, 3aHUMaeMasi MOJISIPHOM ToJIOBOM, OOJbLIE IUIOMIAN TMOMEPEYHOro
cedeHus ruapodoOHON yvacTu (HampuMmep, MoJiekyna Ju3ohochaTuanIXoau-
Ha). Ciaexyer OTMETUTh, YTO BeJMYMHA d()PEKTUBHON IUIOIIAIM, 3aHUMAEMOM
TOJIOBHOM YacCThIO MOJIEKYJIbI, YBEITMUMBACTCS IPU HAJTMYUKU B HEW AJIEKTpHUUE-
CKHX 3apsJI0B.

JleiicTBue BHEMIHUX (DAKTOPOB MOKET MPHUBECTH K MOAU(UKALNUNA T'€OMET-
pudeckoit (hopMbl MoJieKyibl. Harmpumep, noBbIIIIEHHE TEMIIEPATYPhI TPUBOIUT
K YBEJIMYEHHUIO IJIOMIAU MONEPEYHOro ceyeHusl ruapodoOHoi yactu Oe3 3a-
METHOTO U3MEHEHHUS TUIOMIAAN, 3aHUMAEMOU MOJIIPHOUN T'OJIOBOM.

1.3. ACCOUMATDI IMNMUAHBIX MOJIEKY I

[TonsipHble MUOUABI B BOAHOU cpejie COCOOHBI (hOpMHUPOBATH HAIMOJICKY-
JSIPHBIE CTPYKTYPBI: MOHOCIIOM, MUIEIIbI, Ouciou, Be3ukyiasl (puc. 1.10).
Bxrnag Bo B3auMoJeHCTBUE JTUIUIHBIX MOJIEKYJI IPYT C IPYTOM U C MOJIEKYyJa-
MU BOJIbI BHOCSIT AJIEKTPOCTATUYECKUE B3aUMOACHCTBUS (MPU HAIUYUHU 3apsiaa
Ha JIMIUJHOM MOJEKyJe), B3aumoaeiicTBus Ban-nep-Baanbsca u BogopoHbIe
CBA3U. YUeT cTrepuyeckux Gpaxropos (popma, pazMep JUNUIHBIX MOJIEKYII) MO-
3BOJISIET YCTAHOBUTH KpUTEpUHM (POPMHUPOBAHUS JUIMHUHBIX ACCOIMATOB pa3-
JMYHOTO THIIA.

PaccmoTpum ycnoBusi GopMupoOBaHUsT HAIMOJIEKYJISIPHBIX JIMTIAIHBIX acCo-
[[MATOB OMNPEJIEJICHHOr0 TUMA ¢ y4yeToM 3G (dEeKTUBHON (OPMBI JIUMHUIHON MO-
nekynsl (puc. 1.11).

Cdepunueckas munesaa (puc. 1.11, a). Ilycts munemna cocrout uz N Mo-
Jekyn nununaa. Paguyc munennsl R COOTBETCTBYET JiIMHE MoJieKyJibl L. Cre-
JyeT OTMETUTh, YTO JJIMHA MOJEKYJbl 3aBUCUT OT KOH(PUTIYpallUuHu YIJIeBOAO-
POAHBIX 3aMecTUTENel. B MOMHOCTBIO BBITSIHYTOM COCTOSIHUM MOJIEKyJa OyaeT
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XapaKTEPU30BaATHCS MAKCUMAJIBHO BO3MOKHOM JITUHOU Lpp,y.

Puc. 1.10. Acconathl IUMUIHBIX MOJIEKYJ: MOHOCIOH (a); Oucioii (0);
cepuueckas MuresUia (8); aCHMMETpUIHAS MUIICIUTA (2); MHBEPTUPOBAHHAS
Mutesa (0)

2L

Puc. 1.11. Mopaeny JIMITAIHBIX acCOIMATOB: chepudeckasi Muiieuia (a);
HWIMHIpHYEcKas MuLena (0); TUIOCKui 6ucoii (8)

O06beM chepruecKoil MATICIITBI PaBEH
§WR3:N'V, (1.2)

rae V' — o0beM MOJeKyIIbl, R — painyC MUIICIUIBI.
[Tmomaas MOBEPXHOCTH MUIIEIUIBI PaBHA
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ARR*=N-S,, (1.3)

rae S,— IUIOINajb IOBEPXHOCTH, 3aHUMAacMas IOJSPHON TOJIOBOM JIMIIMJHOU

MOJICKYJIBI.
OTHOHIeHHe 06’BeMa MHUICIUIBI K IO €€ IIOBCPXHOCTH PABHO
R V
38
R14
R:?SLW. (1.4)

0

CrnenoBatenbHO, ycinoBue (OpMUpOBaHHUS CHEpUUECKONH MUIIEIIBI UMEET
BUJI

1
P= <. 1.5
=3 (1.5)

r
LS,

Hununapuyeckas munesaa (puc. 1.11, 6). O0beM HMIMHAPUYECKON MU-
1[EJUIBl PABEH
wR-d=N-V, (1.6)

rae V — oobeM MoJieKysibl, R — paauyc MUIIEIUIBI, d — JUIMHA [MWTHHAPUIECKON
MHILEIIIBI.
OnpenenuM 11011181 O0KOBOM MOBEPXHOCTH HMUIMHAPUIECCKON MHUIICIIITBI

2nR-d =N-§,. (1.7)
[Inomanp0 OCHOBAaHMM MWJIMHAPUYECKON MUIIEIIBI MOXKHO TIpeHeOpeyb, T.K.

OHa MHOT'O MCHBIIC IJIOIIaan OOKOBOM IMOBCPXHOCTH.
OrtHomleHne oorema MUICJUIBI K INIOMAAN €€ ITIOBCPXHOCTHU PABHO

R_V
2 S
=2 <r (1.8)

0
YcnoBue popMuUpOBaHUS TUITUHAPUIECKON MUTICTUTHI UMEET BUJT

l<P:L§l. (1.9)
3 L-S 2

Ilnockuii 6ucaoii (puc. 1.11, g). [1nockyro OUCIONHYIO CTPYKTYpy OOpa-
3YIOT JIBA MOHOCJIOS JIMMUAHBIX MOJEKYJ, KXl U3 KOTOPBIX XapaKTEepPU3y-
€TCA IUIOIIAIbIO IOBEPXHOCTHU S U JJIMHOW MOJIEKY L.
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O0BeM TUMUTHOTO OUCTIOS paBeH
S 2L=N-V, (1.10)
rae V' — oobeM MOJEKyibl, S— IUIONAAb MMOBEPXHOCTH MOHOCIOS, L — MJIMHA
JUTIATHON MOJIEKYJIbl, N — KOJWYECTBO JIMIIUJIHBIX MOJEKYJ, 00pa3yronux
OHCIION.
[Tnomaas MOBEPXHOCTH OHUCIION OMPEETIETCS KaKk
2§=N-§,, (1.11)

rae S,— IUIOIaAb MOBEPXHOCTH, 3aHUMAacMas IMOJIIPHON TOJIOBOM JIMIUAHOM
MOJIEKYJIBI.

Otnomenne obbema O6ucnosa (1.10) k mmomamu ero moepxHoctH (1.11)
paBHAETCA

L:KSLmaX. (1.12)
SO
VYcenoBue popMupoBaHUs OMCIOS UMEET BUT
l<P:L§1. (1.13)
2 L-S,

0

Hanuuue B 6ucinoe cmeceit JTUMUIHBIX MOJIEKYJI C Pa3IMYHON IJIOMIAIbI0 U
BEJIIMYMHOM 3apsija IMOJSAPHOW TOJIOBBI, JJIMHOW YIJI€BOJOPOIAHBIX 3aMECTUTE-
JIEW, CTEIEHBIO MX HEHACBIIEHHOCTH NPUBOJUT K BO3HMKHOBEHHIO HEOJHO-
POHOCTEN CTPYKTYpPbI OUCIOA.

1.4. TEPMOOANHAMUKA ®OPMUPOBAHUA U
CBOUCTBA JIUNUAHbIX ACCOLIMATOB

B3aumopeiicTBue TUNUI0B ¢ BOJOW MPUBOJIUT K CIOHTAaHHOMY (POpMHUpPOBa-
HUIO JIMIIAJHBIX acconuaToB. OpMupOBaHME JIMIIUIHBIX ACCOLMATOB ONpeIe-
asiercst TuapodooHbIM 3 dekToM (¢ yueToMm ctepuueckux gaxtopon). [Ipu mo-
CTOSIHHBIX JIABJICHHHM M TEMIIepaType JaHHBIA MPOLIECC XapaKTEpU3yeTCs MU-
HUMU3AIMEH CBOOOTHOM SHEPTUH CHCTEMBI.

['unpodoOHbIil 3 (PekT MTPUBOAUT K MUHUMH3AUU 00JIACTH KOHTAKTa yrie-
BOJOPOJIHBIX 3aMECTUTENEH M MaKCUMHU3ALMHU 00JIACTU KOHTAKTa MOJSPHBIX
rojioB aMGuPUIbHBIX MOJEKYJ C BOJON. DHEpPrusi B3aUMOJCUCTBUS MEXIY
MOJIEKYJIaMU BOJbI OOJIbIIE, YEM HHEPrus B3aUMOJACHCTBHUS MOJIEKYJ BOABI C
KUPHOKHUCIIOTHBIMUA OCTaTKaMH JIMOUAHBIX MoJeKysa. [loatomy yrieBomopon-
HBIE 1M «BBITAIIKUBAIOTCS» U3 BOAHOM (ha3bl, YTO MPUBOJIUT K MOHMKEHUIO
SHTANBNUU cucTeMbl. KpoMe Toro, Bkiaa B M3MEHEHHE CBOOOJHON 3Hepruu
CUCTEMBI BHOCUT dHTponuitHbi wieH (AG = AH —TAS'). Bknajg B usmeHeHnue
SHTPONHM CUCTEMBI IIPH Iepexose aM(pudUIbHBIX MOJIEKYJ U3 BOAHON Cpeibl
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B JIMTIUJIHBIN acCOIMAT BHOCAT KaK aM(pudUiIbHbIC MOJIEKYJIbI, TaK U BOJIA.

Bemuuuny runpodo6Horo 3dhekTa MOXKHO OMPEACTUTh MO PA3IUUUI0 XHU-
MHUYECKOT0 MOTEHIMaIa HEMOJISIPHOTO BELIECTBA B BOAHOW U YII€BOJAOPOIHOMN
dazax

W,e—u,=RTlhX,, (1.14)

rae |,.— XMMHUYECKHH OTEHIMAJ HEMOJSPHOIO BEIIECTBA B YIJIEBOAOPOJHOU
(asze, |, — XMMHYECKHI NMOTEHIMA] HEMOJSAPHOIO BELIECTBA B BOAHOM (ase,
X,, — KpUTHUYECKasi KOHIIEHTPALlKsl HENOJSIPHOIO BEIIECTBA B BOJHOM (hase, Bbl-

paXEHHasi B MOJIBHBIX JOJISIX.

IIpu ompeneneHny M3MEHEHUsT CBOOOIHOM SHEPrUU B Ipoliecce GopMHUPO-
BAHUS MOJIEKYJIAPHBIX aCCOLMATOB MOJIEKYJ, COAEPKAIIUX UOHU3UPOBAHHBIE
TPYMIIBI, CIEAYET YUYUTHIBATH JIEKTPOCTATUYECKOE B3aAUMOAECHUCTBUEC 3APSIKEH-
HBIX 4aCTEHU MOJIEKYI.

1.4.1. MoHocnoun membpaHHbIX ¢pocchonmnuaos

MoHOMONEKYASPHBIN CIIOK (MOHOCHOM) — 3TO €O BelleCcTBa TOJIIMHON B
OJTHY MOJIEKYJIy Ha MMOBEPXHOCTH pazjaena ¢a3. MoHOCI0, 00pa30BaHHBIN TMO-
BEPXHOCTHO-aKTUBHBIMH BEIIECTBAMHU, BOZHMKAET Ha MOBEPXHOCTU KUAKOCTU
B IIpoIIecce aacopOIuu.

Benuuuna aacopouuu I onpenensieTcss OTHOIIEHHEM KOJMYECTBA acOpPOU-
POBAHHOTO BEIIECTBA 71, BHIPAXKEHHOTO B MOJISIX, K IJIOMIAAN MOBEPXHOCTH .
KonuyecTBeHHOE COOTHOIIEHHE MEXAY BEIMYUHOM ancopOuuu ' v n3MeHeHu-
€M MOBEPXHOCTHOI'O HATSKEHUS MPU U3MEHEHUU KOHIEHTpAIlMU pacTBOpa OIl-
penensiercs ypaBHeHueM ['uooca

C (0o

:_ﬁ[%lr’ (1.15)

rae C — MoJsipHas KOHLEHTpaUusl paCTBOPEHHOr0 BEILIECTBA, G — IOBEPXHOCT-
HOE HaTsDKEHME pacTBopa, I’ — remiieparypa, R — ra3zoBas IOCTOSIHHAS.

[TockonbKy MOBEPXHOCTHOE HATSKEHUE MOXKET ObITh BBIPAXKEHO KaK CHUIIA,
HaIlpaBJICHHAs BJIOJIb IIOBEPXHOCTU U IIPUXOIAILASACS HA €AUHULLY JUIMHBI KOH-
Typa, OTPAaHUYMBAIOLLETO ITIOBEPXHOCTh, TO AG IIPEACTABIACT BEIUYUHY JaBIIC-
HHUS B IOBEPXHOCTHOM CJIOE T

c,-c=Ac=m, (1.16)
/i€ G, — MOBEPXHOCTHOE HATSHKCHHUE YUCTOTO PACTBOPUTEIIS.

Ecnmu  KoOHIIEHTpamusi BeliecTBa B IMOBEpPXHOCTHOM cioe C  Mana
(puc. 1.12, a), To

ns =nRT, (1.17)
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I7ie 71 — YUCJIO0 MOJIEH aacopOMpPOBAaHHOTO BEUIECTBA B MOHOCIIOE, S — IJIOIIA/Ib
MOHOCJIOS.

VYpaBuenue (1.17) — nByMepHBbIil aHANIOT ypaBHEHUS! COCTOSIHUS UCAIBHOTO
raza. To ecTb, Ipu OYEHb HU3KUX KOHILICHTPALUAX PACCTOSHUE MEXKIY MOJIEKY-
JaMU CTOJb BEJIMKO, YTO B3aUMOJEHCTBUEM MEXKIAY HUMHU MOXHO MpEeHEeOpeyb,
U MOJIEKYJIbI aJICOPOMPOBAHHOTO BEIIECTBA HAXOASATCS B CJIO€ B «Ta3000pas-
HOM» COCTOSIHUH.

Ecnu y4ecTh, 4TO MOJIEKYJIbI aJIcCOPOMPOBAHHOTO BEIIECTBA B TTOBEPXHOCT-
HOM CJIO€ 3aHMMAIOT IUIOIIAb S§,, U MEXIy HUMH CYLIECTBYET B3aMMOICHUCT-

a
BHC, IIPUBOAAIICC K M3MCHCHHIO ITOBCPXHOCTHOT'O AAaBJICHUA Ha BCIMYHUHY —,
S

TO BBIPAKCHUC ITPUMCT BU

RT a
A L wm |n+=|(s—s,)=nRT (1.18)
s—s, S S

T =

— YpaBHEHHE COCTOSIHUS aJCOPOITMOHHOTO cJosl (ypaBHEeHHE DPyMKUHA).

(@) (@] O

Puc. 1.12. Cxematuyeckoe M300paxxeHne pacioilokKeHUs: MOJIEKYJ TOBEPXHOCTHO-
aKTUBHBIX BEUIECTB HA IPaHULIE pa3ieia «BO/A — BO3LYyX»:
a — «ra3000pa3Hoe» COCTOSHUE; 6 — KOHJCHCALUS MOJIEKYJI B CIIOE;
6 — COCTOSIHUE TIPE/IeNbHOI acopOLun

[Ipy yBEenMYEHUN KOHLEHTPALMHN YCUIIMBAIOLIEECS B3aUMOJICHCTBUE MEKIY
a71cOpOMPOBAHHBIMU MOJIEKYJIaMH BBIHYK/IA€T UX PACIOjaratbcsi B CJI0€ Orpe-
JIeJICHHBIM 00pa3oM (TIoJIsipHAasi F0JI0BA B CTOPOHY MOJISIPHOM (pa3bl, a HEMOJISIP-
HbIE XBOCTBHI B MPOTUBOIOJIOXKHYIO CTOPOHY) (puc. 1.12, 6). [Ipu HackimeHun
dbopMHpyeTCsT MOHOCJIOWHASI CTPYKTypa U3 aJcOpOMPOBAHHBIX MOJIEKYJ, pac-
MOJIOKEHHBIX MPAKTUYECKU MEPIEHAUKYIISIPHO TUIOCKOCTH cios (puc. 1.12, g).
Ecnu Bcs muionaabs MOBEPXHOCTH 3aHSATAa MOJIEKYJIaMU aJICOPOUPOBAHHOTO Be-
[IECTBa, TO BEJIMYMHA aJCOPOLMHU JOCTUTAET CBOETrO IMpeneiabHOro (Makcu-
ManbHOro) 3HaueHus (['.x). To ecTh, 00pa3zoBaHKe MOHOMOJEKYISIPHBIX CJIOEB
MOKHO paccMaTpHUBaTh KaK CIydail MpeebHON acopOIuu.
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3aBUCUMOCTh MMOBEPXHOCTHOI'O HATSHKEHUSI OT KOHUEHTPAIMU KUPHBIX KH-
CJIOT B BOJHBIX PACTBOPax MOXET ObITh BhIpAXK€HA SMIUPUUYECKUM YPaBHEHU-
eM [IIummkoBckoro

Ac=bln %H : (1.19)

rae b u k — SMIUPHUYECKUE TTOCTOSTHHBIE.

[loctosiHHas b oAMHAKOBA MO BEIMYMHE JJIS BCErO TOMOJIOTMUYECKOTO psijia
KUPHBIX KUCJIOT, B TO BpEMs KaK MOCTOSIHHAsA k U3MEHsETCs (YMEHbBIIAETCs) B
3-3,5 pa3a npu U3MEHEHUH JUIMHBI yraeBoaopoaHol nenu Ha CH,-rpynmy.

B ciydae npenenabHON aacopOMK MOXKHO PacCUUTATh IUIOIAAb S, IPUXO-

JAITYIOCS Ha 1 MOJIEKyJy *KUPHOM KHCJIOTHI B MOHOMOJICKYJISIPHOM CJI0€ (OII-
penensiercs IUIONMIAbI0 MOJAPHON TOJO0BKI). [ln0omans moaspHON TOJIOBBI s
BCEX YJICHOB TOMOJIOTHYHOTO Psia KHPHBIX KHCIOT OAMHAKOBA, YTO U OOBsC-
HSIET IMOCTOSIHCTBO KOHCTaHTHI b B ypaBHeHuH [lIumkoBckoro

n
S =— 1.20
" NI (1.20)

rae n — 9ucio Monei, N,— 4ucio ABorajpo.

MuHuManbHas IOWAAb, TPUXOASIIIASACS HA OJHY MOJEKYJYy XXUPHOWU KH-
2

0
CIOTHI, S, =21 A

W3mepenne 3aBUCUMOCTH TUIOMIAA MOHOCIIOS acOPOMPOBAHHBIX MOJIEKYJI
OT BEJIMYUHBI TTOBEPXHOCTHOTO JABJICHUS SBIISICTCS OJTHUM M3 BaXKHEUIIIUX Me-
TOJOB HCCIICIOBAHMS COCTOSIHHUS MOJIEKYJ B MOHOCHOsIX. M3MepeHue moBepx-
HOCTHOTO JIaBJICHUS MPHU YMEHBIIICHUH TIJIOMIA I TOBEPXHOCTH B YCIIOBHSX I10-
CTOSITHCTBA TeMIIEPATypPhl MO3BOJIAET MOMYUUTh T—S-U30TepMbl (puc. 1.13).

n, A
OH/cM

(=)

s, A’

Puc. 1.13. O0uuii BUI T—S-U30TEPMBI

Ha yuacTtke @ MoneKysbl ancopOMpOBaHHOTO BEIECTBA HAXOATCS B «Ta30-
oOpazHOM» cocTossHMH. Ha maHHOM ydYacTke 3aBHCHMOCTH THUIEpOOImuecKas
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B nRT]
|

VY4actok 6 xapakTepu3yeTcsi IOCTOSIHCTBOM MOBEPXHOCTHOTO JIaBJICHUS PU
YMEHBILIEHUH JIOUIaId MOBEPXHOCTH (T = const ). YMeHbLICHHE TUIOIIA 10-
BEPXHOCTH MPHUBOAUT K COJIKEHUIO aJCOPOMPOBAHHBIX MOJIEKYJI U B3aUMO-
JEUCTBUEM MEXKIy HUMH YK€ HeJb3sl npeHeOpeub. BzanMmozeiicTBue MHULINAN-
pyeT oOpa3oBaHHME arperatoB ajCcOPOUPOBAHHBIX MOJIEKYJ B MOBEPXHOCTHOM
clioe.

[Ipn manpHelmeM CKaTUM MOJEKYJSIPHbIE arperaThl cOMMKAOTCs, U 00pa-
3y€eTcsl HEMPEPBIBHBIM MOHOMOJIEKYJISIPHBIN CJIOM BEIIECTBA HA IIOBEPXHOCTHU. B
JAHHOM CJIO€ MOJIEKYJIbI OPUEHTUPOBAHBI NEPIEHIUKYISIPHO MTOBEPXHOCTH U
MaKCUMalbHO COMMKEHBI (yyacTok ). Ha xaxayro MOJieKkysy B ClIO€ IPHUXO-
JUTCSI MUHAMAaJIbHAasl IUIOIAAb S .

VY4acTok ¢ XapakTepu3yeT HapylleHHuEe OAHOPOJHOCTH MOHOCIOS (KOJuIarc
CJ10s1).

MOHOMOJIEKYJISIPHBIE CJIOM MOTYT HaXOAUTHCA B Pa3IMUHOM arperaTHOM
COCTOSIHUHU, KOTOPOE OMpPEACISIETCS CHUIaMH, JEUCTBYIOIIUMU MEXIY MOJICKY-
JaMu B cioe. MOHOCTION MOXKET ObITh B KUJKOKPUCTAUIMUECKOM (KUIKOM)
Wi TBepJoM (TeneBoM) cocTosiHud. [Ipu m3MeHeHun (a3oBOro COCTOSIHUS
MOHOCIIOS (HampuMep, Mpu NePEX0e «rejlb — KUJIKUM KPUCTAIL») B 00JIaCTH 8
U30TEPMBI aJCOPOLIMU MOTYT HaOI01aThCs JOTOIHUTEIbHbIE YYACTKUA C U3Me-
HEHHUEM XOJa KPUBOU TT—sS.

Temnepatypa (a3oBoro mepexoga MOHOCIOS M3 KUAKOTO B T'elI€BOE CO-
CTOSTHUE 3aBUCUT OT XHMMHUYECKOTO COCTaBa JUIMUJOB. YBEIWYEHUE CTEICHU
HEHACBHIIIEHHOCTH YIJICBOJOPOAHBIX 3aMECTUTENed B MOJIEKYJax JHUIUI0B
MIPUBOJIUT K «Pa3KMKEHUI0» MOHOCIOS.

1.4.2. Muyennoo6pasoBaHue

MuneniooOpa3oBaHue MPEACTABISIET MPOLIECC CaMOIPOU3BOJIBHOM acco-
AAIMY MOJIEKYJ TOBEPXHOCTHO-aKTUBHBIX BEUIECTB B pacTBOpe. B pesynbrare
MULEI000pa30BAHMST BO3ZHUKAIOT MUIEIUIbI, COCTOSLIME W3 AECSITKOB MOJe-
KyJa. Munenia (OT JaT. mica — Kpollka, KpyNUHKa) — OTAeJIbHAsl YacTHUIla JUc-
MIEPCHOM CUCTEMBI.

[Tpu Manoil KOHUEHTPAIUU JIUIUBI, SIBJISIIOIIMECS TOBEPXHOCTHO-AKTUBHBI-
MU BEILIECTBAMH, 00Pa3yIOT B BOJIE HICTUHHBIC PACTBOPHI. Y BETUYCHUE KOHIICH-
TpalMu PaCTBOPEHHBIX MOJIEKYJ BO3MOXKHO J0 OIPEIEIICHHON KOHIIEHTPALWH,
IpU KOTOPOU B pacTBOpE YK€ 00pa3yroTCs MOJIEKYJISIPHBIE aCCOIMAThI MaJIOTO
pa3Mepa (mpeaaccoimarsl), coaepxaiue 3—5 Moekysn aunuaoB. JlanbHeiiee
YBEJIIMYEHUE KOHUECHTPALUH PACTBOPEHHBIX MOJICKYJ HNPUBOJIUT K POCTY pa3-
MEpOB accounaroB (YBEJIMYMBAETCS YMCIO MOJEKYJ B accouuare). Poct acco-
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[[MAaTOB MPOUCXOJUT B JOCTATOYHO y3KOM 00JacTH KOHIIEHTpalui. 3aTemM mpu
JOCTUKEHUU OTPEICIICHHOW KOHIIEHTpAIMU (KPUTUUYECKOW KOHIIEHTpAIlUU MU-
11eJUI000pa30BaHusl) yBEIWYEHUE Pa3MEpPOB acCOIMATOB IpeKpaiaercs (aaH-
HBIE aCCOIUATHI U TIPEACTABISAIOT COOOM MUIIEIUIBI) U JaJIbHEHIIIee YBEIIMUCHHE
KOHIIEHTPAILIMU PACTBOPEHHBIX MOJIEKYJ IPUBOJUT JIUIIb K YBEIMUYCHUIO KOJIH-
yectBa mutes (puc. 1.14). Cuuraercs, 4To Mociae JOCTUKEHUS KPUTUUECKON

KOHIIEHTpauuu Muuemioodpasosanusa (C,,,) KOHIEHTpaLUs HEaCCOLMUPO-

BAaHHBIX JIMIIMAHBIX MOJICKYJ B CHCTEMC IPAKTHUYCCKM HC MCHACTCA, a Jajib-
HelIee YBCIIMYCHUC KOHLOCHTPAIWH BCUICCTBA B CUCTCMC IIPUBOAUT K YBCIIU-
YCHHUIO KOHOCHTPAIWH MUIICILII.

___Oj,f,o A

Puc. 1.14. Cxema popMHUPOBAaHUS MULIEILIT

DKCHEPUMEHTAIBHO KPUTUYECKYIO KOHIIEHTPALMIO MHIIEIITIO00pa3oBaHus
OTIPEJICIISIFOT 0 M3JIOMY KPHUBOW 3aBUCHMOCTH CBOMCTBA pacTBOpa MOBEPXHO-
CTHO-aKTHUBHOTO BelIeCTBa (HANpUMED, TOBEPXHOCTHOTO HATSKEHUS, DJIEKTPO-
MIPOBOJTHOCTH, BSI3KOCTH, CBETOPACCESHUS U JIp.) OT KOHIEHTPAIIMK BEIIECTBA.
Jiis memOpaHHbIX (HOCPOTUNNIOB KpUTHUECKasT KOHIIEHTpaLKs MHUIIEII000pa-
30BAHMUS XaPaKTEPU3YeTCs O4YeHb HU3KUM 3HaueHueM (mopsaka 107" momb/i),
JUTSI OJTHOTICTIOUEYHBIX JIMMHUI0B (T30(0ChOTUTIH BT ) — 10710 monn/m.

KonnenTpaiuio MUIena B CUCTEME MOXKHO PacCUUTATh CIEIYIOINIMM 00pa-
30M

C =(C—Cy,)/n, (1.21)

rac C - KOHIOCHTPAIUA ITOBCPXHOCTHO-AKTHBHOT'O BCUICCTBA B CUCTCMC, CKKM—

KPUTHUYECKAs KOHLIEHTpALs MULEJITI000pa30BaHusl (MOJIsIpHast), 7 — KOJINYECT-
BO MOJIEKYJI IOBEPXHOCTHO-aKTUBHOI'O BELIECTBA B MULIEILIIE.

BOnu3u kpuTHueckoi KOHIIEHTpaIMM MULEJITI000pa30BaHusl B BOAHBIX pac-
TBOpax o0Opa3yroTcs, Kak MpaBuilo, chepudeckue MUIEIUIbl, coaepxamie 50—
100 Monexyn mOBEPXHOCTHO-aKTUBHOTO BelecTBa. 1Ipu BBICOKMX KOHILIEHTpa-
UsX 00pa3yroTcs HMIMHAPUYECKHE M IUIaCTUHYAThIA Munesisl. [Ipu oueHs
OOJBIIOM COJEpPKAHUU MOBEPXHOCTHO-aKTUBHOI'O BELIECTBA B CUCTEME MOTYT
00pa30oBaThCs JKUJIKOKPUCTAIUIMYECKUE CTPYKTYPBIL.

[Ipy KOHIEHTpaUUAX JHUNHAA B PAacTBOPE, MPEBBIMIAIOIINX KPUTUYECKYIO
KOHLIEHTPAIMI0 MUIELUI000pa30BaHus, MULEIIIBI HAXOIATCSI B TEPMOAUHAMU-
YECKOM PaBHOBECHUU C PACTBOPEHHBIMU JIMIIMIHBIMU MOJIEKYJIaMU. Mexly MU-
L[eJIJITaMU M PaCTBOPOM IPOUCXOIUT MOCTOSIHHBIN OOMEH MOJIEKYJIaMU JINIINAJA.
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[Ipu onucanuu mpouecca MULELTO00pa30BaHus OOBIYHO UCHOJIB3YIOT J1BA
MOAX0J1a: KUHETUYECKUN U TepMOJAMHaAMUYecKuil. B paMkax mepBoro mojaxoja
poliecC MULIEIIO00pa30BaHUsl pacCMaTpUBAETCS KaK 0OpaTuMasi XuMHuecKas
peakiusi, B KOTOpOil MOHOMEpPHBIE MOJEKYIbl (AB) 00pa3yroT MOIUMOJIEKY-
JSPHYIO (MHOTOMOJIEKYJISIPHYIO) CTPYKTYpY (IO aHajloruu ¢ 0Opa3oBaHUEM
MOJIMMEPA)

nAB = (AB) (1.22)

n 9
rAe n — 4Yucio arperaiuu (KOJWYECTBO MOJEKYJ MOBEPXHOCTHO-AKTUBHOTO
BEIIIECTBA B MUIICILIC).

K nanHOW peakuum MOXKET ObIThb NPUMEHEH 3aKOH ACHCTBYOIIMX Macc. B
TaKOW KBa3MXMMHUYECKOW MOJIENIA MPEANOJaraeTcs, YTO BCE MHIICIUIBI WJICH-
TUYHBIL, T. €. COAEPKAT ONPEIEICHHOE MOCTOSTHHOE YMCIO MOJIEKYJ HE3aBUCH-
MO OT KOHLEHTpAIMU pacTBOpa U Temneparypsl. MoJienb MOo3BOJISET MOITYYUTh
3aBUCUMOCTh KOJMYECTBA MHUIIEIUI U HEACCOLMHUPOBAHHBIX MOJIEKYJ] OT KOH-
LEHTpPALMU OBEPXHOCTHO-aKTUBHOT'O BEIIECTBA B CUCTEME.

Kunernueckue xapakTepUCTHUKU Ipolecca MUIEIO00pAa30BaHUS U3YUYEHBI
SKCIIepHMEHTanbHO. Bpemena pemakcanun 10 °~107 ¢ xapakrepusyior mepe-
XOJIbl «HEACCOLMHUPOBaHHAsT MoOJeKyla—MuIlessay (ObIcTpast penakcaius), a
BpEeMeHa peaKcalii OT ceKyH/pl 10 107 ¢ (MeaieHHas peqaKkcalus) CBI3aHbl
C U3MEHEHHEM uuncia arperanuu. OnpeneneHne BpeMeH ObICTPOil U MEIJIEHHON
penaKkcanuy Mo3BOJSET ONMPENeNsITh YKUCia arperaluu Ipu MHIemoopa3oBa-
HUU.

B pamkax TepMOAMHAMUYECKOTO MOJX0/1a MULEIBI PACCMAaTPUBAIOTCS Kak
HOBas (aza, a MpoIecc MUIEIUI000pa3oBaHusl Kak (ha30BBIN MEPEeX0 — aHAIOT
KoHJieHcaluu. [Ipu omnpeneneHHON KOHIIEHTPAIIMU PACTBOPEHHBIX MOJEKYJ
(BONIM3U KPUTHYECKOM KOHIICHTPAIIMU MHULEIII000pa3oBaHusi) 00pa3yroTcs
IPEe1acCoOMaThl, KOTOPBIE CIY’KAaT LIEHTpaMU KOHJEHcauuu JUisi (OpMHUpOBa-
HUS MUILEIUI. YBEIUYEHHE Pa3MEpPOB MHULEUT MNPUBOJIUT K YHOPSIOUYEHHOMY
PaCIOJIOKEHUIO MOJIEKYJ, 00pa30BaHUIO THAPATHON 0OOJOUKH BOKPYT MULEII
U K CTAaOMJIM3AI[UU CUCTEMBI.

VYpaBHeHHE MULIEI000pa30BaHUsl B paMKaxX TEPMOJAMHAMUYECKOTO MOAXO-
Jla UMEET BUJT

X, =nX"exp(—nAG’ /RT), (1.23)

rie AG. — craHiapTHas CBOOOJIHAS SHEPIHUsl TIEPEHOCA OJHOTO MOJISI MOJIEKYJT
U3 HEacCOLIMMPOBAHHOIO COCTOSIHUS B COCTaB accoluara (MULEIIbL); X,— KOH-

HeHTpaus (MoJIbHasi J0Ji1) HEacCOLMHPOBAHHBIX MOJIEKYJ B PaBHOBECHOMN
MULEIUIIPHON cucTeMe; X — KOHLEHTpauus (MOJIbHAs AOJS) MULEI C YHC-

JIOM arperamnuy 7 B paBHOBECHOW MULICIUBIPHOM cucteMe; 1 — TeMieparypa;
R — razoBas nocTosiHHasl.
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[Tpu paccMoTpeHnn MUIENI000pa3oBaHus Kak (pa3oBoro mepexonua mM3Me-
HEHUE CTaHAAPTHON CBOOOAHOW SHEPruu MpH mnepexone aMpuPpUIbHBIX MoJie-
KyJI U3 BOJHOTO pactBopa (oaHa ¢daza) B MUIICIIBI (BTOpas ¢aza) onpeaesieT-
Csl KpUTUYECKOM KOHIIEHTpALMEH MUIIEIITI000pa30BaHus

AG = —p, =RTIn X

m KKM ?

(1.24)

rae | — CTaHJAPTHBI XUMHYECKUH MOTeHIHal aM(OHU(HILHOTO BEIIECTBA B
MUILIEIIE, |, — CTAHIAPTHBIM XUMUYECKUN MOTEHIMAT aM(pUPUIBLHOTO BEIEC-
TBa B BOJHOU (asze, X, — KpPUTHUUECKass KOHLEHTpALs MULIEIUI000pa30BaHMs

am(puUIBHOTO BelllecTBa B BOJIHOM (haze, BIpaXKEHHAS] B MOJIBHBIX JTOJISIX.
Kputnueckas KOHLEHTpanusi MHUIEIIO00pa30BaHUsl 3aBUCUT OT MPHUPOIbI
MOJIAPHOM T'OJIOBBI U JJIMHBI YTJIEBOJOPOAHON 1enu aMPUPUIBLHON MOJIEKYJIbI.
[Ipu HeusMEHHOCTH TMOJISIPHON 4YacTu aM(puGUILHON MOJEKYJbl KpUTHYECKas
KOHIIEHTpalUsl MULEII000pa30BaHUsl CHUKACTCS NPU YAJIMHEHUU YTIIEBOJO-
ponHo# nenu. Hanpumep, /Ui )KUPHBIX KUCIOT C YMCIOM aTOMOB YIiepoJa B
JIMHEWHBIX YTJICBOJOPOAHBIX pamukatax n, =12 C., =107 moms/m, a c

n.=16 C

oy = 107 MOJIB/IL.

C TepMOAMHAMHYECKUX TIO3HUIINIA B KAYECTBE OCHOBHOTO KPUTEPHSI BITHSTHHS
CTPYKTYphl MOJIEKYJI TOBEPXHOCTHO-aKTHBHOTO BEIIECTBA Ha KPUTHUYECKYIO
KOHIIEHTPAIUIO MUIIEIITO00pa30BaHMs MOKHO pacCMaTpHUBaTh BEIMUUHY pabo-
THI TI0 TIEPEHOCY COOTBETCTBYIOMUX (PparMeHTOB aMbuUILHON MOJIEKYIIbI U3
BOJHOM (pa3bl B MHIICITY C YYETOM AJIEKTPHUUYECKOTO B3aMMOJICUCTBHS TOJISAP-

HbBIX YacTe MOJICKYJ Ha TOBCPXHOCTHU MHIICILI.

1.4.3. llunugHbIn ucnon

Crpykrypa aunugnoro oOuciosi. Illupoko pacmnpoctpanennoi dopmont
MOJIEKYJISIPHBIX JIMIMUAHBIX ACCOLIMATOB B BOJHOM Cpejie SIBJISIFOTCS OMCIIONHBIE
CTPYKTYpbL. JIMIIMOHBIN OMCIION — OCHOBa MOJIEKYJISIPHOM OpraHu3aluud OHo-
jgoruueckux MemOpaH. JlunuaHelid OUcION TMpeacTaBiseT coOOM TepMOIuHA-
MUYECKH YCTOWYUBYIO CTPYKTYpY, 0Opa30BaHHYIO JIMIIUIHBIMU MOJEKYJIAMH B
BOJIHOM Cp€Jie ¥ COCTOSIIYIO U3 JABYX MOHOCJOEB JIMIUAHBIX MOJIEKYJ, OPUEH-
TUPOBAHHBIX YIJIIEBOAOPOAHBIMU LEMSMH APYT K APYTY, a MOJSIPHBIMU T'OJIOBA-
MU — B CTOPOHY BoAHOM a3kl (puc. 1.10, 6).

B pe3ynbpTaTe Takod OpHEHTALMK MOJIEKYJ JIMIHUAHBIA OUCION XapakTepH-
3yeTcs HAJIMYMEM JIBYX TMAPO(UIBHBIX TOBEPXHOCTEN U THIpOoPoOHOI 0biac-
TH B LIEHTpaJbHON YacTu Oucnios (puc. 1.15). ®opmupyetcst 6ucnoit 1ubo -
NUJaMH, Y KOTOPBIX Pa3auyusi MEXAy IUIONIAAsMU MONEPEYHOr0 CEYEHUs ro-
JIOBHBIX YacTel MOJIEKYJ U YIJIEBOJAOPOJIHBIX LENe HEBEIUKH, TUOO CMEChIO
JIMIIAJIOB, COOTHOILIEHUE KOTOPBIX C Y4ETOM I€OMETPUYECKHX XapPaKTEPUCTHUK
OTJEJIbHBIX KOMIIOHEHTOB ONTHUMM3UPOBAHO JUIsi (POPMUPOBAHUS MJIOCKUX WH-
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tepdeiicoB (P = 1). YrineBoaopoiHbIe LENH PACTON0KEHBI TPUOIU3UTETLHO
IOJT TIPSIMBIM YTJIOM K TIOBEPXHOCTH OUCIIOS.

Buenuss I'mapogodnas obnactsb BHeuHss
ruapoQUIbHAS . rupounbHas
- _
MTOBEPXHOCTh g MTOBEPXHOCTE,
=
S
= 60
=
-]
2
= H
Q45 F
8 &
o O
2
= =
= 30
=
=
o
e I5F
=
L 1 1 1 L [ 1 L 1 ]

-30 =20 -10 0 10 20 30
PactosiHue oT 1ieHTpa oucos, A

Puc. 1.15. TIpounb quUdAEKTPUIECKON TPOHUIIAEMOCTH
oucios, 06pazoBaHHOTO nuoNerIhochaTHaMIXOTUHOM

TonmuHa AUNUIHOTO OUCIOS OOBIYHO HAXOAUTCSA B mpenenax 4—6 HM.
Buemnue runpoduibHbie 00JaCTH JTUMUAHOTO OUCIOS, KOHTAKTUPYIOIIHE C
BOJIOM, UMeIOT ToauHy nopsaka 0,7—1,4 um (puc. 1.16).

Buennsas ['uapodobHas Buewnsis
ruapoQuibHast obnacTh rUApOpHIIbHAS
IIOBEPXHOCTh MIOBEPXHOCTh

CasazaHHas
BOJ1a

KapOoHHIbHBIC X
TPYIIIBI

BepostHocTh pacruioxkenus: parMeHToB

Xonun Docdar ['muuepuHOBEIH OCTOB

=30 =20 -10 0 10 20 30
PacTosiHuE OT IIEHTpa OUCIIOos, A

Puc. 1.16. PacnipeneneHue CTpyKTYPHBIX ()parMEHTOB MOJICKYIT B
oucnoe, 00pazoBaHHOM AHOJeHI()OCHATHAUIKOTHHOM
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TonmuHa yrieBoIOPOIHON 00JACTH COCTaBIAET 2,6—3,2 HM ISl OMCIIOEB,
00pa30BaHHBIX JIMIIKAMH, BXOJAIIMMU B COCTaB Onojornyeckux memoOpas. C
UCIIOJIb30BaHUEM METOJIa MaJIOYTJIOBOTO PACCEsSHUSI PEHTT€HOBCKUX JIyUel yc-
TAHOBJIEHO, YTO TaKas TOJIMHA TMAPOPOOHON 00JaCTH SBIAECTCS THIIMYHON
Juist Ouosiorndyeckux MemoOpaH. ['panuna mexay rugpo@oOHON W MONSPHOU
4acTsMU OUCIIOS TPUXOJUTCS Ha OOJACTh PACMOJOXKEHUS KapOOHUIIbHBIX
rpynn gocdonunuaabix Mosekys. @ocharasie rpynmnsl pochoaunuaos pac-
noJiaratoTcsi B o0jactu pazMepoM npumepHo 0,5 HM ¢ BHEIIHEH CTOPOHBI OT
I'PaHMITBI ¢ TUAPOPOOHOM 00IaCTHIO M THIPATUPYIOTCS.

TonuHa AMOUAHOTO OUCIION 3aBUCUT OT JJIMHBI U CTETIEHU HEHACHIIEHHO-
CTH YTJIEBOJOPOJHBIX IIEMEeH JUMUIHBIX MOJeKysl. Yem Oonbllie IiuHA U
MEHbIIIE CTENIEHb HEHACBIIIEHHOCTH )KUPHOKUCIOTHBIX 3aMECTUTENEH, TEM TOJ-
mie Oucnoit. Tommmuaa nunuaHOTO OMCIOA BO3pactaeT mpuMepHo Ha 0,1 HM
IPU YBEJIWYEHUH JJIMHBI YTIEBOJOPOJHOMN LENH JIUIUIHON MOJIEKYJIbl HA OJHY
METUJICHOBYIO rpynny. [IpucyTcTBue B Lensix yuc-IBOMHBIX CBSI3€i MOHMXKAET
IJIOTHOCTh YITAKOBKU MOJIEKYJ U IPUBOAUT K YMEHBILICHUIO TOIIIMHBI OUCIIOS.

K v3MeHeHUIO TONIIHUHBI OUCIION TAKKEe MOXKET MPUBOAUTH THApPATALIUS JIU-
MUJHBIX MOJIEKYJl. YBEJIMYEHUE CTEMEeHM TUJpaTallud JUMUAHBIX MOJEKYJ
MPUBOJUT K YBEIUYCHUIO IUIOMIAJAN MOBEPXHOCTU, MPUXOJAIICHCS HA TMOJSp-
HYIO T'OJIOBY, YTO, B CBOIO OY€pE/lb, MPUBOJAUT K YMEHBIIEHUIO TJIOTHOCTH yTia-
KOBKH YTJIEBOJOPOJAHBIX XBOCTOB M YMEHBIIICHUIO TOIIIMHBI MEMOPAHBI.

BaxHbIM leTepMUHAHTOM TOJIIIUHBI JIMITHUIHOTO OUCIIOS SIBIISETCS XOJecTe-
puH. X0JIECTEpUH OKa3bIBAET KOHJACHCUPYIOMIHM (YIIopsiiounBaromuii) 3pdexr
Ha JMnuaHele Ouciou. B3ammopeiicTBue xonectepuHa ¢ (ocOIUMUTHBIMU
MOJIEKYJIaM{ TPUBOJIUT, KaK MPaBHUIIO, K OTPAHUYCHUIO TOJBMKHOCTH U YIIO-
PAIOYMBAHMIO YTIEBOJAOPOIHBIX 1IETIEH U, KaK CJIEJICTBHE, K YTOJIICHUIO Ouc-
nost. Hanmpumep, nmoBslitieHue conepkanus xonecrepuna ot 0 1o 30 % B 6ucioe
u3 (ochaTuauiIxonrHa MPUBOIUT K YBEITWYCHUIO TOMIUHBI Ha 15-20 % (puc.
1.17). OnHako X0JIeCTEpUH MPAKTUYECKU HE OKA3bIBAET BIUSIHUS HA TOJIIIUHY
oucios u3 chuHroMHUeInHa.

Puc. 1.17. BnusHue xonecTepruHa Ha TOJIIMHY JIUITUTHOTO OUCIIOS:
a — 6bucnoi 3 hochaTUAIXOTNHA;
6 — 6ucioit u3 cMmecu GhochaTHAMIKOINHA U X0JIeCTepHUHA
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TonumHa TUNUAHOTO OMCHOS 3aBUCUT OT Temmeparypbl. C yBelnyeHueM
TeMIlepaTypbl TOJIIMHA OUCIOsN yMmMeHblIaeTcs. [Ipu onpeneneHHbIX yCIoBUsiX
JUNUAHBIA OUCIION MOJBEpraeTcsl Tak Ha3bIBAEMOMY TJIaBHOMY (ha30BOMY Iie-

pexoay, IMpU KOTOPOM TOJIIMHA OHMCIOS M3MEHSIETCSl CKauKooOpas3Ho (puc.
1.18).

d;, HM
341

3,2
3,0

2,8

( - T_,,,), K

Puc. 1.18. 3aBucumocTs ruapohoOHON TONIUHEI d; OGucioes, 00pa-
30BaHHBIX AUMATEMUTOUIGOCHATHINIXOIUHOM (/) U JUMHUPUCTOUI-
dbochatuauinxonruHoM (2) OT TeMIepaTyphl.

T,, — Temmieparypa riiaBHOTO (a30BOTO Mepexoa

I[Ipoduin JaTepanbHOro aaBjeHus B oucioe. DopMupoBaHue OHUCIION B
BOJHOMU cpejie 00yCIOBIEHO B3aMMOJIEHCTBHEM JTUIUAHBIX MOJIEKYJ C BOJOU U
MEXIy coOoi. B pesynbpTate B3aMMOJCHCTBUS MEXIY MOJIEKYJIaMH B ILIOCKO-
CTU OMCIIOA BO3HUKAIOT CHIIbI, cTabunuzupytonue ouciou. Ilo rimyOune Ouc-
JIOSl CWJIBl pacupenesieHbl HepaBHOMEPHO. OJHAKO B COCTOSSHUM PaBHOBECHS
PAaBHOJICUCTBYIOIIAs CHJI paBHA HYJNIO. AHAIA3 AUHAMHYECKOM CTPYKTYpBI
OuCIIOs MO3BOJIAET MOCTPOUTH TAaK HA3bIBAEMbIH MPO(QUIb JIATEpAIbHOIO JaB-
nenus (mpoduiib JaTepaibHOTO CTpecca) OUCosL.

Kaxk BugHo Ha puc. 1.19, BennunHa naTepaJibHOr0 JABJICHUS MIPU JBHKEHUU
yepe3 OUCIoil MEHSIETCS CII0KHBIM 00pa3oM.

Tako# Bug mpodus JaTepaabHOTO JIaBJICHUS — CIEJACTBUE, M0 KpalHel Me-
pe, TpeX Pa3IMYHbIX SBJICHUH, XapaKTePHBIX IJIsi OMCIOWHON CTPYKTYyphl. Bo-
MEPBbIX, MEXK/Y T'OJIOBHBIMH TPYIIAMH JUMUIHBIX MOJIEKYJ CYIIECTBYIOT CH-
Jbl OTTAJKUBAHUS, KOTOPBIE CTPEMSTCS YBEIUYUTH IUIOLIAAb MOBEPXHOCTH
OucIos (1aBJIEHUE UMEET MOJOKUTEIbHYIO BEIUUYUHY). BO-BTOpBIX, HA rpaHu-
Iax pasfena «mojisspHas o0jacTh — ruapodoOHas ob6nacTe» B OHCIOe IEHCT-
BYIOT CHJIbI TIOBEPXHOCTHOTO HATSKEHUS, CTPEMSIIHNECS MUHUMHU3UPOBATH
IUVIOLAAb TPaHUIl paszena (AaBlIeHHE MMEET OTPULIATEIbHYIO BEJIMYUHY). B-
TPEThUX, KOJEOAHUs YTJIEBOJOPOJHBIX XBOCTOB MPHUBOASAT K OTTAJIKUBAHUIO
JUNUAHBIX MOJIEKYJI (JIaBJIEHUE UMEET MOJIOKHUTEIbHYIO BEIMUUHY).

KoHnkpeTHbIil poduib JaTepaqbHOTO JABJIECHUS 3aBUCUT OT THNA JUIUIA.
[Tpn U3MEHEHUHU XUMHUYECKON CTPYKTYpPbI JIMIHAHBIX MOJEKYJ MPOopuiIb JlaTe-
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palTbHOTO TaBJICHUS MOXET CYIIECTBEHHO M3MEHAThCA. Hampumep, cieacTeuem
YBEJIMYCHHS YUCIIa YTIICBOJOPOAHBIX IIETICH B MOJICKYJIaX JIUIUIOB SBJISCTCS
yBEJIMUCHUE OTTAJIKWBaHUS B THAPO(OoOHOH obnacTu. BappupoBanue GhopMsl,
pa3MepoB, MOJIIPHOCTH, CTEIICHU THApATAIMH, KOJIHYeCTBa 00pa30BaHHBIX TO-
JIOBHBIMU TPYIIIIaMU BOJOPOJHBIX CBS3€H MPUBOJUT K U3MEHEHHUIO CHJI OTTaJ-
KUBaHUS B TIOJIIPHOM 00JIacTH.

(8]

OTrankuBaHue roJOBHBIX TPYII
—_—
— ] [ToBepXHOCTHOE HATIKEHHE
-
d, OTTaNKuBaHHE YTeBOJOPOIHbIX
neneu
—
——— p
[ToBepXHOCTHOE HATSKEHUE
—

OTTankuBaHue roJIOBHBIX rpyIi

0 P

Puc. 1.19. TIpoduns natepaabHOTO JABJICHHS p B TUMTATHOM OHUCIIOE

BennunHa NOBEPXHOCTHOTO HATSDKEHUS G IS JIMIIMJIHBIX CHCTEM COCTaB-
aser nopsaka 50 MH/m. PaccrosHue Mexay rpaHuiiamu pasjenia «mojspHast
obmnacte — runpodobHas obmacte» (ruapodoOHas ToamuHa Oucnos d,) co-

craBisger npuMmepHo 3 HM. I[loBepXHOCTHOE HATSIKCHHE, BO3HUKAIOIIEE Ha
JIBYX TpaHUIAX OWCIOs, JOHKHO OBITh YPAaBHOBEIICHO AaBICHHEM THAPOG0O-
HOU "wactu Oucnosi. Takum 00pa3om, TUIOTHOCTH JIATEPATBLHOTO JaBICHUS (Crila
Ha €IMHUIY IUIOIAAH) OUCIIOs paBHA 2G/d, , 4TO YUCIEHHO COCTaBiIsIeT Ooee

300 atm.

N3menenue naTepalibHbIX CHUJI B MOHOCIOE MOXKET BBI3bIBATh M3MEHEHHE
KOH(OpMaIuu BCTPOSHHBIX B OMCIIOW OEIKOB, YTO, B CBOIO OUYEPEIb, MOXKET
NPUBECTH K Hecnenudpuieckoil Moaudukanmu nx ¢yakinuid. Hanpumep, npen-
MOJIaraeTCsl, YTO JIaTepaIbHbIE CHIIBI YIPABISIOT (QYHKIIMOHUPOBAHHEM MeEXa-
HOUYYBCTBHUTEILHBIX HOHHBIX KAaHAJIOB.

IMogBH:KHOCTH MOJIEKYJT B Oucjioe. Mosekynbsl JUUI0B B Oucioe oOna-
JTAI0T BBICOKOM MOJBMKHOCTBIO. J[MHaMu4ecKkue CBOMCTBA OUCIIOS OMpeensi-
I0TCS MOJIOKEHUEM JIUMTHUJIHBIX MOJIEKYJI (TPAHCISIUMOHHBIA MOPAJIOK), UX OpH-
eHTalMell (BpalmaTeibHbld TOPAIOK) U KOHPUTypalueil XUMUYECKUX CBS3€Hl B
KaXX10M MoOJIeKyJie Tunuja (KOH(QUIypalMoOHHbIN WM KOH()OPMALIMOHHBIN O-
psaok). TpaHCIALMOHHBIM HOPSAOK XapaKTEpU3yeTCs 4YacTOTOW MEPECKOKOB
MOJIEKYJI M3 OJHOIO IOJIOKEHHS] B COCElHEE B eAMHMIY BpeMeHH. OObIYHO
BpalaTeJIbHBIN MOPSIOK ONPEACIAECTCS YITIOBOW CKOPOCTBIO BpPAIATEIbHOIO
JBWKEHUSI MOJIEKYJIbl BOKPYT JUIMHHOM OCH, NEPHEHIAUKYJSIPHOM IUIOCKOCTH
oucnos.
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OueBUIHO, UTO XapakTep MOJEKYJISPHON MOABUKHOCTHU ONPEACIISIETCS aHU-
30TPOMHON CTPYKTYPOU JIMIUAHOTO OHCIOS U MEXKMOJICKYJISIPHBIMU B3auUMO-
nercTBusMU B HeM. OOBIUHO, BBIJCISIIOT CIEAYIOIIME OCHOBHBIE THUIIBI MOJIE-

KYJIIPHOTO JBMKCHHSI B MEMOpaHe: JiaTepalibHOE, BpallaTelbHOE M «QIIHII-
daon» (puc. 1.20).

JlatepanbHas BpawmarenbHas
nuddysus Oaun-guon auddysus

Puc. 1.20. Buapl MOJEKyJIIpHOTO IBUKEHUS B MEMOpaHe

[Tox narepanbHOM Audpdy3uel MOHUMAIOT Xa0TUYECKOE TEIJIOBOE NepeMe-
IIEHHE MOJICKYJ JUIMAOB B IUIOCKOCTH Omcios (dacrora 10°-10% ¢ ™). Crko-
pocTh JaTepanbHON MudPy3uu 3aBUCUT OT JIMIHIHOTO COCTaBa MeMOpaH U
temneparypsl. [loHmkeHre TemnepaTypbl U YBEJIMUYECHHE COJEpKaHUSA XOJie-
CTepUHA MPUBOAT K YMEHBIIICHUIO CKOPOCTH JIaTepaIbHON AU y3um.

B Owucimoe MoJieKyJibl JIMIMIOB HMHTEHCHBHO BpAILLAIOTCS BOKPYr CBOEH
jumHHOM ocn (wactota 10'°—107 ¢ ). Jemxenne «paum-¢hiaom», Mo CymecTy,
IpeiCTaBIsAeT cO0OM crnenuanbHbIA Cilydail BpallareJbHOM JUHAMUKH U Xa-
paKkTepu3yeT MEepexoj] MOJEKYJIbl JIMMKUJIA U3 OJHOI0 MOHOCIIOS MEMOpPaHbI B
npyroii (vactora 10°—10° ¢ ™'). B kauecTBe mpuMepa MOJEKYIAPHBIX JIBUKE-
HUM JTMNHUI0B B OUCIIO0€, ONPENESIOMUX KOH(PUTYPAMOHHBIN MOPSA0K, MOXK-
Ho mpuBectn Kouebanmst CH,-rpymm (wactora ~10" ¢') u mpanc-ecow-
M30MEPHU3ALIUIO YIJIEBOJOPOAHBIX LieNen (4acToTa 10108 cfl).

KonundecTBeHHOM XapaKTEPUCTUKON CTENEHU YHOPSAIOUYEHHOCTH JIUITUTHBIX
nenei B Oucioe siBnsercs mapamerp mopsiaka S. [lapamerp mopsika MOMXKHO
ONPEAECIUTh IKCIEPUMEHTAJIBHO C IpuMeHeHneM SMP-crnekrpockonuu win
aHW30TpoINuu nojsipu3anuu GiayopecteHuu. [lapamerp mopsinka onpenemnser-
s Kak

S = %(3(0052 o) —1), (1.25)

TJIe ¢ — YToJI MEXy JUTMHHOW OChIO MOJIEKYJIBl i HOPMAJIBIO K OHCIIO0. YTJI0-
BbIE€ CKOOKM O3HA4aroT YCpPEeJAHEHHE MO BCeM MoJieKyaaM. JlJid ujieanbHO yIo-
psaoueHHOro oOpasua (mapasiesibHas OpUEeHTALMsl MOJIEKYJ U HOpMaju) Ma-
pametp nopsiaka S = 1, Torna kak ans uzorpornHoro oopasua S = 0. [lapamerp
nopsJiKa JIMIUIHOTO Oucios XapakTepusyercs BennunHoi ot 0,3 mo 0,8 B 3a-
BUCHUMOCTH OT THIA TOJIOBHBIX TPYIIN MOJEKYJ JIMMUIOB, JJIMHBI U CTEHEHU
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HCHACBIIICHHOCTHU alllJIbHBIX HCHCf/'I, TEMIICPATYPHI.

CTpyKTYypHbIE COCTOSTHMS JUNUAHOTO O0mciosi. CTPyKTYpHOE COCTOSIHUE
JUNUAO0B B OUCIIOE ONpeesieTcs] Kak JaMeIUIsipHas JIMMuIHas OucionHas da-
3a. C TOYKM 3peHUs] TMHAMUYECKOTO COCTOSIHUS JTUMTUIHBIN OMCIION MOXET Ha-
XOJIUTHCS B PA3JIMYHOM arperaTHOM COCTOSIHUU: TBEPAOM (KOHIEHCUPOBAHHOM,
refieBOM) [y WM JKUAKOKpHCTaMyeckoM (kunkom) L (puc. 1.21). Kunxas

naMemsipHas ¢aza L, sBisierca 6a30BbIM TUIIOM OMCIONMHON CTPYKTYpbI OHO-

JIOTUYECKUX MEeMOpaH.

Jlamemnsipras aza L, XapakTepusyeTcsi BHICOKOW CTENEHBIO YIIOPSI0YEH-

. 12
HOCTH (Koa(dunueHT narepanbHoi nuddy3un Mosekyn coctapisieT ~107 cm

C ; MaJoe KOJINYECTBO 20Ui-U30MEPOB IO CPABHEHUIO C KOJIMYECTBOM MPAHC-
U30MEPOB B YIIEBOAOPOAHBIX Lemsx). it naMesaipHoil Gpas3sl L, XapaKTepHBI

BBICOKAsl TMOJBIKHOCTh MOJEKYJ (kKod3(duimeHT mnarepaibHol auddy3uu
8 2 1

~10" cMm” ¢ ') u ropazzio OoJiblliee KOJUYECTBO 20Ul-U30MEPOB B AllUIIBHBIX 11€-

X, YeM Juist Gasel L.

B cOOTBETCTBHU CO CTENEHBIO YHOPSIOYEHHOCTH JIaMeIUIIpHYo (asy L,

MHOTJIa Pa3eIsAiOT Ha KUAKO-YIOpsiaodeHHyo ¢a3y (L,) U KUIKO-HEymops-
noueHHywo ¢dazy (L,). Hampumep, BBeIeHUE B XUAKYIO JUMUIHYIO a3y XoJie-
CTepUHA MPUBOJUT K MOBBIIICHUIO YIOPSAOUYEHHOCTH JUMUAHBIX ened (puc.
1.17). ®a3a L, umeeT HECKOIbKO 00Jiee BHICOKYIO YIOPSIA0YEHHOCTh 1O CpaB-
HEHHIO CO CBOOOJHOM OT XojecrepuHa (azoil L (kodduuueHT naTepanbHOi

muddy3un nmpuMepHO B JBa pa3a HWXKE) M OTHOLIEHHE KOJIMYECTBA 2Oui-
U30MEPOB K KOJUYECTBY MPAHC-U30MEPOB B ALIMIIBHBIX IEMSAX, CPABHUMOE IO
BEJIMYMHE C TAKOBBIM JUIst (asbl L .

TTTIRENTIY == 333eeaans
MMMMM QR

Puc. 1.2]1. Cxematndeckoe n300pakeHUE JaMeIIIpHON (a3bl
JIMITUTHOTO OUCITOA.
T,, — TeMIiepaTypa riaaBHOro (a3oBOro nepexona

Ilepexon u3 TBEPAOro (KOHAECHCHPOBAHHOIO) COCTOSHHS [; B JKMIKOKPH-
cTaJuiMueckoe [, (Tak Ha3bIBAEMBINA IEPEXOM TeIb-)KUIKAN KPHUCTALT WU

TJIaBHBINA (Ha30BBIA TIEPEXO] B OMCIIOE) MOXET OCYIIECTBIATHCS MPU HU3MEHE-
Huu Temreparypsl (puc. 1.21). Temneparypa rimaBHoro ¢gaszoBoro nepexoaa 7,
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3aBUCHUT OT XMMHUYECKOT0 CTPOEHUS U COCTABA JIMIHJIOB OUCIIOA.

B nunuaaeix 6uciosix namesuisipHas paza yacTo uMeeT TeHASHIUIO (par-
MEHTHPOBATHCSI B MaJIble JOMEHbI (MHOI'Ia COCTOSIINE TOJBKO U3 HECKOJIBKUX
THICSY WM Jlak€ COTEH MoJieKyn). HepaBHOMepHOE pacnpeneneHne MoJeKy,
IpUBOJsIIEe K 00pa30BaHMIO JUIUAHBIX JOMEHOB (KJIACTEPOB) B OHcCIOE, pea-
JU3YETCS BCJIEACTBUE HAMYMUS CMECH PA3JIMYHBIX JIMIMJIOB, PA3IMUNN JIUIIH]I-
HBIX MOJIEKYJI I10 CTPYKTYpPE NOJIAPHBIX I'0JIOB, ITO CTENEHN HEHACBHIILIEHHOCTH 1
JUIMHE YTJIEBOAOPOJHBIX Lieneil. B Ouciosx ¢ JTUNUAHBIM COCTaBOM, MOJEIH-
PYIOIIMM BHEIIHUA MOHOCJIOHN IJIa3MaTHYE€CKOW MeMOpaHbl, Npu (PU3HOJIOTHU-
YECKMX TEMIIEPATypax YCTAHOBJIEHO MPUCYTCTBUE JTOMEHOB pazMepoMm ~3—40
HM. To ecTh, Ja)ke B OTCYTCTBHE MAaKpPOCKONUYECKOro (pa30BOTO pa3lesieHus
oucinos, TemneparypHble (PIyKTyallud MOTYT MPUBOJAUTH K (HPOPMHUPOBAHMIO
JUNUAHBIX JTOMEHOB CO 3HAYMTEJIBHBIM BpEMEHEM XU3HU. Ecin rereporeHHas
HOMYJISIIMS. MEMOpaHHBIX JIMITUJIOB pa3zielieHa B JOMEHBI, TO B pe3yJIbTaTe pas-
JIMYMSL JIMITUIHOM YIIAKOBKHM MEX1y JOMEHAMHU BO3HHMKAET I'paHHIa. Bo3HUKHO-
BEHUE CTPYKTYPHBIX Pa3jiu4Mii BHYTPH U BHE JIOMEHA MPUBOJIUT K PA3ITUYHIO
(PU3HKO-XMMHUYECKUX CBOMCTB, HAIIPUMED, K PA3JINUUIO JOMEHOB IO BBICOTE.

FMABA 2. BENKOBbIA KOMMNOHEHT
BUOJIOTMYECKUX MEMBPAH

2.1. ObLLAA XAPAKTEPUCTUKA MEMBPAHHbIX BEJIKOB
2.1.1. ®DyHKUuM 6enKkoB B MeMbpaHax

benkn memOpaH BOBJIEUEHBI NPAKTHMUECKH BO BCE IPOLECCHI B KIETKAX.
Crnucok (yHKIUI MeMOpaHHBIX OEJIKOB BEJMK: TPAHCIOPT MOHOB, META0O0JINU-
TOB M MakpOMOJIEKYJI 4epe3 MeMOpaHbl, peLenius U nepegadya CUrHajiosB, Ie-
PEHOC 3JIEKTPOHOB, NIPUKPEIUIEHHE K BHEKIETOYHOMY MATPUKCY, PETYJIMPOBa-
HUE BHYTPHUKJIETOYHOIO BE3HUKYJIIPHOTO TPAHCIOPTA, KOHTPOJIb JUIUIHOTO
cocTaBa MEMOpaH | T. II.

MeMOpanHble O€IKM HMMEIOT 00Ilee CBOWCTBO — YacThb HX CTPYKTYpHI
BCTPAaMUBACTCA B JIMMUIHBIA Oucioi. YacTh MeMOpaHHBIX OETKOB MOTPYyXKEeHA B
JUNUAHBIA OUCIION, OCTadbHbIe OEJKH aCCOLIMMPOBAHBI C AK30IIa3MaTHYECKUM
WIM LIUTO30JbHBIM MOHOCJIOSAMH Oucios. MHorue u3 3Tux OEIKOB UMEIOT psij
o0ILIMX YepT B CTPOEHUHU U MOTYT OBITh CIPYIIIUPOBAHBI B CylIEpCEMENCTBA.

2.1.2. Knaccbl MeMOpaHHbIX 6enkos

Hmeercst 60bIIIOe KOJTWYECTBO MPSIMBIX JTIOKA3aTEIBCTB BHEAPCHHS OCITKOB
B JIMOUAHBIN Oucioil B bmomemOpanHax. K HUM OTHOCSITCS TaHHBIC, MOJTyYECH-
HbIE C MPUMEHEHUEM JJICKTPOHHON MUKPOCKOTHUH, MPU U3yYCHUU PACTBOPUMO-
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CTH OENKOB B DPAa3IMYHBIX PACTBOPHUTENSAX, JIUMUI-3aBUCUMON aKTUBHOCTHU
depMeHTOB OMOMEMOpaH, KOBaJCHTHOTO CHIMBaHHUS OCNKOB C JUMUAAMU B
MeMOpaHax u T.J1. MeMOpaHHbIe O€JIKM MOXKHO Pa3AesiuTh Ha TpU OOJbIINE Ka-
TErOpUU B 3aBUCUMOCTH OT MEXaHU3MOB B3aUMOJICHCTBUS C JIMITUIHBIM OUCIO-
e€M:  HHTerpalibHble  (TpaHcMeMOpaHHbIE), mnepudepudeckue  (OeoK-
MPUKPETUICHHBIC) U JIUTNI-3aIKOPEHHBIE. BOIBITMHCTBO OMOJIOTUYECKUX MEM-
OpaH COIEPKUT BCE TUIBI MeMOpaHHBIX OenKoB (puc. 2.1).

WuTerpansubie 6enku coctaBisitoT 70-80 % OT umcia Bcex MeMOpaHHBIX
oenkoB. K 3TiM OenkaM OTHOCSTCSI aHTUT€HbI, PELIENTOPBI, TPAHCIOPTHBIE OeJI-
KU U T. [I.

HHTerpanbHblie Jlunua-3askopeHHbIe

NH,

AA

LI 1

COOH

KosasnenTHas cBsi3b Oenka ¢

o [Tepudepuyeckue
MOJIEKYJION JINTIHA

Iuto301b

Puc. 2.1. Pacnionoxxenue 6e1K0B B MeMOpaHax

WuTerpanbable MeMOpaHHbIE OEIIKU MEpeCcEeKaroT JIMIUIHBIA OUCIIOi, a me-
pudepuueckre MeMOpaHHbIe OEJIKU acCCOLIMUPOBAaHbI C BHYTPEHHEH U BHEIIHEH
ctopoHamu Oucnos. TpancMeMOpaHHBIE CErMEHTHI MHTETPAIbHBIX MeMOpaH-
HBIX OEJIKOB B3aMMOJECHCTBYIOT C YIJIEBOJOPOAHBIMU LIETIAMU JIMITUTHOTO OHC-
J0 ¥ UMEIOT HEOOJIBIIOE YHUCTIO TUAPODUIBHBIX OCTATKOB, SKCIIOHUPOBAHHBIX
Ha UX TPAaHCMEMOPAaHHBIX TOBEPXHOCTSX.

[lepudepuueckue MeMOpaHHbIE OEIKU OTO0OHO IPYTUM BOAOPACTBOPUMBIM
OenmkaM UMEIOT THAPOQHUIBHBIE OCTAaTKH, SKCIIOHHPOBAHHbBIE HA UX MOBEPXHO-
CTSX, U cepAueBuHy U3 ruapodoOHbix octaTkoB. Ilepudepruueckue um uHTE-
rpajbHbIe OENKH MOXHO SKCTParupoBaTh C MCIOJB30BAHUEM PA3IUYHBIX pac-
TBOpUTENe. [llenounsie pacTBOpUTENN PACTBOPAIOT OOJIBIIMHCTBO nepudepu-
YecKUX OEJIKOB, PACIONIOKEHHBIX 3a MpeaenamMu Oucinos. JleTepreHtsl, KOTo-
pble B3aUMOJEHCTBYIOT C THAPO(OOHBIMU TPaHCMEMOpPAaHHBIMH CETMEHTaMH,
pPacTBOPSIIOT UHTETpaJIbHbIe MEMOPAHHbIE OCIKU.

TpancmeMOpaHHBIE CETMEHTHl MHTETPAJIbHBIX MEMOpaHHBIX OEJIKOB, KOTO-
pBI€ MepecekaroT OUCIION, CBOPAYMBAIOTCS B O-CIIUPATH WX B [-HUTH. AMHI-
Hble U KapOOHWJIbHbIE T'PYIIIBI MOJUIIENTHAHOIO OCTOBA B Mpezenax Oucios

36



CBSA3aHbl BOJAOPOJHBIMHU CBSI3SIMH, YTO MHUHUMHU3HPYET SHEPrUI0, TpeOyemyro
JUTSI IOTPYKEHUSI OCTOBA B TUAPO(POOHYIO YaCTh JIUIIUIHOTO OUCIIOS.

WuTerpaibHple MeMOpaHHbIE OEIKM MMEIOT OJMH MU 00Jiee CEerMeHTOB,
KOTOpbIE€ BHEAPEHBI B pochonunuanelii 6ucioil. OTu GeNKH 3asKOPEHbI B JIU-
OUJAHOM OMCIIOE Yepe3 MOJIMIENTUAHYIO LeNb. BOJbIIMHCTBO MHTETpalIbHBIX
OEIKOB coJiep>KaT aMUHOKHUCIIOTHI ¢ TUAPO(HOOHBIME OOKOBBIMHU IIETISIMU, KOTO-
pble B3aMMOJCHCTBYIOT C alWIbHBIMU TPYNIAaMH KUPHBIX KUCIOT MeMOpaH-
HBIX (ochomunuaoB. T TpaHCMEMOpaHHbBIE OCIKU COoAepKaT OAWH Wi 00-
jee JOMEHOB, MEPECEKAIINX MEMOpPaHy, a TAKKe METIN JJIMHOK OT YEThIPEX
JI0 HECKOJIBKUX COTEH aMHUHOKHCIOTHBIX OCTATKOB, NOTPY’KEHHBIX B BOJHYIO
cpeay 1o 006e CTOPOHBI OUCIIOS.

TpancmemOpaHHas o-Clidpaidb — OCHOBHAs CTPYKTypHasl €IMHMIIA OEIKOB
MeMOpaH 3yKapruoOTOB U OEJIKOB BHYTPEHHUX MEMOpPaH MpoKapuoToB. OquHOY-
HbI€ WJIM YIIaKOBaHHBIE B MyYKH TPAHCMEMOpPAHHBIE O-CHUPAIA XapaKTepU3y-
IOTCSl IIMPOKUM HabopoM (yHKUIMH M 0COOEHHOCTEH cTpoeHus. o-Crnupanu
HaillieHbl B 0aKTEpHUOPOJONICHHE, B CEMEMCTBE POJICTBEHHBIX CEMUCIIHPAJIbHBIX
peLenTopoB, Hacocax, MEPEHOCUMKaxX, MOHHBIX KaHajaX, IUTOXPOMOKCHIA3e U
(POTOCUHTETUYECKOM PEAKIMOHHOM LIEHTpE. benku ¢ o-cnupanbHbIMU TpaHC-
MEMOpaHHBIMU CErMEHTaMU SIBISIOTCS 00Jiee MHOTOYHCIEHHBIMU U (YyHKIIHO-
HaJIBHO OoJiee pa3HOOOpa3HBIMU, YeM OENKU C B-HUTSIMHU.

benku ¢ mydkamu o-crniMpaneil HaiJIeHbl BO BCEX KJIETOYHBIX MeMOpaHax.
benku ¢ myukamu B-HUTEH, HaliICHHBIC BO BHEITHUX MEMOpaHax rpaMOTpHUIIa-
TEJIbHBIX OaKTEepHil, MUTOXOHJIPHUSAX M XJIOPOIUIACTax, (POPMHUPYIOT >KECTKUE
NOpbI, M3BECTHBIE Kak [-Oappenu (maccuBHbIE, HO cyOcTparcreuupuueckue
b y3HMOHHBIE TIOPHI JUIsl MajbIX MOJIeKyJs). belnku mopusbl cocTodr u3 [3-
HuTeH, popmupyromux Oappenu, ¢ THAPOPOOHON BHEIIHEH MOBEPXHOCTHIO U
KaHalioM BHYTpH. (-bappenbHble O€NKH, SKCIOHUPOBAHHBIE HA MOBEPXHOCTHU
OaKTepuabHBIX KJIETOK, UCIOIb3YIOTCS KaK HadaJlbHblE MECTa MPUKPETIIICHUS
0akTeprodaroB u 0aKTEpUATHHBIX TOKCUHOB.

MHorue TpancMeMOpaHHbIE OEJIKM CoAepKaT OOJIbIIOE YUCIIO CyOBEANHHIL,
aCCOLIMMPOBAHHBIX B IIOCKOCTU OHcos. Yncno B-HUTEH, KaK U YUCIIO O-CIIU-
pajei, MOKeT OBITh OYeHb OONBITNM (pHC. 2.2).

bakTepuanbHble 1 MUTOXOHJPHAJIBHBIE IMOPUHBI UMEIOT TPU WIACHTUYHBIC
cyObenuHuLbl. MHOTHE HOHHBIE KaHaJIbl (POPMUPYIOTCS U3 YETHIPEX OAMHAKO-
BBIX WJIM UJIEHTUYHBIX CyObeIMHUL. PerentTopsl alleTUIX0IMHA SBIISIOTCS MEH-
TaMepamMu U3 WACHTUYHBIX WIH POJCTBEHHBIX CyObeauHUL. Bmecte oHu ¢op-
MUPYIOT KATHOHHBIN KaHAJl, KOTOPbIA OTKPBIBAETCS, €CIH AETUIIXOJIHH CBS3bI-
BaeTcs ¢ AByMs 0-CyObeauHuIaMu. bakTepuanbHas HUTOXpPOMOKCHIa3a sIBJIS-
eTcsi aHcaMOJIeM M3 YEThIPEX PazlMYHbIX CyObeIuHUIl ¢ oOmuMu 22 TpaHc-
MEMOpaHHBIMU cUpAIAMH. POTOCUHTETUYECKUN PEAKIIMOHHBINA LIEHTP XJIOPO-
IUIacTa COAEPKUT TPU CHUPaAIbHbIE CyObEINHHULIBI.
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[Tyuok a-crimpaneii B-6appensb (004OHOK)
0aKTepUOPOIONCUH MOPUH

Puc. 2.2. JIBa kmacca MHTETpaIbHBIX MEMOPaHHBIX OEITKOB

[Tepudepudeckne MmemOpaHHbBIE OETKH B3aUMOJEHCTBYIOT C DKCIIOHUPOBAH-
HBIMH YYaCTKaMH HHTETPAITBHBIX MEMOpPAHHBIX OCITKOB HWJIM C TOJIAPHBIMH TO-
JIOBHBIMH TpymmaMu JUMHA0B. OOBIYHO CBSI3bIBAHUE CO CHEIU(DUUSCKHM Me-
CTOM Ha MeMOpaHe MPUBOJUT K akTuBanuu Oenka. [Ipumepamu nepudepuue-
CKHMX OEJIKOB, JIOKaJU30BaHHBIX HA IIUTO30JIbHOW (BHYTPEHHEH) CTOPOHE ILI1a3-
MaTUYECKON MeMOpaHbl, CIy’KaT OEJIKU [IUTOCKENIEeTa SPUTPOIUTOB — CIEKTPUH
U aKTHH, a Takke pepmeHT nporernHkruHaza C. Ha BHemHel (3Kx3011a3mMaTuye-
CKOM) CTOpOHE MeMOpaHbl JIOKAJIU30BaHbI HEKOTOpPbIE OEJIKH BHEKJIETOYHOTO
matpukca. [lepudepudeckue OENKM CBA3BIBAIOTCA ¢ 00CMMH TOBEPXHOCTSIMHU
MeMOpaHbl HE KOBAJICHTHBIMH CBSI3SIMHU.

Psin MmemOpaHHBIX O€JIKOB HE YAAIAIOTCS W3 MEMOpaHbI TIPH MSTKOW oOpa-
00TKe aeTepreHTamMu. JTHU OEJKU KOBAJICHTHO CBSI3aHBI C JKUPHBIMHU KHCIIOTa-
MU, 3aSKOPEHHBIMH B OJIMH W3 MOHOCIIOEB MeMOpaHbl. Ho monmmmenTumHas
uenp oenka B (ocOIUNHIHBINA OUCIION HE BHEAPSETCS.

2.1.3. TeomMeTpuAa pacnonoxeHusa 6enKoBbIX MONEKyn B bucnoe

B 3aBucumocTu oT criocoba nepeceueHus OUCIIOs UHTErpaibHbie OCIKH Jie-
JSITCSL HA MOHOTONMYECKHE, OUTOMMYECKHE U TOJTUTOIIUYECKHUE.

MonoTonnyeckue 0Tk BHEAPEHBI TOJIBKO B OJMH U3 MOHOCJIOEB OHCIOS,
TO €CTh 3KCIIOHUPOBAHBI C OJHOW CTOPOHBI MEMOpaHbl. Y OUTONMHUYECKHX Oell-
KOB (MHOTHE PEIENTOpPhl) OJUH CETMEHT IepecekaeT MemOpaHy. TpaHcMeM-
OpaHHBII JTOMEH (CErMEHT), KaK MpaBHIJIO, COCTaBisieT mpumepHo S5—10 %
Macchl Bcero Oesika. BHEKIETOUHBIA JOMEH MOXKET HECTU YIJIEBOIHBIE LIETIH,
KOTOpbIe MOTYT ObITh N-CBSI3aHHBIMHU (IIPU CBS3BIBAHUU C aclaparHOM) WX
O-cBsA3aHHBIMM  (NIpU  CBSA3BIBAHUM C  CEPUHOM, TPEOHHMHOM  WJIHU
TUAPOKCUIM3UHOM). Takue [0MEHbl HWrparoT poJib MApPKEPOB KJIETOYHOMN
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NOBEPXHOCTH, (DAKTOPOB aare3uu (HampuMep, MHTETPUH) WIM PELEnTOPOB.
[{uTomiasMaTUYECKUE JIOMEHbl UIPAIOT POJb B KIETOYHOW CUTHAIU3ALMU
(Harpumep, peuenTopHas TUPO3MHKMHA3a) WJIM MOTYT CBA3BIBATBCA C
LUTOCKEJIETOM.

[TonunenTuaHas 1enp NOJIUTONUYECKUX OENIKOB IepeceKkaeT MeMOpaHy 0o0-
Jee OJHOrO pasza (KaHaJsibl, HEKOTOpbIE PELenTOPbl, OaKTepuaNbHbIN (HOTOCUH-
TETUYECKUN PEAKIIMOHHBIA IIEHTP). BO3MOXHBI pa3nuyHbie KOMOWHAIIUN pac-
nonioxkeHus: N- u C-okoHUaHUW 1O 00€ CTOpOHBI MeMmOpaHbl. OIHAKO TMPHU
YETHOM YHCJIE TPAaHCMEMOpAHHBIX CErMEHTOB 00a THUIA OKOHYaHUU OyayT
pacrnojiaraTbCsi TOJIbKO C OJHOW CTOPOHBI MEMOpaHbI (LHUTOIUIA3MAaTUYECKON
VI 3K30IJ1a3MaTUYECKOM ), TP HEYETHOM YHCJIE TPAHCMEMOpPaHHBIX CErMEH-
TOB 00a THIa OKOHYaHUI — C pa3HbIX CTOPOH. Macca BCTPOEHHBIX B MEMOpaHy
CETMEHTOB JUIsl HEKOTOPBIX O€JKOB MOKeT npeBbimath 60 % ot ob1iel Macchl
Oernka.

2.1.4. CopepxxaHue 6enkoB B MemMbpaHax

Bo Bcex Ouonorumueckux MemOpaHax MPHUCYTCTBYIOT Oenku. X conmepxka-
Hue B MmemOpanax kosebmuercs ot 20 % m0 75 % B 3aBHCUMOCTH OT THUIIA KJie-
TOK U THUIIA OpraHU3Ma.

MemMOpanHbie O€TKHU COCTaBISAIOT TPETh poTeoma KieTku. Habop 6enkoB B
MeMOpaHe 3aBUCHUT OT THUIla MEMOpaHbI U TUIA KJIETOK. UKCIIo OENKOB JaHHOTO
TUIA B KJIETKaX BapbUPYET OT HECKOJIbKUX COTEH JI0 HECKOJIbKUX MUJIJTUOHOB
koruii. [Ipumepsl naeHTUGUIIMPOBAHHBIX MEMOPaHHBIX OCJIKOB B 3PUTPOIIUTAX
YeJIoBeKa MpUBEACHBI B Ta0I. 2.1.

Tabauya 2.1
JKcnpeccusi MeMOPaHHBIX 0€JIKOB B 3PUTPOLUTAX YeI0BeKa
WHTerpansHblii MeMOpaHHBIH 0eI0K Umciao MoJieky B kKieTke (MeMOpaHe)

benok nonoce 3 1000000
['mukodopun A 1000000

benok nosuocer 7 300000
Tpancnoprep roko3sl 1 300000

AxBanopus- 1 200000

I'mukodopun C 50000

TpancopTep MOYEBHUHBI 14000
Kanpuuiitpancnoprupytomas ATdaza 1 4000
Harpuii/kanueBass AT®aza 400

2.2. CTPYKTYPA 1 CBOUCTBA UHTEIPAJIbHbIX U
NEPUDEPUYECKUX MEMBPAHHbIX BEJTIKOB

[To cTpykType MeMOpaHHBIE OSIKH TIPOIE ¥ MEHEE BapuaOeIbHBI, YEM BO-
JopacTBOpuMbIe Oeku. Bo BceM Habope MeMOpaHHBIX OEIKOB JI0 CHUX MOpP OT-
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KPBITHI TOJIBKO JIBE OCHOBHBIE apXUTEKTYPHBIE OCOOEHHOCTH: O-CIUPAIIU (M UX
nydku) u B-autH (B-6appenu). OOUIMM AJi 3TUX IBYX OCHOBHBIX CTPYKTYPHBIX
(opM HHTErpajJbHbIX MEMOpaHHBIX OEJIKOB SIBJISIETCS OOpa30BaHHUE MaKCH-
MaJIbHO BO3MOKHOT'O YHMCJIa BOAOPOJHBIX CBSi3eH IpyNIaMHM aTOMOB IMENTHJ-
HBIX CBA3€H, KOrJa MOJUIENTHAHAS 1IeTlb HaXOAUTCA B TUAPOPOOHOM OKpYKe-
HuH. [Ipu oTCyTCTBUM PSiIOM MOJIEKYJ BOJABI BOJAOPOIHBIE CBSA3M MOTYT 00pa-
30BBIBATHCSI TOJBKO B Ipelenax CaMOl IMOJMUNENTUAHOW LENH, U HMEHTCS
TOJIBKO JIBa BO3MOXKHBIX CIOcO0a TakoOM peaau3aluu Jig MOTPYKEHHBIX B
MeMOpaHy 4YacTeil MOJIMMENTHIHBIX Lened — (GOpMHpPOBATH WIH O-CHUPAIIH,
WIH -HUTH.

XoTsi OOKOBBIE TPYHIbl AMUHOKHCIOTHBIX OCTATKOB MOTYT OBITH THJPO-
(oOHBIMU, 3apsiibl HA aTOMAX MENTHIHON CBSI3U Nepepacipeaeiensl (puc. 2.3)
U, CJIEJOBATENIbHO, UMEIOT TEHJICHUIUIO K (POPMHUPOBAHUIO BOJIOPOIHBIX CBA3EH.

