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MeTtoaoM MOJIEKYJIIPHOTO MOJETMPOBAHUS ITPOBOAUTCS UCCIIENOBaHNE B3aMMOICHCTBUS ayTOPETYIISITOP-
Horo (pakTopa 6akTepHii, XMMIYECKOTO aHajlora MHIYKTOPOB aHabuo3a 4-rekcuipesopuuna (4I'P), c Ha-
PYXXHOI ¥ BHyTpeHHEI1 MeMOpaHaMu, O0eJIKOM ITIOprUHOM, nentunoriukaHoM, JJHK u ctabuminsupyiommm
JAHK 6enkom Dps 6akrepuu Escherichia coli. Merogamu MOJIEKyJISIpHOI TUMHAMUKM B MOJHOATOMHOM
MIPUOJIVDKEHU N UCCIeTOBaHbl KOHIIEHTpAIMOHHAsI 3aBUCUMOCTb M MOJIEKYJISIpDHbIE MEXaHU3MbI B3aIMO-
neiictBus 4I'P ¢ nonumepamu kiietku. [1oaydeHbl TpOCTpaHCTBEHHBIE M SHEPTETUYECKME XapaKTePUCTUKH
KoMmIuiekcoB 4I'P ¢ pasnuyHbIMM KJIETOUHBIMU KOMITOHeHTamMU. C TTOMOIIBIO aHAIM3a TIIaBHBIX KOMIIO-
HeHT onpeneneHbl xapaktepuctuku JIHK u 6enka Dps, csa3biBaroiero JAHK, B ycinoBusix pa3nnyHoro co-
nepxanus 4I'P. [TonyyeHHbIe pe3yabTaThl, COIIACYIOLIMECs C SKCIIEPUMEHTAIbHBIMU TaHHBIMU, TTO3BOJISI-
0T [JTyOe MOHSATh MPOLECChl, MPOUCXOASIIINE MPU 3allUTe OaKTepUabHON KJIETKU Ha YPOBHE 000JI0UKHU

u coxpaneHus1 JIHK HykiieonmHbpIMM GenKaMu.

Knrouesvie crosa: MosieKysipHasi AMHaAMUKA, 4-TeKCUIPE30PIIVH, JIMHEIHAsT dHEPTUsl B3auMOAEUCTBUS,
koMmruiekebl Dps—JIHK, MonenupoBaHue 6ucinoiitHbIx MeMOpaH, 6akrepus Escherichia coli.
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1. BBEAEHUME

MuKpoOpraHM3MBl IIOCTOSIHHO IIOABEPraloTCs
BO3IECCTBUIO OBICTPOMEHSIIOIIMXCS M YacTO KpaiiHe
HEONIaronpusITHBIX YCIIOBMIT OKpYKAIOIIE Cpelbl.
CrpeccoBbiMU (paKTOpaMU MOTYT BBICTYIIATh KaK W3-
MeHeHus1 pH, ocMoTu4yecKkoro AaBieHUsI, TeMIIepary-
pbl, TaK W BO3IEMCTBUE aHTUOMOTUKOB WA JOCTYI-
HOCTb IIMTATeIbHBIX BEIIECTB, CBSI3aHHbIC, HAIIpUMED,
C 3allIMTHBIMUA MeXaHW3MaMU WHOUIIMPOBAHHOTO Op-
raHu3Ma, CTOJIKHOBEHUSIMM C IKCTPEMaJbHBIMU Cpe-
JTaM1 OOUTaHUS WIN CE30HHBIMU ITOTOMHLIMU U3ME-
HeHUsIMU. BozaeiicTBUe MEHSIOIIUXCS YCIOBUM
OKPYXaloIIei cpeabl OnpeneiaseT 0COOEHHOCTH X3~
HEHHOT0 IIKJIa MUKPOOPTaHM3MOB, a UMEHHO HE00-
XOIUMOCTbH TIOCTOSIHHOTO “NepeKITI0YEeHUsI” MEXITY
pPOCTOM, BBDKMBAHUEM M THOENbIO. Y OaKTepuit s
BBDKMBAHMSI B HEOJIArolnpUSATHBIX YCIIOBHUSX CYyIe-
CTBYeT LieJblii psia “cTpaTeruii BeKuBaHus” [1, 2],
HamnpaBJICHHBIX Ha YBEJIMYEHUE BbDKTBAEMOCTH KJIe-
TOK IIpY TOM WJIM MHOM BHIE CTPECCOBOIO BO3ICH-
CTBUS U 0OECIIeUrMBaIOIINX, B MEPBYIO OUepeab, CO-
XpaHHOCTh reHeTH4YeCKoit mHpopmanmu [3, 4].
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Pemnraromee 3HaueHue 1151 BBDKUBAHWS OaKTepuid
Urpaet KJjietouHass oooiouka. Ob6oso04ka rpaMoTpU-
LATeJIbHBIX OaKTEpHil COCTOUT U3 KUAKOM IIMTO-
IU1a3MaTU4eCKOil MeMOpaHbl, TOHKOIO CJI0sI KJI€TOY-
HOI CTEHKHU M XECTKOW Hapy>KHOU MeMOpaHBbI [5].
Croit Mexny BHYTpEeHHE! 1 BHELIHell MeMOpaHaMu
(nepuiuiazmMa) COIEPXKUT, ITOMUMO ITENTHUIOTINKA-
HOBOM KJIETOYHOU CTEHKM, pa3jIUuvHbIe OEIKOBBIC
CTPYKTYpbl. BHEIIHMIA C/10M 2KeCTKOM BHEITHE MEeM-
OpaHbI COCTOUT U3 JIMIIOMNOJMCAXapUI0B, HECYIIIMX
OTPULIATESIbHBIN 3apsIi U SIBJSIOIIMXCS SHIOTOKCUY-
HBIMMU JIJIsI 3apakaeMbIX opraHu3MoB [6]. OHa coxpa-
HsIeT popMy KJIeTKH [7], obecrieunBaeT CTpYKTYPHYIO
KECTKOCTh U 3aIIUTY OT OCMOTUYECKOTO IaBJICHUS, a
Tak:Ke 00pa3yeT 0apbep MeXay OaKTepueil 1 OKpyKa-
forieit cpemoii [8—10].

I'eneTnmueckuit MmaTepuan 6akTepuii — reHOM, Iie-
JIOCTHOCTH KOTOPOTO TOCTOSTHHO YTPOXAIOT pa3jind-
HBIE DHIOTeHHBIE M 3K30T€HHBIE CTPECCOBEIE BO3-
JIEeHACTBUS, KOMIIAKTHO CBEPHYT M OpraHM30BaH
¢GyHKIMOHAIBHO B BUAe Hykiaeouaa. [locnenHuit He
orpaHn4YeH MeMOpaHOIl B OTJIMYME OT €ro 3yKapuo-
TUYECKOIo 3KBMBajieHTa — sapa. [1o ananoruu ¢ sy-
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KapHOTUYECKMM XPOMAaTUHOM OaKTepUaIbHBIN XpO-
MaTUH TakKXKe OpraHM30BaH Ha pa3HBIX MacllTabax
JUIMHBI ¢ TIOMOIIBIO PA3IMYHBIX MEXaHU3MOB OO0~
TMYEeCKON WM (PUBUKO-XUMUIECKOMN IIPUPOABLI. DK-
30TeHHBIe Bo3aeicTBus, noBpexnatome JHK, Mo-
IyT UMETh KaK XMMHWYECKYIO, TaK U (PU3NYECKYIO
npupony [2]. K HUM oTHOcITCI TeMIlepaTypHBIC
ycaoBus, pH cpenpl, yabTpaduroieToBOE U MOHU3U-
pytoliee usnydenue [11], antuouoruku [12] u HeaH-
TbmoTmueckme [13] mpemapaTsl, pas3IMIHbIE OKHC-
JIUTENU U Op. DHAOTEHHbIE BO3AEUCTBUS UMEIOT Me-
CTO IIpU 00pa30BaHUM PA3JINYHBIX MOBPEXKIAIOIINX
BEIIECTB WM BO3HUKHOBEHWHN HapyIIEHWU B XOIE
IPOLIECCOB KJIETOYHOI'O METab0I1M3Ma BHYTPU CaMO
kieTku. Hampumep, nmpu oOpa3oBaHMU aKTUBHBIX
¢dopM Kuciiopoaa Miv BOSHUKHOBEHUN KOH(MJIMKTOB
B CMICTEMeE PETUTMKAILIMU U TpaHCKpUIInH [ 14], crioH-
TaHHBIX pa3pbiBoB JIHK mpu pernkaiiyu, nechekTon
IOoCJIe PEKOMOMHAILIMM WM Cerperaluy XpOMOCOM
[15]. Takum oOpa3om, 3alUTa TreHoMa HOJIKHA
peaycMaTpuBaTh MEXaHU3MEBI, IIOIIePXUBAIOIINE
€Tro 1IeJIOCTHOCTh Ha IPOTSKeHUN (DU3MOJIOTUIECKHI
pa3IUYHbIX (ha3 >KU3HEHHOTO 1IMKJIA.

OpHuM u3 HanboJIee pacIIpOCTPaHEHHBIX B IIPUPO-
i€ BO3JICUCTBUI SIBJISIETCS CTPECC MOJIOIAHMS, BbI3bIBA-
€MbIiA HETOCTATKOM XXKM3HEHHO BaXKHBIX ITMTATEIbHBIX
BelleCcTB. B mpoliecce mIMTeIbHOTO rojlogaHus OakTe-
PUAJIBHBIX KJIETOK MMPOUCXOOUT UX TUddepeHLIUPOBKa
¢ 00pa3oBaHMEM YCTOMYMBBIX K BIMSHUIO (PU3MYE-
CKUX M XUMHYECKMNX (PaKTOPOB IMOKOSIIMNXCSI (hopM
[16, 17]. Ilepexon GakTepUaIbHON KJIETKUA B MOKOSI-
Ieecs COCTOSIHUE CONPOBOXIACTCS 3HAYNTEIIbHBIM
CHMZKEHHMEM €€ YyBCTBUTEIBHOCTH K aHTUOMOTUKAM,
aHTUCEIITUKAM, Ne3MH(eKTaHTaM 1 KOHCEpPBAHTaM,
YTO CO3MAaeT CYILIECTBEHHBIE MpPOOJIEMbI B 00JacCTU
aHTHUOAKTEepUAILHBIX MEPONPUSITUI IJIsI MEAUIINHBI
U IPOU3BOJICTB, IlIe TpeOyeTcsl COOMI0ICHUE YCIOBUA
crepuwibHOCTH [ 18].

