Mopbl (kKaHanbl), NePeHOCYMKN
OBLUME NMOJTIOXXEHUA

Tpancopt OOJBIIMHCTBA PACTBOPUMBIX MOJEKYJT 4epe3 OHMOJIOTHYecKHe MeMOpaHbI
ornocpeayeTcs NepeHOCUNKaMu MM KaHaJIbHbIMU Oenkamu. Kanansl oOnerdaror TPAHCIOPT HOHOB
4yepe3 MeMOpaHy, U MepEeHOC Yepe3 HUX OCYIIeCTBIsIeTCs oueHb ObIcTpo (10—10° non/c Ha oawH
KaHAJIbHBINA 0e0K). Takue BBICOKHME CKOPOCTH TPAHCIIOPTa MOHOB CBSI3aHBI C TEM, YTO KaHAJIbHBIC
OeNKu He IMpeTepreBaloT KOH(POPMALMOHHBIX W3MEHEHHH NMpHU MEepeHoce MOHA ¢ OAHOM CTOPOHBI
mMeMOpaHbl Ha Jpyryro. CToib OBICTpBI TPAHCIIOPT HOHOB OOYCIIOBIMBAET TaKyl0 BBICOKYIO
MeMOpaHHYIO MPOBOJAMMOCTb, YTO yJIAeTCs M3MEPHUTh MOHHBIM TOK 4epe3 OTIENbHBIA KaHai. B
OTJMYHUE OT 3TOr0 MEPEHOCUYUKH, KOTOpbIE YYacCTBYIOT B TPAaHCHOPTHOM IMKJIE, MPETEPIEBaOT
KOH(pOpMalmoHHble U3MeHeHus. [Ipu 3ToM MecTo CBS3bIBaHMS MEPEHOCHMMOIO BellecTBa ObIBAaET
o0palieHo cHavaja K OJHOM, a 3aTeM K MPOTHBONOJIOXKHON cropoHe MeMmOpanbl. Kak mpaBmio,
OTMOCPE/IOBaHHbIM MEepEeHOCYMKaMM TPAHCIOPT BELIECTB uepe3 MeMOpaHy MpPOUCXOIUT Ha
HECKOJIBKO MOPSAKOB MEIJICHHEE, YEM TPAHCIIOPT 110 KaHAJIAM.

[TaccuBHBIE IEpeHOCUMKHN MTPOCTO oberdatoT auddysuio BemecTs yepe3 MeMOpaHy, B TO BpeMs
KaK aKTHBHBIC HCIOJB3YIOT HEPTHI0 U TPAHCIOpPTa BELIECTB NPOTHUB KOHLEHTPAIIMOHHOTO
rpaaveHTa. M3BecTHBI akKTUBHBIE EPEHOCUHKH, CONPATAIOIINE TPAHCHIOPT BEIIECTBA C IEPEHOCOM
3J1eKTpoHOB, ruaponnzoM ATP win dochoenonnupyBaTa, NOINIOMEHNEM CBETa UM COBMECTHBIM
TPAHCIIOPTOM HOHA.

CylecTBYIOT TpyIIbl KaHAJOB U IEPEHOCUUKOB, KOTOpbIE OOBEAMHSAIOT (YHKLIHOHAIBHO
pasnuuaromuecs: OelKH, MMEIOIIME CXOJHO€ CTpoeHHe. biaM30CcTh HX aMHUHOKUCIOTHBIX
MIOCJIEIOBATEIBHOCTEH TTO3BOJISICT MPEANOI0KHUTh, YTO, HECMOTPS Ha Pa3Nuuus B CyOCTpaTHON
ceuu(UIHOCTH, KaHAJBl U NMEPEHOCUMKN OJHON TPyHIbl MOTYT (PYyKHIIMOHHUPOBATH MO CXOJAHOMY
mexaHusMy. Ilo-BunumMomMy, GeKOBbIE KOMIUIEKCH 00pa3yroT B MeMOpaHe Mopy, HaXOAALIyIocs B
IEHTpe OEJIKOBOTO KJacTepa, KOTOPBIH COJAEPKHUT HECKOJIBKO (OT TpeX M0 BOCHMH) KOIHMA
OJIMHAKOBBIX HJIM OJIN3KOPOACTBEHHBIX MOJMIIECTITHIOB WIH JOMEHOB OJHOTO MOJHIENTHAA. DTH
HOPBI MOTYT OTKPBIBaTbCS WIIM 3aKPBIBATHCS B OTBET HA XUMHUECKUI UM 3IEKTPUUECKUI CUTHAI.

SIcHo, uTo ochomunuaHbIA OUCIION ABISETCS 04eHb IPPEKTUBHBIM OapbepoM Il MHOXKECTBA
HEOOJIIIINX PACTBOPUMBIX MOJEKYJd. TeM He MeHee uepe3 IUIa3MaTHUECKyr0 MeMOpaHy, a TaKxke
yepe3 MeMOpaHbl, OTPAaHWYMBAIONINE pA3JIMYHBIE OpPraHe/ulbl (HalpUMep, MUTOXOHIPHUH),
MOCTOSIHHO TPAaHCHOPTHPYIOTCSA TOJSIPHBIE BEIIECTBA M HOHBL. OJTOT TPAHCHOPT LEITHKOM
orocpeioBaH Oenkamu, W JJIsl OOBSCHEHHS MEXaHW3Ma TepeHOca PAaCTBOPHMBIX BEIIECTB Yepe3
MeMOpaHy OBUIO MPEUIOKEHO MHOTO MOJENIeH. B 3Toi Ti1aBe MBI MOCTAaBWIIA Tiepea coO0H 3amady
CYMMHPOBATh BCE JIaHHBIC, OTHOCAIINECS K MEXaHU3MY IPOHUKHOBEHHS BEIIECTBA Uepe3 OMoMeM-
Opany. B cienyroieii rmaBe paccMarpuBaeTcsi BOIPOC O nepeaade HHPOpMaluu yepe3 MeMOpaHy;
B HEl Tak)Ke 3aTparuBaroTCs MPOOJIeMbI KICTOYHOH KOMMYHUKAIMH, TIOBEPXHOCTHBIX PEIENTOPOB
U mpeoOpa3oBaHusl CUTHAIOB. Martepuan 3THX IBYX TJIaB B3amMOCBsi3aH. Hampumep, oTBeT Ha
OTIpeIeIeHHbIE CUTHAIIBI (CKa)XXeM, CBSA3BIBAHUE MOJIEKYJIBI C TOBEPXHOCTHBIM PELIENTOPOM KIETKH)
OBICTPO HM3MEHSET IMPOHHUIIAEMOCTh MEMOpaHbl K CHenu(UYECKMM HOHAM, B PE3YJIbTAaTe Yero
U3MEHSETCS TPAaHCMEMOPAHHBIM TOTCHIWAN W/WIM BHYTPHUKICTOYHAs KOHIEHTpAIUs HOHOB.
OpHako mpexae 4eM OOCYXIaTh 3TH W JIpyrHe BO3MOXKHbIE MEXaHU3MBl Iepeiaydl CUTHAJIOB,
HEOOXOJIMMO BBISICHUTh MEXaHM3MBI DPETYJISIIMA BBICBOOOXKICHUS W HAKOIUICHHS MOJEKYJT B
pa3IMYHBIX KOMITAPTMEHTAX.

3necy OyAeT MOJEe3HO BBECTH HECKOJBKO TEPMHUHOB, MCTOJB3YIOLIUXCS ISl XapaKTEPUCTUKH
OENKOB WJIM CTPYKTYp, YYacTBYIOUIMX B TpaHcMeMOpaHHOM TpaHcmopre. B Talaume maercs
Kiaccuukanus TpaHCIOPTHBIX OenkoB. [Ipexkae Bcero ux moapa3faeisitoT Ha KaHaavl (WA nopbl)
U nepenocuuku. Ilopbl W KaHAIBl 4acTO W300pakalOT B BHJIE TyHHeNeH depe3 MeMmOpaHy, B
KOTOPBIX MECTa CBSI3BIBAHUS TPAHCHOPTHPYEMBIX PACTBOPHUMBIX BELIECTB JOCTYHMHBI C OOEHX
CTOPOH MeMOpaHbl OJHOBpeMEHHO. KaHanbHble OCJIKM HE MPETEpreBalOT  HHUKAKHX
KOH(OPMAIIMOHHBIX U3MEHEHHI B TPOIIECCEe MEPEHOCa PACTBOPUMBIX BEIIECTB C OJHON CTOPOHBI
mMeMmOpaHbl Ha JApyryto. HampoTuB, koH(popMamus NEepeHOCUMKOB B TIPOLECCE TpPaHCIOpTa
Pa3JINYHBIX BEIICCTB U3MCHSETCSI.

[TepeHOCHMOE BEIIECTBO CBS3BIBACTCS C OJJHOW CTOPOHBI MEMOPAHBI, M /ISl BEICBOOOXKICHHSI €T0 C
JIPyrol CTOPOHBI B TIEPEHOCUMKE JIOJDKHO TIPOM3OHTH OIpeneleHHOoe KOH(OpMaIMoHHOE
uzMeHenue. [Ipu 3Tom B 1100601 MOMEHT BpeMEHU MECTO CBS3BIBAHHS BEIIECTBA JOCTYITHO TOJIBKO



C OJTHOW CTOPOHBI MEMOpaHHI.

Kananbl u mopsl Takke MpeTeprieBalOT KOH(OPMAIMOHHBIE H3MEHEHUS, OIHAKO IOCIICTHHE

PEryIupyIoT JIUIIb UX OTKPhIBAaHME U 3aKphIBAHUE M HE KAacaloTCs caMoro Ipolecca nepexoca. /(e
OCHOBHBIE T'PYIIbl KaHAJIOB, PUBEICHHBIC B TaOIMIle, pa3AesAioTCs Ha KaHalbl, paboTa KOTOPBIX
peryiaupyeTcss U3MEHEHUEM HANPANXCEHUs JIeKMPUIecKo20 noas Ui xumuueckum nymem. Kanamsl
MEPBOrO THUIA OTKPHIBAIOTCS WU 3aKPHIBAIOTCS B OTBET HA W3MEHEHHE TPAHCMEMOpPAaHHOTO
MOTEHIIMAA;
HaubOosee W3YUYCHHBIMH W3 HHUX SBISAIOTCA KaHajbl 3JIEKTPOBO3OYAMMBIX KIIETOK, HampuUMep
HEpBHBIX WJIM MBIIIEYHBIX. KaHamel BTOpOTO THIIA OTBEYAIOT HA JEHCTBHE CcHemM(pUIecKux
XUMHYECKHX areHTOB; Haubosiee NeTallbHO M3yUYeHHBIC W3 HUX — KaHaJbl, CBS3bIBAIOLINE HEUPO-
MEANATOPbI, HAlpUMeEp AaUETHIXOJIUH. Tak, HUKOTHMHOBBIM alleTHUIIXOJU-HOBBIM peuenTop Mpu
CBSI3BIBAHWM C HHUM HEWpOMeIuaropa IMEPEeXOJUT B OTKPHITYI0 KOH(OPMAIMIO W IPOIyCKaeT
OJIHOBAJICHTHBIC KATHOHBI.

