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MEMBRANE BIOLOGY:
FROM LIPID BILAYERS
TO MOLECULAR DEVICES

Yu. A. CHIZMADZHEV

Structure of biomembranes and different
models (starting from lipid bilayers) are
described. Electrochemistry of membrane -
solution interface and induced ion transport
are considered. The mechanisms of different
molecular devices, especially electroactivated
ion channels are discussed.

Onucaxa cmpykmypa 6uomMemMOpaH, paziuyHbie
Ux MoOejil, HaYUHAA C AUNUOHbIX GUC/0es.
PaccmompeHbl 3/1eKmpoxumMus 2paHuybl pas-
dena bucnoli — pacmgop 3nekmpoauma, a
makxxe pasHble BaPUAHMbI UHOYYUPOBAHHO2O0
UOHHO20 mpaHcnopma. VI310eHo cocmosHue
uccnedosaHuli mexaHu3mos delicmsus pasauy-
HbIX MOJIEKYJIAPHbIX MAWUH, 8 Nepsyio 04Yepedsb
371eKMPOYNpPaBJIsieMblX UOHHbIX KAHAJIOB.

www.issep.rssi.ru

BBEAEHUE

MeMOpaHbl OTBETCTBEHHBI 3a BBITIOJTHEHE MHOTUX BasKHEH -
X GyHKImMiA XUBOU KieTku. VX riaBHas pojib, MpU3HaH-
Hasl IaBHBIM-JIABHO, — CJIy>KUTh 0apbepoM U MOIJIEPKMUBATh
HEepaBHOBECHYIO KOHLICHTPALMIO BELIECTB B LIUTOIIA3ME.
C Tex Iop MBI y3HaJIM MHOTO HOBOro. MemOpaHa — 3TO
TUIOTMHA, B KOTOPYIO BMOHTUPOBAHbI PA3JIMYHbIE MOJIEKY-
JISIPHBIE MallWHBI OeJIKOBOW TMpuponbl. MeMOpaHbI cro-
COOHBI U30UPATEIHHO MPOITYCKATh 3apsKEHHbBIE YaCTULIBI —
WOHBI ¥ BJIEKTPOHbBI. DTOT CEJIEKTUBHBII TPAHCIIOPT JIeIaeT
BO3MOXHBIM POXICHUE U paciipocTpaHEHUE HEPBHOTO M-
MyJbCa, OH MOAJAEPKUBAET TPOU3BOJICTBO KJIETOYHOTO rO-
proyero — AT®D, oH 3acTaBiisieT BpallaTbCsl TPeOHOM BUHT
6akTepuit. Cpeau pa3HOOOPA3HBIX MOJIEKYJISIPHBIX MALIUH
€CTh M HACOCHI, KOTOPbIE OCYILECTBISIOT aKTUBHBIN TpaHC-
MOPT MOHOB, NToTpebJIsist sHepruio AT®. B membGpaHax pac-
TOJIOXKEHbl MHOTOUYHMCJIEHHBIE PELIeNTOPbI, KOTOPbIE MO/~
NIep>XMBAIOT KOHTAKThI KJIETKM C OKpyXKarllei cpenoii. B
MeMOpaHe HEeNMpepbIBHO WUAYT pa3HOOOpa3Hble OMOXUMU-
yeckue peakuMu. MemOpaHa 151 KJIETKM — OCHOBA €€ Cy-
1IECTBOBAHUS. DTO U Orpaja, 1 3aliuTa OT BparoB, U MeX-
KJIETOUYHBIN Teyerpacd, W 3HepreTvyeckas CTaHUUs, U
MHOTO€ JIpyToe.

CTPOEHUE MEMBPAH

XutpoymHas [Ipupona cKoHCTpyHpoBajia pa3HOOOpa3HbIe
KJ1acChl MAaKpOMOJIEKYJT Ha BCe Cllydau >Ku3HU. HyXHBI re-
HEeTUYECKU I KOJ M CUCTeMa CAMOBOCITPOU3BEICHUSI — TTOJTY-
yute Monekysbl JAHK, HyXHbI MOneKynsipHble MallIUHBI —
BOT BaM BCEBO3MOXHBIE OEJIKA, XOTUTE OTTOPOIUTHCS OT
OKPYXKaIoIIero MpoCTPaHCTBA U MOIEPKUBATH MOPSIOK B
HEepaBHOBECHBIX YCIOBUSIX — MOJIyunTe aMbubuibHbIe MO-
JIeKyJbl (ochOIUNUI0B, CIIOCOOHBIE K caMOCOOpKe. DTu
MOJIEKYJIbI COCTOSIT U3 JIBYX COBEPILIEHHO Pa3HbIX YacTei:
MOJIIPHOI roJIOBKU U Tuapodo6HOro xpocra. Takast MoJie-
KyJla M3-3a HENPUMUPUMBIX BHYTPEHHUX MPOTUBOPEUUI
HecuyacTHa B JI000#1 cpesie — ¥ B BOIHOM, U B OPTaHUYeCKOM
pacTBope. XOpolo, €CJIi MOXKHO PacIoIOXKUThCS Ha IpaHM-
11e pa3zesia TaKUX paCTBOPOB, HO 3TO He Bceraa Bo3MOXXHO. C
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aMbUOUIbHBIMUA COEIUHEHUSIMU MbI 3HAKOMBI C IETCTBA,
KOTZa C YBJIeUeHHUEM MyCKaJld MbLIbHbIE My3bipu. CTeHKa
MBIJIBHOTO ITy3bIPsI — 3TO MO CYTH Ta Xe KJIETOYHAast MeMO-
paHa, TOJIbKO YCTPOEHO B Heil Bce Hao00poT. I1y3bIph Xku-
BET Ha BO3IyXe, MO3TOMY ruapodoOHBIe XBOCTHI TOPYAT U3
HEro Hapyxy, a THIpOGUIbHBIE TOJOBKU MbIJIBHBIX MOJIE-
KYJI HalrpaBJieHbl B BOAHYIO TUIeHKY. KiierouHas ke MeM0-
paHa OKpyXeHa BOJOi, MO3TOMYy TUAPOGOOHBIE XBOCTHI
cnarapnmx ee aMubUIbHBIX MOJIEKYJI TOJKHBI TIPSTATh-
csl BHYTPb, a TUAPOGUIbHBIE TOJTOBKM BBICTaBJIEHBI Hapy-
Ky. BOoT 1 Bcs pa3Hm1ia, ecli He CUMTaTh TOTO OOCTOSITEb-
CTBa, YTO MEMOpaHbl CJIOXEHbl U3 JAPYTUX MOJIEKYT —
dochomunuaoB. OmHako aMGUUILHOCTh IpHUCYIIA U
5TUM MOJIEKYJIaM, YTO JIeJaeT BO3MOXHOW camMocOOpKy
meMOpaH [1].