JuHamMuyeckasi opraHM3alus HyKJieouaa siBjsieT-
Cs CIENCTBMEM KaK BHYTPUKJIECTOYHBIX (haKTOpPOB
(T.e. OMHOBPEMEHHO IIPOMCXOMSAIINX KJIETOYHBIX
MPOLIECCOB), TAK U BHEKJICTOUHBIX (HaIIpUMep, YCJIO-
BUIi1 OKpyXKalollleil Cpenbl, CTPECCOPOB). 3aliuTa re-
HETUYECKOro Marepuajia OakKTepuii IIph JIIOOOM
CTPECCOBOM BO3ACHCTBUU Ha MPOTSKEHUN BCETO XKU3-
HEHHOTIO IIUKJIA KOJIOHUHU 00ECIIeUNMBAETCS C IIOMOIIIBIO
oenkoB, cea3biBaroiux JIHK (nucleoid-associated pro-
tein (NAP)) [19—21]. Dtu 6enku CBSI3BIBAIOT pa3HbIC
yuyactku JIHK c¢ pa3Hoii crietmgpuaHocteo. [1pu aTom
HEKOTOPBIE M3 HUX CXOXU C HYKJICOMTHBIMU OeJIKaMu
3YKapUOT (TUCTOHAMU) 10 CBOEMY II0JIOXKEHUIO OTHO-
cuteabHO HUTH JIHK BO BpeMsi CBSI3bIBaHMSI U BBIITO -
HsIEeMbIM  (DYHKUMSIM  (OpraHMU3alus/yIUIOTHEHUE
xpomocomHoii JIHK). OpHako aMMWHOKMCIOTHBIC
MOCJICIOBATEIBHOCTA U CTPYKTypa OaKTepHaIbHBIX
HYKJICOMIHBIX OEJIKOB U 3yKapMOTUYECKUX TUCTOHOB
CUWJIbHO pasznuyaloTcs. bakrTepuanbHasi XxpoMocoma
IpeTepIieBacT MIyOOKME TOIIOJIOTMYECKHUE M3MEHe-
HUS TIPU cTpecce, MeHsIsa (hopMy 1 COCTaB B 3aBUCH-
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MOCTH OT (pa3bl pocTa NOMYJISILIUU U COCTOSIHUS KJle-
TOK, a IIPU JJIUTEJbHOM TOJOAAaHUU MOXKET 00pa3o-
BBIBATh Pa3JIMYHbIe KOHIEHCUPOBAHHBIE CTPYKTYPHI
[22—25].

C Toukm 3peHms 3amuthl uensoctHoct JHK un
CTPYKTYphl OakKTepHUaJbHOW XPOMOCOMBI HauboJjee
BaxkHYI0 poJib urpaet 6esok Dps (DNA-binding pro-
tein from starved cells, cBa3pBatomuii JJHK 6emok
roJIOAAIOIIMX KJIETOK), BblAeJIeHHBIN B 1992 roay us
KJIeTOK OakTepuii Escherichia coli (E. coli), nCIbITHIBaB-
IINX cTpecc rojomanus [26]. HauGobliiee KommyecTBa
oenka Dps HabmogaeTcs B cTalilMoOHApHOM ¢ha3e pocTa
OakTepuaibHOI KojioHuU (85—180 ThIC. MOJIEKyT Ha
KJIETKY), B TO BpeMs KakK B JjorapupMuieckoi dase
€ro coaepsKaHue 3HauYnTeIbHO HIXe (6—8.5 ThIC. MO-
Jiekyn Ha KieTky) [27]. Tomonoru Dps oOHapyXuBa-
IOTCs1 y OOJIBIIMHCTBA OakTepuii u apxeii. beaku Dps
MpUHAIIEXKaT K CeMelCTBY (DeppUTUHOBBIX OCJIKOB.
OHu urparoT BaxHylo poJib B ctabmiauzauuu JHK,
3alIUTe KJIETKM OT aKTMBHBIX (pOpM KHUCIOpoaa, a
TakKe€ HakKaIUIMBaHUMM Y XpaHEHMU MOHOB XKeje3a
(okucnenue nonos Fe?" ¢ HakoreHneM 06pa3oBaB-
werocs Fe,O; BHyTpu nosoctu 6enka). Llenbiid psg
WCCIIENOBAaHUI IIOCBSIEH y4yacTuio Dps B oTBeTe
OakTepuil Ha pa3audHbIe BUABI cTpecca. CHIDKeHME
BBKMBA€MOCTU MYTAHTOB, HE CMHTE3UPYIOIIUX Oc-
oK Dps, B ycinoBusIX cTpecca IoKasano, uto Dps
obOecrneuynBaeT 3alIUTy OT OKUCIUTEIbHOIO, TEII0-
BOTO, KHUCJIOTHOTO CTPECCOB, a TAKKe CTPECCOB rojIo-
JlaHWsl, BO3ACUCTBUS yAbTPahUOJIETOBOIO U Y-U3JTY-
YeHUsI, TOKCUIHBIX MOHOB MeTaytoB [28—31]. Hau-
Oosice BBIpaxKeHHBIN 2@M@EKT, CONPSIKEHHBIN C
onocpeaoBaHHBIMM OenkoM Dps repecTpoiikamMu B
oakrtepnanbHOit JIHK, BBI3BIBaeTCS CTpEeccoM rojio-
JIaHUSI U OKWCIUTEIbHBIM CTPECCOM.

B uccnenoBanusIx in vitro ObIIM MOTyYEHBI JaHHBIC
0 TPEXMEPHOM CTPYKTYpe OTACTbHBIX MOJIEKY/T OeJiKa
Dps 1 ero KkpucTauioB, a TakxKe 0 BO3MOXKHBIM MeXa-
Hu3Mam ux B3aumoneiicteus ¢ JJHK [32—37]. MeTona-
MU in silico icciemoBaHbl TeMIiepaTypHble GJIyKTya-
muu 6enka Dps [38] u MexaHU3MBI CBsI3bIBaHUS Dps
¢ JHK B ycioBusgx pa3anyHOro MOHHOIO COCTaBa
[39], B TpexMepHBIX KacTepax u Kpucrauiax [40], B
MIPUCYTCTBUM Manbix Moaekyn [41, 42]. B mepsyio
ouepenb Dps ompenensieTcsl Kak LMTOIJIa3zMaTuye-
CKUI OEJIOK, OJHAKO HEOOXOAUMO OTMETUTb U Psif
paboT, nonTBepxaamuX npucyrcteue Dps [43—45]
A ero romMoJoroB [46] B GEIKOBOM KOMITApTMEHTE
BHeIlIHell MeMOpaHbl OaKTepuaJbHBIX KJIETOK, YTO
OKa3bIBaeT BHIpAXXEHHOE BIIMSIHUE HA YYBCTBUTEIIb-
HOCTb KJIETOK K aHTUOMOTHUKAM U PE3UCTEHTHOCTb K
oaktepuodaraM. Kpome Toro, romosoru Dps ObLiu
oOHapy:KeHbI B COCTaBe 9K30MpoTeoMa apxeit [47], a
Takke oOHapyzkeHo ydyactrue Dps B riporieccax oopa-
30BaHMs OMOIICHOK [48].

IMTomumo G6enkoB Dps, K BaXXHBIM MeTabOIUTaM
OaKTepuaJibHOU KJIETKU, KOTOPhIE TaKKe BbIpadaThl-
BalOTCsl B LIMTOIIa3Me K CTallMOHApHOH ha3e pocTta,
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OTHOCSTCSI ayTOMHIYKTOpPHI aHabuos3a. [lo xummye-
CKOM TIpUpPOJIE OHU MPEICTaBISIOT cO00i (hEeHOJIb-
Hble JIMTIUAbBI, TIPOU3BOAHBIE AJIKWJIPE3OPLIMHOB
(AP), u peryImpyioT mepexo 0akTepuil B IIOKOSIIE-
ecs cocrosiHue [1, 49, 50]. Haubosiee MHTEpECHBIM
JIUIST CCJIENOBAaHUSI M IPUMEHEHUS SIBJISICTCSI XUMMU-
YeCKMII aHaJIOT MHAYKTOPOB aHabuo3a — 4-reKCuii-
pe3opuuH (4I'P, mo Homenknarype MIOITAK — 1,3-
INOKCU-4-H-TeKcmiioeH3on). Ero BosmeiicTBue Ha
OaKkTepHaAIbHBIE KJIETKN OBIIO U3YJEHO in Vivo U in vi-
tro [42, 51]. OOHapyXeHO, YTO aJIKWJIPE30PILIMHBI JIeT-
KO TMPOHUKAIOT 4yepe3 000J04Ky Kietok [17, 52].
Buytpu xnerkn 4I'P crmtocobeH 00pa3oBBIBAaTH KOM-
IUIEKCHI ¢ MeMOpaHHBIMU JIMIIUIAMU U KJIETOYHBIMU
ouononumepamu [42, 53—55]. DddexT, npousBonu-
MBI Ha KJIETKY OaKTepuH IpU SK30TeHHOM J00aBiIe-
HUU 3TOTO BEIIECTBa, 3aBUCUT OT CTaAMU pOCcTa OaK-
TepUaIbHOI KOJIOHMUM U KOHIIEHTPAIU ayTOPeTyIsI-
topa [17, 41]. Huskue konuenTpauuu (10-°—10-* M)
MOBBIIIAIOT CTPECCOYCTOMYMBOCTh KJIETOK. [1OBBI-
IIIEHWE KOHIIEHTpaluyd NPUBOAUT K O0Opa30BaHUIO
aHabnoTuueckux opmMm. CBepXITOPOTroBble KOHIIECH-
Tpaumu (cBbiwe 5 - 1074 M) BBI3LIBAIOT 06pa3zoBaHuE
HEXUBHIX, “MyMUUIMpoBaHHbLIX” dopM [17].

B skcrniepuMmeHTax in vitro oOHapy>KMBaOT 10303a-
BUCHUMBIE 3P PEKTHI TIPU BO3IEUCTBUM Ha OCJIKU: T10-
BBILIEHME (PYHKIIMOHAJILHOM aKTUBHOCTHU IIPU B3au-
MoneiicTBruu ¢ 4I'P B MabIx 103ax 1 THTUOMPOBAaHME
npu nosbeieHu 1036l 4I'P [56—58]. Bbeur o6Hapy-
KeH MyTareHHbIi 3¢ dexT 4I'P ripu ero Bo3aeiicTBuun
Ha JJTHK OakrepmanbHbix KieToK [59]. Ilocnemuss
IIpY UINTEIBHOM XpaHeHuu [60] 1 B ycimoBusx YO-
oGnyyeHust [61] cTaGUIM3NPYETCST B MPUCYTCTBUM
4T'P. Crabuim3aiys IpOUCXOOUT MPOIIOPINOHAIb-
HO KOHIIEHTpalluM PeryJisitopa.