TepMuHsl nopa u kanan 0OOBIMHO B3aMMO3aMEHSIEMBI, OJJHAKO IO/ MIOPOH Yalle MOHUMAIOT HEKHe
HECEJICKTHBHBIE CTPYKTYpBI, KOTOphle PaznmuaroT BemiecTBa TJaBHBIM 00pa3oM IO pasMepy H
IPOIMYCKAIOT BCE JOCTATOYHO Majble MOJeKyybl. [log kaHamaMH yaiie BCero MOHMMAIOT MOHHBIC
KaHaJbl, KOTOpbIe, KaK TEMeph WM3BECTHO, IIMPOKO PACIPOCTPAHEHBI BO MHOTHX THUMAX KJIETOK,
OTJIMYHBIX OT HEPBHBIX M MBIIICUHBIX (HAPUMEDP, B AMUTETUANBHBIX KIIETKAX).

[lepeHOCUMKH MOXXKHO pa3[ENUTh HA [BE TPYMIBL: HACCUBHble W axmusHvle. Mbl Oyaem
UCIIONB30BaTh TEPMUH NACCUBHBIU NEpeHOoCcYuxk B TOM Ciydae, KOTJa MpPU €ro ydacTUuu
OCYUIECTBIIIETCS TEPEHOC uepe3 MeMOpaHy €AMHCTBEHHOTO TuIa BemiecTB. llepeHocumku-
YHHUITOPTEPHI TOJIBKO YBEIMUMBAIOT IMOTOK BEIIECTBA, HIYIIUI Oe3 MOTpeOIeHNs SJHEPTUH, T. €. TI0
TPAAMEHTY DJIEKTPOXUMHUYECKOTO0 IMOTEHIMana. TakoW TMpolecc HasbIBaeTCs 001ecueHHOU
oughghysueiu. Hambonee MOTHO H3YYCHHBIM TMACCUBHBIM TIEPEHOCUHMKOM SIBISIETCS TMEPEHOCUHK
[JIIOKO3BI B APUTPOLIUTAX.

AxmueHble nepeHocyuku OCYIIECTBISIOT IEPEHOC BEIIECTB 4Yepe3 MeMOpaHy ¢ 3aTrpaTaMu
SHEPTUH, B pe3yJbTaTe 3TH BEIECTBA HAKAIIMBAIOTCS C OJHOW CTOpPOHBI MeMOpaHnbl. [Ipu sTom
TPAHCTIOPT BEILECTBA JOKEH OBITh COMNPSIKEH C APYTHM, 3alacarloluM CBOOOJHYIO SHEPTHUIO
npoueccoM. Iloutn Bce nepsuunvie axmuenvie nepeHocuuxu SBISIOTCS WOHHBIMM HacoCaMH, B
KOTOPBIX INEPEMELICHHE HOHA MPSMO CONPSHKEHO C IMOCTABJISAIOMIECH SHEPrHi0 XWMHUYECKOH WiIn
dboToxumuueckor peakuuei. [I[ppumMepomM HOHHOTO Hacoca SBISETCS OAKTEPUOPOIOTICHH, KOTOPHIN
JUIsL TIepeHoca MPOTOHOB depe3 MeMOpaHy HCIOJIb3YeT 3HEpruto (POTOHOB BHAMMOIO cBeTa. B
OOJIBIIMHCTBE CIy4acB MOHHBIE HACOCHI SBISIOTCS 3J1€KMPO2eHHbIMU: TIPU paboTe MEPBUYHOTO
HAcoca OCYIIECTBIIACTCS MEpeMEeIleHUE 3apsiia, B pe3yibTare 4ero MPOUCXOAUT pas3felieHue
ANEKTPUYECKUX 3apsAI0B U Ha MEMOpaHE CO3/1aeTCs HAMpsKEHHE.

[lepBuuHbBIE aKTUBHBIC NMEPEHOCUYUKH TC€HEPHPYIOT HAIPSDKEHHE M CO3JAIOT TPaHCMeMOpaHHBIC
WOHHBIE TPAJUCHTHl. Bmopuunvle axmueHvle nepeHoCcHuKy WUCTONIb3YIOT TaKhe TPAJUCHTH B
KayecTBe ABWXKYLIEH CHIIBI AJsi TpaHCIOpTa pacTBOPUMBIX BemiecTB. Hambonee moiHo oxapak-
TEPU30BAaHHBIM TNPUMEPOM TAaKOTO poOAa sBISETCS OEMOK — TEPEeHOCYHK  JIAKTO3BI
(makrozomepmeasa) wu3 Escherichia coli. DTOT TEpPeHOCUYHK HUCHOIB3YeT MPOTOHHBIN
ANEKTPOXUMUYECKUN TPAAUEHT, TEHEPUPYEMBIH IBIXaTENbHOM SJIEKTPOHTPAHCIOPTHON LIETBIO, B
KauyeCcTBE JIBWXKYILEH CHJIbI JUIsl HAaKOIUIEHHs JIAaKTO3bl B KJIETKE. DTO MPHUMEp cumnopma, Korua
yepe3 MeMOpaHy OJHOBPEMEHHO IEPEHOCATCS JBa pasHbIX BellecTBa (HANpHUMEp, MPOTOHBI U
JaKkTo3a). Auwmunopmepvl  OCYLIECTBISIOT  TPAaHCIOPT BEHIECTB B  MPOTHUBOIOJIOKHBIX
HanpaBieHusx. Tak, Hampumep, OelOK MOJOCHI 3 SPUTPOLUTOB OCYIIECTBISET COMPSKEHHBIN
tpancnopt C1™ u HCO3 B mpOTHUBOIONIOKHBIX HAMPABICHUAX YEPE3 IPUTPOIIUTAPHYIO MEMOpaHYy.

TepMuHBl nepemeasza, mpancioKka3a W HNEPEHOCHUK, SIBISIIOIIMECS CHUHOHMMAMM, YacTo
UCIOJB3YIOT IO OTHOIIEHUIO K TPAHCIOPTHBIM O€jKaM, OTIMYHBIM OT IMEPBUYHBIX AKTHUBHBIX
NepeHoCYUKoB. OOBIYHO TEPMHUH «I€pMeaza» MPUMEHSIOT IpPU ONHCAHUM OaKTepHATbHBIX
TPAHCIIOPTHBIX O€NKOB. TepMHH «IEPEHOCUUK», MO-BHAMMOMY, IIydIlle HCIOJIb30BaTh TIO
OTHONICHUIO K HOHO(OpaM UM CXOJHBIM C HUMU CTPYKTYpaM, KOTOPHIE CBA3BIBAIOTCS C HOHAMU U
MEPEHOCAT UX Yepe3 OHUCION B cOCTaBe KOMILIEKCA.

Knaccudukainuss TpaHCHIOPTHBIX OENKOB, MpeACTaBlIeHHAs B Ta0JMIlEe, OCHOBaHA TJIABHBIM
o0pa3oM Ha SHEpPreTMKe W MEeXaHHM3ME TPAHCIOpTa PacTBOPUMBIX BemecTB. OmHAaKo MO Mepe
YCTaHOBJICHHUS] aMUHOKUCIIOTHOM MOCIEA0BATEIbLHOCTH BCE OOJIBIIEr0 Yucia OENKOB MOSBIIAETCS
BO3MOXXHOCTH pa3padoTaTh IPyTroil MPUHINI KIACCUPHUKAIIMHA TPAHCTIOPTHBIX OEIKOB — Ha OCHOBE
UX CTPYKTYPHOTO CXOJCTBa. B cienyromeil Tabmuie IMOKa3aHO HECKOJIBKO CTPYKTYPHO



POJCTBEHHBIX TPYI KaHAJIOB M TPAHCHOPTHBIX OenkoB. IIpu sToM Oenku, BXOAAIIME B COCTaB
OJIHOM TIpynmbl, MOTYT BBINOJHATH pa3Hble (QYKHIUMM. B kauecTBe mnpumepa paccMOTpUM
TIEPEHOCUHK TJIIOKO3bl MJICKONHTAIOMMX M TepeHocunk H * -apabumosel Gaxtepwii. IlepBbiit
ABIISIETCA YHMUIIOPTEPOM, KOTOPBIH MOXET KaTaJlu3HpOBaTh TOJBKO OOJerdyeHHyo auddysuro
IJIIOKO3BI, B TO BPEMsl KaK BTOPOi CIOCOOEH compsAraTh mepeHoc MOHOB H ' 1o mpoToHHOMY
AIIEKTPOXUMHUYECKOMY TPaJMEHTy C AKTHUBHBIM TPAHCIIOPTOM JPYrOro BEIIECTBa, apaOMHO3BI.
SIcHO, YTO TPUPOAA MOXKET MPHUCIIOCOOUTH OJHY U Ty K€ CTPYKTYPY AJIS BBIIOJHEHUS Pa3HbIX

GyHKIHA.
MOTEHLMAN-3ABNCUMbIN HATPUEBBIN KAHAI

Pucynok. HexoTopble MoJiesI HATPUEBOrO KaHaja.

1. I'nmoreTnyeckast opraHu3anys MIECTH CIHpajeil KaxJ0ro JoMeHa, 00pa3yIoIiX NeHTPAILHEIA KaHall (BH]] CBEpXY).

2. I'mnoreTtndeckasl MOJENb Y3KOTO «CEIEKTHBHOTO (MIBTPay, ONpEAeNsiomero BeicoTy Oapbepa C. ['mapaTupoBaHHBIN HOH
JOJDKEH TOCIeA0BaTeNbHO MpoiiTu depe3 monoxenus A, B, C u D, u BbicoTa KuHeTH4ecKoro 6apbepa OyJeT 3aBHCETh TNIaBHBIM
00pa3oM OT COOTHOIIEHHUST MEXIY PACCTOSHHEM OT KapOOKCHIIBHOM IPYIIIEI 10 KapOOHWIIBHOM M pa3MepoM HOHa.

[ToreHMan3aBUCHUMbII HATPUEBBIH KaHal oOecrmeyrBaeT ObICTpOE YBEJIMYECHUE HATPUEBOU
IPOBOJUMOCTH, OTBETCTBEHHOE 3a (hazy NeNosIApH3alMy MpU Pa3BUTUU MOTEHLUANA JEHCTBUSA B
HEPBHBIX U MBIIIEYHBIX KJIETKAX. DTOT KaHal ObUI OYMIIEH O TOMOT€HHOTO COCTOSIHUS U3 He-
CKOJIBKMX UCTOYHUKOB, B YaCTHOCTH U3 MO3ra KPBICHI, CKEJIETHBIX MBI MIEKONUTAOLIUX, CEPALIA
IBIMJICHKA U 3JIEKTPUUECKOTO oprana ckarta Electrophorus electricus.