Korna B pacTBope HaXOAMTCS HEMHOTO JIMTTUIHBIX MO-
JIEKyJ1, TO OHM PacCesiHbI IO BceMy 00beMY, PEIKO BCTpeva-
I0TCS IPYT C APYTOM U CTPANaloT OT BOABI B oguHOUKY. [1pu
0oJiee BBICOKOI KOHLIEHTpALMU JTUTTUIHBIE MOJIEKYJIbI CTaNI-
KuBatoTcs yaile. M TyT BbIsICHsIeTCSI, YTO BMECTE UM JIydllie,
YeM IO OTAEIbHOCTU: MOXHO MPUXATHCS IPYT K APYTY M-
NpoOOHBIMU XBOCTAMU M TEM CaMbIM XOTSI Obl YACTUYHO
3alIUTUTH UX OT Bofbl. [0OBOpsI 6oJ1ee CTpOro, Takoe 00be -
HEHUE MOJIEKYJI 9HEPreTUUECKH BbITOJIHEE, YEM Pa3leibHOE
npe6riBaHUe B Bojae. [1oaTomy, Oymydyun cMeliaHHBIMU € BO-
JIOH, JIUMUIHbIE MOJEKYJIbl ObICTPO 00pa3yloT arperatbl
TaK, YTOOBI XBOCTBI ObUIM YNIPSITAHBI BHYTPb, & THAPOMUITH-
HbI€ TOJIOBKM BBICTaBJIEHBI HAPYXXY, B BOAY. Arperatsl Mpu-
HUMAIOT pa3Hble (popMbl, HATIPUMEP UUIUHIPOB, IIAPUKOB
U T.II. DTO CBOMCTBO aMPU(UIBbHBIX MOJIEKYJT HAa3bIBaeTCS
MOJIUMOP(PU3MOM.

MHorna B cMecu BO3HUKAIOT TUIOCKUE CJIOU, B KOTOPbIX
BCE MOJIEKYJIbl BBICTPOEHbI OIMHAaKOBO. Kakoii e cMbIC B
TakoM OOBENMHEHUHU, €CIIM XBOCTaM MOJIEKYJT KOHTaKT C
BomO#1 MpoTuBOoNoka3aH? OKa3bIBaeTCsl, ECTh TPOCTOM CTO-
€00 n3bexaTh 3TOro KoHTakTa. Hajgo nmprxatbh K oqfHOMY
CJIOI0 MOJIEKYJT APYTO# CJIO — MpUXKaTh TMAPODOOHBIMU
MOBEPXHOCTSIMU APYT K Apyry. [lomyunTcsa nBoitHOM ciioit
JIMNIAJI0B € TUAPODWIbHBIMUA TOJIOBKAMU, TOPYALIMMU B
IIPOTUBOIIOJIOKHBIE CTOPOHBI. Takoit Oucioil oGpasyercs
caMm no cebe, 6e3 MOCTOPOHHEro BMelaTeabcTBa. [Ipocto
MOJIEKYJIaM 3HEPreTUYECKH BITOJHO PACIIOIOXUTHCS UMEH-
HO Tak. B 3ToM 1 cocTouT camocOopKa JUITUAHBIX OUCTOM-
HbBIX MeMOpaH. MIMeHHO Tak B J1abOpaTOPHBIX YCIOBUSIX
yaaeTcsi BOCIIPOU3BECTU MPOLIeCcC, KOTOPBIM yxKe MUJIIIUO-
HbI JIET TIPOMCXOAUT B XWBOW MPUPOJIE.

ITepByro MCKYCCTBEHHYIO OUCIOMHYIO TMITUAHYIO MEM -
OpaHy IOJYyYWUJIX aMepUKaHCKUM ydeHblii Miojuiep u apy-
rue okosno 30 jeT ToMy Haszaia. BoT kak aTo cmenaHo. B
JIByXKaMEPHYIO STYEKY C Meperopoikoil, B KOTOpOi eCTb
HEOOJIbIIIOE OTBEPCTUE, HAIUBAIOT 3JIEKTPOIUT. Jlumnua,
MpeaBapUTEIbHO PACTBOPEHHBIN B KAKOM-HUOYIb OpraHy-
YECKOM PacTBOpUTEJIE (3TO MOXKET ObITh, HATPUMED, IEKaH
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WY TeNTaH), HAbUpaloT B MUIETKY WM Ha KUCTOUYKY U Ha-
HOCSAT Ha OTBepcTHe B reperopoake. [Toa neficTBueM Tsixke-
CTH Y TOBEPXHOCTHBIX CUJI KalleJbKa JUITUIHOTO pacTBopa
MOCTENEHHO pacTeKaeTcsl M yToHuyaetcsi. Koraa ee Toniu-
Ha NpuOIMKaeTCs K IJIMHE BOJTHBI BUIMMOTO CBETa, MEMO-
paHa paclBEYMBAETCSI BCEMM IIBETAMU paIyrd MOI0O0HO
IJICHKE MacJia, TIPOJIMTOTO Ha Bomdy. LIBeTHBIE MOJIOCH MeI-
JICHHO TUTBIBYT T10 TIOBEPXHOCTH TUICHKH, TTOSIBIISIOTCS U
MCUYE3aloT, TIEPEeXOAsT OfHa B Apyryio. Ho BOT Ha miieHke
BO3HUKaeET YepHoe MITHO. OHO pacTeT, pacIInpsIeTCs v 10~
CTETNIeHHO 3aXBaThIBAaeT MOYTH BCIO MOBEPXHOCTh. [1neHKa
CTaHOBUTCS YEPHOI1. DTO CIOBO HECeT AJIsI IKCIIEpUMEHTa-
TOpa 0coObIit cMbIca. OHO TOBOPUT HE TOJILKO O 1IBETE, HO
U, YTO OCOOEHHO BaXKHO, O TOJILIMHE BOZHUKILEH CTPYKTY-
pbl. Eciti TommHa ¢iost BelllecTBa MEHbIIIE JJTMHBI BOJTHBI
CcBeTa, TO TaKOM CJION yXe He OTpaXKaeT CBeTa U KaxKeTcs
YepHBIM. DTO CHpaBeMIUBO U IJISI JTUMUAHBIX MeMOpaH.
Korna namepuiu ToIIIMHY MOYepHEBIeih MEMOpaHbI, TO
0Ka3aJ10Ch, 4TO OHA cocTaBisieT mpumepHo 50 A, uto Ha-
MHOTO MEHbIIIE TJIMHBI BOJIHBI BUAMMOTO CBETa, U PaBHO
IUTUHE IBYX JIUTTMIHBIX MOJIEKYJI.