OCHOBBIBasSICh Ha BbIIIIECKa3aHHOM, MOXHO Mpe/l-
MOJIOXKUTh, YTO ayTOMHIYKTOPbI aHab1o03a, 00pas3yto-
1IMecs B KJIETKE BO BpeMsl CTallMOHApHO ¢ha3bl, MO-
I'YT B3aMMOJIEMCTBOBATD C Pa3JIMYHBIMU OMOMOJIEKY-
JlaMu B 6akTepuanbHbIX KieTkax. Haunnas ot JJTHK
n oenkoB, cBa3biBaromnx JHK, n 3akanumBas 060-
JIOUKaMHM KJIETOK — MeMOpaHaMM, TTeNTUIONITMKaHOM
1 MeMOpaHHbIMU Oenkamu. Takoe B3anMMoOIeiicTBUE,
Kak T0Ka3aHo B MpenblayluxX padoTax in vivo, oTpa-
>KaeTcsl Ha JKU3HECITOCOOHOCTH KJIETOK M UX YCTOWUM-
BOCTHU K BO3IEHUCTBUIO OKUCUTENEM, BPEIHbBIX MeTa-
0OJIMTOB M PAa3JIMYHBIX HEOJAronpUsTHBIX (HUIUKO-
XUMUYECKUX (haKTOPOB (MMOBBIIIIEHHOI TeMIepaTyphl,
u3nydyeHuit u np.). Lleab maHHOM paGoThl — KOMILIEKC-
HO€ HCCeqOoBaHWEe MEXaHW3MOB B3aUMOJEUCTBUS
4T'P c paznuuHbIMuU Ouornonumepamu E. coli metona-
MU MOJIeKyJIsspHoit nuHaMuku (MJ1).

2. MATEPUAJIBI 1 METO/1bI
2.1. Komnoromepubte moodeau

B paGoTte cTpouiich 1 N3y4aauch MOJTHOATOMHEIE
MOIEJIN CHUCTEM. DBBUIO MCCIeqoBaHO B3aMMOIEN-

ctBue 4I'P ¢ MopmenmssMu BHEITHE# M BHYTpEHHEH
MeMbOpaH Oaktepuu E. coli, MeMOpaHHBIM OeJIKOM
MIOPUHOM, ILUTOILIA3MAaTUYECKUM CBSI3BIBAIOIIM
JHK o6eakom Dps, kommrekcamm JHK—Dps u
JHK B pactBOpDE.

Mogaenn MmeMOpaH ObLIU ITOCTPOEHHI B IBYX Bapu-
aHTax: Kak coaepxKaliue 0eJ0K IMTOPpUH, TaK 1 HE CO-
Jepxalnue ero. Bce MeMOpaHBI ObLIM TepUOgUYC-
CKUMHM, BO M30exaHUe KpaeBbIX 3(h(PEKTOB M3-3a
9KCITOHMPOBAHHBIX HApyXy THAPOMOOHBIX JIMIHII-
HBIX XBOCTOB.

Brympennss (knemounas) membpana comepkana
MOJICKYJIbI JIMITUOOB B cooTHomeHuun 3 : 1 (63 u
21 Monexkyny): 1-maJbMUATOWII-2-0JIEOWI-SN-IIULEPO-
3-cochosranonamuna (ITODD) u 1-manbMUTOMI-2-
oneow-sn-wmuepuH-3-pocormmueprda  (ITODI),
COOTBETCTBEHHO, B K&XKIOM 13 cJioeB. JIJis1 HelTpaiu3a-
1K U30BITOYHOIO OTPUIIATEIHLHOIO 3apsila B CUCTEMY
o610 nobasieHo 42 noHa Na'. Takke B COCTaB CUCTEM
Bxoauio 1o 20 oHoB Na™ u Cl~ 1 8170 Momnexys1 BoabI
monenu SPC/E. B a10ii 1 ipyrux cucremMax ogHa MO-
nekyna 4I'P 3amernana mecsatb MoJieKysn Boabl. M3y-
yanochk BmssHue 110, 250, 450, 1000 u 2250 MmoneKyn
4T'P Ha mMHAMUWKY MeMOpaH, YTO COOTBETCTBOBAJIO
Pa3IMYHBIM MO MPOU3BOAMMEBEIM Ha KIJIETKY 3P deK-
TaM KoHueHTpauusm 4I'P [17, 41].

Hapyxcnas (enewnss) membpana OblJ1a aCUMMET-
puyHoii. IIpolileHTHOE COOTHOIIIEHUE JIMITUIOB B €¢
BHYTpPEHHEM cJjioe ObLJT TAKWUM K€, KaK U Y BHYTPEH-
Heit MeMOpanbl. OH OBIT ITOCTPOEH M3 285 MOJIEKYHN
IMMO®3D u 95 monexkyn ITODPI. BHeurHuit cioit Ha-
pYXHOI MeMOpaHbI cocTosu1 U3 119 MoJieKysn onuHa-
KOBBIX IO cocTaBy JunonoincaxapunoB (JITIC) 6ak-
tepun E. coli. Jlunononaucaxapua BKIOYad B ceOs
JIUTUA A, LeHTPaIbHBINA OJIMTOcaxapui U ISTh IMO-
propsoimxca O-antureHos tuna O1B [62]. Kaxnas
13 IByX (pochaTHBIX TpyIn JUIruaa A umesa 3apsi
g*~. Bce yriieBogopoaHble OCTaTKM ObUIM HACHIILIEHHI.
B cucremy no6Gasisuiocs 404 mnona Na*, 64 uoHna
Ca?*, 368 nuonos Mg?*, 193 nona Cl~ u 82000 mose-
Kya1 Boibl. KolnMuecTBEHHBIE COOTHOIIEHUSI MOHOB
MOAOUpPATUCh MaKCHUMaJbHO COOTBETCTBYIOIIMMU
dusnonornuyeckuM B Kiietke E. coli [63]. CocTaB nu-
MUAO0B U UX COOTHOIIIEHHUE BO BHYTPEHHE U BHEIII-
Hell MeMOpaHax ObLIM ITOA0OpaHbl TAKUM 00pa3oM,
YTOOBI CIY>KUTh MPOCTEUIIMMU MOIEISIMUA POBHBIX
Y4acTKOB (He U3rudos, Ie elle 00s3aTeJIbHO COAep-
KUTCS KapIWUOJWUIIAH) OaKTepuadbHbIX MEMOpaH,
YTO XOPOIIIO COIJIaCyeTCsl C UMEIOIIMMUCS IKCIEPU-
MEHTAJILHBIMU JaHHBIMU [64].

Humeepanvuotit 6eaox nopun OmpF (cTpykTypa
PDB ID: 10PF) [65] BcTpanBayicst B MOACIA MEM-
OpaH B Ipoliecce COOPKU I MOJIEIUPOBAHMSI KaHa-
JI0B. B Moaenu HapyXHOI1 MeMOpaHbI 3TOT OEJIOK OBLT
BCTPOEH B BUJE TPUMEPA, B MOAEJIM BHYTPEHHEU — B
BUJie MOHOMeEpa JIJIsl yMEHBbIIIEHUS pa3Mepa CUCTEM U
YCKOPEHUS pacueToB CBOOOIHOI 3HEPTUY MUTPALIUU
MaJIbIX MOJIEKYJT 4depe3 KaHaj 3Toro Oenka. Ilpm
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BCTpaMBaHUM TpuUMepa Oelka B MOIENIb Hapy>KHO
MeMOpaHbI, KOJTUYECTBO JTUITUI0B CTAHOBUJIOCH PaB-
HBIM 236 Moitekysiam [1ODD, 79 monexynam [TODT,
96 monexymnam JITIC. B cuctemy no6asisuioch 369 noHa
Na™, 79 nonos Ca’", 456 nonos Mg?*, 154 nona CI~
u 92000 MoJieKyJ1 BOIBI.

Ilenmudoeauxan (Mypeun) CTpOWICS B BUAE MOHO-
CJI0sl. DTO COOTBETCTBYET AJAaHHBIM O TOM, UTO KJle-
TouHas cTeHka E. coli conepxut 75—80% TIMKaHOBBIX
HUTEN B BUJIE MOHOCJIOS TOJIIIMHOM 4 HM U TOJIbKO 20—
25% — B BUIE TpUcos [66, 67]. MonennpoBaioch ABe
HUTH YIJIEBOIHOTO OCTOBA MENTUAOIIMKAHA, ColepXKa-
niero o 10 octatkoB [B-1,4-N-aleTHInII0KO3aMUHa
(N-AI) u [B-1,4-N-ametmsiMypaMoOBOil  KUCIIOTBI
(N-AM). Ocrarku N-AI' 1 N-AM ObuIu CBSI3aHEI
mMKo3unHbiMu  B-1,4-cBsa3simu. Takoit coctaB u
CTPYKTypa OCTOBA MENTUAOIIMKAHA XapaKTePHBbI IS
Bcex O6aktepuii. Octatku N-AM OBLIM TaKKe CBsI3a-
HbI C TeHTanenTuaamMu. B cocraB Kaxjaoro mneHTa-
MenTUAa BXOIWIW CIEOyIolie aMWHOKUCIOTHBIE
OCTaTKu, oOpasymwllue liernouyky: L-ajaHuH (KoBa-
JIECHTHO cBs3aH ¢ N-AM), y-D-nrrotaMuHOBast KUC-
JIoTa, Me30-IMaMUHONMUMEIMHOBAsI KUCJIOTa U IBa
ocratka D-amanumHa. Hutu ocToBa coenuHSIIMCH
MEXIy cO0Oi B IByX MeCTaXx HECUMMETPUYHO TIeTl-
TUAHBIMU CINUBKAMMU: TIEHTANENTUI OIHOM HUTU C
MEHTAINENTUAOM Opyroil. Ilpu coenuHeHUU Mexny
CcO0OI IBYX NEHTAICIITUIOB YIAISIICI KOHCUHBIN
ocTaToK D-ajaHnHa B OMHOM 13 NENTUI0B; CTaBIINi
KOHIIeBbIM (4eTBEPTHIM Mo cueTy) D-anaHuH coenu-
HSUICSL TIETUAHOM CBSI3bIO C OCTAaTKOM ME30-IhaMU-
HOTIMMEJIMHOBO# KHUCJIOTHI BTOPOTO TIeHTaNeTHaA.
Cucrema Obula coinbBaTHpoBaHa 38519 mosekyiamMu
BoOIbI, ObUT HobOaBiueH 151 nmon Na't, 29 monos K™,
1 non Ca?* u 162 nona Cl-.

