JUT AHJIbI, B3BAUMOJENACTBYIONIUE C BUCJIOEM

MHoxecTBO (aKkTOB CBUACTEIBCTBYET O TETEPOreHHOCTH OMOJIOTMYECKUX MeMOpaH Kak B
MPOJOJILHOM, TaK M B TOMEPEYHOM HaMpaBlIeHUsX. TpaHcMeMOpaHHAas aCUMMETpHUsi O3HA4aeT, 4YTo
pa3Hble MOJIOBUHBI OMCIIOSN MMEIOT pa3HbIi COCTaB. YCTAaHOBIEHO, YTO MHTErpajbHble MEMOpaHHBIC
OCJIKM BCTPOCHBI B MEMOpaHy aCHMMETPHYHO M 3Ta acUMMETpus craOuiabHa. TakuMm o0pa3om, K
[UTOIUIA3MAaTHIECKON M HAPyKHOW TTOBEPXHOCTSIM MeMOpaHbI 0OpaIeHbI Pa3HbIe OEIKOBBIE JOMEHBI.
[TomyyeHO MHOXKECTBO TaHHBIX (B MEPBYIO OYepEIb HA SPUTPOLIUTAX) O TOM, YTO COBEPIICHHO Pa3HbIM
MOXeT ObIThb W (QochonunuaHblii cocTaB AByX MONIOBUMH Oucnos. Kak cosmaercss sTa JumnmaHas
aCHMMETpHUS U 32 CUET Yero OHa IMOJICPKUBAETCS — IIOKa HESCHO, XOTS WMEIOTCS JAaHHBIE O CY-
mectBoBaHUU ATP-3aBHCHMBIX TPaHCIIOKa3, KOTOPbIE YCKOPSAIOT MEPEHOC JIMMHUIOB depe3 OHCIION.
Hpyrumu  axTopamu, OINPEAeSIONIMMH aCUMMETPUI0O MeMOpaH >KUBOTHBIX KIIETOK, SIBISIOTCS
B3aMMO/ICHCTBUS JIUMTUAOB C IUTOCKEIETOM U C BHEKJIETOYHBIM MaTPUKCOM Ha €€ MOBEPXHOCTH.

HmeroTcs naHHBIE U O JaTepalibHON TeTePOreHHOCTH OMOJOTHMYECKHMX MEMOpaH. DTO MOTYT OBITH
JOCTaTOYHO OOMIMPHBIE CIENHUATN3UPOBAHHBIE YYaCTKH MEMOpaHbI, HampuMep amnuKalbHas WId
OazonaTepanbHas O0JIACTH IJIa3MaTUYECKOM MEMOpaHbl IMOJISPU30BAHHBIX SMUTEIHAIBHBIX KIETOK.
[Ipumepom TOTO, KaK B IMpenenax OAHOH MeMOpaHBI COCEICTBYIOT 00JacTH C pa3HBIM COCTaBOM H
(GYHKIMAMH, MOTYT CIY)KUTh MEHEE IPOTSHKCHHBIE COINPHKACAIOUINECS W HECONPHKACAIOIIUECS
y4acTKH TUJIa-KOUTHOW MeMOpaHbl. Bee 3TO MoKa3bIBaeT, 4TO MOJICKYJISIpHAS OpraHu3alus MeMOpaH
ropa3io CJOXHEe, YeM OTO CIEAyeT W3 IKHIKOCTHO-MO3aWYHOW MOJIENH, IePBOHAYAIHLHO
npennoxxeHHo Cunrepom u HukosncoHoMm.

Kuaaccewl aUranaos:

Jlureparypa,  omnuceIBarollas ~ B3aUMOJEHUCTBHE  HU3KOMOJIEKYJSIDHBIX ~ COCOUHEHUH  C
OMOJIOTMYECKMMU U MOJEIbHBIMH MeMOpaHaMM, 4Ype3Bbl4aiiHO oOmmMpHa. I IpOCTOTHI pa3jesium
TH COCIUHEHHS B COOTBETCTBUM C HX TOJSIPHOCTBIO HA CIEIYIOIIUE KIACChl: HEMOJSIPHBIE,
ampuduabHble U HOHHBIE. C y4eTOM TaKOM KiacCU(pHUKAIMUA KPATKO PaCCMOTPUM HEKOTOphIe paboThI,
MOCBSIICHHbIE B3aMMO/ICHCTBHIO JIUTAHA0B C MEMOpaHAMHU.