H 035 H 0
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H—N" @ C —N (C] C
0’ T Ne
R ? R

N-okoHuaHme C-oxoHuaHme

Puc. 2.3. Pacnipenenenue 3apsa0B Ha aTOMax MENTUIHON CBS3H

B To e Bpems B cepeiHe JUMUAHOTO OMCIIOS HET JOHOPOB MIIM aKIENTO-
POB BOJOPOAHON CBSI3U. [[UMOJIBHBIT MOMEHT HENTUAHON CBsI3W paBeH 3,5 /I.
Ecnmu tpancMeMOpaHHBIM CErMEHT MPECTaBISET COOOW O-CIUPATbHYIO KOH-
dbopmanuio, To Bce TUAPOGUIBbHBIE TPYNIBI (POPMUPYIOT BOJOPOIHBIE CBSI3H
JIPYT C IPYyTOM, B TO BpeMs Kak THAPO(OOHBIE OOKOBBIE 3aMECTUTEIIN BBICTY-
MaT HA MOBEPXHOCTH CHOUPAIH B CTOPOHY YIJIEBOJOPOJHBIX XBOCTOB JIUITU/I-
HBIX MOJIEKYJ. ATOMBI Ka)KJOW MENTUIHOW CBS3M YYacCTBYIOT B 0Opa30BaHUU
BOJIOPOJIHBIX CBSI3€W ¢ aTOMaMu JAPYTHX NENTUAHBIX CBsA3€Hl (puc. 2.4).

B kaxaom cermente, mnepecekaronieM OUCIIOW, COJEp)KaHHE 3apsyKEHHBIX
WJIU TIOJISIPHBIX TPYIIN, KOHTAKTUPYIOIIUX C JIMMTUAAMU, JOJKHO ObITh MUHUMHU-
3upoBaHO. UT0OBI H30€KaTh KOHTAKTA C JIUIUJIAMH, TIOJIIPHBIC aMHJIbl U aTOMBI
KapOOHWJIOB MENTHIHON CBSI3U MOTPYXKEHbI BHYTPh O-CIIUpaiiu uiun f-ciod. Bo
MHOTHX TPaHCMEMOpPaHHBIX CETMEHTAaX OCTATKH apOMaTHYECKUX aMUHOKHUCIOT
JIOKAJIM30BaHbl, KaK MPaBUjO, B TVIMIEPOJIbHONW O0MACTH JUMUIHOTO OUCIIOA.
a-Crinpanp B OHCIIOe COEPKUT OT 22 10 25 0CTaTKOB aMUHOKHUCJIIOT, a [3-HUTh
— 10 ocrarkos. Eciu Tomuuaa rugpodobHoii cepaueBuHb! 61cios papHa 33 A,
TO MUHUMAJIbHOE YHCIIO aMHUHOKHUCIIOT B O-CIIUpaIH OyJeT paBHO ~22 (nnuHa
y4acTKa MOJUINENTUIHONW LENH, MPUXOASAIIascsa Ha OOHY aMUHOKUCIIOTY, paB-
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Puc. 2.4. Ctpykrypa o-criupaiu

TparncMeMOpaHHBIE TOCTIEAOBATEILHOCTH aMHUHOKHCIOTHBIX OCTaTKOB B
MHTErpaJbHBIX MEMOpaHHBIX OeNkaxX OObIYHO UACHTHU(PUIUPYIOTCS KaK TUApO-
¢dbobuble nocnenoBarenbHOCTH. UHAEKC ruapooOHOCTH i OTIAEIBHON amMu-
HOKHUCJIOTBI PACCYUTHIBACTCS KaK BEJIMYMHA DHEPTUHU, HEOOXOAMMOM ISl mepe-
HOCA AaMHHOKHUCJIOTHI U3 OPTraHUYECKOTO pacTBopuTeis B BoAy. CTaOUIBLHOCTH
TpaHCMEMOPAHHOW CIUPATI XapaKTEPU3YETCsl BEIMYMHON M3MEHEHHsI CBOOOI-
HOW SHEPTrUM MPHU MEPEHOCE CIUPATH U3 BOAHOU (pa3sl B OUCIIOM.

[TomoOHBIM aHAHM3 TPUMEHUM JIJIs1 OSJTKOB, TUTIA TIIHKO(GOPUHA, Y KOTOPOTO
eIMHCTBEHHAsl TpaHCcMeMOpaHHasi CIMpajib UMeeT HanOosiee HEMOoJsIpHbIe 60-
KOBBIE 3aMECTUTENH, OKPY)KEHHBIE YTIIEBOJOPOIHBIMU TIETsIMU JIMTHI0B. Eciu
O€JI0K UMEEeT HECKOJIbKO TpaHCMEMOpaHHBIX CIUpalIel, OlleHKa THAPOPOOHBIX
apaMeTPOB MOXKET HE COOTBETCTBOBATH JICHCTBUTEIIBHOCTH, TIOTOMY YTO CITH-
pai MOTYT TPYIIITAPOBATHCS BMECTE, YTOOBI OKPYKATh TUAPODHUILHBIN KaHAT,
BBICTJIAHHBIN 3apsaaMy U OOKOBBIMH ITOJISIPHBIMU 3aMECTUTEIISIMH.

Tem He MeHee MHAEKC THIPOPOOHOCTH MIUPOKO UCIONB3YETCs IS Olpee-
JICHUS HAJIW4YUs o-Cridpaneil B memOpane. Paccmorpum miis npumepa TpaHc-
MeMOpaHHBIA O€JI0K, y KOTOPOr0 MMEIOTCSI YeThipe o-crupanu (puc. 2.5, 0).
Jlyist aToro Oenka 3aBUCMMOCTh CBOOOIHOM SHEPTUU MEPEHOCa aMUHOKHUCIIOT U3
MeMOpaHbl B BOAY OT TOJIOKEHHS (HOMEpa) aMUHOKHCIOTHOTO OCTaTKa B TO-
JIMTIENITAIHON LIEMH UMEET BUJ, IPEACTaBICHHbBIA Ha puc. 2.5, a. Hanuuue ye-
THIPEX TMOJIOKUTEIHHBIX MMKOB HA TpaduKe CBUIACTEIHCTBYET O MIPUCYTCTBUH B
CTPYKType O€eJIKa YeThIpeX o-CIHpaei.
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2.2.1. CTpyKTypa 1 CBOMCTBa a-CUpanbHbIX
MHTerpanbHbIX 6enkoB

a-Criupasin  OpMHUPYIOTCS, TIABHBIM 00pa3oM, W3 aMHHOKHCIOT C HETO-
JSIPHBIME OOKOBBIMHU TpymmaMu. [IepBbIM OXapakTepH30BaHHBIM HHTErPajlb-
HbIM OeJIkoM ObL1 TIIMKOQOpuH MeMmOpaH sputpouutoB (puc. 2.6). B SAMP-
IKCIEPUMEHTAX YCTAaHOBIIEHO, YTO €IMHCTBEHHBIA TPAHCMEMOPAHHBIN CETMEHT
IIIUKO(OPUHA SBISIETCS O-CIUPATIBIO.
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Puc. 2.5. Uapexc ruapodoOHOCTH (@) At MHTETpalIbHOTO Oeka Tuma (0)

benku Tumna rmukodopuHa coaepkar Tpu JOMEHa — OJuH TuapodoOHBIil (B
BUJIE O-CIIUPAIH) U JBa TUAPOGUILHBIX (TI0 00€ cTopoHB MeMOpanbl). Cru-
paibh B3aUMOJCHCTBYET C alWJIbHBIMHU TEMsSIMU JUNUAO0B. MMeroTcs mokasza-
TEIhCTBA, MOATBEPKIAIONINE, YTO OMCIION MepeceKaeT OJWHOYHBIA CETMEHT.
Hampumep, mporeonutrueckue GepMEeHTH MOTYT PaCHICTUIATh TPAHCMEMOpaH-
HBIM TOJTUTIENTUAHBIA CETMEHT B MpECKa3bIBaeMbIX MecTax. [loTeHmambpHbIe
MeCTa TIIMKO3WJIUPOBAHUSA OejKa JIOKAJTU30BaHBI CHAPYXH KIICTKH. XHUMHYeE-
CKH€ METKU WJIU MEUYCHHUE aHTUTEIAMH TO3BOJISIOT UACHTU(DHUIIMPOBATH YACTH
OEJTKOB BHYTPH WJIM CHAPY KM KJICTOK.

[To aHanoruu ¢ rIUKOPOPUHOM MPUHUMAETCS, YTO OJMHOYHBIC TUAPOPOO-
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HBIC CETMEHTHI JUTMHON NMPUMEPHO B 25 aMHHOKHUCIIOTHBIX OCTaTKOB B JIPYTHUX
TpaHCMEMOPAHHBIX OEJTKaX TaK)Ke CBEPHYTHI B O-CITUpaNIH. BElku ¢ myykamu o-
CIMpaneii UMEIOT pa3HOoOOpa3Hble pa3Mepbl U (OPMBI: OT OCIKOB TOJIBKO C
CIMHCTBEHHOW TPaHCMEMOPAHHOH 0-CITUPAIIBIO, COSAMHSIIONICH YacTO TOBOJIb-
HO OOJBIIME BOAOPACTBOPUMBIC JOMEHBI Ha TPOTHBOIIOJIOXKHBIX CTOPOHAX
MeMOpanbl, 10 6enkoB ¢ 20 Win OOJIBIINM YHUCIOM TPAHCMEMOPAHHBIX CIIHUpa-
Jeil, popMUPYIONINX MJIOTHO YIIAKOBAHHBIE MyYKH B MEMOpaHax.
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Puc. 2.6. a-Crupanp rimmkodopuna B Oucioe

W3 B3auMOIEUCTBYIOIMX CYyOBEAUHUI] MOTYT OBITh C(HOPMHPOBAHBI OO0JIb-
e aHcaMOJIM TpaHCMEMOpPAHHBIX CIIMpaliei, HampuMep, [UTOXPOMOKCHIa3a
MUTOXOHApU ObIka MMeeT 28 TpaHCMEMOpaHHBIX O-CIUpaJiel, pacmpenecH-
HBIX cpeau 13 cyObeauHuil.

TpexMepHbie CTPYKTYphl MEMOpaHHBIX OEITKOB UMEIOT Psifi OOIIUX YepT.
Tax, TpaHcMeMOpaHHbIE CLIUPAIN OCTPOEHBI, TJIaBHBIM 00pa30M, U3 HEMOJIsp-
HBIX aMUHOKHUCJIOT, TAKUX KakK JICHIINH, U30JICHIIMH, aJlaHUH, BaJuH U (HeHusa-
JaHUH. DTH OCTATKU OCOOEHHO YacTO BCTPEUAIOTCSI HA IOBEPXHOCTAX MOJIEKYJI
OeJika, SKCIIOHUPYEMBIX K JunuaaM. PazopocanHble cped HEMOJISPHBIX OCTaT-
KOB TOJISIPHBIE U Jla)Ke 3apsDKEHHbIE OCTATKM 4YacTO M30MparoTCs MO BayKHBIM
(GYHKIIMOHATBHBIM MPUYMHAM U HMEIOT TEHIEHIUIO PAcloyiaraThCsi BHYTPHU
CHUPAJIIBHOTO MyYKa, a HE HKCIIOHUPOBATHCS K OKPY’KAIOIIUM MOJIEKYJaM JIu-
nuaoB. Kpast TpancMeMOpaHHBIX crivpaiel (Te YacTu crnupajieil, KOTopble pac-
MOJIAratoTCcs B 00JIaCTSIX TOJIOBHBIX TPYMI JIMITUIOB), KaK MPaBUI0, 000TaIeHBI
TpunToPaHoM U TUPO3UHOM. Mosiekylia O0eiKa OpUeHTHUPYETCSl B MeMOpaHe Ta-
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KM 00pa3oM, 4To ero ruapodoOHast yacTh (CJIOH) BBHICTPAMBAETCS BIOJIb He-
HOJIAPHBIX JUIUAHBIX XBOCTOB.

BaxkHast 0coOE€HHOCTh TpaHCMEMOpPAHHBIX CIHMpAIEH COCTOMT B TOM, YTO
4yacTu Oesika, SKCIOHUPOBAHHBIE B LUTOIIA3My, OOOTaIleHbl MOJOKUTEIbHO
3apsYKEHHBIMU aMUHOKHCIIOTHBIMHA OCTaTKAMM — JIM3UHOM M ApTMHUHOM, a 4ac-
TU O€JKa, BBICTYNAIOUIME BO BHEKJIETOYHOE MPOCTPAHCTBO, COAEPKAT MAaJoe
KOJIMYECTBO 3THX AMHHOKHUCIJIOT. Takoe aCUMMETPUYHOE PaCIpENEIEHUE YacTo
0003HAYaeTCsl, KaK «IOJOKUTENbHBIN 3aps]] BHYTPU» — IMPABUIIO PACIIONIONKE-
HUS TIOJIOKUTENBHBIX 3apsA0B C BHYTPEHHEH CTOPOHBI MEMOpaHbI, ACHCTBU-
TEJIbHOE MOYTH ISl BCEX MEMOPAHHBIX OEIKOB CO COUPAIBHBIMU MyYKAMH HE-
3aBUCUMO OT OpraHu3Ma U TUma MeMOpaHHbIx cucteM (OP, anmapat "onbixkwy,
1azMaTuyeckas MemOpaHa, BHYTPEHHs MeMOpaHa MUTOXOHIPUHM, THIIAKOU/I-
HbIE MEMOpaHBbI).

TepMmuH «TOMONOrUsT MEMOpPaHHBIX OEIKOB» OOBEIUHSET BCE CIOCOOBI Ie-
peceueHuss MEMOpPaHbI MOJUIIENTHIHON LENb0 B 000MX HAIPABJICHUSX, a B TO-
[OJIOTUYECKOW MOJen MeMOpaHbl IOKa3aHa MPUOJIM3UTENbHAS JIOKAIU3alusl
TPAaHCMEMOpPAHHBIX CHUpajeil B OEJIKOBOM LeMM W HMX OpHUEHTALUA
BHYTpB/Hapyxy uepe3 memOpany (puc. 2.7). IIpaBuino pacnosioxeHus moyoxu-
TENbHBIX 3aPSJA0B YKa3blBAET HA TO, YTO MECTA B TOIOJOTMYECKON MOJIEIH C
BBICOKHM COJIEpP’KaHUEM OCTATKOB JIM3WHA U aprMHHUHA OOpalIeHbl K LIUTO30JI0
(WM K COOTBETCTBYIOLIEMY KOMIAPTMEHTY B MUTOXOHJPHSX U XJIOPOIUIACTAX ).

+

Chapyxu

+\_+

++ BuyTpu

Puc. 2.7. Tononoruveckas Mojeib MEMOPaHHOTO OeiKka

Yactu MeMOpaHbl, 3aHUMAaeMble TOJOBHBIMHU TPYMIaMU JTUMUAOB (CIOU C
BHEITHEH CTOPOHBI KaXJA0T0 MOHOCIIOS TOJIIMHONW pUMEpHO 15 A°), SBISFOT-
Csl CJI0)KHO OPraHU30BAaHHBIMU — FOJIOBHBIE TPYIIIbI JIUIIUJI0B YYaCTBYIOT B He-
CKOJIbKMX THIIAX B3aUMOJECHCTBHM, BKIIOYAs AJIEKTPOCTATUYECKHE U BaH-IEP-
BaaJbCOBBI B3aUMOJICHCTBUS, a TaK:Ke 00pa30BaHKUE BOJOPOIHBIX CBA3EH.

BonopactBopumbie O6enku, B IEIOM, UMEIOT apXUTEKTYPY, MOJOOHYIO apXH-
TEKType CIUpaIbHBIX MeMOpaHHBIX OenkoB. OJHAKO TpaHCMEMOpAHHBIE CIIU-
panu MeMOpaHHBIX OEJIKOB yIIaKOBaHbI, B CpeiHEM, OoJiee MIIOTHO, YeM CIHpa-
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JI1 B paCTBOPUMBIX Oeikax. B coOOTBETCTBUU C 3TUM, HEOOJIBIIIUE IO pa3Mepam
AMUHOKHCJIOTHBIC OCTaTKH (TJMLMH, aJlaHMH) U CJIa00 TOJISIPHBIE aMUHOKHC-
JIOTHBIE OCTaTKU (CEpUH, TPEOHUH M IUCTEHH) ropas/io yalle BCTpeyaroTcs B
Criipajsix MeMOpaHHBIX OCIIKOB.

MeMOpaHHbie O€lKM IJIOTHO yHaKOBaHbI, TEM HE MEHEE OHHM COJepKat
MHOTOYHCIICHHBIE TIOJIOCTH M KapMaHbl. JTU AePEKThl YITaKOBKH OOECreYrBa-
IOT IPOCTPAHCTBO JUISI CBSI3BIBAHUS JINTAHJIOB, MPOCTETUYECKUX TPYIII, JIUIIHU-
JIOB ¥ MOJIEKYJ BOJbl. MHOTOUNCIICHHBIE Ae(PEKThl YIIAaKOBKU HaWIEHbI U Y BO-
JIOPACTBOPUMBIX OEJIKOB.

[TonuTOoNMYEeCKyI0 apXUTEKTYpy HEKOTOPHIX MEMOpPAHHBIX OCIKOB MOAYJIU-
PYIOT HE-0-CIUpalIbHbIE 3JIEMEHThl. YacTO TaKUMHU KOMIOHEHTAMU SBIISIOTCS
3 p-cipany (KOMIIAaKTHbIE MOBOPOTHI), T-COHPAIU (LIUPOKHE MOBOPOTHI) H
BHYTPHUCIHUPAJIbHbIE KUHKU (M3JI0MBI). 31-Criupain xapakTepu3yrTcsl BOJIO-
POAHBIMU CBSI3SIMU MEXIy { M i + 3 aMUHOKUCIOTHBIMM OCTaTKaMu, a -
CHUpaId — MEXIY i U i + 5 aMUHOKUCIOTHBIMU OocTaTkaMu. KonudecTtBo aro-
MoB B 1ukie (O"H-N-C'-C*~N-C'), 3aMBIKaeMOM BOJOPOJHOMN CBA3LIO B 3 (-
CIIMpaJu, paBHO JecATH. B o-crnivpanu BOJOPOIHBIE CBA3U O0Pa3YIOTCS MEKITY
i 11+ 4 aMAHOKHCIIOTHBIMU OCTaTKaMH.

a-Crnupaiu (M UX My4YKH) paclioiokKEHbl B OMCIIOE HE NEPHEHAUKYIIIPHO JIa-
TepaIbHOM MJIOCKOCTH, a MO HEKOTOPBIM YIJIOM HakJioHa 1) (puc. 2.8). AHanu3
pacrnpe/iesieHuid yIJIOB HaKJIOHA O-CIHpalied OOJIBIIOro 4Yrciia OMTOMUYECKUX
TPaHCMEMOpPAHHBIX OCJIKOB MOKA3bIBAET, YTO MPEANOYTUTEIBHBIE YIJIbl HAKJIO-
Ha paBubl ~20° u ~160°. B my4kax yrjisl HaKJIOHA O-CIOMpAIEH MOIYT OTIIH-
4aThCs OT YKa3aHHBIX BEJIUYMH.

3
Yron Hak/oHa 1)

R

CHapyxu C-okoH4YaHUe

Membpana
p Z=0) = mmm

/|

Bnyrtpu

N-0OKOHYaHHE
Puc. 2.8. HakioH o-crivpaliv B JUIHUIHOM OUCIIOE
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AMUWHOKHUCIIOTHAS TOCJIEIOBATEIbHOCTh TUIWYHOW CIHPAIIA, MEPECEKar0-
el MemMOpaHy, JO/bKHA OBITh TUAPO(POOHOM, TIIaBHBIM O0pa3oM, IJis TOrO,
4YTOOBl YCTOWYUBO JIOKAJIU30BaThCSd B OHCIIOE, a Takke OBbITh CTPYKTYpOH,
CBOMCTBA KOTOPOH MO3BOJISET €il crienuPrUUecKu acCOUUUPOBATh C COCETHUMHU
CIUpaAIIMH B CBEpHYTOM cTpykType. CpaBHEHHE MOCIEI0BATEILHOCTEH aMu-
HOKHCJIOT B CHHMPAIbHBIX y4acTKaX MEMOpPaHHBIX U PAacCTBOPUMBIX OEIKOB IO-
Ka3bIBAa€T, YTO THUIBI aMHUHOKHCIIOT, OOECIEUHBAIOIINX B3aUMOJICHCTBUE CIIH-
paieit B MeMOpaHHBIX OeJKax, HAMHOTO pa3HooOpa3Hee, YeM B PACTBOPUMBIX
Oenkax.

Crnupanb-ciipaibHOMY B3aUMOJEHCTBUIO B MEMOpaHHBIX Oeikax OJaro-
NpUATCTBYET psiA (akTopoB: 1) Hammuue B Oenkax MOTUBOB GxXx(G (MIMLIMHO-
BbI€ 3aCTEXKH) — YacTO BCTPEUAIOIIMXCSA IOCIEI0BATEIbHOCTEN aMUHOKHUC-
JIOTHBIX OCTATKOB (Hampumep — AuMep TaukodopuHa); 2) BOJAOPOIHBIE CBA3U
trna C*~H:-O MexXIy 0CTOBaMH MOJUIIENTH/IHBIX IIETIEH.

2.2.2. CTpyKTypa 1 CBOMCTBa UHTerpasnbHbIX 6enKkos,
coaepxawmx -HUTU

CTpyKTypy HUHTETpaJibHbIX MEMOpaHHBIX OCJIKOB, COJepXkKalluxX [-HUTH,
PaccCMOTPUM Ha MPHUMEPE LIUPOKO PaCIpPOCTPAHEHHOTO Kiacca OEIKOB, Ha3bl-
BaeMbIX nopuHaMu. [loprHbl HaliIeHBl BO BHEIIHUX MeMOpaHaX MUTOXOHIPUH,
rpaMoOTpULaTeNbHbIX OaKTepuil, Takux Kak E. coli, u xnopomnactos. BHemHue
MeMOpaHbl 3alUINAIOT KULIEYHble OAKTEpUU OT OMACHBIX JUIsl HUX areHTOB
(Harpumep, aHTMOMOTHUKOB, YKEJIYHBIX COJIEH M MpoTeas) U 00ecneunBaroT Mo-
TJIOIIEHUE U YJIaI€HUE MaJIbIX TUAPO(QUIBHBIX MOJIEKYJ, BKIIIOUas MUTATEb-
Hble BemiecTBa. [lopunsl B E. coli GopMUpYIOT KaHAJbI AJIs MPOXOXKIACHUS JH-
caxapuI0oB M IPYTUX MaJbIX MOJIEKYJ, BKJItouas docdar.

OOpa3oBaHue BOJOPOAHBIX CBSI3€H B MHTErPAJIbHBIX MEMOPAHHBIX O€lKax ¢
B-HUTSAMHU WIUTFOCTpHUPYETCS Ha puc. 2.9.

TpancMeMOpaHHBIM CTPYKTYPHBIM 3JIEMEHTOM B [3-Oappene siBisieTcsl 1By X-
HUTEeBas [-cKilagyaras JeHTa C aHTUIapaJIebHbIMU B-HUTAMH. JleHTa cTabu-
JU3UPYETCS] BOJAOPOJIHBIMU CBA3SIMU MeXAy P-HuTaMu. [InanapHocts mentuu-
HOI1 CBsI3M o0ecreunBaeT cKiiaagyaTyro ¢popmy st B-neHTtol. bokoBbie 3amecTu-
TEIM aMUHOKHUCIOT (Ha puc. 2.9 06o3HaueHbl OykBOM R) BbICTynaroT BbllIE U
HUKE TUIOCKOCTH JIeHThl. Ha puc. 2.9, ¢ moka3aHa Takke MOJAENIb CTPYKTYpPbI
MOJIEKYJIBI TJIABHOTO KOMIUIEKca TucrocoBMectumoctu kinacca . B-Hutu B
ATOM MOJIEKyJ€e (KaK U BO BCEX JPYrux Oenkax ¢ -HUTSIMM) HallpaBJI€HbI aHTH-
napauienbHo. B-HuTu cBs3aHbl BOJOPOAHBIMHU CBsI3sIMH. B Moinekyne »3Toro
Oenka BoceMb [-HHUTEH (HOPMHUPYIOT YriayOJeHHE, B KOTOPOM PACIIOIOKEHBI
JIBE Ol-CIIUPAJIH.
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Puc. 2.9.CtpykTypa B-HUTEH B HHTETpaTbHBIX O€IKaXx:
a — TIpocTas ABYXHUTEBas PB-ckiaauaTast ICHTAa C aHTUIIAPAJUICTHBIMU [3-
HUTSAMH, 6 — BUJI B-JICHTBI COOKY, 6 —MOJIEJIb CTPYKTYPhI MOJICKYJIbI TJIaB-
HOI'0O KOMINJIICKCAa TUICTOCOBMECTHMOCTH KJ1acca I

2.2.3. Nepudepmnyeckne memopaHHble 6enku

YcraHoBieHsl Tpu crioco0a CBA3BIBaHUS Mepudepuyeckux OENKOB ¢ TMo-
BEPXHOCTAMHU MEMOpaHbl: B3aUMOJIeUCTBHE MepupepruuecKux OEIKOB C MHTeE-
rpajgbHBIMU O€JIKaMH, B3aUMOJICHCTBUE MepudepruiecKkux OEIKOB C JTUMUIaMU
MeMOpaH M YaCTHYHOE BCTpaWBaHUE Tepudepuueckoro OenKa B JIUMHIHBIN
oucnoii. Ilepudeprueckre OenaKM JTOKAIM30BAHbI KaK HA LIUTO30JBHOM, TaK U
Ha 9K30IJIa3MaTHYECKONW MOBEPXHOCTAX MEMOpaHbl U CBSI3aHBI C TUAPOPHUIIb-
HBIMH TPyIIIaMU JTUTUI0B W/WIN APYyrux OeiakoB He koBajeHTHo. [lepudepu-
yeckue O€JIKM Ha BHEUIHEH MOBEPXHOCTH IIa3MaTHUYECKOH MeMOpaHbl U 3K30-
IUIa3MaTHYECKUE TOMEHBI MHTETPAIIbHBIX MEMOpPAaHHBIX OEJIKOB YacTO MPHKpE-
IUISIFOTCSI B OKCTPAKJICTOYHOMY MATPHUKCY WM KJIETOYHOW CTEHKE, OKPY’Karo-
muM OaKTepuaNbHBIE W PACTUTENbHBIC KIETKH, COOTBETCTBEHHO. [Ipumepamu
nepudepruueckux OEIKOB U UX KOMILJIEKCOB SIBJISIFOTCS CIIEKTPUH M alibJ0Jia3a
MEMOpaHBI YPUTPOLIUTOB, pUOOCOMBI TpaHyJsipHOTO DP 1 npyrue.

B3aumoneiicreue nepudepuyeckux 0eJKoB ¢ JunuaamMu. Yacte nepu-
bepuueckux OEIKOB CBS3BIBACTCS JIEKTPOCTATUUECKH ¢ MEMOpPaHHBIMU JIUTIHU-
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namMu. Y MeMOpaHHOro uHTepgdeiica moJoKUTeIbHbIE 3apsAabl OCHOBHBIX aMHU-
HOKHUCJIOTHBIX OCTaTKOB O€JKa B3aMMOJIEUCTBYIOT C OTPHUIIATENIbHBIMU 3apsi/a-
MU T'OJIOBHBIX TPy GoCchHOTUIUI0B OUCTOS.

MexaHu3Mbl B3aUMOJACUCTBUI OCNOK—IUIUJ €lIe TOJHOCTHIO HE HCCIIEO-
BaHbl. Ho ye u3BEeCTHO, HampuMep, YTO AaHHEKCHUHBI — CEMENUCTBO KaJbIUi-
CBSI3BIBAIONINX OEJIKOB, MPUHUMAIOIINX YYaCTHE B PEAKIUAX MEMOPaHHOTO
ciusiHus, TeCHO cBsizbiBatoTcst ¢ @C. MoTtopHbii 6eMok MHO3UH-1 Takke CBS-
3piBaeTcs ¢ OC. Ces3bpIBaHME BOJAOPACTBOPUMBIX (PEpMEHTOB (Hampumep, Goc-
donmmas, kuaa3 uan (ocdaraz) ¢ TOBEPXHOCTHI0O MEMOPAHBI B PSJIC CIyYacB
MPUBOJUT K UX aKTUBALIUH.

AHanu3 reHOMHOM MOCJEA0BATEIBHOCTH BBIABUJI HECKOJIBKO IIMPOKO pac-
MPOCTPAHEHHBIX JUIUA-CBA3bIBAIOIINX JOMEHOB B Oenkax (Talm. 2.2).

Tabnuya 2.2
PacnpocTpaHeHHbIe JIMITUA-CBSA3bIBAIOIIME TOMEHbI B 0e1Kax
,HOMCH .HI/Il"aHI[ PaCHpOCTpaHCHHLIG OEJIKH ¢ JaHHbIM JOMCHOM
PH OUD,, PUD; | docdonunasza C,1, nporenHkunasa B, miekctpun
C2 Kucnsie IIpotennkunaza C, ®U-3 kunaza, docdonumnasa,
dochomumuner | PTEN docdaraza

AnkupuHoBbIl | @C AHKMpUH

MIOBTOP

FERM DOUD, benok mnonocer 4.1, 33puH, pagUKCHUH, MOE3UH
(6enku, UrparIKe poib B CBA3BIBAHUU aKTHHOBO-
IO IIUTOCKEJIeTa ¢ TJIa3MaTHUECKOM MeMOpaHoii)

Hanpumep, nomen miekctpunoBoit romonoruu (PH), koTopslii cBs3bIBaeT
nBa THna (GpochopuaupoBaHHBIX (HOCHATUANINHOZUTONOB, SBISETCS OJUHHA-
JaThIM M3 4yucila HauboJsiee paclpOoCTPAaHEHHBIX JOMEHOB NPOTEUHOB, KOJU-
PYEMBIX B TEHOME Y€JIOBEKA. DTOT IOMEH ObUI IEpBOHAYAIBHO HANJIEH B IUIEK-
cTpuHe — Oesike TpoMOoLuTOB. BhIcOKast yactoTa BcTpeuaemoctu nomeHoB PH
YKa3bIBAa€T Ha TO, YTO O€JKH, JOKAJMW30BaHHBIE Y TMOBEPXHOCTH MEMOpaHBI,
BBITMOJIHIIOT MHOTHE BakHble (QyHKIUHU. J[pyrue pacnpocTpaHeHHbIE JTUIHUI-
cBs3biBatolue gomeHnsl — 310 C2 u FERM. IlepBoHavyaibHO OTKPBITHIN B IIPO-
teuHkuHaze C nomeH C2 Ciy’)KUT MUIICHBIO JUIS Pa3IMYHBIX KUHAa3, Gocdaras
u ¢pocdoinmnas.

N3BecTHO, uTO (ocdonnnaspl rHAPOIUZUPYIOT KOBAJIEHTHBIE CBA3U B TO-
JOBHBIX rpynnax (ochoiunuaoB. ITH (GEpPMEHTHl UTPAIOT BAXKHYIO POJb B
TPaHCAYKIIMM CUTHAJIOB B KJIETKaX, B JIErpajlallid MeMOpaH MOBPEKIECHHBIX
WM CTapbIX KIETOK U SBJISIIOTCS AKTUBHBIMH MOJIEKYJIAMH MHOTMX 3MEHHBIX
a10B. MexanusM JeicTBust (ocdonunaszpl A, WIIIOCTPUPYET, Kak BOJOpac-
TBOPUMbIE (PEPMEHTHI MOT'YT 0OpaTUMO B3aUMOJECHCTBOBATh C MEMOpaHAMU U
KaTaJIu3UpoBaTh pPeakiuu y uHTepdeiica BoaHast Ga3a — MOBEPXHOCTb OUCIOA
(puc. 2.10).
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Kor/a 5T0T (hepMeHT HaXOAMTCS B BOJHOM pacTBope, ero Ca’ -cBs3bIBaIO-
M aKTUBHBIN LIEHTP MOTPYKEH B KaHaJl, BHICTIIAHHBIA THIPOPOOHBIMU aMu-
HokucinoTamu. Doconunaza A, cBs3pIBacTCd ¢ HAUOOJIBUIMM CPOJCTBOM C
oucnaoaMu, cOpMUPOBAHHBIMU U3 OTPULIATEIBHO 3apsSKEHHBIX Pochonunuaos
(Harmpumep, ®3I). Ha cTpykTypHOIl MoAenu ¢epMeHTa oKa3aHa MOBEPXHOCTh
B3aUMOJEHCTBUS (pepMEHTa ¢ MEMOpaHOH. JTa MOBEPXHOCTh CBS3bIBAHUS CO-
JEPKUAT TOJIOKUTENBHO 3apsDKEHHBIE OCTAaTKW aprMHUHA M JIN3MHA, OKPYXKaro-
M€ TOJIOCTh KATAIMTUYECKOTO AKTUBHOIO LIEHTPA, B KOTOPOU CBS3BIBACTCS
cyocTpar (aumnun).

[Ipu nocaake pepmeHTa Ha MEMOpaHy MOJIOKHUTENBHO 3apPSHKEHHBIE AMUHO-
KHUCIIOTHBIE OCTaTKH B3aMMOJEHCTBYIOT C OTPULATEIBHO 3apsSKEHHBIMU
NOJIAPHBIMHU TPYINIIAMHU JIMIIKAJOB Ha MOBEPXHOCTH MeMOpaHbl. CBs3bIBaHHUE
(depMeHTa HMHULMHUPYET €ro KOH(MOPMALMOHHOE H3MEHEHUE C OTKPBITHUEM
NOJIOCTH, BBICTIAHHON TUAPOPOOHBIMU amMuHOKUCIOTaMH. Kak TONbKO
dochonunuy nepememiaeTcsi B MOJOCTb, ACCOLMHUPOBAHHBIE C (EPMEHTOM
vonsl Ca’’ cBsaspiBatorcs ¢ (GocdaToOM TONOBHOM TPYMIBI, MO3HIHOHUPYS
3(UpPHYIO CBA3b, KOTOPas 3aT€M PACIIEIUIAETCSA B aKTUBHOM LIEHTpE.
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Puc. 2.10. Cxema neiictBus ocdonumnassl Aj.
a —mojens dochomumazsl A,, 6 - cxema karanuza pochonunazoit A,
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YacTuyHOe NMPOHMKHOBEHHE B JIMIUAHbIA OUCI0H. B TeueHne mMHOrmx
JIET CYUTAJIOCh, YTO O€JIKK MO0 mepecekaroT MeMOpany (0uH uiu 0osee pas),
a00 CBS3aHBI C MOBEPXHOCTHbIO MeMOpaHbl. OAHAKO HEKOTOpbIE MENTHIHbIE
S1Ibl, TAKME KAK MEJJIUTUH, BCTPAUBAIOTCS B MOHOCJION JIMIUAHOTO OUCIIOs, TO
€CTh YaCTHMYHO MPOHMKAIOT B JUMUAHBIA Oucioi. I'mapodoOHbIe o-crivpanu
npocrarianauHa-H,-cuHTa3bl 3asKopuBaoT GepMEeHT B MeMOpaHax, TaKXKe Jac-
TUYHO IIPOHMKAS B JIMITUIHBIN OUCIION.

Acconuanus nepudepuyecKkux 0eJKOB ¢ MHTErpPajJbHbIMHM OeJIKaMH.
Muorue nepudeprudeckue OSNKU CBS3aHBI MPSIMO WM KOCBEHHO C MHTETPATh-
HBIMH MeMOpaHHbIMU Oenkamu. Hampumep, nepudepuueckre OEIKH CBI3bIBA-
I0TCSI ITUTOIIA3MAaTUYECKUMH JJOMEHAMU HHTErPaAIbHBIX MEMOpPAaHHBIX OCJIKOB,
TaKuX KaK KaTECHUH-CBS3BIBAIOIIME TPAHCMEMOpAHHBIC aATre3MOHHBIEC OCJKU
(kaarepuHsl). ITU O6€JIOK-OEIKOBBIE B3aUMOJICHCTBUSI MOTYT 00ECIIEYUBATH BbI-
COKYI0 celu(pUYHOCTh U 00Jiee BHICOKOE CPOJACTBO, YEM B3aMMOJICHCTBUE TI€-
pudepuieckux 0eIKOB ¢ MEMOpPaHHBIMU JUNKUIaMU. benok-0enKkoBbie B3auMo-
NEUCTBUA TakXe 00ecrneunBaroT MyTH nepefaadyn uHbopMmaiuu yepe3 MeMOpa-
Hy. CBsI3bIBaHUE JIMTAH/A SKCTPAKIETOYHBIM JOMEHOM TPAHCMEMOPAHHOTO pe-
[ENTOPa MOXET U3MEHITh KOH(DOPMAITUIO €T0 ITUTOIIa3MaTHYEeCKOTO JOMEHA,
oOecrieunBasi B3aMMOJICHCTBHE C IUTOTUIA3MATHIECKUMU, TPAHCTYITHUPYIOIUMU
CUTHAJI OeJIKaMHU.

Ilepudepuueckne Oeskum M MeMOpaHHBI HUTOCKeJdeT. MeMOpaHHBII
CKEJIET Ha IMTOIUIA3MATHYECKONM MOBEPXHOCTH IJIa3MaTUYECKOW MeMOpaHbI
SPUTPOLIMTOB UILTIOCTPUPYET B3aUMOJICUCTBUE TIEpUDEPUUECCKUX U UHTETPaIb-
HBIX O€JIKOB.

JIBa Tuna MHTErpajgbHbIX OEJIKOB — AaHUOHHBIN MEPEHOCUHK, OETOK MOJIOCHI
3, U TIUKOQOpPUH — 3aSKOPUBAIOT JIBYMEPHYIO CETh OEJIKOB Ha MeMOpaHy.
I'1aBHBIM KOMIIOHEHT 3TOW CETH — CIEKTPUH — JJIMHHBIN, [OJBUKHBIN, TETpa-
MEpHBIN, aKTUH-CBS3BIBIOIIUN OeoK. Jlpyroil cBs3bIBarOmUi O€lOK, Ha3bIBae-
MBIl aHKUPUHOM, CBSI3BIBAETCS C 00OMMHU OeJKaMU: MOJIOCHl 3 U CIEKTPUHOM.
Bcro anmacTruHy0 CIEKTPUHOBYIO CETh CBs3bIBatOT 0ko0Jio 35000 y310B, coenu-
HSIOIIUX KOPOTKHE aKTUHOBBIC (DHIIAMEHTHI M aCCOLIMUPOBAHHBIE OCIKU. DTOT
MEMOpPaHHBIA CKEJET YKpEIUIsieT OMCIION, MO3BOJSET KJIETKE SJaCTUYHO BOC-
CTaHaBJIMBaTh (OPMY, TIOCIIE TOTO Kak OHA AeHOPMUPYETCS NMPU MPOXOXKIACHUU
yepes y3Kue KPOBEHOCHBIE KATUJUISIPBI.

2.3. iIMnna-3AAKOPEHHbLIE MEMBPAHHbIE BEJIKU

JIunua-3askopeHHbIe OCTKU SIBISIOTCS PACTBOPUMBIMH TTI00YIISIPHBIMU O€JI-
KaMH, KOBJICHTHO CBSI3aHHBIMH C JKHUPHBIMH aIlWUIbHBIMU, TTOJMITPEHUILHBIMU
VI TIUKO3UPOBaHHBIMU (pocharunmunuuo3uTonbabiMu rpymmamu (GPI), koto-
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pble BHEJIpEHBI B MeMOpaHy. JIunua-3askopeHHble MEMOpaHHbIE O€IKU CBSA3bI-
BalOTCSI KOBAJIEHTHO C OJHOW WMJIM OOJIBIIMM YHUCIOM MOJIEKYJ JUIUAOB MEM-
Opanbl. TakuM 00pa3oM, ruapoPoOHbIE YIIIEBOAOPOJHBIE LIEMN JTUIUIHBIX MO-
J€KyJl, IPUKPEIUIEHHBIX K OEJIKy, 3aiKOpUBAEeT O€IO0K B MOHOCIOE MEMOpAaHBI.
[TonunenTuaHas nenp 3TUX 0€NKOB B Goc(OIUNUIHBIN OUCION HE BCTpauBa-
ercs. Takue OenKku MHUPOKO MPEACTABIECHBI B 9yKapHOTHYECKHUX KieTkax. Hau-
Oosiee pacnpoCTpaHEHHbIE THUIIBI JHUIHJI-3aIKOPEHHBIX OEJIKOB MOKa3aHbl Ha
puc. 2.11.
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Puc. 2.11. 3asxopuBaHue OEITKOB B IJIa3MaTHYECKON MeMOpaHe:

a — 6enok Thy-1 1 HEKOTOpBIE THAPOIUTHYECKHE (PEPMEHTHI 3aKOPUBAIOTCS TIHKO3MI(ocha-
tuaunmuHo3uTosoM (GPI) ¢ sx3omnaszMaTnyeckoit cTOpoHBl MeMOpaHbI; O — HEKOTOPBIS ITUTO-
30JIbHBIC 6CJ'IKI/I, BOBJICYCHHBIC B KJIICTOYHYIO CUT'HAJIN3allUI0, HAITPUMED Ras, 3asAKOPUBAIOTCA C
I_II/ITO3OHBHOI>'I CTOPOHBI Y€PE3 (I)apHe3I/IJ'ILHBIe 1 NAJIbMUTOUJIBHBIC I'PYIINLL; 6 — P HUTO30J1b-
HBIX OEJIKOB acCOIMUPYETCS C MEMOpaHOW Yepe3 MUPUCTAT WJIH JPYTHe KUPHBIE KUCIOTHI,
MpUKperiseMble K N-TepMUHAIBHOMY OCTaTKY [JIMI[MHA

Bce nunun-3askopeHHble OETKH MOKHO pa3[eUTh Ha JIB€ IPYIIbI B 3aBU-
CUMOCTH OT PACIIOJIOKEHUS MOHOCIIOS, B KOTOPOM JIMIH/IHBIM KOMIIOHEHT Oell-
Ka 3asgKOPUBAETCS: IMTO30JbHBIC JIUIUI-3aIKOPEHHbIE O€lKH (BHYTPEHHUH
MOHOCJION OMCIIOf) U 3K30IUIa3MaTUYECKUE JIUMUI-3aIKOPEHHbIE 0K (BHEI-
HUM MOHOCJION).
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2.3.1. UuTto3onbHbIe NUNUA-3asskOpeHHble bernku

Hekortopsle Oenku 3asiKOpeHbl C HUTO30JIbHOW CTOPOHBI MEMOpPAH YTJIEBO-
JOPOJTHBIMH OCTaTKaMH, KOBAJIGHTHO MPUKPETUIEHHBIMH K IIUCTenHy BOIM3u C-
OKOHYAHHUS: allWJibHAs TPyNIa >KUPHOM KUCJIOTHI, HAPUMEP, MUPUCTATA WU
najgbMUTaTa, CBA3BIBAETCS AMMIHOM CBS3bI0 C N-TEpMUHAIBHBIM OCTaTKOM
riviuHa. B 3Tux 6enkax N-TepMUHaIbHBINA SIKOPh HEOOXOIUM JJIsl yJIep KUBa-
HUs Oenka y MeMOpaHbl U MOKET UTpaTh BaXKHYIO POJIb B 00eCrieYeHUU (PyHK-
nuii memOpan. Hampumep, v-Src, MyTanTHast opma BHYTPHUKIETOYHON THUPO-
3UHKHMHA3bl, OHKOI'€HHa U MOXET TPaHC(HOPMUPOBATH KJIETKH, TOJHKO KOTa
OHA COAEPKUT MUPUCTOMIINPOBAHHOE N-OKOHUYAHUE.

ALIWJIMPOBAHUE SBJISIETCS KOBAJEHTHBIM MPUKPEIJIECHUEM KUPHBIX KUCIIOT K
oenkaMm (puc. 2.12). B cOOTBETCTBUHU ¢ THUIIOM CBSI3BIBAHUS M THUIIOM JKHPHBIX
KHCJIOT, BOBJICUEHHBIX B al[WUIMPOBAHUE, PA3JEISIIOT JBa TUIA allMIMPOBAHMS:
N-tepmMuHanbHOE MUpHCTOWIUpPOBaHKHE (N-alMIMPOBAHUE) U MAJTBMUTOWIIH-
poBaHue (S-alIupoBaHue).
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Puc. 2.12. InmocTpanusi CBSI3bIBaHNUS MUPHCTOMIOBON KHCIOTHI
C TJIMIMHOM (a) WK UCTEUHOM (6) Oenka

MupuctounupoBaHue — peaklus NMPUKPEIJICHUsT MUPUCTATa, OCTaTKa MH-
PUCTUHOBOM KUCIOTHI, K AMUHOTPYIINE MIUIMHA Y N-OKOHYaHUSI 3yKapUOTH-
YECKMX M BHUPYCHBIX OenkoB. Mupucrar nobapisercs K aMmuHorpyirme N-
TEPMUHAIBHOTO TIWIMHA B TMpolecce OuocuHTe3a ATUX OenkoB. N-
TEPMUHAIBHOE MUPUCTOMIMPOBAHUE — HEOOpAaTUMBIN Tpoliecc. MUpPUCTOMIIN-
pOBaHUE MPOUCXOAMUT MPHU HAIMYUU INIMIHMHA Y N-OKOHYaHUS, OJIHAKO HE BCE
OenKy, UMEIONINE IIMIMH B TaKOM MOJIOKEHUH, alluIupyoTcs. Mupucronnu-
pOBaHME TAaK)X€ 3aBUCUT OT IIOCJIEIOBATEIBHOCTH AMHUHOKHCIOT B OEliKe.

52



[IpeanodTuTeNnbHBIMU CyOCTpaTaMu SBJISIFOTCS OCJIKHM C CEPUHOM WUJIM TPEOHU-
HOM B IIECTOM TOJIO)KEHUU U OCHOBHBIMU aMUHOKHCJIOTaMH B CEIbMOM MOJIO-
KEHUU.

BHenpeHne OOMHOYHOM AUWJIBHOW LENHU XUPHOM KHUCIOTHI B JIMITAIHBIN
Oucioil He 00ecTeunBaeT JOCTATOYHOW YCTOWYMBOCTH, MOAITOMY TOJBKO MPH
JOTIOJTHUTEIPHOM BKJIAZIE JIEKTPOCTATUYECKOTO B3aUMOJCHCTBUS MEXKIY OC-
HOBHBIMH OOKOBBIMH IIEMSIMH OCJIKOB W TOJOBHBIMH Tpyrmamu ¢docdoriuiie-
puaoB OenoK mpukpervisieTcss kK memopane. [Ipu gocdopunpoBanun HEKOTO-
pble MUPUCTOMIMPOBAHHBIC OCTKA MOTYT OTIICTUIATHCS OT MEMOpPaH M3-3a W3-
MEHEHMS XapaKTepa JJIEKTPOCTATUYECKUX B3aMMOAECUCTBUNA. MUPUCTOMIMPO-
BaHHbBIC OCITKA HAWCHBI B BHYTPUKJICTOYHBIX KOMIAPTMEHTAX, TAKUX KaK sII-
PO, PHAOIIA3MATUUECKUN PETUKYIIYM, a TAKXKE B IJIa3MaTUUECKUX MeMOpaHax.
MupucronnupoBaHHble O€JIKM YYaCcTBYIOT B TPaHCHYKIMU curHana. Harmsi-
HBIMH TIpUMeEpaMu ciaykat TAM®-3aBucuMas MPOTEMHKHWHA3a A B HEKOTOPHIE
KMHA3bl ceMmeiicTBa Src, ¢ocdaTaza KalbIUHEHpUH U OOJBIIMHCTBO O-
cyOBeuHuI TeTepoTpUMepHbIX G-0€NKOB.

[TanpMuTOMIMPOBAHNE TPOUCXOAUT TMPHU TMOCTTPAHCIAIIMOHHOM MPUKpPET-
JICHUU JITTUHHOIIETIOYEYHBIX KMPHBIX KHCIIOT Yepe3 THOIPHUPHYIO CBSI3b K ILIHC-
TEMHOBBIM OCTaTKkaM Oejka (ModTOMy Tmporiecc 00O03HadaeTcs Kak S-
alUJINPOBaHUE).

[To kpaiineit Mepe, B HECKOJIBKUX O€JIKax MaJlbMUTOMIMPOBAHUE 00paTUMO,
YTO 00€CIEYMBAET PETYISIUIO JIOKATM3AaUKU OeIKa B KJIETKE U €ro (QyHKLIHM.
B S-anunmupoBanHBIX Oeikax mpeobiagaronieii >KUPHON KUCIOTON YacTo SIBIIS-
eTCs MaJTbMUTUHOBAS, HO BCTPEYAIOTCS U JAPYTHE KUPHBIE KUCIOTHI, TAKUE KaK
MUPHUCTUHOBAS, CTEAPUHOBAsI, OJIEMHOBAs M Jaxe apaxujoHoBas. [laibmuTou-
JUpOBaHHbIE OEJIKM Yallle BCEro NMPUCYTCTBYIOT Ha KJIETOYHOM MOBEPXHOCTH, a
TAK)KE€ HA OpraHeJUIaX CEKPETOPHOTO WM SHIAOLUMUTAPHOrO MyTeW. Takum xe
o0pa3oM 3asKOpeHbl B JUMUAHBIA OUCION perenTopsl, compsbkeHHble ¢ G-
oenkamu. HebGomplioe 4MCIO MaTbMUTOMIMPOBAHHBIX OCJIKOB ObUIO OOHApY-
KEHO B JIPYTUX OpraHesiax, HalpuMep, MUTOXOHIPHUSIX.

B otnuune ot anmnupoBaHus, TP KOTOPOM aMHUHOKHUCIIOTHI O€lKa CBSI3bI-
BAIOTCSI HANIPSIMYIO C KUPHBIMU KHCIIOTaMU, UMEIOTCS U TUAPO(POOHBIE MO~
dbukanumn 6enka, MPU KOTOPHIX KUPHBIE KUCIOTHI COSAMHSIOTCS ¢ OETKOM ue-
pe3 U30MPEHOUIBI, XOJIECTEPUH UITU TIUKOTUTTUIHBINA SKOPb.

Bonpmyro rpynmy mumua-3asKOpPEHHBIX TUTO30JIHHBIX OEITKOB COCTAaBJISIOT
MPEHIWINPOBAHHBIC OCTTKU, SKOPSMU Y KOTOPBIX SBISIOTCS (hapHE3UIbHBIC, Te-
paHUITEPAHWIbHBIE U MPEHWIbHBIC Tpynbl (puc. 2.13). ITU NpeHWIbHBIE KO-
Pl TOCTPOCHBI U3 U30MPEHOBBIX MOHOMEPOB.

[TpenmnmupoBaHHble OCIKH (GOPMHUPYIOTCS W3 W3ONMPEHOWIHBIX CIUHUIL —
dapuesmna (comaepxkut 15 atoMoB yriiepoaa) wiu repanwirepanuia (20 aro-
MOB yTjepoja) — uepe3 THOI(PUPHBIEC CBA3U C IUCTEMHOM y C-OKOHYAHUS WU
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BONMM3M Hero. JTu O€NIKM MOJBEPraroTcs XUMHUYECKON Moaudukanuu B He-
CKOJIbKO 3TanoB. CHauasa SKOpPHbII 0CTaTOK (hopMHUpPYET THOA(DUPHYIO CBS3b C
THUOJIOBOW TI'pyNIONW LUCTEMHA, KOTOPBIM SBISETCS YETBEPTHIM AMHUHOKHUCIIOT-
HbIM OCTaTKoM OT C-okoH4YaHus Oenka. MoaupuIMpoBaHHBIA O€lIOK MOABEp-
raercs 3aTeM IPOTEOIU3y U METUIMPOBAHUIO; B ATUX PEAKIMIX yAAJSIOTCS TPU
TE€PMHUHAJIbHbIE AMUHOKUCIIOTHBIE OCTaTKa M 100aBIII€TCS METUIIOBas IpyIa K
HOBOMY C-OKOHYaHUIO. B HEKOTOPBIX CiyyasX alMbHbIE TPYMIIbI AIbMHUTATA
bopMUPYIOT THOI(PHUPHBIC CBS3M C OMMKAUIITUMU ITHUCTCMHOBBIMU OCTATKaMH,
KOTOPBIE MOBBIIAIOT YCTOMYUBOCTh MPUKPEIUIEHUS Oeska K MeMOpaHe, obec-
NeYnBasi JOMOTHUTEIbHBIE SIKOPSI.
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Puc. 2.13. CTpyKTypa NpeHIUINPOBaHHbBIX OEIIKOB:
a — S-tbapuesn, 6 — S-repaHMIITEpaHIIT

N3onpenounnpiii (papHE3UTBHBIN) XBOCT JA00ABIISIETCS MTOCTTPAHCISAIIMOH-
HO K OOKOBOM IIenu ocTaTka nucrterHa BOIM3u C-OKOHUYAHUS MHOTHX OEJIKOB,
HaIpuMep, KOHTPOJIUPYIOMIMX TPAHCAYKIMIO CHUTHANA, KJIETOYHYIO Mpoiude-
panuio, aare3uio, arnonTo3 U Apyrue Mpolecchl B KieTkax. beaku cemeicTBa
Rho o6wruHO conmepkar repanwirepanmi. [IpeHunrpoBaHHble OETKH pacmpo-
CTPaHEHBI B KJIETKaX MJICKOMUTAIOIINX, TJ€ UX YHUCIO COCTABJISET MPUMEPHO
2% ot o61mero yncia 6€IKOB, a TAK)KE B PACTCHUSX M MUKPOOPTaHU3MaX.

2.3.2. JK3onnaamaTu4yeckme nuMnua-3askopeHHble 6enku

HekoTtopele Oenku y KIETOYHOW MOBEPXHOCTH WM TSDKEIbIE TIIMKO3WIMPO-
BaHHBIE TJIMKaHbl BHEKJIETOYHOIO MATPUKCA CBA3BIBAKOTCS C TPETHBUM THUIIOM
JUMHI-3aIKOPEHHBIX OEKOB. JTU OEJIKM 3asKOPEHbl C 3K30IIa3MaTHUYECKON
CTOPOHBI IIa3MaTHUYECKOH MeMOpaHbl CIOKHBIM TJIMKO3WJIMPOBAHHBIM JIUIIHU-
JIOM, KOTOpbIN cBsA3bIBaeTca ¢ C-okoHuanuem Oenka. OOLIUM MPUMEPOM TaKO-
ro Tuma sikops ciaykuT riukosmwinpocaruaunnnozutron (GPI). Crpykrypa
GPI-axopelt BappupyeT OT KIETKM K KJIETKE. ODK30IUIa3MATUYECKHUE JIMIHUA-
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3asIKOpPEHHbIE OEJIKM CcoJlepKaT OOBIYHO JBE AallWiIbHbIE TPYMIIbl, N-aleTu-
[JIFOKO3aMUH, MaHHO3Y U MHO3UTON (puc. 2.11, a). Kapbokcunbsnas rpynna C-
TEPMUHAIBHOW aMUHOKHCIIOTHI COSIMHSIETCS Yepe3 aMUHYI0 CBs3b ¢ DD, KO-
TOPBIN MPUKPEIUISIETCS] K OJUTrocaxapuy, COCTOSIIEMY M3 OCTAaTKOB MaHHO3bI
U OJIHOTO OCTaTKa TitoKo3amuHa. Onurocaxapuj, B CBOIO O4epelb, MPUKpEI-
nsiercst kK OU, BHeapennomy B MmeMOpany. GPI-skopsi oOHapy keHbI B KIETKax
TKaHel ®KUBOTHBIX. K 3TOMy Kitaccy O€IKOB OTHOCSITCSI HECKOJIBKO (DEpMEHTOB,
BKJIIOUAs MIeNOUHyI0 (ocdarasy U aleTUIXOJIUHICTEPaAsy, a TAKXKE aJAre3uOH-
Hble O€JKM U aHTUTeHBI KiieTouHolM noBepxHocTu (Thy-1). B onbiTax ycraHos-
JeHOo, 4yTo Hanuuyue (HochOTUNUIHOIO SKOPS HEOOXOIUMO M JIOCTATOYHO JJIst
CBSI3bIBaHMS 3THX OeNKOB ¢ MeMOpaHoil. Hanpumep, o0paboTka kieTok ¢oc-
¢onumnazoit C BBICBOOOXKIAET TIIUKO3UI(POCHATUANINHOZUTON-3aIKOPEHHBIE
oenku, Bkitovas 0enok Thy-1 u menounyro gocdarazy, ¢ KI€TOUHON MOBEPX-
HOCTH.

Xotst GPI-3asx0opeHHbIe OENKK U aliII-3asIKOPEHHbBIE OCJIKU PaCIIOI0KEHBI C
IIPOTHBOIIOJIOKHBIX CTOPOH MeMOpaHbl, 00a TUa OEJIKOB KOHIIEHTPUPYETCS B
TUnUAHBIX padTax. Hamporus, mpeHMIMPOBaHHbBIE OENKU B TUMUAHBIX padTax
HE 0OHApPYKEHBI.

2.4, YITNEBOOAbI BUOJIOTMYECKUX MEMBPAH

Yrneroasl — OOMBIION KIAcC OPraHUYECKUX COCIMHEHUM, BKIIIOUYAIOIIUI
MOHOCaXapH/bl, OJIMTOCaXapuabl U Moiucaxapuibl. MeMOpaHHbIE YIJIEBOJIbI
COCTaBJISIIOT TIpuMepHO 3 % Beca KIETOUYHBIX MeMOpaH. Bxopsiiue B cocTaB
MeMOpaH yIJIeBOJbl KOBAJIEHTHO CBS3aHbI JIMOO C JUNUAAMH, JUOO C OEITKAMH.
[Ipu KOBaJIGHTHOM CBSI3BIBAaHUU YTJIEBOJIOB C JIMIMTUAAMU OOPa3yIOTCS TJIMKOJIH-
MUJIbI, @ TIPU CBA3BIBAHUU C O€JIKaMU — TJIMKONPOTeUHBbI. DYHKIIMU TIUKOIPO-
TEUHOB W TJUKOJHUIIMIOB COCTOSIT B U3BMEHEHUU MEXaHWYECKUX CBOWCTB IIO-
BEPXHOCTH KJIETOUHOU MeMOpaHbl, 3aIKOPUBAHUU KJIETKU B OMPEICTICHHOM II0-
JIO’KE€HUH, YYaCTHH B JIOKOMOLIMH, (YHKIIMOHUPOBAHUH B KQUE€CTBE PELIEITOPOB
IIPU CBS3BIBAHUM CHIEIIM(PUYECKUX IKCTPAKIECTOUHBIX COSTUHEHUN (JIMTaHI0B) U
T. 1. Kpome Toro, yrieBoasl y4acTBYIOT B MPOLECCAX Y3HABAHUSI HOPMAJIbHBIX
U TPaHC(OPMUPOBAHHBIX KJIETOK, BOBJIICYEHHBIX B HIMMYHHBIA OTKJIUK, HaIPH-
Mep, rpynna kposu (A, B, AB unu O) onpenensercss npuCyTCTBUEM WM OT-
CYyTCTBHEM MEMOpPaHHBIX TJIMKOJHMIHUAOB Yy JSpUTpouuToB. AHTUreHbl ABO
IpyIN KPOBU YEJOBEKa SIBISIOTCA ojMrocaxapuaamu. Ha MmoBepXHOCTH MeM-
OpaH >pPUTPOLUTOB OOHAPYKEHO CBBILIE JIECATKA PAa3IMYHBIX OJIUTOCAXaPHUIOB,
KOBQJICHTHO CBSA3aHHBIX KaK ¢ OeJikaMu, TaK W JIMIKIaMU MeMOpaH, XapaKTepH-
3YIOIIUX AHTUTEHHBIE JETEPMUHAHTHI Ipynn KpoBu. Onurocaxapujabl MOTYT
cozepkarb oT 2 110 26 (nHOTrIa U 00JbIlIEe) MOHOCAXAPUIHBIX OCTATKOB pa3iiny-
HOTO XMMHYECKOTO cTpoeHus. B nmpupone Bcrpeuaercs cseie 120 moHOCaxa-
PHUIOB, OJIHAKO B COCTAB CTPYKTYPHBIX €IUHMI] KJIECTOUHBIX MeMOpaH (TJIUKO-
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MIPOTEUHOB U TJIMKOJUITHAIOB) BXOIAT 9 MOHOCAXapHIOB.

[Iects U3 HUX — TIpOCTHIEC caxapa: Toko3a (Glc), ramakrosa (Gal), ManHO3a
(Man), dyko3sa (Fuc), apabunosa (Ara), kcuiosa (Xyl). B yrieBoansie komro-
HEHTHI MEMOpaH BXOJST TaKXKe caxapa, CoJAep allue aleTuiaMuHorpynmbl: N-
anerunrioko3amMuH  (GlecNAc) u N-anerunranakrozamu (GalNAc), a Takxke
CUAJIOBBIE KUCIIOTHI U (hochoMoHOCcaxapu bl (Hampumep, MaHHo3a-6-(ocdar).

[Ipocthie caxapa, BXOASIINE B COCTaB KOMIIOHEHTOB KJIETOYHBIX MeMOpaH, —
3TO MUKJINYECKUE CTPYKTYPHI C 5 WK 6 aToMaMu B KOJIBIIE, OJTHUM M3 KOTOPBIX
sBisieTcst Kuciopoi. CruajaoBble KUCIOTHl — MPOU3BOJIHBIC HEHPAMHUHOBOW KH-
gotel. B MemOpanax cpeaum  CHaJOBBIX  KHUCIOT  mpeoOmamaer  N-
anetuiaHelipaMuHoBas kuciora (NANA).

Jlis MOJNeKysn KaXAOro M3 MOHOCAXapHIOB XapakTepHa OIpeaeieHHas
CTpyKTypHas ¢opma. Hampumep, y TJIIOKO3BI TPEAMOYTHUTEIIHEHON SBIISCTCS
HIECTUWICHHAs IUKIWYecKas nupaHo3Has gopma (puc. 2.14). B pactBope mo-
JIEKYJIbl KaXKJO0TO BEIIECTBA MPUHUMAIOT HAanOoJiee yCTOWYUBYIO JUIsl HUX KOH-
dopmanmio. B pusmonornueckom pacTBOpe MOJIEKYJIbI TJIFOKO3bI UMEIOT KOH-
dbopmanuo kpecna (puc. 2.14, ), koropas Hanbojee MPEANOYTUTEIbHA IS
BCEX HA3BAHHBIX IHUKIMYECKUX MOHOCAXapHUAOB, HAXOJIAIIUXCS B (PU3UOIOTHU-
YECKOM PacTBOpE B MUPAHO3HOM (popme.

Monocaxapuapl pa3IuyaroTcs MO JUIMHE YTISPOIHON MEeNH, M0 YUCTY THI-
POKCWJIBHBIX TPYNI U UX PACHOJOXKEHHIO OTHOCUTEIHHO TIJIOCKOCTH KOJbIA
MOJICKYJTbI, HATMYHIO aMUHOTPYyNIbl. Ha mpuMepe MOJeKybl TITFOKO3bI MTOKa3a-
Ha OOIIETIpUHSATAs CXeMa HyMepallii aTOMOB YTJIepo/ia B MOJICKYJIaX ITUKIIAYe-
CKHX MOHOcaxapuaoB (puc. 2.14, a).
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Puc. 2.14. CtpykrypHble (OPMYJIBI TTFOKO3BI:
a — 0-TJII0K03a; 6 — B-TII0K03a; 8 — (-TJII0K03a B KOH(POPMAITUH Kpeciia

Ecnu mpencraBuTh, 4TO KOJBLO MOJIEKYJBl TIIOKO3bl MEPHEHIUKYJISIPHO
IJIOCKOCTH JIUCTa OymMaru u OJIKe K HaM HaXOJSTCS aTOMBI yriepoja BO BTO-
pom u TpeTbeM nosioxkennu (atomel C-2 u C-3), a rpynmna atomoB OH y atoma
yraepona C-1 pacnosiaraeTcsi HUKe IJIOCKOCTH KOJbLA, TO TaKyr (opmy Mo-
JIEKYJIbI TJIFOKO3bI Ha3bIBAIOT O-(hopMoit (a-riroko3a). [Ipu pacnonoxenun OH-
rpymmbel y atoma C-1 BeIIe TIOCKOCTH MOJIEKYJIBI UMEeM Jeno ¢ B-popmoit
MOJIEKYJIbI TJIIOKO3bI (B-T1r0K03a).

[uknnueckre MOHOCAXapuAbl MPHU KOBAJIEHTHOM CBSI3bIBAHUU APYT C JIPY-
roM 00pa3yroT oJurocaxapuanble uenu. Hampumep, nucaxapupm oOpasyercs
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MPU peaKkIuy TUAPOKCUIBHOM Ipymmbl ipu atroMe yriaepojaa C-1 ogHoro MoHo-
caxapuja c J000# Ipyroil rupOKCUIBHON Tpynnoi (Kpome TOM, KoTopasi Ha-
xoautcst ipu C-1) BTOporo Mmonocaxapuja. Peakuusi conpoBoxaaeTcsi oopa3o-
BaHHUEM MOJIEKYJIbI BOJIbI. B peakiuio MoKeT BOBJIEKAThCS JTI000€ YUCIO MOHO-
caxapHoB.

Hcnonp3yembie 0003HAUCHUSI CBSI3€H B OJUTOCAaxapuiax pPacCMOTPUM Ha
MpUMEpPE OJHOTO W3 THUIIOB aucaxapuja, obozHadaemoro kak Glcal-2Gal. B
ATOM CJydae K TMAPOKCHIBHOW rpyrime npu arome yriepojga C-2 ocrtaTka ra-
JAKTO3bl MPUCOEIUHSETCS O-TJIMKO3UAHON CBS3bI0 OCTATOK TJIFOKO3BI y aToma
yriepona C-1.

Pa3mepbl yrineBogHOW 1enu B INIMKOKOHBIOraTax KOJIEONIOTCS OT Aucaxa-
PUIHOTO 3BEHA JI0 OYEHb CJIOKHBIX CTPYKTYp, COAEpKalux 26 win 6oaee Mo-
HOcaxapuAoB. JJMHHBIE YIJIeBOJHbBIE LIENH HA3BIBAIOTCA TAKXKE MOJIMCAXapH-
JaMU WIH TJIIMKaHaMu. MOJIeKyJIbl HEKOTOPBIX O€NKOB (KoJutareHa, OeJIKoB CeK-
peTa moIUYENTIOCTHOM JKeJe3bl) coJiep Kar Mo JBa MOHOcaxapua (IucaxapuaHbie
3BEHbs). B cocTaBe LEIION03bI CONEPKUTCA TOJBKO OJMH MOHOCAXapuj —
IJIF0KO3a, B COCTABE APYTUX MPUPOAHBIX, TAK HA3bIBAEMBIX «MUCTUHHBIX» IOJIH-
caxapuJ0B UMEETCs TakK€ OJWH WJIM, B KpallHEM clly4yae, HECKOJIbKO MOHOCA-
Xapuao0B.

['mukonpoTenHaMu HaA3bIBAIOT OENKH, COJEpKAIUe OJIMTOCaXapuiaHbIC IIe-
1, KOBAJIEHTHO NMPUCOEANHEHHBIE K ONPEIEICHHBIM aMHUHOKHUCIOTHBIM OCTaT-
KaMm. YHCIIO pa3iIuyaromuXcsl MO0 CTPYKTYpE TIIMKONPOTEHMHOB OYE€HBb BEJIUKO.
['mukonpoTenHbl KIaCCUDUIIMPYIOT C YUYETOM MPHUPOJABI CBSI3€U MEXIY IMOIH-
NENTUIHBIMU LEMSIMU OEJIKOB U OJIMTOcaxapuaHbIMu 1ensimu (puc. 2.15). Hau-
0oJsiee yacTo BCTPEUAIOTCS JIBa Kilacca: 1) rIIUMKONpPOTEUHbI, COACPKAIIUE CBSI3b
«cepuH (WU TpeoHHWH) — N-aleTWIrajaakTo3aMuHy» (IMPUHITOE COKPAIEHHOE
ob6o3nauenue Ser (wiu Thr)-GalNAc); 2) rmuKonpoTenHbI, coepKaliiue CBI3b
«acnaparut — N-aneruiritokozamun» (Asn-GIcNAc).

CBs13b MEXKIy YIJIEBOJHOM M OEJIKOBOW YacTsIMU B MOJIEKYJIE TJIMKONPOTEU-
Ha MepBOro kiacca HasbiBaeTcd O-TIUMKO3UAHOM, TaKk Kak OHa oOpasyercs C
y4aCTUEM TUIPOKCHIBHOW TPYIIbl OOKOBOW 1€MW aMUHOKHUCIOT CEpUHA WUITU
TPEOHUHA U OCTAaTKOM caxapa. [[o3ToMy rIMKONpOTEUHBI MEPBOro Kiacca OT-
HocsITCA K O-CBSI3aHHBIM TJIMKOMPOTEUHAM, a YIJIEBOAHBIE LMK 3TOr0 Kiacca
TJIMKOMIPOTEMHOB Ha3biBatoTcsl O-riaumkaHaMu. O-CBsi3aHHBIE TIIMKONPOTEUHBI
MPUCYTCTBYIOT B MEMOpaHax KJIETOK KPOBH.

BTopo# knacc rIIMKONPOTEMHOB XapaKTepU3yeTcss N-TIIMKO3UIHON CBSA3BIO,
TaK Kak CBsI3b 00pa3yeTcsi MEXIy aMHUJIHOW TPYIION acraparuHa v caxapom.
['muxonpoTenHsl Kjaacca 2 Ha3bIBalOTCS N-CBSI3aHHBIMU TJIIMKOMPOTEHHAMHU, a
UX oJirocaxapuibl — N-rimmkaHamMu. YUCIo OJMrocaxapuIaHbIX LENEH, MPUCY-
niee KaKJI0My THUILY TJIMKONPOTENHOB, BappupyeT oT 1 10 36, a B KaKI0U yriie-
BOJHOM LIETIH MOXKET OBbITh OT 2 10 26 MOHOCAXapUAHBIX OCTATKA.
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Puc. 2.15. Ctpykrypa N-cBsizanHoro (a) n O-CBsSI3aHHOTO
(6) TIMKOIPOTENHOB

CrpykTypa onurocaxapuoB N-CBSI3aHHBIX TITMKOIPOTEUHOB CJIOXKHEE, YEM
onurocaxapuioB O-CBA3aHHBIX TITMKONPOTEUHOB. N-CBSI3aHHBIE TNIMKOMPOTEH-
HBbI MOKHO Pa3/IeJIUTh HA TPU OOJIbIIIKE TPYIIIbI: CIOKHbBIE, THOPUIHBIE U Oora-
Thle MaHHO301. OHM cofepKaT OOl MeHTacaxapu/], 4YTO OOBSICHSIETCS COBIA-
JICHUEM HaYaJbHBIX 3TaloB OMOCHHTE3a BCEX TPeX TPYMI TIUKONPOTEHHOB.
bonapmmHCTBO osrocaxapuaoB N-CBA3aHHBIX TJIMKOIIPOTEUHOB COJEPKAT OT 2
J10 5 BETBEM, KOTOPBIE HA3bIBAKOT AaHTEHHAMHU. B Hay4yHOU JIUTEpaType UMEIOTCS
CBEIEHUS O JIH-, TPHU-, TETPA- U NEHTAAHTEHHBIX CTPYKTypax. [ TMKOIpPOTEHHBI
U3 TPYIIIBI CIOKHBIX OOBIYHO COJIEPKAT KOHIEBBIE OCTATKH CUATIOBOM KUCIIOTHI
(NeuAc) wu mpemmecTByromme #uM octatku Tramakto3bl (Gal) u N-
anermiriatoko3amuHa (GlcNAc). Ha konmax onurocaxapuoB Apyrux rpymm N-
CBSA3aHHBIX TJIMKOMPOTEMHOB MOTYT ObITh yko3a (Fuc) u ramakrosa.

MHorue riIMKonpoTerHsl cojepxar kak N-, Tak U O-TJIMKO3UJIHBIE CBSI3U.
HMeroTcst TIUKOMPOTEUHBI U JPYTUX KJIACCOB, BCTPEYAIOIIUXCS OTHOCUTEIHHO
peaKo, HarpuMep, TIIMKOMPOTEHHBI Kiacca 3, cojepkKalire CBsI3b CEpUH — KCH-
no3a (Ser-Xyl) u xonnarens! (kiacc 4), coaepkaiiue CBsi3b THIPOKCUIN3UH —
ranakto3a (Hyl-Gal) u otHocsmmecss k O-cBsi3aHHBIM TJIMKOMpoTenHam. Ha
puc. 2.16 nmpuBelieH TpUMeEp MPOCTPAHCTBEHHOW CTPYKTYPhI YTIEBOJHOTO KOM-
MIOHEHTA IIIMKOIPOTEHHA.
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Puc. 2.16. IIpocTpaHCTBEHHAas! CTPYKTypa YIJIEBOAHOIO KOMIIOHEHTA INIMKOIIPOTENMHA

B yrneBogHBIX CTpyKTypax TITUKOKOHBIOTATOB B OTIMYHE OT JBYX JIPYTHUX
OMOMONMMEPOB — OEITKOB M HYKJIEMHOBBIX KUCJIOT UMEIOTCSI TOYKU BETBIICHHS,
npu 00pa30BaHNUU KOTOPBIX MPUCOECTUHEHHE KaXKI0TO MOCIEAYIOIEro MOHOME-
pa uaeT B JMHEHHOW mocienoBatensHOCTU. [IpommmiocTpupyem Bapuabenb-
HOCTb CTPYKTYpBI CIIOKHBIX YyTJ€BOJIOB. M3 ABYX pasIUYHBIX aMHUHOKHCIIOT
MO>KHO TIOCTPOUTH TOJIBKO OFHMH JMIENTHI, a U3 JBYX Pa3IUYHBIX MOHOCaxa-
pUIOB (IIECTUYTJIEPOTHBIX) MOTYT OOpa30BBIBATHCS OJAMHHAIIATH Pa3IHMUHBIX
nucaxapunoB. M3 4eThipex pa3HbIX HYKJICOTHIOB MOXHO TMOJIY4YUTh 256 TeTpa-
HYKJICOTH/Ia, a U3 YEThIpeX pPa3HbIX MOHOCAXAPHIOB BO3MOXHO TMOCTPOCHHE
35560 Tterpacaxapuaos.

Ecnu y4ectb, uTo B 00pa3oBaHUM YTJIEBOJHOW YaCTH TJIMKOKOHBIOTAaTOB MO-
T'YT IPUHUMATH YYacTHE JI0 7—9 pa3IuuHBIX 110 MOJICKYJISIPHON TIPUPOJIE MOHO-
caxapHJioB, a TaK)Ke BO3MOXKHOCTh 00pa30BaHUS BETBICHUH B Pa3IMYHBIX MeC-
Tax OJUTOCaXxapujioB, TO MOXXHO TOBOPUTh O TMOTECHIIMAIBHOM CTPYKTYPHOM
MHOT000pa3uu yrieBosioB. Onurocaxapuibl, TaKuM o0pazam, MOTYT OBITH (-
(EeKTUBHBIMH HOCUTEISIMU WH(GOPMAIUU: HA CAMHHILY MACChl YTJIEBOJBI MOTYT
coJiepKaTh 0OJbIIe HHPOPMAIINH, YeM HYKJICHHOBBIE KHUCIOTHI Win Oenku. OT-
METHM OJIHY BECbMa Ba)KHYIO0 OCOOCHHOCTH 3aITUCH M COXpaHEHUs HHPOpMAIUU
IIPU MTOCPEJICTBE YTIIEBOAHBIX «CJIOBY»: CTPOUKH, COCTaBIIEHHBIC U3 TAKUX CIIOB U
Hecylre WHGOpPMAIMIo, pa3IBauBalOTCs, MPUYEM TaKOe pa3BOCHHE (BETBIIC-
HHUE CTPOUYEK) MOXKET UIMETh MECTO B TOCTATOYHO OOJIBIIIOM YHUCIIE TOUEK.

JlexonupoBanue WHGOPMAIIUH, COJCPKAIICHCS B OJIMTOCAXAPUTHBIX CTPYK-
Typax, MPOUCXOIUT Onarofaps MOJEKYJISIPHOMY Y3HABaHHIO ATHX YTJIEBOJIOB
JIPYTHMH MOJICKYJIaMH. YTJIEBOJbl TJIMKOKOHBIOTAaTOB KIETOYHBIX MeMOpaH
CBSI3BIBAIOTCS O€NKaMM, HAa3bIBAEMBIMHU JIeKTHHAMU. EIllle HETaBHO CUMTAIOCH,
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YTO CIIOCOOHOCTHIO CTEeU(UUECKH CBS3bIBATh caxapa 00JaJaloT TOJBKO JICK-
TUHBI PACTUTENILHOIO MPOUCXOXKACHUsA. B mocnenHue rojbl oOHapy>KEHbI Je-
CATKH JIEKTUHOB M Y >KUBOTHBIX, HACEKOMBIX, OaKTepwil U T. 1. (Hampumep,
MaHHO30CBSI3BIBAIONINE OCJIKH KPOBU W TIEUEHU TEIUIOKPOBHBIX IKHUBOTHBIX,
JIEKTHHBI MO3Ta KPBIC).

JIeKTHHBI )KUBOTHBIX pa3/esiCHbl HA 4 TPYIIIIHI:

1) nextunsl C-TUna, BKJIIOUYAs CEJIEKTHUHBI,

2) JIEKTUHBI S-THUIIA WU TaJIEKTUHBI,

3) nexktuHbl P-Tuna,

4) npyrue JIEKTUHBI.

HasBanus kinaccaM JEKTHHOB ObUIM JIaHBI C YYETOM XapaKTEPUCTUK UX CBSI-
3bIBaHUsA ¢ yriieBogamu. Hampumep, C-eKTUHBI MOJYYWIN CBOE HA3BAHUE I10-
TOMY, YTO JJISl X CBSA3BIBAHUSI C COOTBETCTBYIOIIMMU caxapamu TpeOOBajIoCh
y4acTH€ MOHOB KayibIUsl (OT aHTJIMMCKOro calcium). MuHUMAaIbHAS TTOJTUIIET-
TUJIHAs CTPYKTypa, TpeOyemasi isl CBS3BIBAHUS YIJICBOJAHOTO JHMTaHma (s
JeKTUHOB C-THUNa OHA COJICPKUT NIPUMEPHO 135 aMUHOKUCIIOT, JIJ1 TaJICKTUHOB
— okoJio 130 aMHMHOKHKCIIOT), Ha3bIBAETCS yriieBoy3HatonM goMeHoM (Y'Y ]I).
B nekTtrHax MOXKET NMPUCYTCTBOBATh OJINH WJIM HECKOJBKO Y Y 1.

IMABA 3. CTPYKTYPA U CBOUCTBA
BUWONOIMYECKUX MEMBPAH

3.1. nIMNUAHAA ACUMMETPUA KINETOYHbIX MEMBPAH

buonornueckne MeMOpaHbl COCTOSIT, B OCHOBHOM, W3 JIMIHIOB M OCIIKOB, a
TaKk)Ke HEOONBIINX KOJWYECTB ACHMMETPHUYHO DACIPEICICHHBIX YTJIEBOJIOB.
OTHOCHTENPHOE KOJMYECTBO OCJIKOB, JIMMHUIOB M YIJICBOJOB B MeMOpaHax
Bapsupyer (Tadm. 3.1).

Tabnuya 3.1
XumMu4eckHuii coctaB MeMOpaH
MeMmb6pana Becosoe conepxanue, %
Bbenox JInmnn VYrineson

Muenun 18 79 3
[Inazmatuueckas memOpaHa 49 43 8
SPUTPOLIUTOB YEJIOBEKA

[TnasmaTtudeckas memOpaHa 44 52 4
renaToMTOB KPbICHI

BuyTtpennsist MemMOpaHa MUTOXOHAPUI 76 24 0
renaTOIMTOB KPbICHI

B cpennem B mnasmartuueckoit memOpane (IIM) comepskutcss mpuoOIn3u-
tenpHO 50 % OenkoB u 50 % nunugoB. TouHoe cooTHOIIEHHE MEeMOpPaHHBIX
KOMITOHCHTOB M WX PACIOJIOKEHUE OINpPEeseTCs THUIIOM U CICIHaIN3alueH

60



MeMOpaH.

JIunmuaHBIA COCTaB IJIa3MAaTHYECKHX MEMOpPaH Pa3HbIX KJIECTOK U MEeMOpaH
KJIETOYHBIX OpraHesul pasnuyaercs. Hanpumep, nunuanas dpakuus meMOpaH
renaTouuToB Kpbic coaepkut 24 % xonecrepuna, 31 % ®X, 8,5 % cdunro-
muenuHa, 15 % 09, 2,2 % ®U, 7 % DdC, 0,1 % ®K u 3 % rIuKoJIUINI0B.
Kiterounbsie MeMOpaHbI cofepkaT 00JIbIIOe KOIudecTBO dochormuiepuaos. B
Ia3MaTUYeCcKuX MeMmOpaHax BcTpedaercs chuHromMuenud — Gochoaumu, y
KOTOPOTO BMECTO TJIMIIEPOJHHOTO OCTOBA COACPKUTCSA CHPUHTO3MH — aMUHO-
CIIUPT C HEHACHITIICHHOW YTJIEBOIOPOIHOM IIETIBIO.

XonecTeprH MPUCYTCTBYET B IJIA3MAaTUYECKUX MeMOpaHaX KJIETOK KUBOT-
HBIX, COCTaBJISISl MPUMEPHO YE€TBEPTh OT OOIIET0 KoaudecTBa JunuaoB. Hampo-
THUB, MEMOpaHBl KJIETOYHBIX OpPTaHEI COJAEpkaT XOJIECTCPUH B HEOOIBIIHMX
KOJIMYECTBaX: MUTOXOHJPHAIbHBIE MEMOpaHbl MEHbIIe, ueM 5 %, MeMOpaHbI
koMmiiekca ['onpmku — okosno 8 %, a memOpanbl OP — npumepno 10 %. B
MeMOpaHax MPOKapHUOTOB CTEPUHBI BOOOIIIE OTCYTCTBYIOT.

KonudecTBo 3apsiKEHHBIX JIMIUIOB COCTaBiIseT npuodiusutenbio 10 % ot
o0IIero KOJIMYeCTBa JIMIHJIOB TUIa3MaTHYecKux MeMmOpaH. B OGumomemOpanax
BCTPEYAIOTCS, MPEUMYIIECTBEHHO, OTPUIIATENHHO 3apsSKEHHbIE JIMITHIBI.

VYTIeBobI, KaKk MPaBUIIO, PACIIONIAralOTCA HAa BHEIIHEW CTOPOHE IIa3MaTH-
yecKkoi MmeMOpanbl. JIunmuaHeiil coctaB OnomeMOpaH naH B Tadm. 3.2.

Tabnuya 3.2
I'n1aBHBIE TUNHIHBIE KOMIIOHEHTHI MeMOPaH

Tun meMOpaHsbI Jlons oT 0011ero KoJIM4ecTBa JIMMUIA0B B MeMOpane, %
10),¢ OO+DC M XC
[Mna3maTtudeckass MeMOpaHa 21 29 21 26
(3pUTPOIUTHI YETIOBEKA)
MuenunoBas MeMOpaHa 16 37 13 34
(HEHpPOHBI YETIOBEKA)
[TnasmaTtudeckas MmeMOpaHa 0 85 0 0
(E. coli)
MewmOpansl OP (kpbica) 54 26 5 7
MemOpaHa KoMIIIeKca 45 20 13 13
I"onmbmxm (kpbica)
BayTpennsst MemOpana 45 45 2 7
MUTOXOHJIpHH (KpbIca)
Bremnsist mem6pana 34 46 2 11
MUTOXOHJIpHH (KpbIca)
MoHoc0l OCHOBHOM DK3011a3- wuro- DK30111a3- O06a
JIOKan3aluu MaTH4e- 30JIbHBIN MaTH4e-
CKUU CKUH

buonornyeckue MeMOpaHbl XapaKTEpU3YIOTCS aCUMMETPUYHBIM CTPOCHH-
eM. B mnasmarudeckoit MeMOpaHe coJep:KaHHUe JIUMHUIOB BO BHYTPEHHEM MO-
HOCJIO€ OTJIMYAETCA OT COJAEPXKAHHUs JIMIUIAOB BO BHEIIHEM MOHOCIHOe. BHem-
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HUN MOHOCION oborameH (HochaTuIUIXOIMHOM, C(OUHTOMUETHMHOM, XOJecTe-
PUHOM U TJIMKOJUIIMIAMHU, BHYTPEHHUI MOHOCION — QocaTuanIdTaHOIaMU-
HOM, (ocharuamncepurom, dhocharuamimHo3zuTonoM (puc. 3.1). Xonectepus
COCTaBJISIET O0MBIIYIO (PPAKLUIO KaK BHYTPEHHET O, TaK U BHELITHETO MOHOCIOH,
HO COJIEp>KaHUE €r0 BBIIIE BO BHEIIHEM MOHOCIIOE.

DK30ILIa3MaTHUECKas CTOpOHa
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Puc.3.1. CooTHOLIEHNE JTUNHI0B BO BHYTPEHHEM U
BHEIITHEM MOHOCJIOSIX MEMOpPaHBI

Acummerpus MeMOpaH He SIBIISIETCS KECTKO ompeneieHHoi. Pacnpenene-
HUE JIMMHJIOB B MEMOPAHHBIX MOHOCJIOSIX MOKET U3MEHSThCS, HAIPUMED, MPU
U3MEHEHUH (YHKIIMOHAIBHOM aKTUBHOCTU KJIETOK Wi uX opranemi. Cros-
TaHHas MUTPaLUsl MOJIEKYJI JIMITUJOB U3 MOHOCJIOSA B MOHOCJION 3HEPreTHYECKU
HEBBITOJJHA, TaK KaK MOJISIPHBIM TOJIOBaM JIMIHMJIOB IPUXOAUTCS IEepeceKaTh
ruipopoOHY 0 CepaLEeBUHY OUCIIOs, U, KPOME 3TOr0, MOJIEKYJia JIMMUAA JOTK-
Ha OBepHYThCs Ha 180°, TO €CTh COBEPLIMTH MEPEXO «PIIUII-(IIOI.