Jleyuenoueunasn /[HK monenvpoBanachk B B-copwme.
IMocnenoBaTeTbBHOCTh CoAepKaia 25 map HyKJIEOTUIOB:
5'-GTACTATATTATGGGGTGATGGATA-3'. Cu-
crema JIHK B pactBope cogepxana 191 non Na* (48
U3 KOTOPBIX — IPOTMBOMOHKLI I HEUTpaIM3aliuiu
U30BITOYHOIO OTPULIATEILHOTO 3apsiga OJUTOHYK-
neotuaa), 145 nmonos ClI~ (150 MM), no 480 MoneKyn
4T'P 1 no 55000 MoIeKyn BOIbI.

Cesazviearowuii JIHK 6erox Dps MomenupoBajcs
Ha ocHoBe cTpyktypbl PDB ID:6QVX [35]. OtcyT-
cTBytonIre N-KOHIIEBble aMUHOKUCIOTHBIE OCTaTKU
JI00ABJISUIM BPYYHYIO K KaxKIOil M3 CyObeaUHUI] TO-
MopaoAeKaMepa OTIeIbHO, YTOOBI BOCIPOU3BECTU HE-
VIIOPSIAOYEHHYIO YKJIAAKy B3TUX 4YacTeil MOJEKYJIbI
oenka. B xommnekcax Dps—/IHK monekyna JHK
pacrionaranachk y mosepxHoct Dps Takum o6pas3om,
4TOOBI HAOMIOAaTh (hOPMUPOBaAHUE KOMILIEKCOB Dps
¢ JJHK 3a Bpems pacueTta M ucclieqoBaTh BO3ACH-
ctBue 4I'P Ha stoT niportecc. benok Dps Hecet oTpn-
LATeJbHBIN 3apsia, A1 HeHTpalu3alun KOTOPOro B
cucremy gobasisuii 48 nonos Na*. Takxke OblIN 10-
6asieHbl 20 noHoB Ca2?*, 384 nona Na't, 424 noHa
CI™ n 143457 monexkyn Bonwl. MccnemoBanm mmpoiiecc
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dopmupoBanusg numepoB Dps—/IHK B pacTBope 6e3
4T'P u B npucytctBuu 50, 100 u 500 mosexyn 41'P.

2.2. Ilapamempot pacuemos u anaaus pe3yibmamos

Pacuersl cucteM MpOBOAUIKCH METOIOM KJIaCCU-
yeckoii MJI B mporpaMMHOM Komriekce Gromacs
2018 [68] ¢ ucroap30BaHUEM TOJTHOATOMHOTO CHJIO-
Boro noyii AMBER99-PARMBSCI. CusioBoe noJe
OBUIO DONOJTHEHO PaCCYMTAaHHBIMMU ab initio B TTakeTe
kBaHTOBOXMMMYeckux nmporpamm FIREFLY [69] na-
pameTpamu 4I'P, ocTaTKoOB caxapoB M OCOOBIX IIETH -
JIOTJIMKAHOBBIX aMUHOKMCJIOTHBIX OCTaTKOB. PacueTsl
MPOBOAMIINCH MeTonoM XapTpu—®oka. JIist anmnpok-
CUMalIMU 3JIEKTPOCTATUYECKOTO MOTEHIIMaNA C LEbIO
HaXOX/IEeHWs TIaplLMaJIbHBIX ATOMHBIX 3apsiioB ObUI
B3SIT paCLIMPEHHBIN 6a3ucHbIi Habop 6-311++G(d,p).
BDeKTpoCcTaTUUYECKU I TTOTeHIMaJl CTPOUJICS C TIOMO-
mpio aroputMa GEODESIC. J11s cotbBaTainm cu-
cTeM HcIojb3oBajach Mojaeib Boabl SPC/E.

IMoTeHLMAaNbHAST SHEPTUSI TOCTPOSHHBIX CUCTEM
MUHUMU3UPOBaJach METOAOM  HaUCKOpEMIIero
chycka. 3aTeM MPOBOIMIACH TTOC/IeNoBaTelIbHAs pe-
JIaKcalusi CUCTEM TIPU IOCTOSIHHBIX 00beMe U JaBJie-
Huu. BpemeHa penakcaly BapbMpOBaluCh B 3aBU-
CUMOCTHU OT CUCTEMbI U COCTaBJISUIM, KaK MPaBUIIO,
100 ic mg Dps m AHK, 250 mic g memOpan 1 1 HC
I TIETITUAOTIJINKAaHa.

IMocTossauas Temneparypa (300—313 K) mommep-
JKMBaJlach CTOXaCTUUYECKUM (JTaHXXEBEHOBCKUM) Tep-
MOCTaTOM C IMOCTOSIHHOII BpeMeHHU 2 1ic. PacyeTsl
MPOBOAMIN TIPU IMOCTOSIHHOM HAaBJIEHMU, KOTOPOE
nomnepxuBaiochk TepMoctatoM IlappuHemio—Pa-
MaHa C MOCTOSTHHOI BpeMEHU, COCTABIISIIOIICH 2 TIC.
Hnsg cucrem JIHK, Dps u mentnaonMmkaHa gaBJieHUS
B 1 aT™ moaaepXuBajJoCh U30TPOIHBIM CIIOCOOOM.
I1pu pacueTax MonenbHBIX MeMOpaH JaBJICHUE I10/I-
JIEePKUBAJIOCh MOJYU30TPONHBIM citocodoM. Ilapa-
METPHI B3aMMOJICMCTBUI CBSI3aHHBIX AaTOMOB U OJIVIXK-
HUX B3aMMOACUCTBUIA PAaCCUYMTHIBAIM I KaXKIOTO
BpPEMEHHOTO Imara. DJIEKTPOCTaTMYECKHE B3aMMO-
JIeiicTBUST Ha OOJIBIIIUX PACCTOSIHUSIX PACCUUTHIBAIU
METOIOM CyMMUpOBaHus 1o DBanbay (Particle Mesh
Ewald (PME)). Panuychl oOpe3aHus JIs1 BCeX TUIIOB
B3aMMOJIEACTBUS Opaiich paBHBIMU 1.5 HM. Cricok
coceleil moAaepKMBAJICS C ITOMOIIBIO CXEMBI OTCEU-
k1 Bepne m obHoBimsuics kaxapie 10 ¢pc. beicTpreie
CTeTIeHU CBOOOIbI OTPAaHUYMBAIUCH C TIOMOIIBIO aJl-
roputMa LINCS. IIlar uHTerpupoBaHUsI COCTABIISLI
2 dc (g nentuaorIkaHa — 1 ¢c), AjarMHa TPaeKTo-
puit — 0.1 MKc. AHanIu3 pe3yabTaTOB M BU3yaJIn3a-
LU0 IIPOBOAWIIM C TTIOMOIIBIO OPUTHMHAJIBHBIX MOIY-
JIeit, a Takke cpencrBaMu mmporpamMm Gromacs 2018
[68] ®u VMD [70].

Ilepen HaxoxXIeHNEM TMHAMWYECKNX XapaKTepy-
ctuxk JHK u 0enkoB NMpoBOIMIIM aHAIWU3 INIABHBIX
KoMITOHEHT [71]. 3 00111eii TpaeKTOpUU C MOMOIIBIO
BCIIOMOTAaTeJIbHOM IIPOTrpaMMBbl f#jconV BBIACISIINCH
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TPaeKTOPUU OBVDKEHUSI MOJEKYNI WA UX YIaCTKOB.
M ckoMble yacTu MOJIEKYJT LIECHTPUPOBAJIUCH B STYCIKE
BO M30eXaHWe CMEIISHHUS B COCETHIOI0 ITepUOoIye-
CKyIo sueiiky. i1 yMeHBIIeHMs 4Mciia CTelleHeil
CcBOOOIBI paccMaTpuBaauch O-C-aToMbl Oellka M
atombl pochopa JIHK. Crpomnach KoBapualvoH-
Hasg Matpuna pasmepoMm 3N X 3N, B KOTOpoi Kax-
IIBIA U3 3JIEMEHTOB HaXOAMUJICS HAa OCHOBAHUM OOHOM
W3 KOOPIWHAT (X, y WU Z) Kaxaoro u3 N paccMaTpu-
BaeMBbIX aTOMOB:

Gy = <M,.,/2 (x; = (x:)) M}//'z (x; - <xj>)>- (1)

3pnecs M; — envMHUYHAs MaTpuua: i, j — OAHA U3
ATOMHBIX KOOPIMHAT.

Marpuna (1) nmaroHaau3upoBagach ¢ MTOMOIIBIO
MaTpUIEI OPTOHOPMUPOBAHHOIO Ipeobpa3oBaHus R
C BBIIIEJICHUEM COOCTBEHHBIX BEKTOPOB M COOCTBEH-
HBIX 3HAYCHU:

R'CR = diag{A,\s, ..., A5} Q)

31ech CTOJIOLBI MAaTPULIBI R SIBJISIIOTCSI COOCTBEHHBI-
MU BEKTOpaMH, A; = A, > ... 2> A3y — COOCTBEHHBIE
3HayeHuss, R’ — TpaHcroOHMpOBaHHas MaTpuua.

CoOCTBEHHOE 3HauYeHHE A, TMPEICTaBIsieT COOOI
CpeqHeKBaapaTUYHOE KojeOaHUe IIaBHOTO KOMIIO-

HeHTa p, (7).

TpaekTopun MpoeHUPOBAINCh HA COOCTBEHHBIC
BEKTODPLI C ITOJIYYEHUEM ITIaBHBIX KOMITIOHEHT!

p(1) = R"M" [x(1) - (x)]. 3)

s mosydeHus1 JaHHBIX O CBOOOTHOU 3HEPTUN
murpamu 4I'P gepes 6mciioif MCmoIb30BaanCh MO/ -
XOIbl yrpaBiasgseMoii M/l u 30HTUYHOII BBIOOPKMU.
IIpoTokon momapob6bHO omucaH B padorte [17]. s
ornpeaesaeHus TEPMOJAMHAMUYECKUX XapaKTepUCTUK
csa3biBaHus JJTHK ¢ Dps ncrnonb3oBajicst METO MO~
HCKa JUHeitHol aHepruu B3aumopeiictBus (Linear
Interaction Energy (LIE)) [72, 73] ¢ paHee momo-
OpaHHBIMU MTapamMeTpamu [41].