bucnoiinbie munuoasie MemOpanbl (BJIM) mmmockoit
GOopMBI WIN 3aMKHYThIE B CheprUUIECKre BE3UKYJIbI (JIUIO-
COMBI) CBITPAJIM OTPOMHYIO POJIb B Pa3BUTHM HAYKH O MEM-
OpaHax. KoHeuHO, OHM HEe MOTYT BOCIIPOM3BOIUTD CJIOXKHBIE
(byHKIIMM KJIETOYHON MeMOpaHbI, MOCKOJbKY B HUX HET
HYXXHBIX UIsT 3Toro 6enkoB. Ho mpocreiiive 3amauu, Ha-
MpUMep pas3iesieHre IBYX paCTBOPOB, UM, HECOMHEHHO, TTO]T
cwy. I1poBepUTh TaKylo CIIOCOOHOCTH CITY:KUTH O0apbepoM
MOXHO M3Mepsisl 2JIeKTpudeckoe corpotuBieHue bJIM.
Oka3zasioch, uto cornpoTtuieHue bJIM oyeHb BeMKO: OHO
paBHO mpumepHo 10—10% Om Ocm?. 3ameTum, uTO Ci0ii
pacTBopa 3JIEKTPOJINTA TaKOM K€ TOJNIIMHBI (HaIpuUMep,
KCl B xonneHntpauuu 0,01 M) nmen Obl COMPOTUBICHUE
Bcero 107 Om (kM2 Onuue B 10'? pas! CiegoBatesbHoO,
OucIIoMHasI TUIIMIHASI MeMOpaHa — OYeHb XOPOILIMI U301~
TOp, OHA UICATBHO OTAEJSIET PACTBOPHI OIMH OT APYroro, He
naBasi UM cMmelvBathest. [ToueMy ke ToHYaki1ast TMmuaHast
IJIeHKa ToIMHOM Beero 50 A Tak yeremHo mpotnBocTont
aJIeKTpu4eckoMy Toky? [IpuyuHy OmsITb-TaKuM Hago MC-
KaTh B aM(pU@UIBHOCTU JUMUAHBIX Mojiekyn. CrpsiTaB
BHYTPb MeMOpaHbl CBOM XBOCTbI, OHM CO3/IaliOT BHYTPU
oucnos ruapodoOHyto cepalieBuHy. Ha sizbike hu3nku aTo
3HAYMT, YTO B TAKOM CJIOE OUYEHb HU3KA AMIIEKTpUUIECKast
MPOHUIIAEMOCTh — 37IeCh OHA COCTABJISIET TPUMEPHO 2, TOT-
na Kak B Boze paBHa 80. B Takyio MeMOpaHy He XOTST 3aX0-
TIATh 3apseKeHHbIe YacTuIlbl. Korma rmo cocencTBy HaXoasITes
JIBE Cpelibl, OTHA C HU3KOU IUAJIEKTPUUECCKOW MPOHUIIAe-
MOCTbIO (JIUIIM), a Ipyras ¢ BBICOKOI (Boaa), TO MPUCYT-
CTBYIOIIIME B CUCTEME UOHbI, HECOMHEHHO, TPEANOYNUTAIOT
Boxy. [IpeanoureHue 310 04eHb IBHO BbIpaxkeHo. KoHIleH-
TpalMy MOHOB B BOJHOI U JIMITUIHOM (ha3ax OTIMYAIOTCS B
10" pa3. UHBIMM CIIOBaMU, €CJIM KOHLEHTPALUS MOHOB B
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ogHoM pacTBope paBHa 0,1 M, To B IMnuaHOi ¢pa3e oHa
nospkHa ynacTb 10 107 M. ScHo, 4To Ipu TaKOil HUYTOX-
HOI KOHLIEHTpalUU 3apsKeHHBIX YacTUIl TPOBOAUMMOCTD
MeMOpaHbI JOJIKHA OBITh Ype3BbIYAiiHO HU3KOM. DTO 1 Ha-
OII0aeTCs Ha OIBITE.