B MemOpane numuaHas acUMMETpHUS BO BHEIIHEM M BHYTPEHHEM MOHO-
ciosix obecrieunBaeTcs GuMna3amu, TPAHCIOKa3aMU U APYTUMHU (hepMEHTAMHU.
TpancmemMOpaHHass aCUMMETPHS IPOAYLHPYETCS NEPBOHAYATIBHO B MpaHc-ce-
] ['onbaKH, a Takke B IJIa3MaTUYECKOM MeMOpaHe HECKOJIbKUMHU OelikaMu B
npolueccax IepeHoca, CONpsbKeHHbIX ¢ ruapoiauzom ATO. ATO-ces3biBa-
fomue Tpancnoptepbl (ABC Tpancnoprepsl) nepememaroT (pocoaunuasl ¢
BHYTPEHHETO MOHOCJIOS BO BHEIIHUNA. AMHHO(OCHOIUIUAHBIE TPAHCIOKA3bI
KOHTPOJIMPYIOT NEPEMENIEHUE JUINUI0B BO BHYTPEHHU MOHOcHoi. CymiecT-
BYIOT apyrue GepMeHThI ¢ MOJOOHBIMU (QYHKIMAMU — (IIMMIa3bl C XapaKTepHO
cnenuUYHOCThIO 711 pas3nuuHbix JunugoB. Hampumep, AT®daza Drs2p
TPaAHCJIOIUPYET TOJBKO GochaTHaUICEPUH.

OueBHIHO, YTO B MeMOpaHax CYIIECTBYIOT MEXaHU3MBbI, MPUBOIAIINE K
noTepe TPaHCOUCIOWMHON aCUMMETPHUH JUNUI0B. B MemMOpaHax MpUCYTCTBYIOT
(depMeHThl — CKpaMOJ1a3bl, KOTOpPbIE MPU AKTUBALUUU MHEPEHOCAT JIUIUJIbBI U3
MOHOCJIOSI C OOJNBIIMM COJIEp)KaHHWEM JHMIHIOB, B MOHOCIIOH, TAe JTUIUAOB
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JaHHOTO TUMa MeHble. CkpamOiia3bl 0OBIYHO AKTUBUPYIOTCS MPU YBEIMUCHUHN
BHYTPHKJIETOYHOTO YPOBHs CBOOOIHBIX HOHOB Ca’’, M mporiecc TpaHCOHCIOH-
HOTO mepeHoca JunuaoB He Tpedyer AT®. [loreps TpaHcOuUCIONWHON achM-
METPHUH TMPHU YBEIUYEHUU cojliepkaHus GochaTuanICEpuHa BO BHEIIHEM MO-
HOCJIOE SIBJISIETCS, KaK MPaBUIIO, MPU3HAKOM MOBPEXKICHUSI MEMOpaH.

OO6HapyxeHbl (PU3MUIECKHE MEXaHU3MBI JIUIMHIHOTO cKpambiuara. [Ipu us-
rubaHn MeMOpaHbl, OJIMH MOHOCIION PacHIMpSETCs, a APYyrod — CHKUMAETCS.
DTO NPUBOJUT K TOMY, YTO IJIOLIAJb MOBEPXHOCTH, MPUXOASIIASACI HA MOJIE-
KyJy JIMIU/Ia BO BHEIIHEM cJioe (B cllydae BBINSTYMBAHUS ), YBEIUYUBACTCS, a BO
BHYTPEHHEM — YMEHBIIIACTCHI.

PaccMmoTtpum cityuaid, korja BHyTpEHHUA MOHOCTOM cocTouT u3 @C, BHem-
Huii — u3z O®X (puc. 3.2).

m. bbb bt bk ‘(I)X' dC

JIBukeHue
@C BO
BHELIHHIN MOHOCIION

=

Puc. 3.2. Mexannueckasi MOJIesTb TPAHCMEMOPAHHOTO
CKpaMOJIUHTa JIUIHIOB

CxxaTtue BHYTpEHHEro MoHocios, oborameHHoro ®C, u pacmmpeHue
BHEILTHETO0 MOHOCJIOS TTOHMKAET SHEPTUI0 aKTUBALIMKM CIIOHTAHHOM TpaHCIOKa-
uu Mosiekys1 @C (a B peanbHbIX MeMOpaHax enie 1 MoJiekya ®3) Bo BHEIIHMIA
MOHOCJION. DTOT MpUMEp MOKa3bIBAET, YTO YBEIUYEHHE CBOOOJHON >HEPruu
MeMOpaHbl IpU PaCTATMBAHUM OJHOTO MOHOCIOS M CKaTUU JIPYroro BeAET K
CEJIEKTUBHOMY IE€PEMEILEHUIO0 MOJIEKYJI JIMIHUJIOB U3 OJHOI'O MOHOCIOS B JIpY-
rOM, PU 3TOM MPOUCXOJUT BbIPABHUBAHUE JaTEPATIbHOIO HATSKEHUS 1O OMC-
J010 0€3 aKTHBAIMK KaKUX-TMOO crienuruuecknx OeNKoB (MM MX KOMILIEK-
COB), 00ECTIEUNBAIOIINX TPAHCIOKALIMIO JTUITHIOB.

3.2. TEOMETPUYECKUE ®OPMbI KINETOYHbIX MEMBPAH

[ToBepXHOCTh KJIETKH WM KJICTOYHOW OpraHesuibl (hOpMUpYeTCs OMOJIOTH-
yeckoi memOpanoi. CiemoBarenbHo, popMa KIETOK M KJIETOYHBIX OpTraHelll
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ompexaensiercss ¢GopMoil MeMOpaH W ISl BBIAICHEHUS MEXaHHU3MOB, KOHTPOJIH-
PYIOIIUX KIETOUHYIO (OopMy, HEOOXOAMMO HCIIOIH30BAHHE T€OMETPUUECKUX U
(bUBUYECKUX METOJIOB MEMOpPaHHOW OMO(PU3UKHY.

buonornyeckue memOpaHbl IPOSBIAIOT pa3inuunbie Gopmbl. Kaxnas ¢popma
pa3BUBAETCsl BCIEACTBUE CrienU(PUueckuX (PU3NONOTrHYecKuX MpuyuH. Mexa-
HU3MbI, B COOTBETCTBUU C KOTOPBIMH 3TH (OPMBI CO3AAIOTCS, A0 KOHIIA HE yC-
TaHOBJIeHBI. DU3HUECKHe MPUHIUIIBL, JISKAILUE B OCHOBE MPOLIECCOB CO3/IaHUs
U KOHTPOJIS (POpMBI, TOJKHBI ObITh YHUBEPCATbHBIMU JIJIS1 BCEX KJIETOK. MOX-
HO BBIJCNUTH P (HaKTOPOB, MPUHUMAIOIINX Y9aCTHUE B CO3/IaHUU KOHKPETHOU
(opMbl MEMOpPaHbIL: TUMUIHBIN cOCTaB MEMOpaHbl, (popMa JTUIUAHBIX MOJIEKYI,
aCUMMETpHS PaCIpeNeTCHHs JTUMUAHBIX MOJIEKYJ MEXIY MOHOCIOSAMH, TPH-
CYTCTBHE OEITKOBBIX MOJIEKYI U T.II.

KneTtkn 6e3 BHYTpeHHUX MEeMOpaH, TaKue Kak MPOKapHUOTHI U IPUTPOIUTHI,
IPUHUMAIOT HA00p POpPM B COOTBETCTBUHU C UX (PYHKIMOHAIBHBIMU 33]la4aMHu.
Hampumep, aBosikoBOrHyTasi AMCKOBUAHAS GopMa MeMOpaH 3pUTPOLIUTOB Tra-
pPaHTUPYET ONTHUMAIbHOE OTHOILIECHHUE IMOBEPXHOCTh — O00BEM, HEO0OXOAUMOE
JUIst OBICTPOTO Ta3000MeHa MEXKAYy TeMOIVIOOMHOM M OKPY’Kalollel Cpeaou.
Bbonee cnoxubie (OpMBI POSBISIOTCS B HIOTEIUATBHBIX KJIETKaX, MIa3MaTH-
yeckrue MeMOpaHbl KOTOPBIX COAEpXkaT BHYTPEHHHE TPYOKH, KOTOpPbIE MPOHU-
3BIBAIOT KJIETOYHBIN 00BEM.

BryTpuknerounsie MeMOpaHbl Oojiee AMHAMUYHBI M Pa3sHOOOpPA3HBI TIO
dopme, yem mnazmarudeckue memOpansl. Hanmpumep, OP u anmapar [Nonbmxu
— CIJIO’KHBIE CHCTEMBbI COEIMHEHHBIX MEXIy COOOW KaHaJbIeB, LIUIUHAPOB H
JMICKOB, U TP OOECIEUYCHNH BHYTPUKIECTOYHOTO TPAHCIOpPTA BEIIECTB 00Opa-
3YIOT CTPYKTYpBI C IIMPOKUM Habopom ¢opm: oT manbix chep (auamerp ~50
HM) M y3KuX TpyOouek 10 KaHaiblleB. Takue (HopMbl XapaKTepU3yrTCsS Mak-
CUMAJIbHOHM TUIOMIAJBI0 TOBEPXHOCTH C COXPAaHEHHEM MAaJloro0 BHYTPEHHEro
o0bema, 4To Mo3BoJIsieT obecreunBaTh dPGEeKTUBHOE U OBICTPOE MEepEeMEIICHUE
OEJIKOB KaK HapyXKy, TaK U BHYTPb 3TUX OpPTaHEeI.

CrnosxxHble (POpPMBI KIETOK U KJIETOYHBIX OpraHeii GopMupyrorcs duznde-
CKUMH CHJIAMH, MPUKIIAJILIBAEMBIMU K Pa3JIMYHBIM ydacTKaM MeMOpaH (Kak K
MOBEPXHOCTH, TaK M B Mpejaenax OUCIOos), YTO MPUBOJIUT K BO3HUKHOBEHUIO
onpezieieHHOW KpuBU3HBI MeMOpaHbl. KpuBu3Ha MeMOpaHbl SBISETCS Pe3yJib-
TATOM CJIOKHOTO HaOOpa B3aMMOJICUCTBHI MEXIAy MEMOpaHHBIMU OeTKaMHu U
JUNUJAMHA, a TaKKe B3aUMOJICHCTBHI MeMOpaHbl C OKpY’Karolled BOJIHO-
coJieBOM cpenoi. [[ns moaaep:kaHus onpeneraeHHON (OpMbl KIETKH JIOJKHBI
UMETH CEHCOPBI, OCYIIECTBIISIIOIINE KOHTPOJIb KPUBU3HBI MEMOpaH.

3.2.1. Memb6paHHas KpMBU3Ha

buonoruueckas memMOpaHa OOBIYHO paccMaTpHUBAaeTCs Kak JByMepHas MO-
BEpXHOCTh. Onucanue GopMbl MEMOPAH MPOBOAAT C UCHOJIb30BAHUEM TOHITHUS
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KkpuBM3HBI ¢ (¢ =1/R, rne R — paauyc kpuBu3Hbl). KpuBH3Ha ¢ cuuraercsa ma-
JIOM, €CJIi COOTBETCTBYIOIIMMA pajlyC KPUBU3HBI R MHOrO OOJbIIE, YEM TOJI-
nuHa MeMOpaHbl, R >> d (TO ecTh a0COIIOTHOE 3HaUYCHUE KPUBU3HBI || TOTXK-
HO YJOBJIETBOPSTH YCIOBHIO ‘c‘~d <<1). Ecnu panuyc KpUBU3HBI OJU30K MO

BEJIMYMHE K TOJIIMHE MeMOpaHbl (R~ d , TO €CTb, c‘-d ~ 1), KpUBHU3HA MEM-

OpaHbl paccMaTpuBaeTcsi kKak Oosblnas. Hampumep, xapakTepucTHUECKHil pa-
JMyC KPUBH3HBI R Nt MEMOpaH BHYTPUKJIETOUYHBIX BE3UKYJISPHBIX MEPEHOC-
YUKOB COCTAaBJISIET HECKOJIBKO JECATKOB HAHOMETPOB U, CJIEA0BATEIBHO, TOJb-
KO B HECKOJIBLKO pa3 00JIbIIe TOJMIIMHBI OMCII0s, TaK KakK d = 4 HM.

Jlnst onucanust popmMbl MeMOpaH, Kak MPaBUII0, UCTIOJIB3YIOTCS IBE KPUBU3-
HbI, C| U C,, Ha3bIBaeMbl€ TJIaBHbIMU. Eciu mepeceyb MeMOpaHHYIO MOBEpX-
HOCTHh B BHIOPAHHOW TOYKE JBYMS OPTOTOHAIBHBIMH IJIOCKOCTSIMU, TTEPIICH U~
KYJSIPHBIMU K MOBEPXHOCTU (puc. 3.3), TO rI1aBHOW KPUBU3HOU SIBISIETCS KPU-
BU3HA ISl KaXJOM M3 JBYX JIMHUWA NEpeceueHus IMIOCKOCTe ¢ MeMOpaHHON
MOBEPXHOCTHIO, UMEIOIINX MPAKTUUECKU KPYTOBYIO (POPMY B OKPECTHOCTH BHI-
OpaHHOU TOYKH.

Puc. 3.3. Onpenenenne KpuBU3HbI MEMOpaH

Paguychl 3TUX ABYX KpYTOBBIX ()parMeHTOB, R U R, Ha3bIBAIOTCS TJIaBHBI-
MU pajuycamMHM KpUBHU3HBI, a UX oOpaTHble 3HaueHus, c¢; = 1/R; u ¢; = 1/R,,
0003HAYAIOTCSI KaK JBE IJIaBHbIE KPUBU3HBI.

KpuBu3Hna mMokeT ObITh MOJOXKHUTEIbHON WM OTpUllaTeIbHON. UTOOBI Om-
peAeTuTh 3HaK KPUBU3HBI MEMOpaHBbI, HY>)KHO 0XapaKTEpHU30BaTh JIBE CTOPOHBI
€€ MOBEPXHOCTH. /[ TUIIMIHOIO MOHOCJIOS OJHA MOBEPXHOCTH MOKPHITA IIO-
JSIPHBIMU TOJIOBHBIMM IpynmaMu (HochoMNuUI0B, a Apyras — sBIASETCS THIPO-
(oOHOM. YCIIOBUIUCH CUUTATh, YTO M3rHMOAHUE MOHOCIOS, KOTOpoe (hopMHUpY-
€T BBICTYNAIONIYIO THAPOPUIBHYIO MOBEPXHOCTh, XapaKTEPU3YETCs IMOJIOKHU-
TEIbHOU KPUBU3HOM, B TO BpeMsl Kak U3ruOaHue B MPOTUBOIOJIOKHOM HaIlpaB-
JICHUU MPUBOAMT K OTPHULATENIbHONW KPUBU3HE. J{J1s1 KIETOYHOM MeMOpaHbl pa3-
JUYUS MEXAY CTOpOHAMM MeMOpaH OINpeAessieTcss UX OpUEeHTaluuel Mo OTHO-
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HIEHUI0 K 00beMy, KOTOpbIM orpaHuumMBaeTcsi MeMOpaHoi. IlomoxutenbHas
KPUBHM3HA COOTBETCTBYET BHIIISTYMBAHNIO MEMOpPAHbI BO BHEIIHIOKO CPEAY.

JIunuHele MOJEKYJbl LUIUHApUYEcKor (opmbl (puc. 1.9, a), Takue kak
®X u CM, popMupyrOT MPEANOYTUTEIHHO TUIOCKHE OUCIONHBIE CTPYKTYPHI.
JIunuiHbIE MOJIEKYJIbI, KOTOPbIE UMEIOT KOHMYECKYI0 (opmy (puc. 1.9, 6), Ta-
ke kak JIADT wim @D, ¢ MansiM TUAPODUIBHBIM TOMEPEYHBIM CEYCHUEM,
(GOpMUPYIOT CTPYKTYpPbI C OTPULIATEIBHON KPUBU3HOM, Takue KaK MHBEPTUPO-
BaHHasl rekcaroHajbHas (pa3a TpyOouek C TOJIOBHBIMU TIpYIIIaMUd BHYTPU U
ruipopOOHBIMU XBOCTAMU CHAPYKU. MOJIEKYJIbl, KOTOPbIE UMEIOT HHBEPTHPO-
BaHHYIO KOHMYECKYI0 (opmy (puc. 1.9, 6), Takue Kak MOJIEKYJIbl JE€TEPreHTOB,
an3opochonmunuabl U MoaupocHOUHO3UTHABI, GOPMHUPYIOT CTPYKTYpPBI C MO-
JIOKUTEJIBHON KPUBU3HOM, HAIpUMEpP, MULIEIUIBL.

Jliist onucanusi MeMOpaH OOBIYHO MCMOJIB3YIOTCS JBE KOMOMHAIIMY T1aBHOM
KpuBM3HBI: oOmas kpuBuszHa J(J=c¢ +¢) u rayccoBa KpuBusHa K
(K =G6-G )

MO’KHO BBIJICIUTH YETHIPE TUIA MEMOpPAHHBIX (POPM, KOTOPbIE XapaKTEpH-
3YIOTCSl pa3JIMYHBIMU KOMOMHAIMSIMU 3HAYEHUN TJIaBHOW KPUBHU3HBI: IJIOCKA,
LWINHJpUYECKas, ceniononooHas u chepuueckas (puc. 3.4).

1. s nnockoit popmel ¢ =0 u ¢, =0, cregoBarenbHO, 00Ias KPUBU3HA

J =0 u rayccoa kpuBuzHa K =0 (puc. 3.4, a). [Ipumepamu ciyxkar He-
OKalMJICHHBIE MJIa3MaTUYE€CKUE MEMOpaHBI.

2. Hwnmunapuueckas QopMa XapakTepu3yeTcsi OJHOU MOJOKUTEIbHON
IJIaBHOM KpuBM3HOW (¢ >0), a BTOpas INlaBHas KpPUBHU3HA paBHA HYIIIO

(¢, =0). PesynpTatom siBisiercss He HyJeBas oOmas kpuBu3Ha (J =¢ =0) u

paBHas HyJ0 rayccoBa kpuBusHa (K =0) (puc. 3.4, 6). LlmimHapuueckyro
dbopMy HMEOT MeMOpaHbl BE3UKYJSIPHBIX NEPEHOCUYUKOB, KOTOPBIE (YyHKIHO-
HUPYIOT Mexay DP u komruiekcoM ["0JibJKU U M1a3MaTuuecKoid MeMOpaHoii, a
Tak)ke MeMOpaHHble TyOyJbl, HapuMep, cPOPMUPOBAHHBIE CUCTEMOW IHUHA-
MuH-GTP-yS24.

3. s ceanonofgoOHONW (popMbl TJIaBHbIE KPUBHU3HBI OJIMHAKOBBI 1O abco-
JIOTHOMY 3HAu€HHWIO, HO MMEIOT pas3Hble 3Haku (¢ =—c¢,). Takum obOpazom,
oOmas kpuBU3Ha paBHa HyItO (J = 0), B TO BpeMs Kak rayccoBa KpuBHU3Ha OT-
punarenbia (K = —c <0). MeMOpaHHbBIE Tepeleiiki, KOTOphIE CBA3BIBAIOT
OYKOOOpa3HbIe TPAHCIOPTHBIE BE3UKYJIbl U UCXOJHbIE MEMOpPAHbI HAa CTalUsAX
nepe] MOJIHBIM OTJIEJICHUEM BE3UKYJIbl, XapaKTepU3YIOTCS CEI0N0I00HOM
dbopmoii (puc. 3.4, 6). Kpome Toro, cermeHTsl MeMOpaH ceionogo0Hoi dop-
MBI pacrpeesieHbl Ha MOBEPXHOCTH HUCTEPH [ '0JIbKM 1 MEeMOpaHHBIX COEIU-
HEHUI MeXIy TpeMs U 6ojiee IMINHAPUIECKUMH MEMOpaHHbIMU YacTsaMu JP.
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Cxemarndeckoe 3HaueHue I'eomerpuueckas popma O6mo-
n300paKeHNe KPHUBH3HBI JIOTHIECKUX MeMOpaH

NS0
I
oo o

IImockocTs

c1>0 E {:f;
6'2:0 2
J >0 i

K: O y .1.-" . :h:.; :%;h‘h

Humuaap

c1>0
<0
J=0
K<0

Cemio

c1=c>0
J >0
K>0

Cdepa

Puc. 3.4. Cxematnueckoe n300paskeHUE U PUMEPHI TEOMETPUIECKUX
dbopM OHOTOTHUECKHX MEMOpaH:
a — MeMOpaHHBIN (parMeHT IUIOCKOH KJIaTPUHOBOW PeLIeTKH, 6 — MeMOpaHHasi TpyOoUKa
1071 000JI0YKOH M3 OeNKa IMHAMUHA, 6 — ITepelIeek MeMOPaHHO! «IIOYKW», 2 — MeMOpaHa ¢
KapKacoM M3 aCCOLMUPOBAHHOTO 7 Vitro KJIaTpUHA

4. Yacro BcTpeuaromiasica chepudeckas dopma (puc. 3.4, 2) XxapakTepusyer-
csl ABYMsI paBHBIMH OCHOBHBIMHM KpHBH3HaMHU (¢, =c¢,). B 3TOoM ciydae coot-
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HOILIEHHE MEXy O0IlIei M raycCoBOM KPUBU3HOW OIpPEAENAeTCS ypaBHEHHUEM

K = J?/4. DujonurapHble BE3UKYNIbl M BE3HKYIIbI, KOTOPbIE (hYHKIIHMOHUPYIOT
B cucreMe «JP-komrmuiekc ['onbaxu», MMEIOT MPAaKTUYECKH CPEpUUECKYIO
bopmy.

B meMOpanax BHYTPUKIETOYHBIX BE3UKYJISIPHBIX MEPEHOCUUKOB BCTpEYa-
I0TCS BCE Ha3BaHHBIE T€OMETPUIECKUE (DOPMBI.

dopma MeMOpaH MOXKET paJuKadbHBIM 00pa3oM HM3MEHSTHCA B Tpoliecce
BBITIOJTHEHUST MU (DU3UOJIOTHYECKUX (DYHKITHI WM TIPU W3MEHEHUU BHEITHUX
ycioBuid. Hampumep, 3puTpoOIUThl U3MEHSIOT (HOPMY B THAPOAMHAMUICCKOM
MOTOKE, YTO TO3BOJISIET UM TIEPEMEIaThcs B KPOBEHOCHBIX cocynax. Ilma3zma-
TUYECKUE MEMOPaHbI KJIETOK IMOABEPTAIOTCS TpaHChopMarusaM (opmMbl IpH yc-
TAHOBJICHUM MEKKJICTOYHBIX KOHTAKTOB WJIM TPU PACIUIACTHIBAHUM Ha CyO-
cTpare.

Jlns co3pnanus ompenesieHHoW (opMbl MeMOpaHbl JTOJKHBI MOABEPraThCs
nedopmanusm. Pabora, Heobxoaumast 1Sl BRIMOJTHEHUs AedopManur MemMopa-
HBI, ONPENEISAETCS CTPYKTYPOM M AJIACTMYHOCTHIO MeMOpaHbl. MemOpaHHas
CTPYKTYypa, HE MOABEprHyTas nedopmaiuu, o003HA4YaeTCs KaK «CIOHTaHHas
dbopma». Jta Popma xapakTepu3yeTcs CHOHTAHHOW KPUBU3HONW MEMOpaHHOTO

B )
oucios JS N 3aBHCUT OT CIIOHTAHHOHW KPHUBU3HBI BHYTPCHHCTO U HAPYKHOTO

MOHOCIIOeB MeMbpansl, J." u J .

DNacTUYHOCTh MEMOpPaHBI OMPENENseT CUIIbl, KOTOPHIE JTOKHBI OBITH MIPH-
JIO’KEHBI NIl CO3aHMs OTKJIIOHEHUN OT CIIOHTaHHOU (DOPMBI, a TaKKE BEIHYUHU-
HY DHEPruM, KOTopas aKKyMyJupyeTcss B MeMOpaHe B pe3ysibTaTe TaKhX OT-
KIIOHCHUI. DJIaCTUYHOCTh MEMOPAHbI XapaKTepHU3yeTcs: HA0OpOM MOAYJIEH, Ta-
KX KaK MOAYJIM M3ruba MEMOpaHHOrO MOHOCHOS K, M OHMCIOS K,, MOAYIH

rayccoOBOM KpUBU3HBI MOHOCIIOSI K, M OMCIOS K, MOLYJb CXKMMAaeMOCTHU I10-

BEepXHOCTH K¢ ¥ MOJyJIb HAKJIOHA YTJIEBOJOPOAHBIX IIE€TIEel MO OTHOIICHUIO K
MEMOpaHHOM MIOCKOCTH.

3.3. '’MAPO®OBHOE COOTBETCTBUE MEXAY NUNMTUOAMA U
BEJIKAMU B BUCJIOE

Hecmotpst Ha BapuaOenpHBI XUMHUYECKHII COCTaB OCHOBHOW CTPYKTYPHOM
enuHuIed 6uomemOpan siBisieTcst Gpochonumuaneiii Oucnoi. bucnoit Tummy-
HOM 3YKApUOTHUYECKOUN KJIETKHM MMEET TOJIUMHY NpUMEpHO B 5 HM. MemOpan-
Hble O€JIKH, OTJIMYAIOIIHNECs BBHICOKOM BapualOelbHOCThIO (OPMBI, BEChbMa CY-
HIECTBEHHO MOJIUM(UIMPYIOT CTPYKTYPHYIO opraHuzanuio memOpan. Hampu-
Mep, 3kTogoMeHbl AT®a3bl F1 mokpbIBalOT MII01a b TOBEPXHOCTH MEMOPAHBI
B UEThIpe paza OOJbIIYI0, YEM IUIOIA[b CEYEHMs] TPAHCMEMOPAHHBIX YacTel
sToro Oenka. Hekoropele Oenku, HA000POT, MOKPHIBAIOT JIMIIL HEOONIbIINE
IUIOIIAIM TIOBEPXHOCTH OUCIOA.
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BapeupoBanue Gopmbl 1 MEXMOJEKYISIPHBIX B3aUMOACUCTBUII MeMOpaH-
HBIX KOMITOHCHTOB MPUBOAMT K Pa3Iu4MsIM B TONIMUHE MeMOpaH. [Tnazmarnye-
ckast MeMOpaHa OOBIYHO TOJIIE, @ MEMOPAHBI siApa U rpaHysipHoro P oObIu-
HO TOHbIIE, BCE APYyrue MeMOpaHbl UMEIOT MPOMEXYTOUHYIO TOJIIHUHY. MeM-
OpaHa MOKET ObITh CTPYKTYPHO ONpEJieJieHa B COOTBETCTBUHU C PACIIOIOKEHU-
€M €€ KOMIIOHEHTOB B IUIOCKOCTH MEMOpPaHBbI.

B pamMkax >KHIKO-MO3aWM4HON MOJAENN MeMOpaH CUMTAETCs, YTO MeMOpaHa
oOpa3oBaHa 3a CYET B3aMMOJCHCTBHUS MEMOpPAHHBIX JIMIIUIOB M OCIKOB C BO-
JIOW, TIPU STOM B3aUMOJICHCTBUE MEXIYy KOMIIOHEHTaMH MEMOpaHbl, 00yCIOB-
JI€HHOE UX TuApo(OOHBIMHU U THAPOPUIBHBIMA CBOMCTBAMH, TAKOBO, YTO CBO-
OoxHast PHEPrUsi CUCTEMBI «MEeMOpaHa — BOJAHOE OKPY>KEHHE» MHUHHMAaJbHA.
@OyHIaMEHTaIbHBIM MPUHIUI B3aUMOJACHCTBUS TpaHCMEMOpaHHBIX OEIKOB C
JUTIATHBIMU OUCTIOSIMU 0a3UPyeTCsl Ha COOTBETCTBUU TOIIIMHBI THAPOGHOOHOTO
sqpa JIMMUIHOTO OUCIOs U JUIMHBI TUAPO(HOOHON YacTu OEIIKOBOM MOJIEKYIIbI,
KOTOpas MepeceKaeT JUMUIHBIN Oucioi (mpuHIUN rugpodoOHOr0 COOTBETCT-
BUS).

['unpodoOHOE COOTBETCTBUE UTPAET CYIIECTBEHHYIO POJb B OpraHU3AINU
1 GyHKIIMOHUPOBaHWK MeMOpaH. B Ouonorndyecknx memOpanax ruapodooHoe
HECOOTBETCTBUE MPHUBOJUT K MOJIUDUKAIIUN MUKPOCKOITMYECKON U MaKpOCKO-
MUYECKOM CTPYKTYpbl MEMOpaHBbI U, CII€I0BATEIHLHO, OMOJIOTMYEeCKUX (PYHKITUH.
Hmeercs psia SKCTIEPUMEHTAIBHBIX JTIOKA3aTeNbCTB, UTO OCIKH C TUAPOPOOHBIM
HECOOTBETCTBUEM BBI3BIBAIOT AePOPMALMIO OHUCIOS B OKPECTHOCTH O€oK-
AUMHUIHOTO MHTep(deiica, co3aaBasi, TAKUM 00pa3oM, TeTEepOTreHHBIE CTPYKTYPHI
B IJIOCKOCTH MEMOpaHBI.

Ha puc. 3.5 cxematudecku mpeacTaBieHbl MpUMeEpPbl TUIpodhoOHOT0 HECO-
OTBETCTBUSL MEXKIYy MEMOpPaHHBIM O€IKOM W JUIMHOW ruapodoOHOM YacTu Ju-
nugHoro oucnod. Kak BUAHO U3 pUCyHKa, MOTYT HaOMI01aThCA ABa ciy4das: 1)
HEBO3MYIIIeHHas TUAPodoOHas TOJIIMHA JIMIUAHOTO Oucos d; Ooible Jju-
HbI THAPO(HOOHON yacTu OelaKkoBOW MoJiekyibl dp (puc. 3.5, a), 2) HeBO3MY-
nieHHas ruipodoOHas TONIIUHA JTUITUTHOTO OUCIOA d; MEHbIIIE JJIUHBI THAPO-
(boOHOI yacTu OeIKOBOM MOJIEKYJIBI dp. BriusHue Oernka, mpuBoasinee K u3Me-
HEHUIO TOJIIMHBI MEMOpaHbl, PaCIpOCTPAHSIETCS HA OMPENETICHHOE PacCTOos-
HUE B JIATePATbHON TIOCKOCTH, 3a TpeieJIlaMu KOTOPOro OHMCIION BOCCTaHABIIU-
BACT CBOIO TOJIIUHY d;.

JlatepanbHble TETEPOTEHHOCTH B MEMOpaHE MOTYT BO3HUKATh KaK CIEACT-
BUE JIUTIUTHON COPTUPOBKHU: B MPUCYTCTBUY PA3TUIHBIX THUIIOB JIUIHIOB MOJIe-
KyJbI OETTKOB OyIyT OKPY>KEHBI MOJIEKYJIaMH T€X TUIIOB JIMMIUAOB, KOTOpPbIE 00-
Jiee COOTBETCTBYIOT €ro juinHe ruapodooHoit yactu Oenka. K addexram, cBsi-
3aHHBIM C THUAPO(POOHBIM HECOOTBETCTBHUEM, OTHOCSTCS HAKJIOHBI W/WJIH HC-
KPUBJICHHE BCEW MOJEKYyJbl Oelka WM YacTed MOJMIENTHAHON Ienu Ipu
ajanTaly MOJIKYJIbI OejKa K JIMIHUIHOMY OMCIIOI0, a TakKe HaKJIOHBI OT-
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JeNbHBIX criupanei B Oenke. Hampumep, Aiis MOHHBIX KaHAJIOB, POJOIICHHA U
HEKOTOPBIX JIPYTUX OEJIKOB SKCHEPUMEHTAIbHO MTOKA3aHO, YTO U3MEHEHHUE yTiia
HAaKJIOHA OTJEJIbHBIX TPaHCMEMOpPAHHBIX CHHpaled CONMPOBOXKIAETCS HU3MEHE-

. MMevsgertinty,
Wil

Ll
Maeees;

—eet?t
© 33880501 UL gL aas:

|-|

Puc. 3.5. Cxematrnueckoe (a, 6) 1 MOICTBEHOE (8, 2) TIpeicTaBIeHe THAPOPOO-
HOTO HECOOTBETCTBHS MEXIY MEMOpaHHBIM OCITKOM U JTUIUAAMH B OHUCIIOE. 8 —
MHTETPaIbHBIN OeIOK B TOHKOW MeMOpaHe; ¢ — IPUTSHKEHUE MEXKTY IBYMs
«rupoGoOHO HECOOTBETCTBYIOIIMMMY UHTETPATBHBIMU O€ITKaMH

Takum oOpazom, ruapoPoOHOE HECOOTBETCTBHE MOKET BECTH K yTOJIIe-
HUIO WM CXKATUIO OMCIIOS B OKPECTHOCTH MOJIEKYJ O€JIKOB WJIM K HaKJIOHaM
TPaHCOMUCIONHBIX criupaliel OENKOB.

3.4. BUOJIOM'MYECKUE MEMBPAHDbI KAK MAIKUE
MHTEP®EWNCDHI

PaccMoTpenne Ononornyeckux MemOpaH ¢ MO3ULIMH (U3UKUA KOHJIEHCHUPO-
BaHHBIX CpeJ MO3BOJISIET OTHECTH UX K TaK HA3bIBAEMBIM «MSTKUM KOHJIEHCHU-
pPOBaHHBIM Marepuanam». B oTiauuue OT TpaJAMLIMOHHBIX TBEPABIX KOHJIEHCHU-
POBaHHBIX MaTEPHAIOB MSTKHE MaTepHalibl XapaKTEPU3YIOTCS KaK BBICOKOH
CTPYKTYPHUPOBAHHOCTBIO, TaK W BBICOKOW JAe(POPMAIMOHHON CIIOCOOHOCTHIO
(MsrkoCTHIO). K MATKMM MaTepuanaM, TOMUMO MeMOpaH, OTHOCATCS MOJUMe-
PBL, 3MYJIBCUH, KUJKHE KpUCTaUIbl U 1p. HecMoTps Ha TO, 4TO BCE 3TU CHUCTE-
MBI CYLIECTBYIOT B KOHJIGHCUPOBAaHHOU (haze, HU OJIHY M3 HUX HEJb3sl OMHCATh
OJIHO3HAYHO KaK JKHUJIKOCTb UJIM TBEPIOE TEIIO.

Msirkue maTtepuainbl, KaK MpaBUIO0, aHU30TPOIIHBI U UEPAPXUYHO CTPYKTY-
PUPOBAHBI, IPUYEM PA3MEPBI CTPYKTYP Ha Pa3IMYHbIX YPOBHAX OpPraHU3aluu
MOTYT pa3IMyaTbCsi Ha HECKOJBbKO MOpsAAKOoB. CBOMCTBAa MSTKMX MaTepUasoB
ONpeaeNstoTCsa B OOJIBIIMHCTBE CIIYy4YaeB CBOMCTBAMHU JIMHAMHYECKHX IOBEPX-
HoCTel (MHTEep(dENCOB), ONPEAESAIONINX UX CTPYKTYPUPOBAHHOCTD.
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buonornyeckue MemMOpaHbl — MSTKME MaTEpHAJIbl, TAK KaK UX MOKHO pac-
CMaTpuBaTh KaK CTPYKTYPUPOBAaHHBIE XKUIKOCTH, COCTOSIIIUE U3 MOJEKYJ C
BBICOKOM KOH()OPMAaLMOHHON CII0KHOCTBIO. B TO ’ke BpeMs OHU 00J1a/1a10T BbI-
COKOM IIPOYHOCTBIO U KECTKOCTBIO N0 CPABHEHUIO ¢ U30TPOIHBIMU JKHUIKOCTSI-
MU.

JKunkue moBepxHOCTH UMEIOT TOBEPXHOCTHOE HATSKEHUE O

(ast
o= ,
oS ),

rae Gy — n30bITOYHAs IOBEPXHOCTHAs CBOOOAHAs dHeprus I'nb0ca, ' — Temrie-

patypa u S — mIomanb MoBepXHOCTH. [[0BEpXHOCTHOE HATSHKEHHE TTPUBOINT K
MUHAMH3AIUN TUTOIIAIA TTOBEPXHOCTH WM TPHUAACT €i OMPEICICHHYIO KECT-
KOCTb.

buonornueckne MeMOpaHbl, IO CyTH JeJIa, MOTYT OBITh TPEJCTABICHBI KaK
HaboOp MATKUX MHTEp(EHCcoB, pudeM WHTEP(]EHChH MOTYT OBITH IBYX THIIOB:
KUJKUE W YKPEIUICHHBIE. Y KHUIKUX WHTEp(]EicoB OTCYyTCTBYeT (hUKCHpPOBaH-
Hasi (KECTKas) CBSI3b MEXKIY COCETHUMHU Mojekynamu. Jjig Takux uHTepden-
COB XapaKTEepHO MPAKTHUYECKH HYJEBOE CONPOTHBICHHE cuiiaM casura. [Ipu-
MEpPOM KHJIKOTO HHTepderica MOXKET CIYKHUTh JTUMUIAHBIA OHCION (JIUMOCOo-
MalbHast MeMOpana) (puc. 3.6, a).

a

Puc. 3.6. MemOpaHbl, XapakTepU3yOIUecs MATKUMHI UHTepdencamu:
a - )KUJKUe HHTepQeichl (JUMHUIHBIE BE3UKYIIBI), 6 — YKpETUIEHHbIE HHTeP(EHCH
(CIEKTpHH-aKTHHOBAsSI CETh SPUTPOITUTAPHBIX MEMOpaH)

B TO ke BpeMs CyLIECTBYIOT TaK Ha3bIBa€Mble YKPEIUJICHHbIE UHTEPQEICHI,
B KOTOPBIX MUMEIOTCSI (PMKCUPOBAHHBIE CBS3M MEXIY COCEIHUMH MOJIEKYJIaMU
U, CJIEJIOBATEIbHO, TaKUe MHTEp(QEiiChl 0OHAPYKUBAIOT COMPOTUBIICHUE CIIBU-
ry. [Ipumep ykpenneHHoro untepgdeiica — CHEeKTPUH-aKTUHOBAsI CETh IPUTPO-
UTapHBIX MeMOpaH, ornpenesstonas GopMmy 3Tux KieTok (puc. 3.6, 6). Mone-
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KyJbl CIIEKTPUHA U aKTHUHA CBS3BIBAIOTCA APYT C APYroM, GOpMHUPYs B MIOCKO-
CTH MeMOpaHbl IBYMEpPHYIO C€Th. B KaXX/10i y3710BOI TOUKE CETH OCYLIECTBIIS-
eTcsl CBA3b OEIKOBOW MOJIEKYJIbI C OIPEJEIIEHHBIM YUCIIOM coceiel U 00pasy-
€TCsl CBA3aHHAs IIOBEPXHOCTb. DHEPIUs B3aMOJICHCTBUSA MOJIEKYJ B CETH Ha-
MHOT'0 0OJIbIlIE, YEM PHEPIUs TEIIOBOrO JBMKEHHS 00pa3yroIIMX €€ MOJIEKYII.
XOTs JaHHas CTPYKTypa XapakTEPU3yeTCsl ONPEIEICHHON OIBUKHOCTBIO, OHA
IPOSIBJISIET CONPOTHUBIICHUE CIBUTOBBIM BO3JECUCTBUSAM. MexaHUYECKue, KOH-
(opMaMOHHbBIE U CTATUCTUYECKHE CBOMCTBA YKPEIUICHHBIX MHTEP(EICOB Cy-
IIECTBEHHO OTJIMYAIOTCS OT TAKOBBIX JJIS JKHUJIKHX UHTEP(DErcoB.

Nutepdeiic moxer ae@opMUpPOBATHCS HECKOJIBKUMH CIIOCOOAMH: MPHU H3-
rube (puc. 3.7, a), pactsoxenuu win cxkaruu (puc. 3.7, 6), casure (puc. 3.7, 8).
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Puc. 3.7. Bugsl nedhopmariuu MeMOpaHBbl.
a — n3rub, 6 — pacTskeHue (cxxaTue), 8 — CIBUT

B cnydae xuakoro mHTEepdeiica COMPOTUBICHUEM CIABUTA MOXHO MpEHEO-
peub. [IBa mpyrux ciydas nedopmupoBaHus HMHTepdelica XapakTepusyrTcs
MOJyJeM u3ruba K, U MOAYJIEM CKHMAEMOCTU MOBEPXHOCTH K¢, COOTBETCT-

BEHHO. MOJIyJIb CKUMAeMOCTH TIOBEPXHOCTH OIpenessieTcss Kak dHeprus Ec,
NPUXOSIIASACS HA €IUHHILY TJIONIAIU MOBEPXHOCTH U PACXOIYIOMIAsCS HA HM3-
MCHEHHUE TUIOMAAN MOBEPXHOCTH S Ha BenuuuHy AS mpu paBHOMEPHOM pac-
TSOKCHUU TOBEPXHOCTH. B cooTBeTcTBUM ¢ 3aKkoHOM ['yka st 371acTUYHOM
NPy KUHBI E¢c onpenensercsa Kak

1 (AsY
c Kc o |
2 S

JKecTkocTh MEMOpaHBI TIPU U3THOE OMPENETAETCS, B TIEPBYIO OYepeb, IPH-
POJIOH TUIUAOB M MX MPOCTPAHCTBEHHBIM paciipeesieHneM B ouciioe. Kommdae-
CTBEHHO KECTKOCTh MPH M3TUOE TUIOCKON MeMOpaHbl MOKET OBITh OXapaKTepH-
30BaHa JBYMSI MOJYJISIMH, ONPENEIIEMBbIMU JIJISl IBYX OPTOTOHATBHBIX HAIPaB-
neHui u3ruda (puc. 3.7). Moaynb u3rubda ajis riajaKkod MOBEPXHOCTH OMpeie-
JISIETCSL Yepe3 dHEPTur0 Ep, MPUXOANIYIOCS HA €IMHMILY IUIOIIANA TTOBEPXHO-

CTH M TpeOYIOIIYIOCs IS CO3/IaHus cpefHel KpuBu3Hbl H unrepdeiica, B co-
OTBETCTBUU C YPABHECHUEM
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E,=2x,H’,

TZIe cpedHsis KpuBH3HA H BhIpa)kaeTcs depes JBa IIaBHBIX pajnyca KPUBH3HBI
R u R, (puc. 3.3)

11 1
H=—|—+—|.
2R R
[Ipu ompenenenun s>Heprun u3ruda Ex mpeamnoiaraercs, 4Yto uHTepdeiic He
o0nagaeT BHYTPEHHEN CTPYKTYpPOU M UTO HET OIPaHUYEHUM, HAJIaraéMbIX Ipa-
HULIAMM.

[TockonbKy B mponecce u3ruda NpouCXOAUT PACTSHDKEHHE M CKATUE MOHO-
CJIOEB B MEMOpaHe, TO OYEBUAHO, YTO MOJYJIM U3rHda K, U CKUMAEMOCTH I10-

BepXHOCTH K- MOryT OBITh CBsi3aHBl. CBSI3b MOYKET OBITh BBIpa)KEHA MPOCTHIM
COOTHOILIEHUEM K, = szKC, rjae d; — ruapodoOHas TOIIIMHA OUCTOSL.

JIJ1sl XapaKTepUCTUKH pa3MepoB 00JIaCTH MEMOpaHbI, B Mpejenax KOTOPOu
OHA OCTaeTCs IUIOCKON W TJIAJIKOW, BBOJUTCS MOHSATHE IMEPCUCTEHTHOMN JJTMHBI
(mmuHbl yeToruuBocTH) & [lepcucrenTHas aivHa & CBsA3aHa ¢ MOJYJIEM U3TH-
0a K, COOTHOLIEHUEM

Ax,
kT

b

E~exp

rae A — KOHCTaHTa, k,— noctostHHas bonbimana, 7' — remnepartypa. B cooTBer-

CTBUHU C 3THUM ypaBHEHHEM & 3aBUCUT SKCIIOHEHUUAIBHO OT BEITUYUHBI OTHO-
HIEHNUS MOAYJISI U3rH0a K BEIMYMHE TETJIOBOW YHEPTHUH.

JIunocomanbHble MeEMOpaHbl B CUJIy BBICOKON MSTKOCTU XapaKT€pU3YHOTCS
MaJIbIMU 3HAYEHWSMHM K,. BBeneHHe B MeMOpaHy XOJECTEpHHA IPUBOIUT K
YBEJIMUEHUIO €€ KECTKOCTU (MOAYNb U3ruda x, Bozpactaer). [InazmaTuueckue
MeMOpaHbl KJIETOK UMEIOT OOBIYHO MOJYJIb U3rM0a 3HAUUTEIbHO OOJIbILE, YEM
BEJIMUMHA TEIUIOBOM sHEepruu (K, > kT ), Tak 4TO, KaK MPaBUIIO, IEPCUCTEHT-

Hasl JJIMHA JJIsT MEMOPaHbI OOJIbINE, YeM pa3Mep 00BEKTA.
3.5. CTPYKTYPA BUOJIOTMYECKUX MEMBPAH

3.5.1. PasButue npeacraBrieHUN O CTPYKType
ounonoruvyecknx memopaH

[IpencraBienust 0 CTPYKType MEMOpPaH 3HAYUTEITHHO IBOIIOITMOHUPOBATIH C
MOMEHTa nosBieHus nepsoi moaenu B 1925 roay (E. T'optep u @. ['pennen).
['optep u I'peHmen mpoBenu SKCIIEPUMEHTHI, HA OCHOBAaHWUU KOTOPBIX OKa3a-
JIOCh BO3MOJKHBIM TPEANOJIOKUTh, YTO OHOJIOTMYecKass MeMOpaHa SIBISCTCS
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CTPYKTYPOH, COCTOAIIEH U3 ABOMHOIO CJIO0S JUIIUIHBIX MOJIEKYI.

3atem B 1935 r. [1. Hanusmm u I'. JlaBcoH pa3pabotaiiv epBy0 MOJECIb, B
KOTOpPOM OBLIO YYTEHO MPUCYTCTBHUE B MeMOpaHax O€JIKOB — MPEAIoarajioch,
4TO OEJIKK PACIOJIOKEHBI CII0EM Ha Ka)KJOW CTOPOHE JIMIHUIHOTO OHCIIosN. DTU
npeacraBieHust coxpansuiuchk A0 1972 r., xorma C. 3unrep u I'. Hukoiscon
chOpMyYTUPOBAIIN <«GKUJIKO-MO3aUYHYIO» MOJIENb, Ha KOTOPOH 0a3upyroTcs co-
BpPEMEHHBIE MPEJICTABIICHUS O CTPYKType OnoMeMOpaH.

Kunako-mo3anyHasi MOJENbh OMHUCHIBAET OHOJOTUYECKYI0O MEMOpaHy Kak
KUJKUN OUCIION, COCTOSIIMA M3 CMECH PAa3IUYHBIX JUNUI0B, B KOTOPBIN
BCTpOEHBbI Oelku. MoOJIeKyJibl MOTYT CBOOOJHO MEpeMENIaThCsl B TIOCKOCTH
oucnos, 4to obecrneunBaeT TeKy4ecTh MeMOpaHbl. M3-3a 00Ib1I0Oro pazHooo-
pasust TUOUAHBIX U OETKOBBIX MOJIEKYJ, (POPMHUPYIOIIMX MEMOpPaHy, OHA BbI-
TIISLIAT MOJ00HO MO3auKe.

B pamkax maHHO# MOJien MeMOpaHa pacCMaTpUBAETCS KaK CIOKHasI, reTe-
pOTeHHAasl, TUHAMHYECKasi, BBICOKO KOOMNEepaTHUBHAs cucrteMa. CxeMaTh4ecKu
KUIKO-MO3auYHAsI MOJIeNIb MEMOpaHbI MpejcTaBieHa Ha puc. 3.8. Mosexysip-
Hasi OpraHu3anus MeMOpaHbl MOXKET U3MEHSTHCS MO/ JEHCTBUEM (DU3UYECKUX
(GhakTOpOB M XMMHUYECKHX areHTOB, YTO, B CBOIO OYepe/lb, MOXKET BJIMSITH Ha
(GyHKIIMOHUPOBAHUE KIETKHU.

VrineBsonHas LeMnb

[ nukonunung

Hurerpanbhbiii [lepudepuueckuii UHTErpanbHbIi
0enok Oenok TJIMKOIIPOTENH

Puc. 3.8. Kunko-mo3zanunas MoJesib OOIOrHIecKOil MeMOpaHbl

[Tocnenyroniue yToOUYHEHUS KUIKO-MO3aMIHOM MOJIENH MPEJJI0KEHBI HA OC-
HOBE pE3YyJIbTaTOB JKCIEPUMEHTAIBHBIX M TEOPETHUYECKUX MCCIEIOBaHUM,
c(hOKyCHPOBaHHBIX HA HEKOTOPHIX CHEMU(UUECKHX acleKTax MeMOpaHHON
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cTpykTypbl. Tak, S. M3paenamBuin NPeaNoONOXKUi, 4TO OCJIKH M JIUTIHJIBI
JOJDKHBI «IIOACTpauBaThCs» APYT K aApyry, J. Cakman oOpaTusl BHUMaHHE Ha
3HAYMMOCTh B CTPYKTYpE MeMOpaHbI IIMTOCKEJIETa U TJIMKOKAIUKCa U T.]I.

DKCNEPUMEHTAIbHbIC JaHHbIE O MPOCTPAHCTBEHHON OpraHU3aluy U JIMHA-
MHUYECKOM TTOBEJICHUH OCJIKOB M JIMIUIOB B TIa3MaTHUECKON MeMOpaHe, ToJTy-
YEHHBIE B TMOCIEIHHUE TOAbI C MOMOIIBI OMOPU3UYCCKHX U OMOXUMHUCCKUX
METOJO0B, ITO3BOJISIIOT MPEJIOKUTH JAJTbHEHIIIEE YTOUHEHUE MOJEIA CTPYKTYp-
HO-ITMHAMHWYECKOW OpraHu3aIiui MeMOpaHBI.

3.5.2. XXupgko-mo3an4yHasa nomMeHHo-padhToBas moaesib
Guonorn4yeckom memopaHbI

Kunko-mo3anyHasi MOJIEb MPEACTABISIET COOON MOMBITKY CO3/1aTh KapTH-
HY JIBYXMEPHOW OpraHu3aluy OEJIKOB U JIMIHJIOB B MEMOpaHE M OMUCHIBACT
IUIa3MaTHYECKyI0 MEMOpaHy Kak MyJbTUKOMIIOHEHTHYIO cpeay (pyHKIIMOHAIIb-
HO aKTHUBHBIX OEJIKOB, pacpeIeIEHHBIX B JIMITUTHOM OUCIIOe MEMOpaHHI.

OnHako JaHHas MOJENb HE YUUTHIBAeT (DYHKIMOHAIBHOTO 3HAUCHUS (PU3H-
YECKOM IreTepOreHHOCTH B JUIUAHON opraHu3auuu memopas. JlatepanbHas re-
TEPOTCHHOCTh JIMMTUAHOTO OHMCIION OMpeAemnseTcs] TMHAMUYECKOW HEOTHOPO/I-
HOCTBIO pacrpeieNieHus JIUMUIHBIX MOJIEeKyJ. B mmockoctn MmeMOpaHbl Beie-
CTBHUE TEIIOBOTO JIBMKEHHS BO3HUKAIOT aHCAMOIW JIMIHUIHBIX MOJEKYI, (Hop-
MUPYIOIIMX B pe3yJbTaTe B3aUMOJECUCTBUS JOMEHHYIO CTPYKTYPY JHUIUIHOTO
MOHOCIOS. JIUMKIHbIE JOMEHBI XapaKTePU3yITCs ONPEIEICHHBIMH pa3MepaMu
U BpPEMEHEM J>KHU3HM MOJIEKYJ B JoMeHe. JIoMeHBbl MOTyT mepeMenaThCs B
IUIOCKOCTH MeMOpaHbl Kak 1eioe. du3nueckrue CBOWCTBA JOMEHOB BO MHOI'OM
OTIPEIEISIIOTCS TUTTUIHBIM COCTABOM.

Jlunamudeckas KapThuHa 0Opa3OBaHMS MEMOpPAHHBIX MHKPOJOMEHOB ObLIa
noctyinpoBana CakmanoM eme B 1970-x rr. HexkoTopsle n3 1oMeHOB, conep-
KAIIUX BBICOKYIO KOHIICHTPAIMIO XOJIeCTepHUHA U CPUHTOTUTTUIOB U UMEIOIITIX
BBICOKYIO YCTOMYHMBOCTh B MEMOpaHe, ObIITN Ha3BaHBI «JIUMUIHBIMHA padTaMu))
(anrm. raft — mot). Hemenkuii yuensiii K. 3umonc B 1997 r. BeILIBUHYJ TeO-
PHIO «JTUMUAHBIX padTOB», B paMKaxX KOTOPOH JHMUIHAs MeMOpaHa paccMmart-
pUBaeTCs KaKk JAWHAMHYHAS, OBICTPO M3MEHSIOMAsCS CTPyKTypa. OTAenbHbIe
obJsiacT MeMOpaHbl OPraHU30BaHbl B JOMEHBI, 00OTAIIEHHBIE XOJIECTEPUHOM, U
UMEIOT OOJIBIIYI0 MIOTHOCTh, YEM OCTajlbHas 4acTb MeMOpaHbl. JlumumHbie
noMeHbl (padTel) crtocoOHBl ¢cBOOOHO nperidoBaTh B MeMmOpane. C JIUMHIHBI-
MU JJOMEHAMHM CBsI3aHbI HEKOTOpBIe Oenku (puc. 3.9).

['umore3a MUNUAHBIX PAaPTOB MOAKPEIUIACTCS TEM, YTO JIMIULI B IUIa3Ma-
TUYECKON MeMOpaHe UMEIOT PU3nUecKr 000CHOBAHHYIO TEHICHIIMIO K KJIacTe-
puzanuy (MUHUMHU3AIKS CBOOOTHOM YHEPTUU CUCTEMBI), YTO TIPUBOJIUT K JIaTe-
pajbHOM TE€TEPOreHHOCTH IUIa3MaTUYECKO MeMOpaHbl, BO3HUKAIOUIEH, Ha-
npuMep, u3-3a 0oJiee MIOTHOM yIMaKOBKU XOJECTEPUHA C HACHIIIEHHBIMUA M MO-
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HOHEHACBIEHHBIMU (OCHOIIUNUIAMHU, YEM C MOJUHEHACHIIIEHHBIMU (ocdo-
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Puc. 3.9 . CxemaTnueckoe n300pakeHHe JTUIUIHOTO
nomeHa (padra)

B nocnennue roapl HaOMIOJAETCs pe3KOE YBEIUYEHHE MHTEpeca K JIUMUA-
HBIM padTaM. ITa 00yCIOBJIEHO TE€M, YTO TMIIOTE3a JIMMUIHBIX PapTOB CBS3bI-
BaeT (yHKUHMOHAIbHBIE CBOMCTBA MEMOpPAH C JIaTepaJbHOW T'e€TepOr€HHOCTHIO
MEMOpaHbl U1 MOXET OOBSICHUTH MHOTHE MPOIECCHI, MPOTEKAIOUIUE B KIIETKE.
[Ipeanonaraercs, 4To JUMUIHBIE paQThl UTPAIOT BAXKHYIO POJIb B Pa3IUUYHBIX
(U3HOTOTUYECKUX TPOIIeCccax, BKIIOYAs KICTOUYHYIO are3wi0, BHEJPEHUE Tia-
TOT€HHBIX BUPYCOB M OaKTEepHii, 3allyCK KJIETOYHOTO OTKJIMKA (OT aKTHBAIIUU
KJIETOYHOT'O JIEJICHHSI J10 arloITo3a).

Pa3BuTrEe HOBBIX METO/IOB UCCIEIOBAaHUS apXUTEKTYpbl MEMOpPaH MO3BOJIM-
JI0 OOHAPYKUTh JIMIIUIHBIE JOMEHBI B KJIETOYHBIX MEMOpaHax. YCTaHOBIIEHO,
YTO JIMIUAHBIE paQThl UMEIOT Majbie pazMephl (Menee 50 HM). Jlunuael B MeM-
OpaHHBIX JOMEHaX ynakoBaHbI Oosiee IUIOTHO, YeM B OKpy:Karouleil He padro-
BoH (paze. TonmuHa padTOBBIX YUaCTKOB MEMOpaH, Kak MpaBuiIo, OOJIbIIE, YeM
TOJIIMHA OUCIIOA B XKUAKOH (hasze.

KpoMe xonectepyHa U COUHTOJIMOUAOB JUNUIHBIE padThl 0OOTaIIECHBI
MHOTHMH PELENTOPHBIMU OEIKaMU KJIETOYHOM MOBEPXHOCTH, a TaAK)KE MHOTH-
MU CUTHQJIBHBIMU O€JKaMHU, KOTOpbIE CBS3BIBAIOTCS PEIENTOPAMU U aKTHBU-
PYIOTCSI UMHU.

YcTaHOBIEHO, YTO PsAJl KOMIIOHEHTOB IJIa3MAaTHYE€CKOW MEeMOpaHbI HE pac-
TBOPSETCA NPU HHU3KHMX Temreparypax (+4 °C) B HEMOHHBIX JeTepreHTax, Ta-
kux kak TputoH X-100. [erepreHT-ycroiuuBbie (Qpakiuy KIETOYHBIX MEM-
OpaH oboraieHbl X0JIECTEPUHOM U COUHTOMHETUHOM M COJEPKaT P JIHUITH/I-
3asIKOPEHHBbIX OeNKoB, BKIIOUas riuko3uidocharuamnrnno3nton(GPI)-3asxo-
pPEHHBIE OEJKHU.

[locnennue mnpencTaBieHUss O pPA3ACCHUM JUOUAHBIX (a3 Ha KHUAKO-
yIoOpsiAOUEHHbIE L, U )KUJKO-HEYTOPSAT0UCHHBIE L, TO3BOJISIOT MPEANOI0KHUTH,
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YTO TaKW€ CTPYKTYpHbIC 00pa30BaHUsI UMEIOT MECTO B IJIA3MAaTUYECKOU MeM-
Opane. [loka3aHo, 4TO B 3aBUCUMOCTH OT THIIA KJIETOK 3HAYUTENbHAs 4acTb
ma3MaTudeckod MemOpansl (10 70 %) MOXKET HaxXxOAUThCA B KHIKO-
YHOPSATOYEHHOM L, COCTOSHHH. DKCIEPUMEHTHI C MOJIECIbHBIMH JIMITHIHBIMU
MeMOpaHaMH MPOAEMOHCTPUPOBAIIU, 4TO (aza L,, XapaKTepu3yroIascs BbICO-
KHUM COJEp>KaHUEM XOJECTEPUHA, TAKKE YCTOMYMBA K PACTBOPEHUIO OXJIAXK-
JICHHBIMHM HE MOHHBIMH JeTepreHTamMu. Takum oOpa3oM, Ia3zMaTudecKas MeM-
OpaHa, 1Mo Bcell BUAMMOCTU, OPraHN30BaHa B JIOMEHBI, JTUMHAHAS (Da3a B KOTO-
pBIX MOJO00HA >KUAKO-YHNOPSAIOYEHHOW JHNHUAHOM (a3e L, MOAETbHBIX MEM-
OpaH. B cBOI0 odepenb, JOMEHBI PACHPEIEICHbl B KUIKO-HEYIIOPSIA0YEHHOM
daze nmununoB (L,;). Hanpumep, 6enok Thy-1 (GPI-3asxopeHHbIil 0€lloK) u
raurmo3us; GM1 (chuHronumnum) B MOAEIbHBIX MEeMOpaHax, XapaKTepu3yro-
HIMXCA COCYIIECTBOBAHUEM pa3lieleHHbIX a3 L, u L,, pactpeaensroTcs npe-
NOYTUTENBHO B a3y L,, B TO BpeMsl KaK JIUMUJBI ¢ KOPOTKUMHU HIJIM HEHACHI-
HICHHBIMU aIlWJIbHBIMU LETSIMU U OOJIBIIMHCTBO TPAaHCMEMOpaHHBIX OEIKOB,
HA000POT, UCKITIOYAIOTCS U3 ATOU (Pa3bl.

C Touku 3peHUs TePMOAMHAMHUKHU (haza BCeraa SBISETCS MaKpPOCKOMHYe-
CKOM CHCTEMOM, cocTosimie u3 0oploro uucia Monekyn. Eciau mpenmosno-
KHUTb, 4TO pasmep aomeHa cocrasiseT 8—10 HM, To B HeM conepxkurcs ~30—40
MOJIEKYJT JIUMUI0B U ~6—10 OenkoBbIX Mosiekysl. Takum oOpa3om, KaxIbli OT-
JIENbHBIA JIOMEH HE MMEET JOCTATOYHOTO YHCIIa MOJEKYJ JUIsl TEPMOIUHAMU-
yeckoro ompeaenenus ¢aspl. [loaToMy MOXHO CuUWTaTh, YTO JKHJIKO-
ynopsiioueHHas pa3za B MeMOpaHe BKIFOUaeT Bce JOoMeHbl. OcTaBIascs 4acTh
MeMOpaHbl, OKpyKaromiasi padThl, MOKET pacCMaTPUBATHCA KaK TOMOTCHHAs
KUAKO-HEeynopsiaoueHHas ¢gaza. B OIIP-akcnepuMeHTax co CIMHOBBIMH MET-
KaM# OTIPEJEIICHO, YTO JUMUAHBIC padThl XapakTEepU3yIOTCS KOPOTKHUMH Bpe-
MEHaMU XU3HU. Monekynbl 1udQyHIupyoT B paT WIK U3 HErO 3a BpeMeHa
NopsiJIKa IECATKOB MUJIMCEKYH]T WU 1axke MeHblie (puc. 3.10).

Koapdunuent auddys3un Moiaekys JUMUIOB B KJIETOYHBIX MeMOpaHax (B
3aBUCHMOCTH OT THIIa KJIETOK U Thmna MemOpaH) B 5-50 pa3 HUXe, 4YeM B HC-
KYCCTBEHHBIX JIMIUAHBIX MeMOpaHax (numnocomax). [Ipu KOHIIEHTpUpOBaHUU
0eskoB B JoMeHax kodpdunmeHT auddy3un MOIEKyJ JIUIUI0B YMEHBIITACTCS.

B3aumoeiicTBie OTAENbHBIX JOMEHOB MOKET MPUBOJUTH K 0Opa30BaHUIO
arperaTtoB JIOMEHOB, B pE3yJIbTaTe YETro CO3AA0TCS YCIOBUS JJIsl B3aUMOJICHUCT-
BHsI OCJIKOB, CBSI3aHHBIX C padTaMHu, a, CJIEIOBATEIBHO, M 00ECTICUCHUS OIpe-
JICTICHHBIX (PYHKITMOHAIBHBIX CBOMCTB MeMOpaHbl. bblu mpoBeeHbl dKCTepu-
MEHTHI TI0 U3YYCHHIO U3MEHEHUS (DYHKITMOHAIBHBIX CBOMCTB MeMOpaH IMpH Uc-
TOIIEHUU TIO XOJIECTEPHUHY, YTO IMO3BOJIMJIO YCTAHOBUTH (DaKThl BOBJICUCHHS
JUTTUAHBIX paTOB B pa3IMuHbIC KIETOYHBIC MMPOTICCCHI.
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Puc. 3.10. Cxemarnueckoe n300paxeHUE TPACKTOPUH TTOCIIE-
JOBATCIIbHBIX HepeMemeHHﬁ MOJICKYJI JIMTIUJ0OB U3 TOMCHA B
JIOMEH B MOHOCJIO€

[Tpn ucnonb30BaHUM KOMOMHALIMKA METOJIOB C BBICOKMM pa3pelieHUueM H30-
OpaxeHul, (HIyopecUeHTHbIX METOJIOB aHaM3a U MAaTeMaTUYECKOro MOJIEIu-
pPOBaHUsI YCTAHOBJIEHO, YTO OEJIKOBBIE MOJIEKYJIbI KaK B padrax, Tak U OCTallb-
HOM yacTu MeMmOpaHbl pacrpefeneHbl HepaBHOMEpHO. [lomyudeHHbIEe NaHHBIE
CBUJIETEIBCTBYIOT O MPOCTPAHCTBEHHOM IeTEPOreHHOCTH OEIKOB B 000MX MO-
HOCJIOSIX U O KJIACTEPHU3alMU KaK paQTOBBIX, TaK U HE padTOBBIX OEIKOB.

Yactp (2040 % ot obmero uncna) GPI-3asxopeHHbpIx 6€IK0B hopMUpyeT
JIOMEHBI BBICOKOU MJIOTHOCTHU C paguycoM 4-5 uMm. To ecTh B MOJJ0OHOM JIoMe-
HE Ha MOBEPXHOCTU KJIETOK COJAEPKUTCA HECKOJIbKO Moiiekynl GPI-3askopen-
HbIX OenkoB. B wacTHOCTH, pazMep OENKOBBIX JIOMEHOB B IJIa3MaTHYECKOI
meM6Opane kinetok CHO BapbupyeT B o6mactu 5+20 aM. Paznuunbie n30¢popMbl
6enkoB Ras ¢popMupylOT BO BHYTPEHHEM MOHOCJIOE IJIa3MaTHYEeCKON MeMOpa-
Hbl KieTok CHO nomens! paguycoM oT 6 10 11 HM ¢ yuciIioM MOJeKyn Oenka
oT 6 10 8 B KaXJOM.

Takum 00pa3om, MOBEPXHOCTh KIETOYHOW MEMOpaHbl MOXHO MPEICTAaBUThH
B BUJIC KUJKOW MO3aWKH CO CTPYKTypaMu THUIA JOMEHOB M padToB (KHUIKO-
MO3aWyHas JOMEHHO-paToBasi MOJENb OHOJIOrMYecKo MeMOpaHbl (puc.
3.11).

3.5.3. [nHamuyeckas TBepAo-KapKacHasi XXMAKo-Mmo3anyHas
Moaenb 6buonornyecknx memopaH

HCCHGI{OB&HI/IC KJIICTOYHBIX MCM6paH IMO3BOJIMJIA YCTAHOBUTD, UYTO JII MHO-
TuX INIadMaTH4YCCKHUX M6M6paH XapaKTCPHBIM ABJIACTCA HAJIU4YHC OEJIKOBOI'O
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nuTockeneTa. B pesynbTare, Kak MpaBuiio, HE KOBAJIEHTHBIX O€IOK-OETKOBBIX
B3aMMOJICUCTBHUI B MeMOpaHe QopMupyercs HenpepbiBHas MeMOpaHHas Oel-
KOBasi C€Th, BO MHOI'OM ONpPENEIAIOIas CTPYKTYpHbIE U (YHKIUOHAJIbHBIE
cBoiicTBa MemOpaHbl. Hampumep, y spuTpouuTapHOii MeMOpaHbl HENpPEpbIB-
HbIH OEJIKOBBIM KapKac COCTOUT U3 CHEKTPUH-aKTMHOBOM CETH, HE KOBAJECHTHO
CBSI3aHHOW C MHTETpaibHbIMH Oenkamu (Oemok mosiockl 3). M3BecTHa ompene-
JSOIIast pojib Kapkaca B MOAJEPKaHUU (OPMBI, OCMOTHUYECKON YCTOWYMBOCTU
U MEXaHUYECKOU Je(pOpMUPYEMOCTU IPUTPOLIUTOB.

Puc. 3.11. )Kunko-mo3anuHasi JOMEHHO-padTOBast MOAEIb OMOIOTHYECKON MeMOpaHbI

Cornacuno C. B. KoneBy, «MemOpaHa ONMUCHIBAaETCS B BUJE HEMPEPHIBHOTO
TBEPIO-yIIPYroro OEJIKOBOTO Kapkaca, SYEHKH KOTOPOTO 3arOJHEHBI JIMITH/I-
HBIM OucioeM. benkoBwlii Kapkac mpeicTaBisieT co00M eIMHYI0 dHepreTuye-
CKYI0O CHCTEMY OTHOCUTEIHHO CJIa0bIX HOHHBIX, BOJOPOJHBIX, BaH-JIEP-
BaaJIbCOBBIX CUJI MEKIIPOTOMEPHOTO U BHYTPUIIPOTOMEPHOTO B3aUMOJCHCTBUS,
a 9acTh WHTETPAbHBIX OEJIKOB HE BXOJIUT B COCTAaB KapKaca M HAXOJWTCS B
TPAHCISLIMOHHO-CBOOOHOM COCTOSIHUNY.

[Ina3maTuyeckas MmemOpaHa pa3OUBaETCs IUTOCKEIETOM Ha KOMIAPTMEHTHI
pazmepoM ot 30 10 500 HM B 3aBUCHUMOCTH OT TUMNa KJIETOK. B komMnapTMeHTe
MOJIEKYJIbl COBEPIIAIOT OIrPAHUYEHHBIE TPAHULIAMHU JIBUKEHUS B JATEPAIbHOMN
IJIOCKOCTH, TIPU 3TOM JIaTepabHas MOJBUKHOCTh JOCTATOYHO BBICOKA, TAK KaK
aunuaHas (asza sSBISETCS KUIKO-HEynopsanodeHHOU L, Moinekynbsl nuddyH-
JUPYIOT B Mpefenax KOMIApTMEHTA, 3aTEM NEPEMEIIAIOTCS B IPYroi KoMIap-
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TMEHT U Tak jaiee. [lepeMenienre MoaeKyI U3 KOMIIAPTMEHTA B KOMITAPTMEHT
MPOUCXOJIAT 32 BpeMsi, Topa3zio OoJbliee, 4eM BpeMsl HaXOXKJIEHUSI B KOMIIap-
TMEHTE, U HOCSAT XapakTep MNPbLKKOBON auddy3uu (IIUTETLHOCTH Mpolecca
MEPECKOKA MOJIEKYJIbI MEXAY KOMIIAPTMEHTaMU ropas3fo OoJbile BpeMEHU Ha-
XOKJIEHUSI MOJIEKYJIBI B TIpe/iesiaX KaxJa0ro KoMmmnapTMenTa) (puc.3.12).

Puc. 3.12. TpaexkTopuu IBUKEHUS ABYX Pa3INYHbIX MOJIEKYJI JINIIUIOB
B IJIa3MaTHYECKON MeMOpaHe, yCTaHOBJICHHBIE SKCIIEPIMEHTAIBHO
(unpamu yxazaHO BpeMsi HAXOXKICHUS MOJICKYJIbI
JMITU/IA B K&KIOM KOMITAPTMEHTE)

Takum o0Opa3oMm, HalMuWe MEMOpPAHHOIO LMTOCKENeTa U YYeT KHUAKO-
MO3aUYHBIX CBOMCTB KOMIIAPTMEHTOB NPUBOIAUT K TUHAMHYECKOH TBEPIO-
KapKacHOM KUJKO-MO3aMYHOU MoJienin OuomeMOpansI (puc. 3.13).

Puc. 3.13. TBepao-kapkacHas XUIKO-MO3audHasi MOJIEIb
OHMOJI0THYeCKON MEMOpaHBI

OnHako B JaHHOM MPENICTABICHUU MOJIENb HE YUYUTHIBAET JIATEPAIBHYIO I'e-
TEPOreHHOCTh JIMMUAHOTO Oucios. [Ipu paccMOTpeHUH MOJENH C YYETOM MO-
JIEKYJISIPHOM I€TePOr€HHOCTH KOMIIAPTMEHTOB MOXHO 3aKJIFOYWTh, YTO JaTe-
panbHas auddy3usi THANBUAYATBHBIX MEMOpPAHHBIX MOJIEKYJ U MajbIX MOJIE-

80



KYJISPHBIX KJIACTEPOB B Tpejaesiax KOMIIAPTMEHTA pa3jindacTcs BechMa He3Ha-
YUTEJIbHO, TaK KaK B COOTBETCTBUU C THAPOAMHAMUYECCKON TEOPHEH B TAaHHOM
ciyuyae kodddumuent nuddysum cimabo 3aBUCHT OT pasmepa. B cuimy storo
MOJICKYJIBI, HaXOsIuecss B He padToBoil (haze, U MOJICKYJIbI, BKIIOYCHHBIE B
MaJtbie paThl, B Ipeaeax KoMIapTMeHTa Oy IyT B INTIOCKOCTA MEMOpAaHBI JIBH-
raTbCs MOJJ0OHBIM 00pPa3OM.

OnHako MPUCYTCTBUE OEIKOBOTO IUTOCKEIETA, B3aUMOJICUCTBHE €T0 C JIPY-
TUMHU WHTETPaJbHBIMU O€JIKaMHu, BO3MOXXHOCTH (DOPMHUPOBAaHMS B Mpeiesiax
KOMITAPTMEHTA KPYITHBIX JOMEHOB TPEOYIOT YTOUHECHHSI MOJCIIA OTIMCAHUS JTU-
HAMUYECKUX CBOMCTB MEMOpPAHHI.

benkoBeiii uToCcKeneT GOpMHpPYET MEMOpPAHHYIO CETh NMPAKTHUYECKH He-
MOJIBYKHBIX (110 CPaBHEHUIO C JIMITHIHBIMU MOJIEKYJIaMH B ¢aze L;) «IKopei»,
00pa3yrolux CTPYKTYpy, HAIOMUHAIONIYI0 JIUHAMUYECKHN «OENKOBBIN 3a-
O00p», KOTOPBIH PE3KO OTPAHUYUBAIOT JIATEPATBHYIO TOJIBH)KHOCTh KOMITOHEH-
TOB MeMOpaHbl. OT/IeIbHBIE MOJICKYJIBI MM Majible KJIacTephl MOTYT «IIpoca-
YUBATHCS» 4Yepe3 NUHAMUYCCKUE IIETU MEXIY «IITaKeTHHaMI» (MOJIEKYJIaMH
OCJIKOB), CBSI3AHHBIX C «3a00pom» (MeMOpaHHBIM CKEJIETOM), B TO BpEeMs Kak
OonpIKe KIAcTephl OYAYT MCHBITHIBATh CYINIECTBEHHOE COMPOTHBIICHUE TIEpe-
MeleHuto (puc. 3.14).

Puc. 3.14. lunamuyeckas TBEpAO-KapKacHasi *KUJKO-
MO3anvHasi TOMEHHO-padTOBast MOJIEh OMOIOTUIECKOM
MeMOpaHBI

VYcTaHOBIEHO, UTO pa3Mep IIETU MEXIY «IITaKeTHHAMU» B «3a0ope» s
Pa3IUYHBIX THMAaX KIETOK B CPEJHEM COCTaBisAeT mopsiaka 2—9 um. M3ydeHa
TpaHcasuoHHas nuddys3us npeanosaraeMbeix padTOBbIX U HE padTOBBIX MO-
JICKYJT ¥ YCTAHOBJICHO, YTO OMPENCISIOMUMA (HaKTOpaMu OTPAHUYCHUS CKOPO-
CTH JIaTepanbHOU MU Py3un MEMOPAHHBIX KOMITIOHEHTOB SIBJISIOTCS CTPYKTYPHI
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THUIIA TPAHCMEMOPAHHBIX SIKOPEH.

Takum 00pazoM, MojeNb MEMOpPaHbI B 3aBUCUMOCTH OT TOI'O, YUYUTHIBAETCS
WJIM HE YYUTHIBAETCS MOJIEKYJISIPHAS T'€TEPOr€HHOCTh B KOMIIAPTMEHTAX, MO-
KEeT OBITh Mpe/cTaBlieHa JMO0 Kak TBEPAO-KapKacHAasl RKUIAKO-MO3aU4HAsT MO-
JieNb, TMOO0 KaK TBEpJO-KapKacHas *KHUJAKO-MO3au4Hasi TOMEHHO-padToBast MO-
Jeb.

NMABA 4. PELUENTOPHbIE N CUTHAJIbHBIE
®YHKUMNN BUOJIOMMHECKUX MEMBPAH

4.1. POJ1Ib BUOJTIOTMYECKUX MEMBPAH B MNMPOLIECCAX
PEUENUUWA N OBPABOTKUA UHPOPMALIUU

OaHUM U3 OCHOBHBIX CBOMCTB >KMBBIX CHUCTEM SBIISIETCSI UX CIOCOOHOCTH
npUHUMAaTh, 00padaThIBaTh U NepeaaBaTh nHbopmanwuio. [Iporeccs perenimu
1 00paboTKM MH(MOPMALIMK MPOTEKAOT KaK B OJHOKJIECTOYHBIX, TAK U B MHOTO-
KJIETOYHBIX OpraHu3Max. B MHOTOKIIETOYHBIX OpraHH3Max B MPOIIECCE IBOIIO-
UM TPOM30ILIA CIeNUaNu3anusl (YHKIUH pa3IUYHbIX TUIOB KIETOK. [lpu
3TOM KJIETKH TPUOOpeNnH CHOCOOHOCTh pearupoBaTh M3MEHEHHEM (YHKIIHO-
HAJIbHOM aKTUBHOCTU W MeTaboim3Ma He TOJNBKO Ha (DaKTOPHI OKpYKarolien
cpenbl (Kak B OTHOKJIETOYHBIX ), HO M Ha M3MEHEHHUS, TIPOUCXOIAIINE B IPYTUX
KJIETKaX.

Cucrembl peuenuuu u o00paboTku MHGoOpManKK, (GYHKIMOHUPYIOIIME B
YKUBOTHBIX U PACTUTEIBHBIX KJIETKaX, OCHOBAHBI Ha €AMHBIX MpUHIMIIAX. Kiro-
YeBYIO POJIb B MpoIleccax mpruema, 00paboTKu U nepenayn uHpopMaluu urpa-
10T Ononornyeckue MeMOpansl. [lepenaua curuanoB Mexay KiIeTKaMu Ocylle-
CTBJISIETCS] C IOMOIIBIO MIEPBUYHBIX MECCEHIKEPOB (MOCpeAHNKOB). B kauecTBe
MEPBUYHBIX MECCEH/KEPOB BBICTYMAIOT PA3IMYHbIC XUMHUUYECKHE COCAMHEHUS
(paxTopsl pocTa, TOPMOHBI, HEUPOTPAHCMUTTEPHI U JIp.) U (pusndeckue GakTo-
pBl (CBET, dJEKTpUYECKOe Toyie W Jnp.). Penennus nepBuyHOM WHOOpMAIUU
OCYIIECTBIISICTCSI, B OCHOBHOM, Pa3IMYHBIMU KOMIIOHEHTAMH IJIa3MaTHYECKON
MeMOpanbl. OJJHAaKO BO3MOKHA pelenuus MHPOpMALMK KIETKON 0e3 ydacTus
KOMIIOHEHTOB IlJIa3MaTuueckol memOpansl. Hanpumep, runpodoOHbIE cTepo-
UHBIC U TUPEOUTHBIE TOPMOHBI CIOCOOHBI MU PYHIUPOBATH Yepe3 JIUITHTHBIN
OHCIION M B3aUMOJEHCTBOBATh CO CHEIHAIbHBIMU O€lIKaMU-PEenTOpaMu yKe
BHYTpH KJIeTKH. CleIyeT TakKe OTMETHTh, YTO PEIEIUs ePBUIHON HHPOP-
MaIli MOJKET OCYIIECTBIATHCA KOMIIOHEHTaMH MEMOpaH BHYTPUKIIETOUHBIX
opraneii. Hampumep, B3auMozeiicTBue KBaHTOB CBETa C MOJIEKYJAMU POJIOII-
CHHA MTPOUCXOJUT B MeMOpaHe IUCKOB (DOTOPELENITOPHBIX KIETOK. AKTHUBALIMS
PUAHOAMH-YYBCTBUTEIBHBIX PELENTOPOB SHOIIIA3MATHYECKOTO U CAPKOILIa3-
MaTHYECKOTO PETUKYIyMa MOXKET OCYIIECTBIISITHCS HE3aPSHKEHHBIMA HU3KOMO-
JEKYJISIPHBIMA HEOPTaHUYECKUMH COCIMHEHUSMH, CIIOCOOHBIMU TUDGYHIUPO-

82



BaTh uyepe3 JUIUJHBIA OUCION IIa3MaTUYEeCKOM MEeMOpaHbl, TAKUMHU Kak Tie-
POKCHJI BOJIOPOJIa UJIU OKCHJI a30Ta.

[Tocne peneniuu MEpBUYHBIX MECCEHIKEPOB KOMIIOHEHTHI OMOJIOrMYECKOM
MeMOpaHbl OCYHIECTBISIOT 00padOTKYy M yCUJIEHHE MOJIyYeHHOTO CUTHAaa, Tie-
peaadya KOTOPOro Ha BHYTPHUKJIETOYHBIE MUIIEHH HPOUCXOJIUT C TMOMOIIbIO
BTOPUYHBIX MECCEHKEPOB. B KauecTBe BTOPUYHBIX MECCEHIKEPOB BBHICTYTA-
0T XUMHUYECKUE COCIWHEHHUs, OOJaJaroniie OTHOCUTEIHHO HEOOJBIION IO
CpaBHEHUIO C OMOMOJIMMEpPAMU MOJIEKYJISIpHOM Maccoii. OCHOBHBIMU BTOpPUY-
HBIMH MECCEHXJEpPaMH B KIIETKAX SBIAKOTCS UHUKIWYECKAN aJC€HO3UH-S -
MoHOopochar (MAMD), nukmueckuit ryano3us-5’-morodocdar (1l M), no-
HBI KaJbIIUS (Ca2+), muarunrautepon (JADN), docharnaunurozuton-1,4,5-
tpudochar (OPUD;), apaxugoHoBas kuciora, okcua azota (NO) U mepokcus
Bogopona (H,0O,). TlockonbKy rpymnmna BTOPUYHBIX MECCEHIKEPOB (B OTIMYUE
OT MEPBUYHBIX) HEMHOTOYMCIICHHA, KOAUPOBaHUE crienuduyeckoir nHpopma-
[IUU OCYUIIECTBIISIETCS ITyTEM PETYJISIIIUU UX BHYTPUKJIETOYHOM KOHLIEHTPAIUH.
[Tocne oOpa3zoBaHusl BTOPUYHBIA MECCEHKEP OBICTPO (MO CpaBHEHUIO CO Bpe-
MEHEM Iepefauu curHaia) meradonusupyercs. OCHOBHYIO poiib B PETyISIIUU
KOHIIEHTpAI[MH BTOPUYHBIX MECCEHXKEPOB BBITIOIHSIIOT KOMIIOHEHTHI T1a3Ma-
THYEeCKOH MeMOpaHsI (a B cinydae Ca’’ — TakKe KOMIOHEHTBI MHTOXOHIPHAb-
HOW MeMOpaHbl, MEMOpaHbI YHIOTUIA3MATUYECKOTO U CapKOILIa3MaTHYECKOTO
perukyinyma). PaccMorpum Oosee moapoOHO MPUHITUIIBEI U MEXaHU3MBI (PyHK-
LUOHUPOBAHMSI MEMOPAHHBIX CUCTEM IOIY4YEHUsI U 00padOTKN MH(POPMALIHH.

4.2. PELENTOPbI BUOJIOTMYECKUX MEMBPAH

B mnazmatnyeckux memOpaHax Mpo- M dYKAPUOTUUECKHX KJIETOK JIOKAJH-
30BaHbl CHEIUATM3UPOBAHHBIC PEIENITOPHBIE CUCTEMBI, 00ECTICUNBAIOIINE y3-
HaBaHUE MEPBUYHOTO CUTHAJIa U aKTUBAIIMI0O MEMOPAHHBIX CUCTEM YCUJICHUS U
nepeaauu curtana. B Hacrosiiee Bpemsi 00Hapy»keHo 6oiiee 20 cynepcemMencTs
PELENTOPHBIX OEJIKOB CO CXOJIHOU CTPYKTYpPOM, B3aUMOJIEUCTBYIOIIUX C OIpe-
JIEJICHHBIM THUIIOM XMUMHUYECKUX WU (PU3UYECKUX CTUMYJIOB. [Ipumepnl cTumy-
JIOB M MX PELENTOPOB MPEACTaBIEHBI B Ta0M. 4.1.

B 3aBucumocTH 0T (hyHKIIMOHATBHON aKTUBHOCTH PELIENTOPHI MJIa3MaTuye-
CKOM MeMOpaHbl MOKHO Pa3/IeNIuTh HA HECKOJILKO IPYIII:

e Penenrtopsl, conpsokennsie ¢ G-Oenkamu;

e Penentopsl-MOHHBIE KaHATIBI,

e Penentopsl ¢ cOOCTBEHHOM PEePMEHTATUBHON AKTUBHOCTBIO.