OunnieHnsie KaHabl U3 Elektrophorus electricus v cepana 1pIIIICHKa coiepKaT €AMHCTBEHHYIO
[JIMKOTMPOTENHOBYIO CYOBEAMHUITY ¢ MOJI. Maccoit —260000, B TO BpeMsi Kak KaHaJbl, BbIICTICHHBIC
U3 TKaHEeH MJICKONUTAIOIINX, COJIEPKaT eIle OJHY WM JIB€ MEHbLINE CyObeIUHUIIBI C MOJI. MAacCOH
oT 33000 mo 38000. bonplIyto 4acTh U3 ATUX OYMIIEHHBIX MPENApPaTOB KAHAJIOB YIAJIOCh BCTPOUTH
B IUIOCKHE MEMOpPAHBI, IPH 3TOM OHU COXPAHSUIH MPHUCYIINE UM in Vivo 3JIeKTPO(U3NOTIOTHIECKUE
U (papMaKoJIOTHUECKUE XapaKTePUCTUKU. J{JIsl yCHeHONH pPeKOHCTPYKIIMY KaHalla, BBIZCICHHOTO U3
TKaHEel MJIEKONUTAIONMX, HEOOXOAUM IO MEHBIIEH Mepe OJMH U3 HEOOJIBIIMX aCCOLMUPOBAHHbIX
OeNKOoB.

HatpueBble KaHambl B3aUMOACWCTBYIOT C pPa3IMYHBIMM TOKCMHAMH, B YaCTHOCTH C
TETPOJIOTOKCUHOM, CaKCUTOKCHMHOM M a-TOKCMHOM CKOPIIMOHA, KOTOpbIEé OYEHb IMPOYHO
CBA3BIBAIOTCA C KaHAJIbHBIMU O€JIKaMM M MOTYT HCIOJb30BATHCS IPU  KOJMUYECTBEHHBIX
OMOXMMHUYECKUX H3MepeHusiX. [IpucyTcTBUEe 3THX TOKCMHOB OYEHb BAaXXHO Kak JUII OMOXMMHYE-
CKOM OUMCTKH KaHaJOB, TaK U AJIS U3yYeHUs UX paboThl in vivo. Kak 1 kaHaJl KOHIIEBOH MIaCTUHKU
(nAChR), HaTpueBble KaHaIBl paclpeiesiCHbl B IJIa3MaTHYECKOW MeMOpaHe HE paBHOMEpHO, a
coOpanbl B KjacTepbl. B MbliieyHbIx kiaeTkax Na-KaHallbl CKOHIIEHTPUPOBAHBI B pailoHe KOHLIEBOM
tactuaku BMecte ¢ nAChR-kananamu.

Hyma c¢ coaBropamMu KJIOHHpPOBAJIM TE€HBI, KOAMPYIOLIME OEIKHM HATPUEBBIX KAHAIOB U3
Electrophorus v TnaBHyr0 CyObeIWMHHUIy KaHalla W3 MO3ra KpPBICH, M ONPENSIHIA HX
HYKJICOTUIHYIO IIOCIIEIOBATEIbHOCTh. bBBIJIO TMOKa3aHo, uYTO O€JIOK HATPHEBOrO KaHajda U3
Electrophorus conepxut 1820 aMHUHOKHMCIOTHBIX OCTAaTKOB, OPraHM30BAHHBIX B  YETHIPE
HOBTOPSIOLINECS rOMOJIOTMYHBIE €JUHHLBL. [lo MHEHMIO pa3HBIX aBTOPOB, KaKIbIH
TOMOJIOTHYHBIA YYacTOK COAEPXKHUT 4, 6 minn § TpaHCMeMOpaHHBIX a-crupaneid. Hekoropeie u3
9THX MpPEINoiaraeMbIX TpaHCMEMOpaHHBIX crupanel (cermMeHThl S4) aM(puuIbHEL U aHAJOTMYHBI
noctyiaupoBaHHbIM 11 nAChR-kanama (cM. mpenpiaynuii pazzgen). Mwmerorcs skcnepuMeH-
TaJIbHBIC JAHHBIE O TOM, YTO KapOOKCWJIBHBIM KOHEI| TMOJHMIIENTHIHOW LENH JIOKATN30BaH Ha
IIUTOIUIA3MAaTHUECKOM MOBEPXHOCTH; COOOIIANOCH TaKkXKe, UTO aM(pumibHas 54-criupaib sSBIIETCS
BHEIMTOIIa3MaTHUecKod. OAHAKO HUKAKOW JIOMOJIHUTENBbHOW HHGpOpMalUK, MO3BOJSIOIIEH
HNOJATBEPAUTD IPEUIOKEHHBIE TOMOJIOTHYECKHE MOJENM, HEe cyliecTByeT. HeT Takke NaHHBIX O
TOM, KakKh€ YYacTKH TIIOJIMIENTH-1a HEMOCPEICTBEHHO BOBJICYCHHI B OOpa3OBaHHE IOPHI.
PaznuuHble MOzEIM HATPUEBOrO KaHalla KOHIENTYaJbHO OJIM3KM K MOJENSAM KaHajda KOHLEBOW
IUITACTUHKHM B TOM OTHOILEHHUH, YTO KaHaJl per s€ COCTOMT M3 KiacTepa a-crnupaineil, o0pa3yroumx
HEHTPaIbHYI0 TIOpy. B 3TOM ciydae, ogHAaKO, BMECTO TISITH Pa3IMYHBIX CyOBEIUHHII MBI HIMEEM
YeTblpe TOMOJIOTHYHBIX JOMEHa €IUHCTBEHHOW cyObenuHunbl. I[lo Bcell  BepoOsSTHOCTH,
creur(UYHbIe TPyl OPraHW30BaHbl B KaHaje TaKUM 00pa3oM, 4TO 00pa3yeTcsl «CEeIeKTUBHBIN
GunbTp».

[IpenensHble pa3Mepbl KaHajla MOYKHO OLIEHUTb, MCIIOJb3YS METOJ «MOJIEKYJSPHOIO CUTay,



OJTHAKO IPH 3TOM HEJNb3s1 OOBSCHUTh CEJIEKTUBHOCTh KaHalla M0 OTHOLIEHHIO K JI0CTATO4HO MallbiM
nonam. Ha puc. 8.10 MpUBE/ICH npocplxmb cBOOOHON AHEpruu Wi Tudy3un HOHOB Na'" yepes
kaHai. Ecnu numuTHpyromen ctaauen sSBIsSEeTCs Jeruaparanys, To IapaMeTpoM, ONpeAESIoIIM
BBICOTY JHEPreTHYECKOro 6apbepa OyZeT reoMerpus TeX KOMIIOHEHTOB, KOTOpbIE BPEMEHHO
3ameHsoT Boxy. Jma K TOnmoXeHHE COOTBETCTBYIONIMX TPy He 6YI[6T ONTUMAaJIbHBIM,
MOCKOJIBKY 3TOT MOH HECKOJIBKO OOJIBIIE TIO TUAMETPY, a MOTOMY 3Hepremqec1<nn Gapbep Oyner
ppime. Hamportus, nns K -celeKTHBHBIX KaHANOB COOTBETCTBYIONIMII dHEpreTHHECKUii Gapbep
OyaeT MUHUMaIeH UMEHHO /T HoHOB K.

B nocneanee Bpemsi ObLJIO MOCTPOEHO TAaKKE MHOTO MOJENEH, OMMCHIBAIOLUIUX PETYJISALHUIO
palboThl KaHaja MpH MOMOIIM TpaHCMEMOpaHHOro mMoTeHIMana. B perynauuu, 6e3 coMHEHMH,
ydacTByeT H3MEHEHME 3apsia Oeika B OTBET Ha HAJOXKEHUE 3eKTpuueckoro mons. OgHako
HUKaKHX JAHHBIX O TOM, KaKM€ HIMEHHO YYacTKH MOJMIIENTHA 00pa3yloT BOPOTa WK OTBEYAIOT Ha
M3MEHEHUE HaNpsKEHUs, HE CYIIECTBYET.

JlanHple 00 aMUHOKHCIOTHOM IOCIEI0BAaTEIbHOCTH HATPUEBOIO KaHaja CBUAETENbCTBYIOT O
TOM, 4YTO OH OTHOCUTCSl K IpyIIe MOTEHIMAJI-3aBUCUMBIX KaHaJIOB. B 3Ty ke rpynmy BXOAST
KaJMEeBbIM KaHan u3 Drosophila i qUruApONIMPUINHOBBIA KaJHEBBIN KaHAT U3 CKEJIETHBIX MBIIII]
Kpoiuka. Bce »tm OGenku conepxar aM(uWIBHBIA MOJOXKHUTEIBHO 3apsDKEHHBIN CErMEHT,
AQHAJIOTMYHBIA CErMEHTY HATPUEBOrO KaHajla. JTO €Hle pa3 IMOATBEP)KIAET BBIBOJ O TOM, 4YTO
JTAaHHBIN CETMEHT YYacTBYET B PETyJISIIMU pabOThl KaHaja, OTBEYask Ha U3MEHEHHE HANpsKEHUS Ha
memOpaHe. OTMETHM, YTO KaK HATPUEBbIM KaHal U3 TKaHEH MJICKONUTAIOIINX, TaK U KaJIbLMEBBIN
KaHaJI UMEIOT CyObeIMHUIIBI, (PYHKIIMH KOTOPBIX HEU3BECTHBI.

KANbLUMEBBLIN KAHAN

Ca’’-celleKTHBHBIC KaHAIBl OYEHb IIMPOKO DACIPOCTPAHEHBI B BO3OYIMMBIX KIIETKaX —
HEPBHBIX U MBIIICYHBIX, d TAKXKE B OOIBIIMHCTBE APYTHX TUIIOB KiIeTok. Hekoropsie Ca” * -kaHaibI
OTBEUAIOT HA W3MEHEHHWE HaIpsDKeHUs Ha MeMOpaHe, a paboTa OPYyrHX PEryIHpyeTcs OIrocpe-
JIOBAHHO € TOMOLIBIO PELIENTOPOB. OOblyHO KOHLeHTpauus #HoHOB Ca B IMTOIUIa3ME HeE
MpEBbIIIACT 10" M, uro B 10000 pa3 HUXKe, YeM KoHIeHTpanus noHoB Ca BHe KieTku. M3-3a 3Tux
ycinoBuil u B ornuuue OoT Na-u K-xananoB oTkpeiBaHue Ca -KaHajla MOXET MPUBOIUTH K
3HAYUTENIBHBIM H3MEHEHUSM KOHIICHTpPAI[MM 3TOT0 MOHAa B LMTOIIA3Me, YTO B CBOIO Ouepelb
UHIYIUPYeT pa3HooOpa3Hble OuoXuMuYeckue coObITHsA. Hampumep, MNOTEHIIMAT3aBUCUMOE
yBEIMUEHUE KOHIEHTpamuu WoHOB Ca B IUTOIDIa3ME TPUBOAWT K  BBICBOOOXKIECHUIO
HelpoMenaTopoB (TaKuX, KaK alleTUIXOJIMH U3 TPECUHANITUYECKOW MEMOpaHBI).