Buonornueckast MeMOpaHa 1o CBOEMY COCTaBY M CTpOE-
HUIO CJIOXKHEE OMMCAHHOTO BhILIE JIUTTUIHOTO Ouciost. [1o
BeCy IMPUMEPHO MOJIOBUHA OUCIIOS IPUXOIUTCS Ha pa3ind-
HBIe (pochomummasl, mojoBuHa — Ha Oenku. [lnomans,
TIpUXOIAIIasicss Ha OfHY (OChOTUNMUAHYIO TOJOBKY, CO-
craisier ipumepHo 60 A2, Besku 3HaUMTeIBHO KpyIIHEE,
HX MOJIEKYJISIPHBII BEC B CpelHEM Ha J1Ba IMOpsIAKa OoJbIIle,
4yeM y IMMUIOB. DTO 3HAYUT, UYTO KOHIIEHTpal1sl OEJIKOB Ha
JIBa TIOpsIIKa HUXKe, YeM KOHLIeHTpalus JunuaoB. CHapy-
XKW MeMOpaHa, KakK MpaBUJio, UMEET CJIOM MIMKOKaJIUKCa
(puc. 1), a MBHYTPU OHA CBsI3aHA C MEMOPaHHBIM WM 11~
TockeieToM. [py pU3MoTOrnYecKUX TeMITepaTypax MeMo-
paHa — 3TO aHM3OTPOMHBIN XMIKUI KpucTaul. B Hop-
MaJIbHOM K TTIOBEpXHOCTH HaIlpaBJIeHUY OHA BelleT ceOst Kak
TBEPIOE TEJIO0, a B JIaTepaIbHOM — KaK JIMITUIHAS XKUIKOCTD,
MHKpycTHpoBaHHasA oenkamu. KoadduiimeHT matepaibHO
b dy3nn TMNNIoB J1eXuT B uHtepsaite 107—-107 cm?/c,
TOIa KaK JUIsl GeJIKOB OH cocTaBiseT mpumepHo 1071 cm?/c.

BosBpaiasics K MOJEIbHOMY JTUITUIHOMY OUCIIOI0, OT-
METHM, YTO OH SBJISIETCS MICAJIbHOM MaTpULEH, HA KOTO-
POl MOXXHO MOCJIEeI0BaTeIbHO PEKOHCTPYMPOBATh M U3Y-
YUTb BCEBO3MOXHbIE MeMOpaHHbIe cucTeMbl. Cama 1o cebe
BJIM oTkpbIBaeT OrpoMHbI€ BOBMOXHOCTHU JIJISI U3yYEHUS

Puc. 1. CxemaTtnyeckoe nsobpaxeHvie nnasmaTmyec-
Ko MeMbpaHsbl (MoAPOBHOCTY B TEKCTE)

TeX CBOICTB MeMOpaH, KOTOpble OOYCIOBJEHBI IPEXIe
BCEro JIMMUIHBIM MaTpukcoM. Hampumep, MoxXHO uccie-
NIOBaTh 2JEKTPOXMMUYECKUE CBOMCTBA IpaHUILIbl pasnena
BJIM — pacTBop 2J1€KTponTa, CTPOEHNE TBOWHOTO JIEKT-
PUYECKOTO CJ0s, aACcOPOLIMIO 3apsKEHHBIX YaCTULl, U3Yy-
YUTh MEXaHWYECKUE CBOMCTBA CHUCTEMbI, YCTOMYMBOCTb
OMCIIOEB B 2JIEKTPUUECKUX TTOJISX M MEXaHU3M UX pa3pyliie-
Hus. Hakownel, cucrema nByx bJIM okazanach ocobeHHO
MPOMYKTUBHOM ISl U3yYeHUST MOJIEKYJISIPHOTO MeXaHU3Ma
CITUSTHUST MEMOpaH.

DJIEKTPUYECKHUE CBOVICTBA
JUITNIHBIX BUCJIOEB

Pacnpesnenenne norennuana. JlunuaHas memOpaHa uMeeT
00BIYHO Ha 00EeUX MOBEPXHOCTSIX 2JEKTPUUECKUI 3apsi,
KOTOpBIN 00ecreunBaeTcsl MOJISIPHBIMU TOJIOBKaMu (oc-
GoNMUIUIHBIX MOJIEKYJT. DTOT 3apsii SKPaHUPYETCS MPOTH-
BOTIOJIOXKHO 3apsiKEHHBIMU MOHAMM 3JIEKTPOJIUTA, KOTO-
pble, HaxoAsiCh B OPOYHOBCKOM IBWXEHUU, (DOPMUPYIOT
nuddy3HYI0 00KIaAKY TBOMHOTO 3jIeKTprudeckoro noisi. B
pe3ysibTaTe 00pa3yeTcsl MOBEPXHOCTHBIN CKAavYOK TOTEH-
1MaJia, BeJIMIMHA KOTOPOTO 3aBUCHUT B TTEPBYIO OUepeIb OT
TMOBEPXHOCTHOM TUIOTHOCTH 3apsifia Ha MeMOpaHe U KOH-
LHeHTpauuu 3ekrpoauTta. [lpu nmoasipuzanum MeMOpaHbI
BHEIIHUM TMOJIeM WM CO3MaHUM HECUMMETPUYHBIX I10
KOHLEHTpAIMSIM 3JIEKTPOJIUTA YCJIOBUI B OKPYXKAIOIIMX
pacTBopax BO3HUKAET TPAHCMEMOPAHHbBIN CKaYOK MOTEH-
nuana.

Ecnu MmemOpaHa nmpoHuiiaeMa TOJIBKO 10 OTHOLIEHUIO
K OJIHOMY THUITy MIOHOB, KOTOPBIIi TPUCYTCTBYET B Pa3HbIX
KOHIIEHTpaLUsIX 110 00€ CTOPOHBI MEMOpAHBI, TO yCTaHAB-
JIMBAETCSI XOPOIIO WM3BECTHBINM MoreHiman HepHcra. B
3TOM CJIydae Mbl UMEEM JIEJI0 C TEPMOJAMHAMUYECKHUM, paB-
HOBECHBIM MoTeHIMaaoM. JIrobast KjieTka, KaK U3BECTHO,
JKMBET B HEPABHOBECHBIX YCJIOBHUSIX, TaK YTO MOTEHIIMAT
YK€ He SBJISIETCS TepMOIMHAMMUYECKOW BEJIMYMHON, OH
00yCIIOBICH METabOJIM3MOM U 3aBUCUT OT aKTUBHOCTH BCe-
BO3MOKHBIX TPAHCTIOPTHBIX CUCTEM, (DYHKITMOHUPYIOIINX
B MeMOpaHe.

