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HOW TO ASSEMBLE A MEMBRANE
(MEMBRANE SOLUBILIZATION
AND RECONSTITUTION)

L. I. BARSUKOV

A remarkable complexity and heterogeneity of
biological membranes require special
approaches to their studies. Membrane solubi-
lization and reconstitution enable essential
simplification of a system under study by isola-
tion of the most important constituents and
subsequent reconstitution in artificial mem-
branes with controlled composition, properties
and structural organization. Methodology of
the membrane self-assembly on reconstitution
is discussed.

VcKnoyumensHas CA0XHOCMb U 2emepozeH-
Hocmb 6uoso2udeckux mMembpaH mpebyrom
cneyuanbHbIX N00X0008 015 UX U3y4yeHus. Me-
mo0bl COMOBUNU3AYUUU U PEKOHCMPYKLUU MeM-
6paH No3B80JAOM CywecmseHHO ynpocmums
u3yyaemble cucmembl nymem BblOeNeHUA U3
HUX Haubosiee BAXHbIX KOMNOHEHMOB U UX ne-
pesoda 8 UCKYCCMBeHHble MeMOpaHbl C KOH-
mposiupyemMsiM COCmMasgom, csolcmsamu u
CmpykmypHoU opeaHu3ayued. PaccmompeHsi
mMemodoJioeuyeckue acnekmsl camocbopKu
MeMOPaH Npu peKoOHCMpyKYuU.

journal.issep.rssi.ru

Iloxanyii, cerogHsi He HY>KHO y0exXXIaTh KOro-jiuoo B
TOM, YTO MCCJIeIOBaHUSI OMOJOTMYECKUX MeMOpaH Mpel-
CTaBJISIIOT CO0O0I OJHO M3 BaXKHEMIIMX HAIlpaBICHUI CO-
BpeMeHHOI Ouosoruu. Mrpast KioueByto pojib B peryssi-
1IMM TIOTOKOB BeIlIeCTBA, SHEPrud U WHpopmauuu B
KJIeTKe, MeMOpaHbl BOBJIEYEHBlI BO BCE 0€3 MCKIIIOUECHUS
CTOPOHHI e¢ xku3HeAesTebHoCTU. [1o 3Toi npuurHe BHU-
MaHW€ MHOTUX YYEHbIX BO BCEM MUpPE YXe TaBHO TMpUBJIe-
YeHO K IpobieMaM MeMOpaH, ¥ 0011Iee YMCIIO MyOIMKaIii
Ha 9Ty TeMy orpoMHo. CTaTbU, MOCBSIIEHHbIE OMOIOTHYe-
CKUM MeMOpaHaM WM OTAEJbHBIM BHYTPUKIETOUHBIM
MeMOpaHHBIM CUCTEMaM, IIIMPOKO MPEICTABICHbI U B aH-
HOM XypHaje (cM., HarmpuMmep: COX. 1996. Ne 3, 4, 6;
1997. Ne 1, 3, 5—10; 1998. Ne 1, 3—6).

HccnenoBanust MeMOpaH B 3HAYUTEJIbHOM Mepe 0a3u-
pYIOTCSl Ha ABYX OCHOBHBIX METOAMYECKUX MpHUEMaxX: 3TO
pa3bopKa HaTUBHOM (TO €CTh IPUPOIHOI) MeMOpaHbI Ha
COCTaBJISIIOIIME €€ JIEMEHTHI U TTOC/IeayIoIas MOJTHAS WU
yacTUYHasl cOOpKa UCKYCCTBEHHON MEMOpPaHbI C UCTIONIb-
30BaHMEM BCEX WJIM YACTU KOMITOHEHTOB MCXOAHOI MeMO-
panbl. [IpuMeHUTETBHO K MeMOpaHaM 3TH MPUEMBI TIOJTy-
YIJIM Ha3BaHUeE “COMIO0MIM3alns” U “peKOHCTPYKIIUS”, U
MMEHHO O HUX MOMIET Aajee peyb.

CremyeT cka3aTh, YTO pa30opKa M3ydyaeMbIX OObEKTOB
Ha COCTaBHBIE 3JIEMEHTHI U UX TTOCIeaylolasi coopka ¢ 1e-
JIBIO BOCTIPOU3BENIEHUS TMOO BCEro 00bEeKTa LIETUKOM, JIN-
00 OTHENBHBIX €ro (PparMeHTOB, Hanbojee BaXKHBIX IS
MOAJEepKaHUsI CTPYKTYPbl U TPOSIBIEHMSI XapaKTePHbIX
(byHKI1IMIA, SBASIOTCA WM3TIOOJEHHBIM METOIOM MOJEKY-
JISIPHOI OMOJIOTMM KJIeTKU. J10cTaToO4YHO BCIOMHUTBH YC-
TeITHBIE SKCITEPUMEHTHI TT0 PEKOHCTPYKIIMY BUPYCOB, -
0ocoM U OakTepuadbHbIX hare/ul U3 BXOASAIIUX B MX
cocTaB CyOBbEIUHUII, YTOOBI OLEHUTH BCIO MO3HABATE/b-
HYIO MOILIb U ”H(POPMATUBHOCTb 3TOTO METO/Ia UCCIIeI0BA-
Hus. Enie Oosblliee 3HaU€HUE 3TOT IOAXOA MMEET IIpUMe-
HUTEJLHO K OMOJIOTUYECKMM MeMOpaHaM, IOCKOJIbKY OHU
TPENCTABISIOT COOO0M Ype3BBIYAHO CJIOKHBIE MHOTOKOM-
TIOHEHTHbBIE CUCTEMbI, KOTOPbIE MCKIIIOUUTEIbHO TeTepo-
TeHHBI TT0 CBOEMY COCTaBY U CTPYKTYPHOI OpraHu3alvu.
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IlepBbie ycrius mo pasaeieHno MeMOpaH Ha OTIeb-
Hble (PYHKLIMOHAJbHbIC SAMHUIIBI ObUIM MPEANPUHSTH B
60-¢e ronbl XX B., M1 B TeUeHME JOJITOr0 BpEMEHU 3TO Ha-
MpaBJeHUE pPa3BUBAIOCh SMIUPUYECKU, IO MPUHIIUITY
Mpo6 U OMMOOK. BblIM MCMBbITaHbI Pa3INYHbIE CIIOCOOBI
BO3ICHCTBUAS Ha MeMOpaHy, BKJIIOYas MEXaHMIEeCKYI0 00-
paboTKYy, IeCTBHE YIbTpa3ByKa, UCIIOJIb30BaHUE OpTaHU-
YeCKMX PacTBOPUTENIEl M Pa3HOOOPA3HBIX XMMUYECKMX
areHTOB. XOTS B PSIe CIIydaeB C IIOMOIIBIO 3THX METOIOB
ObUIM JOCTUTHYTHI OIIpeAe/ICHHBLIC ITOJIOKUTENIbHBIE pe-
3yJIbTaThl, OAHAKO Yallle BCero Takas o0padoTka 11bo Obuta
Mano3(pdeKTUBHOM, IMOO0 MPUBOANIIA K AECTPYKIIUN MEM-
OpaHHOIro MaTepuaja 1, 4YTO XyXe BCero, K HeoopaTumoi
JieHaTypaly MeMOpaHHbIX 0eJ1KOB. M TOJbKO JIUIIb ITOC)Ie
BBEIEHMS IETePreHTOB B MPAKTUKY MEMOpaHHBIX UCCIIEN0-
BaHU# ObLT HAlAEH TOT 30JI0TOM KJIFOUUK, C TIOMOILBIO KO-
TOPOTO YIaJIOCh PACKPBITh TJIaBHBIE CEKPEThI CTPYKTYPhI U
byHKIIMIT GMOIOrMYecKUX MeMOpaH.