Kiacc I: HenonsipHbI€ BelllecTBa

JlunuaHenil Oucioi, BOOOIIEe TOBOPS, MOKHO pacCMaTpHUBaTh KaK JIBYMEPHYIO KHUIKOCTh, TIOITOMY
OTIpe/ICTICHHBIA WHTEPEC MPEJCTABISIET CIOCOOHOCTh JTOH JKUIKOCTH PACTBOPATH HEOONbIINE
HETIOJISIPHBIE MOJICKYJIbl. Takue MaHHbIE BEChbMa IIEHHBI 11 TIOHMMaHHUs TOro, Kak TUIpoQoOHbIE
JIOMEHBI OEITKOB B3aUMOJICHCTBYIOT C OMciioeM. B kauecTBe mpumepa MOKHO MPUBECTH MCCIICOBAHNE
pacTBopa rekcana B auonewidocharuanaxonune. BepostHee Bcero, B OONBIIMHCTBE CIIy4aeB TaKUE
HEMOJISIPHBIE MOJICKYJIbI, KaK TEKCaH, JIOKATH3YIOTCS B IeHTpe Oucnos. Takas moxkamu3amus st
rekcana ObUTa BBISIBJICHA C MOMOIINBI0 METOJa HEHUTPOHHOH Audpakiud, XOTs IpH 00Jee BBICOKUX
KOHIIEHTPAIIMSAX T'eKCaHa BIIOJIHE BO3MOXKHEI 00JIee CII0KHBIE BAPHAHTHI B3aUMOICHCTBUSI.

Kiacc 1I: ambudrmisHbIe MOJIEKYIIBI

3Ot0, 6€3yCci0BHO, HanboIee OOIIMpPHAs U3 UCCIIEAOBAHHBIX IPYyIIa MOJIEKyJl. B Hee BXOaIT MHOTHE
aHECTeTHKH, JIEKapCTBEHHbIE Ipenaparbl (B YaCTHOCTH, TPAHKBHIU3ATOPHI), (hapMakoioruyeckas
AKTUBHOCTh KOTOPBIX 3aBHUCUT OT HMX CIOCOOHOCTH B3aUMOJIEMCTBOBaTh ¢ MeMOpaHamu. K sToit
KaTeropuu TakKe MOYKHO OTHECTH LENbIi psiJi aHTUOMOTUKOB M JIPYTHe MPUPOAHBIE COSAUHEHUs, B
YACTHOCTH COJIM KEIYHBIX KUCIOT WM >KUpHbIE KUCIOTHL. Kpome Toro, ampuduibHsIMu CBOMCTBaMU
00JTa]afoT MHOTHE MCTIOIBb3YEMBbIC [T H3y4eHUs MeMOpaH (IIyopeclieHTHBIE M CITMHOBBIE METKH. Bcee
3TH COEAMHEHUS HMEIOT YeTKO pa3IMYMMble MOJSPHbIE M HEMOJSpHbIE 4YacTh M I(PQPEKTHBHO
B3aUMO/JICHCTBYIOT C MOBEPXHOCTbIO MeMOpaHbl. HekoTopble M3 Takux aM(uUIBHBIX COEAMHEHUI
MIPU JOCTATOYHO OOJBINUX KOHIICHTPALMAX NEHCTBYIOT Ha MEMOpaHy KakK JETEPreHThl U Pa3pymIaroT
6ucnoii. [lokazaHo Takke, YTO HEKOTOpbIE aM(pu(UIbHBIC BEIIECTBA JaXe B YMEPEHHBIX KOHIICHT-
panmax OKas3bIBalOT Ha OMoMeMOpaHbl MOBpEXKIatoIee IeHCTBHE.