PaccmoTpum 3Tu THIBL perienTopoB. Penentopsl, conpsikeHHbie ¢ G-Oenka-
MU (cokpamienHoe obozHaueHue — GPCRs ot G-protein coupled receptors), me-
pEaT CUTHAJl OT MEPBUYHBIX MECCEHKEPOB K BHYTPUKIECTOYHBIM MHILIECHIM
¢ noMouisio 0enkoB, odnagaromux I Tda3HOIT aKTHBHOCTBIO.
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Tabnuya 4.1

IlepBu4HbIe MecCeHKePbI M MX pelenTopbl

Tun akTUBaTOpa perenTopa |

[TprMeps! KIETOYHOTO OTBETA

HOTCHIII/IaJI-yIIpaBJIHeMbIe HOHHbBIC KAHAJIbI

DJIEKTPUYECKOE MOJIE

M3menenne MeMOpaHHOTO OTEHIIHAJIA

DNEeKTpUYECKOe ToJIe

W3MeHeHne BHYTPUKIETOYHON KOHIEHTpAauu
+
oroB Ca’

.]II/Il"aH}l-yl'lpaBJ'lﬂeMble HMOHHBbIC KAHAJIbI

AIeTUIXOINH

3mMmeHeHue MeM6paHHOI‘O IIOTCHIMAJIa

Y-aMHHOMacCJIsIHag KHMCJI0Ta

M3menenne MeMOpaHHOTO MOTEHIIMAJIA

N-merwi-D-acniaprat

M3meHeHne MeMOpaHHOTO MOTEHITHANIA

I'munun M3menenne MeMOpaHHOTO OTEHIIMAJIA
CepoTOHUH M3meHeHne MeMOpaHHOTO MOTEHITHANIA
PenenTopsl, conpsizkennble ¢ G-0ej1kamMu
AnpeHanuH AKTHUBaIUA TITMKOT€HOIN3a, UHTHOMPOBAHNE
CHHTE3a IIMKOTeHa
AIpEHOKOPTUKOTPOTIH CtuMyisiist OMOCHHTE3a U CEKPEIIHH CTEPOUI-

HBIX TOPMOHOB

Anrnorensud 11

CruMyIsinus CEeKpeu ajlbI0CTEPOHA, COKpallle-
HUE IJ1aIKOH MYCKYJIaTyphl

bpanukuana CTuMyISIIMS KAIIEYHOW CeKpEelrn

Basomnpeccun M3meHeHre MpoHUIIAeMOCTH MOYEUHbBIX KaHaJb-
1IEB JJIs1 BOJIbI

['mroxaron AKTHUBaIUA TITMKOT€HOIN3a, UHTHOMPOBAHNE

CHHTE32a TJIUKOTeHA, CTUMYJISIIUS KUIICYHOH CeK-
peuuu

WHtepneiikuH §

XeMOTaKCHUC JICHKOIIUTOB

Kanpuurosnun

WNurubupoBanne pecopOIuy KalbIs U3 KOCTHOM
TKaHU

Mert-3HKeDannH

CHuxenme 00JIeBbIX OIIYIIEHUN

CepoToHMH CtuMynsuys KMILIEYHON CEKPELMH

ComarocTtaTuH NHrnbupoBanme ceKperiu TOPMOHOB POCTa, HH-
CYJIMHA U IJIIOKaroHa

TpomOun AKTHBaIus TpPOMOOIIUTOB

DOTOHBI I'eneparus moTeHIMaNa ASHCTBHSI B oTOpEIIET-

TOPHBIX KJICTKAX

PenenTopbl ¢ THPO3MHKHHA3HOMH AKTHBHOCTBIO

WNHTtepneiiknu-2

Crumynsiuus pocTta IMMQOIUTOB

WNurtepneiikun-3

CTI/IMy.]'ISII_[I/ISI pocTa reMOmnoO3THYCCKHUX CTBOJIO-
BBIX KJICTOK

WNuTtepdepon y

DKCIpeccusi TeHOB B Makpodarax u TuMQoIuTax

Nucynun

Perynsuus TpaHcnopTa IiIt0K03bI B KIETKY, CTH-
MYJISILIMM KaTaboJIM3Ma YTIJIeBOI0B

HeiiponanbHblil pakTop pocTa

JuddeperurpoBka u poct HEHPOHOB

[IponakTun

CTI/IMYJ'IHI_[I/IH cHHTe3a OEJIKOB MOJIOKA

SnuaepManbHBIN GakTop pocTa

[Mpomudepanus u quddepeHIpoBKa SITUTEITH-
QIBHBIX KJIETOK
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Oxonuanue maobn. 4.1
IlepBUYHbIE MecCCEHTKePHI U UX PeleNTOPbI

Tun akTUBaTOpa perenTopa | [TpumMephl KJIIETOYHOTO OTBETA
NuTerpunsl
OuOpOHEKTUH Perynsiuus k1eTo4yHON MOABUKHOCTH U DKCIIPEC-
CHHU I'€HOB
CeJleKTHHBI
MynuHbI ‘ Perynsaums kjieTouyHOM aare3nu
Kaarepunsi
Kanrepunsr KonTtaktHOE HHTHOMpOBaHKE TIPOTUEpaAITUH
KJIETOK

MemOpaHHbIe penenTopbl I'YaHHJIATIHHKJIA3bI
IIpencepnHblil HaTpuiypeTudeckuil | Junaranus cocynoB

bakTop
PenenTopbl cepuH/TPEOHMHOBBIX KHHA3
AKTHUBHH Pa3BuTHe Me301epMBbI
Tpancdopmupytrommii paxktop poc- | 3amepikka pocTa KIETOK, pPa3BUTHE BHEKJIETOYHO-
Ta-f ro MaTpHKca

[TepBuunbiMu curHanamu st GPCRs ciayxatr camble pa3HOOOpa3HbIE MO-
JIEKYJIbI, CPEIN KOTOPBIX HU3KOMOJIEKYJIIPHBIE TOPMOHBI M HEUPOTPAHCMUTTE-
pBl (HampuMmep, aJApeHaaInuH, HOpaJpEeHAINH, alleTUIIXOJIUH, CEPOTOHUH, THCTa-
MUH), OITMOU]IbI, TOPMOHBI MENTUAHON U OEIKOBOW MPUPObI (aJPEHOKOPTUKO-
TPOIIMH, COMAaTOCTaTHH, Ba30MPECCUH, TOHAJOTPONHNH), @ TAKKE MHOTOYHCIICH-
HbI€ XMMHUYECKHE COCIUHEHUs, aKTHUBUPYIOIIHUE OOOHSTENbHbIE U BKYCOBBIE
CEHCOpHBIE KJIETKHM. Penenuus KBaHTOB CBETa OCYLIECTBIISETCS MUTMEHTOM
(GoTOpELEeNTOPHBIX KIETOK POJIOTICUHOM, TaKXe€ OTHOCALIMMCS K peLenTopam
STOM PYMIIBI.

Crnenyer y4ecTh, 4TO OAMH U TOT K€ IEPBUYHBIN CUTHAJI MOXKET HHULIUAPO-
BaTh Iepeaady CUTHajla 4yepe3 HEeCKOoJIbko (MHorna Oosee 10) pa3sHbIX THIOB
GPCRs. U ecnu uncno pa3nuuHblx TUIOB BHEMHUX curHanos miist GPCRs co-
CTaBJISIET HECKOJBKO JIECATKOB, TO CAMUX TaKMX PELENTOPOB MU3BECTHO Ooiee
200. ITpu Bcem paznoodbpazuu GPCRs npencrapistor co60il MOHOMEpPHbBIE WH-
TerpajbHble MeMOpaHHbIe OEJIKH, OJIUIENTUIHAS IENb KOTOPBIX CEMb pa3 Ie-
peceKkaer KJIeTouHyo MemMOpaHy. Bo Bcex cilydasix y4yacTOK pelentopa, OTBET-
CTBEHHBIN 3a B3aUMOJICUCTBUE C MEPBUYHBIM CUTHAJIOM, JIOKAJIIN30BaH C BHELI-
HEl CTOPOHBI MEMOpAaHBI, a y4acTOK, KOHTaKTUpyromuii ¢ G-0enkoM, — Ha ee
LUTOIIa3MaTUYECKON CTOPOHE.

PenienToppl-noOHHBIE KaHAJIBI — 3TO UHTErpajbHble MEMOpaHHBIE OENIKH, CO-
CTOALIIME U3 HECKOJbKUX CYOBEIMHHUI, MOJUNENTHIHAs LEMb KOTOPbIX HE-
CKOJIBKO pa3 MepeceKkaeT KIETOYHYo MeMOpaHy. OHHU JEHCTBYIOT OJIHOBpE-
MEHHO M KaK MOHHbIE KaHaJbl U KaK PELENTOPbl, KOTOPbIE CIIEHU(PUIECKH CBS-
3bIBAIOT MEPBUYHBIE MECCEHKEPHI, M3MEHSIOIINE WX HOHHYIO (KaTHOHHYIO
WIM aHHMOHHYIO — B 3aBHCHMOCTH OT THIIa PELENTopa) NpoBOAMMOCTh. Penen-
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TOPBI JAHHOT'O TUIIA UCIIOJIB3YIOT B KAYECTBE MEPBUYHBIX CUTHAJIOB HEKOTOPHIE
HEHPOTPAHCMUTTEPHI, OTBEUAIOIINE 32 CHHANTUYECKYIO MEpeaady B dJIEKTPH-
YeCKU BO30OYAMMBIX KileTKaX. HeKoTopble BHYTPUKIIETOUHBIE OPraHEeIIbl TaKkKe
coziepKaT PelenTOPbI-MOHHBIE KaHAJIbl M aKTUBAIUS 3TUX PELIEITOPOB OCYIIe-
CTBJISIETCS] BTOPUYHBIMU MECCEH/IKEPaMHU.

YerBepTHUHAsL CTPYKTypa PELENTOPOB, aCCOLMUPOBAHHBIX C (DePMEHTATHB-
HOIl aKTHBHOCTBIO, BECbMa pa3HOOOpa3Ha. 3a HEKOTOPBIMHU HCKIIFOUEHHSIMHU
OHU TPEACTABISAIOT cO00M 1100 MOHOMEPHI, KOTOPBIE MPH CBA3BIBAHUU C HUMU
NEPBUYHOTO MECCEHKepa AUMEPHU3YIOTCS, JIMOO ONMUroMepsl, oOpa3oBaHHBIC
HECKOJIbKUMH CYObEeIMHUIIAMHU PAa3IMYHBIX TUMOB. [IpakTHyueckn y Bcex ITHX
pEeLEenTOpPOB MOJUIIENTUAHAS 1IEMb UX MOHOMEPHBIX CyOBEIMHUL NEPECEKAET
KJIETOUYHYI0O MEMOpaHy OJIMH pa3. Y4acTOK JJisi CBSI3bIBaHUS MEPBUYHOTO MeEC-
CeH/IKepa JIOKAaJIU30BaH Ha PELENTOpPe CO CTOPOHbI, OOpAIlEHHON BO BHEKJIE-
TOYHOE MpocTpaHcTBO. [lo MexaHu3My B3aMMOJIEHCTBUSA C IUTOILIA3MaTHye-
CKUMH MHILICHSIMH PELENTOPhl JaHHOTO THUIA Pa3estoTCs Ha JIBE TPYIIIHI.

[lepBas rpynmna BKJIIOYAeT pelenTopbl-PepMEHTHI, ¢ IUTOIIA3MATHUYECKON
CTOPOHBI KOTOPBIX HAXOJUTCS KATAIUTHUYECKHI y4acTOK, aKTUBHUPYEMBIN MpHU
JICCTBUHU Ha pEelLEenTop BHEIIHEro curtaia. K aTol rpymnmne penentopoB OTHO-
CUTCSI OOLIMPHOE CEMENUCTBO PELENTOPHBIX TUPO3MHKHHA3, CIIOCOOHBIX ayTO-
dbochopunupoBarbcsi, To €cTh (HocHOpUIUPOBATh CaMUX CeOsI IO THUPO3UHO-
BBIM OcTaTtkaMm U (ocPOpUINpOBaTh TUPO3UHOBBIE OCTATKH OEITKOB-MUIIICHEH.
[lepBast rpynma Taxke BKIIOYAET pEUEHTOPHI, 0OJamaromue Tupo3uHdocha-
Ta3HON aKTUBHOCTHIO, KOTOpbIE AePochHoprnupyroT (PocPOoTUPO3UHOBBIE OC-
TaTKu OeNKOB-MUllIeHE!. PelienTopHble TUPO3UHKUHA3BI U TUPO3UH(pOchaTazbl
BOBJIEKAIOTCS B PETYJIALMIO TAKUX BAXKHEUIIUX COOBITUM, KaK KJIETOYHOE JIelie-
Hue, nuddepeHIpoBKa U pa3BUTHE UMMYHHOro oTBeTa. Cieayer Takxke yka-
3aTh PELENTOPHbIE T'yaHWJIATIUKIIA3bl, KOTOPbIE KAaTAIU3UPYIOT CHUHTE3 BTO-
puaHoro meccenkepa Ul M@ uz I'TO. Peuentopsl JaHHOTO TUIIA YYAaCTBYIOT
B PETYJISIIIUU BOJHO-COJIEBOIO OOMEHA M TOHYCa COCYOB.

Bropas rpynmna paccMaTpuBaeMbIX PELENTOPOB COOCTBEHHOM (epmeHTa-
TUBHOW aKTUBHOCTBIO HEe 00sanaeT. O HAKO MpU IeWCTBUM BHEIIHETO CUTHAJA
OHU MPUOOPETAIOT CIIOCOOHOCTH CBSI3bIBATh LUTOIIa3MaTHYECKHe (HEe pelern-
TOPHBIE) TUPO3UHKHHA3BI, KOTOPHIE B CBOOOJHOM COCTOSIHUM HEaKTHUBHBI, HO B
KOMIUIEKCE C PEUENnTOpOM aKTUBUPYIOTCA U (POChHOpUIUPYIOT pPELenTop.
Bxmouenue (¢ocaTHpIX OCTaTKOB B TaKOM PELENITOP CO3JACT YCIOBHS IS
CBSI3BIBAHUS C HUM JAPYIHX OCIKOB-MHIIEHEH, KOTOpbIE Takxke pochopunupy-
I0TCA U YYacCTBYIOT B Ilepefadye U YCUIEHUU BHYTPUKIETOYHOrO CUTHana. B aty
IpyNIy BXOJAT PEUENTOpPbl, YYaCTBYIOIIUE B PA3BUTUM UMMYHHOTO OTBETa, a
MMEHHO: PeLieNTOPbl AHTUTEHOB U PELEITOPbI HUTOKUHOB.
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4.3. NUrAHA-PELLENTOPHOE B3AUMOLAENCTBUE

Kax11p1il mepBUYHBII MECCEHIIKEP CBSA3BIBAETCS CO CBOMM CHELU(PUUECKUM
peuentopoM. B3zanmoaeicTBre JIMranja ¢ pelenTopoM SIBISETCS BBICOKOCIIE-
IU(PUYIHBIM TPOLIECCOM, MOCKOJIBKY TUIMHYHBIC MEPBUYHBIE MECCEH]IKEPHI BbI-
3BIBAIOT (pU3HONOrHUecKre SGMEKTh yke MpH KoHIeHTpauusax B 1070 Mo/
(6 - 10" monexyn Ha mutp). Ecii IPUHSTH, 9TO TUIIMYHAS KIETKA UMEET [ua-
MeTp okoso 12 MKM 1 3aHEMaeT 00beM 1072 11, To B 3TOM 00BbeMe IPH yKa3aH-
HOM KOHLIEHTpaluu MOXeT HaxoauTcs 60 MoyieKyl (IUisi CPaBHEHUS YKaXeM,
YTO YHCIO HOHOB B TAKOM ke o0beMe pasHo 1,8 - 10", umcio monexyn ATO B
TakoM ke o0beMe MoxkeT mocturath 10'’, a unciio Mosekys1 BTOpUUIHOTO Mec-
cepkepa TAM® npu nepegaue nHGOPMAIMK OT TUTA3MATUYECKON MEMOpaHBI
K KIeTOuHbIM 3ddexTopam MoskeT goctrrats10°).

Peuenropsl 001a1at0T BBICOKUM CPOJCTBOM K JIMTaHAy, T.€. XapaKTepHU3y-
eTcs OOJBIION KOHCTAHTON CPOJICTBA, KOTOPAsk OMpPENesieTCs CIEeIyOIHNM 00-
pa3zom. [Ipu oOpazoBaHuuM JIHUraH-pelENTOPHOTO KoMiuiekca (LR) CBsI3bIBaHUE
muranza (L) ¢ peuentopom (R) Bcerga oOpaTUMO U OMKCHIBAETCS YpPaBHEHHEM
4.1):

ki1

L+R¢>LR. (4.1)
-1

B cocrositHum paBHOBECHSI, COTJIACHO 3aKOHY JIEHCTBYIOIIUX MacCC:

k [LI([Ry]1=[LR]) = k_,[LR], (4.2)

rae ki U k| — KOHCTaHThI CKOPOCTEM accolMaliiu ¥ JTUCCOLMAIUU JINTaH/I-
peLenTOPHOro KOMILIeKca, [Ry] — olliee 4nciio peuentopos, [L] — KOHIIeHTpa-
1Usl JIUTaHaa, [LR] — KOHIEHTpalus JTUTaHA-pelenTOPHOIO0 KOMILIEKCA.

KoHcranTa cposcTBa (OHa k€ KOHCTaHTa acCOLMAIIMK WM CBA3BIBAHUS) Xa-
paKkTepU3yeT COOTHOIICHUE MEXAY 3aHSATHIMU M CBOOOJHBIMH OT JIMTaHAA pe-
LENTOPaMU B YCJIOBUAX PABHOBECHS:

k. = Ky = LLR] : (4.3)
k. [LI([Ry]-[LR])

Otcroa BUAHO, YTO KOHIUEHTpAIUS JUTaHA-PEIENTOPHOTO KOMILIeKca Oy-

JIET paBHA

[LR]=k [LY([Ry]~[LR]), (4.4)
HJIN

[LR] [LR]

ek L] 1-=—= . 4.5

[R] | ]( [Ro]j o
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[LR]

PaznenuB 06e yactu ypaBHeHus (4.5) Ha ——, MoJaydaem
0
R
LR, ] k,[L]1=k,[L]+1 (4.6)
[LR]
17001
[LR] _ K [L]

[Re] 1+k[L] @7

HMcronb3yss BMECTO KOHCTAHTBI CPOJCTBA OOPaTHYIO €l KOHCTaHTY IHUCCO-
nuanuu k, = k_1/k.,, moaydaem
[LR] _ [L]
[Ry] Kk, +[L]
DTO ypaBHEHHE aHAJIOTMYHO KIACCHYECKOMY ypaBHEHHIO Mmuxasimca —

MeHTeH, IpeiyIoKEHHOTO ISl ONUCAaHUsI KUHETUKU B3aUMOJICHCTBUS CyOCTpa-
Ta ¢ GepMEHTOM:

(4.8)

[ES] _ [S]
[Ey] K, +[ST

rae [ES] — xoHueHTpamusi ¢pepMeHT-cyOCTpaTHOro KoMmiuiekcea, [Ey] — oOmras
KoHIIeHTpaIus hepmenTta, [S] — koHueHTpamus cyocrpara, ky — KOHCTaHTa JTUC-
couuanuu GepMeHT-CyOCTpaTHOTO KOMITJIEKCA.

N3 ypaBuenus (4.8) BUnHO, 4To npu k, = [L] 4uciao JIUrana-peuenTopHbIX
KOMITJIEKCOB PaBHO TIOJIOBUHE YHCIIA BCEX JOCTYIHBIX /IS CBS3BIBAHUS PEIET-
TopoB. Takum 00pa3oMm, KOHCTaHTa JUCCOIHMAIIMN paBHA KOHIICHTPAIUH JIH-
rafaa, Ipu KOTOPOW MPOUCXOUT CBSA3BIBAHUE JIUTAHIOB MTOJIOBHHOW PEIIETITO-
pOB.

JIist HaX0kIeHHs] KOHCTaHThI TUCCOIMAIUU ky UIIA OOpaTHOM €l KOHCTaHTBI
cpoacTBa k., Kak U B cilydae (epMEHTATUBHON peakluu, MOXKHO MPUOETHYTh K
koopauHaTtaMm JlaitnyuBepa — bepka. B atux xoopaunarax (1/[LR] — 1/[L]) ru-

nepOosinueckasl 3aBUCUMOCTh (4.8) MpUMET BUJ JIMHEHHON 3aBUCUMOCTHU (pHC.
4.1, a):

(4.9)

L ky 11
[LR] [Ry] [L] [R,]

I'padpux ¢pynxuuu (4.10) orcexaer Ha ocu abcuuce —1/k, =—k, , a Ha ocu

(4.10)

opauHaT — 1/[Ry]. OmHaKO 3aBHCUMOCTD KOHIIEHTPAIMH JTUTaH I-PEIIEITOPHOTO
KOMILUIEKCAa OT KOHIIEHTpAIlMU JINTAaHJla Yallle BCEro aHaJu3UpPyeTcs C MOMO-
uipto rpaduka Cxatuapaa. M3 ypaBuenus (4.5) nonyyaem
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@:kc[RO] 1_@ =—L-[LR]+@. (4.11)

[L] [R] ky ky
DT0 ypaBHEHHE XapaKTepU3yeT JUHEHHYIO 3aBUCUMOCTh MEXKy BETUIHHON
OTHOIIEHUSI KOJIMYECTB CBS3ABIIMXCA M CBOOOHBIX MOJICKYJ JIUTAHAAa M KOH-
IEHTPAIMEH JTUTraHI-perenTopHoro Komiuiekca (puc. 4.1, 6). I'paduk 3ok 11-
HUU NpEACTaBIAeT co00i NpsAMYIO JIMHUIO ¢ HaKIoHOM —1/k, =—k_, koTopas

OTCEKaeT Ha OCH OpAUHAT Benuuuny [Ry]/k,, a Ha ocu abciuce — [Ry].
MakcuMainbHasi JEUCTBYIOIIAsT KOHIUEHTpAlUs MEPBUYHOTO MECCEHKEpa,
KaK TPaBHIIO, He mpeBbimaet 10 Moms/1. B 9TOM cllydae KOHCTAaHTa AHMCCO-
nuarmu Oyaer UMeTh mopsiok 107 MONB/TI, a KOHCTAHTA CBS3BIBAHUS — COOT-
BercTBeHHO 107 (MOJB/) . DTO M UMEIOT B BUJIY, KOTJIA TOBOPST O GOJBIIOM
CPOJCTBE JUTaHAa C perentopaMu. J[ms OONBIIMHCTBA PEIIENTOPOB 3HAUCHHE
KOHCTAHTBI CPOJCTBA HaXoauTest B quanaszone ot 10°—10"" (mons/m) .

i A [LRV[L]
\  [Rollks
\1/[R0] tgo=—1/k, [Ro]
o \» / o
AN
VAN 1/[L] i
1k,
a 0

Puc. 4.1. Onpenenenre KOHCTAHTHI IUCCOIMAIIMY U OOIIETO YUCIIa PEIIENTOPOB
meroaoM JlaitnyuBepa-bepka (a) u meronom Cxatuapna (0)

B3auMopeiicTBUE JUTraHIOB € PEUENTOPAMU OCYILECTBIIAETCS B LEHTpax
CBsI3bIBaHUS TUraHaoB. Hanbonee yacTo HMEHTPHI CBS3bIBAaHUS 0Opa30BaHBI 3a
CUeT TeX € (PYyHKUHOHAJIBHBIX TPYNI aMUHOKHCIOT, YTO U CBS3BIBAIOIIUE
LHEHTPbl (PEPMEHTOB, TO €CTh KapOOKCUJIBHBIMHU TpylIaMu, aMUHOIPYIIaMH,
TUAPOKCUIIBHBIMU TPYIIIaMU, TUOJIOBBIMU TPYIIIAMH, UMHUAA30JIbHBIM SIAPOM
TUCTUIMHA U MHJIOJBHOW rpynmnoi Tpuntodana. OIHAKO CIEAYEeT OTMETHUTD,
YTO PELENTOPhl OTINYAOTCS O0JIee BBICOKOM CTENEHbIO CPOJICTBA K JIMTaHIaM,
geM (hepMEHTHI K cyOcTparam.

B GonblinHCTBE CilyyaeB MaKCHUMAaJIbHBIN KJIETOYHBIM OTBET Habitomaercs
IIpU CBSI3bIBAaHUM JIMTaHI0B ¢ MeHee, uem 100 % Bcex penentopoB, pacmolio-
KEHHBIX Ha KJIeToyHoW memOpane. Hampumep, TunuyHast 3puTpougHasi KieT-
Ka-TIpeJIIEeCTBEHHUK coaepkUT okosio 1000 peuenTopoB s 3pUTPONOITUHA.
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Tem He MeHee, I CTUMYJSIUMU Tponudepanud U AupdepeHIupPOBKU 3PUT-
POUIHBIX KJIETOK-MPEAIIECTBEHHUKOB HEOOXOIUMO CBSI3bIBAHUE MOJEKYJ IPH-
TPOINO3THHA TOIBKO co 100 penenTopamMu Ha NOBEPXHOCTHU KIIETKHU.

PaccmoTpuM, Kak U3MEHSETCS YUCIIO JIMTaHI0B, HEOOXOAUMOE JUIsl aKTHBA-
U Ipoiaudepauy SpUTPOUTHBIX KIETOK-TPEAIIECTBEHHUKOB B 3aBUCUMOCTH
KOJM4YecTBa peuentopoB. KoHcTaHTa aAvccOnManuy JUisl CBSI3BIBAHMS dPUTPO-
no3THHa K ero penentopy cocrassier 107" mons/n. KoHieHTparuo 1uransa,
HEOOXOUMYIO JJIi aKTHUBAlMU KJIETOK, MOYKHO ONPEIENUTh W3 ypaBHEHUS
(4.8), 1. €.

k
[L] :ﬁ. (4.12)
0

[LR]

Eciau yucno peuenropoB cocrasisieT 1000, To nus akTHBauuy KIETKU He-
00X0IUM 3pUTpONasTHH B KoHueHTparmu 1,1 + 107" mons/n. ITpy yMeHbIICHHH
yucia peuentopoB B 8 pa3z (125 peuentopoB Ha 1 KIETKY) JUIsl TOCTHXKEHUS
MaKCHMaJIbHOI'O KJIETOYHOTO OTBETa HEOOXOJHMMO YBEIMYUTH KOHIIEHTPALUIO
muraszaa 10 xorertpauun 4 - 107" Mous/1 (B 36 pas). Takum 06pa3oM, KOH-
YECTBO JIMT'aHJI0B, HEOOXOIMMBIX JIJIsl aKTUBALIMK KJIETOYHOTO OTBETA, OINpEe-
JsIeTCsl KOJIMYECTBOM PELENTOPOB HAa KIETOYHOM MeMmOpane. J[aHHBIN 3Tamn
TPAaHCAYKIMM CUTHAJIA MOXET PETyJIUpPOBATHCS W3MEHEHHEM KOHLEHTpaluu
JIMTaH0B U PELENTOPOB.

W3MeHeHne KOHILIEHTpAalUK JIMTaHa IIPOUCXOAUT B PE3yJIbTaTE MPOLECCOB
CHHTE3a W Jerpajaluu Jurania cneuuduueckumu gpepmentamu. Jlerpanamus
JUTAaHIOB MOXET OCYIIECTBIATHCS Kak (pepMEeHTaMH, pPaCHOJIOKEHHBIMU B
IUIa3MaTHYecKoil MeMOpaHe WM BO BHEKJIETOYHOM cpefie, TaK U BHYTPHKIIE-
TOYHBIMU (pepMEeHTaMH. B mocieqHemM ciydae TpaHCIOPT JMUTAaHIOB B KIETKY
OCYUIECTBIISIETCS ceU(UUECKUMH OeIKaMU-TIEPEHOCUUKAMU WM B MpOIiecce
MMAHOLIUTO3A.

KoHneHTpanuss penentopos M JIMraHA-pELENTOPHBIX KOMILJIEKCOB U3MEHSI-
€TCsl B MpoLecce MHTEpHAIM3aluu. MHTepHanu3anue Has3bplBacTCs MOrpYyKe-
HHUE PELENTOPHBIX KIACTEPOB B KIETKY MyTeM 3HI0LUTO3a. OOpasyomuecs
IIPU 3TOM 3aMKHYTble MEMOpaHHbIE My3bIPbKU HA3bIBAIOTCS PELIEITOPOCOMAMHU.
XapakTepHOl 0COOEHHOCTHIO JAHHOIO MpoIecca SBISETCS BO3MOXHOCTh MH-
TEpHAJIU3alUU KaK CBOOOJHBIX PELENTOPOB, TAK U JIMTaH/I-PELEITOPHBIX KOM-
IUIEKCOB. [lerpamanus penentopoB NPOUCXOAUT IOCIIE CIUSHUS PELEnTOPOCO-
MBI C JIU30COMOM, cojepxaleld MpPOTEeONUTUYECKIEe (EPMEHTHI. Y BEITUUYCHUE
KOHLIEHTpAIM PELENTOPOB B IUIA3MaTUYECKON MeMOpaHe OCYIIECTBIISIETCS
NyTeM CIHUSHUS MEOpaHHBIX Iy3bIPHKOB, COAEPIKAIIUX CUHTE3MPOBAHHBIC B
SHJOIUIA3MATHYECKOM PETUKYIIYME PELENTOPHI.
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4.4. TPAHCAYKUUA CUTHANOB YEPE3 MEMBPAHDI
C YYACTUEM G-BEJIKOB

B ocHOBy kiaccudukaiy KI€TOYHBIX CUTHAJIBHBIX CHCTEM IOJIOXKEHBI Ha-
3BaHUsl BTOPUYHBIX MECCEHDKEPOB U (PEPMEHTOB, PETYIUPYIOLIUX KOHIIEHTpA-
LU0 BTOPUYHBIX MECCEHIKEepPOB. K UMCITy OCHOBHBIX CUTHAJIBHBIX CHUCTEM OT-
HOCSTCS:  aJeHWIATHMKIa3HasA, (pochoumHO3UTHIHASA,  JUIOKCUT€HAa3Has,
HAJI®H-okcunasznas (cynepokcua-cunaTazHas) 1 NO-cuHTa3Has. B 6oabiimH-
CTBE U3 HUX B (POPMUPOBAHUE MPOMEKYTOUHBIX 3BEHHEB BOBJIEKAIOTCS TaK Ha-
3piBaeMble G-Oenku. YcranoBieHo, 4yTo 80% BceX W3BECTHBIX TOPMOHOB, HEM-
POMOJYJISITOPOB, HEMPOTPAHCMUTTEPOB M JPYTUX INMEPBUYHBIX MECCEHKEPOB
B3aMMOJCHUCTBYET CO CHEIU(PUUECKUMH PELEITOPaMH, KOTOPbIE CBA3AHBI € (-
dbexTopamu yepe3 G-OenKu.

G-0enku — 3TO CEMENUCTBO TeTEPOTPUMEPHBIX OenkoB, obnanatommx ['Td-
a3Hoil axkTuBHOCThIO. Haiimeno okomno 20 paznuunbix G-0€TKOB, KOTOpHIE
BKJIIOYAIOT aKTUBUPYIOLIUH afeHunaTuukiazy G,-0enok, HHruOupyIomuii aze-
Hunaruukinaszy G;-6enok, akrusupyromuil pocponunaszy C G,-0enok, G,-6enok
(GOoTOpenenTOPHBIX KIETOK, U3BECTHBIA TAK)KE KaK TpaHCIyLUH U 1p. G-0enku
COCTOSAIT U3 CyOBeaUHUL 3-X TUIIOB: O, B U Y. 0-CyObEIUHUIIA YHUKAJIbHA IS
kaxaoro G-0enka u ompenenser crnerudUUHOCTh CBs3bIBaHUsI (G-Oeika ¢ pe-
nentopoM U 3ddexropom. Baxueimas xapakrepuctuka G-0€IKOB — MPUCYT-
CTBUE B UX 0-CyOBEIUHUIIEC LIEHTPA CBS3bIBAHUS T'YaHUHOBBIX HYKJICOTH[OB:
o ulTo.

G-0enku SBIAIOTCS CBOCOOPA3HBIMU «IIEPEKIIIOUATENSIMI» B MpOLIEcCe Iie-
penadn curHaia B KieTKy. PYHKIMOHUPOBAHKME 3THX IMEPEKIIIOYaTENeH OCHO-
BBIBAETCS HA LMKIMYECKUX IEPEXOofax MEXIY CBA3BIBAHUEM M TUAPOIU3OM
I'T®, uro nepeBOUT MX W3 AKTUBHOIO B HEAKTUBHOE COCTOSIHUE M OOpPATHO
(puc. 4.2). Ecnu ¢ G-6enkom cBsizad ['T®, TO 3TO COOTBETCTBYET €r0 aKTHBU-
POBaHHOMY COCTOSIHUIO WIH, HHade, (G-0€JIOK HaXOOUTCA B IOJIOKEHUU
«BKJIFOUECHO». Ecinu B HyKIIEOTUA-CBA3BIBaIOLIEM LieHTpe npucyrcreyer I'J1D,
TO 3Ta (hopMa COOTBETCTBYET COCTOSIHUIO «BBIKIIIOUEHO». LleHTpaabHOE COOBI-
THE€ TIPU NIepeade CUTHAJIA OT PELENTOpPa, Ha KOTOPBIN MOAEHCTBOBAN ITEPBUY-
HBIM curHail, K G-0enKy COCTOUT B TOM, YTO aKTUBHPOBAHHBIN pELENTOp KaTa-
musupyet ooMeH I'JID, cszanHoro ¢ G-0eKoM, Ha MPUCYTCTBYIONIUN B cpejie
[TO.

O6men I'I® na I'TD obGnerdyen He TOJMbKO (OPMHUPOBAHUEM «KOMILICKC-
penenTopy», HO U TeM, uTo KoHleHTpamus [ TD B knetke B 10 pa3 Gosbiie KOH-
nentpaunn IO (konuentparms ['TO B kierke 10 moms/m). [JID/TTD-
00OMEH B HYKJIECOTHU-CBSI3bIBAIOIIEM LIEHTPE 0-CyOBEAMHUIIBI COMPOBOXKAAETCS
JUcconuanueil TpuMmepHoi Monekynbl (G-Oenka Ha ABe (YHKIIMOHAJIbHBIC
cyOpenuHuLbl: o-cyObenununy, coaepxamyr ['TD, u Py-kommiekc. [lanee
OJlHA U3 ATHX (PYHKIMOHAIBHBIX CYObEIUHUI], KaKasi UMEHHO — 3aBUCHUT OT TH-
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Ma CUTHAJBLHOW CHUCTEMBI, B3aUMOJCUCTBYET ¢ 3(DPEKTOPHBIM OeIKOM, Mpe-
CTaBJICHHBIM (DEPMEHTOM WJIM KaTMOHHBIM KaHayioM. Kak clienctBue, KaTaiu-
TUYECKass aKTUBHOCTh WJIM HMOHHAs MPOBOAUMOCTH 3(pdeKTopa H3MEHsSeTCH,
YTO, B CBOKO OYEPEAb, IPUBOJUT K U3MEHEHHUIO IUTOIJIa3MaTUYECKOW KOHIIEH-
Tpalud BTOPUYHOTO MECCEHKEPA U, B KOHEUHOM CYETE, MHUIIMUPYET TOT WUIIU
WHOM KJIeTOUHBbIN OTBeT. (G-0€0K HAXOAWTCS B aKTUBHOM COCTOSIHMM B Teue-
HHE KOPOTKOTO MEPUOAa BPEMEHH, IMOCJIE YE€TO MPOoUcXoauT ruaposus ['TD. a-
CybObenununa, csizanHas ¢ 1D, orcoemunsiercs ot 3¢dekTopHoro Oenka,
KOTOPBI TpH 3TOM TEpsieT KaTAIUTHYECKYyIO akKTHUBHOCTh. Jlanee o-
cyObeIMHUIIA CBS3bIBACTCS C BY-KOMILJIEKCOM, 00pa3ysl HeaKTUBHBIN (G-O€IoK.

~  Penenrop Addexrop

Puc.4.2. AxtuBanmsg u naaktusanusa G-0€IKoB

DddexropHbie cucTteMbl, cBs3aHHbIe ¢ G-OemkaMu, BKITIOYAIOT aeHUIIAT-
nukiasy, nul MO-cnenududeckyto ¢ocdoaudcrepady, dochomumnazy C, doc-
donmmazy A, ¥ HECKOJIBKO THTIOB MOHHBIX KaHAJIOB. PaccMOTpuUM 1Ba OCHOB-
HBIX TYTH Tepefadyn CUTHaia ¢ ydactueM (G-OClIKOB, MMEIOIIMXCS BO BCEX
KJIETKaX KHBOTHBIX M PACTCHHN: aICHUIATIIUKIIA3HBIA U POCHONHOZUTHIHBIN.
CxeMa aJCHWIATIIMKIA3HOTO MyTH Tepeaayr WHPOpMAIUK TMpeCTaBiIcHa Ha
puc. 4.3. IlepBUuHbIIl MEeCCEHIKEP B3aMMOJIEUCTBYET C COOTBETCTBYIOIIUM pe-
LENTOPOM, YTO MPUBOAUT K U3MEHEHHUIO KOH(popMaluu Oesika. DTO MOBBIIIAET
BEPOSITHOCTh B3aMMOJICHCTBUS aKTUBUPOBAHHOT'O PELIETITOpa ¢ Ipeodpa3zoBaTe-
JIEM CHTHaja, poJib KOTOPOTro BHIMONHAIOT G-Oeiaku. AKTUBHUPOBAHHBIN B pe-
3yJbTaTe B3aUMOJICUCTBHS ¢ perienTopoM (G-0enoK repeaaeT CUTHAI Ha CIICIH-
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aJIbHBINA (PepMEHT-yCUIUTENb. B aleHnnaTuuKIa3HOM MyTH YCUJIEHUE CUTHaja
OCYUIECTBIISIETCS C IOMOIIBIO (PEPMEHTA a/ICHUJIATIUKIIA3bl, KOTOPbIN KaTaju-
3upyet obpazoBanne HTAM®D u3z AT®. B3aumonerictBue G-6enka ¢ dpepmeH-
TOM-YCUJIUTEJIEM CUTHAJIa MPUBOJUT K U3MEHEHUIO CBOMCTB (pepMEHTa U COOT-
BETCTBEHHO K U3MEHEHHUIO €ro aKTUBHOCTH. [Ipu mepemaye cTUMYJIMPYIOLIETO
cuUrHasia 4yepe3 MeMOpaHy o-cyObenunuiia G,-0eka akTUBUPYET aJeHUIIAT-
nukiasy. [Ipu aktuBanmu perentopa, nepeaaroniero HHruOUpyoIMil CUTHA,
aktuupyetcsi G;-0en0K, 0-CyObeIMHUIIa KOTOPOTO WHTHOUPYET aJeHUIATIINK-
na3y. B pesynbpTare akTUBalUM aJICHWIATIIMKIIA3bl YBEIUUMBACTCS KOHIIEHTpA-
11 BTOPUYHOTO MecceHxepa TAMO.

R, R;

CEEES, . X ¢ III .l.ll" WL

a 5’7‘1*9 e

I.[AM@ ;‘

:

IIpotennkunasza A

Puc. 4.3. TpancmeMmOpanHas niepeiaya HHPOPMALIUHU C yYACTHEM
aneHunariukiasbl (All) u ['TO-cBsa3bpIBarONMX OEIKOB:
G, — ctumynupyronwii u G; — uarubupytomuit [ 'TO-cBsa3piBaromme 60enku; Ry u
R; — cootBercTByromue peuentopsl anst Gy u G;

KoHeuHple cTamuuM mnepefayd CUTHAJA OCYIIECTBISIIOTCS € Y4aCTHEM
HAM®-3aBrCcUMOIl TPOTEMHKHUHA3bl (IPOTEUHKHWHA3bl A). B HEakKTMBHOM co-
CTOSIHUM IPOTEMHKHHA3a MPEACTABISIET COO0M AMMEP, COCTOSIIIUNA U3 KaTaju-
TUYECKOU U PEryJSTOPHOU CyObeauHMII. AKTUBALUSA MPOTEMHKUHA3BI o0ecIe-
yuBaeTcs cBs3biBaHHeM HTAM® ¢ peryasiTopHON CyObeAMHUIIEH, YTO BBI3BIBAET
JUCCOLIMAIIMIO U aKTUBALMIO KaTAIMTUYECKON cyObenunuibl. Katanuruueckas
cyObeauHuIa B CBOOOJHOM COCTOSIHUM MOXET (PoCcPOpUIMpOBaTh ONpeneeH-
HBIM O€NOK, aKTUBALIUS WIM MHAKTUBALIMS KOTOPOTO U 00yCIaBIMBAET OTBET Ha
BO3/I€IICTBHE BHEIIHEr0 curHasia. Hampumep, B KJIeTKax NE€YeHU MPOTEUHKHHA-
3a A nytem QochopuaupoBaHus HHAKTUBUPYET (DEPMEHT INIMKOTEHCUHTA3y U
BCJIE/ICTBUE 3TOT0 OCTAaHABJIMBAE€T CHHTE3 IiauKoreHa. C Ipyroid CTOpOHBI, B
KJIETKaX MEeYeHU MPOTEUHKNHA3a A aKTUBUPYET — TaKxke ImyTeM (pochopuiinpo-
BaHUS — JIpYI'yI0 IPOTEHMHKMHA3y, KHHa3y Qochopunaszbl. AKTHBHAs KHWHa3a
dbocdhopunazel Gochoprmpyer riamkoreHdocdopunazy. ITo NPUBOJUT K BbI-
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CBOOOXKICHUIO U3 IJIMKOreHa TIII0K030-1-hocdara, KOTOPHIM mocie mpeBpariie-
HUS B TNIIOK030-6-(pocdar BKIIOYAETCS B TIIUKOJIU3.

PaccMoTpeHHBIE MexaHU3M oOOecreurBaeT MPOBEIACHUE M YCUJICHHE BHe-
KJIETOUYHOro curHana. OHa MoJieKysa pelenTopa, HaxoIAIerocss B akTHBHOM
COCTOSIHUH, MOKeT B3auMonaercTBoBath ¢ 10—100 G-6enkamu. OqHa akTUBHAs
MOJIEKYJIa aICHUIATIIMKIIA3bl CIIOCOOHA KaTaln3upoBath oOpazoBanue 100 mo-
nexyn tAM®. ClieoBaTenbHO, PELEnTOpHEIH CUrHal ycutusaerces B 10°—10°
pa3. TAM® He ABisIeTCS KOHEYHON MHILIEHBIO IEMCTBUS PELENTOPHOTO CUTHA-
Ja ¥ aKTUBUPYET (PepMEHTHI, KOTOPBIE, B CBOIO OUYEpeb, TAK)KE MOTYT aKTHBH-
poBath psin ¢pepMeHTOB. B mporecce nepenaun curHanga Ha BHYTPUKIECTOYHBIC
3¢ deKTopbl ¢ MOMOIIBIO TakuX (HEPMEHTATUBHBIX KacKaloB Kod3(QuimeHt
yeunenust Moxker gocturate 10°—10°. TeopeTnuecky mokasaHo, 4To KOd(QU-
UMEHT YCWICHHsI CUTHAJa (PEpMEHTATUBHBIMH CHUCTEMaMHU B KJIETKE MOXKET
NOCTHraTh acTpoHoMuueckux Benmumi: 10°—10%. Onmako BHyTpH oHOI
KJIETKH 3arachkl CyOCTpaTOB BeCbMa OTPaHUYEHBI, TO3TOMY pealibHasi KOHIEH-
Tpamusi BTOPUYHBIX MECCEH]IKEPOB MM KOHEYHBIX MPOAYKTOB (hepMEHTATUB-
HOM peakuyy He npesbiuaer 107> Mons/1. Eciin yuecTs, 4T0 KOHIGHTPAIHUS JTH-
raH-pelieNTOPHBIX KOMIUIEKCOB OOBIYHO COCTaBJISET 10"2-10”° MOJIB/JI, TO
BHYTPH KJIETOK PELENTOPHBIN CUTHAN YBEITUUYUBAETCA B CPEJHEM HE Oojiee ueM
B 10'-10" pas.

[TpuHIIMTIHATBPHO BaXKHONW OCOOEHHOCTHIO (DYHKIIMOHUPOBAHUSI CUTHAIBHBIX
CUCTEM KJIETOK SIBJISIETCS HEOOXOIMMOCTh MHAKTHUBAIMU Pa3BUBAIOIIETOCS BO
BPEMEHU KOHLEHTPALMOHHOIO W3MEHEHHMs], 3aIlyCKaeMOro JUIaHJI-pelenTop-
HBIM B3auMOJeCTBUEM. «BBIKIIIOUEHNE» YCHIMTEIBHOIO Kackajaa Ieperayu
CUTHAJIa OCYILIECTBIIAECTCS PAa3IMYHBIMU CITIOCOOAMHU, KOTOPBIE€ BKIIOYAIOT MHAK-
TUBALIMIO PELENTOPOB MmyTeM (HochHOpUIMpPOBaHUS MPOTEMHKHUHA3aMHU, BBIKIIIO-
YEHUE aKTUBUPOBAHHBIX (pepMEHTOB myTeMm aedochopminpoBanus ocdara-
3amu, BbIKItoueHue G-0enkoB myteM rujponusza ['T®, BoccraHOBIEHUE HC-
XOJIHOTO YPOBHSI BTOPUYHOTO MECCEHJIKEpa B IIUTOIUIA3Me MyTEM paclierie-
Husg TAMO® dochoaudcrepasoil.

®ocPOoUHOZUTHIHBIN IMyTh Mepeadyl HHPopMaluu n300paxkeH Ha puc. 4.4.
B sTOoM MexaHu3Me mepeiauyd CUTHajla aKTUBHOE Y4YacTHE MPUHUMAIOT MEM-
Opannbie pochomumuapl, B 4aCTHOCTH, (ochaTuIUINHO3UTOI. BHEITHUH cur-
HaJl TI0CJie B3aUMOJAEUCTBHA ¢ peuentopoM depe3 G,-0enok akTUBHPYET (ep-
MeHT (oconunazy Cz (DJICs). AxtuBanus ¢pochomunassl Cp; NPUBOIUT K
ruaponn3y  MemOpanHoro  dochomumuma  pocharuaumuHO3UTON-4,5-
mudochara (PUD,) Ha 1Ba COeTUHEHHUS], CITY>KAILUE BHYTPUKICTOUHBIMH MEC-
CeH/PKEepaMU: BOJIOPACTBOPUMBIN MHO3UTOI-1,4,5-Tpudochar (MD;) u nunu-
JTOopacTBOpUMBIN auanuiariunepon (JATD).

I'unpopunbHelii mHO3UTONTPUGOCHAT TUPPYHAUPYET B LUTOILIA3MY U B
pesynbTaTe B3aumojeicTBus ¢ Md;-penentopamu Ha MeMOpaHe BHYTpHUKIIE-
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TOYHBIX JENO0 (PHIOIUIA3MATUYECKUN PETUKYITYM, MUTOXOHIPHH) BBI3bIBAET
0CBOGOYXKICHIE HOHOB KaNbIks. Beixon nonos Ca™" M3 BHYTPHKIETOUHBIX €TI0
AKTUBHPYET TAaK HA3bIBACMbIIl JCTIO3aBHCUMBIH, MIN «EMKOCTHOI, Bxox Ca®’
yepes KaHaJIbl TLUIa3MaTHUeCKON MeMOpanbl. « EMkocTHas» Mozenb Bxoxa Ca®’
B KJICTKM OCHOBBIBACTCSl HA TMIIOTE3€, COTIACTHO KOTOpoif Bxox Ca™’ m3 Ha-
PYXXHOU Cpelbl PETYJIMPYETCs CTENEHBIO 3amnoyiHeHUs M @;-uyBCTBUTEIBHBIX
Ca’"-zemo TakuM 06pa3oM, 4TO OMyCTOIICHHE Aeno akTHBHpyeT Bxox Ca’'. ITo
AHAJIOTHH C KOH/ICHCATOPOM B 3JIEKTpUUecKoil nemu Ca’ -/1erno mpensTcTByioT
Bxony Ca”', KOr/Ia OHM 3aIIOJHEHBI («3apsKEHBI»), HO aKTUBUPYIOT Bxox Ca”’ B
KJIETKY IIPU X OIYCTOLIEHUH («pa3psaKe»).

oo O O
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Puc. 4.4. ®ochonHO3UTHIHBIN Ty Th NIEpeJaun CUTHaIA

Jlero-3aBrcuMbIii Bxox Ca’ sIBIsSieTCS, 10-BUANMOMY, YHHBEPCATBHEIM Me-
XaHH3MOM peryiupyemoro Bxoga Ca’’ B kierku. Emxocrroit Bxox Ca®™ ctu-
MYJIAPYETCS] Pa3IMYHBIMU areHTaMu, OOITUMHU CBOHMCTBAMU KOTOPBIX SIBIISICTCS
Ccroco6HOCT BhICBOGOXAaTh Ca’’ U3 zeno. B To e BpeMs MeXaHH3M Iepea-
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un uHpopMaumu 06 omycromenun Ca’-neno k Ca*'-kaHanam B ruasMaTide-
CKOM MeMOpaHbl ocTaeTcsi HessCHbIM. COrJlacHO OJIHOM M3 MOJIENel eno3aBu-
cumoro Bxoaa Ca®’ B KJICTKU NPH OMyCTOIICHHH JETO B IIUTOILIA3My OCBOGO-
XKIAeTCsl BOJOPACTBOPUMBII BTOPUUHBIA MECCEHDKEp, KOTOPBI U aKTUBUPYET
Ca’'-kaHabl B IIA3MAaTHYECKOIT MemOpane. Takol BTOpPUYHBIA MECCEHXKIEP
nosyann HasBanue dakropa Bxoma Ca’" (CIF — calcium influx factor). Cormac-
HO Jpyroil Mojenu Bxoj uoHoB Ca’ perymampyercs 6emok-0enKOBBLIMU B3au-
MonercTBusiMu mexay DU;z-penentopamu Ca” -meno u Ca*"-kaHamamu ruras-
MaTHYECKON MEMOPAHEI.

[Ipy NOBBILIEHNN BHYTPUKJIETOYHOM KOHLIEHTPALUMU CBOOOJHOIO KaJIbLIMS
AKTHBHPYIOTCSI MHOTHE KaNlbLHil-3aBHCHMBbIe Tponecchl. Hanmpumep, nonsr Ca™'
00pa3yroT KOMIUIEKC ¢ O€IKOM KaJIbMOJIYJMHOM. DTOT KOMIUIEKC aKTUBHPYET
KaJIbMOAYJIMH-3aBUCUMYI0 IPOTEMHKUHA3Y, KaTaIU3UPYIONLyI0 Gochopuianpo-
BaHWE HEAKTUBHOro Oeyika, YyTo OOyClaBIMBAaEeT JaibHEHIIee pa3BUTHE KJle-
TOYHOI'O OTBETA.

BHyTpukieTouHas KOHUEHTpaluss HHO3UTOATpudocdara MoHMKaeTcs B pe-
3yJbTaTe MOATAMHOTO TUAPOIN3a 10 UHO3UTONA. [lanee MHO3UTON BKIIOYAeTCs
B cocTaB (GochaTuIUINHO3UTOIIA, U TOJIBKO B MeMOpaHe dhochopunupyercs 10
dochatuamnmno3uTon-4,5-nudocdara, KOTOpbIi MOKET OBITH CHOBA HCIOJb-
30BaH B JaHHOM IyTH nepenauu curHaia. Cienyer oTMeTUTh, 4To (hocdaTu-
TTHHO3UTON-4,5-nudocdar — BaKHBIN MOIYJIATOP B3aUMOICHCTBHSI MeMOpaH
C LIUTOCKENETOM. Tak, MOBBIIICHHE €r0 COAEPKAHMS B MEMOpaHaxX HHULIMUPYET
cOOpKY aKTHHOBBIX (PUIIAMEHTOB, a CHHKEHHE — Pa300pKy murockesnera. Ku-
pPOpPaCTBOPUMBIA  AUALMITIULEPON akTuBUpyeT nporenHkuHazy C (PKC).
[Iporennkunaza C B npucyTcTBUU (pocharuauiacepruHa 1 MOHOB KaJbLIMs KaTa-
Tu3upyeT npucoenuHenne ¢ocdara K HEAKTUBHOMY O€IIKY, 3aIlycKasi OTBET-
HYI0 PEAKIHUI0 KJIETKHU. J(Mauunrivuepos nmoaBepraercs JalbHEUIIUM MpeBpa-
meHusiM. B npucyrcrBun AT® depmeHT auanmiriuieposkuHaza gocdopu-
mupyetr JIAI' ¢ oOpazoBanueM docharuaHoit kucnotel. [Ipenmnonaraercs, 4To
dbocdaTuaHas KUCIOTA MOXKET BBITOJIHATh (PYHKIIUIO KAJIBIIMEBOTO HOHO(DOpa U
TpancropTHpoBaTh Ca™’ yepes MIa3sMaTHIECKy0 MeMOpaHy.

Kpome toro, mox neicTBUEM JUALAITIMIEPOIUIUNIA3BI U3 JUALAITIIUIIEPO-
Ja obOpasyeTcsl apaxuJOHOBas KHUCJIOTA, MPEACTABIAIOMAs COOOM HMCXOTHBIN
MaTepuall JIjisi CUHTe3a OMOJIOTMYECKH AKTHBHBIX COEAMHEHUH (NMEepPBUYHBIX
MECCEH/KEPOB) — IMPOCTArIaHIMHOB, JEUKOTPUEHOB, TPOMOOKCaHOB. Taxxe
clieyeT OTMETHUTh, YTO OJHHUM W3 MEXaHHU3MOB 00Opa30oBaHUS apaxuJa0HOBOU
KUCJIOTHI SIBISIETCS €€ BBICBOOOXAeHHE U3 (hocomunuaoB docdonunazoit A,,
KOTOpas KaTaJu3upyeT TUAPOJIN3 CI0KHOAUPHOU cBA3U. Bo MHOTUX ciyyasx
apaxuOHOBAsI KUCJIOTA BBIMNOJHIET POJb BTOPUYHOTO MECCEHKepa, MOAYJIH-
pys aktuBHOCTH (ocdonunazel C, ageHWIATHMKIA3bI, TYaHWIATIUKIA3bl U
nporenHkuHaszbl C.

96



4.5. TPAHCAYKUUA CUTHANOB YEPE3 MEMBPAHDI
C YYHACTUEM UOHHbIX KAHAJIOB

Ilepenaua curnana yepes MeMOpaHy HE BCEr/ia CONpPsDKEHA C BKIIOUYEHUEM
G-06enkoB. Psj penentopoB, Kak y»Xe OTMEYaloCh, SBJISIOTCS MOHHBIMH KaHa-
JAaMH. OTH pelenTopsl OOBEANHSIOTCS B KJIACC PELENTOPOB OBICTPOTO OTBETA U
OCYULIECTBJISIIOT OTBET HAa CUTHAJN B TEUEHHE HECKOJIBKMX MUJUIMCEKYHI. B pe-
3ynbTaTe JEMCTBHSI BHEIIHEIO CUTHAJA U3MEHSAETCS MPOBOAMMOCTh KaHAJOB,
4YTO UHAYLUUPYET U3MEHEHHE MEMOPAHHOT O IOTEHIMAA.

JIurana-ynpasisieMble KaHaJbl IPEICTABISAIOT COO0N NOHHBIE KAHAJIBI, IPO-
BOJIMMOCTb KOTOPBIX U3MEHSIETCS IPU CBS3bIBAHUM C CTIEUU(DUUECKUMU JIUTAH-
namu. [Ipu cBs3pIBaHMM BHELIHETO JIMTAaHAA C PEUENTOPOM JTaHHOIO THUIA IPO-
UCXOAUT M3MEHEHHE KOH(pOpMAIUHU IMOCIEIHEro, MPUBOISAIIEE K OTKPHITHIO
MOH-CEJIEKTUBHOW MOpHI BHYTpH Oenka. Uepes 3Ty Mopy HAYMHAIOT JABUTATHCS
MOHBI, YTO B KOHEYHOM HUTOT€ MPUBOAUT K U3MEHEHUIO MEMOPAHHOTO MOTEH-
nuana. CaBur MeMOpaHHOTO MOTEHIMANA, B CBOKO OYEPE/b, BBI3bIBAET U3MEHE-
HHE MPOBOAMMOCTH MOTeHIMa-3aBucuMbIX K'-kananos, Na'-kananos u Ca®'-
KaHanoB. M3MeHeHne mpoBoAuMocT Na'-KaHajoB HPUBOJUT K JENOJNSApU3a-
UM MeMOpaHBbI, a U3MEHEHHe NMPoBoAuMocTH K'-kaHaloB — k rumepnonspusa-
MM MeMOpaHbl. B 31eKTpoBO30YyIUMBIX KIIETKaX AEHOJIApU3ALMs MEMOpPaHbI
OPUBOJUT K (POPMHPOBAHUIO MOTEHLIMAJIOB JEHUCTBUSA, KOTOPBIE PacIpocTpa-
HSIOTCS 0 MeMOpaHe KJIETKU. DTOT MPOLIECC OCHOBAH Ha TOM, YTO JIOKAJIbHOE
oOpallieHue MeMOpPaHHOTO MOTEHLHAajda CTUMYJIUPYET OTKPbIBAHHE COCETHHUX
NOTEHLUAN-yIPaBIseMbIX HOHHBIX KaHaJIOB. B pe3ynbTaTe Bo30yXkaeHUE pac-
IIPOCTPAHAETCS B BUJIE JENOJISIPU3ALIMOHHON BOJIHBI IO BCEH KIIETKE.

DeKTpOBO30YyIMMBbIE KJIETKH COJEp)KaT TaKKe IOTEHIHAJ-YIpaBisieMble
Ca’'-KaHalbl, yBeJIMYEHHE MPOBOANMOCTH KOTOPHIX HAGIIONACTCS MPH JEIO-
Asipyu3anuu MeMOpaHbl. BXo/T HOHOB Kanblis B KJIETKH IPUBOJIUT K aKTUBALIUU
CHEeMATBHBIX 3PPEKTOPHBIX OETKOB, YTO HHULIMUPYET AalbHEHIIee pa3BUTHE
KJIETOYHOTI'O OTBETA.

CoryacHO UMEIOIMMCS JaHHBIM, BEJIMYMHA U MPOCTPAHCTBEHHOE pacIipe-
JIeJIeHNE KaJIbIIMEBOr0 CHTHaja — KJIOYEBOM MOMEHT B IpoLecce KOAUPOBKHU
BHeIIHEN nHpopMauuu. B HelipoHax, HanpuMep, pacpoCTpaHEHUE MOTEHIMA-
JIOB JEHCTBUS MOXET NMPUBOJAUTH K MOSIBICHUIO KOJEOAHUN BHYTPUKIECTOYHOU
KOHIIEHTPAllUM MOHOB KaiblMsl. YacToTa 3TUX KOJIEOaHUM U3MEHSETCS NP U3-
MEHEHUH YacTOThI CJIE€I0BAaHUS MOTEHIMAIOB AeicTBUs. B cBoo ouepensp, orm-
penensiemasl 3JEKTPUYECKONM aKTHBHOCTBIO YacTOTa KalbLMEBBIX KOJEOaHMM
PETyIUpPYET FKCIPECCUIO TeHOB. OTINYHS B SKCIIPECCUU IT'€HOB IPH Pa3INYHBIX
naTTepHax U3MEHEHUsS! BHYTPUKIETOUHOM KOHIIEHTpAIMH CBOOOAHOIO KaJlbLIUs
00yCIIOBJIEHBI TE€M, YTO AaKTUBHOCTh (PAKTOPOB TPAHCKPHIILIUUA PETYIUPYETCS B
pe3yinbTaTe MPOIECCOB HMX  KaIbLUN-3aBUCUMOTO  (HOCHOPUINPOBAHHUS-
nepochopunupoBanusa. Tak, ¢ochopunupoBanue QaxTopa TPAHCKPUIILIUU
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CREB (cAMP response element binding protein), npuBoasilee K aKTUBALMU
Oenka, OCYHIECTBIISIETCS KalbMOJyJIMH-3aBUCUMOM TNpoTenHkuHasou II, a ne-
dbochopunupoBanue, WHaKTUBHpYIOIIee Oenok, — (ocdaTazoli KaabIIMHEBPH-
HOM. AKTHBHOCTh KaJIbMOAYJIMH-3aBUCHUMON NMpOTEeMHKUHA3bI Il 1 kanplIuHEB-
pHUHA PETYJIUPYETCS] HOHAMU KaJIbLIMSI, OJHAKO Y 3THX OEJIKOB KOHCTAHTHI CBS-
3bIBAHUS KajJblMsl pazauyaiorcs. B pesynbrare Bpemsi HaxoxIeHHUs (akropa
TPAHCKPUIILUU B aKTUBHOM, (OCPOPHUPOBAHHOM COCTOSIHUM 3aBUCUT OT aMm-
IUTUTY/AbI U YaCTOThI KaJIbLINEBBIX KOJIeOaHUH.

Cpenn nurasa-ynpaBJIsIEMBIX KaHAJOB CIEIYET TaKKe yKas3aTh JIMTaH-
ynpapnsiembie Ca’ -KaHaIbl BHYTPHKJICTOUHBIX JEHO. JTH CHCTEMbI MPEHUMY-
IIECTBEHHO YYaCTBYIOT B IEPENAYE U YCHICHHM BHYTPUKJIETOYHOI'O CHUTHAJA.
Cpenu nurasi-ynpasinseMbix Ca’ -KaHaI0B BHYTPUKIETOUHBIX JIEH0 Hauboee
u3ydeHsl Ds-perentopsl U pUaHOAUHOBBIE PELIENITOPHI.

W ®;-perientopsl — 0cHOBHBIE perenTopsl Ca’ -/1eno B GOJIBIIMHCTBE THIIOB
KJIIETOK 3a HCKJIIOUYECHHEM HEHPOHOB M MbIIIEYHBIX KieTOK. MdDs-penentop
uMeeT Maccy okoJio 313 k/la 1 COCTOUT M3 YEThIPEX HEKOBAJIEHTHO CBA3aHHBIX
cyObeuHuIl. AKTUBAIMS KaHala MPOUCXOAMUT MPU KOHPOPMALIMOHHOM mepe-
CTPOMKE pelenTopa B pe3yJibTare cBs3biBaHus M Ds.

CBoe Ha3BaHHWE PUAHOJUHOBBIC PELETITOPHI MOJYUMUIH H3-32 CIIOCOOHOCTHU
cnenu(pUUecKyd CBS3bIBaTh PACTUTENbHBINA aJIKaJIOUJ PHAHOAMH. AJIKaJIOU[
PHAHOAMH B KOHIEHTPAIMAX 5—50 HMOIB/T MHAymupyeT OTKpbitme Ca’'-
KaHAJIOB, @ B MUKPOMOJISIPHBIX KOHLIEHTPAUUsAX OJIOKUPYET KaHaJIbI.

PraHOMHOBEIM penenTop sABISETCA TOMOTETPAMEPOM C MOJIEKYJIAPHOU
Maccort okoso 550 k/la, cTpyKTypa KOTOPOTO HAIIOMUHAET YETBIPEXJIENECTKO-
BbII JTUCT KJeBepa. Hanbosee n3ydyeH puaHOJUHOBBINA PELIETITOP U3 CKEIETHBIX
MbIIL Kpoiuka. Kaxnas u3 yeTelpex CyObEeIUHHUIl 3TOTO OelKa COCTOUT W3
5037 aMMHOKHCIIOTHBIX OCTATKOB, U3 KOTOPBIX TOJIBKO 0K0JIO 500 ruapodoOHBI
U BXOJSIT B COCTaB MEMOPaHHOTO cerMeHTa. B ckeneTHhIX Mbllax uHdopma-
Usl OT TUIa3MaTUYECKOM MEMOpaHbl K CapKOIUIa3MaTHUYECKOMY PETHKYIyMY
nepenaercsa Mo MEXaHU3My, OIKCHIBAEMOMY MOJIENbI0 KOH()OPMAIMOHHOTO
cBsa3biBaHus. CoryacHo 3TOM Mojienu, O0NbIION THAPOPUIBHBIA YYaCTOK pHUa-
HOJMHOBOT'O PELIENTOPA HENMOCPEACTBEHHO B3aUMOJECUCTBYET C LUTOIIa3MaTH-
YeCKHMH JOMEHAMH IOTeHIHa-ynpaBnsemMbix Ca’ -kaHanoB L-Tuma mia3ma-
TUYECKOM MeMOpaHbl, oOecreunBasi TaKUM OOpa3oM JJIEKTPOMEXaHUYECKOE
comnpsbkeHne MeMOpaH. B npyrux tumax kietok mHpopmanus oT ma3Maruye-
CKOIl MeMOpaHbl K pUAaHOJMHOBOMY PEIENTOPY MEpPelaeTcsi ¢ MOMOIIBIO BTO-
PUYHBIX MECCEHKIEPOB.

4.6. PELLENTOPbI C TUPO3UHKUHA3HOW AKTUBHOCTbIO

dochopunrpoBanre OEIKOB, OCYIIECTBISIEMOE MMPOTCHHKUHA3AMH, SIBIISICT-
csl HamOoJiee OOIMMM MEXaHHW3MOM BHYTPHKJICTOYHOW CHTHAIHM3AIMH BO BCEX

98



Tumnax kiaetok. [Ipucoeaunenue docdara ocymiecTBisiercst B pe3yiabTare oopa-
30BaHUS YPUPHON CBSI3U C THAPOKCHIIBHBIMH TPYINIaMU aMHHOKHUCIOTHBIX OC-
TaTKOB CEpHUHA, TpeOHWHA U TUpo3uHa. CeleKkTUBHOE BBeleHUE (PochaTHBIX
IpylI B CEPUHOBBIC, TPEOHHUHOBBIE U TUPO3UHOBBIE OCTATKH OEIKOBBIX MOJIe-
KyJ CYIIECTBEHHO M3MEHSET 3apsii U KOH(OPMAIMI0 MaKPOMOJIEKYJIbl U MpHU-
BOJAUT K M3MEHEHHUSIM (EPMEHTATUBHON aKTUBHOCTU OEJIKOB W MeTabojnM3Ma
KJICTKHU B miesioM. Beigensator nBa tumna dhochopunupoanus: 1) ¢pochopunmpo-
BaHUE 10 CEPUHOBBIM M TPEOHMHOBBIM AMMHOKUCIOTHBIM OCTaTKaMm, 2) ¢oc-
¢opunupoBanue Mo TUpo3uHy. [IpoTeMHKHMHA3Bl TaKKe MOAPAa3ICNAIOTCS Ha
CEpUH/TPEOHUHOBBIE U TUPO3UHOBBIE. DochopunupoBaHue TUPO3UHA WUTPAET
KIIIOYEBYIO POJib B Ipoiudepanuu u quddepeHInpoBKe KIETOK U OTCYTCTBYET
y OJHOKJIETOYHBIX 3yKapuoT. Takum oOpa3om, JaHHBIA TUI (ocHopuIrpoBa-
HUS CITy’)KUT TIOKa3aTeseM Mepeladdl CUTHAJIOB y MHOTOKJIETOYHBIX OpTaHu3-
MOB. THpO3WHKHMHA3B! OBIBAIOT JBYX THIIOB: PELENTOPHBIC M ITUTOIMIa3MaTHYIe-
ckue. LluTonnazmarnueckrue THPO3UHKUHA3BI YUYACTBYIOT BO BHYTPHUKJIETOUHOM
CUTHAJIM3allNK, BKJIoUYas repefady CUTHaIOB B sifpo. PenentopHble TUPO3UH-
KMHA3bl OCYILECTBIAIOT TpaHCMEMOpaHHYIO Tepelayy CHUrHajoB. TUMHMYHBIE
pEelEenTOPHbIE TUPO3UHKUHA3BI — 3TO PELENTOPbl MHCYJIMHA, AUACPMAILHOTO
dakropa pocta (ODP), TpomboLIETapHOTO haKTOpa pocTa.

Tupo3uHKHHA3HBIE PELIETITOPHI COJEPKAT YEThIPE OCHOBHBIE JIOMEHA: BHE-
KJIETOYHBIH, ITUTOTIA3MAaTUIECKUN, TPAHCMEMOPAHHBINA U PETYJIATOPHBIN. BHe-
KJICTOYHBIN TOMEH PELENTopa y4acTBYET B CBsI3bIBaHUM JHUraHaa. CBs3bIBaHUE
JUTaHa BbI3bIBAaCT KOH()OPMALMOHHBIE HU3MEHEHHSI, KOTOPhIE aKTUBUPYIOT TH-
PO3MHKUHA3HBIA IIUTOIIA3MATHUECKUIA TOMEH. DTOT JOMEH y4acTBYET B Jajlb-
Hellmel mepefgaye curHajia BHYTPh KIETKHA MyTeM (PochopuaupoBaHus COOT-
BETCTBYIOIIUX MHIIEHEH MO THPO3WHOBBIM OCTAaTKaM. THUPO3MHKHHA3HBIC DPe-
HENTOPBl COAEP)KAT TAaKXKe OJWH WM HECKOJIbKO BHYTPUKIIETOUHBIX PETYIIs-
TOPHBIX JIOMEHOB. Ha perynsropHbIx (parMeHTax pacrojoKeHbl MHOXKECT-
BEHHBIE YYacTKH ayTO(POCHOpUIUPOBAHUS pELENnTOpoB. BHekIeTouHbI U
BHYTPUKJIETOYHBIM JTOMEHBI CBSI3bIBAIOTCS TPAHCMEOPaHHBIM JIOMEHOM, KOTO-
PBIN MPOHU3BIBAET MJIa3MAaTUYECKYI0 MEMOpaHy KJIETKU OJIMH Pas.

Ha ocHOBaHMM CXO/CTBA CTPYKTYpPHBIX 3JIEMEHTOB B HACTOSILIEE BPEMS BbI-
nensoT 14 pa3auyuHbIX CeMENCTB peLeNnTOPHBIX TUPO3UHKHUHA3. Pasznuuue me-
Ky ceMeiicTBaMH peLenTopoB Haubosiee MOJIHO MPOSBISIOTCSA B CTPYKTYpE UX
BHEKJICTOYHBIX JOMEHOB. Tak, MpeaCcTaBUTENN CEeMeCTBa PElEeNTOPOB HHCY-
JMHA U WHCYJIWHION00HOTO (hakTopa pocTa BO BHEKJIECTOYHOM JIOMEHE CONEep-
KaT OJJUH y4acToOK, Ooratelil ructennoMm. llpencraBurenu cemeicTBa peuento-
POB AMUICPMATILHOTO (DAaKTOpa POCcTa BO BHEKIIETOUHOM 00J1acTH coaepkar 2-3
OoraTbIX MMCTEMHOM yd4acTka. J{Js ApyTux CEeMEHCTB pelenTOPHBIX TUPO3HUH-
KMHA3 XapaKTepHO HaJIMYrie MMYHOTIOOYJIMHOBBIX JTOMEHOB BO BHEKIETOYHOU
obnactu. CeMeNCTBO pelenTopoB GakTopa pocTa HEPBOB CoAepKaT 2, ceMel-
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CTBO perenTopoB ¢akTopa pocta puoOpo07IacTOB — 3, a CEMEUCTBO PEIENTOPOB
TpoMOOLIUTapHOTO (haKTOpa pocTa — 5 UMMYHOIJIOOYJIMHOBBIX JIOMEHOB BO
BHEKJICTOYHOU 00JIaCTH.

AKTHBaNUs PEUENnTOPHBIX THPO3WHKWHA3 TIPHU CBS3BIBAHWUU JIUTAHIIOB OCY-
IIECTBIISICTCS IMyTEM IuMepH3aiusl perentopoB. OOpazoBaBIIUiicS TuMep 3a-
MyCKaeT MpoIiecchl ayTohochopuiinpoBaHusi, B pe3yJIbTaTe KOTOPBIX MPOUCXO-
JTUT akTuBanus perentopa. Hanmune dhochopuimpoBaHHBIX OCTATKOB THPO3H-
Ha SIBJISICTCS CUTHAJIOM JIJIsi CBSA3BIBAHUS QJaNTEPHBIX OCIKOB M JajbHEHIIICH
nepenadu CUTHANIA B KIIETKY.

Paccmotpum TpaHncMeMOpaHHYIO Mepefady CUTHAJOB C yYacTHEM peler-
TOPHBIX TUPO3WHKHHA3 HA TIpUMEPE pabOTHI perenTopa AMUAePMaTbLHOTO (ak-
Topa pocra (puc. 4.5).
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Puc. 4.5. Ctaguu hopMUpOBaHMSI IUTAH-PELETITOPHOTO CUTHATLHOTO KOMITJIEKCA:
1 — cBsA3BIBaHUE JIUTAH/A C PELETITOPOM; 2 — TUMEpH3aIIUs perentopos; 3 — ayropochopuim-
POBaHHUC pCUCITOPOB; 4 — cBsI3BIBaHUE (bepMeHTOB " aJallITCPHBIX OEJIKOB C (I)OC(I)OTI/Ip03I/IHO—

BBIMH OCTaTKaMH p€UCIITOpa

Perynaropusiii C-koH1IeBOM J0oMeH perentopa IPP coaepXuT 5 ocTaTkoB
TUPO3UHA, KOTOPBIE MOABEPraroTcs ayrohocHOopUIupOBaAHUIO TIPU JTUMEpHU3a-
muu Oenka. PocPOTHUPO3UHOBBIE OCTATKU pELENTOpa O0eCHeyrBalOT MecTa
CBs3bIBaHUS Ui anmantopHoro Oenka Grb2 (growth-factor-receptor-binding
protein 2), mpoMexxyTouHoro (aktopoB Shc (amanTepHoro 6eimka roMoJIOrHY-
Horo Src 2 (SH2)), pocdonunassr C, (DJIC,) u 6enka GAP (GTPase-activating
protein), perynupyromero aktuBHocTs [ 'Tda3. benok Shc taxke mMoxeT moj-
Bepratecs (HocHOPUIMPOBAHUIO IO TUPO3UHY TOCIE PEUENTOPHONW aKTUBALUU
u 3ateM crocoOeH cBs3piBaTh Grb2. AxtuBanus penentopa DPP yBennunBaer
aktuBHOCTh DJIC,, Koropas, xkak u DJICs B pesynbrare rugponuza OO,
NPUBOJINT K YBEIHYCHHIO BHYTPHKICTOUHON KOHIGHTpamuy HoHoB Ca’’ 1 3a-
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MyCKY KaJIbIIMII-3aBUCUMBIX MpoIeccoB. AnantepHbiii 06enok Grb2 cBsi3bIBacT
¢dakrop obmena ['JID/T'TD® Sos, KOTOpbIA aKTUBUPYET OO0IaAArOIIHMA
I'Tdaznoit akTuBHOCTHIO Oeok Ras. AktuBHas popma Ras-I'Td, B cBoto oue-
pelb, IPU CBSI3bIBAHUU C COOTBETCTBYIOIIMMH 3(dekTopamu 3amyckaeT (ep-
MEHTATHBHBIN MyTh YCUJIEHUS U MEpPEadyd CUTHaJA K SApPY KIETKU, OCHOBHBI-
MU yYaCTHUKAMHU KOTOPOTO SIBJISIFOTCS WIEHBI CEMENCTBa MHUTOIE€H-aKTUBUPY-
embIx niporennkuHaz MAPK (mitogen-activating protein kinase) (puc. 4.6).
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Puc. 4.6. AxtuBaiiusgs MAPK-kackana

Haubornee momHO ommcaH CUTHAIBHBINA IMyTh, KOTOPHIM BKIIFOUAET B3aUMO-
nericreue Ras ¢ Oenkamu cemelictBa Raf. AxtuBaims Oenka cemericrBa Raf
CHOCOOCTBYET €T0 TPAHCIOKAIUY K KJIIETOUHON MeMOpaHe, I/ie OH B pe3yiIbTare
cepuH/TpeoHnHOBOTO (pocopmnupoBanus aktuBupyer Oenok MEK (MAP
kinase/ERK — activating kinase). MEK docdhopunupyer kak THpO3UHOBBIE, TaK
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U TPEOHUHOBBIE OCTATKM MHUTOreH-akTuBUpyemon kuHa3bl ERK (extracellular
signal-regulated kinase). J[BoiiHoe ¢dochopunupoBanue axktusupyer MAPK,
KOTOpas, B CBOIO oyepelnb, GpocopunupyeT psg cyOcTpaToB Kak B IIUTO30JE,
TaK ¥ B siipe (KyJa OHa MepeMeNIatoTcs Tocie akKTUBaluu). MUIIEHBIO 1eUCT-
Busi MAPK B sape sBisitoress akropsl Tpanckpumnmuu (TF), perynupyroriue
JKCIIPECCUIO TE€HOB.

Hapsiny ¢ TpancMeMOpaHHBIME PElENITOPHBIMU TUPO3MHKHWHA3AMH CYIIECT-
BYET TaKKe TpyIIa pelenTopoB, nepenarwias nHOOpMaIuio BHYTPh KIETOK C
y4acTHEM IMTOIUIa3MAaTUYECKUX TUPO3UHKUHA3. DTU PELENTOPbl HE HUMEIOT
COOCTBEHHOI'0 KaTaJUTUYECKOT0 THUPO3WHKUHA3HOTO JIOMEHA, HO MpU aKTHBAa-
MU CBSI3BIBAIOTCS C IMTOIUIA3MAaTHYECKUMU THPO3WHKHWHA3aMU U 00pasyioT
€IUHbIA CUTHAJbHBIM KOMIUIEKC. K 3TOM 4acTh penenTtopoB, KOTOPHIE HACTO
Ha3bIBAIOT OUMOJIEKYJSIPHBIMU PELENTOPHBIMUA TUPO3UHKUHA3aMH, OTHOCSATCS
pelenTopbl UTOKMHOB M aHTUTEHOB. B KadyecTBe CUTHAIBHBIX CyObEAUHUIL
JUISl 3TUX PELENTOPOB BBICTYIMAIOT LUTOIIA3MAaTUYECKHE THUPO3UHKUHA3BI Ce-
mercTB Src u Jak.

[lepenaua BHYTPUKIETOYHOTO CUTHAJIa TOCPEACTBOM (ochopunrpoBanus
onpenensieTcsl aKTUBHOCThIO KaK TUPO3WHKHMHA3, Tak TuUpo3uHpocdaras. bes
aKTUBAIIMHU PEIENTOPOB aKTUBHOCTH TUPO3uHGochaTa3 Ha 2-3 MOpsAKa BBHIIIE,
YeM aKTUBHOCTb TUPO3WHKHHA3. [l03TOMY naJisi TOTO, 4TOOBI CHUTHAIM3AIUS C
y4acTUeM TUPO3UWHKHMHA3 Obuta A(()EKTUBHOM, aKTUBHOCTH THpo3uHPocharas
TaKXKe JIOJDKHA PETyJIHpPOBAThCA. Bhimenstor aBa tuma TuposuHpochaTas: pe-
IENTOPHBIE W IUTOIUIa3MaTHYECKuE. Perysius penentopHbIX TUPO3uH(DOC-
¢daTa3z ocymiecTBIsIeTCs MEPBUYHBIMU MECCEHKEpaMH, a aKTUBHOCTb ITUTO-
M1a3MaTUYECKUX TUPO3UH(POC(aTa3 — BTOPUUHBIMU MECCEHIKEPAMHU.

CreneHb U TPOJOJKUTENBHOCTH (HOCHOPUIUPOBAHUS, ONOCPEIOBAHHOIO
pEeLENTOPHBIMU TUPO3UHKHMHA3aMU, MOTYT OBITh 3HAUYNUTEILHO YBEIUYEHHI B pe-
3yJbTaTe WHTUOMPOBAaHUS AKTHUBHOCTH Tupo3uHbocdaTas. [loaromy 3amyck
CUTHAJIBHBIX CUCTEM C YYACTHUEM PELENTOPHBIX TUPO3UHKUHA3 COMPOBOXKIACT-
CSl TaK)KE€ aKTHBALUEW CYNEPOKCUA-CUHTA3HOW CUCTEMBI BTOPUYHBIX MECCEH/-
*KepoB. THPO3WHKUHA3HBIE PEUENTOpPhl ¢ MOMOIIbI0 Oenka Ras akTUBUPYIOT
dbepment HAJI®OH-okcuaazy, koTopas KaTaIM3UpyeT MEPEHOC AIEKTPOHOB OT
HAJ®H x xucnopomy ¢ 00pa3oBaHHEM CYNEPOKCHUIHOTO aHUOH-paIUKana.
CynepoKCUAHBIA aHUOH-PAIUKAT U OOpa3yIOIIMICS B PE3ysibTaTe CYIEpPOK-
CUJHOM TUCMYTAllMU TEPOKCU] BOAOPOAA MPUBOAST K MHAKTUBALIUA TUPO3HUH-
docdaras.

4.7. TPAHCMEMBPAHHAA NEPEQAYA CUTHATIA
NP KOHTAKTHOM B3AUMOOEUCTBUU

TpancmemOpannas nepenaya WHGOPMALMU MPOUCXOIUT HE TOJBKO TPHU
B3aMMOJICMCTBUM IIEPBUYHBIX MECCEH/KEPOB C PELENTOPAMH, HO U IIPU B3au-
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MOJEHUCTBUM KJIETOK C MOJIEKYJIaMU BHEKJIETOUYHOI'O MAaTPUKCA UM MOJIEKYyJa-
MU Ha MOBEPXHOCTU coceAHUX KieTok. [Iponecc mpukperieHus KIeToK K cyo-
CTpaTy Ha3bIBACTCs aAre3uel U MPOUCXOIUT C yIaCTHEM CIICIIMAIBHBIX OCITKOB.
DOTu O€JIKK Ha3bIBAIOTCSI MOJICKYJIaMH KJIETOYHOM ajare3nu. MoneKybl KJIeTo4-
HOW aJr€3uu SIBJISIIOTCS PEUENTOPAMHU, JIMTaHJAMH JJI1 KOTOPBIX CIy>XaT WU
CaMM MOJICKYJIbl KJIECTOYHON aAre3uu, pacrloiOKEHHbIE HAa MOBEPXHOCTU KOH-
TaKTUPYIOIIUX KIJIETOK, WJIW MOJICKYJIbl BHEKJIETOUHOTO MaTpHuKca. 3arycKae-
MBbI€ aJre3uei CUTHAIBHBIC MYTH PETYIUPYIOT MPOJU(epanuio U pocT KIETOK
Ha Pa3HbIX CTAAUSAX PA3BUTHUS MHOTOKJIETOUHBIX OopraHu3mMoB. Cpeau MOJeKys
KJIETOYHOU aJre3uu BBIACISIIOT UHTETPUHBI, CEJIEKTUHBI U KaarepuHbl. Celek-
THUHBI U KaJT€PUHBI BBI3BIBAIOT AJIFE€3UI0 YEPE3 MEXAHU3M, B KOTOPOM KJIETOU-
HOE CBSI3bIBAHUE BBI3BIBACTCSI B3aUMOJICUCTBUEM OJIMHAKOBBIX MOJIEKYJISPHBIX
CAVHUIl Ha KOHTAaKTUPYIOIIUX TMOBEPXHOCTSAX B3aUMOJECHCTBYIOIIUX KIIETOK.
HNHuTerpuHbl cioCOOHBI CBSI3BIBATHCSA C IPYTUMU MOJIEKYJIaMU KJIETOUYHOM ajre-
3UM WM MOJIEKYJaMU BHEKJIETOUYHOI'O MaTpPUKCa, TAKUMH KaK JJaMUHHUH, (HuO-
POHEKTHH, TEHACKWH, TPOMOOCIIOHIUH. PaccMOTpuUM Ha mpuMepe MHTETPUHOB
MPOIECC AKTUBALIMM BHYTPUKIICTOUYHBIX CUTHAJIBHBIX MYTEH C y4acCTUEM MoJIe-
KyJl KJIETOUYHOW aare3uu. [Ipw akTUBaMM MHTETPHUHOB OJHUM U3 KJIETOYHBIX
OTBETOB SIBJISICTCA IEPECTPOMKA IIUTOCKEJIETA KIETKU. B3anmoaencTBue akTu-
HOBBIX ()UJIAMEHTOB C MHTETPUHAMH OCYIIECTBIISICTCS ¢ YY4aCTHUEM MYJIbTUMO-
JEKYJISIPHBIX KOMILJIEKCOB, COJIEpXKAIUX psij OCIKOB, BKIIOYAs TaKhe OCINKH,
CBSI3bIBAIONINE aKTUH, KaK BUHKYJIUH, TAJIUH, 0-aKTUHUH, MTaKCUJIUH, TEH3UH, a
Takke kuHazy (okanpHOU anresun (KDA), koTopas SBISIETCSI HEPEIENTOPHON
TUPO3UHKUHA30M, (hochoprmmpyronieil maKCuianH, TCeH3UH W JPYTHE KOMIIO-
HEHTBI MYJBTUMOJEKYJIPHOTro KoMmIuiekca. OOpa3oBaHNe MHTETPUHOBBIX KJla-
CTEpOB BBHI3BIBACT CBsi3bIBaHME Oeyika TeH3uHa u KDA ¢ memOpanoil. Korma
JIUTaH bl UHTETPUHOBBIX PEIIENTOPOB CBSI3bIBAIOTCS C MOJIEKYJIaMU BHEKJIETOU-
HOTO MaTpHUKca, TO B JOMOJIHEHUE K TeH3UHY U KDA HaOmogaeTcs akKyMyis-
IS PA3JIMYHBIX aKTUH-CBS3BIBAIOIINX OCJIKOB, TAKMX KaK TaJlMH, 0-aKTUHUH U
BUHKYJIUH. DochopriinpoBaHre TUPO3WHA, B CBOIO OYEPE/ib, BHI3bIBACT TAKKE
JIOTIOJTHUTENIBHYIO aKKYMYJISIIIMIO, IO KpalHell mepe, 19 TUMOB CUTHAJIbHBIX
Monekys, cpeau kKortopeix DJIC,, dochaTtununmmnozuTon-3-kuHasza, RhoA,
Racl, Sos, Grb2, Ras, Rafl, MEK1, ERK1/2, JNK (c-Jun N-tepmunanbHas
KMHa3a), 1 KOTOPbI€, BO3MOKHO, YYaCTBYIOT B JIaJIbHEHIIICH Mepeaadye curHasia
K anpy. Ecnu umeer Mecto arperanusi MHHTETPUHOB, CBSI3bIBAHUE UX C MOJIEKY-
JJaMHU BHEKJIETOYHOTO MaTpuKca u pocPopruInpoBaHne THPO3UHA, TO K YKa3aH-
HBIM BBIIIE O€JIKaM JT00aBISIOTCS MaKCWIHH, GpriaMuH u F-akTuH.
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NMABA 5. TPAHCMNOPT BELWECTB YEPE3
BUONNTOMYECKUE MEMBPAHbI

5.1. KNTACCUNDPUKALNA BUOAOB TPAHCITOPTA BELLECTB
YEPE3 MEMBPAHDI

ConeprkaHue MOHATHS «KMEMOPaHHBIN TPAHCIIOPT» (OPMUPOBATIOCH BMECTE
C pa3BUTHEM MPEJCTABICHUNA O MEMOpPAHHBIX CTPYKTypax, 0OecreunBarolInuxX
TpaHcnopT BewecTB. K HacTosieMy BpeMEeHH YCTaHOBJIEHA CTPYKTYpa MHOTHX
O€JIKOB, y4aCTBYIOIIKUX B TPAHCIOPTE BEUIECTB uepe3 MeMOpaHbl, UACHTH(U-
UPOBAHO OOJIBIIOE YMCIIO MEXAaHU3MOB TPAHCIOPTA B KIIETKaX, pa3pabOTaHbl
TEOPETUYECKHE MO MEMOPAHHOTO TPAaHCTIOPTA.