HEMHOI'O O JETEPTEHTAX

[Ipexne uem MeMOpaHy coOpaTh, HAIO CYMETh pa30-
OpaTh ee Ha cocTaBHBIe YacTh. OKa3ajJ0Ch, YTO JIeTye BCETo
9TO c/IeIaTh C IIOMOIIIbIO IETEPTEHTOB.

HetepreHTsl (0T naT. detergere — MBITb, OYMIIATh)
MPENCTaBISIIOT CO00I MOBEPXHOCTHO-AaKTUBHBIE BEILIECTBA
C MOIOIIIUM AEMCTBHEM, KOTOPOE O0YCIOBIEHO UX CITOCO0-
HOCTbIO 00pa3oBbIBATh B BONIE YCTOMUMBBIE KOJJIOMIHbIE

pactBopbl. [ToBepXHOCTHAsI aKTUBHOCTb JIETEPIeHTOB, TO
€CThb CITIOCOOHOCTh aCcOpOMPOBAThCS Ha IpaHUIle pasiesa
a3 (Trna Boga—BO3ayX WIM BOIa—MAacjo), CBsI3aHa C aM-
bubUIbHOCTBIO UX MOJIeKYT. AMMUGUIBHBIMU (OT Tped.
duno — mobsmmit 1 ambu — 000MX) Ha3bIBAIOT BEIIECTBA,
B MOJIEKYJIaX KOTOPBIX MMEIOTCS YeTKO pa3rpaHUYeHHBIE
ruapoduabHbIe U TAPo(GOOHBIE 001acTH, Oaronapst uemy
TaKue MOJIEKYJIbl 00JIagaloT CPOACTBOM HE TOJIBKO IO OT-
HOIIEHUIO K BOME, HO M K HEIMOJISIPHBIM OPTaHUYECKUM
PaCTBOPUTEIISIM.

B Bome MoJIeKyJIbl TETEPTEHTOB CTPEMSITCSI aCCOLIMM-
poBaTh IPYT C APYTOM, JaBasi MULIeJUIB (puc. 1). OTu arpe-
TaThl COCTOSIT U3 OOJIBIIOTO YMCIA AETEPTEHTHBIX MOJIEKYJT
(0OBIYHO OT HECKOJBbKHUX AECSITKOB JO HECKOJbKMX COT),
OPUEHTUPOBAHHBIX B MUIIEJIIe TAKUM 0OPa3oM, UYTO UX He-
MOJISIpHBIE TPYIIbl HOPMUPYIOT BHYTpeHHee ruapocdo0-
HOE SIAPO MULENIBI, a TUAPO(UIbHBIE TTOJISIPHBIE TPYTIHU-
POBKM HaXOJSITCST HA €€ TMOBEPXHOCTH M KOHTAKTUPYIOT C
OKPYXAIONIMMK MOJIEKYJIaMU Boabl. IMeHHO Oiaromapst
HaJIMYMIO THAPO(POOHOTO sIapa MULEIUTBI CITIOCOOHBI COJTIO-
OUIM3UPOBaTh, TO €CTh IMEPEBOINUTL B PACTBOP HETOJISAP-
HBbIE BEIlleCTBa, IPAKTUIECKN HEPACTBOPMMbIE B BOJIE.

B HacrosIiee Bpemst U3BECTHO HECKOJIBKO COT pa3iny-
HBIX IeTepreHTOB. Bce oHM pasaensioTcs Ha Ba OCHOBHBIX
KJ1acca: MOHHbIE U HEMOHHbBIE IETEPTreHThl B 3aBUCMOCTH
OT HAJIMYUS WU OTCYTCTBUS 3apSKEHHBIX TPYII B TUAPO-
unbHOI 061acTU UX MOJIEKYJl. B cBolo ouepenb, Mo TUIY
3apsiia MOHHbIE JETePreHThl AeNsITCSl Ha KaTUOHHbIE,

LinnnHapuyaeckne myuennel

Puc. 1. PasnuyHble Tunbl MULEN, 06pasyeMbIx 4ETEPreHTamMu B BOAE B 3aBUCMMOCTU OT UX XU-
MWYECKOro CTPOEHUS, KOHLEHTpaLmMn 1 ycnosuin cpegpl. Ceprnyeckne MyLENSbl UMEIOT MUHU-
MasibHble pa3Mepbl (0KOJI0 4 HM) 1 0ObIYHO CYLLLECTBYIOT B 06J1ACTU KOHLLEHTPALUMIA, HEHAMHOIO
npesbiwaiowmx KKM. C pocToM KOHUEHTpaUMK aeTepreHta chepuyeckme MULesbl nepexoasT
B LMJIMHOPUYECKUE (MW NaNoYKO0Opa3HbIe) MULLENTbI, CPEAHSS ANIMHA KOTOPbIX 3aBUCUT OT KOH-
LleHTpauun getepreHta. dnamncovaanbHblie MULEnbl 00pasyloT AeTEePreHThbl, Y KOTOPbIX COOT-
HOLLEHME MeXAy pa3Mepamu MosIIPHOM 1 HEMONSIPHOM 06nacTelt MOMEKY bl MOXET MEHATLCS, a
TakKxe AeTepreHTbl B CMecu ¢ Apyrumm ameuuibHbIMU COeAnHEHUAMU (PUCYHOK 13 [3])
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MMeIolIe TOJ0XUTEIbHBIN 3apsii, aHUOHHbIE, 00J1a1aio-
1€ OTPULIATEJbHBIM 3apSA0M, U IBUTTEP-UOHHBIE, Y KO-
TOPBIX UMEETCS KaK IOJIOXXUTEbHBIN, TaAK U OTPULIATEIIb-
HBIA 3apsa, W IO3TOMY B 1LIEJIOM MOJEKyJa SBISIETCS
3JIEKTPUYECKN HEUTPATbHOM.