Anecmemuxu

CymiecTByeT MHOTO THUIIOB AHECTETMKOB — OT aTOMAPHOI'O KCEHOHA /10 CIIOKHBIX OPTaHMYECKHUX
TeTepPOIMKINYECKIX coennHeHnid. BooOmie roBops, (apmakonornyeckass akTUBHOCTh aHECTETUKOB
XOPOIIO KOPPEIUpYeT ¢ UX KOd(PPHUIHMEHTOM pacrpeieseHnss B CHCTEME Macio/Bojia. DTO MO3BOJISET
MPENIOIIOKHUTh, YTO MEXaHU3M UX JIEHCTBUS BKIIOYAEeT B ce0s Hecrnenuduueckue B3auMOACHCTBUS C



AUNUAAaMH MeMOpaH HEpBHBIX KieTok. MccinemoBaHMIO NMPHUPOIBI B3aUMOJECHCTBHS aHECTETHKOB C
OHMOJIOTHYECKUMHU WIJIA MOJICIIbHBIMA MEMOpaHaMy TOCBAIICHO JOBOJIBHO MHOTO paboT. XOTS B ATHX
paboTax U OBUIO TMOKa3aHO, YTO AHECTETUKU CHOCOOHBI HAPYIIATh CTPYKTYPY JHUIMHMIHOTO OHCIIOS,
MexaHu3M(bl) UX JEHCTBHUSI O CHUX TOp OcTaeTcs 3araikoi. BrmomHe BeposTHO, 4TO 3h(dEKT ITHUX
COCIMHEHUH MPSIMO WM KOCBEHHO CBSI3aH C BIMSIHHEM Ha crienupuieckrue Oenku MeMOpaH HEpBHBIX
kieTok. Meronom SIMP uccrenoBanu HemocpeICTBEHHOE ASHCTBUE HA MEMOpPaHBI psifia aHECTETHUKOB,
B YaCTHOCTH AaHECTETHKa OOLIero IeHCTBUS XJIOpalbrHIpaTa, aHECTETHMKOB MECTHOTO JEHCTBHS
IIPOKanHa, TeTpakanHa 1 TUOyKauHa U CTEPOMIHBIX aHECTETUKOB. Pacnipenenenne Mexay MeMOpaHoi
U BOJMHOW (a3amMu CTEpOUAOB, OOJATAIONINX aHECTe3UPYIOMMM dS(h(EeKToM, HE OTIUYAeTCS OT
pacripesielieHust JIOObIX JAPYTMX CTEPOMIOB, M WX BIMSIHME HAa COCTOSHHUE JMIUIHOIO CJOs
OIIpeNIeNAeTCsl, TO-BUUMOMY, CIIEHU(UIECKUMU CTPYKTYPHBIMU OCOOEHHOCTSIMH.

Jlexapcmeennvie npenapamuol

W3 nexapcTBEHHBIX MpenapaToB JIYYIIE BCETO MCCIEAOBAH XJIOpNpoMa3uH. B 4acTHOCTH, M3yUYeHO
€ro MPOHUKHOBEHHUE B JIMIHUIHBIE OMCIOWHBIC BE3UKYJIBI U B MEMOpPaHBI SpUTPOIUTOB. B 06oux ciryua-
X KO3(PHUIMEHTHI pachpeesieHns B cucTteMe MeMOpaHa/Boaa ObUIM oAMHAKOBHL. [Ipu BBeaeHuU B
SPUTPOLIUTHI XJIOPIIPOMA3HMHA B OOJBIIUX KOJUYECTBAX IPOUCXOJIUT CYIIECTBEHHOE H3MEHEHHE
CTPYKTYPhBI 61/ICJIOSI BIUIOTH OO €TI0 IMOJHOI'O paspylICHU:. MakcumanbHOE€ KOJIUIECTBO IMPOHUKIICTO B
MeMOpaHy XJIOpIpOMa3uHa, MO OLIEHKaM, 3aHUMaeT 00beM, MPEBBIMIAIONINI 00beM caMoro OucCIos.
BepositTHO, mpu OONbIIMX KOHLEHTPALUAX MPOUCXOAUT arperauvs He3apsHKeHHON (QOpMBI ATOTO
mnmpernapara B HCHTPE 6I/ICJ'IOSI, 4TO NPUBOJUT K 3HAYHUTCIbHOMY YBCIMYCHHUIO TOJIIIWHBI M€M6paHBI. B
Oosiee yMEpEHHBIX KOJMYECTBAX XJIOPIPOMAa3uH BbI3bIBAET 00pa3oBaHUE B MEMOpaHe MOp JUAMETPOM
~ 14 A u, xak cnenctsue, nusuc. [Ipupona popmupoBaHus mop HesCHA.