HackonbKo ycToiiuMBa OMC/IOMHASI JTUNMAHAS MeMOpa-
Ha? Bonpoc 3TOT BITOJTHE 3aKOHOMEPEH, TaK KaK OTHOIIIe-
Hue ee paguyca (1 MM) K TOJIIIMHE COCTABISIET IPUMEPHO
2 010°! Kazanock 6B, camble Majibleé BO3MYLIEHUS MOTYT
pa3pymuTh 6ucioit. KpoMe reomerpryeckux coobpaxke-
HUN MOXHO TIPUBECTH dHepreTudeckue. JeicTBUTEIbHO,
BJIM HaxoauTcs B KOHTaKTE€ ¢ MEHMCKOM, HaTSDKEHUE €€
cocrabjsieT mpuMepHo 1 quH/cMm. Eciu ee miomank paBHa
B (1072 cM?, TO U3OBITOYHAS [TOBEPXHOCTHAS SHEPIUS CO-
crasisier (13 (1072 5pr, KOTOPYIO MOKHO COKOHOMUTD, ECIIH
JIMKBUAMPOBATH MEMOPaHY U OTIIPaBUTh BECh MaTepUa B
ob6nacth MeHUCKa. OMBIT TOBOPUT O ToM, yTo BJIM Xu-
BET, 3HAYUT, OHA HAXOIUTCS B METACTaOMJILHOM COCTOSI-
HUU, KOTOPOE OTAEJIEHO AOCTATOYHO BBICOKUM Oapbepom
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OT OCHOBHOTO COCTOSIHMSI, XapaKTepu3sylollerocst Oosiee
HU3KOH 3Heprueil. UTHbIMM cli0BaMu, MeMOpaHa XO4eT, HO
HE MOXET pa3pylIuThcs. DKCIIEPUMEHTHI MOKa3aiu, 4To eit
MOXHO TTOMOYb, TTIOHU3UB Oapbep, HATPUMED, C TIOMOIIILIO
JIOCTaTOYHO BBICOKOTO 3JIeKTpuueckoro HampsikeHus. Ce-
TOIHS MIPU3HAHO, YTO pa3pylleHKre OUCIO UOET Yepe3 00-
pa3oBaHUE U paCIIMPEHUE JIOKATbHBIX CTPYKTYPHBIX Je-
dekTOoB — nUNUAHBIX TOp. B pesynbraTe JiaTepajbHbIX
(yKTyaluii IIOTHOCTH B HaYajie 00pa3yroTcsl Majibie IOphbI
¢ TuapooOHBIMU CTEHKaMU, KOTOPbIE, KaK MPpaBuiIo, ObIC-
Tpo 3axyonbiBaloTcs. OJHAKO CYyIIECTBYET OMpeAe/ieHHas
BEPOSITHOCTh IIpeBpallieHusT ruapodoOHOil TOPhl B THAPO-
(unbHYIO0 B pe3ysbTaTe NepeopueHTal U JUTTUIHBIX MOJIe-
Kyn (puc. 2).

M3 puc. 2 ciaenyet, 4To 3HEpTUs TUAPOGUIBLHON TOPbI
3aBUCHUT OT €€ pajuyca, IpuueM OHa BHauyaje pacTerT, a Mo-
TOM najgaet. UHbIMU clioBaMU, Ha KPUBOM 3TOM 3aBUCUMO-
CTU MMeeTCsT SHepTeTUecKuit 6apbep. Eciau mopsl y3kue,
TO MX pacIIMpeHHe HEBBITOMHO, MOCKOJIBbKY TpedyeT Io-
MOJHUTENbHOI Heprun. OMHAKO €C/IM 3a CUET TeTUIOBbIX
ykTyaluii BO3HUKAET LIMPOKasi opa, OTBevaroIas Mak-
CUMaJIbHOM 3HEPIrUH, TO Jajbllle OHA OYyIET PacIIupsIThCS
CaMOTMPOU3BOJIbHO. DTO MPUBOAUT B KOHIIE KOHIIOB K pa3-
pyuieHnto MmeMopaHbl. [Ipy HaJTOXEeHUM 3JIEKTPUIECKOTO
I10J151 BBICOTa Oaphepa CyIIeCTBEHHO MOHKaeTcs (puc. 2, 2),
a 3HAUYUT, YMEHbIIAeTCs U BpeMsl KU3HU Oucios. SABieHue
3JIEKTPOIOPALIMU HAILJIO MHOXECTBO MHTEPECHBIX MPUIIO-
>KEHUI B MEIUILIMHE U OMOTEXHOJIOTHH [2].
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Puc. 2. SHeprusa nunuaHon nopel W kak dyHkumns ee
paguyca r. Cnyyaii 1 — npy OTCYTCTBUM NONS, cnyvan 2 —
nocne HanoxeHus nons. Jlesas BOCXOAALLASA BETBb OT-
BeyaeT rmapodobHo nope, NokasaHHOW Ha 3, a oc-
TanbHbIE BETBU — r’mapoduiibHbIM nopam (4)

\r

Wonnpiii Tpancnopr. Kak yXe OTMedajaoch BBHIIIE,
BJIM — 3T0 XOpoIrii U30J9TOp, TO €CTh IJIOTUHA HA ITyTU
MOHHOTO TpaHCIIOpTa, obecreuyrBarolias 0apbepHyI0 (PyHK-
mmio. Crenys Mo MyTH PEKOHCTPYKIMKA pasHOOOpPa3HbIX
CBOICTB KJIETOUHBIX MEMOpPaH, XOTeJIOCh Obl HAlIEJIUTD €e