B kauecTBe mapaMeTpoB, XapaKTepU3YIOUIUX CIOCO0-
HOCTb IE€TePreHTOB K MUIIEJITIO00pa30BaHUIO, OOBIYHO HC-
MOJIB3YIOT KPUTUYECKYIO KOHLIEHTPALMIO MULIEII000pa3o-
BaHusa (KKM) u umcio arperammu. KKM — 3710 Ta
KOHIIEHTpalsl, TIPU KOTOPOUl JeTepreHT HauMHaeT obpa-

30BBIBAaTh MULIEJUIBI. JI0 3TOTO OH HaXOAMTCSI B BOJE B MO-
HOMEPHOI (hopMe B COCTOSTHUM UCTUHHOTO pacTBopa. Yuc-
JIO arperaiuu Nmokas3biBaeT, CKOJIbKO MOJIEKYJ JeTepreHTa
TIPUXOINUTCS Ha OJHY MULIEILTY.

B MeMOGpaHHBIX HCCITEIOBAHMSIX HUCIIONB3YIOT JOBOJb-
HO OTPaHUYEHHBII KPyT AeTepreHToB. B Tabu. 1 npencras-
JICHBI T€ 13 HUX, KOTOPBIE Yallle BCETO MPUMEHSIOTCS LIS
COMIOOWIN3ALIMY U PEKOHCTPYKLIUU MeMOpaH. JIjisa 3THX
IETePreHTOB XapaKTepHBI JOBOJBHO BBICOKUE 3HAUCHUS
KKM (10#—=10"2 M) ¥ TO, YTO OHM OTHOCATCS K pa3psiLy

Taommua 1. IetepreHThl, HarbOOJIEE YaCTO UCIIOJIb3yEMbIE ISl COMIOOMIN3ALNK U PEKOHCTPYKLIMU MeMOpaH (13 [3])

CrpykTypHas ¢opMmyJia

HazBanue

(0]

ONa'

Glu-Glu-Gal-Ga—Xyl —

SO
H
o
H
CH, CH,
CH.\ CH,
(O—CH—CH,), , —OH

P VN N VYN
(O0—CH,—CH,), ,,~OH

Xouat HaTpusi
(Ba, 7a, 120-Tpuruapoxkcu-5Sp-xoaaHar HaTpust)

YATIC (3-[(3-x01aMUIOITPOITIII ) - TUMETHIIAMMOHMO | -
MponaHcyIbhoHaT)

JAWTUTOHUH

OKTUANTI0KO3U L (OKTUJI-B- D-rimokonupaHo3un)

Tputon X-100 n-(mpem-oxTrin)-heHTOBBIN 3P
TOJINATUICHIJIUKOJIS

Jlyopon PX (momeunnoBbiit 3¢yp MOAMSTUICHTIAKOIS )
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TaK Ha3bIBAEMbIX MSATKUX JETEPIreHTOB, TO €CTh TAKUX, KO-
TOpblEe HE HapyllaloT aKTUBHOCTU MeMOpaHHBIX OEJIKOB U
HE BBI3BIBAIOT UX JCHATYpallMX WX JEJal0T 3TO B MUHU-
MaJIbHOM CTENEHMU.

Boo06iiie roBopsi, BbIOOD AeTepreHTa Jisl pPeKOHCTPYK-
LI MeMOpaHBI, KakK TIPaBUIIO, MPEACTABIISAET CIOXHYIO 3a-
Jagy, TTOCKOJTBKY 3apaHee TPYIHO MPecKa3aTh, HACKOIBKO
VIAYHBIM OKaXXeTCsI TaHHBIM JAeTePreHT MJIsT JAHHOM KOH-
KPEeTHOW MeMOpaHbl M [UIsl TaHHOTO KOHKPETHOTO OelKa.
Kpome Toro, HepeaKo TpeGOBaHUS K AETEPTEHTY, UCTIOb-
3yeMOMY IIJISl COTIOOMITN3AIIM MEMOpaHbI, OTIIMYAIOTCS OT
TpeOOBaHUI, MPEABABISIEMBIX K IETEPTEHTY IPU PEKOHCT-
pykumu. [ToaToMy MHOTIA MPUXOIUTCA B XOIE IKCIEPH-
MEHTa 3aMEHSITh OIMH AETEPreHT Ha APYToi WM UCTIOJNb-
30BaTh CMECH Pa3HbIX JETEPTEHTOB.

ITOYEMY 1 KAK JETEPTEHTDI
PASPYIIIAIOT MEMBPAHY

Bonbias yacTh TeX BEIIECTB, U3 KOTOPBIX MTOCTPOEHBI
OuoJiornyeckre MeMOpaHbl, a 3TO IJIaBHBIM 00pa3oM Oeli-
KU Y JIMTUABI, TPAKTUYECKU HEPACTBOPUMBI B Bojie. DTO
CBSI3aHO HE C TeM, UTO TU BEIIECTBA SIBJISIIOTCSI a0COIOTHO
ruapodobHbiMu. HampotuB, 1 MeMOpaHHbIE JIUTUIBI, U
MeMOpaHHbIe OeJIKM coiepkKaT B COCTaBE CBOMUX MOJIEKYT
JIOBOJILHO OOIIMpPHBIE 00JacTU, OO0pa3oBaHHbBIE THIPO-
(bMIBHBIMY TPYNITTUPOBKAMMU, a TIOTOMY, KaK U IeTEPTEHTHI,
aBstoTCsT aMpudmIbHBIMUA. Bech cekpeT 3akimodaeTcsl B
OajaHce TUaApODUIBHBIX ¥ TUAPOPOOHBIX OCTATKOB B MO-
JIEKyJIax 3TUX COeMMHEHW. A OH TaKOB, YTO BEJIMYMHBI
KKM st aTuX BeliecTB oueHb Maibl (1071°—10° M), u B
BOJIE€ MX MOJIEKYJIbI TIPOSIBIISIIOT MOIIIHYIO TEHASHIINIO K ar-
peranuu. OmMHAaKO B CUJIy OCOOEHHOCTEI CBOETo CTPOEHMS
(CM. HZKE) OHU 00pa3yioT B BOJIE He MaJIeHbKUE MULIEIUTHI,
a MPOTSKeHHbIe MeMOpaHHbIe arperatbl. B aTHX cTpyKTYy-
pax HemnoJISIpHbIE YYaCTKM MOJIEKYJ (DOPMUPYIOT TUIPO-
¢o06HyI0 00jlacTh MeMOpaHbI, KOTOpasi M30JMpOBaHa OT
BOIbI TUAPOMPUILHBIMU TPYIIIIaMU, PACIIOJIOXEHHBIMU Ha
MIPOTUBOJICKALIUX APYT APYTY MOBEPXHOCTIX MEMOpPaHHO-
ro OHCIIOS.