[Inazmatuyeckass MemMOpaHa KJIETOK MPEACTaBIsET COOOM CeIeKTUBHOIPO-
HUIIAEMbII (TTOJYTPOHUIIAEMBIN) Oaphep MEXIy KIETKOM W BHEKJIECTOYHOMN
cpenoil. CelleKTUBHASI IPOHUIIAEMOCTh TIa3MaTHUECKONH MeMOpaHbl TO3BOJISET
KJIETKE COXPAHATh NOCTOSHHON BHYTPEHHIOKO cpely. TpaHCIOpT BELIECTB ye-
pe3 memOpaHbl sABisieTcsl M30upaTenbHbIM. CKOPOCTh NEPEHOCAa Pa3IMYHBIX
BEILECTB HE OJJMHAKOBA: OJHU BEIIECTBA MPAKTUUYECKU HE MPOHUKAIOT, IPYrUe
NPOHUKAIOT Yepe3 MeMOpaHy HOBOJIBHO JEerko. TakuMm oOpa3om, MeMOpaHbI
00€eCIeYnBaOT COXPAaHEHHE KOHLEHTPAUMOHHBIX TPAJAUEHTOB JUIsl BCEX Be-
IIECTB BO BCEX KOMIAPTMEHTAX KJIETKHU.

Uepe3 MeMOpaHbl KJIETOK B O0OMX HANpaBlICHUAX C YYAaCTHEM BCEX BO3-
MO>KHBIX MEXaHU3MOB OCYILECTBIISIETCA MEPEHOC MHOTHUX BEIIECTB, B TOM YHUC-
ne: 1) nonos (Hampumep, omgHoBaneHTHEIX Na', K', CI', H', HCO; , nByxBa-
nenTHBIX — Ca”’ ¥ Ipyrux TUMOB HOHOB). Takoil THI TPAHCIIOPTA YACTO HA3BI-
BalOT UOHHBIM TPAHCIIOPTOM; 2) MaJbIX HEUTPAJIbHBIX U MOJIAPHBIX HEOpraHU-
yeckux Moiekyn (Hanpumep, H,O, CO,); 3) Manbix HEMOJSPHBIX OpraHuye-
CKHUX MOJIEKYJI (Harpumep, OeHszoia); 4) OOJIbIINX HETOISIPHBIX OPTaHUYECKUX
MOJIEKYJ; 5) HE3apsSKEHHBIX OpPraHUYECKUX MOJIEKYJN (HalpuMmep, TIIHOKO3bI,
caxapo3bl); 6) OpraHMYeCKUX WOHOB; 7) OMOMOIMMEpOB (Hampumep, OEIKOB,
PHK). Ilepenoc BemiecTB B mporeccax 2—7 UHOTJA HA3bIBAIOT MOJIEKYJIIPHBIM
TPaHCIIOPTOM.

TpaHCOPT MAacCUBHBIX CTPYKTYp WJIM MacCONEPEHOC OCYIIECTBISETCS B
npoiieccax: 1) mepeHoca 3aXBau€HHBIX 00BEMOB JKMAKOCTH (IIpollecC Ha3bIBa-
eTCsl MUHOLMTO30M), 2) TpaHCIOPTa MaKpOMOJIEKYJ B KIETKH U U3 KIETOK,
o0ecreuynBaeMblil crielIMaIbHO POPMUPYEMBIMU BE3UKYJIaMH (MPOLECCHI Ha3bI-
BaIOTCSI COOTBETCTBEHHO 3HIOLMTO30M M 3K30I[UTO30M), 3) 3axBara OakTepui,
BUPYCOB U Psijia JPYTUX UY>KEPOJIHBIX CTPYKTYp B CHEIUAIBHO (hOpMUpPYyEMbIE
BE3UKYJIbl U UX MEPEHOC B KIETKHU (IIpoLiecC Ha3bIBaeTCs (hparoluTo30M).

Cpenu nepeHOCHUMBIX uepe3 MeMOpaHy BEIIeCTB MPUCYTCTBYIOT HEOOXO0IU-
MBbIE JJIs1 KJIETOK MUTATENIbHbIE BEIIECTBA, PETYISTOPHBIE U CUTHAIBHBIE MOJIE-
KyJIbl ¥ MOHBI, IPOJIYKTHI MeTa0oJIn3Ma B KJIETKax. B KieTkax sykapuot umeeT
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MECTO TakKe TPaHCIOPT BemlecTB, Hampumep OenkoB, MPHK, Ca2+, ATOD
BHYTpPb U HAPYKY B MEMOpaHax BHYTPUKJIETOYHBIX KOMIIAPTMEHTOB, TAKUX KaK
SJIPO, SHAOIIA3MATUYECKUN PETUKYITYM, MUTOXOHIPUH.

Camast o6mras kinaccuduKaiusi TpaHCIOPTHBIX MPOIIECCOB — ATO pa3jiesieHre
UX Ha JIBE TPYNIbI — 0€JI0K-HE3aBUCUMOE U 0€JI0K-3aBUCUMOE JIBHXKEHHE MOJie-
KyJa depe3 Ouonornyeckue memOpanbl. He3aBuCHMBI OT OEIKOB TPaHCIOPT
BEIIECTB Yepe3 MeMOpaHbl obecrieunBaeTcs (GU3NIECKUM TpoieccoM — auddy-
3UEeH MOJIEKYII.

benku obecrieuynBaoT KOHTPOJIb TPAHCIIOPTA PACTBOPEHHBIX BEILIECTB YepPe3
MeMOpaHbI KJIETOK, YTO CYIIECTBEHHO JUISI MHOTUX (DU3HOJIOTHYECKHUX MPOIIeC-
coB. UHTerpanbHbie O€TKH, KOHTPOIHUPYIOIIKE MEMOPaHHYIO MTPOHUIIAEMOCTb,
pa3zeNnsAoT Ha TPU Kjacca — KaHaJbl, HACOCHI U TPAHCIIOPTEPHI.

Kananel — memOpaHHble OelKu (MJIM OJUTOMEpHBIE KIIacTephl), oOecnedn-
BalOIIME CHeu(pUUYECKUd TPAHCIIOPT MOHOB WJIM HE3apSUKEHHBIX MOJIEKYJ B
HaIpaBJIeHUH, TIPOTUBOIOJIOKHOM HANPABJICHUIO I'PAJIMEHTAa XUMUYECKOTO UITU
AIEKTPOXMMHUYECKOTO MOTEHIIMala MepeHOCUMBIX BemiecTB. K kaHamaMm oTHO-
CATCSL TAK)KE aKBaIOPUHBI — OEJIKH, Yepe3 MOpbl KOTOPBIX MEPEHOCATCS MoJie-
KYJIbl BOJBI.

Hacocwr sBnsitorest pepmentamu (ATdazamu), yTHIM3UPYIOMIUMA YHEPTUIO
ATO®, cBera u, U3peaKa, SHEPTHUIO U3 JAPYTHX MCTOYHUKOB JUIS MEPEMELICHUS
MOHOB (Yallle KaTHOHOB) U APYTUX PACTBOPEHHBIX BEIIECTB Uepe3 MEMOPAHBI €
OTHOCHUTEIBHO HEOOJIBIIMMH CKOPOCTSIMU B HAIPABJICHUM TPaJHEHTOB XUMHU-
YECKUX WJIM 3JIEKTPOXMMHUYECKUX MOTEHIMAIOB. OHU yCTaHABIMBAIOT KOHIICH-
TpallMOHHBIE TPAAMEHTHI MEXIY MEMOpPaHOCBSI3aHHBIMH KOMITAPTMEHTAMHU.
Ot0 nporiecc, 0003Ha4YaEMbIi KaK aKTUBHBINA TPAHCIIOPT, — IPUMEP COIPSKEH-
Horo mnporiecca. [Ipouecc B nenom — ruaponu3 AT® u 1BukeHnEe MOHOB B 00-
JacTu ¢ 00Jee BHICOKOM MX KOHUEHTpalMeil — sHepreTuueck BoiroseH. Haco-
CbI 00ECTICUNBAIOT TOICPIKAHIE HU3KUX KOHIEHTparmii noroB Na’ n Ca®’ B
MPAKTUYECKU BCEX KJIETKaX TKAHEHW KUBOTHBIX, TEHEPUPYIOT HU3KUE 3HAYCHUS
pH B n1u30comax KJIETOK )KUBOTHBIX U B BAKYOJISIX paCTUTEIBHBIX KJIETOK U T. II.
TpancnopT BemiecTB, oOecreyuBaeMblil Pa3IMYHBIMU SK3EPTOHUYECKUMU XU-
MHUYECKUMH WIH (POTOXUMHUECKUMHU PEAKIUSIMH, HA3bIBACTCS TaKXKE MEpPBUY-
HBIM aKTHBHBIM TPAHCIOPTOM.

Tpancnoprepsl — 6enku, KOTOpble 00eceurBaOT MacCCUBHbIE MYTH MPOXO-
KJICHUS MOJIEKYJI PACTBOPEHHBIX BEILIECTB Uepe3 MeMOpaHbl U3 00iacTei ¢ BbI-
COKOI KOHILIEHTpauuen B 00JIacTH ¢ HU3KOW KOHUEeHTpauueu. [Ipu kaxmom us-
MEHEHUU KOH(popManuu OeI0K-TPAHCIIOPTEP TPAHCIOLUPYET Yepe3 MeMOpaHy
OMpEIETICHHOE YUCIIO MOJIEKYJI PACTBOPEHHOIO BEIIECTBA. TpaHCIOpTEpPhl MO-
ryT QyHKIMOHUPOBATH MO0 0€3 MCMOJIb30BAHMS SHEPTUH, OOJIbIIEH MO BEJIU-
YUHE DSHEPruM TEIUIOBOTO JBWXKEHHs (O0OJIerT4yeHHass WIM OMNoCpedoBaHHas
nuddyszus), mu6o obecrieurBarOTCS T'paJUCHTAMU SJICKTPOXUMHYECKOTO I0-
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Tenmuana noHoB H u Na'.

[lepeHOCUMKM MOTYT TakXe OOecrneurBaTh MyTH JUIsl NEpEMEIICHUs CyO-
CTpaTOB B HANpPAaBJICHUU I'PaJUEHTa KOHLEHTPALMHU, €CIM ATOT MEPEHOC UIET
OJTHOBPEMEHHO C IIEPEHOCOM Jpyroro cyOcTpara B HalpaBJIEHUH, IPOTUBOIIO-
JIO’KHOM HAIIPaBJIEHUIO €TI0 AIEKTPOXUMUYECKOT0 TpajueHTa. Takue mpoueccsl
4acTO Ha3bIBAIOT BTOPUYHBIM aKTUBHBIM TpaHcopToM. [noko3a — mpumep
cyOcTpara, KOTOpPbIM MOMKET MEPEeHOCUTHCS B HAIPABIECHUU 00JacTel Kak ¢
Oonpllield, Tak W C MEHBbIICH KOHIEHTparusMu. Hampumep, TpaHcropTep
GLUT1 oOecneunBaeT mepeHOC TITIOKO3bI U3 IJIa3Mbl B APUTPOLIUTHI, B KOTO-
PBIX KOHIIEHTpalus I0Ko3bl HIKe. C 1pyroi croponsl, Tpancnoprep SGLT1
HCIONB3YeT rpagueHT HoHoB Na', ycranapnupaeMblit ATdazamu, 1715 nepeHo-
ca TJII0KO3bl B HAPABJICHUU IPA/IUEHTA €€ KOHLUEHTPaIUH.

Mopenu yHUNIOpTa, CUMIIOPTa M AaHTUIIOPTA CTPOSTCSA MOJAOOHBIM 00pa3oM.
YHunopteps! (MIepeHOCYNKN) UMEIOT OJHO MECTO CBS3BIBAHUS, & CUMIIOPTEPHI
(KoTpaHCTIOPTEPHl) U AaHTUIIOPTEPHI (OOMEHHHMKH) — HECKOJILKO MECT CBS3bIBa-
HUS, KOTOPbIE SKCIIOHUPOBAaHbl K BHEKJIETOYHON WM BHYTPUKJIETOYHOU Cpe-
Jam.

Hebonpioe 4ucio TpaHCHOPTEPOB XapaKTepuzyeTcss 0oJee CIO0XKHBIMU
GyHKIMAMH, Y€M 3TO yKa3zaHO B kiaccudukaruu. [Ipumep — TpaHcmoprep
HEHPOTPaHCMUTTEPOB, 0OECTIEUMBAIOLINI OJHOBPEMEHHO KaK aHTHUIIOPT, TaK U
cummopt Na“ u CI' B ojHOM HanpaBIeHHU U HEHPOTPACMHUTTEPA — B IPYTOM.

Bce Tpu kmacca TpaHCHOPTEPOB HCIOJB3YIOT MOAOOHBIE MEXaHU3MBI TS
nepeHoca cyocTparoB yepe3 MeMOpaHbl. TpaHcrmopTepbl GyHKIIMOHUPYIOT TI0-
n00HO (pepMeHTaM: CHayana CBSI3BIBAIOT CYOCTpaThl C OJHON CTOPOHBI MEM-
OpaHbl, MOABEPrarOTCs KOHPOPMAIIMOHHBIM H3MEHEHHSIM, KOTOpPHIE Tepeopu-
EHTUPYIOT MECTO CBS3BIBAHUS M BBICBOOOXKJIAIOT CYyOCTpaT Ha MPOTHUBOIOIOXK-
HOl cTopoHe MemOpaHbl. KoHueHTpauuu cyOcTpaToB Mo 00€MM CTOpOHAM
MeMOpaHBbl OINPENEIAIOT HAPaBJIEHUE MMOTOKOB BEILECTB uepe3 MeMOpaHbl. B
3aBHCHMOCTH OT TOTO, SIBJISIETCS JIM TPAHCIOPTEP YHUIIOPTEPOM, aHTHIIOPTE-
pPOM WJIM CUMIIOPTEPOM, MEHSETCS TOJIBKO YHCJIO MECT CBSI3bIBaHMs cyOcTpara
Y NIOCTOSTHHAs! PABHOBECHS JIJIS1 PA3IMYHBIX TUIIOB TPAHCIOPTEPOB, IEPEOPHUEH-
TUpPYIOLIUXCA uepe3 MeMOpaHy. PeaiibHas CKOpOCTh TpaHCHOPTa 3aBUCUT OT
KOHIICHTpAIIMU CyOCTPaTOB.

CpaBHUTENBHBIN aHATU3 CKOPOCTEH TPAaHCIIOPTa HOHOB Pa3IMUYHBIMU TPAHC-
NOPTHBIMU CHUCTEMaMH MNpeacTaBieH Ha puc. 5.1. CymiecTByeT Henblid psjg
TPAHCIOPTHBIX MEXaHU3MOB, KOTOPBIE MOXHO Pa3JelUTh Ha CIEAYIOLIUE OC-
HOBHBIE KaTeropuu: mpoctas auddysus, obneryeHHass nuddysus, 37IEKTPo-
1 dy3us 1 aKTUBHBIN TPAHCTIOPT.

B T1abn. 5.1 mpuBeneHb CpaBHHUTEIbHBIC XAPAaKTEPUCTHKU PA3TUMUHBIX
IIPOLIECCOB TPAHCIOPTA BelIeCcTB yepe3 meMOpanbl. O0neruennas quddysus B
OTIMYHUE OT MNPOCTOM AUPQPY3UN XapaKTEpU3YeTCs XUMHUECKOH crenuduy-

106



HOCTBIO U HACBIIIIACMOCTBIO.
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Puc. 5.1. CxopocTb nepeHoca HOHOB Yepe3
MeMOpaHy TPaHCHIOPTHBIMU OeNkaMu (BBEPXY)
1 MEXaHU3MBbI TPAHCIIOPTA (BHU3Y)

Tabnuya 5.1
CpaBHUTeJIbHAS XapAKTEPUCTHKA MEXaHM3MOB TPAHCIIOPTA
HOHOB M MAJIBIX MOJIEKYJI Yepe3 MeMOpPaHbI

Tun Hudbdy3us | OGnerdernas DneKTpo- ITepBraHbBIHA Bropuunsrii
TpaHcIopTa i dyzus muddyzus AKTHUBHBIN AKTHUBHBIN
TPaHCIOPT TpPaHCIOPT
Hanpagne- Ot BeicOkuX | OT BbicOKHX | OT BbICOKMX | OT HU3KUX OT HU3KUX
HUE MIOTOKAa | KOHLEHTpa- | KOH- KOHLIGHTpPAa- | KOHLIEHTpPa- | KOHIIEHTpa-
BEIIECTBA U K HU3- LIEHTpAIUH K | [IUH K HU3- A K BBICO- | IIMH K BEBICO-
KUM HU3KUM KUM KUM KUM
Tpancnopr- | Het ITepenoc- Kanasr Hacocsr OOMeHHUKH,
HbIE CUCTe- YUKU KOTpaHCIIOp-
MBI TEpbI
Haceimae- Her Ha Her [a Ha
MOCTb
Hcnonb3o- Her Her Her a Her
Baue dHEp-
run ATD
[Ipumepsl 0O,, CO,, I'mroko3a, Na', K, H',Na", K", | Uous! u ca-
BEIIIECTB JKUPHBIC K- | aMUHOKHC- Ca*", CI, Ca*", nunu- xapo3a,
CJIOTBI JIOTBI BOJIA JTbI TJII0K03a U
AMUHOKHC-
JIOTHI

107




5.2. ANODPY3NUA BELLECTB YEPE3 MEMBPAHY

5.2.1. Oudbpy3ua BewecTB B pacTBOpe

®dyHIaMEHTaIbHBIM MPU3HAKOM BCEX OPTaHU3MOB SBISICTCS (P (EKTHBHBIHN
TPaHCIOPT PAaCTBOPEHHBIX BEUIECTB U pacTBopuTens. Takod TpaHCHOPT HEOO-
XOIUM i1 OOecreyeHUsl KJIETOYHOro MeTadoyiu3Ma, TeHEpalMU SHEPruu,
TPaHCAYKIIMU CUTHAJA U T.II.

MHorue BeniecTBa nepecekaroT MeMOpaHy MacCUBHO, T. €. ABUXKYTCS B Ha-
MpaBJIeHUH, KOTOPOE onpeesieTcss HabopoM (PU3NYECKUX YCIIOBUM, XapakKTe-
PU3YIOIIMX BHYTPEHHIOIO W BHEIIHIOK CpPENy KIIETKH, TAKMX KAaK KOHLEHTpa-
1Y, TUIPOCTATUYECKOE NABJICHUE, AIEKTPUUECKUI nmoTteHnuan u ap. Ilaccus-
HBIM TpaHCIIOPT OyAEeT UMETh MECTO B JIFOOOM cHCTeMe, B KOTOpOH pacmpe/e-
JIEHUE BEILIECTBA OTJIMYAETCS OT PACHpPEAeNICHHs] MPU TEPMOAMHAMUYECKOM
paBHOBECHH (HapUMep, MEXIAYy BHYTPH- U BHEKJICTOUYHBIMH (ha3aMu).

Huddys3us obecreunBaeT MEpPeHOC BEIIECTB B HAMpPABICHHH, MPOTHUBOIO-
JIO’KHOM HANpaBJICHUIO TPAJIMEHTAa KOHLUEHTpAalUu, T. €. U3 00JacTeil ¢ BhICO-
KON KOHIIEHTpalueil B 00JIaCTH ¢ HU3KOM KOHIIGHTpAIMe pacTBOPEHHBIX Be-
IIECTB. DKCIEPUMEHTAIbHbIC HAOMIOJACHUSI MOKA3bIBAIOT, YTO HEOOXOJAUMBIM
YCIIOBUEM CYIIECTBOBaHUS IU(DPy3uu SBISIETCS HEOTHOPOAHOE pacipeselie-
HUE MOJIEKYJ B pacTBOpe (HaJnuue obnacteil ¢ pa3HOM KOHLEHTpanuen moJe-
kyn). CnenoBarenbHo, npu 1udPy3uud MOKHO TOBOPUTH O MOTOKAaX BEIIECTBa
U3 OJHOM 00JacTu pacTBopa B Apyryro. Eciam KoHIeHTpalus BellecTBa Mo
BCEeMy 00bEeMy OJMHAKOBA, TO HANPABJICHHOI'O MEPEMEIEHUs BEIIeCTBa HE
poUCXoauT. MOJIeKyJibI COBEPIIAIOT CiIy4yailHbie OMy>KIaHUs, OJHAKO YHCIIO
MOJIEKYJ, IBUXKYIIUXCS B Pa3HbIX HANPABICHUSX, OJMHAKOBO, U CyMMAapHBII
IIOTOK BEIIECTBA PABEH HYJIIO.

KoymuecTBEHHOM XapaKTEPUCTUKON JBUKEHHUS BEIIECTBA CIYKUT BEJINYH-
Ha, Ha3biBaemas AU Py3uoHHbIM notokoM. [luddy3uonnsiii motok J(x,t) pa-

BEH YMCITy MOJIEKYJ BEIIECTBA, IPOXOIAIINX 32 SIUHUILY BPEMEHH Yepe3 €/IH-
HUYHYIO TUTOMIAJIKY, TIEPIICHANKYJISIPHYIO HAIIPABJICHUIO MTOTOKA.

CBs13p MEXIy MOTOKOM M KOHIICHTpAIlHEH BEIIeCTBa B PAaCTBOPE yCTaHAB-
JMBAETCS EPBBIM 3aKOHOM Duka (MPUMEHUM TOJBKO I pa30aBICHHBIX pac-
TBOPOB):

J(x, t):—DM) (5.1)
ox
0C(x)
rae D — koapduuuent auddy3un MojeKya B pacTBOpE, BEIMYMHA BV
X

KOHIICHTPAIIMOHHBIN TPaJIMeHT BElIEeCTBa B HampaBieHUU ocu x. OTpuIiaTeib-
HBbIIl 3HaK B YpaBHEHHHM O3HAYaeT, UYTO MOTOK BCETJa HAMPaBJICH B CTOPOHY
YMEHBIIICHUS] KOHIICHTPAIIMU BEIleCTBRA.
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Jliist pa30aBiieHHBIX pacTBOPOB KO3 duuueHt nud@y3uun D He 3aBUCUT OT
KOHIIEHTpAI[MU pacTBOPEHHOTO BellecTBa. B To e Bpems kodpduuueHt aud-
(y3uM 3aBHCHUT OT TEMIEPATYpbI, AABJIECHUA, GOPMBI U pazMepoB AUPPYyHIU-
PYIOIIMX MOJIEKYJ, a TaKK€ OT MOJEKYJIIPHBIX CBOWCTB Cpeibl, B KOTOPOil
uMeeT Mecto nuddy3us (Hampumep, BI3KOCTh).

Y CcTaHOBIEHO, YTO JIJIsl OTHOCUTENBHO OOJBIINX MOJIEKYJ NMPHU MOCTOSIHHON
TEMIIEpaType UMEET MECTO COOTHOILLEHUE

const

Im

DM = const ,wm D = (5.2)
rae M — MoJiekyJisipHasi Macca.

[Ipu nepemeleHNn yepe3 MEMOpaHbl MOJIEKYJIbl BEIIECTB NMEPEXOIAT U3
BOJIHOM cpenbl B JMNUAHYIO (a3y, a 3aTeM U3 JUIHUIHOTO OUCIIOSN — ONISTh B
BOJIHYIO cpeny. PU3HKO-XMMHUYECKHE CBOMCTBA OKPYKEHMSI MOJEKYJ B ITHX
cpenax pasinyaroTcs. BakHEWIIen XapakTepUCTUKOM NPU aHAIN3E MEXaHW3-
MOB JIBUJKE€HHS MOJIEKYJI B TAKHX CHCTEMAX SIBJISIETCSI pACTBOPUMOCTD MOJIEKYJ
B pa3IMYHbBIX (pa3ax.

[Ipyn paBHOBECHM YACTHIIBI BELIECTBA PACHPENEIECHbl MEXAY JUINUIAHOU U
BoaHOM (azamu. Eciu 0603naunth uepe3 C; u C, KOHICHTpPAIIMU YacCTHUI[ B
nepBoi M BTOpOM ¢azax, To Kod(P(UIIMEHT pachpenesieHus k 4acTHIl J000iH
dbopMbI MeX Iy IEpPBON U BTOPOI (pasamu OyneT paBeH:

c AG A(o,-0,)
k=—2=¢ RT =¢ RT | (5.3)
Cl
rac A - Iomaab IMOBCPXHOCTH YaCTHIIBI, 01,606,— BCJIMYKUHBI ITIOBECPXHOCTHOI'O

HATSDKEHUS Ha TPaHUIAX pasnenoB yactuia — ¢asza 1 u gactuma — daza 2
COOTBETCTBeHHO. Benmmumna k — ¢Qynkuusa temmeparypsl U BenuuuHbl AG,
KOTOpasi ompezenseT paboTy, cOBepIIaeMyio MpH MEPEeHOCE YaCTHUI[ U3 OJHOU
¢a3bl B IpyryIo.

DKCHEPUMEHTAIBHO OMpPENEIuTh KOI(PPUIMEHT pachpeereHus] BelecTBa
MEXIy JUIMUIHOW W BOAHOM (pazamMu MOXKHO cieayronmuMm obpazom. B cocyn
MOMEIIAIOT MAcjo, BOY U BEIIECTBO i, 3aTEM CMECh TIIATEIBHO MepeMeIrBa-
10T U 0KHJIAI0T HEKOTOPOE BpeMsl JJisl yCTaHOBIIEHUS paBHOBecus. C TeueHneM
BpEMEHHU B cocylie hopmupyercsa MexdasHas rpaHuia Macio — Boja. Bemect-
BO OKa3bIBaeTCs paclpenieieHHbIM B IBYX (azax. OnpenenuB KOHIEHTPALUIO
pPacTBOPEHHOIO BEIIECTBA B BOJIE U B Macje, MOXHO HalTH KoddduuueHt pac-
npenenenus. Eciu KOHIEHTpaluu pacTBOPEHHOI'O BelleCTBAa 0003HAYUTH B

cioe macna kak C;"*"°

, a B cioe Boapl — C; | 10 koapuImenT pacnpesene-
HHS k; BEIIECTBA i onpeenseTcs 1mo GopMyiie
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Macio
— Ci

(5.4)

i Cl?oﬂa )

Ecnu BemecTBO XOpouio pacTBOpUMO B Maciie, Toraa k> 1, npu ciaboi
pPacTBOPMMOCTH BellleCTBa B Maciie k < 1.

5.2.2. Inhcy3ua BewecTBa Yepes MeMopaHy

[Tporecc muddy3un BemecTs uepe3 MeMOpaHy, HAIPUMEpP B KIIETKY, MOXKET
OBITh pa3flielieH Ha HECKOJbKO CTaJHil: pacTBOpEHHE BellecTBa B MeMOpaHe,
muddy3us yepes Hee, BXOJI BEIIECTBA B KJIETKY M HAaKOIUIEHUE B KJeTKe. Takas
Mozenb nuddy3un onmuchIBaeTCs TEOpHeH «pacTBopeHust — nuddy3um», co-
TJIACHO KOTOPOW MOJIEKYJIBI PACTBOPEHHOTO BEIIECTBA CHAyYaja PaCTBOPSIOTCS
B MeMOpaHe, a 3aTeM TuGyHAUPYIOT Yepe3 Hee.

B pamkax maHHOW MOAENU MPEANoaaraeTcs, YTo Mpu CTAIMOHAPHBIX YCIIO-
BUSX TMOTOK J; OTMHAKOB 110 BCEH TOJIINHE MEMOPaHbl U paBeH

J(0)=R(Cl0-C 1), (5.5)

riae C;(t)— KOHIEHTpaNus BEIecTBa [ BHYTpH KiIeTkd, C; (1) — KOHIEHTpAIust
BEILIECTBA [ CHAPYKU KJIETKH, a BEIU4YUHA P;, paBHas
P= Dik;
d
Ha3bIBaeTCAd KOA(PGUIUEHTOM MPOHHUIIAEMOCTU WX MPOCTO MPOHUIIAEMOCTHIO.
D, — xoapunment nuddys3un MONeKys BEIIecTBa i B pacTBOpe, d — TONIUHA
MeMOpaHbl, k; — KOdPPUITUEHT pacTpeIeIeHs BEIISCTRA .

Bripaxkenue (5.5) Ha3piBaeTcs nepBbIM 3akoHOM Duka st MeMOpaH U Xa-
paKkTepu3yeT CTallMOHApHBINA MOTOK BEILECTBA Yepe3 MEMOpaHy Ha MaKpOCKO-
NUYEeCKOM ypoBHE. TakuMm 00pa3oM, TPaHCIOPT BEILECTBA Yepe3 MeMOpaHy 1o
i Py3uOHHOMY MEXaHHU3MYy HUJET B HAMPABJICHUHU, MPOTHUBOMOJIOKHOM Ha-
NPABJICHUIO TPAJMEHTa KOHUEHTPALMKU BelecTBa. Takoil TUN TpaHCHOpTa ye-
pe3 MemMOpaHbl HazbIBaeTCs naccuBHOM nuddysueit. Ecnu P; BeIUKO, TO MEM-
OpaHa XapaKTepU3yeTCs BHICOKOM MPOHUIIAEMOCTBIO ISl PACTBOPEHHOIO Be-
niectsa i. Eciu P;= 0, To MeMOpaHa HenpoHUIaeMa JJisi paCTBOPEHHOTO Bellle-
CTBa I.

BonopactBopumbie MOJEKyIbl XapaKTEPU3YIOTCS OYeHb HU3KUM K03 du-
[IMEHTOM pAaCIpECIICHNs] B YIJIEBOJIOPOTHOM HUHTEPbEPE JIMIHUIHBIX MEMOpaH.

: (5.6)

Hanpumep, n1s rimokosst k., = 510719, Koadbdumment nuddysun riroko3bt

B MeM6pane D,,, npuMepHo B 100 pa3 MeHblie, ueM B Boze, U pase 0,67-107
cv’/c. TakuM 0oOpa3oM, MPOHHUIAEMOCTb [UIFOKO3bI Yepe3 JIHIHAHBIA OHCION
(17151 YTII€BOAOPOIHOTO €10 MeMOpaHbI, TOJNIIUHON 3 HM) OyIeT paBHa:
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TJIIO

P =(5'10_10)'(0,67'10_7CM2/C)/(3-10_7CM)le_IOCM/C.

OTtcroga ciieyeT, 4To €Ciau B IUTO30JIe KJIETKH, JAJIT MeMOpaHbl KOTOPOU
XapaKTepHO TaKOe € 3HAaYeHHE MPOHHUIAEMOCTH, TJIIOKO3a OTCYTCTBYET, a
CHapy>kH MPHUCYTCTBYET, TO OJMHAKOBAas KOHIEHTPAIUS TIIOKO3bI IO 00€ CTO-
pOHBI MeMOpaHbl ycTaHOBUTCS TpuMepHO depe3 100 nueil. B otnuuue ot BO-
JOPaCTBOPUMBIX BELIECTB MOJIEKYJIBI BEUIECTB, AJIs1 KOTOPHIX XapaKTepHa BbI-
COKasi paCTBOPUMOCTb B JIMIIMJIHOM OHMCIIO€, UMEIOT BBICOKOE 3HAUEHHE KOI (-
durmenTa NpoHUIIAeMOCTH Yepe3 MeMmOpanbl. Hampumep, ApIxaTenbHbIE Ta3bl
KHUCIIOPOJ, U YIJIEKUCIBIA Ta3 UMEIOT KO3 PUUMEHT pacrpeaenenus oompiue 1,
09TOMy MX HpOHHIAaeMocTh npuMepHo B 10'° pas Gomblue, 4eM TTIOKO3BI.
CnepoBarenbHO, HAJTM4YUE MEMOpAHBI IS BXOJA 3TUX BEUIECTB B KJIETKY WM
JUTS BBIXOJa U3 HEee MPAKTHUECKH 3HAUYCHUS HE UMEeT.

5.3. OBJIEMTYEHHbIA TPAHCNOPT BELWECTB
YEPE3 MEMBPAHbI

5.3.1. O6neryeHHasa anddy3us

O6neruennas auddys3us (0OJETYEHHBIA TPAHCIIOPT) — TUI MACCHUBHOTO
TPAHCIIOPTA, TAKXKE KaK M aKTUBHBIN TPAHCIOPT U TPAHCIIOPT HOHOB, MPOUCXO-
JIUT ¢ 00s13aTEIIbHBIM Y4acTHEM OEJIKOB.

TpancopT uepe3 KiIeTouHble MEMOpaHbl MHOTHX BEIIECTB (HaIpuMmep, Mo-
HOCAaXapua0B, MOHOHYKJIEOTHIOB, aMUHOKHUCIIOT, ¢ochaToB, MOYEBON KHCIIO-
ThI) o0ecreunBaeTcs OerKkaMu-nepeHocYnKaMu. [lepeHocYnK CBA3BIBAECT MOJIC-
KyJIbl PACTBOPEHHOTO BEIECTBAa C OJIHOM CTOPOHBI MEMOpaHbI, 3aT€M TPAHC-
MOPTUPYET Yepe3 MeMOpaHy Ha APYTYIO CTOPOHY, T/Ie OHU BRICBOOOXKTAFOTCS.

[Ipu oOneryenHoi nudQys3um Kaxnas MoJeKkyja OelKa-IepeHOCUrKa
TPAHCJIONUPYET OJAHY MOJICKYJTY TIEPEHOCHMOTO BEIIECTBA.

TpaHCTIOPT, OCYIIECTBISIEMBINA TICPEHOCYMKAMHU, UMEET PSJT OTIIMUNTEITHHBIX
YeprT:

1. 3aBHCHMOCTh MOTOKAa PAaCTBOPCHHOT'O BEIIECTBA OT €r0 KOHIICHTpAIlUU
BBIXOJIUT Ha HACKIIMICHHE. TPaHCIIOPT OCYIIECTBIISICTCS] OTPAaHUYCHHBIM YHCIIOM
MOJIeKYJ niepeHocurka. Ciae10BaTenbHo, CyIeCTBYET MAaKCUMAIbHOE 3HAUCHHE
CKOPOCTU TpaHCHOPTa V., KOTOPOE MOCTHTaeTCs, KOTJa KOHIIEHTPAIIMOHHBIN
rpagueHT 4epe3 MeMOpaHy O4YeHb BEJIUK M KaXIbld MEePEeHOCUUK (HYHKIIMOHU-
PYET ¢ MaKCUMaJILHOM CKOPOCTHIO.

2. CKOpOCTh TpaHCIIOPTa BEIISCTBA IIEPSHOCYMKOM B MEMOpaHE BBIIIIE, YEM
CKOPOCTHU pacTBOpeHus U i dy3un B MeMOpaHe paCTBOPEHHOTO BEIIECTRA.

3. OGneryeHHbI TpaHCTIOPT 00ECIIEUNBAET MEPEHOC PACTBOPEHHOTO BEIIIE-
CTBa MIPOTHUB TPAJMCHTA €TO KOHIICHTPAIIUH.

4. OGnerdyeHHsI TpaHCOPT — cyOcTpaTocnenuduuerH. CKOpocTH mepeHoca
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Jaxe ONM3KUX MO CTPYKTYpE BEUIECTB uepe3 MeMOpaHbl MOTYT CHJIBHO pa3iiv-
yaTbca. Kaxaplii yHUIIOPTEP TPAHCIIOPTUPYET TOJIBKO ONPEACIEHHBIN THI MO-
JEKYJL.

5. 3a MecTa CBA3BIBaHMUSA C MOJIEKYJIAMHM TPAaHCIIOPTEPA MOTYT KOHKYPHUPO-
BaTh HECKOJILKO THUIIOB MEPEHOCUMBIX MojeKyl. Hanpumep, n1Ba trma MoHoOcCa-
Xapua0B — IJIIOKO3a M cop003a KOHKYPUPYIOT 3a CBSI3bIBAHUE C OEJIKOM-
TPaHCIIOPTEPOM CaxapoB.

6. OOJjeryeHHbIM TPAHCIOPTOM MOKHO YIPAaBIATh, HAIPUMEP, UCIIONb3Ys
dapmakonoruueckue (HampuMmep, UToxanasuH B) u ropMoHanbHbIE BEIIEeCTBa
(HanmpuMep, UHCYJIVH).

5.3.2. lNepeHOCUYMKM IMIOKO3bI

Kitaccuueckne 3KCHEpUMEHTHI 0 U3YYEHHUIO TPAHCIOPTA D-TIIFOKO3bI BbI-
nojHeHb! B 1950-X IT. ¢ maa3MaTH4eCKUMH MeMOpaHaMu 3pUTPOILUTOB. DPUT-
POLIUTHI KPOBU YEJIOBEKa y/I0OHO MCIOIB30BaTh, TAK KaK X MEMOpPAHbI COMep-
XKaT BbICOKME KOHIIeHTparuu nepeHocunkoB GLUT1. BpemeHHast 3aBUCUMOCTh
aKKyMYJISIIIUU TJIFOKO3BI B pUTPOLMTAX MTOKa3aHa Ha puc. 5.2 (kpuas /).

00 Tt TT T T TTT T T T T T mm T

250 n(—”zvmax

3

|l 1 1 1 1 | |
01T23456789'I01'I'I213'I4

K HauansHas KOHLIEHTpAIUs TIHOKO3bI, MMOJIB/TI

m

(_\[{OPOCT]; MTOTJIOLICHHS TJIFOKO3bI, MKMOJIB/JI Yac

Puc. 5.2. 3aBUCUMOCTh HAYAJIBHON CKOPOCTH MOTJIONIEHUS D-TJTFOKO3bI
KJIETKaMH IIPU PA3JIMYHbIX 3HAYCHUSIX BHEIIHEW KOHLECHTPALMHU YTJIEBOA:
1- sputporuramu ¢ ydactuemM GLUTI, 2 - kneTkaMu e4eHH ¢ y9acTHEM
GLUT2, 3 - paccunTanHas 3aBUCUMOCTD JIJIs TTAaCCUBHOM nuddy3um gepes

dhochomunuaHbIi OucIon

Ha »sTom e pucyHke mpeicTaBjieHa 3aBUCMMOCTh HAKOILJICHUS TJIIOKO3bI B
KJIETKaX T€YeHU, B MeMOpaHaX KOTOPBIX SKCIPECCUPOBAH TPAHCIOPTEP
GLUT?2 (xkpuBas 2). B 3Tux 3KkcrniepuMeHTax HadajdbHasl KOHIIEHTpAIUs TII0KO-
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3bl B KJIETKaxX OblIa paBHA HYJIO, TAKUM 00pa3oM, KOHLIEHTPALMOHHBIN Ipajin-
€HT 4Yepe3 MeMOpaHbl KJIETOK ObUI paBeH BEIMYMHE KOHLEHTPALUU TIIOKO3BI
BHe kieTtok. Ha puc. 5.2 (kpuBas 3) mpuBefeHa TakKe KpuBas HAKOIUICHUS
IJIFOKO3bI B KJIETKE, pacCUUTaHHAas JJIsl TAacCUBHOM nudPy3un yepes JIUMUIHBIN
OHCIION ¢ y4eTOM pacTBOPUMOCTH TIIFOKO3bI B JIMITMIHOM Oucioe. TpaHcnopre-
PBI .[JIOKO3bI 3HAYUTEIBHO YBEIMYUBAIOT CKOPOCTh €€ TPAHCIIOPTA YEPE3 MEM-
OpaHbI IO CPAaBHEHHUIO CO CKOPOCTHIO MACCUBHOM AU(dy3HUn.

[TocnemoBaTenbHOCTh COOBITHI MIPU OJHOHAIPABICHHOM TPAHCIIOPTE TIIO-
ko3bl yHUNIOpTepoM GLUT1 u3 BHeWIHEe# 7151 3pUTPOLUTOB CPEAbl B IIUTO30/1b
MPOWJLTIOCTPUpOBaHa Ha puc. 5.3. Monekyiia nepeHOoCUnKa MOKET HaXOJIUThCS
B OJTHOM W3 ABYX KOH(popMaruii: B oaHON KoHbopmMarmu (1, 2 1 5) MECTO CBS-
3bIBAHUSI MOJIEKYJIbI TJIIOKO3bI HAXOJUTCSI C BHEITHEH CTOPOHBI MEMOpaHbI, B
npyro#t (3, 4) — MecTo CBA3BIBAHUSI TJIFOKO3bl OTKPHIBAECTCS K HUTO30110. CBSI-
3bIBAHUE TJIIOKO3bl CHAPYXH (COCTOSIHUA [ U 2) MHAYUUPYET KOH(POPMALIMOH-
HOE U3MEHEHHE MOJIEKYJIbl IEPEHOCUUKA (COCTOSIHUS 2 U 3), 3aTeM MPOUCXOJIUT
NepeMeIIeHHe MOJIEKYJIbl TIIOKO3bl uepe3 mepeHocuuk (coctosHue 4). [lpu
0CBOOOXKIEHUH MOJIEKYJIbI TJIFOKO3bI TPOUCXOAUT BO3BPAT MOJIEKYJIbI ITEPEHOC-
yuKa B UCXOJHOE KOH(pOpMaIMmoHHOE cocTosiHue (4—J5). Mosekyna nepeHoc-
YUKa MOXKET Yy4acTBOBaTh B HOBOM IIMKJIE NIEPEHOCA TIIFOKO3bI B KIETKY. Eciu
KOHIIEHTpAIIUs TJIFOKO3bI B KJIETKE BBIIIE, YEM CHAPYKU, IIEPEHOC TIIFOKO3bI 0Y-
JIET UITU B POTUBOTIOIOKHOM HaIpaBieHUU (LUK 4—1).

& Tnrokosa
CBsizaHHas [NIKOKO3a
A
HI/ITOSOJ‘II.:’-
/ 2 3 < 5

Puc. 5.3. Cxema TpaHCHIOPTa IIIOKO3BI

Kunernueckue ypaBHEHHUS CBS3bIBAHUS TPAHCIIOPTEPOM MOJIEKYJ MEPEHO-
CHUMOTO BEIIECTBAa aHAJIIOTUYHBI YPAaBHEHHSIM CBSI3BbIBaHHUs cyOcTpaTta (hepMeH-
toMm. O603HaunM nepeHocunk cumBoiiom GLUTI, a mepeHocrMoe pacTBOpeH-
Hoe BemecTBO — C. Bo3bMeM B KauecTBE MEPEHOCHMOTO BEIIECTBA TIIFOKO3Y.
[Iportiecc nmepeHoca COOTBETCTBYET YETHIPEM CTAIUSAM TPAHCIIOPTA BEIIECTBA 110
MexaHu3My oOsieueHHON nudPy3un: CBsI3bIBAHNE Y OHOM MOBEPXHOCTH MOJIE-
KYyJIbI TJIFOKO3bI MOJIEKYJIONW TIEPEHOCUYUKA, TpaHCIOKalus (TpaHCIopT) 00pa3o-
BAaBIIIETOCS KOMIUIEKCA TMEPEHOCYNK — TIIFOKO3a K JIPYTOoil MOBEPXHOCTH MEM-
OpaHbl, TUCCOIMAIAS MOJIEKYJIbI TJIOKO3BI M3 KOMIUIEKCA (BBIXOJ B PacTBOP),
KOH()OPMAITMOHHOE M3MEHEHHE MOJIEKYJIbl MePEHOCUUKA (B MCXOIHOE COCTOS-
HUE).
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byneMm cuutarh, 4TO MEPBOHAYAIHHO TJIIOKO3a MPUCYTCTBYET TOJIBKO CHa-
PYKU KJIETKH U €€ KOHLeHTpanus paBHa C,. B 3TOM cilyd4ae MOKHO 3alucarhb

peakiuio nepeHocuuk-cyocrpar, Hanpumep ¢ GLUTI, B Buze:
C.+ GLUT1 <= komnaexc(GLUT1-C) = C, + GLUTI,

rae C — KOHLEHTpauus TJIOKO3bl B KieTkax. KoHcTaHTy oOpa3oBaHHUS KOM-
IUIeKCa NEPEHOCUUK — cyocTpar 0003HaunM, kak K . Torma B COOTBETCTBHM C

ypaBHeHHEeM Muxasnuca-MeHTeH Il CKOPOCTH TpaHCIopTa OyJeM UMETh BbI-
paxeHue

Vmax (5 7)

y=——0
1+K,/C,

rae V. — MakcuMalibHasi CKOPOCTh TpaHCHopTa cyOcTpara B KiIeTKd. Mepoi

max

CpOJZICTBA TPaHCHOPTEpa K e€ro cyocrpary siBisercs K, — KOHLEHTpauus cyo-

cTpaTa, IPpU KOTOPOH CKOPOCTh TpaHCHOpTa cyOcTpara paBHA IMOJOBHUHE Mak-
CUMaJIbHOU CKOpOCTHU. UeM MeHbllle 3HaueHHe K , TEM IPOYHEE CBA3BIBACTCA

cyOcTpaT ¢ IEpEeHOCYMKOM U TeM OO0JIbIIIE CKOPOCTh TPAHCIIOPTA CyOCTpara.
K g GLUTI, TpaHCHOpTHUPYIOIIETO TIIOKO3Y B DPUTPOLUTAX, PaBHA

1,5 mmons/n. [Ipu Takoil KOHLIEHTpAIUMU TIIOKO3bl IPUMEPHO MOJOBUHA MOJIE-
KyJI IEPEHOCUHKA, JUIsI KOTOPBIX MECTa CBS3bIBAHUS IIFOKO3bl HAXOJSATCS CHA-
PYKU KIIETOK, OyAyT HaXOAUTHCA B CBSI3aHHOM C TJIIOKO30M cocTtosiHuu. Kon-
IEHTPAIHS TIIOKO3bl B KPOBU OOBIYHO paBHa 5 mmoib/1, win 0,9 r/mutp. [pu
ATON KOHIIEHTpauuu okoyio 77 % MOJEKyJ MepPEeHOCUUKa TIIIOKO3bl OT MX 00-
IIETO YMCIIa B OPUTPOLUTAX OyIyT (PYHKIIMOHUPOBATH C MAKCUMAJIbHOU CKOPO-
CTBIO Vpax.

Pesynprupyromuii TpaHCOpT TpeOyeT KOHIEHTPAlMOHHOTO TPajueHTa, U
TaK Kak KOHGOPMAIMOHHOE U3MEHEHHUE, KOTOPOE NIEPEOPUCHTUPYET MECTA CBSI-
3bIBaHUS CyOCTpara, SIBJISETCS OOpaTUMbIM, TO CyOCTpaT MOKET JABUIAThCS B
ao6om HanpasieHud. CKOpOCTh ABMXXKEHHS! CyOcTpaTa 3aBUCUT OT CKOPOCTEH
00pa3oBaHUs KOMILIEKCa CyOCTpaT — MePEHOCYUK Ha 00eruX CTOPOHaX MeMOpa-
Hbl. CKOPOCTH 3TUX peakUuid MpsSMO 3aBUCAT OT KOHLIEHTpauui cyocrpara. Ta-
KUM 00pa3oM, MecTa CBSI3bIBaHUs IMEpeHOCUrKa Oojiee 3aHSAThl Ha CTOPOHE C
OOJbIIeN KOHIICHTpAlUEeW U PE3yJNbTHPYIONUNA TOTOK cyOcTpara Oyner Ha-
IpaBJieH, CIEA0BaTENbHO, K APYroil cropoHe MeMOpanbl. Eciu KoHLEeHTpauuu
cyOcTpaTa CTaHOBSITCS OJIMHAKOBBIMH IO 00€MM CTOpOHaAM MeMOpaHbl, 0OMEH
MPOJODKAeTCs 0€3 Pe3yNbTUPYIOLIErO MOTOKA, MOTOMY YTO MEPEHOCUUK OJIH-
HAKOBO HachIlaeTcs mo obe ctoponsl MeMOpansl. [locne nmepeHoca B aputpo-
UTHl TJIOKO3a ObICTpO (ochopunmupyeTcss ¢ 0Opa3oBaHHEM TIIOK030-6-
docdara, KOTOphI Uepe3 MeMOpaHy HE MPOHUKAET M OCTAETCS B KJIETKax.
CrenoBaTeNnbHO, COXPAHSIOTCA KaK TPaJEHT KOHIICHTPAIIMH TIIOKO3bI Yepes
MeMOpaHy, TaKk U CKOPOCTh MEePEHOCA TIFOKO3bI B KIETKH.
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Takum 00pa3oM, HACBIIIEHUE MMOTOKA IIIOKO3bI C POCTOM €€ KOHILIEHTpaluu
B CpeJie ONpeeseTcs KOHEUHBIM YUCJIOM MOJIEKYJ EPEHOCYMKA B MeMOpaHe.
[Tpu ManbIX KOHUEHTpALUAX IEPEHOCUMOro BEUIECTBa (BJAJIM OT HACHIIICHUS)
€ro TPAHCIIOPT MOXKHO OIHKCHIBaTh NEPBbIM 3akOHOM PDuka ayns mMeMmOpaHsbl.
Bennunna moToka BellecTBa, NEPEHOCUMOIO 4Yepe3 MEMOpaHy, paccUUTaHHas
HA OCHOBE CUMMETPUYHON MOJENH C YETHIPbMS COCTOSIHUSIMU MOJIEKYJIBI IIepe-
HOCYHKA, XOPOLIO COIJIACYETCs C SKCIIEPUMEHTAIBHBIMU TAHHBIMU.

B opranusme yenoBeka copepxkurcs 12 0eIKoB — MEPEHOCYMKOB TIIFOKO3bI
(GLUT1-GLUT12), nocnenoBaTeibHOCTh aMHUHOKHUCIOT B KOTOPBIX BBICOKO
romosiornyHa. Bee 6enku comepkar nmopsiaka 500 amuHokucnot u 12 mepece-
Karolux MeMOpaHy o-crupaneil. AMHUHOKUCIOTBI, paClOI0KEHHbIE B 0-CITUPA-
JSIX, IPEUMYLIECTBEHHO TUAPO(OOHBI, OJHAKO HECKOJBKO CIHUpaJel coAepKaT
AMUHOKHUCJIOTHBIE OCTAaTKHU (HallpuMep, CEpUH, TPEOHUH, aclaparuH U IIyTa-
MUH), OOKOBBIE 3aMECTUTENHN KOTOPBIX (POPMUPYIOT BOJOPOJHBIE CBSI3U C TU/I-
POKCWIBHBIMU T'PYNIIAMU TJIFOKO3bl. DTH OCTaTKU (POPMUPYIOT MECTA CBSI3bIBA-
HUS TJIOKO3bl IEPEHOCUUMKOM Yy mnoBepxHocTH MeMOpanbl. GLUTI1 — unTe-
rpajgbHBIN O0enok ¢ MosieKyJIsIpHbIM BecoM 45 k/[. On coctasnsiet 2 % ot oOie-
ro KoJudecTBa 0eKOB MeMOpaH 3pUTPOIIUTOB.

5.4. AKTUBHbIA TPAHCIOPT

Bonbioe 4uciao BelECTB TPAHCIOPTHPYETCS uyepe3 MEMOpaHbl MO MeXa-
HU3MaM aKTHUBHOTO TPAHCIOpPTa. DTOT THUI TPaHCIOpTa oOecreyuBaeTcs cre-
UATU3UPOBAHHBIMU OEJIKOBBIMU MOJIEKYJIAMU, UM TPAHCIOPTHBIMU OeJIKamH,
KOTOpPBIE IPEIHA3HAYEHBI I TPAHCIIOPTA OJAHOIO0, YacTO ABYX WIIM JaXKE TPEX
TUIIOB BELIECTB OJHOBPeMeHHO, Hanpumep 1oHoB Na', K u T. 1. [Ipu  axTus-
HOM TPAaHCIIOPTE MOJIEKYJIBI NEPEHOCATCA W3 CPEnbl, 1€ UX KOHLIEHTPALMs
HUXKE, B cpeAy Cc 0osee BBICOKOW KOHLEHTpAlUeil, TO €CThb B HAaIlpPaBJIECHUH,
IIPOTUBOIIOJIO)KHOM TOMY, KOTOPOE MMEET MECTO NPHU CIIOHTAHHOM BBIPABHU-
BaHUMU KOHLIEHTPAllUM BeEIIeCTBa B pacTBope. TpelOyemast Uisi aKTUBHOI'O
TpPaHCIIOpPTa 3HEPIrUsl M3BJIEKAECTCS B META0OJMYECKHUX MPOLECcCax, MPOTEeKaro-
IMX B KIJIETKE, HAIPUMED, NpU yTuiam3anuu coennHeHud tuna AT®. AxkTus-
HBII TPAHCHOPT UTPAET BAXKHYIO POJIb B PETYJIAILIMU KaYECTBEHHOTO M KOJIUYe-
CTBEHHOT'O COCTaBa BELIECTB B KIETKE.

B cBs3u ¢ TeM, uTo 3Heprusi, BoiIcBOOOXIaeMas npu rugaponauze ATD, uc-
NOJIb3YETCs TMOO HEMOCPEICTBEHHO TPAHCHOPTEPOM, JIMOO Jisi CO3AaHus Tpa-
JIMEHTa BEILleCTBA 4Yepe3 MeMOpaHy, BBIIEISIOT JABE OCHOBHBIE KATETOPUM aK-
TUBHOTO TPAHCIIOPTa — TMEPBUYHBIA (IPyroe Ha3BaHWE — MPSAMOW AKTUBHBIN
TPAHCIIOPT) U BTOPUYHBIN (HENPSIMOl aKTUBHBIN TpaHcropT). [lepBuuHBIN ak-
THUBHBIM TPAHCIOPT NPOTEKAET IPU HUCIOJB30BAHUM DHEPIUM CAMUMU TPAHC-
MeMOpaHHBIMU OeNkaMu (Hacocamu) JJis MHAYLUPOBAHUS KOH(POPMAIIMOHHBIX
W3MEHEHHM, pE3yJIbTATOM KOTOPBIX SBIIAETCS TPAHCIOPT MOJIEKYJ YEPE3 MEM-
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Opany.

benkoBbie HACOCHI TPAHCHIOPTUPYIOT MOHBI U IPYTHE PACTBOPEHHBIE Bellle-
CTBa 4epe3 MeMOpaHbl B HAIPABJICHUHM KOHIIEHTPALIMOHHOTO T'pajueHTa, ooec-
neuyuBas pa3nuuus B kKoHreHTparusax B 100000 pas. [Tomumo Hambosee yacTo
ucrnoiabzyemoro rujaponnsa ATD, B kieTkax MOTYT MCHOJb30BATHCS U IPYTUE
VMCTOYHUKH SHEPIUM U1l AaKTUBHOTO TPAHCIOPTA, B TOM YHCIIE CBET, OKUCIIH-
TEIbHO-BOCCTAHOBUTEIBHBIE PEAKIIMK U Jp. DHEPrusi mpeodpasyercs B GopMy
TPAaHCMEMOPAHHBIX AJIEKTPUUECKUX WM XUMUYECKHUX T'PAJUCHTOB TPAHCIIOP-
TUPYEMBIX MOHOB. BOJBIIMHCTBO M3BECTHBIX OMOJOTMYECKUX HACOCOB TPAHC-
JIOIUPYIOT KATHOHBL.

5.4.1. lNepBUYHbIN aKTUBHbLIA TPAHCNOPT

[lepBUYHBINM aKTUBHBIN TPAHCIIOPT Yepe3 MEMOpPAHBI OCYIIECTBISETCS MOH-
HBIMM HacocaMH (Ipyrue Ha3BaHHs — HOH-TpaHcnopTtupyromue ATdazbl u
ATd®da3ubie Hacochl). Bce HOHHBIE HACOCHI MOKHO Pa3/IEIUTh HA YEThIPE TPYII-
bl (cemerictBa): AT®a3b1 P-tuna, AT®a3sl F-tuna, AT®a3sl V-tuna u ABC-
TPaHCTIIOPTEPHIL.

AT®a3sl Bcex TUMOB 00ECIEUUBAIOT COXPAHEHUE IPaJUEHTOB KOHIIEHTpA-
muu monoB Na', K', H u Ca® uepes mnasMaTiyeckie W BHYTPUKICTOUHbIC
MeMOpaHbl. AKTUBHBIN TPAHCIIOPT MOHOB Yepe3 MeMOpaHbl B KJIETKaxX TpeOyeT
OonpmMX 3aTpar sHeprud. Hampumep, B HeHpoHAX M KIETKAaX IEUEHU Ha
TPAHCIIOPT MOHOB pacxonyercs cBbliie 25 % AT®, npoayunupyeMoro B KIeT-
Kax, a B aputponurax — 10 50 %.

[Tepexauka kaTuoHoB uepe3 memOpanbl AT®azamu P-tuna ocymiectBisier-
Cs1 BO BCEX JKUBBIX OpraHu3mMax (Tad:i. 5.2).

Tabauya 5.2
CemeilictBo AT®a3 P-tuna
Yucio
Yucio
HazBanue Jlokanu3anust TIEPEHOCUMBIX DyHKIUU
cyOBeTuHuIIL
HNOHOB
Na'/K'- IInasmatuueckas + + |'enepanus  rpagu-
2 3Na u 2K + +
AT®daza memOpaHa enroB Na , K
ITnmasmaTnueckas
H/K'- + + [Kenynounas u mo-
2 memOpana >xenynka u| 1H nl1K +
AT®daza yeyHas cexpeuns H
IIOYEK
CapkoIurazMaTHYeCKHui
SERCA e”ll“)I/IK VML CHmXeHUe KOHIIEH-
Ca- 1 PETHKYJIYM, . |2Ca* u2 H" |tpamn nonos Ca®’
SHIOIUIA3MAaTHYECKUI
AT®aza B [IUTO30JIE
PETUKYIYM
PMCA CHmXeHUEe KOHIIEH-
IInasmatuueckas 2 + 24
Ca- 1 VeMGnara 1Ca” ulH |rparun unonoB Ca
AT®daza P B LIUTO30JIE
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AT®azamu P-Thnma yTUIM3HPYIOTCS BBICOKODHEPIETHYECKUE KOBAJIEHTHO
CBsA3aHHble MHTepMenuaThl -acnaptuindocdara. ATdazel P-tuna taxxe Ha-
3piBaroTcs E E,-ATda3zamu n3-3a cnocoba onucaHus MEXaHu3Ma UX JEUCTBUSA
— CYUTAETCs, YTO MPHU TPAHCIIOPTE MOHOB Uepe3 MeMOpaHbl OEJIKK MOTYT HaXO0-
JUTHCSI B OJTHOM W3 JIBYX KoH(popMarmoHHbIX coctosinuii — E| unu E,. KoH-
dopManms Tpex Hamboliee H3BECTHBIX HACOCOB JaHHOro Tmma — Na'/K'-
AT®azbr, H /K -AT®a3s1 u Ca>’-ATdasbl IpH TPAHCIOPTE HOHOB H3MEHSCT-
csl B pe3ynbrare ux dpochopunupoBanus 3a cueT sHepruu ATO.

KaTtunonnsie Hacockl P-Tumna cocTtoaT U3 OJHON WM JBYX O-CyObEIUHUI] U
OJIHOM WJH ABYX P-cyObenunuil. MHOTHE U3 3THX HACOCOB SBJISIFOTCS T€Tpame-
pamu, COJEPKAIMMU JBE O-CyOBETUHUIIBI W JIBE MEHBIINE O pa3Mepam [3-
cyObeauHuIpl. TpaHcnopT HOHOB 00ECIEUUBAIOT OL-CYObEIUHULIBI, TIPU 3TOM,
no KpaiiHed wMepe, oAHa U3 o-cyOpeaunun  Qochopunupyercs. -
CyObeuHuIIbl YYaCTBYIOT TOJIBKO B PETYJISIIIUK TPAHCIIOPTa MOHOB. DYyKapHo-
taeckne ATda3br P-tuma, Takue kak Na /K '- u Ca2+—ATq)a3LI, umerot 1o 10
TpaHCMEMOPAHHBIX CIIHpaJICH.

Terpamepom THIa o,f, sBusercs Na' /K -ATdaza (Na'/K -Hacoc), mpucyT-
CTBYyIOLIasl B ITUIa3MaTHYECKUX MeMOpaHax BCeX KJIETOK TKaHEH >KMBOTHBIX
(puc. 5.4). B-Ilonunentua HE y4yacTBYeT NPSIMO B MEPEKayke MOHOB, a ydacT-
ByeT B (POJMHTE TIPU BHEAPEHHH B MEMOpaHy BHOBb CHUHTE3UPYEMBIX O-
cyorenuuuil. o-CyObeAMHUIIBI TIPEICTABISIOT COOON HETJIMKO3MIMPOBAHHBIC
nonunentuasl BecoM B 120 k/la 1 MMEIOT aMUHOKHUCIIOTHYIO TOCJIEI0BATENb-
HOCTh M CTPYKTYPY, OYeHb MON0OHbIe Ha MbimreuHylo Ca’ -ATdasy. Na'/K'-
AT®da3za nmeeT nepelieex Ha MUTO30JIbHOM CTOPOHE, KOTOPBIM COEIUHSIET J0-
MeHBI, conepkamue Mecta cBsa3biBanusg AT® u dochopunupoBanHbiii acmap-
TaT, ¢ BHEJIPEHHBIM B MeMOpaHy qomeHoM. Bee kitacest AT®a3 P-tuna nmeror
0oJHO wiu Oosiee MecT cBsi3biBaHUsA AT® Ha HUTOIIIA3MATUYECKON CTOpPOHE
MeMOpaHBbl.

L{uTo3051b

ZK_: ATD Aﬂq)'l'q)

Puc. 5.4. Cxema ctpoenust Na /K -ATdazs1

Na'/K'-Hacoc obecreunBaeT TpaHCIIOPT THIIA aHTHIIOpTa. Hacoc Tpancmop-
TUPYET OJHOBPEMEHHO TPU HOHA Na' HApYXKy W JBa MOHA K" BHYTPb KJICTKH.
KoHueHTpanus MOHOB Kanus B LIMTO30JI€ KIETOK >KMBOTHBIX B 20 pa3 BhILIE,
YEM BO BHEKJIETOYHOM KUAKOCTH, & KOHIICHTPALlUsl HOHOB HATPUS BHYTPH KJIE-

117



TOK, HA000poT, B 10 pa3 MeHbllle, 4eM CHapyku. Takue KOHUEHTPALMOHHbIE
IPaJIMEHTHI Yepe3 MeMOpaHy KJIETOK yCTaHABIMBAIOTCS Ojarojapsi akTUBHOMY
TpPaHCHOPTY MOHOB 000OMX THUIOB. B pe3yibTaTe TpaHCIOpTa MOHOB Kajusi U
HATpUsl CO3JAETCS aCUMMETPHUs PACIpPENENICHUs 3apsA/a BHYTPU U CHAPYXKHU
KJIeTKHU. BO3HMKAIOMUN NpU 3TOM TpaHCMEMOpAHHBIN MOTEHIMAT UTPAET Bax-
HYIO POJIb B BO3HUKHOBEHUU IOTEHIMAJA IEUCTBUA B KJIETKaX HEPBHOU U MBI-
nreunoit TkaHei. O Baxnoi pomu Na'/K'-ATda3 cBumeTenscTByer TOT (GakT,
YTO MPUMEPHO TPEThs YAaCTh 3al1acaeMoi B KJI€TKaX SHEPruu Ojarogapsi CUHTe-
3y B MutoxoHapusx AT® uzer Ha obecrieuenue pa6otsl Na' /K -ATdas.
Mexanmsm faeiicteus Na'/K ' -ATda3sl uamocTpupyercs pucyHKoM 5.5. B
koH(popMaru El1 Ha 1mTo301pHOIH cTopoHe Na /K'-AT®da3sl ¢ BBICOKHM
CPOZCTBOM cBs3bIBatoTcsi MoHbI Na'. KoHcranTa cBassiBanus MoHOB Na' Ha
LIUTO30JIbHBIX MECTaX CBs3bIBaHMs paBHa 0,6 MMOJIB/J, UTO 3HAYUTEIBLHO HIKE
KOHIIeHTparuy Na' B I[UTO30I1e, paBHOI IPUMEPHO 12 MMOIB/IL.

‘. CBHEbIBaHHe ®ochopunupoBanue  KouhopmamnoHHoe : LK
Na n AT® E1/— usmMeHeHue E2

[uro30ib ( f'\T‘l’) n

o0 \_q")

n

3 Na' AT® Ane " BricBoboxmnenue Na
+

CesspiBanue K 1

HedochopunupoBanue o

% BricBoOokeHne K 1 KOHPOPMALMOHHOE

<~ Ve p
H3MEHEHHE ,
:U ~a— :U 8- <!
. ol
E1 E1 E2

Puc. 5.5. Cxema Tpancnopra noHoB Na - K- AT®as3oit

B pesynbTate HOHBI Na' OOBIYHO TIONHOCTBIO 3alONHAIOT MECTa CBA3LIBA-
uus. Hanportus, cpoactBo moHOB K' K MecTaMm CBSI3BIBAHUSA C IIUTO30JIBHOM
CTOPOHBI OejKa OYeHb HHU3KOE, IO3TOMY 3TH MOHBI, TPAHCIIOPTUPYEMbIE Uepe3
O€NOK B KJIETKU, TUCCOIMUPYIOT U3 Oeika B kKoHdopmaruu E1 B uuto3omns, He-
CMOTpSI Ha BBICOKYIO KOHIeHTpamuio noHoB K' B muromnasme. OnHOBpeMeH-
HOE CBA3bIBaHME TpeX MoHOB Na' u Monekynsl AT® npuBoaut k Gochopuiu-
POBAHUIO acmapTara, 4YTO COMPOBOXKIACTCA M3MEHEHUEM KOH(popMariu Oerka.
[Ipu koHdopmanuonHom nepexone E1 — E2 Tpu cpasanHbIX noHa Na' gBu-
KyTcs uepe3 Oenok Hapyxky. [lepexon B konpopmaruio E2 renepupyer taxxke
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JIBa MECTa C BHICOKHUM CPOJCTBOM CBs3bIBaHMS 11 MoHOB K’ m Tpu mecta ¢
HU3KHM CPOJICTBOM CBSI3bIBAHHUSA I HOHOB Na' Ha 7K30IIa3MaTHYECKOH CTO-
pone MemOpanbl. Tak Kak KOHCTaHTa cBs3biBaHMs HMoHOB K, pasmas 0,2
MMOJIB/TI, 3HAYUTENBHO HUKE, YeM BHYTPHKIETOUHAS KOHLEHTpalus HoHoB K
(4 MMOIB/TT), 3TH MecTa CBA3BIBAHHsA OBICTPO 3amonHsroTcs noHamu K'. Tpu
roHa Na', TpaHCIIOPTUpyeMbIe 4epe3 OeT0K HAPYKY KIETKH, OyayT AUCCOLHUH-
pOBaTh BO BHEKJIETOYHOE IPOCTPAHCTBO M3 MECT CBS3BIBAHMS, XapaKTEPU3YIO-
LIMXCS HU3KUM CPOJCTBOM CBSI3bIBAHMSI HA 3K30IU1a3MaTHYECKOM ITOBEPXHOCTH,
HECMOTpS Ha BBICOKYIO BHEKIETOUHYIO KOHIEHTpaluio HoHOB Na'. BeicBo6o-
K7enre MoHOB Na' 1 cBs3bIBaHMEe MOHOB K COMPOBOKIAETCS TMIPOITH30M ac-
naptuidochara (nepochopunupoBanueM Oenka) U U3MEHEHHEM KOH(pOpMa-
nuu Oenka. [Ipu konpopmanronnom nepexone E2 — E1 aBa cBsi3aHHBIX MOHA
K" TpancnoprupyioTcs BHYTpb KieTkd. Mexanmsm aeiictBus Ca’ -ATda3zbl
aHaNoruueH MexaHusMy QpyHkipronuposanus Na' /K -ATdasbl.

AT®a3er F-tuna (wmm FoF-AT®a3er) u AT®a3er V-tuna (VyV,-ATdDa3sr)
(Tabmn. 5.3) uMerT MoA00OHYI0 CTPYKTYpy. VX Ha3bIBarOT Takke Hacocamu F- u
V-kinacca coorBeTcTBEHHO. Ha3BaHHBIE HAcOCHl COAepKaT, 0 KpallHel Mepe,
TPH THUIIA TPAaHCMEMOPaHHBIX CyOBEIUHULL U MATh TUIIOB MOJUIENTUHAOB, KOTO-
pbie GOPMHPYIOT ITUTO30JbHEIN ToMeH. Bee n3Bectubie F- 1 V-Hacocs! TpaHc-
noptupytoT npotoHbl. AT®a3el V-Tuna oObIYHO MOAEPKUBAIOT HU3KHE 3HA-
yeHust pH B pacTUTENBbHBIX BaKyOJIsIX, B JIN30COMaX U APYTHX 3aKUCICHHBIX BE-
3MKYJIaX B KJIETKax >KHUBOTHBIX, MCIOJb3Ysl SHEPIUIO, BHICBOOOXKIAEMYIO IMPHU
runposnze AT®, mid nepekadyku NPOTOHOB U3 HK30IUIA3MaTHYECKON CTOPOHBI
MeMOpaHsbl B IuT030jb. Hacocsl V-Tuma Taxke NpUCYTCTBYIOT B IJIa3MaTH4e-
CKUX MeMOpaHax KJIETOK, CIEIUATU3UPOBAHHBIX ISl CEKPELMH MPOTOHOB, Ta-
KHX KaK OCTE€OKJIacThl, MaKpogar.

Tabauya 5.3
CemeiictBa AT®a3 F-tuna u AT®a3 V-tuna
Hacoc| Cy0nenuHuiib Jloxanu3anus Cy60cTpar OYyHKITUU
MUTOXOHAPHUH, XJTOPOIUIACTSI, |, + Cunre3 AT® ummn
H" (peaxo .
FoF, |8 unu 6onpiie |9ybakTepuu, mia3MaTudecKue Na") AT®-ymnpasisgeMblit
MeMOpaHbI nepenoc H'

AT®-ympaBnsgeMblit
neperoc H' (penxo,
Na")

H' (pen-

VoV1|8 unu 6osblie HIOMEMOpaHbI 3YKapUOTOB
ot ona p ykap ko, Na")

Hacocel V-Tuna BeIMONHAIOT ABe (YHKIUH. Bo-TepBBIX, OHH 3aKHUCISIOT
BCE YIMOMSIHYThIE BbIlIe KoMmapTMeHThl. Kucnbie 3nauenus pH obecneunBaior
JVCCOLMALMIO JINTAHJA U3 KOMIUIEKCA C PElEenTOPOM B DHIAOCOMAaxX M aKTUBU-
PYIOT JIM30COMAJbHBIE THAPOJIA3bI, a TAaKkKe Apyrue (epMeHTsl. Bo-BTOpBIX,
IPOTOHHBIE TPAJUEHTHI Yepe3 MEMOpaHy SIBIISIOTCS UICTOYHUKOM SHEPTHH IS
conpsixeHHoro ¢ H' Tpancnopra apyrux BeecTs.

Kak nmokazano Ha puc. 5.6, AT®a3sel V-Tuna coaepar JBa AUCKPETHBIX
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JIOMEHA: PACMOJI0KEHHBIN C IUTO30JIbHOM CTOPOHBI MEMOpaHbl TUAPO(PHILHBIN
JIOMEH Vi, COCTOSIIIUI U3 MATH Pa3IMYHbIX MOJUMEHTUIOB, U TpaHCMEMOpaH-
HBIN ToMeH V), coaeprkaniuii ot 9 10 12 xonuii npoTeonunuiaa ¢, OJHy cyone-
JTUHUILY OenKa b U 0JIHYy CyOBbeAUMHUITY OClKa a.

[{uTo300bHBIN TOMEH Oenka V| COAEPXKUT psll CyOBEIUHUI], KOTOPhIE Ha
puc. 5.6 o6o3nauensl kak A, B, C, E, G, u H. Cyobsenununel A u B comepxar
MecTa, TJe MPOUCXOAUT cBsi3biBaHue W ruaponn3 ATD. TpancmemOpaHHbIE
CyOBEIMHUIIBI C U @ BMECTe (POPMHUPYIOT MIPOTOH-NIPOBOANINN KaHal. B oTiu-
yue or AT®a3 P-tuna AT®a3sl V-Tuna B nporecce NpoOTOHHOTO TPAHCIIOPTa
He Qochopunupyrorcs.

2H*
. )
a :Ciclwﬁ

62 :f'/-f \. \ |
W(BLa By,
cA_ /)
\Ci -/H_/

AT® Ao+

Puc. 5.6. Ctpykrypa AT®a3b1 V-Tuna

Xots Hacochl V-tuna noaoOHel no apxurekrype FoF-ATdaze, umerorcs
GbyHKIIMOHANIBHBIE pa3iuuus. Bo-mepBhIX, 3yKapHUOTHUUYECKHUE HACOCHI V-THUMa
ABJISIFOTCSI UCKIIFOUUTENBHO MPOTOHHBIMU HAacOocaMH. BO-BTOPBIX, N30JMPOBAH-
HBIM KOMIUIEKC V| He uMmeeT ATda3Hoil aKTUBHOCTH. MeXaHW3M OEHCTBUSA
ATd®da3e1 F-Tumna noapoOHO pacCMOTpPEH B L. 6.

ABC Tpancnopreps! hopmupyrotr Haubosbiiee mo unciy (cBoimie 100 pas-
JUYHBIX TPAHCIIOPTHBIX OE€IKOB) M HamOosiee pa3HOOOpa3sHOE MO CTPYKType
cemerictBo AT®d-3aBucumbix Hacoco (tabi. 5.4). ABC — »to a60peBuarypa
tepmuHa «ATP-binding cassette» (AT®-cBs3pIBatOMast KacceTa), OTHOCAIIETO-
csi kK ATO-cBs3pIBaronieit oonactu tpancnoprepa. MRP (multidrug resistance-
associated protein) — 0eJ10K MHOXKECTBEHHOM JICKAPCTBEHHOW PE3UCTCHTHOCTH,
UTPAIOLIUNA POJIh B BBIBEJICHUM TOKCUYHBIX BEIIECTB, a TAKXKE JICKAPCTB U3 KJle-
TOK, B TOM YHUCJIE ONPEESIONINI YCTOMYMBOCTh OMYXOJIEBBIX KJIETOK K XeMO-
TepaBHeTHYecKuM JekapcTBaM. Tpancroprepel TAP (transporters associated
with antigen presentation) — knacc ABC TpaHcnopTepoB, HEOOXOIUMBIX IS
WHUIIMUPOBAHUS UMMYHHOTO OTKJIMKA Ha YY>KEpPOJHbIE OCJIKU U MEAUUPYIO-
IIUX TPAHCTIOPT aHTUTCHHBIX MENTUJIOB U3 ITUTO30J1s1 B DP.

ABC TtpaHcnopTepbl HalJEHbl BO BCEX JKUBBIX OpraHum3Mmax. PasznnuHble
YJICHBI ATOTO CEMEWCTBA JIOKAIIM30BaHbl B TUIA3MaTHYECKON mMeMOpane, OP, a
Takke B aApyrux opranemax. Kaxneiii ABC Tpancnoprep sBISeTCs cnenu-
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(GUYIHBIM JJIS OJTHOTO WJIM HECKOJIBKUX POJICTBEHHBIX CyOCTpaTOB, HO BCE Ce-
MENCTBO MMeeT OOJNBIIIOE YUCIO CyOCTPAaTOB, BKITIOYAsi HEOPTaHMUECKHUE HOHBI,
caxapa, aMHUHOKHCIIOTBI, CJIOKHBIE TMOJIMCAXapUIbl, MENTUABl U JlaXe OCNKH.
Criennanu3upoBaHHBIC YICHBI CEMEHCTBA JIEHCTBYIOT KaK HOHHBIC KaHAJIbI
(manpumep, CFTR, cystic fibrosis transmembrane regulator) win peryiupyroT
GyHKIMU APYTHUX MEMOpPAHHBIX OEJIKOB, HAPUMEP, PELENnTopa CyJIbPOHUIMO-
yeBuHbl. ABC TpaHcnopTepsl OTJIMYAIOTCS OT APYTUX HACOCOB MO CTPYKTYpE U
dbynkuuam. OHU HE TPOYIUPYIOT HOHHBIE TPAUCHTHI.

Tabnuya 5.4
Tpancnoprepsr ABC
Yucno
Hacoc Jloxanm3arus Cyo0cTpar OyHKITIH
CyOBbeTMHUIL
MRP1 ITma3smaTnueckass MeM- Cexpenust
1 JIeKapcTBa
P-rnuxonporenn OpaHa JIEKapCTB
[1na3maruueckue Mem-
OpaHbl ABIXATEIHHOTO ] ]
CFTR 1 patibl 1 AT®, Cl Cexperwust Cl
TpaKTa MaKpeaTu4ecKo-
r0 SMUTETUS
Tpancnopt anTH-
TAPL. 2 ) OHJIOMIa3MaTUYECKU  |AHTUT€HHbIE |[T€HHBIX MENTHIOB
’ PETUKYITyM TIETITHIBI 13 IUTOIJIa3MbI B
oP
AnukanbHas Ma3MaTu- dochormunepus
dochaTuami-
MRP2 1 yeckast MeMOpaHa Kiie- <OIHH ¢dbnunasa, cekpe-
TOK M€YEHU IUs KEeTdu
[1na3maruueckas MmeM-
STE6 1 N ®epomonbl  |CUrHaNIM3aMs
OpaHa JposxoKen

Bce tpancnoprepst umerot aAsa AT®-CBSI3bIBalOIIMX JOMEHA B [IUTOILIA3ME
U JIBa TpaHCMEMOpaHHBIX JOMEHA, Coaepkammx 6 o-crimpanei (puc. 5.7). Ue-
ThIpE JOMEHA, TpeOyembie AJisi 00eCTIeUeHUsI AKTUBHOCTH TPaHCIIOPTEPA, MOTYT
OBITh YETHIPbMSI OTACJIbHBIMU CYOBEAUHUIIAMHU WJIM MOTYT OBITh MHKOPIOPHU-
POBaHHBIMH HECKOJIbKUMH CIOCOOAMU B MOJIMMIENTUBI JBYMS WM YETHIPbMS
nomeHamu. [lyuku o-criupasnei CBS3bIBAIOTCS CO CTOPOHBI IIUTOIIA3MBI C HYK-
JICOTU/I-CBA3BIBAIOLIMMHU JIOMEHAMH, 00pa3yIOIUMH «IIANKW» Y IUTOIIa3Ma-
THYECKOTO OKOHYAaHHUS IMYyYKOB. /[B€ aMUHOKHCIIOTHBIE TOCJEI0BATEIHLHOCTH
(MOTHBBI) B HYKJICOTHA-CBS3BIBAIOIIEM JOMEHE OIpESsiOT €ro Ha3BaHHUE.
MotuB Walker A (GXXGXGKS/T, rne X — m1000i1 ocTaTok) Ha3bIBaeTCs TaK-
xe netned P, Tak kak oH cBsa3biBaeT y-pochar AT B tpancnoprepax ABC u
npyrux ATO-csseiBarommx Oenkax. MotuB Walker B (RX¢gF4D, rne F —
060 THIpodoOHBIN ocTaTOK) B3auMoaencTByeT ¢ AT®D, ¢ KOTOPBIM CBSI3aH
Takoke HoH Mg . Haubosee THIINUHOE pa3/ieieHne MOTHBOB B 1 A cocTaBiser
ot 100 10 150 aMMHOKHCIIOTHBIX OCTAaTKOB.
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[Tyuku o-crnivpaneil (TpaHcMeMOpaHHbIE JOMEHBI) (OPMUPYIOT KaMepy, de-
pe3 KOTOPYIO TPaHCIOPTUPYEMbIH cyOcTpaT nepecekaeT MemOpany. CBs3bIBa-
Hue cyocrpara B kamepe crnernuduuno. Tpancnoprep CFTR umeer nomonHu-
TeJBHBIN PEryIATOpHBIN JoMeH (R) B iuTornasme.

pLglp o
Llurosons. [ [ ’/w
"_FM' '

vk
2 4 2

AT®-cBsi3bIBaOLINE JOMEHBI
Puc. 5.7. Ctpykrypa ABC Tpancnoprepon

Puc. 5.8 unmtoctpupyer mexanusMm QynknuonupoBanus ABC TpaHcnopre-
pOB.

I'uapodobroe
OKOHYaHHC,

3apsKeHHOE
OKOHYaHHE

ATOD

AJID+D Iluto301b

Puc. 5.8. Cxema tpancnopra BemectB ABC Tpancnoprepamu

VY Genka 6e3 cBsazanHOoro AT® kamepa OTKpbITa CO CTOPOHBI LIUTOILIA3MbI U
pacrioyiaraeTcsi BO BHyTpeHHeM MoHociioe 6ucios. [loctynupyercs, 4to cBs-
3pIBaHMe U ruaponu3 ATO 3amyckaeT UMK KOHPOPMALMOHHBIX U3MEHEHUH, B
KOTOPBIX YYaCTBYIOT BMECTE HYKJICOTH/I-CBSI3bIBAIOIINE JOMEHBI, B PE3yJIbTaTe
cyOcTpaThl B KaMmepe IKCIOHUPYIOTCS K BHEKJIECTOYHOMY MOHOCIIOIO OHCIIOS
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WM K BHEKJIETOUHOMY MPOCTPAHCTBY, obecneunBas yxoj cyocrpaTos. [Ipume-
POM Takoro TpaHcnoprepa ssiusiercs guunaza MsbA, nepememaromnias gpocdo-
JUNUABL OT OJHOTO0 MOHOCJOS OHCIION K ApyroMy. bakTepuanbHble mepmeasbl
MEepEeKaYMBaIOT NMUTATENIbHBIE BemecTBa B kKi1eTky, a TAP1 u TAP2 nepekauu-
BAaIOT MENTHIHbIE ()parMEeHThl aHTUTEHHBIX OEJKOB B JitoMeH JP.

5.4.2. BTOPpUYHbIN aKTUBHbLIU TPaHCNOPT

Hacocbl Ha3bIBatoTCsl MEPBUYHBIMU AKTUBHBIMU TPAHCIOPTEPAMHM, TaK Kak
OHHM NPEBPAIIAIOT ANEKTPOXUMUYECKYIO WIM XMMHUYECKYH) DHEPTHIO B TpaHC-
MeMOpaHHbIe KOHLIEHTPAIMOHHbIEC T'PaJIMEHThI. [ palueHThl KOHIEHTPALIMH HO-
HOB, CO3JaHHbIE HACOCAMH, HCIIOJb3YIOTCSI HEKOTOPBIMU NEPEHOCUMKAMU, Ha-
3bIBAEMBIMHA BTOPUYHBIMHM TPaHCIOPTEPAMHU, ISl IEPEHOCA MOHOB WIIM PAaCTBO-
PEHHBIX BEILIECTB.

[Ipu nepBruuHOM akTUBHOM TpaHcnopte sHeprusi AT® pacxomyercs Ha yc-
TAaHOBJICHUE TPAJMEHTAa KOHIEHTpPAllMU BEUIECTB uepe3 MeMOpany. B ciyudae
BTOPHUYHOI'O aKTUBHOI'O TPaHCIOPTA 3TOT IPAAUEHT UCHOJb3YETCs I TPaHC-
nopra HE0OXOJUMBIX MOJIEKYJ YK€ B HampaBlieHHH o0JjacTeil ¢ MEHBIIUMHU
KOHLEHTpAIMsIMU MEePEHOCUMBIX BelecTB. [Ipumep Takoro mexanusma: B E.
coli ycTaHaBIUBaeTCs IpajueHT KoHLeHTparuu npotonos (H') uepes kierou-
HyI0 MeMOpaHy (ucrnonb3yercs 3Hepruss AT® st TpaHcnopTra MPOTOHOB 3a
npenensl KiIeTku). TpaHcMeMOpaHHbIN Oel0K — IepMeasa JaKTO3bl UCTIONb3YET
DHEPIUIO0, 3allaCaEMYI0 IIPU CO3JaHUH DJIEKTPOXMMHUYECKOTO MOTEHIHAIA MPO-
TOHOB, JJIsl TPAHCHIOPTA JAKTO3bl B KIETKY. B E. coli mogoOHBIM THIT POTOH-
3aBHCHMOI'0 CUMIIOPTa HCIOJNb3yeTCs AJsl TpaHCHopTa puOo03bl, apaOUHO3BI U
HEKOTOPBIX aMHUHOKHCIIOT.