3. PE3VIIBTATBI 1 UX OBCYXKIEHUNE

Kak 0bU10 TTOKa3aHO paHee B IKCIIEpUMEHTAX in
vivo Ha mpumMepe mrtaMmMoB bakTepun E. coli K12 [17]
u BL21-Gold(DE3)/pET-Dps (c unnykuueit u 6e3
nHaykiuu 6enka Dps) [41], aTu 6akTepuun 4yBCTBU-
TeJIbHEI K TIpucyTcTBUIO 41°P.

BddexT or BHeceHus 4I'P Ha mpencTanimoHapHoOM
CTaIuU pOCTa B KJIETOUHYIO KyJAbTypy E. coli iTamma
K12 sBasiyicst 10303aBUCUMBIM 1 Pa3BUBAJICS BO Bpe-
MeHU. 4-Tekcuipe3opuuH B KOHUeHTpauusax 107> u
10~¢ M moBbI1IaJ CTPECCOYCTOMUMBOCTD KJIETOK M MX
CIOCOOHOCTh K COXPAHEHUIO XM3HECITOCOOHOCTH.
BHemHuit Bua KieToK npu (pa3oBO-KOHTPACTHOM
MUKPOCKOTIMM HE€ W3MEHSIJICSI MO CPaBHEHUIO C
kKoHTpojseM. boiee Beicokme koHueHTpauuu 4I'P

(10742 - 10~* M) BBI3BIBAIM TIEPEXOH OOJbLIEH Ua-
CTH TIONYJISLIMYA B AHAOMOTUYECKOE TTOKOSIIEECs CO-
crosiHUe. bakTepuaabHble KJISTKU MOCTETIEHHO CTa-
HOBUWJIMCH Oojiee MEJIKUMM, OKPYIJIbIMHU, C PE3KO
OUYepUYECHHBIMM KJIETOYHBIMU cTeHKamu. [lpu stom
0aKTepUU OCTaBaJIMCh XKU3HECIIOCOOHBIMU MPU Xpa-
HEeHUMU B TeueHue mecsia. [Tocne otMbIBKM OT 41'P nx
TUTP KU3HECIIOCOOHOCTY BOCCTaHABIUBAJICA 10 50%
oT TiepBoHayaibHOro. BHecenue 4I'P B BhICOKOIT
koHueHTpauuu 4I'P (10~3 M) B teuenne 30 MUH npu-
BOJMJIO K JIM3UCY YACTH OaKTEpUATIbHOM MOITYJISIIIN.
OcTaBuIvecss KJIETKM CTAHOBWJIMCH ITOXOXWUMU Ha
CHOPHI: OKPYIJISUIACH, YMEHBIIAIMCH B pa3Mepax B 2
u Oosiee pas3, MpUOOpPETaIU CIIOCOOHOCTh CUJIBHO
MPEIOMIIITH CBET, UX KJIETOYHBIE 000JIOUKU YTOJIIIA -
mchk. OHM COXpaHSIM CBOIO (hOpMy M colepKaHUe
(He pa3pyllaJuch B JajbHeNIIeM), oTMbIBKa OT 41'P
He BOCCTaHaBIIMBaja MX XXWU3HECHOCOOHOCTh. DTO
COCTOSIHHE KJIETOK OIMMCAaHO KaK MyMU(MULIMPOBaH-
Hoe [74].

K13HECITOCOOHOCTP M CTPECCOYCTOMYMBOCTH
OakTepMaJIbHBIX KiIeToK FE. coli mramma BL21-
Gold(DE3)/pET-Dps ¢ 0ObIYHBIM U M30BLITOUHBIM
KoJIm4ecTBOM Oesika Dps, BeIpalieHHBIX B IIPUCYT-
cTBUM pacTBopoB 41'P, Takke oKa3pIBaJMCh MTOJIBEP-
JKEeHBbI BJIUSTHUIO KOHLIEHTPALIMU 3TOTO ayTOperyJsi-
Topa. BpUIO KMCcllenoBaHO MIECTh MOMYJISIIUIA IITaM-
Ma BL21-Gold(DE3)/pET-Dps B pa3HbIX YCIOBHUSIX.
JBe momynasiiuu ObUTA BBIpAIEHBI B MPUCYTCTBUU
10~* M 4TI'P, nBe — B ipucytcTBum 5 - 1075 M 4T'P u
IIBe KOHTPOJbHBIE — B OTCcyTcTBUE 4I'P. Mexmy co-
00Ii MTOTTYJISIIAY B KAXKIOM Tape pa3InyaIrCh KOJIJe-
cTBOM Oenka Dps, o6pasyrolierocs B IIpolecce Iepexo-
Jla KJIETOK B CTallMOHApHYIO (pasy. B riepBoM cirydae ero
cozepxXaHue 6bU10 OObMHBIM (~1.8 - 10° Monekyn Ha
KJIeTKY). Bo BropoM citydae oHO ObLIO yBETMUYEHHBIM
B 8—12 pa3 myreM no6asieHus 10~ M j1akTO3bI, 4TO
BBI3BIBAJIO CBEpPXCHMHTE3 Oenka Dps, KogumpyemMoro
UMelollelics B MyTaHTHOM IITaMMe rasMuaoii. [1o-
Ka3aHO, YTO XN3HECIIOCOOHOCTh U CTPECCOYCTOMIM-
BOCTb OaKTepHUii HAIIPSIMYIO 3aBUCUT OT KOHILIEHTpa-
UK B KieTKax Kak 4I'P, Tak u 6enka Dps. BHeceHue
4T'P mipu pa3BUTHU KIJIETOK 0€3 HOMOIHUTEIHLHOIO
CTUMYJIMPOBAHMS CUHTEe3a Oeka Dps mpuBoauiio K
o0Opa3oBaHNIO OaKTepUaATbHBIX MOMYJISIWNA, Oosee
YCTOMUYMBBIX K IJIUTEIHOMY XpaHEHUIO B YCIOBUSIX
cTpecca rojiofaHus U TeMIlepaTrypHoro ctpecca. [1pu
TeMITEpPaTYPHOM CTPECCE CTPECCOYCTOMUYMBOCTD YBE-
JIM4uBasiach cUMMOaTHO KoHUeHTpauusaM 4I'P u Dps,
rae OoJiblliee BJMSIHME OKa3bliBaJla KOHIIEHTPALUS
Oenka, a He 4I'P.

Takxum o6Gpazom, 4I'P obGiamaeT KOMITJIEKCHBIM
BO3JEUCTBUEM Ha OakTepualbHYyIO KJIETKY. [lepBbiM
MPEISTCTBUEM IS HErO SIBJISIETCS HapyxKHasi KJjie-
TogHasg mMeMOpaHa. Cpenn IBYX BO3MOXKHBIX ITyTEH
MPOHUKHOBEHUS B KJIETKY: Yepe3 MOPUHOBbIC KaHa-
JIbI ¥ 6ucioii, 4I'P npennoyTuTeIbHO MUTPUPYET Y-
pe3 OMCIIoit. DTO IMMPOUCXOINT BCIIEICTBUE TOTO, YTO
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Puc. 1. CTpyKTypBl CUCTEM HapyXHOI MeMOpaHbl HA MOMEHT BpeMeHHU, cooTBeTcTBYommit 100 He, 6e3 4I'P (a), B ipucyT-
creum 110 (6), 250 (8), 450 (2), 1000 (d) u 2250 mounekyn 4I'P (e). Llucbpamu o603HavyeHbl: / — TprMep Oelika mopuHa, 2 — 00-
JIaCTh MOJIXCAXapUIOB BHEIITHETO CJI0sI HApY>KHOKM MeMOpaHbl, 3 — TUIIMOHBINA OUCIoi, 4 — MoJieKybl 41 P.

3TO COSANMHEHNE NMEET JJIMHHBINA THAPOGOOHBIN yI-
JIEBOJOPOAHBIIA OCTAaTOK, KOTOPBIM CBSI3BIBACTCS C
netneit L6 (P, ITNKFTNTSGF,5,) mopuHa, nepe-
BOJs KaHa/l B 3aKpHEITOe cocTostHue. PaccunTaHHbie
METOJIOM 30HTUYHOIT BLIOOPKY C MCIIOJIb30BAHUEM MO~
JIeJI BHYTPpEHHEN MeMOpaHbl BEJIMYUHBI HEpPreThIe-
CKHX 0apbhepoB Ha Mpoduiie CBOOOTHON SHEPTUU MU-
rpauuu 4I'P coctasnsitor mist 6ucios 19 kIx/Moib,
IJIST OTKPBLITOTO KaHaja IopuHa — 32 KJIXK/MOJb.
IIpennodruTeIbHOE B3aUMOACHCTBUE C TEMU WIU
WHBIMU YaCTSIMU Hapy>KHOII MeMOpaHbI 3aBUCUT OT
koHueHTpauuu 4I'P. Crout ormeturs, uyto 4I'P 1u1o-
X0 pPacTBOPUM B Boje. B MUKpOOHOIOTMYEeCKMX 9KC-
NepUMeHTaX ero peaBapuTeIbHO PACTBOPSIIOT B 3Ta-
HoJie. IIlpu MJI-pacyeTtax MOJIEKYJbl ITOMEIIAIOTCS
PpPaBHOMEPHO B 00JIaCTU BOJHOTO OKpPY:XeHUs. TeM He
meHee B TedeHure 10—20 He MpoMCXOoUT KilacTepr3a-
nus 4I'P. I1pu GobIINMX KOHLIEHTPALMSIX MOJIEKYJIBI
00pa3yloT MaCCUBHBIE MUILIEIIBI, B KOTOPBIX TUAPO-
¢obOHbIe yacTu (reKCWibl) HalpaBieHbl BHYTPb, a
ruapoduiabHbie (pE30PLUHBLI) — Hapy:Ky. Bo3amox-
HOCTb 00pa30BaHMsI MUIIEIJT MAKCMMaJbHa B BOJIE U
CHUXXaeTcsl B OMocucTeMax HeJIMHeHHO ITpU U3MEHe-
HuM KoHUeHTpauuu 4I'P u mo-pazHoMy B 3aBUCUMO-
CTH OT COCTaBa CUCTEMHBI.
XUMUNYECKASA ®U3UKA Ne 5
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Ha puc. 1 mokazaHbl CTPYKTYpPbl CUCTEM HapyK-
HOM MeMOpaHbl CO BCTPOEHHBIM TPUMEPOM OesKa
nopuHa 6e3 no6asieHus 4I'P u B mpucyrcrBuu 110,
250, 450, 1000 u 2250 MOIEKys 3TOTO COCIUHEHUSI.
KonuuectBo mMonekyn modasieHHoro 4I'P mpu6au-
3UTEJILHO OTBEYaeT CJEAYIOLIMM KOHIIEHTpalMsIM B
MUKPOOUOJIOTMYECKMX 3KcIepuMenTax: 1073, 5 - 1073,
2-107%, 4 - 10~* u 103> M coorseTcTBeHHO. Bes 4P
(puc. la) TommumHa MeMOpaHBI NPAKTUIECKU ITOCTO-
sSIHHa B 00J1aCTU KaK JIMITUIHOTO OUCITOS, TaK U TTOJIU -
caxapunoB. OCHOBHBIMU LIEHTpaMu cBsi3biBaHUs 41" P
IIPH €TI0 HU3KMUX KOHILIEHTpauusx (puc. 16, ) okasbl-
BatoTcsa O-aHTUreHbl. MeTacTabuJibHbIE KOMILIEKCHI
¢ octaTkaMmu caxapoB O-aHTUTEHOB U LIEHTPAILHOTO
oJMrocaxapuia CrocoOCTBYIOT IMPOJIBMXKEHUIO MOJIe-
KyJ1 4I'P K mununy A Hapy>kKHOM MeMOpaHbl OaKTepUun
E. coli. IIpn HU3KUX U cpeaHUX KOHLIeHTpalusix 4P
(puc. 16—e) mociiemHUIA BHITAIKABAETCS U3 BOABI U
B3aMMOAENUCTBYET € TUAPO(POOHBIMA AMUHOKUCIIOT-
HbIMU ocTaTKaMu nopuHa. [1pu nanbHelieM yBeau-
yeHun KoHneHTpauuu 4I'P (puc. 10, e) on agcopbu-
pyeTcd Ha Junuaax U oodpasyeT IMJIOTHBIA CJIOM,
MpPaKTUYECKU PaBHBIN O TOJIIIMHE OUCIOIO.