MPOBOMSIIMMU CBoicTBamMu. EcTecTBeHHO ObLIO OBl Ha-
JaTh C pelleHUs] MOAEIbHOM 3a1a4u U TOMBITATHCS pa-
300paThcsl ¢ MEXaHM3MaMHM TIepeHOCa, OCYIIECTBIISIEMOTO
CPaBHUTEIBLHO TIPOCTBIMM COCOWHEHUSIMU. YK€ TIepBbIe
9KCIEPUMEHTHI MOKa3aIM, YTO N00aBlIeHUE B SYEHKY C
BJIM XupopacCTBOPHMBIX KUCJIOT IMPUBOIUT K IEPEHOCY
yepe3 MeMOpaHy MPOTOHOB, KOTOPbIE CaMHM TI0 cebe uepe3
MeMOpaHy He UIYT. A 100aBIeHNE B CUCTEMY aHTUOMOTHKA
BalMHOMUIIMHA negaer BJIM mpoHuiiaeMoil misi MOHOB
Kanus. Mosekyna BaIMHOMULIMHA HallOMUHaeT 0y0/uK, B
NIBIPKE KOTOPOTO YIOTHO YYBCTBYET ce0s MOH Kanus [3].
WHBIMU cioBaMU, BATMHOMULIMH 00pa3yeT KOMILIEKCHI C
noHaMu Kanus (puc. 3, 6). B To e BpeMst OH X0opol1110 pac-
TBOpSIETCSl B JIMTIMIHOM (ha3e, TaK KaK BHELIHSST MOBEPX-
HOCTb “OyOnmuka” ruapoc¢oOHa, a BHYTPEHHSISI THAPO-
dunpHa. KapTrHa mepeHoca MOHOB BHITJISITUT CIISAYIOIIIM
o6pa3zom. K sieBoii rpaHuiie MeMOpaHbI, K KOTOPO# MPUIIO-
JKEHO 3JIEKTPUYECKOE ToJie, MOAXOIUT MOH KaJIUs U Tiepe-
CKaKMBaeT Ha CBOOOIHYIO MOJIEKYJTy BATMHOMUIIMHA. DTOT
3apsSKEHHBIM KOMIUIEKC IO IeWCTBUEM TOJISI MUTPUPYET
yepe3 MeMOpaHy K Apyroii rpaHuile. TaM MOH KaJus cocKa-
KMBAET B pacTBOP, a CBOOOIHAs MOJIEKY/Ia BAIMHOMUIIMHA
Bo3BpalaeTcst oopatHo (puc. 3, a). MoxHO cKa3aTh, 4TO B
MeMOpaHe BEPTUTCS Kapyceib, TO €CTb MOHBI TPAHCIIOPTHU -
pYIOTCSI C MOMOIIBIO MOIBMIKHBIX IepeHocuukoB [4]. B
cydae TPOTOHHOUM Kapycelu poJib NepeHOoCYMKa WUIpaeT
aHWOH XMPOPaCTBOPMMOIA KUCIIOTHI. B mipoiitoM nipenrmo-
JIarajoch, YTO CUCTEMbI TTIEpEeHOCA KaJIUs M HATPUS B BJICK-
TPOBO3OYAMMBIX KJIETKaX MOTYT JA€MCTBOBATh MO TUITY TO-
NBIDKHBIX TIEPEeHOCUYMKOB. BriociencTBum okasaioch, YTO
9TO He TaK, IePEHOC MOHOB OCYIIECTBIISIETCS Yepe3 CIeln-
anM3upoBaHHbIe KaHaibl. Ha puc. 3, 6 mokasaHa cTpykTypa
AHTUOMOTUKA TPAMULIMINHA, KOTOPBII 00pa3yeT KaHaJl.

Puc. 3. VIHOyuMpOBaHHLIA MOHHBLIA TPAHCMAOPT: a —
TPaHCNOPT MOHOB Kannsi Yepe3 MemMOpaHy Nno cxeme ne-
PEHOCUUNKOB. V — MOABUXHbBIA HOCUTESTb BAJIMHOMULVIH,
KV — koMniekc BaIMHOMULUMHA C Kannem; 6 — CTPYKTY-
pa komnnekca K'—BanMHOMWUUMH, BUA, BOONb OCK CUM-
METpUU; B — CTPYKTYpa rpaMnunamMHOBOro kaHana, am-
Mep o6pa3oBaH M3 ABYX MOHOMEPOB, CTbIKYIOLMXCS
N-koHUamn

YN3MAJXEB 0.A. MEMBPAHHAA BNOJIOTNA: OT NUNUAHbIX BUCNOEB JO MONEKYNAPHbLIX MAWMWH
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BJIEKTPOPEI'YJINPYEMBIE
MNOHHBIE KAHAJIBI

JlaBHO BBISICHUJIOCH, YTO UMEHHO MeMOpaHHBIN MOTEH-
LIMaJj MpeaCcTaBIsieT cOO0M TOT SI3bIK, HA KOTOPOM pa3ro-
BapUBaloT KJIeTKU. Ha MeMOpaHe HepBHOTO BOJIOKHA ITO-
CTOSTHHO TIOJIEPXUBAETCS HEOOJIBIIION MOTEHIIMAT ITOKOSI
nopsinka —40 mB. Eciu ciBuHYTh BHYTPUKIIETOUHBIN T1O-
TeHLMaJ IpuMepHo Ha +20 MB, To B KIIeTKy yCTpeMIISIIOT-
¢ MIOHBI HATPUS (MX MHOTO BO BHEKJIETOYHOM Cpefie), TeM
caMbIM ellle CWJIbHee COBUTasi BHYTPEHHMI MOTeHIMAN B
MOJIOXKUTEbHYI0 CTOPOHY. BHYTPUKIIETOUHBIM MOTEHIIMAI
MpUOIMKAETCS K HYJI0, 3aTeM CTAHOBMTCS TOJOXHUTEb-
HBbIM U gocturaet npumepHo 50 MB. Ilocne sToro Tok B
MeMOpaHe mepekioyaeTcs Ha oOpaTHbIA. Terepb OH yxke
TEYET HAPYXY, BBIHOCUT MOHBI Kajusl, U BJEKTPUUECKUI
MMOTEHIIMAaJl BHYTPU KJIETKY MOCTENEHHO CraiaeT 10 3Haue-
HUs TTOKOS1. Beruteck pa3HOCTH 3JIEKTPUYECKUX IMOTEHIMA-
JIOB MEXIy BHYTPEHHE! YacThiO KJIIETKM U HAPYXKHOM cpe-
IOV HOCUT Ha3BaHUE IMOTEHIMasa IeUCTBUS. DTO U €CTh,
COOCTBEHHO, HEPBHBIN UMITYJIBC.