ITouemMy e meTepreHTHl pa3pylraloT MemoOpaHy? [la
TTOTOMY, YTO MOJIEKYJIbI, 00pa3yolIre MULIEJUTBI, U MOJIe-
KYJIBI, CKJIOHHBIE K (DOPMUPOBaHUIO MEMOpPaH, TPEIbIB-
JISIIOT pa3Hble TpeOOBaHMS K TeOMETPUM 00pa3yeMbIX UMU
accouuaTos (puc. 2).

MouJteKybl A€ TEpreHTOB, 001agaloNIe JOBOJILHO 00b-
€MHOM I'uApo(GWILHOI 00JacThl0 U OTHOCHUTEIbHO He-
OOJIBIINM TUIPO(GOOHBIM YYaCTKOM, B 1IEJIOM UMEIOT hop-
My KOHYycCa U TI03TOMY JIETKO YIaKOBBIBAIOTCS B CTPYKTYPhI
C BBICOKOW KPUBM3HOI MOBEPXHOCTU THUIA CHepUUECKUX
WY TAJTWHAPUYECKUX MULIeS1. B cBoto ouepenb, B IUITHI -
HBIX MOJIeKyJIaX, 00pa3ylolux MeMOpaHbl, pa3jivudusl B
pa3Mepax ruapoduIbHON M ruapodoOHOI o0jlacTH He

ﬁﬁ&@,
(i y

%ﬂmﬁm
U §ddeds

Puc. 2. CxemaTtnyHoe nsobpaxeHve Gopmbl ambu-
bUNbHBIX MOJIEKYN, HaMboNee CKIOHHbIX K obpa3osa-
HUIO cdepuryecknx U UMANHOPUYECKUX MULENN Uan
MI0CKOro 6UMONEKYNSAPHOro cNnosi. Ha pucyHke nokasa-
HO Monepe4yHoe ceyeHre MULENN U IMNuaHoro Gucnos
(MoAMOULMPOBAHHbI PUCYHOK 13 [3])

CTOJIb BeJTUKU. B ciry 3TOr0 oHM uMeroT opMy HIMHApa
(v 6pycKa) M JTy9Ille BCETO YITaKOBBIBAIOTCS B TIPOTSIKEH-
HbIE JIMTTUIHBIE OMCIION MUHUMAJIBHOM KpUBU3HBIL. [103TO-
My TIpY OJHOBPEMEHHOM TNPUCYTCTBUM JeTEPreHTa W JIN-
MUaa B COCTaBe OJHOTO arperara BO3HWUKAeT KOHMIIUKT
MEXIY CTpeMJICHUEM JeTepreHTa MPUHSITh MULISJUISIPHYIO
KOH(UTYypaluio U TeHACHIWEH JINTTUIA COXPAaHUTb OMCIION-
HYIO YIIaKOBKY MOJIEKYJI B MeMOpaHe.

[Toka neTepreHta B MeMOpaHe Majo, Ero MPUCYTCTBUE
MPOSIBJISIETCS JIUIITb B BOSHUKHOBEHUU Je(EKTOB YIIaKOB-
KU MOJIEKYJ B JIMITUIHOM Oucioe ¢ obpa3oBaHUEM TIOD,
MPOHULIAEMBbIX JUISI BOIOPACTBOPUMBIX coennHeHuit. Ho o
Mepe pOCTa COlEPKaHUs IeTepreHTa U3MEHEHUST YITaKOBKU
CTaHOBSTCS Bce OoJiee 3HAUUTETbHBIMU Y B KOHEYHOM Cye-
Te BBI3BIBAIOT HApYIIEHUs LIEJOCTHOCTU MeMOpaHbl, YTO
MPUBOAMT K €€ pa3pbiBaM U Iaxe K pparMeHTaluu Ha OT-
nebHbIe yacTulbl. OMHAKO 3TU YaCTHIIbI BCE €Ille CoXpa-
HSIOT MEMOpPaHHYIO OpraHU3alMIo, ¥ BCSI CUCTEMa B 1IEJIOM
MO-TIpeXHEMY MOXET paccMaTpvBaThCsl Kak pacTBOp Jie-
TepreHTa B MeMOpaHe.

Korna e KoHILIeHTpalys JeTepreHTa B MeMOpaHe 10-
CTUTaeT HEKOTOPOW KPUTUYECKOI BEJIMYMHBI U TaJIbHEHIIIee
COXpaHeHue OUCIOWHON OpraHU3alMu MOJIEKYJ CTaHO-
BUTCSI 9HEPTETUYECKU HEBBITOAHBIM, MeMOpaHa HaYMHAET
pa3pyliaThcsi ¢ 00pa3oBaHMEM CMEIIAHHbIX JIUTTUAI-IeTeP-
TEHTHBIX 1 O€JIOK-IETePTeHTHBIX MULIEJIT, KOTOPBIE (haKTH -
YeCKU MPEJICTaBIISIOT CO00 pacTBOP KOMITOHEHTOB MeMO-
paHbl B U30bITKE AeTepreHTa (puc. 3). DTo U €CTb MOMEHT
COTIOOMIN3AIH, KOTOPAs IPUBOIUT K PE3KOMY YMEHbIIIe-
HUIO pa3Mepa YacTHIl U KakK CJIeJCTBUE 3TOTO — K CHUXKe-
HUI0O MyTHOCTM MEMOpPAHHOI CYCTIEH3UM M YMEHbIICHUIO
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Puc. 3. Conobununaaumsa membpaH ¢ NoOMoLLbIO AeTepreHToB. JobaBneHne netepreHta npuBo-
OUT K paspylueHntio MemGpaHbl ¢ 06pas3oBaHNEM CMELLaHHbIX AeTepPreHTHO-NUNUAOHBLIX U AeTep-
reHTHO-6€eNKOBbLIX MULLENT (MOAN(ULNPOBAHHbI PUCYHOK 13 [3])