ITnotHOCTH pacnpeneneHus atoMoB 41 P o oTHO-
IIEHUIO K MOPUHY U OUCIIOI0 B 3aBUCUMOCTU OT KOH-
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Puc. 2. a — [110THOCTH pacnpeneseHus1 aToMOB (110 Macce) pa3IMuHbIX MOJIEKYJI BHYTPU PACUETHOM sSTYEMKU 1O OCH Z (HOpMalb
K TUTOCKOCTU MEMOpPaHbI) [IJIsI MOJIEIU BHEIIHE MeMOpaHsbl E. coli: 1 — nununpl, 2 — niopuH, 3— 7 — 4P npu cienyroiiem yucie
MOJIEKYJT Ha stueiiky: 3 — 2250, 4 — 1000, 5 — 450, 6 — 250, 7 — 110; 6 — konM4ecTBO BONOPOIHBIX CBsi3eit Mosiekyn 4I'P ¢ npy-
rumu Mojiekysamu 4P (/), nunuaaMu u imrionoircaxapuaaMu (2) 1 TopuHoM (3).

nentpauuu 4I'P mokasana Ha puc. 2a (ot 0 1o 7 HM 1O
ocu abcLucc — BHYTPEHHSISI CTOpOHA MeMOpaHBbI, Ja-
Jnee — BHemHss1). TommuHa cnos 4I'P y memOpaHbl
(2) BapbHpYeET OT 2 HM IIpM HU3KOM coaepkaHuu 41'P
no 8—8.5 um 1ipu comepxkanuu 1000 u 2250 MmoaeKyn
Ha pacueTHYyIo s4eiiky. TonmmHa MeMOpaHbI (JIMTIH-
Ibl W JIMTIOTIOJIMUCAXapyabl) OCTaeTCsl IOCTOSTHHOM
BHE 3aBUCHUMOCTH OT KOJWYECTBA 100aBICHHOIO
4T'P. ITapamMeTpsl TIOpsSaKa JUAIITMIOB B 00EMX MEM-
OpaHax M3MEHSIIOTCS HEIMHEITHO B 3aBUCUMOCTU OT
KoHueHTpauuun 4I'P. Ilmomanb, mpuxonsimasicss Ha
JIMIINL, 1J1s1 HApY>KHO MeMOpaHbI IIpU TEMIIEpaType
310 K cocrasisuia 60.7 A2 u yBenmunBanach 10 61.8 A2
Mpu a00aBJICHUU CpenHUX KoHueHTpauuit 4I'P 3a
CUYeT BCTpamMBaHUSI MOJIEKYJ B 00JIaCTU COSTMHEHMUSI
JIMIIUIHBIX XBOCTOB M TOJIOBOK. BhICOKME KOHIIEH-
Tpaumuu 4I'P mipuBoanan K YMEHBIICHUIO ITPUXOISI-
eiicst Ha UMM Tiotany o 57.6 A2 3a cuet o6pa-
3o0BaHus ciaost 4I'P Ha moBepXHOCTM MeMOpaHBI M
CTATMBAHUS JIMIIMOHBIX TOIOBOK. Pammyc rupamum
Oesika MOpMHA HE3HAYMTEIBHO MOBBIIIAETCS OT R, =
= (3.076 = 2.1) - 10~ um (110 monekyn 4I'P) no R, =
= (3.078 £ 2.7) - 107> um (250 u 450 monexyn 4I'P) u
HECKOJIbKO CHMXaeTcs 10 R, = (3.06 + 2.1) - 1073 um
(1000 u 2250 monexyn 4I'P). IlopuH coaepKuT Kak
YY4aCTKH, 0O0pa3oBaHHBIE TUIAPOPMILHBIMA aMUHO-
KHMCJIOTHBIMUA OCTaTKaMM, 9KCIIOHMPOBAaHHBIMM Ha-
pyXy, TaKk W BHyTpUMeMOpaHHBIE TUAPOPOOHBIE
yyacTku. [mapoduibHbIe y4acTKU MOTYT B3alMO-
neiictBoBath ¢ 4I'P yepe3 BOmOpOOHBIC CBSI3U, B TO
BpeMsI KaK MEXIy aIKWIbHBIM PaIuKaaoM Pe30pIIU-

Ha 1 HETOJIIPHBIMU OCcTaTKaMU Oejika HabJlo1aloTCs
ruapo¢oOHbBIe B3aUMOAEHCTBUA (CTPYKTypa oopasy-
IOIIMXCSI KOMIUIEKCOB OyaeT paccMoTpeHa Huxke). Ha
puc. 26 TTOKa3aHO KOJIMUYECTBO BOJOPOIHBIX CBSI3EI,
oOpasyeMbix MoJieKyiamu 4P ¢ npyrumm mosexyia-
mu 4I'P (xpuBas 1), iTMnuaaMu U JIMTIOTIOICaXapy-
namMu (KpuBasi 2), mopuHoM (kpusas 3). Jlunumbl
(IUIIOIIONIMCaxapUabl) IIPEHSITCTBYIOT 00pa30BaHUIO
MAaCCHBHBIX KOMIUIEKCOB 41 'P 1yTeM cBSI3bIBaHUS OT-
JIeabHBIX MoeKyl 4I'P Ha BceM IMpPOTSKEHUM MEM-
opanbl. Toapko mpu kommuectBe 4I'P, cocraBnstio-
mem 2250 MoJIeKyJ1 Ha pacyeTHYIO STYEHKY, YMCIIO BO-
IOPOMHBIX CBsI3ei Mexmy Mojekyiaamu 4I'P
CTaHOBUTCH BhIIIe, yeM Mexay 4P u nunmupoamu.

Taxkum o6pazom, 4I'P B3auMomeiicTByeT Kax ¢ I10-
JIMcaxapuIHbIMM OCTaTKaMM BHEIIHeil MeMOpaHHBI,
TaK ¥ ¢ MEMOpPAHHBIMU O€IKaMU W JIMOIUIAMU MEM-
opan. [IpoHukast CKkBo3b BHEIIHIOI MeMOpany, 4I'P
crioco0eH adbcopOMpPOBAThCS MENTUAONNIMKAHOM, ME-
Hsist ero ¢opMy U pa3Mephbl, pacTSITUBasi U CyxKasl €ro
B Pa3IMYHBIX HATIPABIIEHUSIX U YACTUYHO ITPOXOIS K
BHYTpeHHell MeMOpaHe, yepe3 KOTOPYIO MPOHUKAET
BHYTPb KJIeTK1. Haxonsch B IMTOIIa3Me, MOJIEKYJIbI
ayToOperyasaTopa MOTYT B3aMMOJEICTBOBATh C HAXO-
OSIIAMUCS TaM MOJIEKYJIaMU U BHYTPUKJIETOUHBIMU
CTPYKTYypaMHU, CPEAr KOTOPBIX OCOOEHHO BaXkHa MO-
nexkyma JHK.

Uccnengopanue nunamuku JJHK npoBomuam kak
B pacTBOpeE, Tak U y moBepxHocTu Dps. JloGaBieHue
HeOonbmux KoHneHTpauuii 4I'P (2 : 1) xk AHK B pac-
TBOpE MPUBOMWIO K BCTPAUBAHUIO OTWHOYHBIX MO-
XUMUNYECKAA ®U3UKA Ne 5
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JIEKYJ1 B MaJIylo 1 OOJIblilyl0o O0pO3nKu 6e3 u3MeHe-
Hust ctpyktypbl JJHK. B3auMoneiicTBUEe MOJIEKYJ
4T'P ¢ JJHK ocyuiecTBasiioch MmyTeM oOpa3oBaHUS
cBsi3u O—H:*O~—P ruipoKcuIbHOM TPYIIBI pe30p-
muHa 1 dpocdarnoii rpynmel JHK. IIpu BcTtpanBa-
Huu 4I'P B Manyio 60opo3aKy oOpa3oBLIBAIMCH JIBE
cBs13u ¢ ooenmu ternsimu JIHK, a Bpemst sku3HU KOM-
TJIEKCa COCTaBJIsIO 0KoJio 25 He. Bo BTopoMm ciiyuae
4T'P oGpa3oBBIBal OMHY CBSI3b C OOHOM U3 LIEeTIei, U
BpeMsl XW3HU KOMIUIEKCAa ObIJIO MEHBIIIUM — OKOJIO
10 Hc. Takke ObUIO 3aMEYEHO, YTO B MECTaX pa3pbl-
BoB JIHK momnekynber 4I'P 00pa3yioT CTOKMHT-B3an-
MOJAEUCTBUS C OCTaTKaMU HYKJIEOTHUIOB.