Hcxons ux dapmakonornyeckux AaHHBIX, OblUia mpoBeaeHa kinaccuduxanus Ca-kananos. Jls
OYMCTKU W JaJbHEHIIEH XapKTEPUCTUKH KaHAJIOB OYCHB IMOJE3HBIMU OKA3aJIUCh OPTraHUYECKHE
OJIOKMPYIOIIME areHThl C BBICOKHUM CPOJICTBOM K KaHanmaMm. EguHcTBeHHBIN Kiacc Ca-KaHaoB,
OXapaKTepU30BaHHBIX OWOXMMHUYECKH, — OTO TOTEHIHUAI3aBU-CHMbIE KaHAlbl, KOTOpPbHIE
OJIOKHPYIOTCST Pa3IMYHBIMU OPTaHHMYECKUMHU COCIMHECHHSIMH, B YaCTHOCTH TPOU3BOJIHBIMU
TUTUIPONTUPHUINHA. DTU KaHAIBI OBLTU BBIACICHBI U3 CEPACUYHON U CKEIIETHOW MBIIII] U OKa3aJIUCh
0JIMHAKOBBIMHU. OHHM COCTOST KaK MUHUMYM U3 JBYX cyOwmeannuil ¢ moi. Maccoit 140000 u 30000.
bonbmas cyOpeannuia Oblj1a KJIOHHPOBAHA U CEKBEHMpPOBAHA M OKa3aslaCh CTPYKTYpHO OJM3Ka K
MOTEHITHAI3aBUCUMOMY HATPUEBOMY KaHaTYy.

[MosiBnsieTcst Bce Oouiblile JaHHBIX, CBUICTEIBCTBYIOIIMX O CXOJACTBE CTPYKTYpPBI Pa3iIUYHBIX
KaHaJOB M IOp. B OCHOBE BCEX ATHX CUCTEM JICKHUT 3allOJHCHHAs BOJOW IIOpA, BBICTIAHHAS
U3HYTPH NOJSIPHBIMU rpynmaMu. [lopa MoxkeT ObITh 00pa3oBaHa WiH alb(ha-CIUPaTbHBIMU, WIN
BETA-CTPYKTYPHBIMH 3JeMEeHTaMH. YTOOBI TPAHCHOPT OCYIIECTBIISUICS C BBICOKOH CKOPOCTBIO, B
KaHaJle He 00s3aTe’IbHO JOJDKHBI MPUCYTCTBOBATh MECTa CBS3bIBAHUS, 00JaJalOLINe BBICOKUM
CPOACTBOM K II€PCHOCHUMBIM BELIECTBAM, IIOCKOJIBKY CEJIIEKTHUBHOCTH OIPEIEIACTCS BBICOTOM
PHEpPreTHUecKux OapbepoB, a He IyOuHOW BmaguH. CENeKTUBHOCTh KaHAJOB MOXHO B
OOJBIIMHCTBE CIyyaeB OOBSCHUTH TE€M, YTO B HECKOJIBKHMX KIIOYEBBIX MECTax pacIoaratorcs
creun(uyeckue aMUHOKHUCIOTHBIE OCTaTKH, ONPEIEISIONIME XapaKTep TeX BELIECTB, KOTOPbIE
MOTYT IIPOXOJIUTH Yepe3 KaHAIL.

Hecko1bK0 NpUMEpOB MOP ¥ KAHAJIOB

B MOCJICAHEC BpEMA NOCTHUTHYThI OoubIINE YCIICXU B OIIPCACIICHUH CTPOCHUA IIOP U KaHAJIOB Ha



MOJIEKYJISIPHOM YpOBHE. BBIABIAIOTCS HEKOTOpbIE OOLIME CTPYKTYpHBIE 3JEMEHTBl 3THX
oOpa3oBaHMil. AHanu3 AaMMHOKHCIOTHBIX I1OCIIEOBATEIbHOCTEH COOTBETCTBYIOUIMX MOJEKYJ
yKa3blBa€T Ha CYIIECTBOBAHHE CTPYKTYPHO POJCTBEHHBIX TIPYNI HOHHBIX KaHayioB. OOmmm
CTPYKTYPHBIM MOTHUBOM AJISl 3THUX O€JIKOB MOXET ObITh IMJIMHIPUYECKHH KaHal, (popMupyeMblIi
HECKOJBKUMH aM(PU(UIBHBIMHA a-CIIAPATISIMH Pa3HBIX CYOBEAMHUI] WM OTIACIHHBIMU JOMEHAMHU
OJTHOW CyOBeAMHUIBI. Ba)KHBIM HCKIIIOYEHHEM U3 a-CIUPATBHOTO CEMEWCTBA KaHAJOB SIBIISIOTCS
HOPHHBI, TOCKOJIBKY OHU (POPMHUPYIOT HOPHI U3 O€Ta-CI0eB, a HE ¢ MOMOIIBIO allb(ha-criupanei.

LWEJIEBBIE KOHTAKTbI

[IleneBble KOHTAKTHI — 3TO KJIACTEPHI MEMOPAHHBIX KAHAJIOB, KOTOPBIE COETUHSIOT CONEP)KUMOE
COCEHUX KIIETOK B TKaHsX. Uepes Takue KaHaIbl IPOXOAST HEOOIbITHE MOJICKYIBI — METa0OIUTHI
U HEOpraHM4ecKre MOHbI. J/lnamMeTp KaHallOB B KJIETKaX MIIEKOMHUTAIOIIUX cocTaBisgeT oT 12 mo 20
A. Yepe3 HUX OCYIIECTBISETCA MEPEHOC U3 KJIETKU B KJIETKY MOHOB M XMMHUYECKHUX BEIICCTB.
Takum o00pa3oM, OSTH KaHaJIbl COSAMHSIOT JBE IUIa3MaTH4eckue MemOpaHbl. OMBITHL 110
KJIOHUPOBAHHUIO U OMOXUMHUYECKONH PEKOHCTPYKIIMU MOKa3aiH, YTO KaHal 00pa30BaH OJUTOMEPOM
€IMHCTBEHHOI'0 MENTHAa, MOJI. Macca KOTOPOTO Jid KJIeToK neueHn coctasigeT 32000. Ucxons u3
JAHHBIX 00 aMMHOKHCIIOTHOM TIOCTEAOBATEIILHOCTH, MOXKHO TIPEIANOJIOKUTh, YTO B KaXIOU
cyObeMHUIIE UMEIOTCS 4YeThIpe TpaHCMeMOpaHHBIe a-cnupanu. K HacTosiiemMy BpeMeHU
OXapaKTepU30BaHbl OEJKHU IEJIEBbIX KOHTAKTOB (WJIM KOHHEKCHHBI) U3 HECKOJIbKHX TKaHEH; Mo-
BUJMUMOMY, OHU OOpa3yOT OOIIMPHYIO TPYIITy POJCTBEHHBIX OCIIKOB. DTH KaHAJIBI OOBIYHO
HAXOMATCSI B OTKPBITOM COCTOSIHUHM, HO 3aKPBIBAIOTCS, KOT/Ia TIOHMKAETCSI CKOPOCTh METa0OIU3Ma.
[lepBUYHBIM cueHanrom Uil 3aKpbIBAaHUS KaHalla SIBJSIETCS, N0 BCEH BEPOSTHOCTH, IMOBBIIICHUE
xonnenTpammu Ca” *, XOTS MpH M3MEHEHHH TPaHCMEMOPAHHOTO MOTEHIMATA WM 3aKHCICHHN
cpelbl TaKkKe HAOMIOZACTCS 3aKphIBaHME KaHama. BosmoxkHo, sddexr Ca’’  sBusercs
ormocpenoBaHHbIM.  Jl[pyruMm  crocoboM  perymsimuu  paboThl  KaHala ~ MOXET  ObITh
dbochopunupoBaHue.

OcHOBHasi MoOJieJIb, OIMCHIBAIOIIASl CTPOCHHUE W BO3MOXKHBIA MEXaHW3M pabOThl KaHaJIa,
npencTaBieHa B padbote. s BBIACHEHUSI CTPYKTYPBI KaHAJIa aBTOPBI HCIIOIH30BAIN SJIEKTPOHHYIO
MUKpockornuo. Kaxapii kaHam cocTouT u3 12 cyObeIuHHUII, 10 MEeCTh OT Kaxaou kieTku. Kanan
MPEJICTaBIISIET COOOM TEeKCAaMEepHYIO CTPYKTYpy ¢ ICHTpanbHOW mopoi. Kaxmas cyOneamnHmIa
uMmeeT (GopMmy CTEepiKHs, MPOHU3BIBAIONIETO OMCION. [[Ba rekcaMepHBIX KOMILIEKCAa COCEIHHX
MeMOpaH COEIMHEHBI KOHEIl K KOHIly M 00pa3yloT MPOTSHKEHHBIM KaHal, OOBeAMHSIOMUNA 00e
MeMOpanbl. CTpyKTypa KaHajlla MIEJIEBOTO KOHTaKTa 3aBUCHT OT Hanuuuss uoHoB Ca. B
npucytcTBuM Ca cyObeAMHMIIBI PACIIOJIOKEHBl NAapajuIebHO LIEHTPAJbHOM OCH KaHala, a B
OTCYTCTBHE STHUX HMOHOB OHHM HECKOJBKO HAKIOHEHBI (OTKPBITOE COCTOSHUE). DTO HAaBOIAUT Ha
MBICITb, YTO OTKpBIBAHHWE U 3aKpbhIBAaHME KaHaja MPOHCXOJUT aHAJIOTUYHO paboTe HPUCOBOM
muadparMel GoToanmapara; CyObeqMHHAIBI CKOIB3AT JPYT OTHOCHTEIHHO JIPyTa B OTBET HA CHTHAI
K OTKPBIBAaHUIO WK 3aKpbIBaHUIO. OTHAKO TOUHBIN MEXaHU3M 3TOT0 Ipoliecca JaleKo He SICEH.

SAAEPHBIE ITOPOBBIE KOMITJIEKCHI

SnepHas o0oj0uKa COCTOMT M3 JBYX MeMOpaH. SlnepHble MOpOBbIE KOMIUIEKCHI Y4acTBYIOT B
TPAHCIIOPTE BEIIECTB MEXAY AIPOM M LUTOIUIA3MOM. JTU IMOPHI, AHAJIOTUYHO KaHAJIaM HIECJIEBBIX
KOHTAaKTOB, IPOHU3BIBAIOT J1B€ MeMOpaHbl. [lo JaHHBIM 3JEKTPOHHOM MHUKPOCKONHHU BBICOKOTO
paspeleHus, siAepHas Iopa UMEET OKTarOHaJIbHYI0 CHMMETPHIO, HO YCTPOEHA CIIOXKHEE, YEM KaHaJl
IIEJEBOr0 KOHTaKTa. SlepHas mopa MpeacTaBiseT cOOOH /JBa OKTaroHaJbHBIX LWIMHApa (10
OJJHOMY B KaXJOW MeMOpaHe), COEIMHEHHbIX BMECTE HANoJ00ME KaHala ILEIEBOr0 KOHTAKTA.
[omunenTuaHbIM cOCTaB MOPHI SIEPHON 000JI0UKHM OKOHYATEIBHO HE YCTAHOBJICH.