KOJIMYeCTBa MaTepuaya, OCaXIaeMOoro Mpu LUeHTpUQyTru-
pOBaHUM.

st comoOMIM3aIui JIydIlie UCIIOIbh30BaTh IeTEPTeH-
1ol ¢ Hu3Koii KKM, Tak Kak Takue OeTepreHTHl JieTrde
BCTpauBalOTCS B MeMOpaHy 1 ObICTpee BBI3LIBAIOT €€ pac-
Maj 10 CMEeLIaHHbIX MUlleJ1. B 3ToM KauyecTBe Haunbosee
3¢ deKTUBHBI MOHHBIE NETEPreHThl, HO UX HEIOCTAaTKOM
SIBJISIETCSI TO, YTO HEPEAKO OHM BbI3BIBAIOT NEHATYpAIIUIO
6eskoB. OCOOEHHO YacTo 3TO MPOUCXOIUT B CiIyyae KaTu-
OHHBIX JieTepreHToB. MHOrma AeHaTypalui MOXHO Tpe-
JIIOTBPATUTh JTOOABUB JIUNUJ B OEJIKOBBIA COJIOOMJIA3AT.
Heuonnsie netepreHThl MeHee 3(PMEKTUBHBI B KauecTBe
COIOOMIM3UPYIOLINX aTeHTOB U MHOTIA HE TIOJTHOCTHIO OT-
NEJISIOT AUMNUIBI oT 6enKoB. Ho, BO3MOXHO, UMEHHO TO-
5TOMY B IPUCYTCTBUY HEMOHHBIX IETEPTeHTOB OCIKM JTy4-
1Ie COXPAHSIOT CBOIO aKTUBHOCTb.

B como0unn3rupoBaHHOM COCTOSIHUM MeMOpaHHbIe
0eJIKM MOXHO JIETKO OTAEIUTh OT OCHOBHOM MacChl JTUTH-
JIOB Y MOABEPrHYTH JajbHeIIeMy hpaKIIMOHUPOBAHUIO C
1IeJIbIO BBIZCICHUS] MHAWBUIYaJTbHOTO Oe/iKa UJIW TPYIITbI
0EJIKOB C MHTEPECYIOIINM UCCIIe0BaTeIIsI TUTIOM aKTUBHO-
cti. MeTonpl Takoro (ppakilMOHMPOBAHUSI B HACTOsIIEe
BpeMsl XOpOIIIO OTpabOTaHBl U BKIIIOYAIOT CIElMaTbHbIE
MpUeMBbl paslieJieHus1 OeJIKOB ¢ TTOMOUIbIO Tefib-(DUiIbTpa-
uu, XxpoMaTorpaduu 1 3JeKTpodopesa B BomHOM Oydepe,
colepxxalieM AeTepreHT B KOHIIEHTpallMi, PaBHOW WU
npesbimamiieii ero KKM. B HeKOToOpbIX cirydasix conoom-
JIU3UPOBAHHBIE Tpernaparbl BBbIACJEHHBIX MEMOpPaHHBIX
0eJIKOB MOXHO MCIOJIb30BaTh ISl MPOBEAEHUS CTPYKTYP-
HO-GYHKIMOHABHBIX UCCIEOBAHUIA, HO Yallle BCEro sl
3TOro HEOOXOAUMbI PEKOHCTPYUPOBAHHbBIE ITperaparhbl, TaK
Kak MHOTMe MeMOpaHHbIE OCJIKM MOTYT MPOSIBUTh CBOIO
(bYHKIIMOHAJIbHYIO aKTUBHOCTb TOJIbKO TOTJA, KOTrJa OHMU
HaXoJsTCs B MOJHOLIECHHOM MeMOpaHHOM OKPYKEHUMU.

ITOYEMY N KAK MEMBPAHA COBUPAETCA

Co06CTBEHHO TOBOPSI, cOOpKa MeMOpaH IIPOUCXOIUT B
COOTBETCTBUHU C TEMU XK€ MPUHLIMITAMU, YTO U UX pa3bopKa.
Ecnu comepkaHue neTepreHTa B CMEILIaHHBIX MMIEUIaX
YMEHBILIATh, TO CTPEMJIEHUE COIIOOMIN3UPOBAHHBIX B HUX
MOJIEKY/T K MEMOPAaHHOMY THUITYy YIIAKOBKM 3aCTaBUT MU-
LIEJUTBI CIIMBATBhCA APYT C JAPYrOM M B KaKOW-TO MOMEHT,
KOTJIa OCTaBIIETOCS IETEPTEHTA CTAHET yKe HEAOCTATOYHO
D11 COXpaHEHWSI BBICOKOW KPUBHU3HBI MOBEPXHOCTU B
YKPYITHUBIIUXCS MULIEJUTSIPHBIX arperarax, OHU IpeBpa-
LIAIOTCS B MEMOPaHHbIE CTPYKTYPHI.

Takum 06pa3zoM, MpolecChl COMOOUTU3ALIMU U PEKOH-
CTPYKLUU MEMOpPAHBI 3¢pKAJIbHO CUMMETPUYHBI B CMBICTIE
00paTUMOCTH TPEBpAILCeHU, MPOUCXOSAIINX TPU U3Me-
HEHUU COJIepKaHUs IeTepreHTa B cMecu. bosee Toro, oHn
MPOTEKAIOT CaMOIIPOM3BOJILHO, €CJIM KOHIIEHTPALUS JIe-
TEepreHTa CTAHOBUTCSI BBINIE WM HUXE OIpeAeSIeHHOTO
npenena. EnmHcTBeHHOE, 4TO TpeOyeTcs, YTOOBI 3aITyCTUTh
MpOIECC PEKOHCTPYKIIMHU, — 3TO 3HATh, KAKUM 0Opa3oM
MOXHO YIaJUTh JeTEPIeHT U3 UMEIOIIETOCs COM0o0MIN3ara.

B nmpuHUMIIE C 3TUM TOXE HET OOJIBIINUX MPOOJIEM, MO~
CKOJIbKY ceiyac MMeeTcsl IIMPOKU Habop pa3jIuvHbIX
CIIOCO0O0B ymaJleHUsI IeTepreHToB. BriOOp momxomsimero
croco0a orpeesseTcs 3agadaMu PeKOHCTPYKIIMU, a TaK-
Ke THUIIOM JeTepreHTa, KOTOPHIA HEoOXOIMMO YHOAIUTh.
Yamie Bcero MCIIOIB3YIOTCS YEThIPe OCHOBHBIX CITOCO0a
yOaJIeHUsI IeTepreHTa: OUalin3, Tedb-QuibTpauus, CUlb-
HOe pa30aBIeHHUE COJIIOOMIM3aTa 1 aacopOLns JeTepreHTa
Ha TUIPO(POOHBIX ITOJUMEPaX.