Anmubuomuxu

TOKCHYHOCTh HEKOTOPHIX aHTHOMOTHKOB 00YCIIOBIICHA, 110 BCEH BHIMMOCTH, UX B3aUMOJICHCTBHEM
C MEMOpaHOH.

1. Ilomumexkcurn B mnpencraBiser coOOW UHUKIMYECKUH TOJUMENTH, COCTOSIIUN W3 TIATH
MOJIOKUTETFHO 3apsKEHHBIX AMUHOKHCIIOTHBIX OCTaTKOB M THAPO(OOHON arIbHOW OOKOBOM IIeTy.
AHTHOMOTHK crienuUYeH B OTHOIICHUU TpaMOTpHUIATeNbHBIX OakTepuit (Hampumep, E.coli); ero
MUIICHBIO SBJISIFOTCS B TIEPBYIO OYEPEab OTPHLATEIBHO 3apsHKEHHBIC JIUMUABI B HAPYKHOM KIETOUHON
W [WTOIIa3MaTHYecKod MeMOpaHaX. I[lOJMMUKCHH WMEEeT HAaCTONBKO BBICOKOE CPOACTBO K
OTPHULIATENIFHO 3apsUKCHHBIM JIUMHAAM, YTO C €ro IIOMOIIbI0 MOXKHO BbI3BaTh JIaTepalbHOE
nepepacrnpeesieHie pa3sHbIX GOPM JHIUA0B B (OCHOIUITUAHBIX BE3UKyIaxX. B3anmoaencTBre KIeTok
E. coli ¢ mMONMMMUKCMHOM TPHUBOAWUT K YBEIMUYCHHIO TIPOHUIIAEMOCTH MEMOpaH W BBIXOIY
LUTOJIA3MAaTHYECKOTO MaTepraia HapysKy, YTO OJHO3HAUYHO YKa3bIBa€T Ha HAapyIIeHUE MEMOpaHbI.

2. [lonmuenoBbie aHTHOMOTUKN — aMdoTepuIliH B, HUCTaTUH ¥ PHIMITMH — TPEICTABIAIOT COOOM
MEMOpaHOAKTUBHBIE MPOTUBOTrPUOKOBBIE MpemnapaThl. OHM MOTYT BBI3BIBATH JIM3HUC JAPOKKEBBIX
KJIICTOK, SPUTPOIUTOB M KJIETOK MJICKONMUTarmuX. [IpeanonaraoT, 4To JUTHYECKass aKTHBHOCTh ITHX
AHTUOMOTHKOB OOYCIIOBJIEHA MX aCCOIMAIMEeH CO CTEpoujaMu B MeMOpaHe M (DOpMUPOBAHHEM IIOP.
OOpa3zoBaHue TakMX KOMIUIEKCOB ObLIO OOHapyxkeHo MetogoM SAMP; omnpeneneHbl KOHCTaHTHI
KOMILIEKCOOOpa30BaHUsl C Pa3IUYHBIMU CTEPOUJAMH, BCTPOCHHBIMU B (OC(ONUMUAHBIE BE3UKYJIBI.
Borateie crTepoumamu MeMOpaHbl BBIBISUIA 10  (DIYOPECIICHIIMM KOMIUICKCOB (MIIMIIMHA CO
CTEpOUIAMH.

3. AnpuaMHIMH IO CBOEH CTPYKType OTHOCHUTCS K aHTPAlMKIMHOBBIM TIJHKO3UAaM. OTO
IIPOTHBOOIYXOJIEBBIM  Ipemapar, 4Ybe MpPUMEHEHHe, IpaBJa, OIPaHUYEHO BCIEICTBHE €ro
KapJIMOTOKCUY-HOCTH. AJIPUAMHIIMH CHENU(DUIESCKH CBA3BIBACTCA C KapIUOJUIIMHOM B MEMOpaHe, W,
BO3MOXHO, HMMEHHO 3TUM OOYCJOBJI€Ha €ro TOKCHMYHOCTb. C TIOMOIIbIO MOJEKYJSPHOTO
MOJICJIMPOBAaHUSI M MHUHMMM3ALUU SHEPIrUU MbITAINCh PACCUUTATh KOH(OPMAIMIO aJpUaMHIIMHA,
CBSI3aHHOTO C TTOBEPXHOCTHIO OMCIION 32 CYET AJNEKTPOCTATHYECKOTO CBS3bIBaHUSA C (POochaTHBIMU
rpyNIaMu KapIHOIUITNHA.