OCHOBHBIE CBEICHUSI 0 MEXaHM3MaX 3JIEKTPOBO30Y M-
MOCTHU OBUTH TTOJTyYEHbI C ITOMOIIBIO MeTO1a (pHKCALIUU TTO-
TeHIIMaJia, KOTOPbIi MO3BOJIWI pa3ieuTh U U3BMEPUTD Map-
LIMAIbHbIE TOKW HAaTPUST U Kajdus Kak (pyHKIIMY BpeMEHU.
ITpu aTOM M3MepeHMs TTPOBOAWIIM Ha MaKPOCKOITMUECKUX
yJacTkax MeMOpaH, Tak 4To HabJofagach cyMMapHasi ak-
TUBHOCTb MHOXECTBAa MIOHHBIX KaHAJIOB. MHOTOYMCIIEHHBIE
SKCIEPUMEHTHI, BHITOJTHEHHbIE XOMKKUHBIM, XaKCIIA M UX
nocyienoBatessiMu [S], aji BO3MOXHOCTb IIPOU3BECTU TaK
Ha3bIBaeMYy10 (PyHKIIMOHATbHYIO PEKOHCTPYKIIMIO MOHHBIX
KaHaJOB, XOTS B Te yXe nanekue 50-e roabl MOXHO ObLIO
TOJILKO MEUTaTh O BbIICJECHUU U U3YYEHUHN COOTBETCTBYIO-
X 6eJKOBbIX MoJieKyJl. Ha puc. 4, a ycioBHO n300paxeH
HaTpUEBBIN KaHaJl, KAKMUM OH TPEACTaBIISIICS Ha OCHOBA-
HUU d3jeKkTpodusnonorndeckux ndmepeHuit. [long Home-
pom [ HaxomuTcsi MOHOGMOpPHAs Tpymnma, oTBevaroIas 3a
CEJIEKTUBHOCTD KaHajla U ero MPOBOAUMOCTD B OTKPHITOM
coctossHur. OHa cHabXeHa Mapoil BOPOT — aKTUBAIlMOH-
HbIMHU (2) 1 MTHAKTUBAIMOHHBIMU (3). OHU YIIPaBISIOTCS
3JIEKTPOCEHCOpaMu 4 1 5, KOTOphIe BKJIIOYAIOT B ce0sI 110~
NBMDKHBIE 3apsiibl, TIepeMeliatoniecs momnepek MeMopaHbl
IIpY UBMEHEHUU MeMOpaHHOro MoTeH1uana. B coctosinumu
MOKOSI aKTUBALlMOHHbIE BOPOTa 3aKPbIThI, & MHAKTUBALIM-
OHHbIe OTKpHITHL. [lpu nenosnsipuzauuyv MeMOpaHbI, TO
€CThb CMEIIEHUY BHYTPUKIIETOUHOTO MOTEHIIMAJa B TOJIO-
KUTEJIbHYIO CTOPOHY, aKTMBallMOHHBIE BOPOTa OTKPHIBA-
J0TCSI, @ MHAKTHUBAIlMOHHBIE 3aKPBIBAIOTCSI. DTOT MPOLIECC
OIOCPENOBaH TepeMelIeHUEeM YIPaBISIONIMX 3apsiioB B
ceHcopax 41 5, 4TO MOATBEPXKICHO N3MEPEHUEM COOTBET-
CTBYIOIIUX TIEPEXOIHBIX (BOPOTHBIX) TOKOB.