CaMBlii TPOCTO CITOCO06 — 3TO yIaJeHUE IeTePreHTa ¢
MTOMOILIBIO AMAaNM3a Yepe3 MONYINPOHMIIaeMylo 1iesutoda-
HOBYIO MeMOpaHy. [10CKOJIbKY MOJIEKYJIbI IeTepreHTa J10-
CTaTOYHO MaJibl, YTOOBI IPOITU Yepe3 MOPhl JUATU3HON
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MeMOpaHbI, a KOHLIEHTPAIIUSI €F0 MOHOMEPOB B BOJIE, 3aBU -
camast or KKM, cpaBHUTEIbHO BbICOKA, TO I€TEPIeHT I10-
CTETIEHHO TMEePEeXOAUT U3 COMOOMIN3aTa B TUATU3YIOIIUIA
pactBop. [Ipu aTOM ero comepxkaHWe B CMEIIaHHBIX MHU-
LieJU1aX yMeHbIIAeTCsl U, KOT/1a OHO CTAHOBUTCS 1OCTATOY -
HO HU3KUM, MULIEJUTBI TpaHC(OPMUPYIOTCS B MeMOpaHHbIE
CTPYKTYPBI. DTOT CIIOCOO XOPOIII JIJIsI AETEPTEHTOB C BHICO-
kot KKM, Takux, Hanpumep, Kak OKTWITIIOKO3WI WJIN
xoJiat HaTpus. Ho HeroHHbIe neTepreHTh ¢ Hu3koi KKM
tuma TpuroHa X-100 mmpu quanmse yoaasioTcsl He ITOJIHO-
cThio. [Ipyroii HEIOCTaTOK 3TOTO METOAA COCTOUT B €ro
IUTUTEJIbHOCTH, TaK KakK JaXe B JIy4yllleM ciydyae yaajeHue
JleTepreHTa MOXeT 3aHSTh HECKOJIBKO CYTOK.

Bonee ObICTpEI cTTOCOO OCHOBAH Ha yIaJeHUM JeTep-
TeHTa C TTOMOIIBIO TeTb-MWIBTPAIIH, KOTIa COMOOMIN3aT
MPOTIYCKAIOT Yepe3 MHEPTHBIM rejib, pa3Mep Top KOTOPOTo
JIOCTaTOYHO BEJIMK, YTOOBI YIEP>KAaTh MOJIEKYJIbI I€TEPTeH-
Ta, HO MaJI IO CPaBHEHMIO C 00pa3yIoIMMUCI MeMOpaH-
HBIMU YaCTHIIAMU, KOTOPbIe CBOOOMHO TMPOXOIAT MEXIY
rpaHyJamu rejisi. HecMoTpst Ha OBICTPOTY, 9TOT METOJ He
Bcerga ymooeH B paboTe, 0COOEHHO Koraa TpedyeTcs Mpo-
BECTH PEKOHCTPYKIIMIO OOJIBILIOTO KOJWYECTBA 0Opa31oB.

Eme OvicTpee, a hakTUUECKM ITOYTH MTHOBEHHO pe-
KOHCTPYKIIMIO MOXHO OCYIIECTBUTb METOJOM OBICTPOTO
pasbaBineHus. [Jisi 3TOro conoOMIM3aT pa3BOmIT OOJb-
MM 00BEMOM He colepsKallleil JeTepreHTa cpenbl, B pe-
3yJIbTaTe Yero cojepkaHue AeTepreHTa B MULIe/UIax pe3Ko
nagaeT HUXe MPeleIbHOTO YPOBHSI, KOTOPBIM OIpeaesisieT-
csl MOMEHT Havasila QOpMHUPOBAHUSI MEMOpPAHBI. DTOT Me-
TOJ YHUBEPCAJIeH U TOIUTCS I yAaJeHUS TTPaKTUIECKU
Joboro aerepreHta. [Ipobiaema auinb B TOM, 4TO caM 0Opa-
3el] IPU 3TOM CWJIbHO pa30aBJisieTcs, Ja U AETEPreHT yaa-
JIsieTcsl U3 MeMOpaHbl JaJIeKO He TMOJHOCTBIO, YTO MOXKET
OTPHUIIATEIbHO CKA3aThCs Ha KaueCTBE PEKOHCTPYMPOBAH-
HOTO MeMOpaHHOTO Tperapara.

C MakcUMaJbHOW TOJHOTOM JEeTePreHT MOXET ObITh
yIajieH U3 MeMOpaHbI IyTeM €T0 ancopouny Ha THIpodo0-
HBIX ITOJIMMepax. DTOT CIOCO0 0COOEHHO XOPOIII IS yaaie-
HUSI OCTAaTOYHBIX KOJIMYECTB IETEPreHTa U3 yKe chopMUpo-
BaBIIMXCS MeMOpaHHBIX 4Yactull. OmHAKO IS yIajJeHUs
JeTepreHTa U3 UCXOIHOIO COMIOOMWIN3aTa OH MAJIOIIPUTO-
IIeH, TaK KaK Ha HayaJbHBIX CTAIUSIX PEKOHCTPYKLIMHU yaa-
JIEHUE JEeTepreHTa MOXET COIPOBOXKAATHCS ancopOLueit
3HAYUTEIbHBIX KOJIMYECTB OeJIKa U JIUIIKAA Ha TOoJIMMEpeE.
IToaTOMY OOBIYHO 3TOT METOJI MCIIOIb3YIOT B KOMOMHALIUK
C IpYrUMU CIIOCO0aMU Ha KOHEYHOM CTaIuu yaaaeHUs Je-
TepreHTa.