Pa3zmep nopsl siiepHOit 0605104k BECbMa BENHK, pauyc ee (yHKINOHAIbHON YacTH COCTABISET
~ 90 A; uepe3 Hee MOTYT MPOXOAMUTH KaK HEOOJbIIME PAaCTBOPUMBIE BEIIECTBA, TaK U MHOTHE
KpYyNHbIE MOJIEeKyJIbl. CyIIecTBYIOT ClielMaIbHble MEXaHU3MbI TPAHCIIOPTAa MaKpPOMOJIEKYJI BHYTpPb
A1pa U U3 Apa B LUTOIIA3MY, OJHAKO JIO CUX IOP O HUX MaJIO YTO U3BECTHO.

ITOPUHBI

[Topunbl 00pa3yroT MOpHI, KOTOpPHIE (YHKIMOHHUPYIOT KaK MOJEKYJSIpHBIE CHTa, OTOCPEIys
mubdy3uto  HeOombIIUX — TUAPOQUIBHBIX ~ MOJIGKYJ  4epe3  HapyXHyl0  MeMmOpaHy
rpaMOTpHIATeNbHBIX Oaktepuil. lccienoBanme Oonee 4YeM COpoKa pPasIMYHBIX OPHUHOB



MO3BOJIWJIO BBIIBUTH HEKOTOpPHIE MX OOIIMEe 0COOEHHOCTH. MoOJj. Macca MOPUHOB BapbHpPYeT OT
28000 mo 48000. B memOpane OHM OOBIYHO TMPHCYTCTBYIOT B BUAE TpuMepoB. [lyiss TOpHHOB
xapakTepHo BbIcOKoe (0 60%) conepxanue Oema-cioes. Haubosee MONHO K HACTOSIIEMY
BPEMEHHU OXapaKTepU30BaHbl MOpUHEI U3 E. coli: OmpF (mopun marpukca), OmpC, PhoE u LamB
(manbroniopuH). X OCHOBHOW OCOOCHHOCTBIO SIBIISIETCS TO, YTO OHU OOpa3ylOT HAIOJHCHHBIN
BOJIOM TpaHCMEMOpaHHBINM KaHal, IPUYEM 3TOT KaHasl 00pa30oBaH B OCHOBHOM 0eTa-CTPYKTYpHBIMHU
anemeHTaMu. Ha puc. mpeacraBieHa ofHAa U3 BO3MOXHBIX MOJeleld 00pa30BaHHS MOPHUHOBOTO
KaHaja u3 aMmpumIbHbIX OeTa-uieneil. [IopuHBI IPOYHO CBSA3aHBI C JUIONO-IMCAXapUAAMHU U C
NEeNTUAOTIMKAHOM, OJHAKO 3TH BEIECTBA HE SIBIISIOTCS HEOOXOIMMBIMH Ui (yHKIIMOHHPOBAHUS
MOPUHOB KaK TPaHCMEMOPaHHBIX TOP.

OO6pa3yembie TOPUHOM KaHaJIbl CHJIBHO pa3IM4yaloTcs Kak 1Mo pa3MepaMm (muamerp oT 6 o 23
A), Tak 4 TO CENEKTUBHOCTH (OT TPEXKpPAaTHOM AJii aHMOHOB J0 COPOKAKPAaTHOM AJii KaTHOHOB).
CeNeKTUBHOCTh CBSi3aHA C HaJIMYMEM BHYTPHM KaHalla WM OKOJO BXOJa B KaHAJI 3apsHKEHHBIX
AMUHOKHCIIOTHBIX OCTaTKOB. M3MepeHus: MpoBOJUMOCTH OAMHOYHBIX KaHAIOB M MPOHUIIAEMOCTH
0P, @ TAKXKE JIEKTPOHHO-MUKPOCKOIIUYECKUE UCCIIEJOBAaHMS YKA3bIBAIOT HA TO, YTO CTPOEHUE TIOP
HE OJMHAKOBO JJIS pa3HbIX IMOPUHOB. B OHMX ciy4asx TpuUMepbl HMOpHHA OOpa3yloT OAWH
0OJBIION KaHal, B JPYrUX — TpH He3aBUCUMBIX KaHama. Kanmanm OmpF umeer Tpu Bxona ¢
Hapy»XHOW CTOPOHBI KJIETKH, KOTOPBIE 3aTEM CIMBAIOTCS, 00pa3ys eUHBINA BbIXO/ B MIEPUILTIA3MY .

Tpu w3 yerbipex NMOpUHOB E. coli UMEIOT MHOTO OOIIMX CTPYKTYPHBIX OCOOCHHOCTEH, a UX
AMUHOKHCIIOTHBIE TOCJEIOBATEILHOCTH B 3HAUUTENBHON CTENEHW TOMOJIOTUYHBL. ODTH MOPHHBI
obpasyrt mopsl auamerpom 10—12 A (OmpF, OmpC u PhoE). YerBeptsiii mopun, LamB
(ManpTONMOPHH), 3HAUYUTENBHO OTJIMYAETCS OT TPEX NPEAbIIYIINX, XOTS €ro aMHUHOKHCIIOTHas
MIOCJIEI0BATEIBHOCTh OOHAPYKUBAET HEKOTOPOE CXOACTBO ¢ HUMHU. OH ToXe 00pas3yeT INIaBHBIM
o0pa3om 03Ta-cKinaayaTeie CTPYKTypbl. LamB sBisieTcst 9acThio cucTeMbl TPAaHCIOPTa MAIbTO3HI U
0o0JlajaeT CpOJCTBOM K TPOM3BOJHBIM MalbTO3bl. B oTcyTcTBHME ManmbTo3bl LamB oOpasyer
HeOOoJIbIINE KaHaJbl, KOTOpBIE LEIHUKOM OJOKHUPYIOTCS TNPH CBSA3BIBAHHUM MaibTO3bl. | JaBHON
bynkueit LamB sBisercss cTUMyIslWs HAKOIUIEHUS MallbTO3bl, a HEe paboTa B KauyecTBe
Juddy3norHOM TOPHI 1151 HEOOJIBIIUX PACTBOPUMBIX BemiecTB. Tomorpaduto LamB uccrnemoBanu
C IOMOUIBIO pa3IMYHbIX METOJAOB, BKJIIOYas TeHeTH4eckue. B pesynbrare OblIa MOCTpOEHA
JeTajgbHas MOJIENIb ATOTO KaHajla, IPOHU3BIBAIOIIETO MEMOpaHy .

[Ipenmnonoxenue O TOM, YTO TMOPUHBI SIBISIOTCS BOPOTHBIMHM KaHajlaMH M, 3HAYUT, MOTYT
HAXOJIUTBCS B 3aKPHITOM COCTOSHHH, TIOJBEpPrajioch BCECTOpPOHHEW mpoBepke. In vitro pabora
nopuHoB (Hanpumep, OmpF) MoXeT perynupoBaTbcs HaNnpsHKeHueM Ha MeMOpaHe (OTKpbIBaHUE —
3aKpBIBAaHUE), OJIHAKO (PU3HOTIOTHYECKast 3HAUMMOCTh 3TOTO SIBIICHUSI OCTAETCSl HESICHOM.

W nakownel, ciexyer OTMETUTb, YTO U3 HAPY>KHON MeMOpaHbl MUTO-XOHAPUN ObUTH BbIAEIEHBI
NOpUHBI, pPabOTa KOTOPBIX pEryJUpyercs HanpsbkeHueM Ha MeMmOpaHe. OHU  Ha3bIBarOTCS
MOTEHIMAT3aBUCUMBIMA aHUOHCENIEKTUBHBIMH KaHAJIaAMHU.

B 3akiioueHwe OTMETUM, 4YTO MOPHUHBI TMPEACTABISAIOT OCOOBIM HMHTEpEeC, MOCKOJIbKY OHHU
MIOKa3bIBAIOT, YTO TPAaHCMEMOpaHHBIE KaHAJIBI MOTYT OOpa30BBIBATHCS HE TOJBKO M3 a-CIUpANICH,
HO U U3 OEeTa-CJIoeB.

CTPYKTYPA NMOPNHOB

[TopuHBI — 3TO OCHOBHOM Kjacc OEJIKOB, OOHAPY)KCHHBIX B HAPYKHOW MeMOpaHe KHIIEYHBIX
6axrepuil. Y E. coli u Salmonella typhimurium wisiBnens! Tpu nopuna: OmpF, OmpC u PhoE. Otu
Oenku uMEOT Mol. Maccy mnpumepHo 35 000 u roMo-JIOTMYHBIE aMUHOKHCIOTHBIE
MOCJIEIOBATEILHOCTH. [IOpHHBI SKCTparupyroTcss U3 HapykHOW MemOpanbl ¢ momorisio JICH B
BUJIE CTaOMIIBHBIX TPHUMEPOB; MX MOKHO BCTPOUTH B (ochomunuaHabsie OUCIon ¢ 0Opa3oBaHHEM
HeCTeIM(PUUHBIX TOp, CIIOCOOHBIX Mpomyckath Majbie (<600 [la) ruapodunsueie Monekybl. [1o-
BUJMMOMY, IMEHHO OHHU MIPUJIAIOT HAPYKHOU MeMOpaHe OakTepuil CBOMCTBO MOJIEKYJISIPHOTO CHUTA,
MO3BOJISISI TUTATEIBHBIM BEIIECTBAM MPOHHUKATH BHYTPh KIETKH, @ OTXOJaM — BBIBOAMTHCS
HapyKy yepe3 Hecrenu(puIecKrue KaHabl.