Mogenb s CUMIOPTEPOB MOKHO MPEACTaBUTH IMOAOOHOW MOJETH st
yaunoprepa. Cumnoprep uMeeT ABe KOH(OpManuu ¢ MECTaMH CBS3BbIBAHUS
CyOCTpaTOB, OTKPBITBIMHU C JIFO0OOM CTOpPOHBI MeMOpaHbl. MecTo CBSI3bIBAaHUS
MO>KET OBITh CBOOOHBIM HJIM 3aHATHIM OJMHOYHBIM CyOCTpaToM, Kak U 'y yHH-
noprepa, HO JBa CyOCTpaTra MOTYT CBS3bIBaThCSl OAHOBpEeMEHHO. BTopoe pas-
JMYHE COCTOUT B TOM, YTO TPAHCMEMOpPAHHAs IEPEOPUEHTALIUS MECT CBSI3bIBaA-
HUS SIBJISETCS OoJjiee MPEANOYTUTEIBLHON 11 CBOOOJHOIO TpaHCIOpTEpa U
TpaHCHopTepa C ABYMsI CBA3aHHBIMHM CcyOcTpaTamu, 4eM /i1 TpaHCIopTepa
TOJIBKO C OJTHUM CBSI3aHHBIM CyOCTpaTOM. JTO XapaKTepHOE CBOMCTBO CUMIIOP-
TEPOB MUHUMM3UPYET YTEUKY OTACIBHOrO cyOcTpara uepe3 memoOpany. [lpu-
MepaMH CHMIIOPTEPOB SBIISIOTCA Takke Na'/aMHHOKHCIOTA KOTPAHCHOPTEp M
Na'/K'/2Ca*"-xorpancmoprep.

AHTUNIOPTEPBI TPAHCIOLMPYIOT JIBa PA3JIMYHBIX CyOCTpaTa U UCHOJIb3YIOT
KOHIICHTPALMOHHBIN IPaIUEHT OJHOIO U3 CyOCTpaTOB JUIsl IEPEMELLEHUS JIpY-
roro cyocrpaTta B HalpaBJICHHUH, IJ€ €r0 KOHLUEHTPALKA BhILIE. DT TPAHCIOP-
Tepbl MOABEPratoTCs 0OpaTUMBIM KOH(GOPMAIIMOHHBIM HW3MEHEHHUSAM, BCIIEICT-
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BHE€ KOTOPBIX MECTO CBSI3BIBAHUS C OJAHOW CTOPOHBI MEMOpaHbI MEPEMEIIACTCS
Ha JAPYryr0. YCTaHOBJIEHBI JIBE OCOOEHHOCTH (PYHKIMOHUPOBAHUS aHTUIIOPTE-
poB. Bo-mepBbIX, 32 MecTa CBSI3bIBaHUSA C AHTUIOPTEPAMHM KOHKYPUPYIOT J1Ba
cyOctpata, S| u S,,. Bo-BTOpBIX, TpaHCHOpTEp, CBOOOHBIN OT cyOcTpaTa, HE
nojiBepraeTcsi KOHGOPMAIIMOHHBIM U3MEHEHUSIM, TPEOYEeMbIM JJI1 U3MEHEHUS
OPHEHTAllUHA €r0 MECT CBS3bIBaHMSA. JTH PA3IMYMS JIEJAIOT TPAHCHOPT JBYX
cyOCTpaToB 3aBUCUMBIM JIPYT OT JIpyTa.

Hanpumep, 3Na'/Ca®"-00MeHHNK (Y4aCTBYIOUIMI B OGCCIICUCHHH HH3KOIX
BHYTPHKJICTOYHO#H KOHIEeHTparmu Ca’’ B cepeuHO MBIIIIE) CBSI3BIBACT HOHBI
Na' wm Ca®" u ucronb3yer GombIIoi TpagueHT 11 HoHoB Na' uepes rasma-
THYECKYI0 MeMOpaHy JUIsl mepeMenieHns 1oHoB Ca’ U3 LUTOIIA3Mbl HAPYKY,
I/ KOHIIEHTPALMs KaJbl1s BbILE. Y BHEIIHEH MOBEPXHOCTU KIETKU MEPEHOC-
yyK cBA3bIBAaeT TpH HoHa Na'. ITocie KOH(pOPMAIMOHHOTO U3MEHEHHUS, TIPHBO-
JAIIET0 K TIEPEOPHEHTAMH MECT CBA3BIBAHMS, TpH HOHA Na' IUCCOLUUPYIOT
BHYTPH KICTKH H CBsi3bIBaeTcs oauH noH Ca'. TIpu mocieyroleii mepeopu-
CHTAIMM MECTa CBSA3bIBAHMS 3TOT MOH Ca’ MEPEeHOCHTCS HA BHEIIHIOK MO-
BEPXHOCTh KJIETKH, IIe OH AUCCOLMUPYET. B 3TOM mpoiiecce urpaer posib He
TOJIbKO KOHUEHTPAIIMOHHBIN IPAIUEHT, HO U MEMOpaHHBII MOTEHIMAI, TaK KaK
3TOT OOMEH HE SBJISAETCS JEKTPUUECKU HEUTPAIbHBIM, U MEMOPAHHBIIN MTOTEH-
[[MaJl MOXKET BIIUATh HA CBSA3BIBAHUE MEPEHOCUYMKOM OJHOTO WM 00oux cyO-
CTpAaTOB.

AHTUTIOPTEPHI OOBIYHO OOMEHHMBAIOT MOJOOHBIE TIO CBOMCTBAM CyOCTpATHI:
KAaTHOHBI HA KaTHOHBI, aHMOHBI HA aHUOHBI, Caxapa Ha caxapa U Tak jgajnee. AH-
tunoptep nojocsl 3 3putpountoB oomenuBaer CI- Ha HCO; . Okuchk yraepo-
Ja, MpoylupyeMas B TKaHAX B OKHUCIUTEIBHBIX peakiusx auddyHaupyer B
SPUTPOLUTHI, A€ MUTOIIA3MaTHUECKUI (hepMEeHT KapOoaHruapasa TpaHchop-
mupyet okuch yriepoga B HCO;. Antumnoprep obecrneunBaeT MyTh BO3BpaTa
HCO; B mna3smy, rae oHa IEPEHOCUTCS K JIETKUM Kak OnkapOoHAT aHMOH. AH-
tunoptep UhpT mo3Bonsier E. coli mepexBaThIBaTh INIOK030-0-hocdat u3 cpe-
Il B 0OOMEH Ha Heoprannyeckuii pocar. AHTUIIOPTEPHI B MUTOXOHJIPUSIX, CO-
CTOSIIME U3 TUMEPOB (KaKIbIH COAEPKUT IIECTh CIUpalieil), 0OMEHUBAIOT 11~
torazMarudeckuii AJI® nHa AT®, cuHTe3UpyEMbIii STUMU OpraHelJIaMH.

5.5. ANEKTPOOANDPDY3INUA. UOHHBIE KAHAIbI

5.5.1. Anektpoaud¢ysuna BewecTB Yepes MeMOpaHbI

[Ipu co3maHuM B pacTBOPE DJEKTPOJIHMTOB TPATUCHTA AIIEKTPUUIECKOTO TI0-
TEHIIMaJa MOHBl HAUYHYT MepeMenaTbcs, IpUYeM HalpaBleHHE TBUKEHUS Oy-
JIeT OIPENeNATHCS HAIPaBIEHUEM AJIEKTPHUUECKOTO MOJIS U 3HAKOM 3apsija Ho-
Ha.
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Ecnu nBa pacTBOpa ¢ pa3inyHONl KOHIICHTpAIMEl MOHOB pa3enseT MOy-
npoHUIlaeMasi MeMOpaHa, TO Ha MeMOpaHe BO3SHHKAET CKAYOK JEKTPHUECKOTO
noteHiMana. Pa3HOCTh MOTEHIIMAIOB BO3HUKAET HA MEMOpaHE B pe3yibTare
¢ y3un pa3IMdHbIX HOHOB Yepe3 MeMOpaHny. [IpoxoxaeHne HoHOB U MOJIe-
Ky 4epe3 MeMOpaHbl MOXXHO OXapaKTepPU30BaTh MPOBOIUMOCTBHIO U TPOHU-
11aeMOCThI0. [IpOBOUMOCTH OINMUCHIBAET IBUKEHUE JIIEKTPOIUTOB (MOHOB H
3apsHKEHHBIX MOJIEKYIT) dyepe3 MeMOpaHy IMpH HAJTMYUU MEMOpPaHHOTO TOTEH-
nuana. [I[poHUIIaeMOCTh ONMUCHIBAET JBMKEHUE HE3aAPSIKEHHBIX MOJEKYN (He-
AJIEKTPOJIUTOB), a TAKXKE JIBIKCHUE DJICKTPOJIMTOB B OTCYTCTBHE MEMOPAHHOTO
noteHnuana. JIjisi Kaxaoro THIAa MOHOB XapaKTEPHO CBOE 3HAYCHHE MOHHOUN
MIPOHUIIAEMOCTH U MOHHOU MTPOBOIUMOCTH.

[110THOCTH NOTOKA MOHOB i-r0 THUNA (BaJEHTHOCTBIO Z;) B MEMOpaHe B CTa-

MUOHAPHOM COCTOAHHUU OIIPCACIIACTCA YPABHCHUCM HGpHCTa — IImanka:

4G F do(x)
/i = ( dx C()RT dx j 8

rae C;(Xx) — KOHLUEHTpauus UOHA i-ro Tuna B MeMOpaHe, D; — k03GdHULUEHT

muddy3un MoHA i—TO THUMA, O(X) — AIEKTPUYECKUN MOTEHIMal B MeMOpaHe,
F — nocrostnnas ®apanes, R — razoBas NOCTOSHHAs. DTO YPaBHEHHUE OMMCHI-
BaeT AMEKTPoaAu(DPy3ui0 MOHOB MPHU OJHOBPEMEHHOM BIMSHUU TPATUEHTOB
KOHIIEHTpAIMHU U 3JIEKTPUYECKOT0 MOTEHIIHAIA.
TpancmemMOpaHHBIN TOTEHIIMAJ OTIPEIEISIETCS ypaBHeHHEM [ oyibiMaHa:
Vag = RT B Cx + RuaCna + P(31C(31
F o BCR+ By Oy + PoiCly

(5.9)

rae Py, Px 1 Pc — MeMOpaHHasi TPOHUIIAEMOCTh Il MIOHOB HATpHs, KU U
XJI0pa, COOTBETCTBEHHO, CI]Z I/ICIC< — KOHLICHTPAlLXsI NOHOB KaJIUsl BHYTPHU KJIET-

KM U BO BHEKJIIETOYHOU CpEJle, COOTBETCTBEHHO, Cﬁa u C{Qa — KOHICHTpaUus
WOHOB HATPHsSl BHYTPHM KIETKH M BO BHEKJIETOYHOW Cpe/e, COOTBETCTBEHHO,
C(BH U Cél — KOHIIEHTPAIMSI UOHOB XJIOPA BHYTPH KJIETKU U BO BHEKJIETOUHOM

cpele, COOTBETCTBEHHO. B OIbITax Ha TMFaHTCKUX aKCOHAX KajabMapa OIpee-
JIEHO, YTO B COCTOSIHMM IOKOsA Vy;=—60 MB 1 coBmamaer ¢ BEJIMYMHOMN TpaHC-

MEMOpPaHHOTO MOTEHIIMaja, pacCyuTaHHOrO 1o popmyie ['onbamana.

5.5.2. Knaccudukaumsa n cTpyktypa MOHHbIX KaHanoB

HNonnubie kaHanbl 0OHAPYKEHBI BO BCEX KJIETKAX M Pa3IMYaroTCs MO CTPYK-
Type, QyHKIIMSAM U MEXaHU3MaM PETYyJAINA aKTUBHOCTU. OHU 00€CTIeunBarOT
NEPEHOC MOHOB Yepe3 MEMOpaHbI KJIETOK, OTBEYAIOT 32 JIEKTPUUYECKYIO aKTHB-
HOCTb HEPBHOW TKAHU, MBIIIL U CEHCOPHBIX OPraHOB, PEryJIMPOBAHUE KIIETOY-
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HOTO TOMEOCTa3a U MHOTUX JAPYIHX (PYHKIMI KIETOK. AKTMBHOCTb MOHHBIX
KAaHAJIOB PErYJIUPYETCS PAJIOM XUMUYECKUX U Puznyeckux Gpakropos. FMloHHbIE
KaHajlbl CO3/al0T YCIIOBUS A 3JeKTpoau(py3ur HMOHOB depe3 KIETOUYHbIE
MeMOpaHbl. XapaKTepUCTUKH ITAaCCUBHOI'O TPAHCIIOPTA ONPEAEIAIOTCS HAUYU-
€M JJIEKTPOXMMUYECKOTO TpajueHTa JUisi MOHOB U MOHHON CEJIEKTUBHOCTBHIO
OTKPBITBIX KaHAJIOB.

KonnenryanbHO MOHHBIE KaHAJbl MOKHO pacCMaTpUBaTh KakK MOJIEKYJISIp-
HbI€ MallIMHBI, KOTOPHIE MOTYT HaXOJINUTHCS B JBYX COCTOSIHMSIX — OTKPBITOM U
3aKkpbITOM. [lepexon MeXay 3TUMH COCTOSIHUSIMU PETYJIUpPYETCs TaK Ha3bIBae-
MBIM BOPOTHBIM MEXaHHU3MOM (OT aHIJIMHCKOro gate — Bopota). Korna noHHsie
KaHaJIbl OTKPBITHl U JBUKEHUE MOHOB 3aBHCHUT OT BEJIUYMHBI [PAJIUEHTA IJICK-
TPOXMMHUYECKOIO MOTEHIMAIa, UMEIOT MeCTO: 1) M3MEHEHHE KOHLEHTpaluu
COOTBETCTBYIOIIMX MOHOB BHYTPU M CHAPYXH KIETKHU; 2) U3MEHEHUE MEM-
OpaHHOTO MOTEHIMAIA; 3) U3MEHEHHUE CONIPOTUBIICHNS MEMOPaHBI.

Nonuble KaHalbl KIACCUPUIIUPYIOTCS HECKOJbKUMH criocodbamu. O6mie-
OPUHATON SIBISIETCS KiacCU(UKALMS 110 TUIY HOHOB, KOTOpPbIE MEPEHOCHT Ka-
HaJIbl, — MIOHOB KaJMsl, HATpHsl, Kauplus U Xjopa. [lepeHoCc Ha3BaHHBIX MOHOB
HaTPUEBBIMU, KAIMEBBIMU, KaJbIUEBBIMUA U XJIOPHBIMU KaHAJIAMU UMEET MECTO
BO BCEX THUIIAX KJETOK TKaHEW MIIeKONMUTarouIuX. KaHansl OCylIEeCTBISAIOT Ie-
PEHOC TEX MOHOB, K KOTOPBIM OHHU CEJICKTUBHBI. B HEKOTOpBIX KIIETKAX MpH-
CYTCTBYET psij O€iIKOB, POPMHUPYIOUINX KaHaJbl, Yepe3 KOTOPbIE OCYLIECTBIISA-
€TCsl IEPEHOC MOHOB BOJIOPO/A, JKEJI€3a U HEKOTOPBIX JIPYTHX.

upoko ucmonb3yeMblil cnocod KiacCU(PHUKAIMN KaHAJOB yYUTBHIBAET TaK
Ha3bIBAa€MbIl BOPOTHBII MEXaHW3M HMX OTKPBIBAaHUS M 3aKpbIBaHUA. Y OJHUX
KAaHAJIOB TOPbl OTKPBIBAIOTCS TOCJIE€ CBS3BIBAHUS OEIKOBOM MOJIEKYJION
HEOOJBIION MOJIEKYJIbI-TUTaHAa (MJIM HMOHA) MO HPHUHIMIY MOJIEKYJSPHOTO
(WM MOHHOTO) Yy3HaBaHMs. Y JPYrMX OTKpPbIBAHHWE IOPBI PETYJIUPYETCS
TpaHCMEMOpPAHHBIM MOTEHIMAIOM. TakuM 00pa3oM, B 3aBUCMMOCTH OT THUIIA
MEXaHU3MOB PETyJIMPOBaHUS TEPEeHOCAa MOHOB uepe3 TOpbhl  KaHAJbI
HOJpa3AeisAoT Ha JIMTaHJ-YyIpaBisieMble (JIMTaHA-3aBUCUMBIE) M MOTEHLUAI-
ynpasiisiemble (MOTeHIMaI-3aBUcUMbIe). B Tabn. 5.5 mpuBeneHsl CBeleHUS O
HauboJiee pacpoCTpaHEHHBIX HOHHBIX KaHaJlaX.

OTKpbIBaHUE TIOP, Y€PE3 KOTOPHIE MPOXOJAT HOHBI B OEJIKOBBIX MOJIEKYJIaX,
o0OecnieunBaeTcs MpH MOSBICHUU JOCTYNAa MOHOB K TaK HAa3bIBAEMBIM «BOPO-
TaM» («KaJIUTKEe») KaHaja. BeposSsTHOCTh OTKPBIBAHMS KAHAJIOB, T. €. BXOXKJIE-
HUSI MOHOB B BOJIHYIO OCJIKOBYIO MOPY U MPOXOXKJICHUS Yepe3 Hee, TOMUMO Ha-
3BaHHBIX (PAKTOPOB PETYNALUUA — TPAHCMEMOPAHHOTO MOTEHIMANa U CBS3bI-
BAaE€MbIX JIMTaH/JOB — 3aBUCHUT TAKXK€ W OT psiAa APYTruX (PU3MKO-XUMHUYECKUX
(dakropoB. Hanpumep, BEposSTHOCTb OTKPbIBAaHUSI HEKOTOPBIX KAHAJIOB SIBJISIET-
cs ¢ynkauedt pH cpensr (pH-3aBucuMBbIe kaHambl). B BOJOCKOBBIX KJE€TKax
BHYTPEHHETO yXa COJAEp>KaTcs KaTUOHHbIE KaHaJbl, OTKPHIBAHHE KOTOPBIX pe-

126



TYJIUpyeTCad MCXaHUYCCKHM BOSHCﬁCTBHCM — KOJ'I€6EIHI/IHMI/I, BBI3bIBACMbIMHU
3BYKOM. CyHICCTByIOT KaHaJlbl, KOTOPbIC YYBCTBUTCIIbHBI K CBECTOBOMY BO3I[€I>1-

CTBHIO.
Tabauya 5.5
IIpumepnl HanboIee pacIPOCTPAHEHHBIX HOHHBIX KAHAJIOB
IToTenuuan- VYnpasnenue YHuTapHas npoBo- Bbrokaropst

YHOpaBJIsIEMBIC KaHAJIbI JUMOCTb

Na’ Henossipusanus 10 nCm TeTpoaoTOKCUH

K" (DR) Jlenonspu3arus 55 nCm Ba™

K" (Ca™ I[GHO.HSIpI/ISaLH/I}I/Ca2+ 240 nCwm Xap1/16,£[0T01<CI/1H/Ba2+

Ca2+(L) (Mennennas | BeicokonmoporoBas 9 nCm (Ca2+) JuruaponupuauHbl

MHAKTUBAaLUs) JENOJsIpU3aLHs 25 nCwm (Ba™)

Ca™" (N) Bricokomnoporosas 12 nCwm (Ba™) o-koHOTOKCUH GVIA
JENOJSIpU3aLHs

Ca™' (P) Bricokonoporosas w-aratokcuH [IVA
JENOJsIpU3aLHs

Ca™ (Q) Bricokonoporosast ®-KOHOTOKCUH
JICTIOJISIpU3alus MVIIC

Ca™(T) (beicTpas Bricokonoporosast 8 mCm (Ca™)

WHAKTUBAIINSA) JIETIOJISIpU3AITUS 8 nCm (Ba™")

Jluranpa-ymnpasis- VYpasnenue CenexTuBHOCTD biiokaropsl

€Mbl€ KaHaJbl

HukoTnHOBBIN pe- ALIETUIIXOJIUH OpnnoBaneHTHble | ByHrapoTokcuH

LENTOP KATHOHBI

Penenrtop NMDA I'myramar Ca™" Mngr

Peuentop ['myTamar OnHOBaNEHTHBIE

non-NMDA KaTUOHBI

Penentop GABA A | y-amMMHOMAcCIIsIHas Cr
KHCJIOTa

Bnyrtpukiierounsie VYpasnenue CenexTuBHOCTD biokaropsl

KaHaJIbl

Puanogunossiii pe- | Kodeunn Ca”’ PyreHueBslii kpac-

LENTOp HEIA

PenenTop InsPs3 Unosuton tpudocdar | Ca”

B 3aBHCHMOCTH OT T€OMETPUYCCKUX OCOOCHHOCTEH PacCIOIOKCHHS B MEM-
OpaHe KaHaJIBI MOXXHO pa3/IeJUTh HAa TPU TPYIILI — TeTpaMepHbIC, ITeHTaMep-
HbIC ¥ TeKkcamepHbIe (puc. 5.9, a). B kaxmaoM cirydae mopa KaHajia JOKaJIn30Ba-
Ha B IIeHTpe OeTKOBOro KOoMIUIeKca. B mpenenax kaxaoil cyObeauHUIBI Oe-
KOBas IMOJIUIICIITH/IHAS 1IETIh TIepecekaeT MeMOpaHy 2—6 pa3, popmupys obac-
TH TPAHCMEMOPAHHOTO MEPECEUCHUS — TPAHCMEMOPAHHBIE CETMEHTHI.

K TerpamepHbIM MOHHBIM KaHAJIaM, COJNIEPIKAIMM YETHIPE JIOMEHA WIH
CyOBEIMHHIIBI, OTHOCATCS MOTeHIHAI-ypasisemble Na'-, K- u Ca*'-kamais,
B ToM uncie K'-KaHambl ¢ BHYTPEHHHM BHINPAMIECHHEM, KOTOPHIE COAEpKAT
BBICOKOCEJICKTHBHBIC TIOPHI, JIOMYCKAIOIINE MPOX0XKICHUE Yepe3 MOPYy OTHOTO
Tuna HOHOB. KaHaibl, ynpaBiseMble BTOPUYHBIMA MECCEH/KEpaMH, BKITFOYAs
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KaHaJIbl, 3aBUCAIINE OT LIUKIMYECKUX HYKICOTHUIOB, TAKXKE SIBISIOTCS TETpa-
MEpPHBIMH, HO UX KaTHOH-IIPOHUIIAEMbIEC MOPbI MEHEE CEJICKTUBHBI K HOHAM,
YeM MOpbl MOTEHIMA-YIIPaBIEeMbIX KaHaIOB. Kakaplii U3 4eThipex TOMEHOB
COJIEP>KUT OT JIBYX IO YEThIpEeX TpaHCMEMOpaHHbIX cerMeHToB. Cxema (popmu-
pOBaHUs MOPHI B TETPAMEPHOM KaHaJle pUBeeHa Ha puc. 5.9, 0.

Honnas nopa

KneroyHas
membpaHa

HoHHbBIN KaHaAI
6  Honnas nopa

a

Puc. 5.9. Tononorudeckre GopMbI pacoIOKEHUST KAaHAJIOB B TUTTUIHOM Oucioe (a).
CxeMa pacnojoXeHus: IOpbl B TETPaMEpPHOM KaHajie B MeMOpaHne (0).

[lenTamepHble MOHHBIE KaHAJIbl UMEIOT BHUJI «PO3ETKU» U3 MATU CyObenu-
HUIL[, ¥ B UX YHUCJO BXOJUT OOJBIIOE KOJMYECTBO KAHAJIOB, PETYJIUPYEMBIX
HellpoTpancmuTTepamu. KaHambl ¢ penentopamMu Ajisi HUKOTHHALIETUIXOIMHA,
rilyTamMara u S-THAPOKCUTPUNITAMUHA COJIEP’KaT KaTHOH-IPOHHUIIAEMbIE MOPHI,
B TO BpeMs KaK KaHaJlbl C peleNTOpaMHu JJIsl TIIMIMHA U Y-aMUHOMACIISTHON KH-
CJIOTHI SIBJISIFOTCSI aHMOH-ITPOHUIIAEMBIMHU.

Haxkownerr, kaHaIbl MEXKIETOYHBIX KOHTAKTOB (KOHHEKCHMHOBBIE MOHHBIE Ka-
HaJIbl) GOPMUPYIOTCS MPH aCCOIUAIMH TI0 MPUHIIUITY «KOHEIl K KOHI[Y» JBYX
TeKCaMepoB, COJEPXKAIUX MO IIECTh JOMEHOB, PACIONIOKEHHBIX BOKPYT IICH-
TpPaJIbHOW TOPBI. DTH KaHaJIbl 00ECIEYMBAIOT B3aUMO/ICHCTBUE KIIETKA — KIIET-
Ka, a 4epe3 MOPbl 3TUX KAHAJIOB MPOXOJAT HE TOJIHKO HEOPTaHUYECKHE HOHBI,
HO U HEKOTOPBIE OOJIBIINE MOJICKYIIHI.

HonHble KaHaJIbl MPOBOJSAT MOHBI Yepe3 IUIa3MaTUYECKyl0 MeMOpaHy WU
MeMOpaHbl BHYTPUKJIETOUHBIX OPTaHEII CO CKOPOCThIO, OMM3KOoN K nuddysu-
OHHOMY Tipeneny. MoHbl JBUXKYTCS ObICTpee Yepe3 KaHajbl, YeM Yepe3 TpaHC-
noptepbl. CKOPOCTh MPOXOXKJIAEHUS ISl CEJIEKTUBHBIX MOHHBIX KaHAJIOB BapbH-
pyer or 10° 1o 10° moHOB B cexyHy, uTO COOTBETCTBYeT TOKy oT 107 110
10"°A. Jlns cpasrenus, uepes Na'/K'-Hacoc B TeueHHE OIHOH CEKyHIBI
tpancnopTupyercst 300 oo Na' u 200 K', 4To cOOTBETCTBYeT TOKy IpH-
mepro 1,5:107"7 A,

Ha puc. 5.10 nzo0pakeHa cxeMa pacroyio)KeHUs] OCHOBHBIX (DYyHKIIMOHAIb-
HBIX €MHULl HOHHOTO KaHama. M300paxeHue yacteil Oenka Ha pUCyHKE IPOU3-
BOJIBHOE, TaK KaK UX pa3Mepbl JJIs pa3InYHbIX KaHAJIOB HEOJUHAKOBBI.
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Puc. 5.10. Cxematnueckoe n3o0paxeHue GyHKIIMOHATBHBIX SUHUIL
HOHHOI'O KaHaa

['maBHBIMU CTPYKTYPHBIMH KOMIIOHEHTaMH, 00€CIEUMBAOIIMMHU (PYHKIHO-
HUPOBAHUE MOHHOTO KaHaja, SBJISIIOTCS TPaHCMEMOpPaHHbBIE TOMEHBI — BOPOTAa,
KOHTPOJIUPYIOIIME aKTUBALMIO U MHAKTUBALMIO KaHaia, QUIbTP CEJIEKTUBHO-
CTH U CEHCOp HampsKeHUs (Ul NOTEHLUAN-yIpaBiIsieMbIX KaHaioB). O6nactu
cyObeuHUI, MOTPYKEHHbIE B MEMOpaHy, (GOpMUPYIOT MOH-IIPOBOJAILYIO TO-
py. OcranbHble 001acTU CyObEIUHUL], PACIIOJNOKEHHBIE B IIUTOIIa3ME U CHa-
PYKU KJIETKH, HEOOXOAUMBI JIJIs1 00ecreueHs] HOpMaJbHOTO (PYHKIIMOHUPOBA-
HUSl KAaHAJIOB W PEryJIMPOBaHUS MX CBOMCTB. LluTomnasmarnueckue (BHYTpH-
KJIETOYHBIE) YYaCTKU OEJTKOBBIX CyObEIWHUIl MPUHUMAIOT YYacTHE B PeryJis-
UM aKTUBHOCTH KaHAJOB. BHEKJIETOUHbIC YYaCTKU CyObEIUHHI] KaHaja CBf-
3bIBAIOT BHEUIHUE CUTHAJBHBIE MOJIEKYJBl M ONPENEISAIOT MJIEHTUYHOCTh HO-
HOB, KOTOPBIE MOT'YT BXOJIUThH B KJIETKY.

LleHnTpanbHas yacTh NMOpsl THApOPMIbHAS. OHA y3HAET U MO3BOJISIET TPOXO-
JIUTh Yepe3 MOopy TOJIbKO MOHAaM OIPEAENIEHHOIO THUMA. DTa CIOCOOHOCTh MOp
onpeaensieTcs: CeNeKTUBHBIM (QUIBTPOM. J[pyrue HOHbI HE MPOXOIAT Yepe3 IMo-
Py KaKk HEMOAXOASIIME 10 Pa3sMeEpPy WU 3apsiay.

Ee ogHa yacTe KaHajla UTPaeT poJib «BOPOT» MU «KATUTKH». TOJIBKO KO-
I71a BOPOTA OTKPBITHI, HOHBI, Y3HABAEMbIE CEJIEKTUBHBIM (PUIIBTPOM, MPOXOISAT
yepe3 KaHajl. BopoTa OTKphIBaroTCSI B OTBET Ha Pa3HOOOpPa3HbIE CTUMYJIBI,
BKJIFOYAsl U3MEHEHHE BEJIMYMHBI MEMOPAHHOTO MOTEHIIMAjIa WIH MPUCYTCTBUE
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OTPE/ICIICHHBIX BEILIECTB BHYTPHU WU CHAPYKU KIETKH.

Cpenu Bcex THUIOB KaHAJIOB HauOoJiee M3y4YeHbl BOPOTHBIE KAHAJIBI, XapaK-
TEPU3YIOIIUECS HAJUYUEM CTPYKTYPHOTO 3JIEMEHTA — CEHCOpa, KOTOPBIA MO-
XKET ObITh TMOO CEHCOPOM HampshKEeHHs, JIMO0 ceHcopoM auranna. [Ipu coot-
BETCTBYIOIIUX M3MEHEHUSAX HAIPSOKCHUS WIM B MPUCYTCTBUU COOTBETCTBYIO-
IETO JINTAHJa «BOPOTa» OTKPBIBAOTCA. OOBIYHO 3TO 03HAYAET, YTO YBEIUYH-
BaeTcs JIMOO YacToTa CIIOHTAaHHBIX OTKPBITHHN KaHaia, JMOO BpeMsl HaXOX/e-
HUS KaHalla B OTKPBITOM COCTOSIHMM. B pe3ynbTraTe KaHald OTKPBIT JOJIbIIE H,
CJIEIOBATENbHO, Yepe3 HEro MpOoXOIUT OOJbIIEe YMCIO MOHOB 32 KOHKPETHOE
BpeMsI.

5.5.3. lNoTteHunan-ynpaBnsaemMblie KaHanbl

[ToTeHmman-ynpasiasieMble HOHHBIE KaHaJbl MPEACTABISIIOT COOOW HWOH-
CCJICKTUBHBIC OCIIKOBBIC KaHAJbI, HAWJCHHBIC B OAKTEPHSIX, 3YKapUOTaX W BU-
pycax. [Torentuan-ymnpasisieMble KaHAIBI UIMEIOT OOIIYI0 JOMEHHYIO CTPYKTY-
py (puc. 5.11, a). Yaiie Bcero AOMEH COCTOMT U3 HIECTU TPaHCMEMOPAHHBIX
crupaneii, Bkmouas S5, P-nermo u S6. B K'-kananax u 6akrepuansaom Na'-
KaHaJIe dTUMH JJOMEHAMHM SIBJISIOTCS YEThIPE OTIEIbHBIX IMOJIUIENTHIA, KOTO-
pble cBsi3aHbl HekoBaneHTHO. Na™ 1 Ca’'-KaHalIbl COCTOSIT M3 YeThIpeX MOH00-
HbIX, HO HE WJEHTUYHBIX JOMEHOB, KOBAJICHTHO COCIWHEHHBIX B OTIEIbHBIN
nonunentusl. lloTeHuuan-ynpapisgeMble KaHalbl HMMEIOT JOMOJHUTENbHbBIE
CHelUaIN3upPOBaHHbIE JOMEHbI W/WIH CyObEeIUHULIBI, HO OCHOBHBIE (DYHKIIMU
BBITIOJTHSIFOT YETHIPE TJIaBHBIX JJOMEHA.

P-mietnst u cermenTsl S5 u S6 KaxJI0T0 JOMEHa y4acTBYIOT B (hopmupoBa-
HUU TIOPHI U CEJIEKTUBHOTO (GuiIbTpa. MHOrOYUCICHHBIE JIOKAa3aTelIbCTBA yKa-
3bIBAIOT Ha S4, KaK Ha 4acTh CEHCOpAa HAMNPSHKEHUS, KOTOPBI COMpSTaeT Mmpo-
1ECChI AENOJISIpU3alui MEMOPaHbI U OTKPBITHS KaHAJIA.

B noreHuman-ynpaBiasieMbIX KalUEBbIX, KAIbIIUEBBIX U HATPUEBBIX KaHaIaxX
YETBEPTHIA TpaHCMEMOpaHHBIN JOMEH (CErMeHT), 0003HaYaeMbIii Kak S4, co-
JEPKUT TOJOKUTEIBHO 3aPSKEHHbIE OCHOBHBIE aMUHOKHUCIOTHI, JIU3UH WU
aApTUHUH, JJOKAJIM30BAaHHBIE B KaXJI0W TPEThel MO3UILIUU BJIOJIb alib(a-criupaiu
(puc. 5.11).

OTH MOJOXKUTEIBHBIE 3aPAJIbl «UyBCTBYIOT» U3MEHEHUSI BEIUYUHBI TPAHC-
MeMOpaHHoro mnoreHuuana. OTpullaTeIbHbI BHYTPEHHUNW MeMOpaHHBIA MO-
TEHIMaJ CTaOMIIM3UPYET 3aKPhITOE COCTOSIHME KaHalla. B oTBeT Ha nenossipu-
3a1ui0 MeMOpaHbl ciupayib S4 moBopauuBaeTcs nmpuMepHo Ha 180 rpamaycos,
NEPEHOCS TOJIOKUTENIbHBIC 3apsbl ONMKE K BHEIIHEW CTOpPOHE MEMOpaHBI.
DTO mepeMenIeHrue CONPSHKEHO C OTKPBITUEM aKTUBHPYEMBIX BOPOT KaHaja.
BeposTHOCTh OTKPBITHS ATUX KAaHAJIOB ABJISIETCS (PYHKIIMEH HATIPSHKCHUS.
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Puc. 5.11. Cencop HanpspKeHHUs] TOTEHIHAI-YIIPABISIEMOTO KaHaa:
a — OTHeNbHAs CyOBeIUHHUIIA KATHEBOTO KaHaa (MM OTACIBHBIN MOTHB B
HAaTPHUCBBIX WJIN KAJIbIUCBbIX KaHanax), 0 — K u R 0003Ha4ar0T IU3HHOBBIE U
APTHHUHOBBIE OCTATKA B CEHCOPE HANpsDKeHHS S4

Ilepexon MeXay OTKPBITBIMU M 3aKPBITBIMU COCTOSIHUSIMHU B IIPOCTBIX I10-
TEHIMAJI-yTIPaBIsIeMbIX KaHaldaxX 00ECleYnBaeTCsl NEPEX0JaMU TOJIBKO MEXIY
nBymsi KoH(popmanuamu Oenka. CIoKHbIE KaHaJbl IEPEKIIIOYAIOTCS OT 3aKphI-
TOTO COCTOSIHUS K OTKPBITOMY, 3aT€M K MHAKTMBHPOBAaHHOMY, 3aT€M Ha3al K
3aKpbITOMY 0€3 BO3BpaTa K OTKPBITOMY COCTOSIHUIO

BpemenHas 3aBUCMMOCTD TOKa SIBJISAETCA PE3YJIbTATOM CIy4alHOTO OTKPBI-
TUS ¥ 3aKpBITUS. OIMHOYHOrO KaHaua (puc. 5.12). Korga HaTpueBblil kaHall OT-
KPBIT, OH HPOBOAUT MOoHBI Na' co ckopocThio mpumepro 36-10° HoHOB B ce-
KYH]y, 4TO OIIPEAEIIAET TOK BEINYMHOM 6 MA.

N . — KaHal
< 3aKpBIT
g a KaHai
= 8 OTKpPBIT
T T .
0 100 200
Bpems, mc

Puc. 5.12. Peructpanus Toka yepe3 OJUHOYHBIA KaTHOHHBIN (HATPUEBBIN) KaHAT

Jlons BpemeHH, B T€YEHHUE KOTOPOTO KaHajl OTKPBIT, OIPEAEIIeT UOHHBIN
IIOTOK JUIs 3aJaHHOI0 KaHajla. Tak Kak KaHaybl ACHCTBYIOT HE3aBUCUMO JPYT
OT Jpyra, TO OOIIMI MOHHBIM MOTOK Yepe3 MeMOpaHy 3aBUCHUT OT YMCJIa KaHa-
JIOB, OTKPBITBIX B JIAHHOE BPEMSI.

Ecnyu kaHam B OTKPBITOM COCTOSIHUM HAXOJUTCA B TEUEHUE HECKOJBKUX
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MUJUTUCEKYH]I, TO MOHHBI COCTaB LIUTOILIA3MBbl, @, CJIECOBATEILHO, © HOHHBIE
TPagUEHThl MPAKTUYECKU HE U3MEHSIOTCA. [[JINTENbHOE OTKPBITUE B TEUCHUE
JECATKOB MUJUITMCEKYH]I MOXKET U3MEHATh MOHHBIN cOocTaB KieTku. Hampumep,
noTeHIHan-ynpasisieMple Ca’ -KaHAIBl OCTAIOTCS OTKPBITHIMH JOCTATOYHO
JIOJITO JUIS TOTO, YTOOBI M3MEHHUTh KOHIIEHTPAIMIO BHYTpHKIeTodHOro Ca’",

B HekoTOpBIX cilyyasx MpPOLECC, HAa3bIBAEMbI MHAKTUBALIUEW, MPEPHIBAECT
IIOTOK MOHOB 4Yepe3 aKTUBHbIC KaHalbl. [loaBMKHBIE IUTOIUIA3MAaTUYECKUE J10-
MEHbI HHAKTUBUPYIOT ITOTEHIIMAJ-YIIPABIIIEMbIE KaHaJbl, 3aKyIIOPUBAsl OTKPHI-
Tyl0 nopy. bonbmme opraHMdeckue WIM HEOPraHMYECKUE HOHBI, HAIPUMED,
nonuaMuHbl Wi Mg”’, MOTyT Takxke GIOKHPOBATh OTKPBITHIC KAHAIBI, 3aKPbI-
Bas BXxoj. JIokaabHBIE aHECTETUKH SBISIOTCS (PapMaKOJIOTHUYECKUMU OJIOKATO-
pamu kKaHajioB. MecTa CBSI3bIBaHUS OJIOKUPYIOIIUX MOHOB MOTYT HaXOJUThCS
CHapy>k¥, BHyTpHU WK MO 00EUM CTOpOHaM MeMOpaHbl, B 3aBUCUMOCTH OT Ka-
Hana. MlHakTuBanys kaHaaa MepeBOAUT KaHAI B COCTOSIHUE, HEUYBCTBUTEIIBHOE
K U3MEHEHUIO BHEIIHUX YCIIOBUH.

C npumMeHeHueM MeTojia (PUKCAlUK MOTEHIIMAIa MOYKHO TOJIYYUTh 3aBUCH-
MOCTh TOKa uepe3 MeMOpaHy OT HaIlpsKEHUs, IPUIOKEHHOro K MeMOpaHe. B
MeMOpaHax KJIETOK COJIEPKATCS Pa3IUUYHbIC TUIIBl HOHHBIX KAHAJIOB, U PE3YIlb-
TUPYIOIIMK MeMOpaHHBIM TOK OyleT MpPENCTaBIATh CyMMY TOKOB BCEX KaHa-
JIOB, aKTUBUPYEMBIX IIPU U3MEHEHUHU TpaHCMeMOpaHHOro noTeHimana. Ciueno-
BaTeJIbHO, KaK TOJIBKO B IKCIIEPUMEHTE OJOKUPYIOTCS BCE KaHAJbI (C UCIOJb-
30BaHUEM JIEKAPCTB WJIM HEMPOHUKAIOIIUX HOHOB), KPOME U3y4aeMOro KaHana,
MeTOoT (PUKCAIUK MOTEHIIHAIa MOXKET ObITh UCIIOJIB30BAH ISl H3MEPEHUS 3aBU-
CUMOCTH TOKa OT BPEMEHH M OT MPUIJIOKEHHOTO MOTEHIMANA JIJIsi BEIOPAHHOTO
Tumna kanana (puc. 5.13).
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Puc. 5.13. 3aBucuMoCTH BEPOSITHOCTH OTKPBITHUSA (@) ¥ TOKA OT Hampsi-
KeHUs (0) sl KaTUeBhIX KaHaloB B MeMOpaHe

Toxk yepe3 KanueBbie KaHaIbl B MEMOpaHe paBeH

IK = Gmax " Grel (V_ EK)»
rae Gpax — MakCHUMaJbHOE 3HAYEHUE MPOBOAUMOCTH, gy — OTHOCHUTEIIbHAS
MIPOBOJAUMOCTh, V' — TpaHCMeMOpaHHBIN MOTEHIMAN U Ex — paBHOBECHBIN Ka-
JINEBBIA MOTCHIHAIL.
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KanueBble moTeHnua -ynpasJjasemMble Kanajabl. KanueBble kaHanbel odec-
NEYUBAIOT MOTOK MOHOB KaJlusl yepe3 MeMOpaHbl KIETOK M CYIIECTBEHHBI IS
reHepaly 3JIEKTPUYECKOro TOKa uepe3 Bo30ynuMmble mMemOpaHbl. Kanuesbie
KaHAJIbI SIBJIAFOTCS TAKXKE MUILIEHSMH I PA3JIMYHBIX PETYJSITOPHBIX COEIUHE-
HUH, JIEKapCTB, TOKCHHOB.

Ha ocHoBe umerommxcsi JaHHBIX O (PU3MKOXUMHUYECKHX CBOMCTBaxX OENKo-
BBIX MOJIEKYJI M UX PACIOJIOXKEHUH B MEMOpaHaxX KaJlueBble KaHAJIbI Pa3/eieHbI
Ha YeThIpe Kiacca (puc. 5.14).

L]
nh

|

My

Puc. 5.14. Yetplpe K1acca KaaTueBbIX KaHAJIOB:
a — 2TM/P-kanansr; 6 — 6TM/P-kananer; ¢ — 8TM/2P-kanansr; ¢ — 4TM/2P-kaHaibt

2TM/P-kanansl cocTosT U3 AByX TpaHcmeMmOpaHubix (TM) criupaneit ¢ net-
neit P mexny numu. IlpuMepaMy TakuX KaHaiuoB ciyxkaT K'-kaHamel ¢ BHYT-
PEHHUM BBITIPSMIICHUEM U OaKTepuaabHbIe KaHaibl, Takue kKak KcsA. 4TM/2P-
KaHaJlbl COCTOAT U3 ABYX NMoBTOpoB 2TM/P-kananos. 6 TM/P-kanansl — mpeoo-
JaaloMil KJIAcC Cpelr TMOTEHIHAI-YIPaBISIEeMbIX U JIUTaHA-yIPaBIsIeMbIX
K*-kananoB. CermeHT S4 0603Ha4eH 3HAKAMH «+», YTOOBI TOKA3aTh ET0 POIIb B
YYBCTBUTENLHOCTH K TOTEHIMANy B IIOTEHIMAN-3aBHCHMBIX K'-KaHamax.
8TM/2P-kananbl npenctaBisitor coboit rudbpuasl 6TM/P- u 2TM/P-kananos
(naiinensl Bnepblie B apoxoxax). Kanansl Tuna 8TM/2P u 4TM/2P pacnona-
raroTcsi B MeMOpaHe, Mo-BHIMMOMY, B BHJI€ TUMEPOB, (POPMHUPYIOMINX KaHATIBI.
[locnennue mpeacTaBisilOT cOOOW Tak Ha3blBAEMbIE KaHAIbl YTEUKH, SIBJISIO-
Mecs MUIICHSIMH MHOTOYMCICHHBIX aHecTeTHKoB. Py u P, o0o3nauaroT nBa
THUIIA TIETENIh MEXy crupaiisiMu B kaHanax 8TM/2P u 4TM/2P.
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Bce u3BecTHbIE IOTEHIUAN-YIpapisiemMble K KaHaIbl COOMPAIOTCS U3 YEThI-
pex a-cyObeIMHUL. DTHU TeTpaMepbl UMEIOT MPOPUIb KBaIpaTa, OKPYKaroLIero
LEHTPAJIbHYO MOpY.

KcsA, K'-kanan ¢ aBymst TpaHCMeMOpaHHBEIMH CErMEHTaMH B Jy0aKTepuu
Streptomyces lividans, COCTOUT U3 YETHIPEX UJACHTUYHBIX CYOBEAUHUIL, Kaxaas
C IByMs TpPaHCMEMOpPaHHBIMHU CHUPAISIMU, COeIMHEHHbIMU meTiel P. Tpanc-
MEMOpaHHbIE CIUpAIM IUIOTHO YHNAaKOBaHbl BMECTE€ Ha IUTOIIa3MaTHUYECKON
CTOpOHE OHuCIIOs, HO Pa3HECEHbl APYr OT Jipyra Ha BHEKJIETOYHOM CTOPOHE,
co3/1aBasi MPOCTPAHCTBO AJIs MOPHI U (punbTpa cenekTuBHOCTH. Hanbonee y3-
Kasg 4acTh MOPBI (POPMHUPYETCS MOCIET0BATENbHOCTBIO U3 TPEX aMHUHOKHCIIOT-
Heix octaTkoB (GYG), HaiinenHodt Bo Bcex K'-kxamamax. KapOGoHHIBI 3THX
AMUHOKHCJIOTHBIX OCTaTKOB BBICTHJIAIOT MOPY MIMHOU 1,3 HM 1 quamerpom 0,2
HM.

B pactBope kaxplii noH K okpyskeH BoceMblo MojleKys1amu Bojbl. Korma
TUIPATUPOBAHHBIA MOH NPUOIMKaeTCs K GUIbTPY CENEKTUBHOCTH, MOJIEKYJIbI
BOJbI OTPBIBAIOTCA M (DYHKIIMOHAIBHO 3aMEIIAIOTCs KUCIOPOJAOM KapOOHUIIb-
HBIX TPy aMUHOKHCIIOT, KOTOpbie (OPMUPYIOT CENEKTUBHBIN QuiibTp. MOHbI
K" BXOZAT HACTONBKO MJEATHHO, YTO aTOMbI KHCIOPO/a 3aMEIIA0T MOJIEKYJIbI
BOJIBI B 060n0uke K 63 3aTpaT sHeprum, B TO BpeMs Kak MEHbILHE TI0 pa3zMe-
pam nonsl Na' cBA3BIBAIOTCS GOJiee CHIIBHO CO CBOEH THAPATHOH 00O0NOUKOH,
4yeM ¢ nopoit (puc. 5.15).
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Puc. 5.15. Vons K" 1 Na' B kanueBoM kaHane (BHI CBEPXY ):
a — HMOH KaJius B BOJE, 0 — OH HaTpusd B BOJAC, 6 — MOH KaJIMA B Ka-
HaJle, ¢ — MOH HATpusA B KaHAJIC
B cenekTuBHOM (HIBTPE CBA3BIBAIOTCA ABA MoHA K ¥ KayKIblii M3 HUX OK-
PY’KEH BOCEMBIO aTOMaMU KHCIOpoAa KapOOHWIBHBIX Ipynm. Takas Koopau-
Hanyus 00ecIIeunBacT BLICOKOE CpOoaACTBO MCCT CBA3bIBAHUA OJIsI HOHOB K+.
JlokanbpHas KOHIOCHTPAIUA NOHOB K+ B CCIICKTMBHOM q)HHBTpe IMPCBLIIIACT
KOHIICHTPAIIUIO 3TUX UOHOB BHYTPH WJIM CHApY>XH KJIeTKH OoJiee, ueM B 10 pas,
Tak 4TO (GUIBTP AEHCTBHTENBHO KOHIEHTpUpyeT MoHbl K'. OmHako 3T0 He
npensaTcTByeT audys3un depes mopy, Tak Kak AIEKTPOCTATHUECKOE OTTAJIKH-
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BaHHE OJIM3KO PACIIONIOKEHHBIX U OJMHAKOBO 3apPsSHKEHHBIX MOHOB MPUBOIUT K
WX PACXOXKJIEHHUIO, YTO 0OECIIEIYNBACT BHICOKYIO CKOPOCTh IPOXOKICHUS HOHOB
yepe3 puibTp.

HaTpueBble NoTeHIMAJI-yNpaB/isieMble KaHAIbI. Na -KaHall IpecTaBis-
€T cO00M OTACIBHYIO MOJUICNTHAHYIO IEeMb (0-CyObeIHMHUITY), COAEPIKAIILYIO
YEThIPE MOBTOPSAIOIIUXCS JOMEHA, KAXKIBIUA U3 KOTOPBIX COACPKUT BCE CIIUPATU
ot S1 no S6, a Takxe P-netimo. benok Becom npumepHo 260 k/la cogepkut ot
25 % 10 30 % yrnesonos. Hexotopblie Na'-KkaHabl coAeps:KaT TaKKe OIHY UK
nse HeOosbmue (39 klla) B-cyObeauHuIlbl. [1-CyObeMHUIIA TPUKPEIUISETCS
HEKOBAJICHTHO K O-CYOBEAMHHIIE, B TO BpeMs KaK [3,-CyOnheauHUIA TPUKPETI-
JISIETCSl KOBAJIEHTHO Yepe3 TUCYIbPUAHYIO CBS3b. [1- U [,-CyObeAMHUIIBI TIJIH-
KO3WJIMPOBAaHBI B HECKOJIBKUX MECTaX.

Haunbonee BeposTHOE pacrosoxkeHne cyobeauaul] Na'-kaHana B HeHpoHaxX
MO3Tra MPOWJUTIOCTPUPOBAHO Ha puc. 5.16.

AMUHOKHCIIOTHAS TIOCTIeI0BAaTeNbHOCT, B Na'-KaHale 0003HaueHa y3KOif
JUHUEH, JUIMHA KaXJIO0TO CErMEeHTa MPUOJM3UTENHHO MPOMOPIIMOHAIIEHA €T0
JUIMHE B MoJieKyJie. TpaHcMeMOpaHHbIe O.-CIIMPAJIA MOKa3aHbl B BUJIE IIUJIHH/I-
poB. OcTaTKM aMUHOKHUCIOT, Ba)XHbI€ JUISl BBINOJHEHUS CHEHU(UUECKUX
GYHKIMNA, UMEIOT CIAEAYIOIMNE 0003HAYCHHUS:

«++» — TNOJIOKUTENBHO 3apsSKEHHBIE CEHCOPBI HAIPSKEHHS B TPAHCMEM-
OpaHHBIX cerMeHTax S4;

O- ocTaTkn, HEOOXOAUMBIE /I CBA3BIBAHUSA 0B U UX 3apsA0BbIE Xapak-
TEPUCTUKU, TOKA3aHHBIC 3HAKAMU «-», «1+»;

M- ocraTky, HEOOXOMUMBIE I OBICTPOIl HHAKTHBAIIHHL

® — mecTa, hochopunupyembie TAMD-3aBUCUMON TPOTEUHKUHA30M;

— MmecTa, pochopunupyembie mpoTenHKknHa30M C.

Bonpmias yacte yrieBojoB Ha CyObEAMHMIIE KaHala — 3TO OCTaTKUA CHAJIO-
BOM KHCIJIOTBI, HECYIIME 3HAYUTEIBHBIA CyMMAapHBIM OTPHULIATENIBHBIN 3apsm.
['muko3unupoBanre HEOOXOAMMO I HOPMAJIBHOTO OMOCHHTE3a M COOPKH
(GyHKIIMOHATHHBIX KaHAJIOB B KJIETKaX. ECIM TIIMKO3UIMpPOBaHUE WHTUOUPYET-
Csl, TO BHOBb CHHTE3UPYEMbIE O-CyOBEAMHUIBI OBICTPO AECTPAAUPYIOT U HE
BCTPaMBAIOTCS B TOBEPXHOCTHYIO MEMOpPAHY KIIETKH.

CxeMa (yHKIIMOHMpPOBAHUS TMOTEHIMAT-3aBUCUMOIO0 HATPUEBOTIO KaHala
npuBegeHa Ha puc. 5.17. B 3akpsiToM coctosiHuu (0003HAYUM €ro Kak KOH-
dopmarmonnoe cocrosinue I) Boporta kanana 3akpbeIThl. Kpome Toro, 3akpbitoe
COCTOSIHUE 00€CIIEUUBAETCS TAK)KE B3aUMOJICUCTBUEM YETHIPEX MOJ0KUTEIHHO
3apSKEHHBIX MOTEHIIMAT-YYBCTBUTEIBHBIX O-CIIMpalel ¢ OTPUIIATENILHO 3apsi-
YKEHHBIM MHTEPHEPOM NOKOSIIEHCS KIETKU. KaHan-uHaKTUBUPYIOIIUNA CETMEHT
pacnoJyiaraeTcsi B UTO30JI€.
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Puc. 5.16. CTpykTypHas MOJIeJIb HATPUEBOTO KaHaja:

@ — TOTIONIOTHYEeCcKast MOJIeNTb HATPUEBOTO KaHajla B HEMpOHaX MO3Tra KPBICHI, HILTIOCTPH-
pyolias BEpOsSTHYIO TPAaHCMEMOpaHHYIO OPUEHTALUIO TPEX CyOBbeTUHHMLI, OJIUTocaxa-
puasble nenu 1 tAM®-3aBucumMbie Mecta Gochopunuposanus (D); 6 — Bux adac Oern-
Ka ¢ BHYTPHUKJICTOYHOW CTOPOHBI, HILTFOCTPUPYIOIIHH (OpMHUPOBaHHE TpaHCMEMOPaHHOM
MOHHOM TIOPBI B CEPeINHE U3 YETHIPEX TPAHCMEMOPAHHBIX JTOMEHOB Ol-CyOBEIMHHIIBL; 8 —

+
MOJ€eNb TPAaHCMEMOPaHHOTO PACIIONIOKEHHS O- U B-cyObeauHul B Na -KaHaie

Ha navanwHoit craguu aenossipu3aiiu MeMOpaHbl (CTaaus @) BHEIIHSIS 110-
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BEPXHOCTh 3apspKAETCS OTPULATENBHO M IOTEHUNAI-4yBCTBUTEIIBHBIE
CIHpaI MEePEeMENIAlOTCsl K BHEIIHEH MOBEepXHOCTH MeMOpaHbl. [lepexos B HO-
BOe KOH(popMmaimonHoe cocrosiuue (coctosinue II) ¢ mepememniennemM BopoT, 3a-
KPBIBAIOIIMM B COCTOSSHUM | BHYTpEeHHHI! BECTHOIONb MPOUCXOIUT 3a BPEMs,
Menblee 0,1 MC, U CONPOBOXKAAETCA OTKPBITUEM HATPUEBOro KaHaya. MOHBI
HaTpUsl 4Yepe3 OTKPBITHIA KaHaJl IEPEHOCSITCS BHYTPb KIETKU. B TeueHue
0,5-1 mc (cragus Aenoisipuzallud MeMOpaHbl 6) MOTEHIUAI-YyBCTBUTEIbHBIC
CIMpaId BO3BPALLAIOTCS B IMOJIOKEHHUE, KOTOPOE OHU 3aHUMAJIM B IMOJIOXKEHUU
IIOKOs, IPEAOTBpaIlias JanbHeWIee ABMKEHNE HOHOB uepe3 KaHan. Kanan om-
peneneHHoe BpeMsl (peppakTOpHBIN nepruoa) OyJAeT HaXOAUThCs B KOH(OpMa-

o-



urnoHHOM coctosiHuM III. Ilpm 3TOM KaHaI-MHAKTUBHUPYIOLIMN CETMEHT 3a-
KpPbIBa€T BHYTPEHHUI BeCTHOIOJIb KaHalla (MHAKTUBUPOBAHHOE COCTOSHUE).
Takum 006pa3oM, Bo BpeMs HaxoxxaeHus kaHaia Bo I u 111 kondopmManimoHHBIX
COCTOSIHUSIX MeMOpaHa ocTaercs JAenoispu3oBanHoi. Ha cienyroieit craguu 6
JUTUTEIIbHOCTBIO B HECKOJIBKO MUJUIMCEKYH]T KaHa U3 KOH(POPMAIIMOHHOTO CO-
crostaus 111 Bo3Bpamtaercst B coctostaue 1. 1o oOycnoBineHo Tem, 4To MemOpa-
Ha penojsipuzyercsl (MOTEHUHUAl BHYTPU KIETKHA OMSATh CTAHOBUTCS OTpHIlA-
TeIbHBIM). BopoTa 3akphiBaroTCs, a KaHaJ-MHAKTUBUPYIOIIUNA CErMEHT mepe-
MEIIAeTCsd B LUTO30Jb. bEIOK BO3BpalaeTcs B MCXOIHOE, 3aKPBITOE COCTOS-
HUE, U3 KOTOPOI'O OIIATh MOKET IEPEUTH B OTKPBITOE COCTOSIHHUE IPU JEIOJS-
pHU3aluu MEMOpaHHBI.

VY no3BoHOYHBIX BcTpedaercs Oonee 10 mzodopm HaTpHEBBIX KaHAJIOB, OT-
JMYAIOIINXCA [0 YYBCTBUTEJIBHOCTH K AHECTETHKaM, HEMPOTOKCHHAM M CO-
JEpKaluX OT ISATH 10 CEMH MECT, IpU (PocHOopuiIrpoBaHUN KOTOPBIX PETyJIn-
pPYETCSl aKTUBHOCTh KaHAJIOB.

Cranust a Cranus 6

—t

JenonsipuzosadHas MeMOpaHa
A

]Penonapuaauuﬂ MeMOpaHbl, CTaaus 6

Puc. 5. 17. Cxema GyHKIMOHUPOBAHUS MTOTEHIIMAI-3aBUCUMOTO HATPUEBOTO KaHaa:
1 — MOH-CeJIEeKTUBHAS ITOPA; 2 — CEHCOP HAMPSIKEHUS; 3 — BOpOTa; 4 — KaHaI-
WHAKTHBUPYIOIINH CETMEHT; 5 — BHYTPEHHUI BeCTHOIOND; 6 — BHEIIHUH
BECTHOIOITh

KajbuueBble MOTeHIMAI-yNpaBisieMble KaHaabl. Ca’ -KaHal 110 CTPyK-
Type momobeH Na'-kaHamy. DTu GenkoBble KaHAJbl MHPEACTABIAIOT cOOOif
CTPYKTYpBI M3 Te€TEPOTETPaMEPHBIX EIUHUI], SKBHUBAJICHTHBIE TOMOTETpaMep-
HBIM CTPYKTypaM GombmuHcTBa K'-kaHanoB. Bce ueThipe CTpYKTypHBIE €H-
auipl Ca” -kaHanoB, Kak ¥ Na'-KaHaloB, TOMOJIOTHYHbI OT/CNBHON eIHHUIIE B
romoterpamepHsix K'-kamanmax. Heromomoruunele P-cyObemuHumsl Na'- u
Ca’'-KaHaJIOB BHITIONHAIOT PEryJIATOPHbIC (QYHKIIHH.

CxeMa pacronoxenus cyobenuuur Ca’ -kaHana OTHOCUTEIBHO JIHIHIHOTO
Ooucinos mokazaHa Ha pwuc. 5.18. IluauHapsl TpeACTaBISAIOT CcO00H O-
cniupajibHble cerMeHThl. lleHTpanmbHas cyObemuuuma (o) cocroutr u3 24
TPaHCMEMOPAHHBIX CIHPAJICH, COSTUHEHHBIX METISIMHU, U OOJIBIIIOTO TTOJIUTICTI-
THUHOTO YYacTKa, PaclojI0KEHHOTO B IuTomia3mMe. BecomorarenpHbie cyObe-
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auHUIBL (0, O, B W Y) OKpYXKalT CyObeAuHHUIly, (HOPMHPYIOIIYIO IIOpPY.
CrioniHble TUHUYU — TIOJIMIIETITHIHBIE 1IETH, TMHA KaKI0TO Yy4acTKa KOTOPBIX
NPUOIU3UTENHHO TPOIMOPIIMOHATBHA JJIMHE aMUHOKHUCIOTHOM TMOCJIeI0BaTENhb-
noctr. Cy6obequanist 0;, & u y Ca’'-kaHama mepecekaroT JTUIMIHBIN GHCION,
cyObeuHuIA 0, PacHoioKeHa CHapY»KU MeMOpaHbl, a cyObenuHula 3 Haxo-
JUTCS. B IUTOTLIIa3MeE.

CHapyxu

I

Bnyrtpu

[

NH, COOH

HOOC

2+
Puc. 5.18. TpancmeMOpaHHasi opraHu3alysi MoTeHan3aBucumMbix Ca’” -KaHaJIoOB

Ca®'- 1 Na'-kaHaJbl HMEIOT S CYIIECTBEHHBIX oTmHunii. [;-CyObeanHuIa
Ca’’-KaHAlIOB aHAJIOTMYHA 110 CTPYKType a-cyObeauuie Na'-kanamos. Ca’'-
KaHaJlbl HEMPOHOB WMEIOT aCCOIMUPOBAHHBIE C 0-CyOBETUHUIIEH O- U O-
CyOBeTUHUIIBI, KOTOPBIC (DOPMHUPYIOT CBSI3aHHBIN JUCYIb(OUIHBIMU CBS3SIMU
TPAaHCMEMOPAHHBIN TJIMKOTIPOTEUHOBBIM KOMIUICKC, a TaK)Ke BHYTPHUKIETOY-
HYIO B-cyObeauHuiy. JJomoTHUTeIbHbIe CyObeauHuibl Ca’ -KaHATOB HE COOT-
BETCTBYIOT P-cyObenunuie Na' - kaHaloB.

[on06HO moTeHMan-ynpasiseMbiM Na'-kanamam Ca’'-KaHalIbl aKTHBHpY-
I0TCS TP JICTIONSIpU3AIlMU MEMOPaHbI, U MHAKTUBUPYIOTCS U BO3BPAILIAIOTCS B
COCTOSIHHE IIOKOs, KOrJa MeMOpana permossipusyercs. Muakruparms Ca’'-
KaHaJIoB — O0Jiee MeJUIeHHbIH TIpollecc, YeM MHAKTUBAIKsA Na -KaHaJIoB.

VceraHoBleHo mecTs KiaccoB Ca’ -kaHanoB (L, N, P, Q, R u T). Onu pas-
JICJICHBI Ha JIBE KaTeTOPUU: KaHaJIbl, aKTUBUPYEMbIC TIPU HU3KUX HAMPKEHUIX
(LVA), u kanainbl, akTuBupyemble npu Bbicokux HampsbkeHusx (HVA). Ilep-
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BYIO KaT€TOPUIO MPEJCTABIISICT TOJbKO OJUH T-TUN KaHAJIOB. DTU KaHaJbl aK-
TUBUPYIOTCS U WHAKTUBUPYIOTCS MPU MaJbIX U3MEHEHHUSX MEMOPAHHOIO IO-
TEHIIMaja, MPOSIBISIIOT HU3KYIO MPOBOIUMOCTh (~9 nmCM), U Yepe3 HUX TEKyT
MaJbl€ TOKHU.

L-, N-, P-, Q- u R-Tunbl KaaplUMEBBIX KaHAJIOB OTKPBIBAIOTCS NPHU 3HAYM-
TEJIBHOW Aemnoispu3anuu MeMOpanHoro mnoreHnuana (<-20 mMB), nHakTHBH-
pyroTcs B MpoKor obnactu HanpspkeHuit (ot —10 mo —120 mB), ux ckopoctu
3aKpBhIBAHUSI U MHAKTUBAIIUU BapbUPYIOT OT CPEAHUX IO BEJIUYMHE 10 MaJIbIX
3HAUYCHUI MOTEHIMalda, U BCE OHU XapaKTEPU3YIOTCS OOIBIION MPOBOIUMO-
cThio KaHana (ot 13 go 25 nCwm). HansHelmas kinaccudukamnus HV A-kananos,
KaK ¥ MOHHBIX KaHAJIOB JAPYTUX THUIIOB, IMPOBOJMUTCS HA OCHOBE UX UYBCTBHU-
TEIBHOCTU K PA3INYHBIM OpraHHYecKuM GokaTopam Ca’'-KaHAJIOB, TIENTHI-
HBIM TOKCHHAM, IMBAICHTHBIM HOHaM, TakuM kak Ni°™ u Cd*". K HacTosuiemy
BpeMeHU oOHapyskeHo cBbIiie 20 n3oopM Kak o,-CyObeTUHUI, TaK U JIPYTUX
(BCIIOMOraTebHbIX) CyObeaunu B Ca® -kaHaax.

XJIopHbIe MOTEeHIHAJI-YIIPaBjsieMble KaHAJIbI. XJIOPHbIE KaHAJbl Hale-
Hbl Y BCEX JKMBOTHBIX, OakTepuil U B Apyrux opranuzmax. Cpeau (QpyHKIUH,
BBITIOJTHSIEMBIX JIEBSATHIO HalJieHHBIMU y denoBeka Cl -kaHamammu, — peabcopO-
ITUSI COJICH B MOYKaX, MBIIIEYHOE COKPAIICHHUE (COXPAHEHHE TPAHCMEMOPaHHO-
ro MOTEHIIMAaNa), 3aKUCICHUE YHAOCOM U JIPyTHE.

Xnopubie karabl (00b19HO0 0603HavaroTcs CIC) SABISIOTCS O-CTUPATIbHBIMU
MeMOpaHHBIMU OeJikaMu, Tiepecekaromumu Memopany 10 unu 12 pa3 B 3aBu-
CUMOCTH OT Tuma kaHana. O0a TepMHHAJIBHBIX JIOMEHA XJIOPHBIX KaHAJOB Yy
MJIEKOIUTAKOMUX — N-TEpMUHAIBHBIA, COAECP/KAIMM B 3aBUCUMOCTH OT IpHU-
poabl 6eKoBOM MoJieKyJibl mpuMepHO 50—130 aMUHOKHCIOTHBIX OCTaTKOB, U
C-tepmuHanbHbIN, 1IMHON B 170—420 aMUHOKUCTIOTHBIX OCTaTKOB, HAXOASATCA
B rutoruiazme. Tomosorust ClC-kaHalioB B MeMOpaHE HE YCTaHOBJICHA. DTH
KaHaJIBI TIPECTABIISIOT COOO0M IBYXITOPOBBIE roMoAuMEpHI (puc. 5.19).

Bce u3BecTHbIe KATHOHHBIE (-CTTMPAIbHBIE 0K MOHHBIX KaHAIOB (GOpMHU-
PYIOT OAHOIIOPOBBIN OJUTOMEp 4-, 5- U 6-KpaTHONH CUMMETPUHU, B KOTOPOM T0-
pa HaxXOJMUTCS BIOJIb OCH cCUMMeTpuu onuromepa (puc. 5.19, a, BBepxy). B 1o
XK€ BpeMs JBYXIIOpOBasi KOHCTPYKIIMSI TOMOAMMEPA JAUKTYET CBOM OCOOEHHO-
ctu crpoerns ClC-kaHama. B 9acTHOCTH, YHCIO aMUHOKHUCIOTHBIX OCTAaTKOB,
BBICTUJIAIONINX MOPY, TOKHO ObITH OOJIBIINM, @ CAMU OCTAaTKU JOJIKHBI MPU-
HaJIeXKaTh Pa3IMYHBIM y4acTKaM moaunentuaHou mnenu. Cama mopa HE COB-
NaJaeT ¢ OChbI0 CUMMETPHUHM MOJIEKYJIbI, U MO3TOMY, B OTJIMYME OT OJHOMOPO-
BBIX OJIMTOMEPHBIX KaHalIoB, nmopkl B CIC-kaHaiax He MepHeHIUKYJIISIPHBI JaTe-
pabHOM MIOCKOCTH MeMOpaHbl. HenoquuHstomascs TpedoBaHUSIM CUMMETPUU
nopa, O4eBUAHO, HE Oy/ET BHITSIHYTON B OJTHOM HaIlpaBJICHUH, CKOpee, OHa Oy-
JIET U30THYTOM WJIM 3aKPYUYECHHOU.
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Puc. 5.19. Cxema pacnonoxenus xjaopHbIx kananoB CIC (Bua B INIOCKOCTH MeMOpa-
HBI) (@); TPOEKIHUS CTPYKTYPHhI OaKTepHaIbHOTO XJopHOTO KaHana tumna CIC, momy-
YEeHHAas OT IByMEpPHOI0 OEJIKOBOIr0 KpUCTaJlIa ¢ TIOMOIIBIO0 KPUODIEKTPOHHON MUKPO-
ckoruu (6). CBeTible obsactu Ha poTorpaduu — 9acTH MOJIEKYI Oelka, TEMHBIE —
Boja. B nentpe ¢ororpaduu BuaHbI 1Ba OCIKOBBIX AUMEpPA, BHYTPU KOTOPBIX (TEM-
HBIE YYaCTKH), T0O-BUIUMOMY, PACIIOJIOKECHBI BOIHBIEC ITOPHI

VY MJIeKONMUTAIONUX O0OHAPYKEHO 9 TUITOB XJIOPHBIX KAHAJIOB, B TOM YHCIIC B
masmatudyecko memoOpane kierok — CIC-1, CIC-2, CIC-Ka u CIC-Kb, B
BHYTPHKJIETOUHBIX Be3uKyJax (3HaocoMax u auzocomax) — CIC-3, C1C-4, CIC-
5, CIC-6 u CIC-7. Kanainbr CIC-Ka u CIC-Kb umeroT 10noJHUTENBHYIO MATYIO
B-cyonenunuiry Barttin, a kanan CIC-7 — manyto B-cyobenunuiry Ostml.

[TpoBOIMMOCTH XJIOPHBIX KaHAJIOB CHJIBHO pa3iuyaeTcs. Tak, MPOBOJIH-
MocTh XJiopHoTo KaHana CIC-2 mutekonuTarommx cocrabisieT ~3 nCMm, kaHana
CIC-1 — mpubnuzutensHo 1,5 nCwm, a karan CIC-0 snextpudeckoro ckara — 10
nCwm. HenaBHo oOHapyxkeHo, uTo 3HA0cOoMaNibHbIe Oenku CIC-4 u CIC-5 sB-
nsotes snextporednbivu Cl/H -o6MeHHMKaMHy.

5.5.4. lluranp-ynpaBnsieMble KaHanbl

MHorre NoOHHbIE KaHAJIbl OTKPBIBAIOTCSA WM 3aKPBIBAIOTCA B OTBET HA CBS-
3bIBAHHE MAJIbIX CUTHAJBHBIX MOJIEKYJ WIH JIMTaHJ0B. Takue KaHaibl Ha3bIBa-
I0TCS JIUTaH/1-yIIPABIISIEMbIMH.

BHeminne nuranabl CBSA3BIBAIOTCS C CaMTaMM HA BHEKJIETOYHOW CTOPOHE
ka”Hana. Hanmpumep, cBs3pIBaHME HEMPOTPAHCMUTTEPA ALETUIXOJIWHA HA CH-
HaNTUYeCKON MeMOpaHe MPUBOJUT K OTKPBITHIO HATPUEBBIX KAHAJIOB, YTO
VHULIMMPYET TEHEPALMIO HEPBHOTO UMITYJIbCA WJIM COKpPAIIEHUE MbIIIIbI. CBs-
3bIBaHUE Y-aMuHOMAaciaHOW KuciaoTel (TAMK) y ompeneneHHBIX CHHANCOB B
LEHTPaIbHON HEPBHOM cucTeMe obecrieunBaeT Bxo HOHOB Cl B KJIETKY M HH-
rUOMPYET BOZHUKHOBEHHE HEPBHOI'O UMITYJIbCA.

BHyTpeHHue IuraHipl CBS3bIBAIOTCS C AKCIIOHUPOBAHHBIMU K LIUTO30JIO
cailtamu Oenka-kaHana. Hanpumep, BTOpUYHBIE MECCEHXKEpBI, TaKHE Kak
IAM® u ul'MO® perynupyroT KaHaibl, BOBJICYCHHBIE B MHULMALIUIO UMITYJIb-
COB B HEHPOHAX B OTBET Ha JIeWCTBHE (PEPOMOHOB WJIM CBETA COOTBETCTBEHHO.
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Yucnio kaHaoB, (DYHKIMH KOTOPBIX 3aBUCAT OT CBA3bIBAHUS JTUTAHIOB, 1OC-
TaTOYHO BEJIMUKO: B JINTEPATYPE MNPUBOIATCS CBeAcHHUS NpuMepHO 0 S00 akTu-
BHUPYEMBIX JIUTaHJIaMU CyObEeIMHUIIAX HOHHBIX KaHaoB. Bo Bcex KieTKax ecTh
BCE TUIIbI MOHHBIX KaHAJOB — HAaTPUEBBIE, KAIMEBBIE, KAJIbLUEBBIE U XJIOPHBIE,
KOTOPBIE PETYJIUPYIOTCS JTUTaHIaMU.

Jluranna-ynpasiseMble KaHaibl JEISAT Ha JBa OOJBIIMX Kiacca: KaHalbI,
YIIPaBJIsIEMbI€ BHEKJIIETOUYHBIMU JINTAHJAMH, U KaHAJIbI, YIIPABISIEMbIE BHYTPHU-
KJIETOYHBIMU JINTAH/IAMHU.

Kitacc kaHasioB, ynpaBiisieMbIX BHEKJIETOYHBIMH JIMTAHAAMH, B CBOIO OYe-
pelnb, pazjielieH Ha Tpu nojakiacca (puc. 5.20). Peuentopsl ¢ cys-neTieil, K Ko-
TOPBIM OTHOCSITCSI HUKOTMHOBBIE ALETHIIXOJMHOBBIE PELENTOPHI, PELENTOPbI
rmunuHa, [AMK u 5-HT;, a Takke HEKOTOpbIE€ aHMOHHBIE KaHAJIbl, AKTUBH-
pyeMbl€ IIyTaMaToM U TMCTUAMHOM, COCTOSIT M3 MSTH TOMOJOTUYHBIX CyObe-
quHul. CyObeMHUIBI ATOTO MOJAKIAcCa paclpeieeHbl 0 JBYM YETKO pasjie-
JsIEMbIM MOHO(UIIETUYECKUM (pa3/IeIEHHbIM B SBOJIOLMOHHOM IPOIIECCE Bpe-
MEHHBIM HMHTEPBAJIOM) TpPYIIaM, OJIHA U3 KOTOPBIX COAEPKHUT CyObEeIUHMIIBI,
dbopmupytroume anruonnsle peuentopsl (raunuHa, AMK u GLUCI), a apyras
— cyObenunuIlbl, (popMupyromue kaTuoHHble perenTopsl (5-HT3; u HUKOTHHO-
Bbie). Kanansl Broporo noakinacca — AT®-ynpasnsemsie (P2X-penentopsr) —
coJiep)KaT IO TPU TOMOJIOTMYHble CyObenuHulbl. HakoHel, akTHBHpyeMble
rIyramMaToM KaTuoHHble KaHaibl (NMDA-, AMPA-peuentopsl, KauHaTHbIE
pELEenTOpbI U JIp.) COCTOST U3 YETBIPEX CyObEINHULL.

B kauectBe npumepa paccmorpum noakiacc ATd-3aBUCUMBIX KaTHOHHBIX
kananoB. Kananer (P2X-penentopsl) oTBevaroT Ha nerictBue AT® — dyHKIMO-
HaJIbHOTO HEMPOTPAHCMUTTEPA, BBICBOOOKIAEMOT0O TP SK30LUTO3€ U3 MHOTUX
TUIIOB HeWpoHOB. Ha ocHOBe (hapMakoIOrMYecKUX CBOMCTB ATH KaHAJIbl, HaMi-
JIEHHBIE TOJBKO Yy JKUBOTHBIX, pacrmpenaenensbl Ha cemb rpynn (P2X1 — P2X7).
Takue kaHaybl, QYHKIIMOHUPYIOIIHME B MECTaX COCAMHEHUN HEUPOH — HEUPOH U
HEHPOH — MBIIIIIA, UTPAIOT POJIb B KOHTPOJIE KPOBSIHOTO JaBiICHUSI U OOJIEBBIX
OILYIICHUH, a TakKe B (YHKIMOHAIBHOW aKTUBHOCTU JIUM(POLMTOB U TPOMOO-
uutoB. Mecta cBsa3biBaHusd AT® HaxoaATCsl Ha BHEIIHEW MOBEPXHOCTH KIIETOK
U BKJIIOYAIOT aMUHOKHUCIJIOTHBIE OCTAaTKU BOIU3U mie-67. CeMb pa3audHbIX pe-
uentopoB P2X paznuyarorcst Mo UX 4yBCTBUTENBHOCTH K AT® U pa3zauyHbIM
aHasioraM AT®, a Takxe 1Mo KuHeTuke MHakTuBanuu. CesizpiBanue ATD nep-
BOHAYAJIbHO BBI3bIBAET OTKPBIBAHWE HECEIEKTUBHOIO KAaTHOHHOI'O KaHana,
o6ecnieunBarormero Bxoy Ca’’. J{MTeNbHAs SKCHMO3MIMUS C1aG0 MHAKTHBUPO-
BaHHBIX (opM Kk ATD BeneT K pacUIMPeHHIO MOPHI, Jejas €€ MPOHULIAeMON U
Jutst 60abIKMX MoJekya (BIuioTh 7o 1000 [la). 3ateM nmopa pyHKIMOHUPYET Kak
IPOHULIAEMAs! 111 OPraHUYECKUX KaTUOHOB, TAKUX KaK 3TUIUYM U N-meTuii-D-
rirokamMuH. GopMupoBaHHE 3TOW MOPHI peryiaupyercss C-TepMUHAIBHBIM THJT-
pOdUIBEHBIM JOMEHOM T10 KpaiHe Mepe OJIHOT0 U3 ATUX perentopoB — P2X7.
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Puc. 5.20. Jlurann-ynpasiisieMble KaHAJIbI:
a — AT®-ympaBnseMble KaHaIbl; O — KaHAJIBI C CyS-TIETIEeH; 6 — IIyTamaT-3aBUCUMBbIe KaTHOH-
HBIE KaHaJbl. BHH3Y MOKa3aHbl CXeMBI PACMOI0KEHHUs CyObeTUHHL B KaHAIaX, aKTHBHPYe-
MBIX COOTBETCTBEHHO aneTHiXomnHoM (AX), TAMK, rimuiuHoM U rirytamaTom

Peuenrop P2X1 sBiserca noMuHaHTHBIM TUIIOM P2X-peunentopoB B Heil-
poHax raaakux Meiml. Penentopel P2X4 u P2X6 mmpoko pacnpocTpaHeHsbl B
HEHTpaIbHON HepBHOU cucteme. Pernenrop P2X1 mMeeTcs Takke B KJeTKax
MMMYHHOM CUCTEMBI U CTPYKTYpax reMaTono’3a.

benkn AT®d-3aBHUCUMBIX KaTHOHHBIX KaHAJIOB OYEHb MMOJOOHBI IO aMHUHO-
KHCJIOTHOM TOCIe0BaTeNbHOCTU (> 35 % MAEHTUYHOCTH); 00JIaJal0T IpUMep-
HO 380—-1000 aMHUHOKHMCIOTHBIMA OCTaTKaMH Ha CYObEAMHUILY C BaprabeIbHO-
CTBIO MO YYacTKy, JOKaau3oBaHHOMY B (C-TepMHHaJIbHBIX JOMEHax. BHeke-
TOYHBIE IOMEHBI PELeNTOpa MEXKIy dTUMHU JBYMsi cerMeHTaMu (pumepHo 270
OCTaTKOB) COJIEP’KAT HECKOJbKO KOHCEPBATUBHBIX (IBOJIOLMOHHO 3aKPEIJICH-
HbIX) OCTaTKOB IiulMHA U 10 KOHCEpBaTUBHBIX OCTAaTKOB LIMCTEWHA. [ mapo-
¢bunbHbie C-OKOHYAHMS BaphUPYIOT 1O JiMHEe OT 25 1o 240 octatkoB. ATO-
3aBUCHMbIE KaTUOHHBIE KaHAJIbI, BEPOSITHO, SIBJISIFOTCS T€TEPO- WIM TOMOOJIU-
roMepamMu HECKOJIbKUX CYOBEIMHHUI] U TPAHCIOPTUPYIOT MOHOBAJIEHTHHIE Ka-
tuonsl (Me"). Hekotopble n3 AT®-3aBUCHMBIX KATHOHHBIX KAHAJNOB TaKikKe
Tparcroptupyiot Ca’ u mocie muTensHoi skcnosunun Kk ATd, kak yxe Obl-
JI0 OTMEYEHO, HAUMHAIOT TPAHCIIOPTUPOBATH PSAJl METAOOIUTOB.

Uucno ynpaBiseMbIX BHYTPUKJICTOUHBIMU JIMTAHJAMU KaHAJIOB TaKXe Be-
TuKo. BHyTpukieTouHbiMu urangaMu aBisitorcs TAM®, nl MO, Ca™", AT®,
bocharuarmHO3uTON, Pl hochopunupyemMbix OSITKOB U ApyTrue BellecTBa.
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NMABA 6. MUTOXOHOPUAIIbHbIE MEMBPAHbDI

6.1. CTPOEHUE U ®YHKLUWA
MUTOXOHAPUAIbHbIX MEMBPAH

Baxueiimas QyHkius psga OMoJIOTHYecKuX MeMOpaH — IpeBpalleHue o1-
HOU (opMBI SHEpPTUH B Apyryro. Takue MeMOpaHbl Ha3bIBAIOTCS YHEPTrOMPeos-
pasyromuMu. JHepronpeodpasyronme ONoIOrnIecKue MeMOpaHbl CIOCOOHBI K
IPEBPALLCHUIO XUMUYECKON YHEPTrUU U SHEPIMHM KBAHTOB CBETA B 3JIEKTpUYE-
CKyI0 2Hepruto (uepe3 (popmMupoBaHHE TPAaHCMEMOPAHHOW PA3HOCTU DJIEKTPH-
YECKUX MOTEHIHMAIOB) WM OCMOTHYECKYIO SHEPIHIO, ONpPENEIsieMyI0 pa3HO-
CThIO KOHLEHTpAIMil coAepKaluxcs B pa3[eleHHbIX MeMOpaHaMu KOMIIap-
TMEHTaX.

OpauH 13 TUNIOB HEPronpeoOpasyoluX MeMOpaH — BHYTPEHHSII MeMOpaHa
MUTOXOHAPUA. MUTOXOHIPUHM — BHYTPUKIETOYHBIE OPraHEIbl C pa3MepaMu
2x1 MxM (puc. 6.1). OObIYHO B DYKapHUOTUYECKON KIETKE COJIEPIKUTCS OKOJIO
2000 muToxoHapui, oOuwMi 00BEM KOTOPBIX cocTaBisgeTr 110 25 % oObema
kieTku. Kaxxgas MUTOXOHIIpUSI OrpaHMuYEHa JABYMs MeMOpaHaMu — TJIaJKOM
BHEIITHEH U cKiiagyaToil BHyTpeHHer. CKiIaJku BHYTpeHHEH MeMOpaHbl BXOIST
B INIyOb MUTOXOHJpUH, 00pa3ys MomnepevyHble Neperopoiku — KpUcThl. BHer-
HSs. MeMOpaHa, KaKk U BHYTPEHHSAA, UMEET TOJIIMHY OKoio 6 HM. MemOpaHsbl
OTJZIEJIEHBI JPYT OT Apyra MeXMEMOPAHHBIM IPOCTPAHCTBOM TOJIIIMHON OKOJIO
5-10 am. BHyTpeHHsAS MOBEpPXHOCTh MEMOpaH, HE3aMOJIHEHHAs KPUCTaMH, Ha-
3bIBAETCA MATPUKCOM.

Pa3nuuHble TUIBI KJIETOK OTIMYAIOTCA APYT OT JApyra Kak Mo KOJIMYECTBY U
(opMe MUTOXOHIpPHM, TaK U MO KOJIMYECTBY KPUCT B HUX. OCOOEHHO MHOTO
KPUCT UMEIOT MHUTOXOHJIPUU B TKAHSX C AKTUBHBIMH OKHCIUTEIHHBIMHU TIPO-
1eccaMu, HarpuMmep, B cepAedyHod Mbliine. dopMa MHUTOXOHIPUN 3aBUCUT
TaK)Ke OT UX (DYHKIIMOHAILHOTO COCTOSIHUS.