N3yuenue JHK co cradbuausupymum JHK Gen-
KoM Dps ripoBomii mpu orcyTcTBur 41'P 1 mpu Bo3-
nevicrBum 50, 100 1 500 monekyn 4I'P. besok Dps 06-
JlamaeT MHTEPECHBIMU IMHAMUYECKMMU CBOMCTBAMU.
Ero mapoo6pa3Hblii 0CTOB OTHOCUTEILHO CTaOWIeH, B
TO BpeMsi Kak N-KOHIIbI Ype3BbIYaiHO ITOABVXKHEBL. TeM
He MeHee TpU 00pa3oBaHUU KOMILIEKCOB Dps—Dps u
JHK—Dps, momruMo N-KOHIIEBBIX YYaCTKOB, UIpa-
10T POJIb U APYrMe SKCIIOHUPOBAHHbBIE HApyXy 00Ja-
ctu mosiekyibl [40]. Kak ObL1O0 moka3zaHO B paboTe
[41], monexkynbl 4I'P cnocoOHBI M3MEHSITh MOJIEKY-
nsspHBIe MexaHn3MBI cBs13bIBanusI JJHK ¢ Dps myrem
o0pa3oBaHUs MMULECUIONONOOHBIX KOMIUIEKCOB 4-
TFeKCWIPE3OPLIMHA CTPYKTYp MEXIy MOJeKyJlaMu
JHK u Dps.

Bbbutn ToCcTpOeHbI MPOEKIINY TPASKTOPUI TBUXKE -
Husi atomoB JIHK (B pactBope M B KOMILJIEKcax C
Dps) n cyobequnun Dps npu pa3zHOM comepKaHUU
4T'P Ha coOcTBeHHBIE BeKTOpHI. Ilocie yero OwbImM
BBIIIEJIEHBI CpeIHEKBaapaTUYHbIe (QIyKTyalluu IBU-
XKEHHUSI aTOMOB OTHOCHUTEIHHO IJIABHBIX KOMITOHEHT.
OO06HapyXeHO, 4TO 3a Hambosee MacIITaOHBbIE KOJI-
JICKTUBHbBIE KOJIeOaHUSI OTBEUYAlOT MEPBbIE YEThIPE
[JIABHBIX KOMIIOHEHTBI, CMEIIEHHUS OTHOCHUTEIBHO
KOTOPBIX pacCMaTpUBAINCh MIPU aHAIM3€ pe3yJbTa-
TOB M MOCTPOCHUU OT(HUILTPOBAHHBIX TPACKTOPUIA
IBIDKEHUS YacTell cucteM. BBepxy puc. 3a moka3aHbl
cpenHekBagpatuaHbele daykryauun atomoB JHK
(RMSF) oTHocuTenbHO TIepBOI MIAaBHON KOMIIO-
HeHTHI (vec.l). OOHapyKeHO, 4TO KOJIeOaHUSI MOJIe-
kynel IHK, cocrosieit 3 25 nap HyKJIe€OTUIOB, B
TedueHue 0.1 MKC He 3aBUCST OT KOHLIeHTpauuu 4I'P u
MIPaKTUYECKN COBIIANAlOT C KOJeOaHUSIMU CBOOOII-
poit JIHK B pactBope. Xapakrep KojecOaHU CyOb-
eIUHULL Joaekamepa Dps M3MeHsIeTCs B 3aBUCUMO-
CTH OT CBSI3BIBAHUSI CYyOBEOMHUIIBI C MOJIEKYJIaMU
AHK wnnu 4I'P (puc. 3a cpenHue u HxXXHU rpadu-
ku). st Dps B pacTBope (B KauecTBe IpruMepa Ipu-
BeJeHbI TUITMYHbBIC TpaUKU IJIsl TpeX CyObeaIMHMIIL)
oOpalaer Ha ce0s1 BHMMaHME 3HAYMTEIbHAsT IO-
JIBUXKHOCTb N-KOHIIEBbIX aMUHOKMCJIOTHBIX OCTaT-
KOB (1mmopsimkoBble HoMepa ¢ 1 o 10). I1pucoenune-
ane JHK 3HauutenbHO CHMKaeT (IYKTyallMd Kak
9TUX YYaCTKOB, TaK U aTOMOB Bceli CyObEIMHUIIBI B
nejaoM. Ancopouust mojekyn 4I'P Ha moBepxXHOCTh
Dps MoOXeT KaK CHIXKaTh, TaK U ITOBBIIIATH MOABUK-
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HOCTh N-KOoHIOB. Ha puc. 3a cHikeHMe Habmomaer-
cs1 B mpucytctBuu 50 u 500 mosiexyn 4I'P B stueiike, a
noBeilieHre — B ripucyrctBuu 100 moiexkyn. Kpome
TOTO, 3aMeTeH 3P deKT BO30YKICHUS KOJIcOaHNI 110
3HAYUTEIBHONM YacTW BHEIIHe# ImoBepxHocTH Dps.
OCO0OEHHO SIPKO OH IIPOSIBIISIETCS IIPU CPEIHUX KOH-
neHTpauusax 4I'P (100 mojtekyn Ha sSTYeiiKy) U 3aTpa-
TrMBaeT 3KCIIOHMPOBAHHBbIE HapyXy Ol-CIHUpaJibHbIE
YYacTKM U TeT/IM Oejika (HoMepa aMUHOKUCIOTHBIX
octatkoB oT 80 mo 105 u ot 135 mo 145). Takue kome-
OaHUSI MOTYT CITOCOOCTBOBATh YCKOPEHUIO CBSI3bIBA-
Hug JHK.

Yo KacaeTcs paguyca Tupanuu cyobeanHu Dps
(puc. 36), ycpemHeHHOTO 110 BceM 12 cyObenmHuIIaM,
TO 3aMETHO €ro YMeHbIlleHHe IIpu nodaiaeHuu 4I'P B
MaJIOif KOHLIEHTpAllMU, YBEJIMYEHHE 10 HOPMaJIbHO-
ro 3HaY€HUs TPpU CpeaHeil KOHLIEHTpallMU U Ialb-
Helilllee Bo3pacTaHue Ipu goodasieHun 4I'P Brico-
KOl KOoHLeHTpaiuu. [Ipu 3ToM n3MeHeHue pajauyca
rupaiu Dps B OCHOBHOM 00YCTOBJI€HO ITOIBUKHBI-
Mu N-KoHLIaMu (¢ 1-To mo 25-if aMUHOKUCIOTHbIH
ocratok). bes ydyera oTvx y4acTKoB 3HaueHue R, =
= (1.54 £ 0.02) HM BHE 3aBUCUMOCTH OT IIPUCYTCTBUS
4T'P.

Kak u B cirygae ¢ KOMITOHEHTaMH KJIETOYHOM 000-
Jouku, 4I'P HaumHaeT ObICTPO 0OPa30BLIBATH BOAOPO/I -
Hule cBs13u ¢ JIHK 1 6enkom. Ha puc. 36 mokazana Bpe-
MEHHAsI 3aBUCHMMOCTD YMCJIa BOIOPOIHBIX CBS3EH MO-
sekyn 4T'P ¢ AHK, Dps u apyrumu mojiekysiamu 41°P.
BunHo, yto uncio cBsaseii ¢ JIHK HeBenrko gaxe mpu
oomemmx KoHueHTpauusax 4I'P. Uro xacaercs Dps,
TO MoJiekysbl 4I'P mipu ero mManbIXx U CpeIHUX KOH-
LEHTPALMSIX IIPEAIIOYTUTEILHO CBI3BIBAIOTCS C OelI-
KOM, a He MexXny coboit. Panee Takoii ke adpdexT
OBLT OTMEUEH JJIsI JIMIIUAOB U JIMITONOJUCAXapUI0B.
IIpu BeicOKMX KOoHueHTpanusix 4I'P ero MoneKymbl
HAauYMHAIOT 3aMETHO OBICTPEE CBSI3BIBATHCS MEXKIY CO-
00ii, yeM ¢ moBepxHOCThIO Dps. OmHaKo B TeueHUE
0.1 MKC KOJIMYECTBO TAaKOIO THUIIA B3aMMOACUCTBUIA
BBIpaBHUBAETCS M focTuTaet rmpmumepHO 100.

IMoTeHLManbHas 3Heprust B3aumoeiicteust Dps ¢
JHK B pacuere Ha omHy mapy ocHoBaHuii JJHK
(puc. 3e, kpuBas ) ocTaeTcs IPaKTUIECKH IOCTOSH-
HoOM 1ipu otcyTcTBUM 4I'P 1 mpu ero nobGaBjIeHUU B
pa3HbIX KoHLIeHTpauusax. Hamnboiee cuiibHOE CBS3BI-
Banue Dps n JIHK HabmomaeTcs mist CUCTEMBI, B KO-
Topyto fodaBieHbl 50 moJiekyn 41'P. CpenHsist TOTeH-
myanabHas sHeprus Bzaumoneiictsust Dps ¢ 4I'P yBe-
JmunBaeTcs (puc. 3e, KpuBas 2). DTO TOBOPUT O TOM,
yTo MoseKkyJbl 4I'P He pacrnipenensiroTcest Mo MmoBepx-
HOCTH Oej1Ka paBHOMepHO. CBOOOIHAS DHEPI U CBSI-
spiBaHms JJHK ¢ Dps, moimyyeHHass MeTOIOM ImorcKa
LIE, uamensiercst ot AG = —49 kJI>x/Moib TIpu OT-
cyrctBuu 4I'P, HeckolbKo yBeanuuBaeTcsl (ocTaBa-
SICh OTPMIATEIBHOM) M 3aTeM CHMXaeTrcd no AG =
= —150 xJIx/Monb nipu BBeaeHuun 500 monekyn 4I'P
(puc. 3e, kpuBasg 3). Dddekr yBeanueHuss AG mpu
MaJIbIX M cpemHnx KoHueHTpauusx 4I'P Hadmonaercs
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Puc. 3. a — CpennexBanparuunsie diaykryauuu aromoB JHK, cyobsenuunist Dps nipu cesasbiBanuu ¢ IHK, cyobenunuil Dps
B pactBope 1 cyobenuHull Dps ripu agcop6num 4I'P. Lindppamu o6o3naveHsl rpaduku wist: 1 — JIHK B pactBope, 2 — MosieKyi1
0e3 mobasneHus 4I'P, 3 — B npucyrctBuu 50, 4 — 100, 5 — 500 monekyn 4I'P; 6 — nuameHeHue cpenHero paanyca rupaluuu cyob-
enquHUIBI Dps mipu yBennueHuu conepxkanust 4I'P; 6 — KonnuecTBO BOTOPOMHBIX CBs3ei, 0OpasyeMbix MoseKymnamu 4P ¢
JHK, Dps u apyrumu Mosekyiaamu 4I'P, B 3aBucuMocTu OoT BpeMeHH Iipu pacuete cucteMbl Dps ¢ JJTHK B mpucyrcTtBumn
500 (1), 100 (2) n 50 monekyn 4I'P (3); e — moTeHLUMaNbHAas1 2Heprus Bzaumoaeiictust Dps ¢ JIHK B pacuere Ha onHy Imapy oc-
HoBanuii [IHK (7), moreHumanbHas sHeprust B3aumoneiicteust Dps ¢ 4I'P B pacuete Ha onmHy Mouekyity 4P (2), cBobomHas
sneprus cBsa3biBaHus [JJHK ¢ Dps, monydennas metonom moucka LIE (3).