Bboutn mpoBeeHbl O0MIMpHBIE CTPYKTYpHBIE UccienoBanus Oeiaka OmpF, n3BecTHOro Takxke moj
Ha3BaHHEM «MAaTPHUKCHBIM MMOPUHY»; B HACTOSIIEE BPEMS OCYIIECTBISIETCS] KPUCTAIOTpadUIeCKUi
aHalu3, KOTOPBII MO3BOJMT IOJYYUTh €r0 CTPYKTYPY C BBICOKMM pazpeuieHueM. OpHaKo yxe
ceiiuac MOXHO CHAeNaTh BBIBOJA, 4TO CTpykTypa OmpF CunbHO OoTiHMyaeTcss OT CTPYKTYphI Kak
0aKTepUOpPOAOIICMHA, TaK WU MOJUMENTHIOB, 00pa3yromuX (POTOCUHTETHYECKHH peaKlnOHHBIN
nentp. Cyas 1o JaHHBIM O TIEPBUYHOM MOCIIEIOBATEIBHOCTH, B MOJIEKYJIE HET HUKAKUX JJTMHHBIX



ruApoHOOHBIX YIACTKOB, KOTOPhIE MOKHO OBLITIO OB HICHTU(DHUIIMPOBATH KaK TpPaHCMEMOpaHHBIC, 1
B CpeIHEM B HEH COAEpKUTCS OONbIlE TMOJSPHBIX AMUHOKHUCIOT, 4eM HemoJspHbIX. OJHaKo
TpeXMepHasi 3JEKTPOHHO-MUKPOCKOIMUYECKasi PEKOHCTPYKLUS H300pa)KeHUsI C HCIOJIb30BaHHEM
KPUCTAUTMUECKUX TUIACTUHOK PEKOHCTPYMPOBAHHOIO MOPHHA IOKa3ala, YTo OelIOK MPOHU3bIBAET
Ouciou, MpUYEM 3a MpeAeabl MEMOpPaHbl BBIXOIAT JMIIb HEOOJbIINE YYaCTKU MOJIEKYJIBL.
MeTooM HEraTMBHOTO KOHTPAaCTHPOBAaHUS OBUIM BBISBJICHBI KaHalbl, 0Opa3yeMble TPHUMEPaMH.
OtaenpHBIE MOJEKYJbl TMOpPHHA OO0pa3ylOT y BHYTPEHHEH MMOBEPXHOCTH KaHAbl, KOTOpbHIE B
cepenuHe OHUCIIOS CIUBAIOTCA B OAMHOYHBIA KaHall, OTKphIBaroIIuiics Hapyxy. EcTe u apyrue
JaHHbIE, CBUAETEIbCTBYIOIIME O TOM, YTO IMOPUH, HECMOTPS Ha OTCYTCTBHE B €ro MOJIEKYJIe
ruaApoQOOHBIX YYaCTKOB, SIBISETCS TpaHCcMeMOpaHHbIM OenkoM. MHOTga 3TOT OGENOK BBHIMOTHSET
posb pernenTopa sl Oaktepuodara (IS ITOTO OTACIbHBIE €r0 YYacTKH JIOJDKHBI OBITh
HKCIIOHMPOBAHbl HAa HAPY)KHOW IMOBEPXHOCTH), a TAKXKE HPOSBISAET CPOACTBO K KOMIIOHEHTaM
KJIETOYHOW CTEHKM Ha MEpPUIIa3MaTHYeCKON cTOpoHe. OUUIEHHbI OPUH MOKHO BCTpauBaTh B
dbocdonunuanbie OUCION ¢ 00pa30BaHNEM MOTEHIIMATYYBCTBUTEILHBIX KAHATIOB.

JlanHpie WH(pAKpPACHOW CHEKTPOCKOMHUH, KPYroBOTO AMXPOM3Ma W  IITUPOKOYTOJBHOM
TP PY3MOHHON PEHTTeHOBCKOM AM(paKIUK CBUIETENBCTBYIOT O TOM, YTO JIBE TPETH IJIUHBI
MOJIeKyJIbl 00pa3yeT Oera-ciioil, a Ha JONI0 a-clupanel MPUXOAUTCS HEOONbIIas 4acTb JJTHMHBI
Mosiekyibl. Kpome Toro, »Tu uccienoBaHHs IMOKa3bIBaIOT, YTO O€Ta-leNu aHTUIapaUIeNIbHBI,
OpPUEHTHUPOBAHBI NEPIEHIUKYISPHO TUIOCKOCTH MEMOpaHbl M WMEIOT CpeiHion umHy 10—I12
OCTaTKOB, KOTOPBIX JOCTAaTOYHO MAJisi MEpPEceueHus HemoJspHOi obmactu MeMOpanbl. Croco0
yKJIaaKu OeTa-1ierneil MOYKHO YCTaHOBUTH JIMIIb C MOMOUIbIO PEHTIeHOBCKOM audpakuuu. Kak
MIOKa3bIBAIOT MOJIETIHHBIE HCCIIEIOBAaHUs, OeTa-Iend MOTYT OBITh YJIOXKEHBI Tak, YTO oOpa3yercs
OeTa-IMIMHID, IPU STOM MOJISIPHBIC U 3apsHKEHHBIC AaMUHOKUCIIOTHBIE OCTATKU BBICTUJIAIOT CTEHKU
HATIOJTHEHHBIX BOJIOM KaHAJIOB.

Bce u3BecTHBIE O CTPYKType NMOpMHA JAaHHBIE MOKa3bIBalOT, 4TO TUApO(OOHAs a-criupaib He
SBIISICTCSI €r0 HEOOXOIUMBIM TPAHCMEMOPAHHBIM 3JIEMEHTOM. OJTO O3HA4aeT, 4To Haubojee
pacmipocTpaHEeHHbIE CIIOCOOBI MPeICKa3aHusl CTPYKTYpbl TpaHCMEMOpaHHBIX OEIKOB MMEIOT CBOU
OTpaHHYEHUSs], TOCKOJIbKY OHU OCHOBBIBAIOTCS HA MPEIIOJIOKEHUH, YTO Mepecedb OUCIOW MOTYT
TONBKO TUAPOPOOHBIE cerMeHTHl. TodHas CTPyKTypa MOpPHHA 10 CHX TMOpP HEM3BECTHA; HESCHO
TaKXke, CXOJHA JIM OHa CO CTPYKTYpPOIl Apyrux MeMOpaHHBIX OenIKoB. Bipouem, nuMeroTcs u 1pyrue
OeJIKM Hapy>KHOU MeMOpaHbl 0aKTepHid, KOTOPHIE XapaKTEPU3YIOTCS BHICOKUM COJIEp)KaHHEM OdTa-
cTpykTyp. OmuH 3 HUX — 0enmok OTpA, KOTOPBI TOXE SBISIETCS PELenTOpoM Juis ¢aros, HO,
BEPOSITHO, HE CYIIECTBYET B BHJE OTIENIbHBIX TPUMEPOB U He oOpasyer mopsl. Jpyroii Oenok

Takoro poga — LamB (manmpTomopuH), SBISIOMIMIACS perenTopoM OakTepuodara iasmMO1Ia; OH
GYyHKIIMOHUPYET Kak CHenupUIHBIA KaHaj, dYepe3 KOTOPBIA ocymiecTBiaseTcs auddysus
MaJIbTOJICKCTPUHOB.

[IpenmonokxeHne O TOM, 4YTO HEOOBIYHAs CTPYKTypa IOPUHOB CBSI3aHA C YHHUKaJIbHOU
CTPYKTYpPOH M COCTaBOM Hapy>XKHOU MeMOpaHbl OaKTEepHi, BHITJBIIUT MPaBaono100H0. Bo3aMoxHO,
OJTHAKO, YTO OHa OOYCJIOBJIECHA YHHUKAIBHOCTBIO CIIOCO0a 00pa3oBaHMs OOJBIINX BOJHBIX KaHAIOB
yepe3 OUCIIoun.

HNOHOPOPBI

OcHoBHas (yHKIUA 711000 OHONOrHYeckol MeMOpaHbl COCTOMT B CO3JaHMM Oapbepa ¢
CEJIEKTUBHON MPOHUIIAEMOCTBI0 MEXKAY pa3fesieMbIMH €0 BOJHBIMHA KOMIMApTMEHTaMu. TOHKHI
ruipooOHBIN LIEHTPANbHBINA ClIOW B MeMOpaHe sBISETCS OueHb A(PPEKTHUBHBIM OapbepoM s
HEOPraHNYECKUX MOHOB, HO OH B TOM WJIM WHOM CTETNEHU NMPOHHUIAEM JUIS HETOJSPHBIX BEIIECTB.
CKOpOCTh IPOHUKHOBEHUS HEAJIEKTPOJIUTOB Yepe3 OWCIION 3aBHCUT OT PacTBOPUMOCTH JTAHHOTO
BEIIeCTBA B OMCiOE, ONpeneinsieMOo MCXOls M3 JaHHBIX O KOX(QQHUIMEHTE ero pacrpeneieHus
MEXIy BOJOW M OPraHMYECKHMMHU PAaCTBOPHUTEISAMH. [IpOHMIIAEMOCTH MOIENBHBIX MEMOpaH Iyis
BOJIBI HEIUIOXO COTJIACYETCSl C PACTBOPUMOCTHIO BOJBI B OPTraHWYECKUX PACTBOPUTEISIX, OIHAKO
yepe3 HEKOTOpble OMOJIOTHYecKHe MEeMOpaHbl BO/Ia MOXKET MPOHHMKATh TAKXKE MO TpaHCMEMOpaH-
HBIM KaHaJaM OeJTKOBOH MPHUPOBI.

JIumuHBIA OHMCIIO SBIAETCS OBOJBHO XOPOIIMM OaphepoM Ui HEOPTaHMYECKHX HOHOB,
OJTHAKO TPOHUIIAEMOCTh MOJETBHBIX M OMOJOTHYECKUX MEMOpaH IJisi MPOTOHOB IO HE COBCEM
HOHSATHBIM MPUYMHAM HEOObIYaitHO BBICOKA.

Opranuyeckre HOHbI UM OpraHUYEeCKHE XeJaTHble KOMIUIEKCHI, COJepKallie HeOpraHuIecKue



HMOHBI, MOTYT PacTBOPATHCS B YTIIEBOJOPOAHON 00JIacTH OMCIIOs Oyiarogapsi CBOMM THAPOGOOHBIM
CBOWCTBaM M OOJBIIUM pa3zmepaM. K MolekyiaMm Takoro THIia OTHOCSATCSI 1 HOHO(OPEHI.

DJeKTpUYecKue CBOWCTBA  OMOJOTHMUECKMX MeMOpaH  JOBOJBHO  XOpOILIO  H3YYEHBI.
[TponunaemMocTs OGHOJIOTMYECKUX MEMOpaH JJIsi HEOPTraHUYECKUX MOHOB MPAKTHUYECKH MOJHOCTHIO
o0ycroBieHa paboTol TpaHCMEMOpPAHHBIX MOHHBIX KaHAIOB 0elKoBO# mpuposl. O0pasyrommics
OpU pa3elCHUU 3apsioB TPAaHCMEMOpPAHHBIH MOTEHIMAN CBSI3aH C 3JCKTPUUYECKOH EeMKOCTBIO
MeMOpaHbl, KOTOpasi NPAKTHUYECKU OJWHAKOBA Ui MOJETbHBIX IJIUMUAHBIX OUCIOEB U
ouosornuecknx wmemOpaH. CyImiecTBOBaHWE 3apsioB Ha IOBEPXHOCTH MEMOpPAHBI CO3/1aeT
JIOTIOJTHUTEIBHBIN MOBEPXHOCTHBIM MOTEHINAJ, KOTOPBIA MOXET BEChMa CyIIECTBEHHBIM 00pa3oM
U3MEHATh KOHIICHTPAIMIO JII000T0 3apsSKEHHOTO COCIUHEHHsI B HEMOCPEACTBEHHOH OMM30CTH OT
MeMOpaHbl. OTO B CBOIO OuYepelb MOXKET CKa3aTbcs Ha KaTaIUTUYECKUX CBOMCTBAxX
MeMOpPaHOCBSI3aHHBIX ()EPMEHTOB.