YTO MOXKHO CUUTATH XOPOIIIEM CBOPKO¥1

Y10 K€ MpeAcTaBISIIOT COO0M PEKOHCTPYMPOBAHHBIE
MemOpanbl? Ha puc. 4 npuBeneHbl 3J16KTPOHHBIE MUKPO-
dotorpacdumn peKOHCTpYMPOBaHHBIX MeMOpaH, cojaepxka-

IUX OeJIOK IOJIOCHl 3, KOTOPBI OTBeYaeT 3a TPaHCIOPT
aHUOHOB B MeMOpaHe 3pUTPOLIMTOB. XOPOIIO BUIHO, YTO
MOJIyYeHHBIE TIperapaThl COmepXkKaT YacTULBI OBaJbLHON
dopMbI pa3zmepom okoio 100 HM, orpaHUYeHHBIE OTHOM
MemOpaHoii. Ha ¢oTorpadusix, mojsydeHHbIX METOIOM 3a-
MOpaXKMBaHUSI-CKaJIbIBAHUSI TIPU OOJIBIIIOM YBEJIMYEHUU,
MOXHO BUIETh, YTO B MEMOpaHy BKparUIeHbI elle 0ojee
MeJIKHMe YaCTUYKHM, KOTOpbIe MPUHUMAIOT 3a OeJIKU, BHEI-
pEHHbIE B JIMITUAHBIN OKMcioil. Kak rmpaBuiio, peKOHCTpyH-
poBaHHBIE OeJoKcomepKaIiue MeMOpaHbl MPEICTaBISIOT
co00lf 3aMKHYTbI€ MY3bIPbKU (WJIM BE3UKYJbI), KOTOPBIE
MOJIYYIWIM Ha3BaHUE IPOTEOIUIOCOMBI (0osiee ToaApoOHO
0 JIMrnocoMax M Be3ukysax cMm: bapcykoe JIL.U. // COX.
1998. Ne 10. C. 2-9).

KoHeuHo, BecbMa keaaTeaIbHO, YTOObl PEKOHCTPYUPO-
BaHHbIe MEMOpaHBI 110 cBoeit MOPGhOJIOTHU, CTPYKTYPHOI
opraHuzaiyu, GU3NKO-XUMUIECKUM XapaKTepruCcTUKaM 1
(YHKIIMOHAJIBHON aKTMBHOCTA ObUIM OBl MaKCUMaJIbHO
OJIM3KM K CBOMM TIPUPOIHBIM MpoTtotunaM. Criemnyert, of-
HakKo, cKa3aTh, YTO MPUBEACHHBIE Ha puc. 4 MUKpodOTO-
rpadum ABIAIOTCS HA PEIKOCTh YIAYHBIMM, W TIPUIILIOCH
HEeMaJio MTOTPYAUThCS, YTOOBI HATH X B TPOMaTHOM BO-
poxe MyOIMKaIuii, IOCBSAIIEHHBIX PEKOHCTPYKIIMU MeMO-
paH. Yaie Bcero pe3yiabTaThl pEKOHCTPYKIIMHU OBIBAIOT HE
CTOJIb XOPOIIIM, MOTOMY YTO IO CUX IOP PEKOHCTPYKIIMSI
SIBJISIETCSI CKOpee MCKYCCTBOM, YeM HayKo#. [leno B Towm,
YTO HET HU YHUBEPCAIBHOTO METO/a PEKOHCTPYKIIUU, HU
YHUBEPCATBHOTO AETEPreHTa, KOTOPbie ObLTN Obl TPUTOAHBI
Ha Bce ciiyyau Xu3Hu. [1loaTomy rccienoBaresnio, CTalku-
BaroIIEeMYCsl ¢ HEOOXOAMMOCTbIO TIOJIYYUTh PEKOHCTPYUPO-
BaHHBIE MeMOpaHBbI, 3a4aCTyI0 TIPUXOIUTCS TT0JIaraThCsl Ha
COOCTBEHHYI0O WHTYUIIMIO W OIBIT TPEIIIeCTBEHHUKOB,
clienyst HeKoeMy Habopy SMITUPUUECKUX MTPaBUII.

C y4eToM CKa3aHHOTO BHIIIE HE CTOUT YIUBJISATHCS TO-
My, YTO, KaK MpaBWJIO, HAMHOTO Jierde chopMyIrupoBaTh

Puc. 4. Mopdonorns pekoHCTPYMPOBAHHbLIX MeMO6-
paHHbIX BE3VKYN, coAepxalimx 6enok nosockl 3, no
[AHHbIM 3/1EKTPOHHOM MUKPOCKOMUN: @ — HEraTMBHOE
KOHTpacTMpoBaHue, 6 1 B — 3aMOpaxunuBaHne-ckasbl-
BaHue (u3: Scheuring et al. // J. Membrane Biol. 1986.
Vol. 90. P. 123-136)
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KPUTEPUN UACATBHON PEKOHCTPYKILUU, YEM YCIELIHO ee
OCyILECTBUTh. OUeBUIHO, YTO TaKast PEKOHCTPYKIIS TOJIXK-
Ha MPUBOAUTH K TOMOTEHHOW MOMYJSIUWU MOHOJIaMe-
JISIPHBIX (TO €CTh OAHOCIOMHBIX) MPOTEOJIUIIOCOM OTHOTO
pasMmepa C OJAMHAKOBBIM COOTHOLIEHHUEM JIMMUI—OEesOK.
XKenareapHo, 4YTOOBI PEKOHCTPYMpOBaHHasi MeMmOpaHa
“Mesa TaKylo Xe TPOHUIIAeMOCTh, KaK M HaTUBHAsI, U UTO-
Obl TIPOTEOJIMTIOCOMbBI UMEJTU JIOCTaTOUHBIN BHYTPEHHUIA
BOIHBIM 00BEM, ITO3BOJISIIOIINIM M3MEPUTh COAEPKaHUE
TPaHCIIOPTUPYEMBIX B HETO BellleCTB. MeMOpaHa TpoTeo-
JINTIOCOM He JOJIKHA CofepKaTh OCTATOYHOTO JeTepreHTa,
a ee JIMMUIHBIA COCTaB MOJIKEH ObITh ONTUMATbHBIM ISt
MposIBIeHUsT GYHKIIMOHAIBHOM aKTUBHOCTH JTaHHOTO Oel-
Ka. DTOT MepeyeHb MOXHO ObUIO ObI TPOJOJIKUTh U 1aJTb-
e, ecIv Obl He elle OIHA NPUHLMIIUAJIBHO BaXKHasl IIPpo-
OsieMa, KOTOpO# Mbl TTOKa HEe KacaJluCh B HaIlIe! cTaThe.