B otnuume ot BHyTpeHHEW MeMOpaHbl BHEIIHSSE MEMOpaHa MUTOXOHIPHIMA
He oOnajgaeT 3Heprompeodpasyromeil pynkiueil. Buemnsas memOpana MuTo-
XOHJIpUH COJEPKUT OCOOBbIE KaHAI000pa3yrolire OeIKd — MOPUHBI, KOTOpPbIE
JieNatloT MeEMOpaHy MPOHULIAEMOMN ISl MOJIEKYJI U MOHOB C MOJIEKYJISIPHOM Mac-
coii 1o 10 x/la. BuemrHne memMOpaHbl MUTOXOHIPHM Ciy)XaT OapbepoM, He
NPOHUIIAEMBIM JI1 OEJIKOB, PACTBOPEHHBIX B MEKMEMOPAHHOM IPOCTPAHCTBE
u ruToriame. Baemnsst memOpana npumepHo Ha 50 % cocTout u3 OEIKOB U
Ha 50 % u3 nunuaoB. Mexay TeMm, BHYTPEHHSS MeMOpaHa MUTOXOHApPUN Xa-
pakTepu3yeTcss HEOOBIYHO BBICOKUM cojepkaHueM 0enkoB (75 %). B ux uucio
BXOJISIT TPAHCIIOPTHBIE OENKHU, KOMIIOHEHTHI IbIXaTeNbHON 1enu u AT®-cuH-
taza. Kpome TOro, Bo BHyTpeHHeil MeMOpaHe coaepx utcsi Gpoconumnuy Kap-
JUOJIMIIMH. MaTpukc Takxke oOoraiieH Oekamu, 0COOeHHO (pepMeHTaMU LIUT-
pPaTHOTO IUKJIA.
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BHuytpennss Bueunss

Puc. 6.1. Cxematndeckoe H300pakeHUe MUTOXOHIPUHU U €€ CTPYK-
Typ (BBEpXY) u poTorpadusi MUTOXOHAPHUH, TTOTYUEHHAS C TIOMO-
IIbI0 TPAHCMUCCUOHHOTO 3JIEKTPOHHOTO MUKPOCKOTA (BHHU3Y)

BHyTpeHHsis MeMOpaHa MUTOXOHJIPHI HEMpOHHWIaeMa AJsi OOJbIIMHCTBA
COEIMHEHHI 32 MCKIOYEHUEM HU3KOMOJIEKYJISIPHBIX HE3aPSKEHHBIX MOJIEKYJI,
K KoTOopbIiM oTHOCcATCA O,, CO,, HO, NO, H,0,. Ona ynepx«uBaeT He TOJbKO
OPOAYKTHl MPOMEXKYTOUHOTO MeTabonu3ma (Harmpumep, MUPyBaT U alETHII-
KoA), o n Heopranuueckue nousl (H', Na’, K, Ca”™", CI’). IloaTtoMy B 11uTO-
1a3Me U MUTOXOHAPUAX CYLIECTBYIOT HE3aBHMCHUMBIE IMyJIbl HOHOB U MeTabo-
JUTOB. B pe3yibTaTe HEPaBHOBECHOIO pacHpe/eiieHUs] HOHOB MAaTPUKC MHTO-
XOHJPUN 3apsDKEH OTPULIATEIBHO MO OTHOLIEHHUIO K LuTomiazMe. TpaHcmeMm-
OpaHHas Pa3HOCTb SJIEKTPUUECKUX IOTEHIUAIOB Ha BHYTPEHHEH MeMOpaHe
MUTOXOHJIpUM MoOxeT aocturath 3HadeHus —200 mB. IlosTomy HampsbkeH-
HOCTb 3JIEKTPUUYECKOTO MOJII BO BHYTPEHHEH MUTOXOHAPUAIBHON MeMOpaHe
OoJblle, 4YeM Ha MJIa3MaTUYeCKO MeMOpaHe.

OOMeH BelecTB MEeXay LUTOIIa3MOM M MaTpUKCOM OOecrieunBaeTcs crie-
IUaIbHBIMH TPAHCHOPTHBIMU CHCTEMAaMH, JIOKAJIU30BaHHBIMU BO BHYTPEHHEHN
MeMOpaHe MUTOXOHJIPHI U CIOCOOHBIMU MEPEHOCUTH Pa3HOOOPA3HBIE BEIIECT-
Ba (nmupysat, pocdar, ATD, AJID, rnyramar, acnapraT, MajaT, 2-OKCOITTyTa-
paT, LUMTpaT, >KUPHbIE KHUCIOTH) O MEXaHW3MaM THIIA aHTUIIOPT, CUMIIOPT,
yHunopt. Hanpumep, 6onpmas yacte AT®, npoayuupyeMoro MUTOXOHAPUS-
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MU B MaTpHKCE, AOCTaBIsAeTCA B LUTOIUIa3My ¢ nomoipio AJID/ATd-tpanc-
noka3bl B o0MeH Ha AJI®. docdar nmocTynaer B MUTOXOHIAPHUH BMECTE € IIPO-
TOHAMU He3aBUCUMO OT TpaHcmopta AJI® u AT®D. AHalOrHYHBIM 00pa3oM
Opy y4acTUM NUPYBAT-CIIEUU(PUUHOIO IMEPEHOCUMKA OCYHIECTBISIETCS OJIHO-
BPEMEHHBII NIEPEHOC MUpYyBaTa U MPOTOHOB Yepe3 BHYTPEHHIOI MeMOpaHy. Bo
BHYTpEHHEl MeMOpaHe MUTOXOHAPUN MMEIOTCS TakkKe TPAHCIOPTHBIE CHUCTE-
MbI Ut HoHOB Ca’’, KOTOpbIe HApSAAY C TPAHCIOPTHBIMU CHCTEMAMH SH/IO-
MIa3MaTHYECKOTO PETHKY/IyMa PeryIMpyioT KoHIeHTparmio Ca® B UTOMIA3-
Me.

M cTOYHMKOM NBMXKYIIEW CWIIBI TPAHCHOPTHBIX IPOLIECCOB BO BHYTPEHHEU
MeMOpaHe MUTOXOHAPUH CIYKUT KOHIEHTPALMOHHBIN IPaTUEHT METaO0IUTOB
WU TPAJUEHT DJIEKTPOXUMHAYECKOT 0 MOTEHIMana HoHoB. Hanpumep, kapHUTH-
HOBasi CHUCTEMa TPAHCHOPTA KUPHBIX KUCIOT (PYHKIIMOHUPYET M3-32 BBICOKHUX
KoHIIeHTparui anui-KoA B nuromiasme. JBuxkyias cuina ummnopta docdara
U IUpyBaTa 00ecreynBaeTCsl MPOTOHHBIM T'PAJUEHTOM, B TO BpeMsl Kak 0OMeH
ATO/AID u BEIOPOC MOHOB Ca”" 3aBucsT oT Pa3HOCTH JIEKTPOXUMHUUYECKUX
MOTEHIIMAJIOB HA BHYTPEHHEN MeMOpaHe MUTOXOHIPUA.

B MuUTOXOHApPUSIX NPOTEKAIOT CIEAYIOIMIHUE META00JUYECKUE MPOIECCHI:
npeBpalleHue nupyBaTta B auetui-KoA, karanusupyemoe nupyBaTAErUApOre-
HA3HBIM KOMIUIEKCOM; IIUTPATHBIN LUKII, OKUCIUTENIbHOE (OCHOPUITUPOBAHHE;
pacuIeTIeHUe KUPHBIX KUCIOT MyTeM [-OKUCIEHUS M, YACTHUYHO, ITUKI MOYe-
BUHBI. [ TaBHOUW (QyHKIIMEH MUTOXOHIPUIA SBIISIETCS 3aXBaT OOTaThIX dHEPrUEH
cyOCTpaToB (KUpPHBIE KHUCIOTHI, MUPYBAT, aMUHOKHCIOTHI) U3 LUTOIIA3Mbl U
WX OKHCIIUTENHLHOE pacierieHue ¢ oopazoannem CO, u H,O, conpspxkenHoe ¢
cuate3oM AT®. OcHOBHBIE CTaJAMM ATOrO Mpolecca — (POpMUPOBAHUE DIICK-
TPOXMMHUYECKOIO IPaIUCHTA MMPOTOHOB U PocopunrpoBanne Moaekyabl AJ{D
IPOTEKAIOT HA BHYTPEHHEW MeMOpaHe MUTOXOHAPUIA C yUaCTHEM JIbIXaTEIbHON
nermn 1 H -AT®-cunTassl. PaccMoTpuM Goree MOIPOOHO CTPOSHHE U MeXa-
HU3MBI (DYHKIIMOHUPOBAHUS ITUX CHUCTEM.

6.2. OPFTAHU3ALUNA ObIXATENbHOWU LENMU MUTOXOHOPUX

JlpixaTenbHas 1enb MUTOXOHAPUM — 3TO KOMILIEKC (DEPMEHTOB, KaTaJIU3U-
PYIOIIMX COMNPSIKEHHBIM C FEHEpPAIMEN BJIEKTPOXUMUUYECKOr0 TpaueHTa mpo-
TOHOB TPOILIECC MEPEHOCA BJIEKTPOHOB OT BOCCTAHOBJIEHHOTO HUKOTHHAMUJA-
nennnaunykineornna (HAIH) na xucinopoa. To ecTs, apixarenbHas 1enb Ka-
TAIU3UPYET PEAKIIUIO

HAJIH + H' +1/20, - HAZI" +H,0 . (6.1)

N3-3a 00sbIIONH PAa3HOCTH OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIX MOTEHIIMA-
noB akuentopa (O,) u gonopa (HAIH) anextpoHoB peakius (6.1) sBiusercs
BBICOKO3K3E€prOHMYECKOM. PaccuntaeMm 3HEpPruro, BBIICISIONIYIOCS B 3TOH pe-
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aKIMM C UCIOJb30BAHUEM CTAHIAAPTHBIX BOCCTAHOBUTEIIBHBIX IMOTEHIMAJIOB
peakuuii

1/20,+2H" +2¢" > H,0 E’ =+816 MB, (6.2)
HAJ*+H" +2¢” > HAJJH E° =-320 MB, (6.3)

rne E°— 0603HaueHHe CTaHJAPTHOTO BOCCTAHOBHTENBHOTO MOTEHIMANA TIpH
pH 7,0. 3nayeHue pa3HOCTH PEAOKC-TIOTEHIIUANIOB Jisg peakiuu (6.1) cocTas-
asiet +1136 mB. CooTHonieHue Mexay cBoOOiHOM aHepruert ' mdoca u pegokce-
MOTEHIIMAIIOM OMKICHIBACTCS BBIPAKECHUEM:

AG® =—zFAE", (6.4)

rne AG? — u3MeHeHue cBOGOIHOM snepruu ['m66ca mpu pH 7,0, z — gucio ne-

PEHOCUMBIX B PEIOKC-pEaKIUU 3JIEKTPOHOB, ' — uncino Dapanes, AE O _ pas-
HOCTh PEJIOKC-TIOTEHIIMANOB. B cTaHgapTHBIX ycIoOBUAX uisi peakiuu (6.1)
AG" =-219.2 xJlx/monb. Ecmn 6b1 peakmust (6.1) mporekana 6e3 ydacTus
(dbepMEeHTOB, TO BBIJIEJICHUE TAKOTO KOJMWYECTBA YHEPTUU MPUBENIO ObI K pa3py-
HIEHUIO BHYTPUKIIETOYHBIX CTPYKTyp. (DAaKTUUYECKH AbIXaTelIbHAs LENb «pa3-
Oupaer» Ha yacTH ’HEpruro peakuuu B3aumosneictsuss HAJIH u xucnopona, u
IOPOBOJUT ATY PEAKIUIO TaK, YTOObI PHEPIHsl 3amacajiach MpHU CO3JaHUM DJICK-
TPOXUMHUYECKOTO TpaaueHTa. Takum o0pa3oM, pepMEHTHI TbIXaTEIbHON Ienu
HE TOJIbKO YBEJIUYMBAIOT CKOPOCTh XMMHUYECKOW peakiuHu (MHOTHE OKHCIIH-
TEIbHO-BOCCTAHOBUTEIBHBIE PEAKIIMM MTHOBEHHO NPOTEKAIOT B BOAHBIX pac-
TBOpax U 0e3 (pepMEHTOB), HO M 00ECNEUMBAIOT MOCIEAOBATEIbHBIA MEPEHOC
AJIEKTPOHOB OT OJJHOTO KOMIIOHEHTA JIbIXaTEJIbHOM LENH K APYTOMY.

JlpixaTenpHasi LEMb MUTOXOHAPUN BKIIOYAET TPU OENKOBBIX KOMILIEKCA
(xommekcst I, I u 1V), BcTpoeHHbIE BO BHYTPEHHIOIO MHUTOXOHIPHUATBHYIO
MeMOpaHy, ¥ JB€ TMOJIBH>KHbIE MOJIEKYJbI-IEPEHOCUNKH — YOUXUHOH (Kodep-
MeHT Q) u uurtoxpom c. CyKUMHATAETHIPOreHasa, NpuHaaiexaias coOCTBEH-
HO K LIUTPATHOMY ITUKITY, TAKKE MOKET pacCMaTPUBATHCS Kak KoMruiekc II mpI-
xaTenbHON Henu. OHAKO CYKIIMHATAETUAPOreHas3a MEPEHOCUT AJIEKTPOHBI OT
CykuuHaTta Ha KkopepmeHT Q 0e3 TpaHCMeMOpaHHOro nepeHoca npoToHoB. [lo-
3TOMY He OyJieM MoApoOHO paccMaTpUBaTh MEXaHU3M €€ (PYHKIIMOHUPOBAHUS.
Hapsany ¢ stum, H'-AT®-cunTa3y MHOTIA HA3BIBAeTCS KOMILIEKCOM V, XOTS
OHAa HE NMPUHUMAET y4aCTHs B IEPEHOCE IJIEKTPOHOB.

Kommuiekcsl abIxareabHON LENH MOCTPOEHBI U3 OOJIBLIOrO YKCIIa MOIHIIETI-
TUJOB U COJEP)KAT P Pa3IMYHBIX OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX KO-
dbepMeHTOB, CBsI3aHHBIX ¢ Oenkamu. K HIM npuHaiexar (praBHHMOHYKICOTH]
(®MH) u ¢dnaBunanenunaunykiaeorun (DPAJl), xene3o-cepHble MEHTPHI |
TPYIIbI FeMa.

[Ipocnenum nyth nByX 31ekTpoHoB oT HAJIH x kucnopoxay (puc. 6.2), co-
CTOSILMNA U3 TPEX ITANOB, KAXKIbIA U3 KOTOPBIX KaTaJU3UPYETCs TPEMs JIUIIO-

146



MPOTEUAHBIMU KOMILJIEKCAMHU, BCTPOCHHBIMU BO BHYTPEHHIOIO MEMOpaHy MHU-
TOXOHIpYiA. KOMILIEKCHI SBJISIIOTCSI UHTETPAIbHBIMUA O€JIKaMU, KOHTAKTUPYIO-
IIMMU C BOJHBIMU (DazaMM Kak MaTPHUKCa, TaK U MEKMEMOPAHHOI'O MPOCTpaH-
CTBa MHUTOXOHIpHUH. B )uakoi nunuaHou (asze MMEET MECTO JiaTepajibHasl
muddy3us KOMILUIEKCOB B MeMOpaHe, B pe3yJIbTaTe Yero OHU MOTYT COJIMXKATh-

Cs IpyT C APYTOM.

4H" 44" 2H"
/\ /\ [luroxpom C /\
+ + + 4+ + + 4+ 4+ + ++++ +++ + |+
oocoaf | 26 \\’X\’DOOOCDOOOOP’V""“"W{/ 0
° _L Kodepment Q ‘
AT
2e 2e ‘
999000, \L \ 900000 [11 >
- — B 0n)--- - -
172 O, L] H,O
+ + +
4H" glotl sl CykumHar dymapar af 2H" 2H

Puc. 6.2. JlpixatenbHast 11ellb MUTOXOHAPUNA:
I — kommnexke [; II — cykuunarneruaporenasa; 111 — kommneke II; IV — kommnexke [V

Kommieke I, koTopeiit Takke HasbiBaeTcss HAJIH-yOMXUHOH OKCHAOpETyK-
tazont unmu HAJIH-nerunporenasoii, - camplii 00IbII0N (PEPMEHT IbIXaTeNbHON
nenu. Kommiekc I coctout u3 43 cyObeAMHUI] U UMEET MOJIEKYJISIPHYIO Maccy
850 k/la. IIpu sToM KOMILIEKC | KaTaIM3UPyET JIBa SHEPreTUUECKHU COIPSIKEH-
HBIX MpOLIECCa: SK3EPrOHUYECKUN MEePEeHOC HAa YOMXMHOH THAPUA-HOHA (2¢€,
1H") or HAJIH u npoToHa M3 MaTpyKca; SHAEPrOHUYECKHi IepeHoc 4 mpoTo-
HOB M3 MaTpuKca B MeXMeMOpaHHOE MPOCTpaHCTBO. [lepeHoc MpOTOHOB mpo-
UCXOJUT B HAMPABICHUH DJICKTPOXUMHUYECKOTO TPAIUEHTA, MOATOMY TpeOyeT
3aTpaT 3Hepruu. Takum oOpa3oM, KOMIUIEKC | sIBJII€TCS MPOTOHHBIM HACOCOM,
paboTalOIIKUM 3a CUET PHEPIrUU OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLUM.
YroObl 0003HAUNTH TPAHCMEMOpPAHHBIA MEPEHOC MPOTOHOB IPHU 3aAMUCU pe-
3YJIBTUPYIOLIEH PEaKlMM, KaTaTu3upyeMOr KOMILIEKCOM I, mMpOTOHBI oTpHULa-
TEIBHO 3apsHXKEHHOr0 MaTpukca o0o3HayatoT uHAekcoM N (OoT aHmL —
negative), a MPOTOHBI TOJOXKUTEIBHO 3apPSKEHHOTO MEXKMEMOPAHHOIO MPO-
CTpPaHCTBa MUTOXOHIpUN — UHIEKCOM P (0T aHrm. — positive).

IlepBas cranus oxkucnenuss HAJIH karamusupyercss komiuiekcoM I, oauH
AKTUBHBIN IIEHTP KOTOPOTO KOHTAKTUPYET C BOJHOM (ha30ii MaTpUKCa U CBSI3bI-
BaecT HAJIH. JIBa snekrtpona, ormeruieHHsle o HAJIH, mepeHocsTcs uepes
(hIaBUHMOHOHYKJICOTH]I U JKEJIE30CEPHBIC IICHTPHI HA YOUXWUHOH, KOTOPBIN CBSI-
3bIBACTCS C APYTHUM aKTUBHBIM IIEHTPOM, PACIOI0KEHHBIM BHYTpU THAPOHOO-
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HOU (ha3sl MeMOpaHbl. B pe3ynbTaTe MPOUCXOIUT PEaKITUs:
HAJIH + 5H}, + Q > HAL" + QH, + 4H,,, (6.5)

B XO/JI¢ KOTOPOU AJIEKTPOHBI U3 BOJHOIO OKpyxkeHus (Mosiekysna HAJIH) nona-
JaT B TUAPO(HOOHOE OKpYKEeHUE MeMOpaHbI (MOJIEKYyJia YOUXUHOA).

DIEeKTPOHBI MOCTYNAIOT B JBIXATEJIbHYIO IENb pa3auyHbIMU NyTsaMmu. [lpu
okucinennn HAJIH kommekc I nepenocut snektponsl yepes ®MH u xeneso-
CepHble IEHTpbl Ha yOuxuHOH. OOpaszyromyecss NpU OKUCICHUU CYKI[MHATa
ANIEKTPOHBI TEPEHOCATCA Ha YOMXMHOH KomIuiekcoMm Il depes3 cBsi3aHHBIA C
dbepmentom DA, xene3ocepHbie KIacTepbl U TeM rpynmnbl b. Uepe3 yOUXuHOH
B JIBIXaTEJIbHYIO LEMb MOCTYNAIOT Takke 3eKTpoHbl oT aumi-KoA. Ileppas
craaus [-okucieHus katanusupyercs ammi-KoA-meruaporenasoii, koropas
NepeHOCUT JJIEKTpoHbl OT ammi-KoA uepes DA/l Ha 37EKTpOHTpaHCIOPTH-
pytoruii  guaBonporen ETF (electron-transferring flavoprotein). Ilepenoc
anekTpoHoB oT ETF Ha yOuxuHOoH mpoucxomut yepe3s PAJl u xene3ocepHbie
knactepsl (pepmenta ETF-yOuxunoHn oxcupopenykrasbl. Uepes rpynny DA
dbepmenTa raunepon-3-pocdar geruaporeHasbl Ha YOUXUHOH TaKKe MOTYT TO-
CTYNaTh 3JIEKTPOHBI OT ruLepoi-3-pocdara u3 nuromiasmsl. [Ipu s3Tom okuc-
neHHas gopma kodepMmeHTa Q BOCCTaHABIMBAETCS B apOMATUUYECKUN yOUTH/I-
POXHHOH WJIM YOUXUHOJI (puc. 6.3).

Komrexe 1 I'manepon-3- I'manepon-3-
docdar docdar-
/:[ermporeHasa

0000666060000,

||||||||||||| H|HH
%Y&JXHHOH
|||||||||W ||!

HAIH Kowmmneke 11 CykumHat

ETF-y6HXHHOH- e
OKCHIOPEAyKTa3a I
OAJ]
Armn-KoA-
JeTHApOTreHas3a '
Armmun-KoA

Puc. 6.3. Ilytu nocTyIuieHus 3JIEKTPOHOB B JbIXaTEJIbHYIO 1IETb
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YOUXUHOH HE paCTBOPUM B BOJIE, HO XOPOILIO PACTBOPSIETCSI B PACTBOPHUTE-
JSIX ¢ HUBKOM JTUAJIEKTPUUECKOW MOCTOSIHHOW. BajkHOe CBOMCTBO yOMXHWHOHA
COCTOUT B TOM, YTO €r0 MOJIEKYJIa MOXKET BOCCTAHABIMBATHCS IOJTAIHO, IIPU-
HUMas MOCJIEIOBATENBHO 10 OJHOMY 3JIEKTPOHY (M mpoToHy). [Ipu onHO3IEK-
TPOHHOM BOCCTAaHOBJICHMM YOMXHWHOHA BO3HHUKAET IOJIyBOCCTAHOBJICHHAS
(dopma — yOMCEMUXUHOH.

DOnexkTpoHsl OT youxuHousa npu yyactuu komiuiekca Il nepenocsarces Ha mu-
ToxpoM c. Kommuiekc 11l (yOUXUHOJI-IUTOXPOM ¢ OKCUAOPEAYKTa3a) COACPKUT
KeJIe30 KaK B KOMIUIEKCax C CEpOil, Tak U B BUJE KOMIUIEKCOB C IOP(QUPUHAMH.
Takre KOMIUIEKCBHI Ha3bIBAIOTCA I'€MaMM, 4 KOMIUIEKCHI T€MOB C IOJIAIEITH/I-
HeIMU LersiMu — nuroxpomamu. Kommrekce III nmepenaer anexrtpons! yepes pe-
aKUUU C HUTOXPOMOM b U LIUTOXPOMOM | K aKILENTOPY 3JIEKTPOHOB IIUTOXPO-
My C.

DK3eproHNYECKUI MPOLECC TPAHCIIOPTA MIEKTPOHOB YEPE3 IPOCTETUYECKHE
rpynnsl komiuiekca I conpsikeH ¢ 3HAEpProHUYECKUM MEPEHOCOM IPOTOHOB.
CymmapHas peakius, KaraauzupyeMas (hepMEeHTOM, OIMCHIBACTCS YPaBHEHUEM

QH, +2H}, + 2cytc(Fe™™) = Q + 2cytc(Fe* ) +4H,.  (6.6)

Ha ocHOBe W3yuyeHusi CTPYKTYpbl KOMIUIEKCA M PEAOKC-pEaKIuil, MpoTe-
KaIOIUX C y4aCTUEM MPOCTETUYECKUX TPy (epMeHTa, AJsl OMHUCAaHUS MeXa-
HU3Ma TpaHC(hOpMAIMU SHEPrUU OKHUCICHHS YOUXHHOJA IIMTOXPOMOM C B
SHEPTUI0 3JEKTPOXUMHUUYECKOr0 IpaJMeHTa MPOTOHOB MpU paboTe KOMIUIEKCa
III mprxaTenbHOM LENnU MPEIIOKEHA MOJIEIb, ITOIYYMBIIAs Ha3BaHUE Q-LIMKJIA.

[TonyBoccTanoBieHnHas ¢opma youxuHona (*QH) npucoenuHsieT 3JIeKTpoH
OoT KoMIUiekca | u mpoToH U3 MaTpukca ¢ oOpa3oBaHueM yOWxXHHOJIa (Ha puC.
6.4 cranus 1). Kommiekc I cogepxut n8a rema rpynisl b: by — reM ¢ HU3KUM
PEIOKC-IOTEHLUAIOM, by — F'€M C BBICOKHM PEIOKC-OTEHIIUANIOM. Y IPaHHULIbI
MeMOpaHbl ¢ MEKXMEMOPAHHBIM MPOCTPAHCTBOM BOCCTAHOBJIEHHBIN yOMXWHOH
(QH,) pearupyet c xene3oM rema b; W, BOCCTaHaBIIUBas €ro, OCBOOOXIAeT
IPOTOH B BOAHYIO (ha3y, MpeBpalasch B MOJYBOCCTAHOBJICHHYIO (opMy (Ha
puc. 6.4 ctagusa 2). DNEKTPOH OT reMa by MEPEHOCUTCS B MEMOpPAHE K Kee3y
remMa by, pacmonoxeHHOMY Onmke K MaTpukcy mutoxoHapuil. IlomyBoccra-
HoBJIeHHBIA *QH oTmaer BTOpoil 3JIEKTPOH Ha xene3ocepHsble kinactepsl (Fe-
S), mpu 3TOM BTOpPOI MPOTOH OKA3bIBAETCS B BOJHOM (ha3e MEKMEMOPAHHOIO
npocTpaHcTBa (Ha puc. 6.4 craaus 3), a 3JIEKTPOH MepeaeTcs Aajiee Ha Kele30
UTOXpPOMA Cj, @ 3aT€M Ha OKHUCIUTENIb YOUXHHOJA — LHUTOXpOM c. OKucieH-
HBI yOMXWHOH, 00pa30BaBIIMICS y TPaHUIBI C MEKMEMOpPaHHBIM MPOCTPaH-
CTBOM, Tenepb nudpyHaupyer Hazag K TOH CTOpOHE MeMOpaHbl, KOTOpasi 00-
palieHa K MaTpHKCY.
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Puc. 6.4. Q-muxn B komiuiekce 111:
QH; — youxunom; *QH — yOucemuxunoH; Q — yOUX1HOH (TTOSICHEHUS B TEKCTE)

31ech YOUXHMHOH MOJYy4YaeT JIEKTPOH OT rema by (3aMeTUM, 4TO UCXOJHO
AJIEKTPOH MPUHAICKAT K YOMXUHOIY) W TMPOTOH M3 BOAHOW (ha3bl MaTpuKca
(Ha puc. 6.4 cragus 4). OOpa3yercsi MOTYBOCCTAHOBJICHHBI CEMUYyOUXHHOH
(*QH), KOoTOpBIIf NPUHUMAET JIEKTPOH OT KOMIUIEKca | 1 MpOTOH U3 MaTpuUKca.
B MemOpaHne nosiy4yaeTcsi BOCCTAaHOBJIEHHBIN YOMXMHOJ U BECh MPOLIECC HAYu-
HaeTcs 3aHOBO. TakuMm 00pa3om, mepegada OJHOrO AJIEKTPOHA OT KoMiuiekca |
K IUTOXPOMY C COINPOBOXKIAETCS MEPEHOCOM JABYX IMPOTOHOB M3 MaTpUKca B
MEXMEMOPaHHOE TPOCTPAHCTBO MHUTOXOHJpHUHM. IlepeHoc NBYX 53JE€KTPOHOB
yepe3 koMiuieke IIl Kk UTOXpoMy ¢ COpOBOXKIAETCs, COOTBETCTBEHHO, TPAHC-
MeMOpaHHBIM TIEPEHOCOM YEeThIpeX MPOTOHOB. B pesynbpraTe okucinenus QH,
IIUTOXPOMOM BBICBOOOJK/IaeMasi SHEPIHsl 3aracaercs, TaKuM o0pa3oMm, B BUJE
Pa3HOCTH 3JIEKTPOXUMHUYECKUX MTOTEHIIUAJIOB MPOTOHOB.

Takum 00pazoM, 27EeKTpOHBI U3 TUAPOHOOHOM (a3bl, TIe OHU BXOMST B CO-
CTaB yOMXHHOJA (BOCCTAHOBJIEHHOTO YOMXWHOHA), TIOMAIal0T B BOJHOE OKPY-
JKEHUE — Ha aTOM >KeJie3a TeMOBOM TPYyMIbl OeNKa IUTOXpoMa ¢. DHEepPreTHde-
CKHMI MTOTEHIMAN JIEKTPOHOB (TENEPh B LUTOXPOME C) CTAHOBUTCS €IlIE€ HUXKE.
OKUCIIEHHBIN TUTOXPOM ¢ CBA3bIBAETCA ¢ KoMmIuiekcom I, a BoccTaHOBIEHHBIM
— ¢ komIuiekcoM IV. DTo o3Havaet, yto kommiekcsl 111 u IV uzbuparensHo
B3aMMOJICUCTBYIOT C MOJIEKYyJaMH OKHMCIEHHOI'O M BOCCTAHOBJIEHHOI'O ILIMTO-
xpoma ¢ (MoJeKkysipHas macca okoio 13 k/la), oTnuyaronmxcsi mo CTPOCHUIO
JpyT OT Apyra BCEro Ha OJWH 3JIEKTPOH, — SIPKUH IMpPHUMEpP TOTO, YTO CBSI3bIBA-
HUE MaJIOTO MO pa3Mepy Juranjaa (B JaHHOM Clydyae 3JIEKTpOHAa) CIOCOOHO
MPUBOJIUTH K U3MEHEHUIO KOHGOopMaIuu Oeska.

[{luToXpOM ¢ NEPEHOCHUT BIEKTPOHBI K KOMIUIekcy IV, muroxpom c-
okcuasze. B coctaB IUTOXPOM c-OKCHA3bl BXOJAT JIBa MEIbCOAEPKAIINX [IEH-
Tpa ¥ F€MBI a U a3, YePE3 KOTOPBIE AIEKTPOHBI, HAKOHEL, MOCTYNAIT K KUCIO-
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pony. IIpi BOCCTAHOBJICHHH KHCIOpOaa 06pasyercs annoH O° , KOTOpBI mpH
B3aMMOJECUCTBUM C IPOTOHAMU 00pasyeT Boay. IlepeHoc kakaoro 3neKkTpoHa
4yepe3 IPOCTETUYECKUE IPYIIIBI HUTOXPOM C-OKCHIa3bl COIIPSIKEH C IIEPEHOCOM
IPOTOHA U3 MaTpHUKCa B MEKMEMOPAHHOE MPOCTPAHCTBO MUTOXOHApPUHN. CyM-
MapHas peakuus, KaTaluzupyemMas KoMiiekcoM [V, onuceiBaeTcs ypaBHEHHEM

4eyte (Fe )+ 0, +8HY, — 4eyte (Fe’ )+ 2H,0+4H;.  (6.7)

W3 BhlllIECKa3aHHOTO CJEAYET, YTO IEKTpoHbI, nepeaaBaembie HAJIH, He
NIEPEHOCATCS] HENOCPEACTBEHHO Ha KUCiaopoa. OHU IPOXOIAT MO MEHBIIEH Me-
pe JecATh MPOMEXKYTOUYHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CHCTEM,
OOJIBIIMHCTBO U3 KOTOPBIX — CBSI3aHHBIE IPOCTETUYECKUE TPYIIIBI B KOMIUICK-
cax I, I m IV. U3menenue cBoboaHOM 2HEpruu AG B peakiusx BOCCTaHOBIIE-
HUS 3aBUCHUT TOJBKO OT Pa3HOCTH OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX IMOTEH-
[[MAJIOB aKLENTOpa U JIOHOPA 3IEKTPOHOB. CTaHAAPTHBIE PEIOKC-NOTEHIIAIIBI
HEKOTOPBIX peAOKC-Nap AbIXaTeIbHON LIETH MPEeACTaBICHbI B Ta0MI. 6.1.

Tabauya 6.1
Penokc-napel u ctanaaptHbie pegokc-norenuuaisl (T =25 °C u pH 7,0)

Penokc-mapa [Momypeaxins E’ (B)
HAJI'/HAJTH HAJI® + H' +2e” — HAJIH -0,320
OMH/®MHH, ®MH +2H" +2¢~ — ®MHH, -0,300
OAJI/DATH, DAJl+2H" +2¢” — AJH, -0,219
¢pymapat/ cykuuHat dymapat +2H"* + 2e~ — cykuunar | 70,031
yOUXUHOH/ yOUXUHOT CoQ+2H" +2¢~ — CoQH, +0,045
UTOXPOM b (OK/BOCT) Cyth(Fe**)+e~ — Cytb(Fe") +0,077
ITUTOXPOM ¢ (OK/BOCT) Cytc, (Fe")+¢e¢ — Cyt ¢ (Fe*) +0,23
[uroxpom ¢ (0K/BocT) | Cyte(Fe* ) +e” — Cytc(Fe®") +0,25
[Turoxpom a (ox/BocT) Cyta(Fe**)+e~ — Cyta(Fe™") +0,29
Huroxpom as (0K/BOCT) | Cyt g, (Fe**)+e~ — Cyta,(Fe?t) +0,55
0,/H,0 10,+2H" +2¢” - H,0 +0,816

Hanuuue DOMOMHHUTENIBHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX CHCTEM
mexay HAJIH u O, He mpuBOIUT K M3MEHEHHUIO CBOOOTHON SHEPTHH PEAKITUH.
OO6mas BenmuumHa 3Heprun peakiuu (6oxee 200 kJ/[>x/mMonb) pa3buBaeTcs Ha
HEOOJIBIINE «IMAKEThD), BEIMYMHA KOTOPBIX OMPESIICTCS PA3HOCTHIO OKHUCIIH-
TEJIbHO-BOCCTAHOBUTEJILHBIX IMOTEHIIMAJIOB COOTBETCTBYIOIIMX IMPOMEKYTOU-
HBIX MPOYKTOB. L

Pacuer BenMUMHBI SHEPTUH, 3aMacaeMO B AIEKTPOXUMUYECKOM TPaIUCHTE
MPOTOHOB, MPOU3BEIEM C UCIOIH30BAHUEM YPABHEHUS:

AG = nAfl, (6.8)
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IJie 7 — KOJMYECTBO BellecTBa (B MOJSX) B cucTeMe, A[l — U3MEHEHHUE DJICK-
TPOXMUMHUYECKOTO MOTEHIHAIA. DIEKTPOXUMHUYCCKUN MOTEHITHANI CUCTEMBI ([I)
OTIpEIeNISIeTCSl HA OCHOBE YPAaBHEHUS

L=W,+RTInC+zFp, (6.9)

rae Yy, — CTaH,HapTHBIﬁ XUMHYECKUN NOTCHIHAA.

DNeKTPOXUMHUECKHUI MOTEHIMAI IPOTOHA, AJIT KOTOpOTro 3apsia z = +1, Oy-
JEeT

i, =p,+RTIn[H" ]+ Fo. (6.10)
[lepeitnem k aecaTUUHOMY Jiorapu@my B BeipaxeHuu (6.10)
. =K, +2,3RTlog [H"]+ Fo. (6.11)

Ucnonb3ys onpenenenne pH, mpeobpasyem BeipaxkeHue (6.11) B Beipaxke-
HUE

i, =k, —2,3RT(pH) + Fo. (6.12)

OnpenenuM BEIMYHMHY PA3HOCTH AJIEKTPOXUMUYECKOrO MOTEHIHANIa MJis
POTOHA Yepe3 MUTOXOHIPHAIBHYIO MEMOpaHy

Af,. =2,3RTlog,, [Hf] +F(9p,—0y), (6.13)
[Hy]
Afi . = FA@—2,3RT(ApH). (6.14)
H

Matpukc MUTOXOHJIpHUI siBNsieTca Oosee mienouHoi cpeaou (pHy = 8,0),
yeM MexmeMOpaHHoe npoctpanctBo (pHp = 7,25), 1.e. ApH cocrasnser 0,75
eauHul. Eciy npuHATE pa3HOCTh NOTEeHIManoB A paBHoi 160 MB nmomxyunm,
4yTo corjiacHo (6.14) u3meHeHue CBOOOJHON PHEPrUU MPHU MEPEHOCE OJHOTO
MOJISL IPOTOHOB cocTaBisieT okojo 20 kJk/Momb. [1ocKoNIbKY NMPU OKUCICHUH
1 monss HA/IH niepenocutcsa 10 Mosnel npoTOHOB, CyMMapHOE U3MEHEHHUE CBO-
6oxuoi sHeprun coctaBuT 200 xJlx/mMonbs. Takum oOpazoM, 3pGHEKTHBHOCTD
paboThI JBIXaTEIBLHOM IIeMH TakoBa, 4To okoyio 90% sHepruu, BRICBOOOKIae-
Mol pu okucieHuu moiekyasl HAJIH, TpanchopmupyeTcss B JHEPrUio djeK-
TPOXUMHUYECKOTO MTOTEHI[MAJIA IPOTOHOB.

E/MHALA M3MEPEHUs NEKTPOXMMHUECKOrO TOTEHIHANA — JKOYIIb-MOJIb .
JI1st nepeBo/ia BEIMYHMHBI Pa3HOCTH 3JIEKTPOXHUMHYECKOr0 MOTEHIMaNa B BOJIb-
Tl €¢ HeoOxoammo pasnenuTh Ha uuciao Dapaxges. [lomydeHHoe dwacTHOE
I1. MuTuen, co3narenb XeMHUOCMOTHYECKON TEOPHUH, [0 AHAJIOTHH C AJIEKTPOH-
JABIWKYIIEH CHJION NIPEMJIOKUI HA3bIBATh TPOTOHIBWXKYILEH CHIION

AN +
iy _pg- 23RT
F

[Ipyu nBUMXKEHUU MPOTOHOB MOJ JACHCTBUEM MPOTOHABMKYILEH CUIIBI COBEP-

Ap = (ApH), (6.15)
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maeTcs padoTta. DHeprus, 3anaceHHas B pa3HOCTH 3JIEKTPOXUMUYECKUX TTOTEH-
[[MaJIOB TMPOTOHOB, HCIIOJB3YyeTCS MJid TpaHcrmopra mnupyBara u ¢ocdara
BHYTPb MHUTOXOHApHI. OZHAKO OCHOBHAS YacTh 3allaCEHHOM Ha BHYTPEHHEMN
MeMOpaHe MHUTOXOHIPHII »Heprum ¢ momomipio depmenta H'-AT®-cunTassl
TpaHCHOPMHUPYETCS B SHEPTUIO XUMUUYECKHUX CBsI3ed MosieKkyibl ATO.

6.3. H'-AT®-CUHTA3A: CTPOEHUE U ®YHKLUU

H'-AT®-cunraza (H'-AT®da3za) asnsercs hepMEeHTOM, KaTalH3HUPYIOIIHM
dbochopunupoanue AJID 3a cuer s3HEpPruu, 3aacaeMoi mpu co3AaHUM IpaIu-
eHTa HIEeKTPOXMMHYECKOTO MOTEHIMAa IPOTOHOB. BaxkHO 0TMETUTSH, uto H ' -
AT®-cunTaza aBigercss GEpMEHTOM, KOTOPBIH CIIOCOOEH KaTaau3upOBaTh KaK
cuHTe3, Tak U ruaponu3 ATD B sHeprompeoOpasyronmx MeMOpaHax KIETOK
pacTeHui, )KUBOTHBIX U OakTepuii. B pexxume cunteza AT® QpyHKIIMOHUpPOBA-
e H'-AT®-cunTassl obecreunBaeTcs 3a CUET JBUKEHHS MPOTOHOB B pe-
3yNIbTaTe CYIIECTBYIOIIEro TPpajJMeHTa UX KoHIeHTparumii. B To sxe Bpems H'-
AT®-cruHTa3a MOXKET (PYHKIIMOHUPOBATH KaK MPOTOHHBIN Hacoc. 3a CYET 3Hep-
ruu, Beesstomelicss npu rugponnsze ATD, onHa MoxeT mepekaunBaTh UOHBI
BOJIOPOJIa B HAIPABJIICHUHU T'PaAUEHTA JIEKTPOXMMHUYECKOTO MOTEHIMAa Mpo-
TOHOB.

H'-AT®-cunTa3a cocTOMT U3 ABYX yacTeil. CXeMaTHYecKoe H300paskeHHe
AT®-cuHTa3HOrO KOMILIEKCA MPEACTaBICHO Ha puc. 6.5. MemOpaHHas 4acTh
H'-AT®-cunTa3sl Ha3siBaeTcs (akTopoM compsixenus Fo. BomopacTBopumerit
dparment H -AT®-cuHTa35l, BEICTYMAOMMI 13 MeMOpaHHE B BUE chepude-
ckoro oOpa3oBaHus, Ha3zbiBaeTcs Gaktopom conpspkenus Fi. B mutoxonmpusx
H'-AT®-cunTa3a BCTpOeHa BO BHYTPEHHIOK MeMOpaHy, a KoMIekc F; o6pa-
neH B cropoHy marpukca. O6pazoBanne AT® u3z AJI® u HeOpraHMUECKOTro
docdara (D) mpoucxoauT B KaTanuTHUeCKuX LenTpax H -ATd-cunTassl, pac-
MOJIOKEHHBIX B KoMIulekce Fi. benkoBeiil komruieke F; MOXKHO CpaBHUTEIBHO
JIETKO OTAENIUTH OT MeMOpaHbl, MPU 3TOM OH COXPaHSET CIIOCOOHOCTh KaTaju-
3upoBaTh ruaponn3 AT®. OgHako n30aMpoBaHHbIN (pakTop conpspkeHus Fi He
cocobeH cunTezupoBaTh AT®. CBs3aH0 3TO ¢ TeM, 4To pabota ATD-cuHTAa3BI
B pexunMe cuHTe3a AT® compsikeHa ¢ MEPEHOCOM 4Yepe3 Hee MPOTOHOB, MYTh
KOTOpBIX Iposeraer yepe3 Fyp u HanpasieH B ctopoHy F,. Takoi Hampasiien-
HBII TIEpEeHOC MPOTOHOB BO3MOXEH TONBKO B TOM ciydae, ecimu H -ATd-
CHHTa3a BCTPOEHA B MEMOpaHy 3aMKHYTBIX SHEPronpeoOpa3youmx opraHel
WIH B MJIa3MaTHYECKYI0 MEMOpaHy OaKkTepuaibHOM KIETKH.

Bonopactopumsrii pparmenT H'-ATd-cuHTa3B1 IpeaCTaBIsSeT cOO0M Ge-
KOBBIN KOMIIJIEKC, KOTOPBIA COCTOMUT W3 JCBATU CYOBEIUHUIL MSTH THUIIOB, IO-
JYYUBIIWX Ha3BaHUE CyObeauHUI A, B, v, O U €. OaHA MOJIeKyJia epMeHTa Co-
JIEPKUT TPU OJMHAKOBBIC O- U TPU OJMHAKOBBIC -CyOBEAMHUIIBI, a TAKKE IO
ONHOW cyOBbenuHMIE Y, 0 W € (COKpalieHHOe 0003HauYeHHe Komiuiekca F
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a3P3y0¢). Ha cyOobenununax o U B HaXoasaTcss UEHTphl cBsi3biBaHUus ATOD u
AJI®, onHaKO KaTaTUTUYECKOM aKTUBHOCTBIO 00JadaloT TOJIBKO  [3-
CyObEIUHUIIBI.
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Puc. 6.5. Cxemarnueckoe nzobpaxenue H -ATd-cunrazbl

[Tonunentuaneie LeNH O- U B-CyObETUHULL YIIOKEHBI B IOX0XKHUE 1O CTPOE-
HUIO OEJIKOBBIEC TTIOOYIBI, KOTOPhIE BCE BMECTE 00pa3yloT aHcambOilb, COCTOS-
i u3 mectu cyowbenuuuil (ozfP;). DTOT aHCAMOIb UMEET BHUJ ClIeTKa IpH-
IUTIOCHYTOTO 1apa BbIcOTOM 8 HM u mmpuHoi 10 HM. B nenTtpe mapa Haxo-
TUTCsl CyOBeMHUIA Y, KOTOpasi oOpa3oBaHa JABYyMSI MPOTSXKEHHBIMU TIOJIUTICTI-
TUIHBIMH IETSIMH W HAllOMHHAET clierka JehOpMHUPOBAHHBIA HW30THYTHIN
CTEP’KE€Hb JUIMHOW OKOJIO 9 HM. HrkHsA yacTh CyOBeAMHUIBI Y BBICTYNAET U3
mapa Ha 3 HM B CTOpOHY MeMOpaHHOro komiuiekca Fy. CyObennnuna o pacmo-
JIO’KeHa CHapyku kKomruiekca Fy. BayTpu ancamb6is o35 HaxoauTcss MUHOpHAsS
cyObeIMHHULIA €, KOTOpas CBsi3aHa ¢ cyObeauHuIleil y. MemOpanHbIil parMeHT
Fy cocTonut u3 monmumenTuaHBIX CyOBEAMHUI] TPEX TUIIOB. B €ro cocTaB BXOAAT
oJIHa CyObEIMHUIIA TUIIA & U JIB€ CYOBEIMHUIIBI TUMA b, UMEIOIINE MOJIEKYJISIP-
Hele Macchl 20-30 k/la, a Takke J0BOILHO OoJbInoe yuciao (n = 10 — 12) ogu-
HAKOBBIX KOMHI Oosiee MeNKOW CyObenuHULbI ¢ (MoyeKkylsgpHas macca 6—11
k/la). CokpamieHHoe 0003HaY€HUE MOJEKYJSIPHOM CTPYKTYpbl (pakTopa co-
npsbkenust Fy Oyaer ab,c,. Kaxnas u3 cyObenunHui b coaepXuT Jullb OAUH
CPaBHUTEIBHO KOPOTKHI yYacTOK, MOTPYKEHHbIH B MemOpany. OcranbHas
4acTh CyObeIUHUIl b 3aMETHO BBICTYyMHAaeT U3 MEMOpaHbl B CTOPOHY KOMILIEKCa
F, u 3akpersiercs 3a pacroioKEHHYI0 Ha €ro MOBEPXHOCTH CYOBEIUHHUILY O
(puc. 6.5). CyobenuHaAIBI ¢ 00pa3yoT eNUHBINA aHCaMOIb (C,), UMeroIui Gop-
My MWIUHAPA, OTPYKEHHOTO B MeMOpaHy. Brictynatomas u3 komiuiekca F; B
ctopony Fy cyObenunuIa y, mo-BUIuMomMy, OTPy>KeHa BHYTPb 3TOTO IVJIAH/I-
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pa ¥ 3aKpervieHa B HEM.

IlepeHOC TPOTOHOB MPOXOJUT YEPE3 JIBA MPOTOHBIX «ITOJTYKaHAJay, pacIo-
JIO’)KEHHBIE Ha TpaHulle MeXIy cyObeauHuIamMu a u ¢. OQuH U3 «IoJyKaHa-
JIOB» HAXOAMTCS OJMKe K TOM CTOpoHE MeMOpaHbl, KOTopasi oOpaiieHa B 00-
JACTh C TOBBIIMICHHOW KOHLEHTPALMENl MOHOB BOJIOPOJA. DTOT «IOJyKAHAID)
o0ecrieuyrBaeT MOCTYIUIEHHE MPOTOHOB K OMNPENEICHHBIM (YHKIIMOHATbHBIM
rpynmnaMm Fy, pacnionoxeHHbIM BHYTpU (QepmeHTa. pyroii «moigykaHam», 00-
pAalllEeHHbI B MPOTHBOIOJIOKHYIO CTOPOHY MEeMOpaHbl, 0OECIEUnBAET BHIXOJ
IIPOTOHOB B 00JIACTh C MEHBIIIEH KOHIEHTPALKEN HOHOB Boopoaa. Cuuraercs,
YTO «IIOJYKAaHAJIbD» HE CBA3AHBI APYT C IPYTOM HEMOCPEICTBEHHO, MOCKOJIBKY
OHM CMEIIEHBl APYr OTHOCHUTENBHO npyra. [lepeHoc NMpoTOHOB IpPOXOAUT C
ydacTHeM KoJiblla U3 cyobenunul] c¢. Kaxmas u3 3Tux cyObeIuHHI] B CBOEH
LHEHTPAJIbHOM YacTH COJAEPKUT MPOTOHUPYEMYIO KapOOKCHIIbHYIO TpYIILY, KO-
TOpasi COCOOHA MPUCOEIUHSTH U OTAABaTh MPOTOHBI YEPE3 COOTBETCTBYIOLIUE
IIPOTOHHBIE «ITOJTYKAHAJIbD).

Ocobennocts (Gynkuonnposanus H -AT®-cHHTa3bl 3aKIII0YAETCS B TOM,
4yTO (DepMEHT NPENCTaBIsAeT COOOW MOJIHYIO aHAJIOTHUIO DJIEKTPOJBUTATENEH,
CO3JIaHHBIX YEJIOBEKOM M COCTOSAIIMUX M3 poTopa U craropa. [Ipuuem sHeprus
Uis paboThl JAHHOIO «MOTOpPa» BBIPAOATHIBAETCS C MOMOILBIO BOJOPOJIHO-
KHMCJIOPOJHOI'O TOIUIMBHOTO 3JIEMEHTA, PEAIM30BAHHOIO IMPUPOJOU B BUIE JIbI-
XaTeJIbHOW e MUTOXOHIPU.

[pencrasnenus 06 H-AT®-cuHTase Kak MONEKYISPHON MalluHe, paboTa
KOTOPOM CBfi3aHAa C €€ BPAILLEHHEM, XOPOIIO COTJACYIOTCS CO CTPYKTYPHBIMH
ocobennocTaMu H' -AT®-cuHTa3bl, B KOTOPOH MOMKHO BBIIEIHUTh JBE TPYIIIbI
0enkoBbIX cyObeauHul. OaHa U3 HUX o0pa3zyeT CTaTop MOTOpa, KOTOPHIA He-
NOJIBMXKEH OTHOCUTENIBHO MEMOpaHbl, a JIpyras COOTBETCTBYET MOJBHKHOMY
poTOpY, BpallaroieMycsi BHyTpH cTaTopa (CM. puc. 6.5).

Crarop BKJIIOYaeT B cels mapooOpa3Hblil rekcamep, 0Opa3oBaHHBIA TpeMs
CyObeIMHHUIITAMU O, U TpeMsl CyObeIuHUIIaMU 3, a TakKe CyObeAMHUIBI a U b
MeMOpanHoro komiuiekca Fy. Potop coctout u3 cyObeAuHMIL Y U € KOMILIEKca
F,. Bompoc o Tom, B cocTaB kakoro (pyHkiuoHagbHoro y3ia ATd-cunHTasHl,
cTaTopa WK poTopa, BXOAAT CyObEeIMHUIIBI C, SIBJIAETCS cOpHbIM. HekoTopsie
UCCIIEJIOBATENM I0JIaratoT, YTO CyObEeIUHUIIA Y JKECTKO CLEIUIEHa C KOJIbIIOM
U3 CyObeTMHUI] ¢ B BO BpeMsi paboThl AT®-CHHTAa3bl KOJBIIO U3 CYOBEIUHUII C
BpaIaeTcs, Nogo0HO MaXxOBOMY KOJIECY, BMECTE C CyOBEAMHHUIIAMU Y U €.

Bpamienne poropa H'-AT®-cuHTa3hl HOPOUCXOAUT KAaK HPU THAPOJIHU3E
ATO®, Tak u B ycnoBusix cure3a AT®. Cuia, npuBoAsIIas B IBUKEHUE POTOP
AT®-cunTasbl, padoraroiei B pexxume cunre3a AT®, Bo3HUKAET 3a cUeT Mmo-
TOKa MPOTOHOB, MPOTEKAIOIINX YEPE3 «IOJyKaHaIbD. bilIoOKMpOBaHUE IPOTOH-
HOrO KaHaJla C MOMOILBIO MHTUOUTOpPA, ACHCTBYIOUIErO HA OJIHY U3 CcyObeau-
HUI[ ¢ MeMOpaHHOro KoMmIuiekca Fy, olHOBpeMEHHO TOJIaBIsieT BpalleHUE Po-
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topa u cunre3 ATO.

CyObenuHuliia Y He MOXKET CBOOOJIHO BpaIllaThCsl BHYTPU KOMILIEKca 0333 3a
CYET PHEpPrUU TEIUIOBBIX ABMKEHUH. JlJig TOro 4TOOBI MPOBEPHYTH POTOP BHYT-
pu cTaTopa, ¥ TeM cambIM 3acTaBUTh (pepMeHT cuHTe3upoBath AT, HeoOxo-
IUM BHENHHMi nctounuk >aeprun. Korma H -AT®-cuaTa3a paboTaeT B pexu-
Me cunte3a ATO, ABMKYIIEYyI0 CHITy mpoliecca 00ecTeunBaeT TPaJueHT AJIEK-
TPOXHMHYECKOTO MOTEHIMaa IpoToHOB. IIpu pabore H'-AT®-cunTa3s B pe-
xuMme ruaponuza AT® UCTOYHUKOM SHEPruM Il Bpall€HUS POTOPA CIIYKUT
DHEpPIrus, 3amaceHHas B MoJiekysie ATO.

Camoe BneyatJisoiee J0Ka3aTeabCTBO TOr0, YTO CyOBbEAMHMIIA Y IEUCTBU-
TEIHHO Bparmaercs npu GyHKIIUOHUPOBAHUH (hepMEeHTa, OBLIO TOIYYSHO TPYII-
MoM SIMOHCKUX HCCleoBaTeNied B KOHIIE MPOIIOro BeKa, KOTOPHIM BIEPBbIE
YAAJIOCh HEMOCPEICTBEHHO YBUIETH BpalleHUE CYyOBEIUHUIBI Y C MOMOIIbIO
bayopecuieHTHOr0 MUKpockona. UToObl HaOM01aTh 3a BpallleHUEM CyObeau-
HULBI Y, K €€ OCHOBAHWIO, BBICTYIAIOIIEMY M3 KOMIUIEKca F;, mpukpenuin
CHEIUATbHBIA MAaKPOMOJIEKYISIPHBIA MapKep — (parMeHT HUTHU aKkTHHA (0eNoK,
BXOJIAIIMNA B COCTaB MBIIII) JJTMHOM OKOJIO OJJHOTO MUKPOHA, KOTOPBIiA, B CBOIO
ouepesib, MIOMETUII MOJIeKyJiaMu (piryopecuupyroniero kpacurens. OCTalibHYyIO
4acTh OTJEJICHHON OT MeMOpaHbl MOJIEKYJbI Fi MpuKpenuian K HEMmOIBUKHON
MOJJIOKKE.

Hab6mronast ¢ momoIipi0 MUKPOCKOIIAa 32 M3BMEHEHHEM TOJIOXKEHUs dIyopec-
UPYIOUICH HUTH aKTHHA, )KECTKO CBSI3aHHOU CyObEeIMHUIIEH Y, yAaI0Ch HEMO-
CPEIICTBEHHO yBHUJETh €€ BpallieHue. B manbHeimeM ObIIO MOKa3aHO, YTO MO-
nekyna F; BpalllaeT akTHHOBBIA XBOCT AMCKPETHBIMU CKaUKaMH C IIaroM, paB-
HbIM 120°. Onun ckadok Ha 120° conmpoBoxaaeTcs TUAPOIU3OM OJTHOW MOJIe-
Kyiabl AT®. Tlpu oTCyTCTBMM MCTOYHHMKA SHEPIHM (KOTJa CHUCTeMa HE COAep-
xkana moJiekysl AT®) peryispHOro HampaBJIECHHOI'O BpalleHUS] CyObEIMHUIIBI
HE MIPOUCXOIUIIO, a HAOIIOJAIKCH JIUIb OYeHb PEJIKUE CIy4YailHble TOBOPOTHI B
000MX HamNpaBJICHUSIX, OOYCIOBJICHHbIC TEIUIOBBIMU JBMKEHUSMU. Mojeky-
nspHblit MoTop H' -AT®-cunTa3a XapakTepusyercsi BRICOKUM KOd(D(PUIIUEHTOM
nosiezHoro aectBus (KII/). [TokazaHo, 4To paboTa, KOTOPYIO COBEPIIAET MO-
TOp NpH MOBOPOTE aKTMHOBOTO XBocTa Ha 120°, mpakTUYeCKu paBHA SHEPIUH,
3anaceHHoi B MoJiekysie AT®. To ects, KIIJI moTopa 61m30k k 100 %.

MakcuManbHasi CKOPOCTh BpPalIEHUsI TAKOT'O MAaKPOMOJIEKYJISIPHOTO MOTOpa
JOCTUTaNa YEThIPEX 000OPOTOB B CEKYHAY. JTO, KOHEYHO, HUKE CKOPOCTH Bpa-
mieHust poropa (17 0o60poTOB B CEKYHIY), KOTOPYIO MOKHO OBLIO OBl OKHIATh
UCXOJIsl U3 TOTO, YTO B HOPMAJIBHBIX YCIOBUSX (0€3 Harpy3Ku) oJHa MOJICKYJa
dbepmenta ruaponauszyetr 52 moinekynbl AT® B cexkyHay. OaHako BpalieHue
JUIMHHOT'O XBOCTA, MPUILIUTOTO K CYObEIUHHUILIE Y JI TOTO, YTOOBI MOXKHO ObLIO
HAOJII0/IaTh €€ BpallleHue, MPEeJCTaBIseT coO0N OOMNBIIYI0O TUAPOIUHAMUYE-
CKYI0 Harpy3Ky JJii MOTOpa MakpOMOJIEKYJISIPHBIX pa3MepoB. BpamatenbHblil
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MOMEHT, Pa3BHBAEMBIH THM MOTOPOM, MpeBbiuaer Beanduny 4,5-1072° Hom.
Takum o6pazom, ATD-cuHTa3a SBISETCS CaMbIM MaJ€eHBKHM M3 BCEX HU3BECT-
HBIX MOTOpPOB.

Cunte3 AT® cBs3an co cTpyKTypHbIMU Hepectpoiikamu H -AT®-cuHTa3bl,
B X0J1€ KOTOPBIX U3MEHSIOTCS COCTOSHUSA KaTAIUTUYECKUX IIEHTPOB (hepMeHTa.
CuuTaercs, 4TO NOBOPOT CyOBEAUHULIBI Y BBI3BIBAET OJHOBPEMEHHOE H3MEHE-
HUE KOH(opMaIuu Bcex Tpex KataauTuieckux cyobeannu . Kaxnas us tpex
KATAJIMTUYECKUX [-CyObEeIUHUIl MOKET MOOYEPETHO HAXOJIUTHCA B OJIHOM M3
TpeX KOH(POPMAIMOHHBIX COCTOSHUMW, PA3NIMYAIOIIUXCA MO CTENEHU CPOJCTBA
MoJiekys1 AT®, AI® u @ K KaTaJTUTUYECKOMY LIEHTPY. ITU COCTOSIHUS CXeMa-
TAYECKHU MOKa3aHbl HA pUC. 6.6: ] — COCTOAHUE «OTKPBITOr0» LIEHTPA, C KOTO-
PBIM MOTYT CBSI3aThCsl MOJIEKYJIbI AJ[D u @; 2 — COCTOSHHE C «3aKPBITBIM» Ka-
TaJUTAYECKUM IIEHTPOM, KOTOPBI MPOYHO YAEPKHUBAET MOJIEKylIbl AT,
AJl® u @; 3 — cocTosiHEE, B KOTOPOM OcladiseTcs CBI3b MoJIeKysIbl AT® ¢
KaTAJIMTUYECKUM LIEHTPOM M IIPOUCXOIUT €€ JUCCOLMALUs B PaCTBOP.

PaccmoTpum mocienoBaTebHOCTh COOBITUM, TPUBOASAIINX K 00pa30BaHUIO
ATO®. JIns onucanus Heny peakiuii Oy eM UCIoIb30BaTh CISAYIOUE CUMBO-
ael: E — ny1s 0003HaueHHsT KaTaauThdeckoil B-cyOnenuuuiibl hepMeHTa, CBO-
oomnoit ot cybctpatoB (A® u ®) u mnpoaykroB (ATD) peakuuw,

Eyio W ESr, — I 0603Ha4YCHHs B-CyObEIMHHMI], COACPXKAIIMX C1abo- u

HpOYHOCBsI3aHHbIC MOJEeKyNbl AJI®D u @, cooTBETCTBEHHO, a E5, U Eyo —

B-cyObenuHMI, CcOAepIKANIMX MPOYHO- M cladocBsizaHHbIe MOJICKYJTbl AT,
COOTBETCTBEHHO.

CaMbIM TIEPBBIM aKTOM B IIEMH COOBITHM, MPUBOAAIINX K 0Opa30BaHUIO
ATP, aBnsercs cBs3biBanue Mosiekyn AJI® u @ akTUBHBIM LIEHTPOM CBOOO/I-
HOM B-cyObeaunulibl (E), HaXOaAEencst B COCTOSTHUU 1,

AP+ D +E <> Ey. (6.16)

3a cyeT 3HEepruyM BHEUIHEr0 MCTOYHHMKA B MoJieKysie F; mpoucxoasT KOH-
(dbopMaIOHHbIE U3MEHEHUS, B pe3yibTaTe KOTOpbIX AJ[®D u @ npoyHO CBS3bI-
BAIOTCS C KATATUTUYECKUM LIEHTPOM (COCTOSIHUE 2),

Eye <> ESn (6.17)

<AHD> *

B 3TOM cocTosiHUM B KaTaIUTHYECKOM LEHTpe (epMeHTa CTAaHOBUTCS BO3-
MOHBIM 0Opa3zoBanue AT:

EX < ENS (6.18)
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Puc. 6.6. Cuurez ATOD:

1 — cocTOsiIHUE «OTKPBITOTO» LIEHTPA, C KOTOPBIM MOTYT CBA3aThCS MOJIEKYJIBI
AJ1D u @; 2 — cOCTOSIHUE C «3aKPBITBIM» KaTAIUTUYECKUM LIEHTPOM, KOTOPBIN
npouHo yaepkuBaeT Mosiekylbl AT®, AIID u @; 3 — cocrosiHUE, B KOTOPOM OC-
nadiseTcs cBsi3b MOJIeKyJbI AT® ¢ KaTaTUTHYESCKUM IICHTPOM U IMPOUCXOINT €€
JHUCCOIMaNNA B pacTBOP

Cnemyer 0co00 OTMETUTH, UTO Ha AaHHOHN craguu paboTel ATd-cuHTa3HI,
KOTJla MPOUCXOIUT 0Opa3oBaHME KOBAJCHTHON CBA3M Mexay (ochaTHbIMU
rpynnamu Monekya AJI® u @, pepMeHTy npakTUYECKH HE TPeOyeTCsl SJHEPTHH.
C IOMOIIBIO PagHOaKTHBHBIX M30TonoB O'° 1 P*? GBIIO yCTaHOBJIEHO, YTO pe-
aKIuu cuHTe3a U ruapoin3a ATP B karanuTHueckoMm 1eHTpe pepMeHTa aKTUB-
HO WIYT MPH OTCYTCTBUM BHEITHETO MCTOYHHKA YHEPTHH, MOCKOJIbKY OHH Ha-
OyrofaroTCs J1ake B Pa300IICHHBIX MUTOXOHAPUSIX. YCTAHOBJIEHO, UYTO KOH-

CTaHTa PaBHOBECUs PEaKLUU E::E®> < E™0  Onuska Kk eaunmie. JTO 03Ha-

YaeT, YTO B KaTaJUTUYECKOM IIEHTpE (pepMEeHTa CaMOIPOU3BOJIILHO UIYT MHO-
TOYHUCJICHHBIE aKThl 00pa30BaHMs M pa3pblBa KOBAJIEHTHOM CBA3M Mexay (oc-
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dbartapiMu Tpynnamu AJI® u ®@. B nukie ¢pepmentatuBHoro cuntesa AT
BHEILHSSA HEPTUsl HE0OX0AMMa B MEPBYIO OUYEPEb JIJIsi OCBOOOKIAEHUS MPOYHO
CBA3aHHOU MOJeKynbl AT® u3 KaTaIMTUYECKOrO LIEHTpa.

[Toaromy cremyromuii 3tan paboTsl pepMeHTa 3aKJIIOYaeTCs B TOM, YTO B
pe3yibTaTe YHEPro3aBUCUMOIO CTPYKTYPHOTO M3MEHEHHMsI MOJIEKYJbl F; kara-
AuTHYEeCKas cyObeaHMIA B, coaeprKalas NpoYHo cBA3aHHyI0 Moiekyny ATP,
IIEPEXOJIUT B HOBOE COCTOSIHUE, B KOTOPOM CBA3b ATP ¢ karamuTuueckuM LeH-
TpoM ociabJeHa:

E o, ¢ By (6.19)

B pesynabrate 3Toro monekyna AT® nokugaer pepMeHT, yCTynas MECTO B
KATAIUTUYECKOM LeHTpe ApyrumM moJiekysiam AJI®D u @ u3 pactBopa:

E20 <> E+ AT +H,0. (6.20)

OxkazaBuuce cBOOOAHOW, cyObeIMHMIIA [3 BO3BpAIIAeTCsl B HCXOAHOE KOH-
dbopmanioHHoe coctosiHue [, Onarojmapss 4yemy M OOeCHedMBAaEeTCS IUKIAY-
HOCTh paboThI (hepMeHTa.

OnucaHHbIe BbIIIE NEPEXOABI MEXKIY COCTOAHMSIMU | — 2 — 3 — 1 (cMm.
puc. 6.6) TpPOUCXOIAT B PE3yJbTAaTe€ SHEPro3aBUCUMBIX CTPYKTYPHBIX Iepe-
ctpoex H'-AT®-cunTa3bl, KOTOpble OCYLIECTBIISIOTCSA 33 CUET SHEPTUU BHEII-
HEro MCTOYHUKA. DTU MEPECTPOUKM UMEIOT KOONEPATUBHBIA XAPAKTEP — OHU
OJIHOBPEMEHHO 3aTParuBarOT COCTOSHUS BCEX TPEX KaTAIUTUYECKUX CyObeau-
HuI P, Bxoaammx B coctaB H -AT®-cuaTassl. B pe3ynpTaTe Tpex mocienona-
TEIbHBIX CTPYKTYPHBIX MEPEX0/I0B OAHOU -CyOBEIUHUIIBI B PACTBOPE MOSBIIS-
ercst onHa HoBasi Moiiekyyna AT® U cTaHOBUTCS MEHbIIIE HAa OAHY MOJEKYIY
AJl® u onny moinekyny @. OnHako, yuyuThIBas, YTo MojeKyia F; comepxut
TpH B-cyOBEAMHHULIBI, TO MOCJE KaXKI0T0 SHEPro3aBUCUMOTr0 CTPYKTYpPHOTO Iie-
pexona H'-AT®-cunTassl B pacTBope OyeT HOSBIATLCSA 0JHA HOBas MOJIEKYJIa
AT®.

[IpeanonararoT, 4TO CTPYKTYpPHBIE NMEPECTPOMKH (PEPMEHTA, BBI3BIBAIOIINE
u3MeHeHue cpojacta moiiekysl AT®O, AJI® u @ k KaTaqTuTUYECKUM CyObeau-
HULIAM ITPOUCXOJAT B PE3YJIbTATE IJIEKTPOCTATUYECKUX B3aUMOJICUCTBUIN, NHU-
LIMAPOBAHHBIX MTPOLIECCAMU NMPOTOHUPOBAHUS U MOHU3ALMU KHACIOTHBIX TPy
AMUHOKHUCJIOTHBIX OCTaTKOB, BXOASIIMX B cocTaB ¢akropa conpspkenus Fi. [o
TeX MOp, MOKa 3a c4eT pabOThI N JIEKTPOHHOIO TPAHCIIOPTa Ha MeMOpaHe
OyJeT MoIepKUBAThCA MOTOK MPOTOHOB yepe3 H'-ATd-cuHTasy, nuKiude-
CKMI TIpoliecC MPOTOHUPOBAHUS U JNETPOTOHUPOBAHUS (QYHKIHUOHAIBHBIX KH-
CIOTHBIX Tpynn ¢depMeHTa OyJeT MOBTOPATHCS MHOTOKPATHO, OOecreduBast
CUHTE3 HOBBbIX MoJieKyll AT®.
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6.4. AIbTEPHATUBHbIE ®YHKUUWNA ObIXAHUA
B MUTOXOHAOPUAX

[Tponiecc mornomieHus: KUCIOPOa B MUTOXOHJAPUSIX, HA3BIBAEMBIN TaKkKe
JIBIXaHUEM, OCYIIECTBISICTCS NMPU (YHKIIMOHUPOBAHUU DJICKTPOHTPAHCTIOTHBIX
uerneil. [lpu 3TOM KHUCIOPOJ B peakIusAX, KaTAIU3UPYEMbIX KOMIIOHEHTaMHU
JAHHBIX IIETel, He BCErJa MCIOJIb3YeTCs B MPOolleccax, COMPSHKEHHBIX C 3ama-
canuveM sHepruu B Buae ATO.

MuToXOHAPUHM KOpPHI HAAMOYEYHUKOB COAEPIKAT AIEKTPOHTPAHCIOPTHYIO
[eMb, AaHAJIOTUYHYIO AJIEKTPOHTPAHCIIOPTHOM 1enu DP, B KOTOPOii ¢ MOMOIIBIO
uuroxpoma P450 ocymiecTBisieTcsl OKCUIEHalMsl XOJECTepHHAa B IPOLECCe
CHUHTE3a CTEPOUJIHBIX TOPMOHOB. MUTOXOHIPUHU KJIETOK Oyporo kupa B 00Jb-
IIIOM KOJIMYECTBE CoOJepKaT OenoK-TpoToHO(op — TepMoreHuH. C MOMOIIIBIO
TEPMOTEHMHA TIPOTOHBI U3 MEKMEMOPAHHOTO MPOCTPAHCTBA MUTOXOHIPUH TIe-
PEHOCSITCA B MATPUKC. DHEPIUsi IPOTOHHOTO TPaJMeHTa MPU 3TOM JIUCCUTIATHU-
pyercs B Termo. TakuM 00pa3oM, B JTaHHOM MEXaHU3ME SHEPTUsl OKUCICHUS
KHUCIIOPOJIOM OPTaHUYECKUX BEIIECTB TPAHC(HOPMUPYETCS B TEIJIIO, MUHYSI CTa-
U0 cuHTe3a U rujponn3a ATO.

Hapsiny ¢ aTum, MeTab0oJiu3M KUCIOpOJa B MUTOXOHJIPUSAX COMPOBOXKIACTCS
oOpazoBaHueM aKTUBHBIX (popM kuciopona (ADK), obnagaromux MUAPOKUM
cnektpoMm ¢uszuonornueckoro aeiicreus. K rpynne A®K otHOcAT cynepok-

CUIHBIN aHUOH-PaJINKAI (O;), nepokcut Bogopoaa (H,O,) u npyrue npoayk-
ThI MeTabonm3ma kuciopoga. OO6pa3oBaHre CYNEPOKCHIHOTO aHHOH-PaHKaIa

B JbIXaTEJIbHON LIeNH 00YCIIOBIEHO IEPEHOCOM JJIEKTPOHOB ¢ KoMIuiekca | wim
xomiuiekca Il yepe3 monekyny youceMruxrnHoHa Ha MOJIeKyry kucinopona. [lo-

apinenre O, B M000M OMOIOrMYECKON WM MOJENBHOM CUCTEME COMPOBOXKIa-

ercst oopazoBanuem H,O, B pe3ylbraTe peakiuu JUCMYTalMU CYNEPOKCUIHO-
ro aHnoH-paaukana. Monekyna H,O, — He3apsbkeHHast cTaOuibHas MOJIEKYJIa,
criocoOHast uPyHAUPOBATH K CBOUM MUIIEHSIM Ha CpaBHUMBIE C pa3MepaMu
KJIETOK paccTossHus. OCHOBHBIMU MHUIIEHSIMU H,O, B KIETKE ABISIOTCS THOJIBI
0€JIKOB, KOHCTaHTa CKOPOCTH PEAKIMU C KOTOPBIMH JIJIsi IEPOKCHIA BOJOPOa
nocturaer 10° (Mons/1) ‘¢ '. B pesynpTare B3aMMOICHCTBUS TIEPOKCUIA BOJIO-
pona ¢ ThosiaMu o0pasyroTcst JUCYJIb(PUIHBIE CBSI3U U U3MEHSETCS aKTUBHOCTD
OenkoB. M30BITOK MOJIEKYJ MEpPOKCUAa BOAOPOJAA YIAISeTCsl CHelUaIbHbIMU
dbepMeHTaMu, TAKUMHU KaK IEPOKCHIA3bl U KaTalla3bl.

[Ipu byHKIMOHUPOBAHUY JIbIXaTEIBHOM 11enu oOpazoBanue ADK mpoucxo-
muT noctostHHO. [Iporieccrt oOpazoBanus ADK MUTOXOHAPUSMU YCUITUBAIOTCS
IpU IEHCTBUU PA3NUYHBIX (HapMaKOJIOTUYECKUX MpenaparoB U (pusmomgoruyue-
CKHUX CTUMYJIOB. B kauecTtBe curHasibHbIX MoJieKysl ADK ydacTByrOT B peryis-
Uy Metabonusma, JudGepeHIMPOBKY U alonTo3a KIeTOK. OyHKIIMOHATbHBIN
OTBET KJICTKU Ha MOBbIIeHNEe KOHIIeHTpauuun ADK 3aBuUCHT OT TUMa aKTUBHBIX
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dbopM KHUCIOpOJa, WX KOHUEHTPALMH M JJIUTEIbHOCTH KOHILIEHTPALMOHHOTO
ctumysia ADK. Takum oOpa3omM, MUTOXOHAPHUH SBISIOTCS MHOTO(QYHKIIHO-
HaJIbHBIMU OpraHeIaMHu, MeMOpaHbl KOTOPHIX YYACTBYIOT B KHUCJIOPO/I3aBUCH-
MBIX Tpolieccax o0paboTku MHGOPMAIINK, TPeoOpa30BaHUsl SHEPTUHU U Bellle-
CTBA.

NMABA 7. MEMBPAHbI 9HOOMIASMATUYECKOIO
PETUKYNTYMA, AMNNAPATA TOJIbAXU U
APYTNX OPrAHEN

7.1. OCHOBHbIE ®YHKUUUN MEMBPAHbI MMAOKOIO
SQHAOOMNASMATUYECKOIO PETUKYITYMA

OO6mue nisa Bcex MeMOpaH O6apbepHas U MaTpuyHas (QyHKIMU oOecrieurBa-
I0TCA TJIaBHBIM 00pa3oM JIMIUAHBIM OHUCIIOEM, CTPYKTYpa KOTOPOTO MPUMEPHO
OJIMHAaKOBa BO Bcex MemOpaHax. OmgHako HaOOp OENKOB MHAMBUIyAICH IS
KaXXI0r0 THIIa MEMOpaH, YTO MO3BOJISIET MEMOpaHaM y4acTBOBATh B BBINOJIHE-
HUU CaMbIX pa3HbIX (PYHKIUHN B KJIETKAX U KJIETOYHBIX CTPYKTypax.

OKoJI0 MOJOBHMHBI IUIOMIAAN BCEX MEMOpaH KJIETKH 3aHHUMAarT MEMOpaHbI
’HAOIIA3MATHYECKOro peTukyiayma (OP). Beimenstor nBa Thma 3HIOIUIa3Ma-
TUYECKOTO PETUKYJIyMa: INIaJIKUIl U rpaHyJIsIpHBIN (1epoxoBathiii). B memOpa-
Hax rnaakoro OP jokanu3oBaHa CUCTEMA MUKPOCOMAJIBHOIO OKUCJIEHUS, y4a-
CTByIOIIasi B MeTabojau3Me (PU3UOJIOTMUECKUX COECIMHEHUA M JETOKCUKALMH
ruApoOOHBIX KCEHOOMOTUKOB (UY>KEPOJHBIX BEIIECTB).

OCHOBHBIM KOMIIOHEHTOM CHCTEMbI MUKPOCOMAJIBHOTO OKHUCIICHHUS SIBIISIET-
cst uuroxpom P450, Ha3BaHHBIN TaK 32 XapaKTEPHBIN CIEKTP MOTJIOMIEHUS BOC-
cTaHOBJIeHHOT0 kKoMiuiekca O6enka ¢ CO B obnactu 450 uM. depMeHTaTUBHAS
aKTUBHOCTH uTtoxpoma P450 3aBucur ot tuma moiekyi-cyoctparos. Haubo-
Jee TUIWYHOW aKTHBHOCTBIO JITAHHOW CHUCTEMBI SIBISIETCS OKHCIEHHUE JIUIIO-
buIbHBIX CyOCTPaTOB B MOHOOKCUT€HA3HOU PEAKIIUHU:

RH+AH, +O, - ROH+A +H,0, (7.1)

rae R — nmunodunsneiit cyderpar, AH, — noHOp 35ekTpoHOB. JloHOpamu 3iiek-
TPOHOB JJISI MUKPOCOMAJIbBHOM CUCTEMBI OKUCJICHHS CIIy’KaT, B OCHOBHOM, -
Hykineotuasl HAJIOH wnu HAJIH. Hapsigy ¢ MOHOOKCUT€Ha3HOW aKTHBHO-
CThIO IUTOXpPOM P450 MOXeT MposiBIATh U OKCUAA3HYIO aKTUBHOCTH, BOCCTa-

HaBiuBas O, 10 0'2 u H,O,:
20, + HAJI®H — 20; + HAJI®" + H”, (7.2)
0, +HAI®H+H" —» H,0, + HAID". (7.3)
[utoxpom P450 nposBisieT Takke NEPOKCUIA3HYI0 aKTUBHOCTD, UCIIOJIb3YS
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B pPEaKIMU OKHCIIEHHUS B KAaYECTBE KOCYOCTpPATOB OpPraHUYECKUE MEPOKCH]IbI
WM nepokcul Bogoponaa smecto HAJ[(®)H:

R,O0H +R,H — R,0OH +R,OH. (7.4)

AKTHBaIMsi KHCIOpOAa W BHEAPEHHE KHUCIOpOAa B MOJIEKYydy cyOcTpara
MPOUCXOJUT B PE3YyJbTaTe MUKIMYECKUX OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX
npeoOpa3zoBaHuil ¢ y4aCTUEM MOHOB Xkele3a B cocTtaBe nuroxpoma P450. Muxk-
pocoMalibHasl CUCTEMAa OKHCIICHUS SHI0TIa3MaTUHYECKOTO PETUKYIyMa COCTOUT
u3 4eTeipex OenkoB: muToxpoma P450, HAJI®H-tiutoxpom P450-penykrassl,
mutoxpoma bs u HAJIH-uutoxpom bs-penykrassl. [lepeHOC 371€KTPOHOB OT
HAJI®H na uuroxpom P450 mpoucxoauT uepe3 MPOCTETUYECKUE TPYIIIbI
OAJl u ®DMH HAJDH-tmutoxpom P450-peaykrasbl. I[lepeHOC 3IEKTPOHOB OT
HAJIH npoucxomutr uepe3 dmnaBunoBbie Tpynnel HAJIH-tutoxpom bs-
peAayKTa3bl U TEMOBYIO TPYIITYy ITUuTOXpoMa bs. Cieyer OTMETUTh, 94TO B PsIe
cinydaeB nepeHoc 31ekTpoHoB oT HAJI®H na nutoxpom P450 mpoucxoaut c
Y4aCTHEM LIUTOXpOMa bs.

B pesynbraTre OKHCIUTENHHBIX MOAUMUKAINKN, KaTaTU3UPyEMBbIX MHUKPOCO-
MajbHOM cucteMoil OP, nmonasuive B OpraHu3M KCEHOOMOTHUKH CTaHOBATCA 00-
jee anekTpodmibHBIME. Ha cremyromem stamne JeTOKCHKAIUU MOAUQPHUIHPO-
BaHHBIN KCEHOOMOTHUK CBSA3BIBAETCS C OTPULIATEIBHO 3apSXKEHHBIM COEUHEHU-
eM (peakiusi KOHBIOTalus). DTa peakuus KaTanusupyercs TpaHcdepazamu,
pacnoyioxkeHHbIMU Ha MeMOpane DP. Konbroranusi peakTUBHBIX 3IEKTPO(UIIb-
HBIX TPYII KCEHOOMOTHWKOB C TJIyTATHOHOM WIIA TJIIOKYPOHOBOW KHCIOTOM
yBEIIMYUBACT THAPO(GOOHOCTh COCTMHEHUH U CTIOCOOCTBYET MX aKTHBHOMY BBI-
BEJICHUIO U3 KJIETOK.

MeMOpaHa TIaJKOT0 SHIOIIIA3MATHYECKOTO PETUKYJIyMa COACPIKUT TaKKe
(dbepMEeHTBI, YYacCTBYIONIHME B CHHTE3€ KXUPHBIX KHUCIOT U ¢dochomumuaoB. B
mMemOpane DP 00pasyroTcs mouTy Bce JUMHIbI, HEOOXOAUMBIE ISl TOCTPOCHUS
HOBBIX KJICTOYHBIX MeMOpaH, BKIouas pochomunuast u xonecrepud. OCHOB-
HBIM CHUHTE3UpPYEMbIM (ochoIUnuIoM sBisieTcss GochaTUINIXOINH, KOTOPhIN
oOpasyeTcsi B TpU dTamna U3 JABYX *KUPHBIX KUCIOT, rauuepodocdara u xolnHa
(puc. 7.1). Kaxnapiii stan katanusupyercs B meMOpane OP depmentamu, ak-
TUBHBIE LIEHTPHI KOTOPHIX OOpalieHbl B IIUTO30Jb. Ha mepBom srame arui-
Tpancdepasza nodasser K rautepodocdary aBe KUPHBIE KUCIOTH ¢ 00pa3o-
BaHueM (ochatuanoit kuciotel (puc. 7.1, 1). 3arem docdaraza orcoeaunseT
docdat ¢ oOpazoBanuem auamiraniepona (puc. 7.1, 2). Ha cnenyromeit cra-
muu (GOpMHPYETCSl TIOJIApHAsl «TojoBay MoseKynbl junuaa (puc. 7.1, 3). Ilo
aHAJIOTMYHBIM MEXaHM3MaM CHUHTE3UPYIOTCS GocdaTuanidTaHoiaMuH, Ghocda-
TUAWICEPUH U (HOCPaTHINITHHOZUTOIL.

Cunre3 ¢ochomunuIoB TPOUCXOAUT B MoHOCIOE DP, oOpateHoM K 1uTo-
30im10. YacTh 00pa3oBaHHBIX MOJEKY (HOCHOIUMUAOB MEPEHOCUTCS B IPYron
MoHocTo OP ¢ momorisio «dmum-haom» nmepexonos (puc. 7.1, 4). B OP komnu-
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4ecTBO (HOChHOTMIUIOB BEIPABHUBACTCS C IBYX CTOPOH MEMOpaHbI 32 MUHYTHI,
qro mouty B 10° pa3 GeIcTpee, YeM CKOPOCTb, PACCUMTAHHAS IS CIOHTAHHOTO
«(mun-duon» mepexoaa B MCKyCCTBEHHBIX JUMHUIHBIX OUCIOAX. BeicTpoe me-
pemerenre yepe3 OMCION MPOUCXOANUT MPHU YYaCTUU CHEUPUISCKIX TpPaHC-
J0KaTopoB GhochoaunuioB — hiauras.
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Puc. 7.1. ObpazoBanue pochaTuanixoanHa (OSCHEHNUS B TEKCTE)

N3BectHO, uTOo B OP 00pa3yroTcs Takke xosecTepuH u nepamua. Llepamun
skcroptupyercs B anmapat ['ompmku (Al), rae oH CIyXUT MpeAnIecCTBEHHH-
KOM JIBYX THIIOB JIUTIMIOB: K OJTHOM YacTH MOJIEKYJ IlepaMuia PUCOEIUHSIOT-
Csl OJIUTOCaxapuIHbIC e C 00pa30BaHUEM TIUKOCHUHTOIHMIHIOB, a K APY-
roif — royioBHas GochoxoaruHoBas rpynmna ot ¢pocharuauixoinHa ¢ oopa3oBa-
HUeM chuHromuenHa. Takum 00pa3oM, W TIIMKOJUIHUABI U COUHTOMHUEINH
00pa3yroTcsl HAa CPaBHUTEIHHO MO3JAHMX dTalax MpOIEeccCoB (GOPMUPOBAHUS
MeMOpaH.

7.2. OCHOBHbIE ®YHKUUUA MEMBPAHbI NTPAHYNAPHOIO
SQHAOOMNMASMATUYECKOIO PETUKYITYMA

Bce sykapuoTtnueckue KIETKH COAEPKAT 3HAUMTEIBHOE KOJIMYECTBO TPaHy-
asipHOrO OP, Ha BHEIIHEN MOBEPXHOCTH KOTOPOTO JIOKAIM30BAHBI YYaCTBYIO-
M€ B CUHTE3¢ MEMOPaHHBIX U CEKPETUPYEMBbIX OelKoB pubocoMbl. CunTaert-
Csl, YTO IUCTEPHBI TJIAJIKOTO U TpaHyisipHOro DP cBsizaHbl MEXy co0oi 1 00-
Pa3yloT €IMHbIA KOMIIapTMEHT. KonnduecTBo Kaxaoro u3 AByx TunoB JP 3aBu-
CUT OT CIECIMAM3UPOBAHHBIX (YHKIMN KiIeTku. Hampumep, Gompmum comep-
KaHUEM TpaHyIsIpHOTO DP OTIMYaIOTCA allMHOLIUTHI, B KOTOPBIX CHUHTE3UPY-
I0TCS TIUIIIEBAPUTEIbHBIE (DEPMEHTHI, M TETATOIUTHI, B KOTOPBIX CHHTE3UPYIOT-
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cs Oenku miuasmbl. ['maakuit OP mumpoko mpeacTaBieH B SHAOKPUHHBIX KIIET-
KaxX, CAHTE3UPYIOIINX CTEPOUJIHBIE TOPMOHBI.

CuHre3upyeMble B KIETKE O€JIKHU pachpelesisiioTcs MEXIy OopraHesuiaMu
JBYMSI pa3Iu4HbIMU criocobamu. Bo-mepBbIX, OHM MOTYT HEMOCPEICTBEHHO
MIPOHUKATh Yepe3 MeMOpaHy ¢ MOMOIIBIO CIIEIMAILHOTO Oelika-TpaHCcnopTepa.
Bropoii nmyTh nepeaBuxeHusi OEIKOBBIX MOJIEKYJ OMOCPE0BAaH TPAHCIIOPTHHI-
MU Ty3bIpbKaMU. OJTHU MYy3bIPbKU 3aXBaTbIBAIOT OMPEACIICHHBIE MOJEKYJbI B
HOJIOCTH OJHOT'O KOMITAPTMEHTA (OT KOTOPOI'O0 OHU OTCOEAUHSIOTCS) U MEPEHO-
CSIT UX B JIPyrod KOMIAPTMEHT, CIIMBAsACh C HUM. IMEHHO Tak IPOUCXOUT Iie-
peHoc pacTBOpUMBbIX OenkoB u3 JP k Al

Oba Tuma TPaHCHOPTHBIX MPOIECCOB HM30MPATENILHO KOHTPOIHUPYIOTCS C
NOMOIIBIO CHEIHAIbHBIX «CUTHAJIOB COPTUPOBKM». Y O€nKka, KOTOPbIA Harps-
MYI0 MEPEHOCUTCS Yepe3 MeEMOpaHy, 3TH CUTHAJIBI PACIIO3HAIOTCS TpaHCIOpTe-
poM B MeMOpaHe. A B TPaHCIIOPTHOM ITy3bIpbKe OEJIOK, UMEIOIIUNA COOTBETCT-
BYIOILIIMH CUTHAJl COPTUPOBKH, CBSI3BIBAECTCS C PELIENTOPOM Ha MeMOpaHe Iy-
3bIpbKa.