Honodopsl — 5TO [OBONBHO PA3HOPOAHAS TpPYyNNa COCAWHEHHH, YBEIMYMBAIOIIUX
MPOHUIIAEMOCTh MeMOpaH st HoHOB. OIMH HOHO(OPHI, HAPUMEP TPAMUIIUANH A U aJaMEeTHIIMH,
dopMupyloT B OHCIIOE KaHalbl, JIpyrue (BaJMHOMMIMH, HUTE€PHUIMH, MOHEHCHH) 0O0Opa3yroT
CTEeXHOMETPUYECKHE KOMIUIEKCHI C KaTHOHAMH M TEM CaMbIM OOJIEr4aroT TPAHCIOPT 3THX MOHOB
yepe3 JNUMUAHBINA Oucnoil. MoHOQpOpsl SBISIOTCS BecbMa TMOJE3HBIMH WHCTPYMEHTAMH B
MEMOpaHHBIX HCCJEIOBAaHUSAX, OCOOEHHO TIPU M3YyUYEHUH OHOIPHEPreTUUYEeCKHX WU HHBIX
3aBHCHUMBIX OT HOHHOTO TpajineHTa cucteM. [IockonbKy Takue HOHO()OPHO-KaTHOHHBIE KOMIIEKCHI
MOTYT TPOSIBISATH JTOBOJBHO BBICOKYIO CHEIM(PUUYHOCTD K OMPEACNEHHBIM HOHAM, C UX TOMOIIbIO
MO’KHO M30HMpaTENbHO MaHUITYIMPOBAaTh HOHHBIMH IPAJTUEHTAMH U 3JIEKTPUYECKUM MOTEHIUAIOM
Ha MeMOpane. HekoTopbsle KOMITIIEKCH HOHO(OpA U KATHOHA HE 3apsKEHBI, U KATHOH MEPEHOCHUTCS
B HeHTpanu3oBaHHON (opme. Jlpyrue KOMIUIEKCHI 3apspKeHbl M TUGGYyHIUPYIOT depe3 Oucion
nonobHO yxe oOcyxmaBmmMcs THAPOoGoOHBIM #oHaM. Huke KpaTko oXapakTepH30BaHbI
HEKOTOpbIE Han0oJIee YacTO HUCIIOIb3yeMbIe HOHO(DOPHI.

CCCP (xapOoHWJIHAHUI-M-XJI0P(PEHUITHAPA3OH)

CCCP wu Ommskmii k Hemy FCCP (kapOoHMIIIMaHUA-U-TPUPTOPMETOKCH(PEHUITHAPA3ZOH)
NpEeACTaBIAIOT co0o0i crabble KUCHOThL. [IpoToHMpOBaHHas (opMma 3JIEKTpOHEHTpanbHA M, Kak
MIOKa3aHo, JIETKO MpOHHWKaeT yepe3 MeMOpany (17 cm/c), B TO Bpemsi Kak HpPOHHIIAEMOCTh
JeTIPOTOHUPOBAHHON (aHHMOHHOHM) ¢opmbl cocTaBiusieT ~ 1 % OT mHpoHHIAeMOCTH (HOPMBI
HeTpanbHOU. PacTBOPUMOCTh aHMOHHBIX (DOPM 3TUX U JAPYTUX HPOTOHO(OPOB B THApOodOOHOM
obmactu Ouciost 0O0yCIIOBIMBAETCS HECKOJbKUMH MNpuunHamMu. OTpUIATENbHBIM 3apsa  ITHX
MOJIEKYJ JEJIOKAIN30BaH, a Oyaromapsi OOJBIIOMY HOHHOMY paIHyCy YMEHBINAETCS DHEPTHUs
Bopua. Kpome Toro, moteHuan Iumnoiei, OpueHTUPOBAHHBIX TMOJO0KHUTEIBHBIM 3apsIOM BHYTpPb
oucios, ctabmn3upyer aHUOHBI B MeMOpane. U HakoHerl, noHodop B MeMOpaHe CTaOMIU3UPYIOT
ruipo(hOoOHBIE TPYIIITBI MOJIECKYJIBI.

CCCP, FCCP wu pnpyrue cnabble KUCIOTHI 3()()EKTUBHO YBEIWYMBAIOT MPOHHUIIAEMOCTh
MeMOpaHbl A HOPOTOHOB, YTO IMO3BOJSET JOCTUYb DSJICKTPOXUMHUYECKH PABHOBECHOTO
pacripeiesieHus MPOTOHOB 1O 00€ CTOPOHBI OUCITOS.

BaannomMmunun

OTO UUKIONENICUNIENTH I, 00pa3yIOUINil ¢ OAHOBAJCHTHHIMU KaTHOHAMHU (IIPEANOYTUTENHHO C
K") xommiekc co crexumomerpueii 1:1. CTpyKTypa KOMIUIEKCAa HAMOMUHAET SYeiiKy, B IIEHTpE
KOTOPOI HAXOUTCS MOH KaJlus, CTAOMIIN3UPOBAHHBIN B3aUMOJICHCTBUEM C KapOOHMIaMH 3(DUPHBIX
rpynn. Kommneke K-BanuHomunus siBisieTcss TUApoGOOHBIM MOHOM U C JIETKOCTBIO MPOHUKAET
yepe3 Oucnoii. C mOMOIIBI0 3TOro MOHOGOpa MOXKHO CO37aBaTh KaMHMEBBIM IU(PGY3HMOHHBIN
TIOTEHIMAT Ha MeMOpaHe Be3UKyJ, KoHIeHTparus K © B KOTOPEIX OTIHYAETCA OT KOHIEHTPAINH
cHapyxH. B cucreme, rme TpancMeMOpaHHBIN MOTEHIIMAT CO3JA€TCS C MOMOIIbIO KaKOro-Iudo
aKTUBHOTO Tmporecca, K-BanmmHOMHMIIMH OyAeT YCTpaHSTh AJIEKTPUYECKYIO COCTaBISIOLIYIO, HE
BJIMSISL HEMIOCPEICTBEHHO Ha Beanuuny pH.

HurepuuuH U1 MOHEHCHH

310 nonudGuUpsl, UMEIOUINE OJIHY OTPUIATENILHO 3apsHKEHHYI0 KapOoKcuibHYyto Tpymmy. Kak u

BAJIMHOMUIIMH, OHH 00pa3ylOT KOMIUIEKCHI C OJHOBAJICHTHBIMU KaTHOHAMH B cTexuomeTpuu 1:1,
vy +

HO 3TU KOMIUJIEKCHI 3JIEKTPOHEHTpanbHbl. HUrepuiinH cenekTUBHO cBs3biBaeT K ', a MOHEHCHH —



Na“ . Dtu I/IOHO(i)OpI:I TaKXKe MOTIYT C YCIEXOM IPOHHKaTh uepe3 Oucioil B HCI/ITpaJ'IBHOI/I
HpOTOHHpOBaHHOI/I (bopMe TMOJTOMY MX HCIOB3YIOT MU yCKOPEHHs obmMena H " ma Na'
(Monencun) win H © ma K * (uurepumun) gepes mMem6pany. Jl06aBIeHHE paccMaTpPHUBAEMBIX
HOHO(OPOB K BE3WKYJIaM NMPUBOIUT K BeIpaBHUBaHUIO TpanueHToB H u Na (wm K). Yame Bcero
UX MPUMEHSIOT 17151 pacceuBanus pH Ha memOpaHne.

A23187

OTOT KaTHOHHBIN NMEPEHOCUUK COJCPKHUT 3aPSHKCHHYIO KapOOKCUIIBHYIO TPYIIY U C BbICOKOI/I
U30MPATEIHLHOCTHIO CBSI3BIBACT JIBYXBAIICHTHbIE KATHOHBI. OO6b1uH0 A23187 HCTIONB3YIOT Kak Ca*"
noHodop. BeposarHo, mpu cBoeit pabore 3TOT HOHODOP 00pa3yeT pPacTBOPUMEBIN B 6choe
HEUTpaiabHBIH KOMIUIEKC, COCTOALIMM M3 AByx Mojekyn A23187 u oanoit monekynsl Ca;
CYIIIECTBOBaHHME TaKUX KOMILJIEKCOB CO cTeXuoMeTpuel 2:1 [oka3aHo 3KCIepUMEHTAIbHO.

TPAHCIIOPT BEJIKOB YEPE3 MEMBPAHY

[am u ap. ¥3yvanu mepeHoc yepe3 MeMOpaHy TeTparuapodosiaTpeayKra3bl, K KOTOpOi ObLia
HCKYCCTBEHHO MPHUCOCTUHEHAa MHUTOXOHApPHAIIbHAS CHUTHAJIBHAS MOCJIEI0BATEIBHOCTD; 0e3 STou
MOCJIEI0BATEIBHOCTH OEJIOK HE MOT MPOHHMKAaTh B MHUTOXOHIpHIO. Ilocie BHeApeHHs B MaTpUKC
MUTOXOHJIPHHM CHTHaJbHAsl TOCIEAOBATEIbHOCTh YyAAsiach CHTHANBHOM MenTuaa3oi. UtoObl
BBISICHUTH, MOXET JH MPOXOAUTh Yepe3 MeMOpaHbl MHUTOXOHAPHUH OENOK, HAXOMALIMHCS B
CBEpHYTOH KOH(OpMaruu, u3mepsuii 3(pPeKTUBHOCTH TpaHCIIOPTa B MPHUCYTCTBUM METOTpEKcaTra
— UHTHOUTOpA, KOTOPBI C BBICOKOH HM30MPATENLHOCTHIO CBS3BIBACTCS C HATHBHOU (OpMOit
terpargapodonaTpenykrazpl. OOHapy XU, UYTO CBS3bIBAHHME METOTpeKcara MPUBOJIUT K
IpeKpaIeHNIo TPAHCTIOPTa, BO3MOXKHO BCIICACTBUE TOTO, YTO HHTHOUTOP CTAOMIN3UpPYyeT (hepMEeHT
B KOMIakTHOW (opme. BpUIo moka3zaHo Takke, 4TO JJIs MPOHUKHOBEHHSI B MUTOXOHAPUATBHBIN
MaTpUKC MpemnecTBeHHnKa 6era-cyorenuuuiibl F1Fo-ATPa3e He00x01muMo ero pa3BepThIBaHUE.

H4A PHUCYHKE  Pabouas  modens  NOCMMPAHCIAYUOHHO20 — mpancnopma — 6eikos 8
mumoxonopuansvHulii mampuxc. CueHan uiu npenocie0o8amenbHoCms 0003HaA4eHa 08YMs 3HAKAMU
+. Hexomopvie smanvi Mo2ym ocyujecmensimocs oonospemenno (3 u 4 unu 5, 6 u 7). Oman 5
Modicem omcymcmeos8amy, eciu NPeOUuleCmEeHHUK C8ePHYn He NOTHOCHbIO.