Peub nnet o Tonosornyeckoit acCMMMeTpUu MeMOpaH.
Jleso B TOM, 4TO BCe HATUBHbIE MEMOpPaHbl ACUMMETPUYHbI
B TOM CMBICJIE, UYTO MX KOMIIOHEHTHI (KaK Oe/K1, TaK 1 JI1-
TIM/IBI) HEOTMHAKOBBIM 00pa30M pacripeae/ieHbl MeX Iy Ha-
PYXXHOI M BHYTpEeHHe# cTopoHaMu MeMOpaHbl. B naeaine
PEKOHCTPYMPOBaHHBIE MEMOpaHHBIe OEJIKW TOJDKHBI UMETh
CTPOTO OIpeneeHHYl0 OpHUEeHTAluI0 B MeMOpaHe, COOT-
BETCTBYIOIIYIO UX OPMEHTALlMM B HATUBHO MEMOpaHe Wi
OTBEYaloNIYIO 3aJa4yaM TOCTaBJIeHHOIO 3KCIepuMeHTa. B
ciyyae JUMUIOB TaKXKe XKeaaTeIbHO UMETh BO3MOXHOCTh
3aaBaTh UM HYXXHO€ TpaHCMeMOpaHHOe pacrpeleieHue.
OnHako Ha IIPaKTHKE 3TU TpeOOBaHUSI OCYILIECTBUTh BeCbMa
CJIOXXHO, TaK KaK TOIOJOrnyeckasl opueHTalss MeMopaH-
HBIX KOMITOHEHTOB 3aBMCUT (MHOTIAa HeIpeacKa3syeMbiM
00pa3oM) OT MHOTHX TTapaMeTPOB, a TAKKe OT METOIOB, MC-
TTOJTB3YEMBIX JIJIST COTIOOMIIM3AIIMN U PEKOHCTPYKITUH.

Bce aT0 MTOKa3bIBaeT, 4TO MpoGIeMa COCTOUT He B TOM,
YTOOBI IIPOBECTU PEKOHCTPYKIIMIO BOOOIIIE (KaK MBI C BAMU
Terepb 3HaeM, OHA MPOUCXOIUT CaMOITPOU3BOJILHO), a B
TOM, YTOOBI C/IeJIaTh 3TO MPaBUILHO WU, TOBOPSI APYTUMU
CJI0OBaMMU, CIEJIaTh PEKOHCTPYKLIMIO HAIIPaBJI€HHOM Ha I0-
JlydeHue MeMOpaH ¢ 3aJaHHOU CTPYKTYpoil U (pyHKIMO-
HaJIbHBIMU cBoiicTBaMu. [Toka 3Ta 3amaya OKOHYATEIBHO
elle He pelleHa, HO yXe MMEIOTCS METOAUYECKUE MOAX0-
IIbI, TO3BOJISIIONIME M3MEHSTh B HYXXKHOM HaIlpaBJIeHUU
CBOICTBA pEKOHCTPYMPOBAHHBIX MEMOpaH.

3AKIIIOYEHUE

B HacTos1ee BpeMst MHOTHE TIPOOJIEMBI, CBSI3aHHBIE C
PEKOHCTPYKIIMEN MeMOpaH, YK€ pellleHbl, CBUIETEIbCT-
BOM YeMy SIBJISIETCSl KOJIOCCAIbHOE KOJIMYECTBO CTaTeld,
ONyOJIMKOBAaHHBIX Ha 3Ty TeMy ¢ Hadaia 60-x rogoB XX B.
He Oyner mpeyBeanyeHHeM cKa3aTh, YTO BIEYATISIOLINE
yCIieXy, JOCTUTHYThIE CETOHSI B U3yYEHUU MEeMOpaHHbIX
0eJIKOB, HANIPSIMYIO CBSI3aHbI C IPUMEHEHUEM METOIOB CO-
JIIOOMIM3ALIMY U PeKOHCTPYKIMU. C TTOMOIIIBIO 3TUX METO-
IIOB MHOTHME OEJIKM ObLIM BbIIEJICHBI B MHIUBUAYAIHBHOM

COCTOSIHUM, YTO TMO3BOJIUJIO YCTAHOBUTbh UX XMMUYECKOE
CTPOEHUE U BBISICHUTH MOJIEKYJISIPHbIE MEXaHU3MbI (DYHK-
LIMOHUPOBAHMUSI.

PekoHCTpynpoBaHHBIE CHCTEMBI HAlOT TPEKPACHYIO
BO3MOXXHOCTh M3y4aTh TMPUHLIMIIBI, JieXallllie B OCHOBE
CTPYKTYpHOII OpraHM3alliy OMOJOTMYEeCKUX MeMOpaH, U
BBISICHSITb TOHKME JeTaTI MEKMOJIEKYJIIPHBIX B3aUMOIEi -
CTBUI B MeMOpaHax ¢ TMTOMOILbIO Pa3IUYHbIX (PU3UKO-X1-
MMUYECKUX METOJIOB.

MeTonamMu peKOHCTPYKIIMM YIAaeTCsT BOCIIPOM3BOAUTH
CJIOXKHEMIIEe CUCTEMbI, OTBETCTBEHHBIE 3 TAKHE KU3HEH-
HO BaXkHble (DYHKIIMU, KaK, HAIpUMep, dHepreTudeckoe
obecnedyeHue KIeTKU, TPAHCIIOPT METa00IMTOB, PELIETILISI
U nepefaya MHGOPMALIMK, a TAKXKe PETYJISILINS BHYTPUKIIE-
TOYHBIX TTPOLIECCOB.

W HakoHel, 3HaHWE TIPUHIIMIIOB CAaMOCOOPKHU MOJie-
KyJI B MEMOpaHHBIE CTPYKTYPBI 1a€T HaM, C OIHOM CTOPO-
HBI, BO3MOXXHOCTb IMOHSITh, KaK (DOPMUPYIOTCSI MEMOpaHbI
BHYTPH KJIETKHU, a C IPYroil — MO3BOJISIET IPUMEHUTb 3TU
TIPUHILIMIIBI TS TOCTPOEHHUSI UCKYCCTBEHHBIX CUCTEM, TTepC-
MEKTUBHBIX C TOUKU 3PEHUS] BO3MOXHOCTE!N UX MpaKTUie-
CKOro npuMeHeHuss. UMeHHO B 3TOM HallpaBJIieHUU UIET
CeroJHs JajbHelinee pa3BUTHUE UCCIEIOBaHUI B 00JacTH
PEKOHCTPYKIIMM MeMOpaH.
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Peyenzenm cmamou 10.A. Ynsmamxen

JNleoHng WMeaHoBuy BapcykoB, kaHAMAAT XUMUYECKUX
HayK, AoUeHT kadeapbl PUINKO-XUMUYECKO Bronornm
n 6uotexHonorum MOCKOBCKOro U3NKO-TEXHUYECKOrO
VHCTUTYTA, BeayLMin Hay4Hbll COTPYOHUK WHCTUTyTa
6roopraHnyeckon xumum um. M.M. LemsiknHa n tO.A. OB-
ynHHnkosa PAH. O6nacTb Hay4HbIX MHTEPECOB — BLONO-
rmyeckne M WUCKYCCTBeHHble MemMOpaHbl. ABTOp Oonee
100 Hay4HbIX paborT.
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