Cuunraercs, 4YTO CyIIECTBYIOT JIBa THUIIA CUTHAJIOB COPTUPOBKH, YIIPABIISIIO-
HIMX pachpeliesieHueM O€NKOB MEXAy KIETOYHBIMU KoMmapTmMeHTamu. [lpu
nepeHoce Oenka dyepe3 MeMOpaHy C MOMOIIBIO TPAHCIIOPTEPa CUTHAIIBI COPTH-
POBKHU MPEACTABIISIIOT COO0M MPOTSIKEHHBIN YY4aCTOK aMUHOKHCIIOTHOW TOCIIe-
noBarenbHOCTU JMHOU B 20-50 octatkoB. Ilocie nepeHoca CUrHAJIbHBIN TET-
T oTpe3aercs. CUrHajIOM COPTUPOBKU MOXET TAKKE CIIY>KUTh ONpeeIeHHas
TpeXMEpHas CTPYKTypa, oOpazyemasi TpylnrnaMu aTOMOB Ha MOBEPXHOCTH OeJ-
Ka. AMHHOKHCIIOTHBIE OCTaTKH, (HOPMHUPYIONINE TAKUE CUTHAIHHBIC YYACTKH,
MOTYT OBITh PacCIOJIOXKEHbI OUYEHb JJAJIEKO APYT OT pyra B JIMHEWHOU MOCieno0-
BaTeIbHOCTH Oenka. CUTHAJIbHBIE MENTH Il HAMPABISIOT OCJIKU U3 LIUTO30JIs B
OP, MUTOXOHIpUH, XJIOPOILIACTBI U AJIPO; OHU TAKXKE OTBEYAIOT 32 TO, YTOOBI
HEKOTOpbIE OENKH OcTaBaluch B JP.

benku, Tpancnoptupyemsie B P, conepkat N-KOHIIEBOM CUTHAJIBHBIN MEI-
T AIUHOK0 OT 16 10 30 aMMHOKHMCIOTHBIX OCTAaTKOB. Ero neHTpanpHas 4acTh
oOpazoBaHa rufipoHoOHBIMH AMHUHOKHUCIOTHBIMU ocTaTkamu. llepeHoc GenkoB
yepe3 MeMOpaHy OP nmpoucxoauT oJHOBPEMEHHO ¢ UX TpaHCIsUen (KOTpaHC-
JSMOHHO). JlaHHBIN TIpoliecc MPOTeKaeT B HECKOJIbKO CTaaui, KOTOPHIE M30-
OpaxxeHsl Ha puc. 7.2.

[Iepemenienne pudbocoMbl K MeMOpaHe OP mpoHuCcXOaUT ¢ y4acTHEM pacIio-
3Haromier curaan gactuilsl (SRP — signal-recognition particle) u ee perientopa,
U3BECTHOTO KakK CThIKyIoUMii 6emok. Cpa3y mocie o0pa30BaHHsS CUTHAIBHOTO
nentuaa (puc. 7.2, craausa /) 4yacTuiia, paclio3HarOas CUTHAN, CBS3BIBACTCS C
HuM (puc. 7.2, craagus 2). SRP cocroutr u3 6 moJMmnenTUoB, COSAUHEHHBIX
monekynor PHK. Drta wactuna nmpucoeauHsercss U1 K CUTHAIBHOMY NENTUILY
(KaK TOJBKO OH MOSBJISIETCS HA OOJBINION CyObeuHNIIe PUOOCOMBI), U K PUOO-
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COMHOMY y4acTKy cBs3biBaHMs amuHoaumia-TPHK. B pesynbrare Tpancosanus
OCTAHABJIMBAETCS, TOCKOJIBKY OJIOKUPYETCS CBSA3BIBAHUE CIIENYIOLIEH aMUHOA-
un-TPHK ¢ pubocomoti.

MPHK SRP

TpancnokoH
[Tentupaza

Puc. 7.2. CunTe3 1 TpaHCIOKAIMsI CEKPETOPHBIX OenkoB B MeMOpane DP

[Tay3a B TpaHCISIMU JUIUTCS OO TEX MOp, MOKAa 3aXBaTHUBILNAs pHUOOCOMY
yacTula He cBspkeTcs ¢ SRP-penentopom, HaxoAsIMMCS Ha HATOIIa3MaTHye-
CKOH cTopoHe MeMOpaHbl rpanyisipHoro DP (puc. 7.2, cranusa 3). SRP-penen-
TOp — ATO MHTETPAIbHBIA MEMOpPaHHBIN OEJIOK, COCTOSIINNA U3 ABYX CyObeIu-
Hui. OH B3aumozeiicTByeT ¢ SRP-cBs3aHHBIME prOocoMaMK TakKUM 00pa3om,
YTO YacTHIAa MEHSET CBOE MOJIOKEHHE U TPAHCISLMS BO30OHOBIAETCS (puC.
7.2, cranmusa 4). OmHOBpEMEHHO prOOCOMa CBSI3BIBAETCS ¢ MeMOpaHou OP, m
pacTyiias Ha HeW MOJUMENTHUIHAS LENb NEPEHOCUTCS K CUCTEME TPAHCIOKA-
I B MEMOpaHe.

SRP u SRP-penienTop conepxaT MOIUNENTUIHBIE YYaCTKH, 00JaTaroliue
I'T®a3znoii aktuBHOCTHIO. Hanuuune Mosekyn ['T® B akTUBHBIX meHTpax Oeli-
KOB HeoOxoaumMo i B3aumojierictBust Mexxty SRP u SRP-penienropom. Cas-
3piBaHue SRP xk SRP-penenropy 3anyckaer ruaponus ['TD u BeicBOOOXIEHNE
I'I® u pocdara u3 6eaKoB.

[lepeHOC CUHTE3UPYEMOW AMHUHOKHUCIOTHOM IIENMU OCYILECTBIISIETCS 4YeEpe3
CIICIIMAJIBHBIM OCIKOBBIN KaHaJ, TaK Ha3bIBa€MbIH TPAHCIOKOH. JTa TPaHCIIO-
KallMOHHAas Topa o0pa3oBaHa HECKOJBKUMHU €IMHUIIAMH KoMIuiekca SecOlp.
Komrneke Sec61p siBisieTcss reTepOTPUMEPOM, COCTOSAIIAM U3 HEOOIBIINX O-,
B- u y-cyonenunml. [locie cBa3pBaHUS pUOOCOMBI C TPAHCIOKOHOM MTPOUCXO-
auT otnenenre SRP u cMHTE3UMpOBaHHBIN MEPBUYHBIN MENTH BXOAUT B KaHAJ

165



TPaHCIOKOHA JUMETPOM OKoJo 2 HM. Ilociie 3Toro Bo30OHOBIISETCS CHUHTE3
NOJIUTIENITUTHON 1LIETIOYKHY, IENOYKa YAJIMHAETCS U €€ CUTHAJbHBIM y4acTOK
BMECTE C PACTyLIEH LEMOYKOW OKa3bIBAETCS BO BHYTpeHHEN yactu OP, Ha3bl-
BaeMoOM JtoMeHOM. TakuMm 00pa3oM, CUHTE3UPYEMbIH OEJIOK MPOXOAUT Yepes
MeMOpany OP Bo BpeMs ero cuHTe3a KOTPAHCISIMOHHO, TO €CTh OJTHOBPEMEH-
HO C ero TpaHcisuueil. B moMene OP ¢ momoniblo crienyanbHOM MENTHIa3bI
CUTHAJIBHBIM YYaCTOK OTILEIUISIETCS OT CMHTE3UPYEMOU aMUHOKHUCIOTHOMU IIO-
cienoBaTtenbHOCTH (puc. 7.2, ctagus 5). IIpomomxkaromascs: TpaHCHSUUS TpH-
BOJIUT K MEPEMEIICHUI0O aMUHOKUCIOTHOM 1ienu B itomeH JP (puc. 7.2, cranus
6). Ilocne 3aBeplIeHHs] TPAHCIOKALMM MENTHIA prUOOCOMA OTCOEIUHSETCS OT
OP u kaHan 3akpeiBaercs (puc. 7.2, craauu 7, §).

B nonoctu OP nonunentuaHas uens cBOpaduMBaeTcs B rio0yiy. JlaHHBIM
IPOLIECC COMPOBOXKIAETCA 00pa3zoBaHUWEM NUCYIb(UIHBIX CBszed mMexay SH-
rpynmnaMu mucternHa. O6paszoBaHue IUCYIbPUAHBIX CBSI3€l MPOTEKAET C yda-
CTHEM aKILENTOPOB 3JeKTpoHOB. Habop 1OHOPOB 3JEKTPOHOB, COAEPKALTUXCS
B IIUTO30JI€, MIPEJIOTBpAIIaeT CaMOIIPOU3BOJILHOE 00pa30BaHUE TUCYIb(PUIHBIX
cBs3eid. OnHAKoO B MOJIOCTH DP KOHIIEHTpauusl JTOHOPOB AJIEKTPOHOB HAMHOTO
HWKE, YeM B IIUTO30JI€ U MO3TOMY NPUCYTCTBYIOIIKME B DP akienTopsl 3Jiek-
TPOHOB MHIYIHMPYIOT MPOLIECCH 00pa3oBaHus AUCYIb(GUIHBIX cBs3eld. OOpa-
30BaHHE U TMEpecTporika TUCYIb(PUIHBIX CBs3el B DP mporekaeT ¢ yyacTuem
nucynbhuauzomepassl (puc. 7.3).

Jucynbpuanzomepasa — 3T0 0€JI0K, KOTOPbIH B OONBIIOM KOJIUYECTBE CO-
JEPKUATCA B MOJOCTH DP M NPHUKpPEIIIEH K BHYTPEHHENH CTOPOHE €r0 MEMOPaHBbI.
Kak nmokaszaHo Ha puc. 7.3, BOCCTAaHOBJICHHE OKUCIECHHOU (POPMBI AUCYIbOUAM-
3oMmepasbl (PDI) compoBoxaaercss oOpa3oBaHHEM IUCYJIb(PUAHBIX CBSI3€d B
oenke-cyocTpare. [loBTopHOE OKMCIeHUE NUCYIb(UIU30MEPA3bl MPOTEKAET C
yuactuem Oenka Erol. BoccranoBienHas ¢opma qucyibuanzomepassl yda-
CTBYET B IEpECTPOiike AUCYIb(PHUIHBIX CBS3EH BHYTPH OeJKa.

[Ipu O6mocunTe3e Oenka aucyinbOUIHBIC CBSI3U (DOPMUPYIOTCS MEXKIY pas-
JUYHBIMU LUCTEMHAMU U JIAHHBIN MPOLIECC MHOT/Ia MPUBOAUT K 00pa30BAHUIO
«HETpaBWJIbHONY» KoH(MopMmauu Oenka. MexaHus3M AeUCTBUS IUCYIbGUIU30-
Mepa3bl COCTOUT B TOM, UTO, pa3pesast S-S-CBA3H, OHA YCKOPSIET nepexo Oenka
B KOH(OpPMAIMIO C HAUMEHBIIIEH CBOOOIHOM sHeprueil. Takum obpazom, dep-
MEHT 00JieryaeT CBOpayMBaHUE CUHTE3UPOBAaHHBIX OEJIKOB, KOTOPBIE MOMAAI0T
B OP.

B OP cuntesupyrorcs Kak pacTBOpUMBIE, Tak U MeMmOpaHHble Oenku. Ha-
JalbHbIE CTAUH CHUHTE3a MEMOpPAaHHBIX OCJIKOB CXOJHBI C HadaJbHBIMU CTa-
JUSIMUA TIPY CUHTE3€ PacTBOPUMBIX O€NKOB. 37€Ch TAKXKE Yy4acTBYET pacro-
3HaMIAs curHan yactuua SRP U mpoucxoauT npoxoxaeHne HayaJlbHOrO yya-
CTKa OEIKOBOM LieNU yepe3 TPaHCIOKOH. OJIHAKO B LEMU CHUHTE3UPYIOIIEroCs
MeMOpaHHOTo OeJika CYIECTBYET OJHA WJIM HECKOJbKO aMUHOKHUCIOTHBIX MO-
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CJe0BaTEILHOCTEN, KOTOPhIC MPEMATCTBYIOT JABUXKCHHUIO OCIKOBOW IENU 4Ye-
pe3 MeMOpaHy. DTH TocieioBaTeibHOCTH oOpa3oBaHbl 20-30 ocTaTkamMu THJI-
pohOOHBIX aMUHOKHUCIIOT U HA3bIBAIOTCS CTOM-CUTHAJIaMH TiepeHoca. [Ipu mo-
SBJICHUU CTON-CUTHaJa B TPAHCJIOKOHE MOJUIECNTHAHAS IeNb U3 Oenka aud-
byHIUpyeT B JUMUAHBIA OUCION U B 00JIACTH CTOI-CUTHAJIa OCTAeTCs CBSI3aH-
HOI ¢ MmemOpaHoi. [Ipu sTom cuHTE3 Genka Ha puOOCOME HE OCTaHABIMBACTCS,
B pe3yJbTaTe Yero CUHTE3UPOBAHHBIN OEJIOK 0CTaeTCS BCTPOCHHBIM B MeMOpa-
HY.

OxkucneHHas Boccranosnennas

dopma PDI dopma PDI

S SH
S OSH SH
SH SH S
NN T U
NN

Oernok ®opmupoBanne AUCYIbOUIAHBIX
a cBs3ei

BoccraHoBaeHHBIH

OxucieHHbIH
Oenok

ITepecTpoiika nuCynbGUAHBIX
0 cBsi3ei

Puc. 7.3. ®opmupoBanue (a) u nepectpoiika (6) TucynbPpUIHBIX CBA3EH
Oenka ¢ yuactueMm nucynbpuauzomepasst (PDI)

N3BecTHO MHOXECTBO O€IKOB, MOJUIIENITHIHAS [IENb KOTOPHIX MPOHU3BIBA-
eT JIMIUJIHBIN OUCIION HECKOJIbKO pa3. B Takux Oenkax cOAEp>KUTCS BHYTPEH-
HUW CUTHAJIbHBIN MENTHU, KOTOPBIH SIBISIETCS] CUTHAJIOM Haudasa nepeHoca. [Ipu
TpPaHCJIOKAIIMK B JaHHOM CJIy4yae TPAaHCIOPTUPYETCS MOJIUMENTUIHAS TETIs
MEXIy IByMs rusipodoOHBIMU cerMeHTaMu. O0a 3THX CerMeHTa B MHTETpaib-
HOM OeJKe MPeCTaBISIIOT COO0N O-CIHUpabHbIE MEMOpPaHOCBA3aHHBIE JIOME-
HBL. J[7151 c10KHOTO TpaHCMEMOpPaHHOTO Oenka, y KOTOPOTO JIMIUIHBINA OUcIon
MPOHU3BIBACT OOJBINIOE YHUCIO THAPOGOOHBIX O-CIUpATICH, TPaHCIOKAIHS
JI0JDKHA BHOBB 3aITyCKaThCSl BTOPBIM CTapTOBBIM MENTHIOM MU MPOAOHKATHCA
710 TeX MOp, TIOKA CIEAYIOUINI CTON-CUTHAM TIEPeHOCca He MPEPBET ee.

BonpmmnacTBO OenkoB DP mepen TpaHCnopTUpOBKOM B ammapaT [onbmxw,
JAU30COMBI, TUIA3MAaTUYECKYyI0 MeMOpaHy WM BHEKJIETOYHOE MPOCTPAHCTBO,
MOJIBEPTalOTCs TIMKO3WINPOBAHUIO, T.€. KOBAJCHTHOMY MPUCOCIAUHEHUIO YT-
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neBo1oB. CBSA3BIBAHME PACTYILEW MOJUIECNTUAHON LIENMU C OJUTOCAXapUaamu
MPOUCXOJUT BO BpeMsi €€ TpaHCMEeMOpaHHOro mepeHoca. [Ipu 3Tom Kk mosu-
NENTUIHOW LENH MPUCOEIUHSIETCS OJIMTOCaxapui, COCTOSAIINNA W3 2 MOJEKYI
N-aneTunravko3zaMuHa, 9 MOJIEKYJ MaHHO3bI M 3 MOJEKYJ TJIFOKO3bl. JTOT
OJIMTOCaxapuj TPAHCHOPTUPYETCSA B JIIOMEH OP M3 LIUTOIIa3Mbl C y4acTHUEM
munuaa gosinxona. CBS3bIBAHME OJUrocaxapujia € MOJUIENTUIHON UEINbIo
OCYIIECTBIISIETCA YEPE3 aMUHOTPYIIIY aclapariHOBOr0 aMUHOKHUCIOTHOIO OC-
TaTKa, IO3TOMY ATOT OJIMTOCaxapu]i Ha3bIBalOT N-CBA3aHHBIM WJIM aclaparvuH-
CBsi3aHHBIM. Ka)k/Iplii acriaparnHOBBIM OCTATOK CBA3BIBACTCS C OJUTIOCaxapui-
HBIM KOMITJIEKCOM, C TIOMOIBI0 (hepMEHTa OJIMrocaxapuaTpancdepassl, sBIs-
IOLErocs MHTErpaibHbIM OesikoM MemOpaH OP. Curnanamu mis N-TJIMKO3U-
JUPOBaAHUA CIykaT ABe nocienoBaTenbHOCTH Asn-X-Ser win Asn-X-Thr (roe
X — mo0ass aMMHOKHUCIIOTa, KpOME TMPOJIMHA). [ JIMKO3UIMPOBAHUIO MOJIBEpra-
I0TCSI KaK PaCTBOPUMBIE, TaK U MeMOpaHHbIe OeKku, CUHTe3upoBaHHbIe B OP. B
moMene OP oT onurocaxapuIHBIX OCTATKOB CHHTE3MPOBAHHBIX OEJIKOB OTCO-
EAUHSIOTCS MOJIEKYJIBI TIIIOKO3bl. B KOHEUHOM HuTOre Bece OEIKH MMEIOT OJJMHAa-
KOBBIE€ OJINTOCAaXapHUJHbIE LEMH, COCTOSIINE M3 JBYX MOJEKYJ N-aleTUrio-
KO3aMMHa, IIECTU MOJIEKYJI MaHHO3bl. MOKHO CKa3aTh, YTO BaKHEWIEH PyHK-
et OP, BHE 3aBUCMMOCTH OT CIIeMaIM3allid VI TKaHEBOW MpUHAIJICKHO-
CTH KJIETOK, SIBJISIETCS O0Opa30BaHHE HOBBIX KJIETOYHBIX MEMOpaH, Tak Kak Ha
MeMOpane OP cuHTe3upyroTcs MeMOpaHHbIe OCTTKU U JTUTTUIBL.

7.3. DYHKUMN MEMBPAH AMNMAPATA TOJibAXHU

OcnoBy amnmapara ['ompmxu (Al') cocTtaBisitor MeMOpaHHBIE CTPYKTYPHI,
Ha3bIBa€MbIE€ JUKTHOCOMAaMHU. B TUKTHMOCOME IUIOTHO ApYr K Apyry (Ha pac-
crostHuM 20-25 HM) pacroIoKeHbI B BUJE CTONKHU IUIOCKUE MEMOpaHHbIE MeIII-
KM, WIA IUCTEPHbI AUAMETPOM OKOJIO 1 MKM. B OZHOM JUKTHOCOME MOKET
ObITh 20 Takux MenkoB. Eciau AMKTHOCOMBI CBA3aHBI MEXAY COOOM KaHamaMu
B €IMHYIO TPEXMEPHYIO CHCTEMY, TO Takas CTpyKTypa Al Ha3pIBaercs cerya-
TOi. Eclii TUKTHOCOMBI HE CBSI3aHHBI MEXAY CcO00il, TO Takas cTpykrypa Al
HasbiBaeTcsa MU hy3HOM.

C DuKTHOCOMOM BCerja accolMUpOBaHa Macca MEJIKUX (IUaMeTpoOM OKOJIO
60 HM) My3bIPHKOB, OTPAHUYECHHBIX MeMOpaHoil. OHM TPYIIUPYIOTCS HA CTO-
poHe, mpumbIkatomel k P, a Takxe 1mo nepudepun CTONKU BOJIU3M paciliu-
PEHHBIX KpaeB KaxJA0W IUCTEPHBI. DT My3bIPbKU (Iy3bIpbKH ['01bIKM) TIEpe-
HOCAT Oenku W Junuabl B A, TpPaHCIOPTUPYIOT UX M3 HErO U MEX]Y OCTallb-
HbIMU LIUCTEPHAMU. B 30HE TUKTHOCOMBI IPUHATO Pa3INYaATh MPOKCHUMATbHBII
Wi GOPMUPYIOIIUNCS, YuUC-yd9aCTOK, W TUCTAIBHBIA WM 3pPENbli, mpauc-
ydactok (puc. 7.4). [{uc-y4aCTOK TE€CHO CBsi3aH ¢ 3neMeHTamu OP; mpanc-
YYaCTOK pacumupsiercsi, ooOpa3ysl TpyO4aTblii pETUKYIYM, Ha3bIBAEMbBIA mMpaHC-
ceTbio ['onpku. B mpanc-cetn mpoucxoauT pas3iesieHne U COPTUPOBKA CEKpe-
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TUPYEMBIX MPOAYKTOB. belku u nunmuabpl B cOCTaBe HEOOJBIIUX IMYy3BIPHKOB
NONaJaT B JUKTHOCOMY C YuUC-CTOPOHBI, a MOKUJAIOT €€, IEPEMEIAsACh B pas-
JIMYHbIE KOMIAPTMEHTHI, BMECTE C My3bIpbKaMu, 00pa3yIOIUMHUCS HA MPAHC-
cropoHe. Ilepexons u3 oqHOU CTONKHU [ OJIbIKK B APYTYIO, 3T MOJIEKYJIBI IIPE-
TEpIEBaIOT MOCJeI0BaTENbHbIE CEpUU MOAUDUKALIHIA.

Knerounas
mMeMmOpaHa
Cexperupyemeie

Anpo
SAnep

oP

CekperopHble !}.-
BE3UKYJIBI \‘@r
4—— PuGocomsl -
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Luc- ~_ .

YHACTOK .—

Ipanc-
y4acTOK

i .:. : . : =
. / Bt JuKTHOCOMA
\ x___‘_\‘\

Puc. 7.4. DHponna3MaTu4ecKuil peTuKyIyM, anmnapat ['oapmku u
BHYTPUKJIETOYHBIH TPAHCIIOPT OEIKOB

B yuc-ydactke anmaparta ['ofbIkM HayMHAETCs] BTOpUYHAS MOAU(UKAIUS
OJIMTOCaXapuAHBIX Iiened OenkoB, moctynaroimux B Al' mocime mepBUYHOrO
MIMKO3WINpoBaHUs B DOP. boraTtele MaHHO301 oJMrocaxapuibl Ha TUAPOIUTHU-
yeckux (hepMeHTaX, HaNpaBIISIEMbIX B JIM30COMBI, (pochopunupyrorcs, a oJu-
rocaxapubl O€JIKOB, HAMPaBISEMbIX B CEKPETOPHBIE TPAaHYJbl WM K TIa3Ma-
TUYECKON MeMOpaHe, MOJBEPraroTCsi CIOKHBIM MPEBPAIICHUSM, B KOTOPBIX
OHM TEPSIOT PAJl CaXapoB U MPUCOETUHSAIOT ranakTo3y, N-aleTHITII0KO3aMUH
Y CHAJIOBBIE KACIOTHI. KaKIbIi TAKOM OJMIocaxapul COCTOMT U3 CEPIALIEBUHBI,
c(hOpMHUPOBAHHON M3 MCXOMHOTO N-CBSI3aHHOTO OJUTOCaxapuia W KOHIIEBON
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o0yacTu, COCTOSIIMIEH M3 BapbUPYyEeMOro uucia TpucaxapuaoB (N-alleTHITITO-
KO3aMHUH-TaJIaKT03a-CHaJIoBasi KUCJIOTa), MPUCOCIUHEHHBIX K CEepAICBUHHBIM
OCTaTKaM MaHHO3bI.

Takue mpeBpalieHus] OJUTOCaxapua0B OCYIIECTBISIOTCS C TOMOIIBI0O MEM-
OpaHHBIX (DEpMEHTOB — IIMKO3U/Ia3 U TIIMKO3WITpaHchepas, KoTopbie padboTa-
I0T B CTPOTO OMpPEJEICHHON mocieaoBarenbHOCTH. Kaknas mucrepHa mpen-
CTaBJISIET COOOM OTAENIBbHBIA KOMIAPTMEHT, CO CBOMM COOCTBEHHBIM HaOOpPOM
dbepMeHTOB, a BCS CTOMKA, TAaKUM 00pa3oM, 00pa3yeT sUeiiKky MHOTOCTaIUIHO-
ro mpoieccunra. benku MoaupuuupyroTcs MOCIeI0BaTENbHO, 10 MEpPE TOTO,
KaK OHHM MEPEeMEUIat0TCsl U3 LUCTEPHBI B IIUCTEPHY. Tak B yuc-y4yacTKe MPOUC-
xoauT (ochopunrpoBaHre MaHHO3. B cpeaHell 4acTu TUKTHOCOM NPOTEKAET
BTOPUYHOE TJIMKO3WIMPOBAHUE CEKPETOPHBIX OEIKOB: JOMOJHUTEIHHOE yaa-
JIeHHE MaHHO3BI U TpucoenHeHne N-aleTuIrioKo3aMruta. B mpanc-ydactke
K OJINTOCAXapUIHOW LIEeTH MPHUCOSAUHSIIOTCS TalakTo3a U CHATOBBIE KHUCIIOTHI.
U3 mpanc-xomnapTMeHTa O€JIKM MONaaalT B mpaHc-ceTh [ ONbIKU; Te OHU
pacnpenensatoTcsl B pas3lInyHble TPAHCIOPTHBIE MY3BIPHKH U MEPEHOCATCS K
NYHKTaM KOHEYHOI'0 Ha3HAauYeHUs — IUIa3MaTH4ecKkoil MemOpaHe, Ju30coMam
WJIN CEKPETOPHBIM ITy3bIPbKaM.

B anmapare ['onbmku psna crienuaain3upoBaHHBIX KJIETOK MPOUCXOIUT CHH-
T€3 W CBS3BIBAaHHE TOJIMCAXapHUIOB ¢ OeTkaMu ¢ 0Opa30BaHUEM MPOTEOTIMKA-
HOB. [IpucoeanHenne noaucaxapuaoB K OelikaM OCYLIECTBIIIETCS Yepe3 CepH-
HOBBIE M TPEOHUHOBBbIE ocTaTku (O-rauko3unupoBanuem). B anmaparte ['omb-
JOKM TIPOUCXOJIUT TAKXKe CyJb(aTHpOoBaHUE TITUKO3aMHUHOTIMKAHOB U HEKOTO-
PBIX OEJIKOB.

B mpanc-yuactke Al' mpoucxoauT paszaenieHue OCNKOB M UX COPTHPOBKA.
PaccmoTpum mpuHIMI 0TOOpa OTAETBHBIX OEIKOBBIX MOJIEKYJ Ha MpUMEpE
COPTHUPOBKH JIN30COMHBIX (hepMEHTOB. belKu-mpeaecTBEHHUKH JTH30COMHBIX
TUIpOJIa3 CBSI3aHbl CO CHENU(DUUECKHUMH OJIMrOcaxapuiaMu, COJACpKalluMU
MaHHO030-6-(ochatHbie 3BeHbs. MeMmOpanbl mpanc-cetu Al' comepxar TpaHc-
MeMOpaHHBIH MaHHO030-6-hochaTHBI penenTop, KOTophii y3HaeT dochopu-
JMPOBAHHBIE MAHHO3HBIE TPYNIHUPOBKHU OJIUTOCAXaPUIHON IIEMHU JTU30COMHBIX
dbepMeHTOB U CBA3BIBaeTCS ¢ HUMU. CBS3bIBAaHUE MPOUCXOJIUT BHYTPH IIUCTEPH
mpauc-ceTH pu HehTpanbHbiX 3HaueHussx pH. Ha memOpanax A" maHHO030-6-
docdaTHbie penenTopsl 00pa3yOT KIACTEPhl, KOTOPbIE KOHIICHTPUPYIOTCS B
30HaX 00pa30BaHUSI MEJNKUX Iy3bIPHKOB, TOKPHITHIX OCIKOM KiIaTpuHOM. B
mpanc-cet A" MpOUCXOIUT OTAETICHUE My3bIPHKOB U JATBHEHTIINI TIEPEHOC K
au3ocomaM. Takum oOpa3zom, MaHHO30-6-pochaTHbIE PELETITOPHI, CBA3BIBASACH
C JTU30COMHBIMH THAPOJIA3aMH, OTICISIIOT UX OT APYTuX OenKoB (Hampumep,
CEKPETOPHBIX, HEIM30COMHBIX) W KOHIICHTPUPYIOT X B OKaWMJICHHBIX ITy-
3pIpbKax. OTPBIBAsACH OT MpPAHC-CETH, MY3BIPHKU CIHMBAIOTCS C JIM30COMAMH,
NEPEHOCS CBA3aHHbIE C MEMOPAHHBIMU peLEITOpaMH (DEPMEHTHI B 3Ty BE3UKY-
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ay. BHyTpH 1mm30c0M U3-3a aKTMBHOCTH IIPOTOHHOTO Hacoca 3HadeHue pH co-
craiseT 5,0 enunuu. [Ipu pH 6,0 1 HUXKe TM30COMHBIE (PEPMEHTBI OTIEIISIOT-
csi OoT Oenka-peLenTopa M pacUICIUIAIOT MOIVIOIIEHHBIM MaTepuall, coaepka-
IIMHCA B TM30COMax. YUYacTKH k€ MEMOpaH BMeCTE ¢ MaHHO30-6-(hochaTHBIMU
peLenTopaMyu BO3BPALIAIOTCS MyTEM PELUUKIN3aLUU MEMOpPAaHHBIX My3bIPHKOB
oOpatHo B mpanc-cetb Al'. OnocpeoBaHHbIN peLenTopaMi TPaHCIOPT JU30-
COMHBIX rupona3 u3 Al' K J1M30coMaM aHAJIOTMYEH 3HIOLUTO3Y BHEKJIETOY-
HBIX MOJIEKYJI, HAIIPABIIAIOIIEMY UX OT IUIa3MaTHYECKON MeMOpPaHbI B HH/I0CO-
Mbl. B 000X ciydasx penentopsl COOMpPArOTCs B MOKPBITBIX KIATPUHOM y4Ya-
CTKaxX MeMOpaHbI (Ha3bIBa€MbIX OKAaWMJICHHBIMH SIMKaMH); 3TH Y4aCTKH OT/Ie-
JS0TCA OT MEMOpaHbl, 00pa3ys MOKPBIThIE KIATPUHOM OKaWMJIEHHBIE ITy3bIpb-
kd. Ily3bIppKM JOCTAaBISIOT 3aT€M JUTaHi K CIEAYIOIIEMY KOMIApPTMEHTY,
UMEIOIEMY 3aKHCIECHHYIO Cpelly, U OTTyAd PELENTOPhl BO3BPAILLAIOTCS B UC-
XOJHYI0 MeMOpaHy. BeposiTHee Bcero, 4To Ta 4acTh OEJIKOB, KOTOpas HaKarl-
JIMBAETCS B CEKPETOPHBIX BAKYOJSAX U BBIBOAMUTCS U3 KIETKH IOCIE ITOCTYILIE-
HUSl CHTHaja, IIPOXOJUT TAKyHO K€ NPOLEAYpy COPTHPOBKHM Ha PELENnTOpax
mpaxc-UUCTEPH amapara [ onb1KH.

7.4. MOJNEKYJNIAPHbIE MEXAHU3MbI
BE3UKYINAPHOIO TPAHCINOPTA

MHuorue OeiKkyd TpaHCHOPTUPYIOTCS MEXAY BHYTPUKIECTOUHBIMU OpraHe-
JJaMU B COCTaBE TPAHCIIOPTHBIX MY3bIPbKOB WJIM BE3UKYJI, OTCOCAUHSIIOIINXCS
OT OJIHOTO KOMMAapTMEHTa, MeMOpaHa KOTOPOTO Ha3BaHA JIOHOPHOM, W CIU-
BAIOIIUXCS C APYTMM KOMIApTMEHTOM, MeMOpaHa KOTOpPOTO Ha3BaHa aKIelN-
TOpHOU. TakoM BUJ TPAaHCIIOPTAa HA3BIBAETCA BE3UKYJSIPHBIM TPAHCIIOPTOM.
PaccMOTpUM OCHOBHBIE MEXaHU3MBI, JIEXKAIIHME B OCHOBE OTCOCIUMHEHUS U
CJIUSIHUS TPAHCIOPTHBIX BE3UKYIL.

[Ipu popmMupoBaHUM TPAHCTIOPTHBIX BE3UKYJ OTCOCTUHEHUE BE3UKYJBI OT
JOHOPHOM MEMOPAHbBI OCYIIECTBIIAECTCA 3a CUET MOJIUMEPHU3ALUN PACTBOPUMBIX
OEJIKOBBIX KOMILUIEKCOB Ha MOBEPXHOCTH MEMOpaHbl CO CTOPOHBI LIMTO30JIS.
[Tonumepusanust OENKOBBIX KOMIUIEKCOB Ha MOBEPXHOCTH MEMOpaHbI MEPBO-
Ha4YaJIbHO MPUBOAUT K M3rMOy MeMOpaHbl, a 3aTeM MOCJE 3aBEpIICHUS MOJU-
MEpHU3aluUd — K OTCOECAUHEHUIO OKAaWMJIEHHOTO OEIKOBBIM CJIOEM TPaHCHOpPT-
HOTO My3bIpbKa. BeIAEISIOT TpH TUIIA TPAHCHOPTHBIX BE3UKYJI, PA3IUYAOLINX-
Csl OKaMIISIIOITUMU OEJIKOBBIMU CHOSMH: 1) BE3UKYJIbI, TOKPHITHIE KOMILICK-
com COPI (COP — coated proteins); 2) BE3UKYJIbI, MOKPBITbIE KOMILIEKCOM
COPII; 3) Be3ukyJibl, HOKPBIThIE KIATPUHOM. Be3UKyIbl IepBOro TUIA TpaHC-
noptupyroT Oenku mexay nucrepuamu AT u ot Al' k OP. Besukynbsl BTOporo
TUMa TpaHcnopTupytot 6enku ot DP k Al'. Besukynel TpeiiTero tumna TpaHc-
MOPTUPYIOT BEMIECTBA OT IJIa3MAaTHUECKOW MeMOpaHbl U OT mparc-cetn Al
HA0COMAaM.
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®opMupoBaHuEe OEIKOBOTO CJIOS Ha TTOBEPXHOCTH BE3UKYJbI OCYIIECTBIIS-
etrcs ¢ nomounpto [ 'Td-ces3piBatomux 0eiakoB. B Be3ukynax, MOKPBITHIX KJlaT-
punoM u COPI, cbopka MOBEpXHOCTHBIX KOMIUIEKCOB perynupyercs ['Td-
ces3piBaronuM 6enkom ARF. B Besukynax, nopeiteix COPII, cOopka moBepx-
HOCTHBIX KOMIUIEKCOB perynupyercst [ Td-cps3piBaromum 6eiaxom Sarl. benku
ARF u Sarl npunamnexat cynepcemeinictBy manbix ['Tda3z, koTopbie Takxke
kak u G-6enku, MoryT ObiTh B HeakTuBHOU ['JID-cBs3bIBatOmelt hopme U ax-
tuBHOM [ T®-cBs3pIBaromeit popme Genka.

Paccmotpum ¢dopmupoBaHrE TPAHCIOPTHBIX BE3WKYJ HA MPUMEPE OTCO-
eauHenus nokpeIThix COPII Be3ukyn B DP (puc. 7.5).

Sec23/Sec24
Sarl Coopka
i KOMILTEKCA
[T D COPII
II-
J
Sec12 —
Paz6opka l
KOMILJIEKCA
o

c ; > COPIL I'maponus
- I'Td
L )

ﬂ TpaHcnopTupyembie
' Oenmku
( <
[ 4 @ Peuenrtopst
. TPAHCTIOPTUPYEMBIX
< : j) 0eKoB

Puc. 7.5. ObpazoBaHue Be3UKyJl B 3HIOIUIa3MATUHIECKOM PETUKYITyMe

o

Ha niepBoii ctagun memOpannsiii 6enok Secl2 (pakrop oomena ['JID/T'TD)
karanuzupyeT oomeH moJekyisl ['JI® na monekyny ['TD B HykineoTHACBS3bI-
BaronieM IeHTpe Oenka Sarl. BepostHo, aktuBanus Secl2 3amyckaercs CBs-
3bIBAHUEM TPAHCIOPTUPYEMBIX OEIKOB CO CBOMMU perentopamu. CBsI3pIBaHHE
I'T® c 6enkom Sarl BeI3bIBaET M3MEHEHHE KOH(POpPMAIUU TOCIEIHETO, B pe-
3yJbTaTe YEro Ha MOBEPXHOCTHU OejKa MOSBISAIOTCS ruApo(pOOHbIE YUacTKU, U
koMmiuieke Sarl-I'T® cBasepiBaeTcs ¢ memOpanoit DP. CBs3aHHBIN ¢ MeMOpaHOi
komIuiekc Sarl-I'T® 3amyckaroT MOJUMEPU3AUIO U3 TETEPOAUMEPOB Sec23 u
Sec24 nuro3onsHoro komiuiekca COPIL. B peszynprare nonumepusanun COPII
OT MEMOpaHbl OTCOEIMHAETCS BE3HKYJIA, MOKPHITas OCIKOBBIM KOMIIJIEKCOM.
[Tocne orcoenuHenus Be3ukyiabl Sarl rugponusyer I'Td, nepexoaut B Heak-
TUBHYIO JOPMY M OTCOEAMHSIETCS OT MeMOpaHbl. JlaHHBII Tpoliecc akTUBUPYET
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pazoopky COPII kommnekca. OtaenuBuiecss or OP Be3UKyJbl TPAHCIOPTH-
PYIOTCSL C TIOMOLIBIO MHKPOTPYOOUEK K yuc-30HE ammaparta ['onbmaxu, Tae u
CJIMBAIOTCA C €ro MeMOpaHaMHu.

[Ipouiecc cnusgHus BE3UKYJI C APYTUMH MEMOpaHAMH TIPOUCXOJIUT C YYacTH-
em crnenuainbHbix 0enkoB SNARE (soluble N-ethylmaleimide-sensitive factor
attachment protein receptor). [locie nenmonumepu3anuyu OKANMIISIFOIIETO CIIOS
COP Il Ha MOBEpXHOCTH BE3HWKYJIbI WHTErpalibHbIe MEMOpaHHbIE O€IKU V-
SNARE cTaHOBSTCS JOCTYNHBIMH IS CBS3BIBAHUS. DTU O€IKUA CeU(pUIHBI
JUTSE KQXKJIOTO TUTAa Be3uKysn. MemOpansl ammaparta ['oiabmku cofepkat OenKku
t-SNARE u SNAP-25. B mecTax B3auMOAEMCTBUS 3TUX JABYX I'PYII OEIKOB U
MIPOUCXOJIUT CIUSHUE MEMOpaH.

[Iponiecc cnusinus memOpan ynpasisietcss [ TO-cBsizpIBatOmUM OEIKOM
Rab. Ananornuno apyrum I'T®azam aktuBanus Rab npoucxoaut npu o6paszo-
BaHUU KomIuiekca Oenka ¢ I'T® B pesynpraTe oomena I'JI® na I'TD B HykIeo-
TUJI-CBsI3bIBatOIEM IleHTpe Oenka. CeszpiBanue Rab ¢ I'T® unayuupyer KoH-
(bopMalOHHbIE W3MEHEHUS! CTPYKTYphl Oelika, B pe3yjbTaTe KOTOPBIX KOM-
mwieke Rab-I'T® npukpernsercs K MeMOpaHe BE3UKYJIbl U B3aUMOJICHCTBYET C
oenkamu-3pdexropamu Rab, pacmonokeHHbIMH Ha aKIIENTOPHOW MeMOpaHe.
[Tocne cnausinus MeMOpaHbl BE3UKYJBI C aKIEenTOpHONW mMemOpanoi Rab-I'T®
ruapommsupyer [ T, nepexoaut B HeakTuBHYI0 hopmy Rab-I'Id u orcoenu-
HSIETCSL OT MeMOpaHbl. JIJis KaXKJI0T0 TUIIAa BE3UKYJI CIIUSHHUE YIPABIIETCS CBO-
uM tunoM Rab-Genka u Oenka-adpdexropa Rab. B perymsnuu tpancmopra ot
OP k AT yuactByet Rabl u ero addexrop 6emok pl15.

AHaJIOTUYHBIE MEXAHU3MbI 00ECIIEUMBAIOT CIHMSHUE U OTCOCIMHEHUE BE3U-
KyJ OT IJJa3Maruueckod memOpansbl. [lna3matuueckas memOpaHa KIETKH He
COJIEPKUT TPAHCHOPTHBIX CUCTEM I MAaKPOMOJIEKYJ, TO3TOMY MEPEHOC MAaK-
POMOJIEKYJ OCYLIECTBJISIETCS ¢ MOMOUIBIO BE3UKYJ. Be3uKymnsipHbId mepeHoc
MOYHO Pa3JeauTh Ha ABa BUAA: SK30LHUTO3 — BBIHOC U3 KIIETKU MOJIEKYJISIPHBIX
MIPOAYKTOB, U HIOLUTO3 — MOMIOIEHNUE KIETKOW KPYITHBIX YaCTHUL, MAaKpOMO-
JIEKYJ ¥ BOOHBIX paCTBOPOB Pa3HBIX BEILIECTB.

C 5K301IMTO30M CBSI3aHO BBIJIEJICHUE CUHTE3UPOBAHHBIX B KIIETKE PAa3HOO0-
Pa3HBIX HU3KOMOJICKYJISIPHBIX (aIleTHIIXOJIWH, OMOT€HHBIE aMUHBI U JP.) U BBI-
COKOMOJIEKYJISIPHBIX (TENTH/IbI, JIUTIOMPOTEU b, TENTUIOTIUKAHbI U JIp.) CO-
eAMHEHU. DK30IIMTO3 B OOJIBIIMHCTBE CIy4aeB MPOUCXOJUT B OTBET Ha
BHEIIIHUI CUTHAJI (HEPBHBIA MMITYJIbC, TOPMOHBI, MEAUATOPHI U 1p.). B psae
CIIy4aeB 2K30IIMTO3 MPOUCXOIUT TMOCTOSHHO, HANIPUMED, TP cekpenuu (Huod-
POHEKTHHA U KoJutareHa ¢pudpobiacTamMu.

PaccMoTpuM  MOJIEKYJISIDHBIM MEXaHU3M CIHMSHUS MEMOpaH BE3UKYJT C
mazMatuyeckon MeMOpanou, (puc. 7.6). CekpeTopHble BE3UKYJbl COAEpPKAT
oenok V-SNARE, uzBectsiii kak VAMP (vesicle-associated membrane pro-
tein). [Ina3smaTuyeckas MemMOpaHa coaepKUT UHTEerpaibHbI Oenok t-SNARE,
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Ha3bIBA€MbI CHHTAKCUHOM, U nepudepudeckuit 0enok SNAP-25. Iuto3oms-
HbIE€ O-CIIMpaJbHbIE YYaCcTKU ATHX OenkoB (oauH u3 VAMP, onuH U3 cuHTak-
cuHa U gBa U3 SNAP-25) hbopMupyrOT yCTOMYMBBIN YeThIpEXCIUPATbHBIN 1Ty-
yok. YcronumBocTh HaHHBIX SNARE-xkoMmIuiekcoB o0OecrieunBaeTcss MHOIO-
YUCJICHHBIMU HEKOBAJICHTHBIMH MEXXMOJICKYJISIPHBIMA ~ B3aUMOJICHCTBUSIMH,
BO3ZHUKAIOIIUMU B PE3YyJIbTATE CHEHU(PUIECKOTO PACTIONIOKEHHS THAPODOOHBIX
U 3apsDKEHHBIX AMUHOKHUCIIOTHBIX y4acTKOB. ['apodoOHbIe y4acTKU HaXOsT-
CA B LEHTPE MY4Ka, a MOJIOKUTEIIBHO 3apsKEHHBIE U OTPULIATEIIBHO 3apsKEH-
HbIC AMUHOKHUCIIOTHBIE OCTaTKH PAaCMOJIAraroTCs B CHHUPAISIX APYT HAIMPOTHUB
npyra. ®opmupoBanne SNARE-koMmIekca cOmmkaeT BE3UKYISIPHYIO U TIJ1a3-
MaTHYECKYI0 MeMOpaHy U MPUBOAUT K CIUSIHUIO JBYX MeMOpaH.

— (1)

SNAP-25 J_g" lL CHUHTaKCHH
Low  WoBg

LSRR S¢pdextop Rab

SNARE-
KOMIUIEKC

o-SNAP q ?
@ ATD @
ATID + @ ?&% %gi( ¢

Puc. 7.6. Cnusinue Be3UKyJI C aKIENTOPHON MEeMOpaHO:
1 — 3akperieHue Be3UKYJIbl Ha akLenTopHoi MeMOpaHe ¢ yyactreM Rab-I'TD u Genka 3¢-
(dextopa Rab; 2 — o6pazoarne SNARE-koMmiiekca; 3 — cnusiHrie MeMOpaHa U CBSI3BIBAHUE
o0enkoB NSF u a-SNAP; 4 — nucconuanus SNARE-kommiekca

Hucconmannss SNARE-koMIuiekca mpouCcXoInT ¢ 3aTpaToOd YHEPTUU U NIPU
y4acTUH JIOTIOJHHUTEIbHBIX OenkoB. benku, ydyacTBymomue B AUCCOIHMAINN
SNARE-kommiekca, Ha3zbiBatoTcs a-SNAP (soluble NSF attachment protein) u
NSF (NEM sensitive factor). Hazsanue 6enka NSF cBs3aHo ¢ TeM ¢akToMm, 4TO
byukiuu 6enka in vivo 6mokupyroTcss N-stunmanenmuaoM (NEM — N-ethyl-
maleimide) — XUMHYECKUM areHTOM, B3aUMOJICHCTBYIOIIUM C CYJIb(PTHAPUIIL-
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HeiMU Tpynnamu OenkoB. Kommiiekc NSF-a-SNAP cBs3biBaerca ¢ SNARE-
KoMIuiekcoM, nociie yero NSF ruaponusupyer AT®, BeicBOOOKIass HEOOXO-
JUMYIO 1T TUCCOLUUALMN KOMILIEKCOB YHEPTHIO.

OHI01MTO3 (hopMaNbHO pa3AelsaoT Ha (aroruTo3 U nuHOUUTO3. daromu-
TO3 — 3aXBaT W MOTJIOLIEHUE KJIETKOW KPYIHBIX YacTHI] (MHOT/A JlaXe KIETOK
Wi ux 4dacreit). [lmHOIMTO3 BHAUase onpeaesics KaK MOrIOMeHNue KIETKON
BOJIbI WJIM BOJHBIX PACTBOPOB pa3HbIX BemlecTB. Celfuac U3BECTHO, UTO Kak (pa-
TOLUTO3, TaK U MUHOLUTO3 MPOTEKAIOT OYEHb CXOJHO, U MO3TOMY yHnoTpeOlIe-
HUE 3TUX TEPMUHOB MOXKET OTPaXKaTh JHILIb PA3IU4Msl B 00bEMAxX U Macce Io-
[JIOLIEHHBIX BemiecTB. OOIee uisi 3TUX MPOIECCOB TO, YTO MOTJIOIIAaEMbIE Be-
IIECTBA HA MOBEPXHOCTH IIA3MAaTHYECKOW MeMOpaHbl OKPY>KAKOTCS YACTHIO
MeMOpaHbl B BUJIE BE3UKYJIbl, KOTOpas 3aT€M MEPEMEIAETCS BHYTPb KIETKU.

[Ipouecc 0Opa3oBaHUs BE3UKYJ MPHU SHIOIMTO3E MPOTEKAET TaKKe KaK U
orcoequHeHue Be3ukyn B OP. [Ipu snaountose 00pa3yroTcsi BE3UKYJIbI, OKaliM-
JSIOIIUHN CITOM KOTOPBIX COCTOUT B OCHOBHOM W3 Oe€lika KJIaTpuHA, aCCOLUUPO-
BaHHOTO ¢ KOMILJIEKcaMu aaantepHoro Oeinka (adapter protein complex). Tpu
NOJIMMIETITUIHBIE 1IENU KJIaTpuHa oO0pa3yloT CTPYKTYpy TpPHUCKEIHOHA (OT
rped. — TpexHoruil). KiarpuHoBble TPUCKETHUOHBI HA BHYTPEHHEHW MOBEPXHO-
CTH SIMOK IUIa3MaTHYeCKOl MeMOpaHbl 00pa3yloT phIXJIyIO ceThb. B oTnenenuun
9HJ0COMBI Y4acTBYIOT Takxe I Td-cBs3piBarolue OIKHM — TUHAMHUHBI, KOTO-
pble nocne cBa3biBaHud ['TO nonuMepusyroTCcs BOKPYT IIEUKU OTAEIISOIIETO-
¢ my3sIpbKa. Ilocne Toro, Kak OKauMIIEHHBIN ITy3BIPEK OTAEIISIETCS OT IIa3Ma-
TUYECKOW MEMOpaHbl, KJIATPUHOBBIN CION pacragaeTcs.

JanpHelmas cyap0a Be3UKYJI MOKET OBITh Pa3NUYHOM, 4acTh M3 HUX MO-
KET BO3BpAIIAThCsl K MOBEPXHOCTH KIETKU M CIMBATHCS C HEH, HO OOJbIIas
YacTh BCTYINAET B MPOLECC BHYTPHUKIECTOYHOTO PACHIEIIIEHUS MAaKpPOMOJEKYJ.
[IepBruHBIE HIOCOMBI COAEPKAT B OCHOBHOM 3aXBAaYEHHBIE B JKHJIKON Cpeae
Yy>KE€pOJIHbIE MOJIEKYJIbI U HE COJIepXKaT TupoauTuyeckux Gpepmentos. [locne
MOTEPU KIIATPUHOBOTO CJIOSI SHAOCOMBI HAUMHAKOT CIUBATHCS JPYT C APYIOM,
IIPU ATOM yBEJIMYUBASICH B pazMepe. OHU CIMBAIOTCS 3aTEM C EPBUYHBIMU JIU-
30COMaMH.

DHJIOCOMBI XapaKkTepusyroTcs Oojiee Hu3kuM 3HauenueMm pH (pH 4-5), To
ecTh OoJiee KHUCIIOM Cpelloi, 4eM JIpyrue KJIETOYHBIC BaKyOJu. DTO CBA3AHO C
HammuueM B UX MeMmOpanax H'-ATdasel — IPOTOHHOTO HACOCA, 3aKAYMBAIO-
LIEr0 NMPOTOHBI BHYTPh 3HAOCOM. Kucnas cpena BHyTpH SHIOCOM UIPAET pe-
LIAIOIIYIO POJIb B IMCCOLMALMN PELENTOPOB U JIMranaoB. Kpome toro, kucnas
cpena SIBIAETCS ONTUMANILHOW JIJIsi AaKTUBAIIUU TUPOJIUTUUECKUX (DEPMEHTOB B
an3ocoMax. OTU (PEepPMEHTbI aKTUBUPYIOTCS MPHU CIHUSIHUM JIU30COM C 3HJ0CO-
MaMH, YTO HIPUBOJIUT K 00Pa30BAHUIO FHAOIUZ0COM, B KOTOPBIX U MPOUCXOIUT
pacIIEeIIEHHE MOTJIOMEHHBIX MAKPOMOJIEKY.L.

NHTEHCUBHOCTD 3HIOLUTO3a 3aBUCUT OT THUIIA KIETOK. Tak, B KIETKE DIIU-
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Teus TOHKOro KuieyHuka oopasyercsa 10 1000 Be3ukys B CEKYH]y, a B MakK-
podarax B MUHYTY oOpasyercs nopsaka 125 Be3ukyn. Pacxomyemas Ha oOpa-
30BaHHE BHYTPHUKJIETOYHBIX BE3UKYJ IJIa3MaThyeckass MeMOpaHa BOCCTaHAB-
JIMBAETCS 3a CUET CIUSHHUS C BE3UKYJIAMH B MPOLIECCE IK301UTO3a. B pe3ynpra-
T€ ATUX MPOIIECCOB TUIa3MaTH4eckass MeMOpaHa ObICTpo oOHoBisieTcs. Tak, y
MakpodaroB Bcs iazMaTuyeckas MeMOpana 3amensiercst 3a 30 MuHyT, y ¢huo-
po0itacToB — 3a JiBa Jaca.

[Ipu daronurose KpymHBIX YaCTUIl WIH OTACIBHBIX KJIETOK B 00pa30BaHHUH
BE3UKYJl YYaCTBYIOT JBUTATEIbHbIEC OCIKMA aKTUH U MUO3UH. Ha moBepxHOCTH
KJIETOK, CIMOCOOHBIX K (paroruTto3y (y MIIEKONMUTAIOIMHUX 3TO HEUTpODHMIBI U
Makpodaru), CymecTByeT Habop perenTopoB, B3aMMOICHCTBYIOMNX ¢ OeiKa-
MU-JIATAHJIaMH Ha TOBEPXHOCTH KIIETOK MUIIEHEW. CBS3bIBAHUE JIMTAHIIOB C
pelenTopaMu akTUBUPYET MPOIIECC Mepe/iaun CUTHaa OT MeMOpaHbl KJIETOK K
AKTUHOBOMY HUTOCKeNEeTy. OCHOBHBIMU YYAaCTHUKAMHU BHYTPHUKIIETOYHOW Ie-
penauu curHana seisroTcs Rho-nmogoOueie I'Tda3wl, GyHKIIMOHUPYOITHE, TT0-
no0HO ApyruM ujieHaM cynepcemeiictBa Maibix ['Tda3, kak OuHapHbIe mepe-
kiouarend. C uX y4acTUEM pEryNHpyeTcs MOJMMEpPU3alns U JIeTI0JMMepr3a-
1S AKTUHOBBIX BOJIOKOH, TPAHCJIOKALHKs KOTOPBIX BHYTPU KJIETOK OCYILIECTB-
JI€TCSl MOJIEKYJIAMU MUO3HHA.

7.5. A0EPHAA OBOJIOYKA

Ot muTomIa3Mbl SAPO OTIEIEHO SAJIEpHOM 000J0YKOi, 00pa30BaHHOW 3a
CYET PACIIMPEHHS U CIMSHUA IPYr C APYrOM IUCTEPH 3HAOILIaA3MAaTUYECKOM
ceTu. SlnepHas 000yI0YKa COCTOUT U3 JIBYX MeMOpaH, BHEIIHEW U BHYTpPEHHEH.
[Tonocte simepHO 000JIOYKKA HA3BIBACTCSl MEPUHYKICAPHBIM MPOCTPAHCTBOM.
Bueminsst memOpaHna siiepHoi 000710YKH, HEMOCPEICTBEHHO KOHTAKTUPYIOIIas
C LMTOIJIa3MOM KIJIETKH, UMEET Psii CTPYKTYPHBIX OCOOEHHOCTEH, MO3BOJISIO-
IMX OTHECTH €€ K MEMOPAHHOW CHCTEME 3HIOIIa3MaTHYECKOTO PETHKYIIyMa.
Tak, Ha BHENIHEW siepHON MeMOpaHe OOBIYHO pacrionaraeTcs OOJBIOE KOJH-
4ecTBO pruOOCOM. DTHU PUOOCOMBI CUHTE3UPYIOT KaK MEMOpaHHbIE, TaK U CEK-
peTupyemMbie OENKH, KOTOPbIE MOTYT TPAaHCIOPTUPOBATHCS B MEPUHYKIIEAPHOE
npocTpaHcTBO U nojioctu DP. Hapsiay ¢ 3TuM BHewHsAd sinepHas MeMmOpaHa U
MeMOpaHa 3HJ0MIa3MaTUYECKOTO PETUKYJIyMa OJM3KU MO COCTaBY JIUIUIOB U
0€eJIKOB, YTO, BO3MOKHO, M OIpe/IeNisieT uX o01ue OnoXxumMuieckue GyHKIUH.

BuyTpennsisi MemOpaHa siiepHO 000JI0YKH CTPYKTYPHO CBSI3aHa C JKECTKOM
OEJIKOBOW CTPYKTYpPOU — JJAMUHOM, K KOTOPOU MPUKPEIICHbl HUTH XPOMOCOM-
ot JIHK. Jlamuna chopmupoBana nocienoBareabHOCTHIO OJMHAKOBO OPUEH-
TUPOBAHHBIX TTPOMEKYTOUHBIX (DUITAMEHTOB, Ha3bIBAEMBIX JIAMHUHAMH. B kiet-
Kax MO3BOHOYHBIX OHAa ()OPMHUPYETCS B OCHOBHOM U3 JlaMuHa A, namuHa B u
namuHa C. JlaMHHBI TPUKPEIIISIOTCS K BHYTpEHHEH MeMOpaHe saepHoit 000-
JIOYKU TPU MOMOIIH 3asIKOPEHHBIX B HEM TpaHCMEMOpPaHHBIX OEJIKOB — peren-
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TOPOB JaMUHOB. B HEKOTOpBIX MecTax BHYTPEHHSISI M BHEIIHSS MEMOpaHbI
AIEpHOM O0OJIOUKHM CIMBAIOTCS M 00pa3yloT TaK Ha3bIBa€MbIE SIEPHBIC MOPHI,
4yepe3 KOTOPbIE OCYLIECTBIIAETCS TPAHCIOPT MOJIEKYJI U3 SiApa B UUTOIUIA3My U
B 00OpaTHOM HampaBlieHUU. SIAepHbIE MOPbl UMEIOT CIOKHYIO CTPYKTYpY, Opra-
HU30BAHHYIO HECKOJBKUMH JIECSITKAMU CHEHUATU3UPOBAHHBIX OEJIIKOB — HYK-
JIEOTIOPUHOB.

benkoBas cocrtaBisitomiast sAEpPHON MOPHI 0003HAYAETCSI TEPMUHOM «SJEP-
HBI TopoBeIi kKomIuiekey» (SI1K). Kommieke snepHoit mopsl peicTaBiseT co-
001 HaMOJIEKYIISIPHYIO CTPYKTYpY ¢ Maccoi 6omnee 125 MJla. Buemawmii nua-
METp NOPOBOro KOoMIUIeKca cocTaBisieT okojo 100 HM, a Beicota — 75 HM. Ha
puc. 7.7. u3o0pakeHa cxema CTPOEHUS SACPHOTO MOPOBOTO KOMILIEKCA.

[{uTonnazMaTuyeckue [MUTOITNTASMA
bunameHTb!

I[uTomnazmaruyeckoe
KOJIBLIO

JloMeH LeHTpanbHOI
4aCTH

JIromeH

Tpancnoprep

l‘r
SnepHoe KoJbLIO

€pHbIE (PUIIAMEHTHI
Anepnas Anep ¢

KOp3UHa
TepmuHanbHOE
KOJIBLIO SI/I€PHOM
KOP3HHBI
\_ DunameHTbI
TEPMHHAIBHOTO AAPO
KOJIbLIA

Puc. 7.7. Cxema cTpO€HHUS SIIEPHOTO MTOPOBOTO KOMILIEKCA

[IpoHuniaemslil i1 MOJIEKYJI KaHall pacrojiaraeTcsi B IEHTPE CTPYKTYPHI.
ALK cBszaH ¢ siaepHON 000JI0YKON ¢ TOMOIIBI0 TPAHCMEMOPAHHOM YacTH, OT
KOTOpPOM K MPOCBETY KaHajla OOpamieHbl CTPYKTYpbl, MOTYyUYHUBIINE Ha3BaHUE
cnul (MO aHAJIOTHM CO CIUIAMU KoJjieca). ITa OCHOBHAsI YacTh MOPHI, MOCTPO-
€HHasi U3 BOCbMH JOMEHOB, C ITUTOIUIA3MATHYECKON U SIIEPHOM CTOPOH Orpa-
HUYEHa COOTBETCTBEHHO IUTOIUIaA3MAaTUYECKUM U AJIEPHBIM KOJIbLIaMU (y HU3-
HIMX PYKapUOT OHU OTCYTCTBYIOT). K simepHOMY KOJbIly MpUKpEIUIeHbI OeIKo-
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BbIC HAMpaBJICHHBIE BHYTPb spa siAepHble (UIAMEHTBI, K KOHI[AM KOTOPBIX
KpPEMUTCS TEPMUHAJIBHOE KOJIBI0. Bes 3Ta CTpyKTypa HOCUT Ha3BaHUE sICPHOM
Kop3uHbl. K nuronimazMaTi4eckoMy KOJIbIy TAKXKE MPUKPEIUICHBI HAPABJIECH-
Hble B IUTOIUIa3My (uiIaMeHThl. B IeHTpe UMIMHAPUYECKONH (PUTYpBI KOM-
IJIEKCA CONEPKUTCA TpaHcnoprep. CUMTAETCs, YTO TPAHCIOPTEP COCTOUT U3
MHO)XECTBa OEJIKOBBIX (DUIAMEHTOB, OOOTAIIEHHBIX AJTAHMHOM W TIUIUHOM
(FG-dunamentsi).

Komrneke 3akperuisiercst B siiepHO MeMOpaHe ¢ MOMOIIBI0 WHTErPabHbIX
rikonpoTenHoB gp 210 u POM 121. Crpykrypnas opranusanus AIIK y Bcex
BBICIIINX OPTaHW3MOB, BKJIIOYas YEJOBEKa, NTHUIl, aMmpUOUi, HACEKOMBIX U
BBICIIIMX PACTCHUM, CXOJHA U SIBIIIETCA BBICOKO KOHCEpPBATUBHOU. [LIIOTHOCTH
PACIIOJIOKEHUS TOp B siIEpHOM 000JI0UKE BapbuUpyeT B cpeaHem oT 13 mo 30
mop Ha | MKM® TTOBEpXHOCTH siapa, gocturas 5000 mop Ha OZHO SAPO B OOLH-
Tax JIATYIIKA U PaHHUX dMOPHOHAX AP030¢uibl. YUCIIO SIACPHBIX MOP 3aBUCUT
OT THUIA KJIETKH, METa00IMYECKOW aKTUBHOCTH U CTAJIMU KJIETOYHOIO THUIIA.

MounekyIapHBIi 0OMEH MEXIy SIAPOM M LUTOIUIa3MOM OCYILECTBISETCA B
pe3yibTare SAEPHO-LIMUTOILNIA3MAaTUYECKOTrO TpaHcnopTa. MOHBI U MOJIEKYJIBI
pa3MepoM MeHbIIIe 9 HM U MOJIEKYJIIpHBIM BecoM MeHee 60 k/la mepememaror-
Csl 4epes3 sSJIEpHYI0 TIopy B pe3ylibTare maccuBHOU nuddy3un uepes y3kue Ka-
HaJbI (3a30Pbl) MEXy MHIWBHUIYATbHBIMA KOMIIOHEHTAMHU MOpPHI. TpaHcmopT
octanbHbIX MoJiekyn uepe3 SAIIK siBnsercs akTUBHBIM U TpeOyeT sHepreTuye-
CKHX 3aTpar.

CucTtemMbl aKTUBHOTO TpaHCIOPTa OOECIEUHUBAIOT BECh MAaKPOMOJIEKYJISAP-
HBIA 00MEH MEXIy sipoM U 1uroruiazmoil. Monekynsl PHK, cunresupyembie
B sJipe, MOCTYyNAlT Yepe3 MOopbl B IIUTOIUIA3My, a B SIIPO TMOMAJAI0T OEJIKH,
y4acTBYIOIIME B sIICGPHOM MeTabonu3me. benku, TpaHCOPTUPYEMBIE B SIAPO,
UMEIOT CHEHUAJIbHBIA CHUTHAJl COPTHUPOBKU — CHUTHAI SJIEPHOM JIOKAIU3AIUU
(NLS — nuclear localization signal), koTopbIii y3HaeTCs pelieNTOPaMH SICPHBIX
nop. CHrHanbHBI YyYacTOK MOJIMMENTUAHON LENH COAEPKUT MOJO0KUTEIBHO
3apsKEHHBIE aMUHOKHMCIIOTHBIE OCTaTKM apruHuHA W au3nHa. Takue NLS xa-
pPaKTepHBI ISl KapuODUIbHBIX OENKOB, T. €. Ul OENKOB SIACPHOM JIOKaIu3a-
IIUU, KOTOPbIE CHHTE3UPYIOTCS Ha puOOCOMAax B IUTOIUIA3ME, a 3aTE€M TPaHC-
MOPTUPYIOTCS B SAPO.

Tpancnokanus 0€TKOB B SAPO B OTJIMYKE OT TPAHCIOKAIUA B MUTOXOHAPUU
U SHJOIUIA3MATHUYECKUN PETUKYIIYM HE COMPOBOXKAACTCS OTIICTUICHUEM 3TOMN
CUTHAJIbHON aMUHOKHUCJIOTHOW MOCJIEAOBATEILHOCTH U Pa3BOPAYMBAHUEM IIO-
munentuaHon 1nenu. NLS-comepkamue Oenku, Kak ¥ BCe OpPYyrue CyOCTpaThl
CUCTEM SIIEPHOTO TPAHCHIOPTA, MEPEHOCATCS B SIAPO B KOMIUIEKCE CO CIEIH-
QTbHBIMU O€JIKaMHM — TPAHCTIOPTUHAMM WM KapuodepuHamu. TpaHCIIOPTUHBI,
Y4acTBYIOIIUE B TPAHCIOPTE B SIAPO, HA3BIBAIOTCS UMIOPTUHAMU, a U3 sApa —
AKCIIOPTUHAMH. TpPaHCIOPTHUHBI (MMIOPTUH O, UMIIOPTHH 3 U JIp. OCJIKH) Wr-
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paroT poJib PELENTOPHBIX OCJIKOB, KOTOPHIC Yepe3 aJanToOpHbIe OEIKU WU Ha-
NPSIMYIO CBSI3BIBAIOTCSI C CUTHAJIBHBIMU y4acTKaMU TPAHCIIOPTUPYEMOM MoJie-
KYJIBL.

Perynsanus TpancnopTa 0€JIKOB uepes siiepHble MEMOpPaHbl OCYIIECTBIISIECTCS
C ToMoIpl0 0enkoB Ran, oTHocsmuxcs k ceMecTBy Ras-mogoonsix I'Tdas.
®daxrop oomena nykieotuaoB (GEF — GTPase exchange factor) mist Ran, xpo-
MaTuH-cBsi3bIBatomii  Oenok RCCI1, nokanmm3oBaH B sape, a aKTHBATOP
['Tdaznoii aktuBHOCcTH RanGAP1 (GAP — GTPase activation protein) — B 11u-
TOIUIa3Me. DTa aCMMMETPHUYHAs JIOKaNW3alus pPeryiasiTOpoB aKTUBHOCTH Ran
NPUBOJUT K HEPABHOMEPHOMY PAaCHPEACIICHUI0 HYKIJIEOTUICBI3bIBAIOIIUX
dbopm Oenka: B sape Haxomutcs mpeumymectBeHHO Ran-I'T®d (I'TO-
cBs3biBaromias ¢opma Ran), B muroruiazme, Haob6opor, Ran-I'JIO (I'1D-
cBs3bIBaromias gopma). Ran perynupyer Kak MpoIEcChl UMIOPTA, TaK U IMPO-
I[ECChl AKCIOpPTa pazIMuHbIX cyocTpatoB. [Ipouecc mupkynsuuu Ran mexmay
SIAPOM U LIUTOILIA3MOM HOCUT Ha3BaHue [ ' Tda3Horo nukia Ran.

NMnopT HauyMHAETCS C TOTO, YTO TPAHCHIOPTUPYEMBIN B sIAPO OEJIOK CBSI3bI-
BaeTCs C reTepoIMMEPOM PEIENTOpa, TO €CTh C UMIIOPTUHAMU O U [3, JIOKaJu-
30BaHHBIMU B IuTOIUIa3Me (puc. 7.8). 3areM 0Opa30BaBIIMIICS KOMIUIEKC 3a-
KpEIUISeTCSl Ha IUTOIUIa3MAaTHYECKUX (PUIaMEHTaX SIEPHOTO TOPOBOTO KOM-
IJIEKCa U TPAHCJIOLMPYETCs Yepe3 KaHal B sJIpo, TJie ¢ HUM CBsI3bIBaeTcs Ran-
I'T®, uTo BBEI3BIBACT JAUCCOIMAIIMIO KOMILIEKCA M BEICBOOOXKAeHHE Oenka. I1o-
CJie Yero UMIOPTHUHBI B KoMIuiekce ¢ Ran-I'T® nanpapistoTcs oOpaTHO B LU-
torasmy, riae Ran nmox aeiictBuemM RanGAP1 ruaponuzyer I'T®. Komminekc
Ran-I'’I®-umnoptuns! o/f HecradbuneHn u auccoruupyeT. Ran-I'’JI® noctynaer
o0paTHO B sApO MpPHU IMOMOIIM COOCTBEHHOI'O NEPEHOCUYHMKa, Oelka-gumepa
NTF2. B sape non aeiictBuem Oenka RanGEF, I'/I® B aktuBHOM 1ieHTpe Ran
3amensiercst Ha ' T® u oOpazyercst aktuBHas popma Ran-I"TO.

W3 snpa B qUTOIIa3My Tak)Ke CYIIECTBYET MOTOK Kak OENKOB, Tak U slep-
HBIX TPAHCKPUIITOB B BHUEC pUOOHYKIeompoTeusoB (puc. 7.9). B mpuniumne
ATOT 3KCIOPT MO CBOEU OPraHU3alMK CXOJEH C MPOILIECCOM MUMIIOPTA SIAEPHBIX
oenkoB. O/HA U Ta e Mopa MOXKET MIPUHUMATh Y4acTUE KaK B UMIIOPTE, TaK U
B DKCIIOPTE MakpoMmosiekya. U3 sjipa TpaHCTIOPTUPYIOTCS MaKpPOMOJIEKYJIbI, CO-
JiepKaIiie CUrHajl COPTUPOBKHM — curHai sjuepHoro skcrnopta (NES - nuclear
export signal), oOpa3oBaHHBIN MOCIEIOBATEILHOCTHIO THAPOPOOHBIX AMHHO-
KHCJIOT.
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HUTOIUIASMA

()
HUmnoptusl a, B
] S

TpancnopTupyemsiii
Oerok

Ran-I'T®

Puc. 7.8. Cxema TparcnopTa 6€JIKOB B SAPO:

1 — cBsA3bIBaHUE TPAHCIIOPTUPYEMOTO B SAPO OENIKa C UMIOPTUHAMHE; 2 — TPAHCIOKAIKs KOMILIEKCa
yepes aaepHyto MeMOpany ¢ yuactueM AIIP; 3 — nucconmanuisi KOMIUIEKCa B PE3yJIbTaTe CBSI3bIBAHUS
uMnopTHHOB ¢ Ran-I'T®; 4 — sxcnopT obpa3oBasmierocs komruiekca Ran-I'TO-uMmopTuHs! B IuTO-

mnasmy; 5 — ruaponus ['TO u auccormanus komiuiekca Ran-I'TO-umnoptrns

IUTOITIASMA TpancnopTupyemsiii

OeJlox

AITP

Puc. 7.9. Cxema tpancmopTa GeKOB U3 sizipa:
1 — oOpa3oBaHHe KOMILIEKCA TPAHCIIPTUPYEMOTO Oelka ¢ dkcropTuHOM U Ran-I' T®;
2 — TpaHCJIOKaIMs KOMITIeKca yepe3 aaepHyto MmemOpany ¢ yuactuem AIIP; 3 — run-
posns I'T® u quccounanyst KOMILIEKCA; 4 — UMIIOPT 3KCIIOPTUHA B AP0
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[lepBoil cTaaueil TpaHCIOPTUPOBKH 3/1€Ch TAKXKE SABJSETCS peuenuus cyo-
ctpara crneuupuueckum skcnoptuHoM Crml (chromosome region mainte-
nance) 1 oOpa3oBaHME KOMIUIEKCa, B COCTaB KOTOPOro Takke BXOAuT Ran-
['T®. ITocne nmpoxoXAEHUS Yepe3 SACPHYIO Mopy B nuToIuiasMy Ran paciien-
asiet I'TO, xoMmIuieke TepsieT cTaOUiIbHOCTh M JIUCCOLMUPYET, BBICBOOOXKIAs
TpaHcHopTUpyeMbiii Oenok. DkcrnopTuH U Ran mocne ruaponuza ['TD chHosa
BO3BPAILAIOTCA B SPO.

7.6. CTPOEHUE U ®YHKLUUUN JTIUSOCOM

JIuzocombl — 310 opranesmisl guamerpoM 0,1-2,0 MKM, OCHOBHast (PYHKIIUS
KOTOPBIX 3aKJIFOYAETCSA B PACIICIUICHUH KJIETOYHBIX KOMIOHEHTOB M MapOMO-
nexyn. OObIYHO KJIETKa COAEPKUT HECKOJIBKO coTeH ju3ocoM. [Ipormecc obpa-
30BaHUSI JIM30COM aHAJIOTHYEH MPOIECCY 00pa30BaHUSI CEKPETOPHBIX BE3UKYIL.
OCHOBHBIM OTIUYHEM JIM30COM OT CEKPETOPHBIX BE3UKYII SIBISETCS HAOOP TH/I-
poJia3, MO3BOJISIIOLIMNA JIM30COMaM Y4acTBOBATh B MPOIECCAX BHYTPUKIETOUYHO-
T0 pacHICIUICHUs KaK 3K30T€HHBIX, TaK M DHJIOTCHHBIX OMOJOTHYECKUX MaKPO-
MoJIeKyJl. JIn3ocoMbl coaepkar okosno 60 TUNOB ruaposaas (IpoTernHasbl, HyK-
Jeasbl, rnko3uaasbl, dhochopunassl, pocdarassl, cyabduTasbl), MaKCUMaIb-
Hasi akTUBHOCTb KOTOpBIX gocturaercs npu pH 5,0.

B mem6Opane nmuzocom Haxoasarcss ATd-3aBucuMbIE TPOTOHHBIE HACOCHI —
H'-AT®a3sl, npu QYHIMOHUPOBAHUM KOTOPBIX HAa MeMOpaHe JTU30COM CO3/a-
€TCSl DJIEKTPOXMMHMUYECKUU TPaJWEHT IMPOTOHOB. BHYTpEeHHss cpena JIM30COM
umeeT pH 5,0, B To Bpems kak B ruroriazme pH 7,0-7,3. Ilpu pH, xapakrep-
HBIX JUISl IIUTOIIA3MBbl, JTU30COMHBIC (DEpMEHTHI 00JaJar0T HU3KOW aKTHUBHO-
cTht0. OYEBHUIHO, 3TO CIYKUT MEXAHU3MOM 3allUThI KJIETOK OT CaMOIepeBapu-
BaHUS B TOM ClIy4ae, €CJIM JIM30COMHBIA (PEPMEHT CITy4ailHO MOMAJaeT B IIUTO-
mia3Mmy. Kpome Toro, nunuasl v O€JKM JTU30COMHOM MEMOpaHbl COAEpKaT
OJINTOCaxapubl, KOTOPbIC, KaK MPEANOJaraeTcs, MNPEensTCTBYIOT B3aUMOJCH-
CTBHIO JTU30COMHBIX (DEPMEHTOB C MEMOpPaHAMH JTU30COM.

Cpenu pa3nu4HbIX M0 MOP(OTOTUH JTU30COMHBIX YaCTHUI] MOXKHO BBIJICTUTh,
Mo KpaifHel mepe, YeThIpe THUIla: MEPBUYHBIC JIU30COMbBI, BTOPUYHBIE JTU30CO-
MbI, ayT0(harocoMbl U OCTaTOYHBIE TeMblia. [lepBUYHbBIE TU30COMBI MPEICTAB-
JSIIOT COO00M MeNkre MeMOpaHHBIE My3bIPhKU pazmMepoM okojio 0,1 MkM, oTiie-
isomyecss oT annapara [onpxu. B nmanpHeileM nepBUYHBIE JTU30COMBI
CIIMBAIOTCA C (ParouuTapHbIMU WM MUHOLUUTAPHBIMU BE3UKYJAMHU, 00pa3ys
BTOPUYHYIO JU30coMy. [Ipr 3TOM ruzposia3el NEPBUYHOM JTU30COMBI MTOITYYarOT
JIOCTYII K CyOCTpaTaM 3HIOIUTAPHON BE3HUKYJIbI, KOTOPHIE OHU U PACIIEIUISIOT.
JIn30cOMBI MOTYT CIMBATHCS APYT C IPYTOM U TAKUM IyTEM YBEIUYUBATHCS B
o0beMe, MpU TOM YCIOXKHSETCS WX BHYTpPEHHsAS CTpykrypa. IlormomieHHbie
JM30COMaMHU OMOTEHHBIE BEIIECTBA PACHICTUISIOTCS THAPOIA3aMU 10 MOHOME-
POB, 3aT€M 3TU MOHOMEpPHI TPAHCIOPTUPYIOTCS B IUTOIUIA3MY, TJI€ OHU BKIIIO-
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YaroTCsl B METa0OJINYECKUE MPOIIECCHI.

Opnako pacuieruieHne OMOTeHHBIX MaKPOMOJICKYJ BHYTPH JTM30COM MOXKET
WATH B psifie KIETOK He JI0 KOHIa. B 3TOM cilydae B OJIOCTSX JTU30COM IPOWC-
XOJUT HAKOIUICHHE HETHUIPOIM3UPOBAHHBIX MPOIYKTOB U TIEPEX0]] BTOPHUHBIX
JM30COM B TEJIOJIN30COMBI, WU OCTAaTOYHBIC TENbIIA. TeI0IM30COMBI YIANSIOT-
Csl U3 KJIETKH ITYTEM SK30I[UTO3a.

AyTonu3ocomsbl (ayTodarocompl) Mo MOphOJIOTHYECKUM MpPU3HAKAM OTHO-
CAT K BTOPUYHBIM JIN30COMaM, HO UX OTJIWYHE COCTOUT B TOM, YTO B COCTaBE
ATUX BE3WKYJ BCTpEUAIOTCS (ParMEeHThl WM JIaXe IeIble IMUTOIIa3MaTHye-
CKHE€ CTPYKTYpBI, TaKHE, KaK MUTOXOHJPHUH, TJIACTUIBI, dJeMeHTh DP, pubo-
COMBI, TPaHYJIbI TIIUKOTEHA | T.]I.

7.7. CTPOEHUE U ®YHKLUN NEPOKCUCOM

[lepokcucomsbl (Ha3bIBAEMbIE TAK)KE€ MHUKPOTEIbLAMH) SIBISIOTCS HEOONb-
mumu opraneiamu (0,1-1,0 MKM), OKpY>XEHHBIMH OJWHAPHOW MEMOpPAHOM.
MewmbOpaHa MEepOKCHCOM OTIpaHUYMBACT TPaHYJSPHBIA MaTpukc. B 1entpe
MaTpUKCa 4acTo, 0COOEHHO B MEPOKCHCOMAaX KIJIETOK MEeY€HH, MPUCYTCTBYIOT
KPUCTANIONOJA00HBIE CTPYKTYpPBI, COCTOSIIIME W3 PETYJSIPHO YINAKOBAHHBIX
bubpumn wim Tpyoouek (puc. 7.10). HazBanue opranem o0ycClIOBJICHO HaJM-
yreM (EepMEHTOB, CBSA3AHHBIX C META00OIM3MOM Nepokcuaa Bojgopoxaa. Ilepok-
CUCOMBI cofiepKaT (PepMEHThI OKUCIUTEILHOTO J€3aMUHUPOBAHUS AMUHOKHUC-

Puc. 7.10. Kpuctannonogo6Hble CTpyKTypbl B IEpOKCHCOMAax

OxucnuTenbHOE A€3aMUHHAPOBAHUE IPOTEKAeT B ABE craguu. Ha mepoit
CTauy aMUHOIPYIIA OKUCISETCA JO HEYCTOMYMBOIO IPOMEXKYTOYHOI'O IPO-
JyKTa — UMUHOTPYIIBI, TP 3TOM JJIEKTPOHBI MEPEHOCATCS Ha (PIIaBUHOBYIO
TpyNIy KaTaau3upyrouero peakiuio ¢pepmenta. Ha BTopoil cragum mpoucxo-
JUT CIIOHTAHHOE THJPOJIMTUYECKOE OTUIEIUIEHHE MMHUHOIpynmnbl. OKucieHue
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BOCCTAaHOBJICHHOM mpoctetndeckoil rpymnmsl (PAJ[H,) karanuzupyromux nep-
BYIO CTaJINIO (hePMEHTOB MPOMCXOANT B MPUCYTCTBUHU KHCIOPOJA U COMTPOBOXK-
naercs oopazoBaHueM rnepokcuaa Bogopoaa (H,O,):

®AJIH, +0, > AJ+H,0, . (7.5)

B mepokcucomax HaxOAWTCS TaKKe KaTajia3a, paclleIUIsionias MEepOKCHL
BoZoposa. B mepokcucomax nedyenu kartanaza coctaniseT a0 40 % Bcex Oen-
KOB M JIOKalin30BaHa B Marpukce. Kartanasza siBisercs TeTpaMepHbIM (hepMeH-
TOM, COCTOSIIIIUM U3 4 oAMHAKOBBIX cyObeauuull Becom 60 k/la. Kaxnas cyOn-
CMHHIIA COJIEPKUT OJIHO MOPPUPHUHOBOE KOJBIIO M aToM xene3a. Karamasza
(CAT) B3aumogeiictByer ¢ H,O,, oOpa3ys Bogy ¥ MOJEKYISPHBIA KUCIOPO
(7.6), 1 ¢ STUIIOBBIM CIUPTOM, METUIIOBBIM CIIUPTOM, (DEHOJIAMU WITU MypaBbU-
HOU KUCJIOTOM, MPOSBIISiS MEPOKCUIA3HYIO0 aKTUBHOCTH (7.7):

2H,0, —2L 52H,0+0,, (7.6)
ROOH + AH, —2L 5 H,0 + ROH + A. (7.7)

B3anMopeiicTBue mepokcuaa Boaopoaa ¢ epMEHTOM HUHIYHPYET MEPEeXO.
KaTrajasbl B aKTUBHPOBAaHHOE COCTOSHUE, Ha3bIBaeMOE€ BeEmEeCcTBOM |
(CAT(Fe’'=0)). Karamutudeckuii MexaHH3M B3aMMOMCIHCTBUS KaTanasbl C
H,0, nporekaet B 2 cTaauu:

H,0, + CAT(Fe’*) > H,0 + CAT(Fe’" =0), (7.8)
H,0, + CAT(Fe’* =0) »> H,0+0, + CAT(Fe’").  (7.9)

Moutekyiisl IepoKcHaa BOIOPOAA BXOIAT B TEMOBYIO IIOJIOCTb, 1€ B3aUMO-
neficTByeT ¢ aMuHOKMCcIoTHEIME octatkamu His™ n Asn'?’. B reme B monekyie
IIEPOKCH/IA MIPOUCXOAUT BHYTPUMOJIEKYJISAPHBIN IIEPEHOC MPOTOHA. Y JINHSET-
csa u nossipusyerca O—O cBsA3b, KOTOpas, B KOHEYHOM UTOTE, pa3phIBacTCA IPU
CMELICHUHU IIEPOKCHUIA BOJAOPOAA K Kele3ocoheprkamemy HeHrpy. llpu stom
oOpa3syercs MOJeKyJa BOAbl U BelecTBo 1. B TeueHne BTOpo cTaguu BelecT-
BO | BoccTaHaBiMBaeTcs ¢ 00Opa30BaHUEM MOJIEKYJIbl BOABI U MOJIEKYJIbI KUCIIO-
pona. Hapsany ¢ atum, BeniecTBo I MOKET BCTyIaTh B PEAKLUU C JOHOPAMHU BO-
JOpOAA, TAKUMHU KaK 3TUJIOBBIM CIUPT, METWIOBBIN CIIUPT WU PTyTh. OKUCIIE-
HHUE 3TUX CyOCTpaTOB MPOUCXOIUT Ojarogaps KUCIOPOAY, IPUCOEIUHEHHOMY
K MOJIEKYJIE KaTajasbl. B 3TOM Iponecce Karajiasa NnposBISIET IEPOKCUAAZHYIO
AKTUBHOCTb:

CAT(Fe* =0)+RCH,OH — CAT(Fe**) +RCOH + H,0.(7.10)

OTOT TUII OKUCIIMTEIILHO-BOCCTAHOBUTEIBHBIX peaKHI/Iﬁ 0COOCHHO BaKEH B
KJICTKAax ICYCHU U IMMOYCK, IICPOKCUCOMBI KOTOPBIX O6€3Bpe)KI/IBaIOT MHOXKCECTBO
SAAO0BUTBIX BCIICCTB, MMOMAAA0INX B KPOBOTOK.
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