Nzyyqancs TpPaHCIIOPT B MUTOXOHJIPUH YKOPOYEHHBIX IIPEIIECTBEHHUKOB
TeTparuapoQonaTpeyKrassl. Onn CoJlepIKaIu MUTOXOHIPHAIIBHY IO CUTHAJIbHYIO
NOCJIEI0BATEIbHOCTh, HO TpPAHCIALMS Oblla TMpepBaHa A0 3aBEPLICHUS CUHTE3a IMOJUIENTHAA.
Takue ykopoueHHBIE IPEIUICCTBEHHUKH HE CBS3BIBAJIM MCTOTPEKCAT, & BO3MOXHO, U HE MOIJIHU
CBEpPTHIBATHCS B KOH(opMaIuio, nogo0Hyo HaTUBHONH. OJTHAKO OHM MPOHUKAIN B MHUTOXOHJIPHH.
Oco0blil MHTEpEC NPEACTaBIsUT TOT (akT, YTO TPAHCIOPT YKOPOUEHHBIX MPEALIECTBEHHUKOB B
OTJIMYHUE OT TPAHCIOPTA MOJIHOPA3MEPHOro OenKa MOr OCymecTBIAThCS B orcyTcTBUe ATP. D10
eme pa3 moaTBepxkAaio TOT (akt, yto ATP HeoOXomuMm s pa3BOpavMBaHHS TOJHUICITHAA
(mpoucxoaAuiero 10 MepeHoca WM HapaiesnbHo emy). Ha puc. cxemaTHuecku mpejacTaBieHa
MOJIEJIb MpolLecca MepeHoca OEIKOB B MUTOXOHJPUU C YKa3aHUEM CTaJHi, MPOTEKAIOIIMUX JHIIb
IpY HAJTMYUHU TpaHCMeMOpaHHOTo nmoTeHnuana u ATP.

K ananornuneiM BbIBOmaM o poiau ATP npuBeno wucciaenoBaHuE TpaHCIOPTa IOpHUHA B
Hapy’KHYI0 MUTOXOHJApPHAIbHYI0O MeMOpaHy. ODTOT O€JIOK He MMeeT OTLICIUIIEMON CHUIHAJIbHON
MOCJIEIOBATEIBHOCTH, U BCSI HEOOXOAMMAs JUIsl TpaHCHOpTa MH(OpMAIHs 3aKOAMPOBAaHA BHYTPHU
MOJIEKYJIbl 3penioro 6enka. benok OblI BbIAETIEH B BOJOPACTBOPUMOIl (popMe, BEpPOSITHO YACTUYHO
JICHaTypUPOBAHHO, HO ¥ B TaKOM Buje ObUI criocoOeH k nepeHocy. IlepeHoc BogopacTBopuMoOro
npenuectBeHHUKa He TpeboBas ATP. DTum oH orimuancs or Oeika, KOTOpBIM NPOHHUKAN B
MHUTOXOHJIPHIO Cpa3y MO 3aBEPILIEHUH CUHTE3a B cucTeMe in vitro. [To-BuauMomy, U B 3TOM cirydae
ATP tpebyercst st akTHBHOTO TIpOIiecca pa3BopadyrMBaHus OEIKOBON MOJICKYJIbI.

OO6cyxpmancss M BONPOC O TOM, YTO, IO-BUAMMOMY, Ul MPEIOTBPALLEHUS CBEPTHIBAaHUS
NpEe/IIECTBEHHNKAa B HAaTHBHYIO KOH(OpMaIuio HE0OXOAMM KaKOW-TO pacTBOPHMBIN OETKOBBIN
kodaxTop. Tak, OblT BbAETIEH B BOAOPACTBOPUMON (popMe, CXOAHOH € MOPUHOM MHMTOXOHJIpPHUH,



MIPEANIECTBEHHUK OeKka HapyXHou MemOpanbl E. coli OmpA, KOTOphI ObUI HE CHOCOOEH K
3¢ (dEeKTUBHOMY IEPEHOCY Yepe3 IUIa3MaTHYECKyl0 MeMOpaHy, €CIM B IIUTO30JI¢ OTCYTCTBOBAJ
0eJoK, Ha3bIBaEMbIH «TpUITEp-PakTOpoM». J[aBHO M3BECTHO, YTO Ui MEpeHoca OEIKOB depes
MeMOpaHbl YHIIOMIIA3MATHYECKOTO PETHKYJIyMa MIICKOMHUTAIONMX WM B SHAOIUIA3MAaTHYCCKUN
PETHKYIIyM HEOOXOJWM pPacTBOPHUMBIA KO(AKTOP, a UIMEHHO — CUCHAI-PACRO3ZHAIOWAS YACMUYA
(CPY). Bo3MoxHO, ponb B3TOro (hakropa COCTOMT B TPEAOTBPALICHUU CBOpPAYMBAHUS
Npe/IECTBCHHUKA TIOJHUITCTITHIA.

I'PYIIIIA MUTOXOHJAPUAJIBHBIX IEPEHOCYUKOB

['OMOJIOTHYHOCTh HEKOTOPBIX TPAHCIOPTHBIX OEIKOB BHYTPEHHEW MUTOXOHIPHAIBHOU
MeMOpaHbI CBUJIETEILCTBYET 00 MX OMU3KOM POJCTBE: MO BCEH BEPOSTHOCTH, OHU MPOU3OILIU OT
obmero mpeaka B pe3yibTaTe AUBEPTCHTHOW SBOJIONMH. MIMEIOTCS MO MEHBIIEH Mepe Tpu
npencraButens o5toi rpymmel: 1) ADP/ATP-tpancnokasza; 2) mepeHocumk ¢ocdara u 3)
pazobmaronuii 6emok. B cTpykType 3THX OElIKOB UMEETCSI MHOTO OOIIEero, ¥ TeM He MEHEE OHH
CYyHIECTBEHHO  pa3iuyaroTrcss 1o cyocrpatHoir — crnemuduyaHoctn. ADP/ATP-tpanciokasa
karanusupyetr tpaHcnopt ADP u ATP uepe3 Oucnoit. Ilpu ¢usnonornyeckux ycinoBusix ATP
TPAHCIIOPTUPYETCS U3 MUTOXOHApUN, a ADP nepeHocutcs B MaTpukc. MexaHu3M 3TOro npoliecca,
MO-BUIMMOMY, aHAJIOTUYEH TAKOBOMY JIJisi Oeka moJiockl 3, 3a uckitoueHueM toro, uro ATP necer
HAa OJWH OTPUIATENBHBIN 3apsan Oosbiie, yeM ADP, u mosTomy oOOMEH 3aBHCHT OT
TPAaHCMEMOPAHHOTO SJIEKTPUUECKOTO MOTSHIIMANIA HA MUTOXOHApUAIbHONH MeMOpane. [lepeHocunk
docdara ocymecTBIseT 0IHOBPEMEHHO M cuMIopT H *, U, BO-BHANMOMY, MEXAaHH3M €T0 PaGOTHI
CXOJIEH C OINHCAHHBIM paHee MexaHusMoM st H +-JIaKTo3or1epMea3L1 n3 E. coli. Dror 0Oenok
KaTaJqu3upyeT TpaHcrmopt Gocdara BHYTph MUTOXOHIpHIA. biraronapst cummnopty H, mporiecc B 1ie-
JIOM SIBJISIETCSI DJIGKTPOHEUTPAIBHBIM M HE 3aBUCHT OT TPAHCMEMOpPAHHOTO TMOTEHIMAA.
PazoOmaromuii  6emok  Obul  OOHapyeH B MHUTOXOHAPHUSAX M3 KIETOK Oyporo xupa
MJICKOMTUTAIONINX; €ro (PYHKIUS 3aKITIOYAETCS B JUCCUIIALUUA MPOTOHHOTO 3JIEKTPOXUMHUUYECKOTO
TpagueHTa, CO3[aBaeMOro NpH (QYHKIIMOHUPOBAHWUHU IBIXATEIBHOW IIEMH, B pPE3yJbTaTe dero
reHepupyercsi Terio. PasoOmraromuii 60K MOKET TakKe KaTalu3UpOoBaTh TPAaHCIOPT aHHWOHOB,
Harpumep C1 , Tak 9TO, MOXKET OBITH, HA CAMOM JieJie OH KatanuzupyeT TpancnopT OH °, koTopsrii
HEBO3MOXKHO IKCIIEPHMEHTAIBHO OTIMYMTh OT TpaHcropTa H . DTOT HMepeHOCUHK CBA3BIBACTCA C
HYKJICOTHAaMU, KOTOpble HWHTUOMPYIOT TPAHCIOPT, M €ro padoTa MOKET pEeryJIupoBaThCS
JKUPHBIMH KUCJIIOTaMH.

Bce Tpm mepeHocumka, a BO3MOXKHO, €II€é W a-KETOTJIyTapar/majaT-TPaHCIIOKa3a, HMEIOT
CXOIHO€ CTPOEHHWE; STOT BBIBOJ OBLI CAENaH HAa OCHOBE JAaHHBIX 00 WX aMHUHOKHCIOTHOMN
nocyenoBareabHOCTH. Bece oHu mmeror mon. maccy okoiio 33000/Ja u cocTosT M3 Tpex romo-
JIOTUYHBIX JOMEHOB, Kbl U3 KOTOPhIX coaepkuT ~ 100 amuHokucnor. Ilo Bceit BeposTHOCTH,
OTH TPU JOMEHa 00pa3oBaUCh B pe3ysbTaTe yTPOCHHs €IWHCTBEHHOTO reHa. bbuia mocTpoeHa
MO/JIeJIb, COTJIACHO KOTOPOM KaXKIIbI U3 TOMOJIOTUYHBIX IOMEHOB JIBAXK/IbI IIepeceKkaeT MeMOpany, a
BCSI CyOBEIMHHUIIA COJEPXKHUT IIECTh TpaHCMEMOpaHHBIX a-crupaied. C  3TOW  MOJEIbIO
COTJIACYIOTCS JAaHHBIC 1O XHUMHYECKOW Moaudukanuu. OTMETHM, YTO Takas CTPYKTypa HMeEeT
MHOTo o0mero ¢ Na'-KaHanoM, COCTOSIINM U3 YeTHIPEX POICTBEHHBIX TOMOJIOTHYHEIX JTOMEHOB.
ADP/ATP-Tpanciokasa sIBASETCS TUMEPOM U, TO-BUIUMOMY, COICPKUT €TUHCTBEHHBINH KaHaJ, 0
KOTOPOMY  OCYIIECTBIISIETCS TpaHCIOPT. Takoil BBIBOJ OCHOBBIBACTCS Ha pe3yibTaTax
UCCIICIOBAaHU TIO  CBSI3BIBAHUIO HMHTUOMTOPOB C  BBICOKMM  CPOJCTBOM  (HAmpumep,
KapOOKCHATPAKTUIIO3UA).
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