lecepeenmui

JIMruToHMH u OIu3KMEe eMy 10 CTPYKType CalmOHMHBI HMEIOT BBICOKOE CpOJCTBO K
MEMOpaHOCBSI3aHHBIM ~ CTEpOJIaM U, [O-BUIMMOMY, CBA3BIBAIOTCS B crexuomerpun 1:1 ¢
coJepkalmMcs B MeMOpaHe xojecteposioM. [lonreHoBble aHTUOMOTHUKH, alpUaMUIIMH U TUTUTOHUH,
— 3TO HEOOBIYHBIE MPUMEPHI aMPUPHUIBHBIX MOJEKYJ, 00JaJal0nX N30MpaTeIbHBIM CPOACTBOM K
OIpeIeIEHHBIM MEMOPAHHBIM JIMITUAAM.



Membpannvie memku

Yacrto (ryopeclieHTHBIE U CIIMHOBBIE METKH MPEACTaBISIOT co0oi ampuduibHbie MoseKybl. B
Ka4ecTBEe NMpHMEpa MOXKHO MPUBECTH KapOOIMAaHWHOBBIC KPACHTENH, MCHOIb3yeMble Ul M3Y4YCHUS
KHHETHKH BOCCTaHOBJICHUS (pryopecreHnuu mociie GoToodeciBeunBaHus. JTa METKa CBA3BIBAETCS C
OJTHOW CTOPOHOW MeMOpaHBI W HE MOXET C MOMOUIbI0 (uHI-(PIION-TIepexoa MonacTe Ha APYTYIO
CTOPOHY M CBSI3aThCSl C MEMOpaHaMU BHYTPUKJIETOYHBIX OpraHeiul. Takas acHMMETpPUsi CBS3bIBAHUS
J0Ka3aHa SKCHEpUMEHTATIbHO. [[pyroil mpumep—cCrIuHOBBIE U (IyOpECICHTHBIE METKH, KOTOpPBIC
MOTYT CBSI3bIBATHCSI C MEMOPAHON M UCHIOJIB3YIOTCS ISt H3YUCHUS DJIEKTPUUYECKUX CBOUCTB OMCIIOS.

Kimacc 11I: runpodhoOHbBIE HOHBI

3TO MOJIEKYJIbI, B KOTOPBIX 3apsHKEHHAs TPYIIIa HAXOAUTCS B OKPY>KEHUH HETIONSPHBIX TPYIII, YeM
OHU M OTJIMYAIOTCA OT HPOCTHIX aMPUPUIBHBIX COETUHEHUH, Y KOTOPBIX MOJSIpHAas U HENoJspHas
9acTH MOJIEKYJIBI pasneneHsl. [Ipu cBs3bBannn aMpuduIbHON MOJEKYIIBI ¢ MEMOPaHOH ee ToJsIpHast
TpyIIa OKa3bIBaeTCs JIOKATU30BAaHHOM ONMKe K BOAHOM (ha3e, a HEMoJsipHAs — IOTPYKEHHOH B
Oucinoi. B cimyuae xe ruapooOHBIX MOHOB 3apspKEHHas 4acTh 10 KpailHel Mepe Ha HECKOJbKO
aHTCTpeM TPOHUKaeT B ruaApodoOHyro obmactb MemOpanbl. [lpuMepamMu MOTYT CIY>KUTh HOHBI
teTpadennnbopata u TterpadeHmnapochonus. 'mapopoOHBIMM HOHAMH SBIAIOTCS M HEKOTOPHIE
noHogopsl. bonee nerambHO CBOMCTBAa 3TUX COEAMHEHUH (B 4aCTHOCTH, NPUYMHA OTHOCUTEIHHOMN
JIETKOCTH, C KOTOPOM OHU MOTYT TIEpeCceKaTh OMCIION) Oy IyT pacCCMOTPEHBI B 3TOH TIaBe HIKE.