Ycnexu COBPEMEHHOM BHGKTDO(bI/I?)I/IOJTOFI/IV[ n MoJie-
KYJISIDHOU OMOJIOTUY TIO3BOJIMJIN TIOCTAaBUTh pdaaomM €

(YHKIIMOHAJIBHOM CXeMOI HaTpUeBOro KaHaia (puc. 4, a)
ero peajbHBIN MOpTpeT (puc. 4, 6). bouto MoKa3zaHo, YTO
HaTpUEBbIl KaHaJI — 3TO OJHA TMTAHTCKasl MOJIeKyJa, KO-
TOopasl COAEPXKUT 24 TpaHCMEMOpPaHHBIX IOMeHa, KOTOpbIe
BUJHBI Ha pucC. 4, 6 B CEUEHUHU, TTapaIeJIbHOM ILIOCKOCTH
MmeMOpaHbl. B 1nieHTpe cTpykTyphl (puc. 4, 6) HaXOAUTCS
MOHO(MOPHBIN yJacTOK, a KpacHbIe KPYKKM Ha TOpTpeTe
HATPUEBOTO KaHajla — 3TO S4-IOMEHBI, UTPAOIIe POJIb
3JIEKTPUYECKMX CEHCOPOB, yHpaBIsiolmMnX BopoTamu. Ha
puc. 4, 6 mokazaH ouH S4-10MeH, coaepKalllMii 3apsixKeH-
Hble aMUHOKHUCIIOTHL. DTO YIaJI0Ch YCTAHOBUTH C TIOMOIITHIO
paspabotanHoro Heepom m CakmaHoM [6] MeToma TaT4-
KJIaMII, KOTOPBIN MPOM3BEJ PEBOJIOLIMI0 B MEMOpPaHHBIX
uccaenoBaHusix. OHU HayYUJIUCh OTPBIBATH OT KJIETOYHOM
MeMOpPaHbI C TTOMOIIBIO TOHKOTO CTEKJISTHHOTO Kammusipa
MaJIeHbKII KycoueK (M3T4), IIOMIAAbI0 TPUMEPHO 1 MKM?,
Ecnu Bam moBe3nio, Ha 3TOM MSITAYKE MOXET 0Ka3aThCs
OIVIH-CINHCTBEHHBIA VMOHHBIA KaHajl, KOTOPBIA Temepb
MOXHO CITOKOMHO u3y4aTh. [Tocie Bcero aToro BCTymnuia B
WUTPY MOJIEKYJISIpHAst OMOJIOTHS, KOTOPast yMeeT OCYIIeCTB-
JISITH TOYEYHBIE MYTAllUM U TEM CaMbIM 3aMEHSITh JIIOObIC
aMUHOKHUCJIOTHI B OeJIKOBOI 1ernu. Maest mocieayommnx
JNEHACTBUI MPOCTA: 1aBaTE BApbUPOBATh AMUHOKUCIOTHBIM
COCTaB U TYT e CMOTPETh, KaK U3MEHSTCS (DYHKIIMOHATb-
HBbIE XapaKTepUCTUKY KaHajla, HalpuMep 3aBUCUMOCTb €T0
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Puc. 4. - ®yHKuMOHaNbHast PEKOHCTPYKLUUSA HATPUEBO-
ro kaHana (a); BUA Ha Ce4YeHue KaHasna nioCckoCTblO, Na-
pannenbLHoM NOBEPXHOCTM MeMBPaHbI; KaX bl KPY>XOK —
ceyeHne TpaHcMeMbpaHHOro gomeHa (6); B — oavH 13
S4-pomeHoB (BUA cO0KyY), 3apsiXeHHble aMUHOKUCIIOTbI
rnokasaHbl KpaCHbIMU ToYKamu (MOAPOBHOCTU B TEKCTE)
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MMPOBOAMMOCTH OT TOTeHLMada. Eciyu Mbl XOTMM HailTu
3JIEKTPOCEHCOP, €CTECTBEHHO 3aMEHUTD 3apSKEHHbIC aMU -
HOKMUCJIOThI Ha HelTpalibHble. UMEHHO TakK ObUIM HaliIeHbI
S4-moMeHBl, YIpaBisolIe MPOBOAMMOCTbIO HATPHUEBBIX
KaHaJIOB. AHAJIOTUYHO TTPOBOIMJICS TIOUCK LIEHTPOB CeJIeK-
TUBHOCTU B MOHO(OPHOM ydyacTke KaHaa. Tak e uckaim
MPOTOHHYIO TPOTTY B 6aKTepUOPOIOTICHE, KOTOPBI SIBJISI-
€TCS1 CBETOAKTUBUPYEMBIM HACOCOM.

OtnaBasi JOJDKHOE BCEM 3TUM 3aMedaTe/IbHbIM MCCJle-
JOBaHUAM, HAAO IMMOHMUMATDb, YTO 3a KaApOM I1OKa OCTACTCA
BaKHEUIIUIA BOIIPOC O M€XaHU3Max U JTMHaAaMUHKE KOH(l)Op-
MAallMOHHBIX U3BMEHEHU I OesKa. l'lepBLIe IOIIBITKMU B 3TOM
HaIipaBJICHUU OCJIal0TCA, HO €11€ HE MPUIIO BPEMS pac-
CKa3bIBaTb O HUX.

3AK/IIOYEHUE

OrpaHUYeHHbIt 00bEM CTATbU HE MO3BOJIMI OCTAHOBUTHCS
Ha yBJIeKaTeJbHbIX PUMeEpaX, B KOTOPbIX MEMOpPaHbI BbI-
CTYNAIOT KaK BaKHEWIME MOCPEIHUKN B IHEPTETUYECKUX
MpeoOpa3oBaHUsX MU CMOCOOCTBYIOT IBUXEHUIO OaKTe-
PUAIBHOM KJIETKH, UCIIOJIb3YsI CBOOOAHYIO SHEPTUIO MOH-
HBIX rpagreHToB. UMeHHO MeMOpaHbl MO3BOJISIIOT OCYILIe-
CTBJISITh SHEPTONOTPEOIISIIOLIUE TTPOLIECCHI, MUHYS MPSIMOE
ucnonb3oBaHue AT®. OcoGeHHO SIPKO 3TO MPOSIBISETCS B
X0Jle Tlepeayu UMITYJIbCOB M0 HEPBHBIM BOJIOKHAM, KOTO-
Pblii MOXXHO PeaJIn30BaTh B TEUEHME TOJITOTO BpEMEHU MPU
otcyrcTBuU AT®. HepBHOE BOJOKHO UMeET U30bITOUHBII
3amac cBOOOIHOI 3Hepruu B (opMe Teperaga MOHHBIX

KOHLIEHTpalLlMii, CO3MaHHbIA M3HAYaJbHO 3a CYET 3arpar
AT®. boicTpblit UHGOPMALIMOHHBIM OTKIMK B BUJE MaYKu
HEPBHBIX UMITYJIbCOB BO3MOXEH UMEHHO MTOTOMY, YTO BO-
JIOKHO BCE BpeMsl, Ha BCSIKUI cly4yaid, HaXOAUTCS MO/ Ha-
MPsSKEHUEM.

Xotenoch ObI HANESThCS, YTO HAM yIaJd0Ch ITOKa3aTh,
HaCKOJIbKO yBJIeKaTebHA HayKa O MeMOpaHax, KoTopasl B
HacTosI1Iee BPeMsI CTPEMUTEIbHO pa3BUBAETCS.
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KOpuin AnekcaHapoBuy HYnamaaxes, JOKTOP XMMUYECKUX
Hayk, npodeccop kadenpbl 6uodusnkn MIY, yneH-kop-
pecnoHaeHT PAH, 3aB. nabopaTtopuei 61M03neKTPOXUMUM
UHcTutyTa anektpoxumunm um. A.H. @pymkuna PAH. O6-
NaCTb Hay4HbIX MHTEPECOB — Brodursnka memopaH. ABTop
250 Hay4HbIX TPYAO0B U TPEX MOHOrpaduii.
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