Kiacc IV: noHbl

OcoOblif uHTEpEC NPEICTaBISIIOT OAHO- M JBYXBAJCHTHbIE KATHOHBI, IIOCKOJBKY OHHU
YPaBHOBEUIMBAIOT CyMMAapHBIH OTpULIATENbHBIN 3aps OonbmMHCTBa MeMOpaH. Kpome Toro, MHorue
KaTaJlu3upyeMble MEMOpPAHOCBA3aHHBIMU (epMEHTaMH MeMOpaHHbIE Ipolecchl 3aBUCAT OT pH,
MO3TOMY OOJIBIIYIO POJIb HTPAET pacrpeie]ICHHEe IPOTOHOB BOJIM3U OUCIIOSI.

MHorue KJIeTOYHBIE MPOLECCHl KaTaIH3UpYyITCcs MeMOpaHOCBsI3aHHBIME (epMeHTamu. [Ipu sTOM
MeMOpaHa MOXET BBINOJHATH Leblid psan Qynkuuii. CBsa3aB GepMeHT ¢ omnpeneraeHHOW mMeMmOpaHOU
WIM Y4aCTKOM Ha MeMOpaHe, MOXKHO JIOKaJIM30BaTh KAaTAIUTUYECKUI LIEHTP B OMPEICIICHHOIN YacTu
kieTku. CyIlecTByeT MHOXKECTBO TPUMEPOB, KOTJa HECKOJIBKO IEHCTBYIOMIMX IMOCITEIOBATEIHHO
(hepMEeHTOB OpraHU30BaHbl MOJOOHBIM 00pa30M B HEKHUN CYyNEPKOMIUIEKC, YTO MO3BOJISIET YBEIHUUTh
CyMMapHyl CKOpPOCTh peakiuu. Muorue MeMmOpaHHBIE (PEpPMEHTHI TPEACTABISIOT CO00M OenKw,
MIPOHM3BIBAIOIIIE MEMOpaHy HACKBO3b, U YYACTBYIOT B TPAHCMEMOPAHHOM TPAHCIIOPTE PACTBOPEHHBIX
BEIIECTB WJIM B TMepeaadye WHPOPMAIMU C OJHOW CTOPOHBI OWCIOS Ha Jpyryio B ¢opme
TPaHCMEMOPAHHOTO aJJIoOCTepHuecKoro curHaia. Jlpyrue ¢dbepMmeHThl SBISIOTCS nepudepruuecKuMu
MeMOpaHHBIMU OCJIKAaMHW U B HEKOTOPBIX CIIy4asX CIHOCOOHBI CBS3BIBATHCS ¢ MEMOpAHON TOJIBKO B
OTBET Ha OTPE/IeTICHHBINA (PU3NOTIOTHUECKUI CUTHAII.

Bo MHOrmx ciy4asx JMOUIHBIA OWCIION WrpaeT IMacCHBHYIO pOJIb B (QYHKIMOHHPOBAHHUU
MeMOpaHOCBS3aHHBIX (DEPMEHTOB, SBISISICH JIMIIb CPEIOW, B KOTOPOH MPOHUCXOAMT B3aUMOJCHCTBHE
¢depmenta c cyOctpatoM. Hepenko, ogHako, ONTHMajibHOE (DYHKIIMOHUPOBAHHE MEMOpPAaHHBIX
(epMEHTOB OKa3bIBACTCS BO3MOXKHBIM TOJBKO B MPUCYTCTBUH ONPEACICHHBIX JIHMIHUIOB, XOTS
abcomoTHas Crenu(pUIHOCTh KOHKPETHOTO JIMMHIA B aKTHBAIMK ()EpPMEHTa BCTpEYaeTCs KpaiHe
penko. MHTeprnpeTHpoBaTh JaHHbIE MO BIMSHUIO JIMIKJOB HAa AaKTHMBHOCTh HM30JMPOBAHHBIX
MeMOpaHHBIX ()EPMEHTOB YacTO OYEHb HENmpocTo. M3ydyeHne OYHMIIEHHBIX MEMOpaHHBIX OEIKOB in
vitro CTaBUT Tepej] HMCCIEeNO0BaTelIeM OrPOMHOE MHOKECTBO COBEPIICHHO OCOOBIX MpoOieM, He
BCTPEYAIOIIUXCS IPU pabOTe ¢ paCTBOPUMBIMU (pepMEHTAMHU.