BCJIEICTBUE TOIO, YTO MPOUCXOAUT Mepepacrpenesie-
HUE BKJIAJIOB BJIEKTPOCTATUYECKUX U BaH-JIep-Baallb-
COBBIX B3aumopaeiicTBuii (B Mmetone LIE oHU yduThI-
BaroTCs ¢ pa3HbIMU Becamu). [ToaTomMy KauecTBEHHO
MOXHO CKa3aTh, YTO TMPU J1000H 13 uccienoBaHHbIX
KoHlLleHTpauuii 4I'P oOpa3oBaHME KOMILIEKCOB
JHK—Dps sHepretuyecku BHIronHO. Beicokmne KOH-
LIEHTPAlIMU ayTOPETryJisiTopa NPUBOILT K 0Opa3zoBa-
HHIO CBepXCTaOMIbHEIX KoMmiuiekcoB ¢ JIHK. Drto
MOXET MPEMNATCTBOBATH MOCJIENYIOIIEMY OCBOOOXIE-

Huto JJHK ot 6enka Dps, BieKyiiemMy 3a co00it Hapy-
IIEHWEe MPOLIECCOB PEIUITMKALIMUA U TPAHCKPUITLINU
JHK, yTo BeneT K ru0esin KJIIETKH.

Ha puc. 4 mokazaHbl CTPYKTYpPhl KOMIIJIEKCOB
Dps, IHK—Dps, mopuHa u nientuaoninkaHa c 4I'P.
Kaxk 65110 06HapyxeHo paHee, 4I'P o6pa3yer Bomo-
POJIHBIE CBSI3U C MMOBEPXHOCTHIO LIMTOIIA3MATUYECKUX
OeJIKOB 4Yepe3 MOJIEKY/Ibl TMAPATHON Bombl [56—58].
CasizbiBaHUe ¢ Dps mpoucxogut Kak Hemocpen-
CTBEHHO, TaK U IJIJaBHbIM 00pa30M 4Yepe3 ruApaTHyo

XUMUNYECKAA ®U3UKA 2023
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Puc. 4. Crpykrypa komriekcoB 4I'P ¢ nuroninazmaruueckum 6esnkom Dps (a, 6), MeMOpaHHBIM G€JIKOM TOPUHOM (8) U NETH -
JonKaHoM (e, d). Lludpamu o603HavYeHbI: I — ITOBEpPXHOCTH Oenika Dps, 2 — MOJIeKyJIbl BOIbI, 3 — MOJIEKYJIbl 1 KOMILJIEKCHI
4I'P, 4 — AHK, 5 — noBepXxHOCTb OejiKa MopuHa, 6 — MenTUuaHbie GparMeHThl, 7 — YIJIEBOAHBIC LIENY NeNTUAOIIMKaHa. ToH-
KUMW JIMHUASIMU MEXITYy MOJIEKyJIaMU 0603HaYeHBI BONIOPOIHBIC CBSI3H.

BOIy Ha moBepxHocTu Oenka. Ha puc. 4a mokazan
KOMIUIEKC M3 IITu MosieKyn 41'P, B3anMoneiicTByro-
X MeXOy co00ii yepe3 aIKMiIbHbIe KOHIIBI. KoMm-
IJIEKC CBSI3BIBACTCSI C MOBEPXHOCThIO Dps mocpen-
CTBOM 1ICTIOYKH BOAOPOIHBIX CBSI3€i ¢ MOJICKYJIaMU
ruapatHoit Boabl. [uapodoOHbIil LIEHTp KOMILIeKca
B3aMMOJEMCTBYET C HEIMOJSIPHBIMU aMUHOKUCIIOT-
HBIMU octatkamMu Dps. Ilpu yBermuyeHnn KoOHIEH-
TpallM¥y MacCUBHBIC “MULEIBI” 41 P HepaBHOMEpHO
azcopoupyloTcs Ha moBepxHocTu Dps (puc. 46). Mo-
nekynbl 4I'P 00pa3yloT CTeKMHI-B3aUMOICICTBUS C
KoHueBbIMU ocTtaTkamu JIHK, 4To mpuBoguT K 110-
seieanto “mutienn”’ 4I'P na konmax JHK.

IToBepxHOCTB O€iKa MopuHa ruApo(doOHa BHYTPU
MeMOpaHbI ¥ TUApOo(dUIbHA B KCITOHUPOBAHHBIX Ha-
PYXy yacTtax 0enka. Momaekyisl 4P B3anMmoneiicTBy-
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IOT ¢ TUAPO(PWIBHBIMM OOJACTIMU IIOCPEICTBOM
TUAPATHOM BOABI U 3aTEM CMEIAIOTCS BHYTPh MEM-
OpaHbI MEXIY JUIMUAAMUA M OEJIKOM. 31IeCh OCHOB-
HYIO POJIb UTpaioT TUAPOPOOHbIE B3aUMOICHCTBUSI.
BBepxy puc. 4 mokazaH ruapoILHBIN y4acTOK OeJI-
Ka 1 BOMBI, HIDKEe BUIHBI MOJieKyibl 4I'P, Hemocpen-
CTBEHHO B3aMMOICHCTBYIOIINE C BHYTpHUMEeMOpaH-
HOIi obJiacTbio 6eska.

CBsa3bIiBaHME OTMHOYHBIX MosieKyI 4I'P ¢ moBepx-
HOCTBIO IIENTUIOTINKAHA (pUC. 42) IPOUCXOOUT de-
pe3 ruapaTHyio Boxy. OHO HaUMHAETCSI CO CBSI3BIBA-
HUS ocTaTKOB yrieBonoB. [1pu pocrte kimacrepos 4I'P
(puc. 40) oHM cCMeNIaloTCs B 00JIACTh ITENTUIOB, TIe 00-
pPa3yIOT MHOTOUYMCJICHHBIE BOIOPOMHBIE CBSI3M C TIO-
BEPXHOCTBIO OITOCPETOBAHHO YePE3 MOJIEKYJTBI BOIBI.
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5. 3AK/TIOYEHUE

PacueTsl, mpoBeAeHHBIE METOAOM KJIACCUYECKOIA
MOJIEKYISIPHOM TMHAMMKM, ITOKA3bIBAIOT, YTO ayTO-
peryinsitop 4I'P cmocobeH CBI3BIBAaThCS M OKa3bIBaTh
HEIIOCPEICTBEHHOE BIMSHUE KaK Ha OMOIMOJIUMEPHI
000JI0YKN OaKTEepUAIbHOM KIJIIETKM — JIMIIOIIOJIMCA-
Xapuabl, O€JIKy, IEeNTUIOIIMKAH, TaK M Ha IIUTO-
mia3zMatuyeckue — 6enxku u JJHK.

Cpenu a1ByX BO3MOXHBIX IMyTeid MPOHUKHOBEHMS
B KJIETKY: Uyepe3 TMIOPUHOBbIE KaHajbl U oucnoii, 4I'P
MIPEANOYTUTEIbHO MUTpUpPYeT dYepe3 Owmcioit. OH
B3aMMOJICMCTBYET KaK C IIOJIMCaxapUIHbIMU OCTaT-
KaMM BHEIIHeil MeMOpaHbl, TaK 1 ¢ MeMOpaHHLIMU
oOenkaM¥ ¥ TunmaaMu MmeMopad. TommmHa cinos 4I'P
y Hapy>XKHOI MeMOpaHbI BapbUPYET OT 2 HM ITPU HU3-
Kot koHLeHTpauuu 4I'P mo 8—8.5 HM npu BBICOKOIA.
I'mopodobubie B3amMonpenTeusg 4I'P ¢ TpancmeM-
OpaHHBIMHM O0JIACTSIMM O€JIKa MopUHA ONpeAeIsTIOT
€ro MIpOHMKHOBEHME B OMCJIOi Ha rpaHUIE IIOPUH—
B10700070108

[Iponukas yepe3 HapyxKHYyI0 MeMOpany, 4I'P crio-
cobeH abcopOupoBaTbcsl MNenTUaoIrIMKaHoMm. Ha-
yaJIbHBIMU CaliTaMU CBSI3bIBAHMUS SIBJISIIOTCSI OCTaTKU
yrieBonoB. 1o Mepe pocta KOMILIEKCOB MOJIEKYJIbI
4T"P cmemaioTcs B 001aCTh IIENTUAOB, U3MEHSISI POp-
MY U pa3Mep MeNTUIONIMKAaHA 3a CUET PACTSIKEHUS U
CXXaTUS B pa3JIMYHBIX HAIIpaBJICHUSIX.

IIpn B3aumoneiicteuu ¢ JHK 4I'P cnocoben
BCTPaMBaThCS B OOJIBIIYIO M MaIylo 00Opo31Ku, o0pa-
3ys cBsi3u O—H--O~—P Mexny rugpOKCUIbHOM IPyII-
noii pe3opuuHa 1 pocdarHoii rpyrmoit JIHK. Bpems
KU3HU TaKUX KOMILJIEKCOB coctapisieT 10—25 He. C
KoH1eBbIMU ocTaTkamu JIHK o6pa3yroTcs cTeKuHT-
B3aMMOJCUCTBUSI, B pe3yJbTaTe YEro BO3HMUKAIOT
KoMIuieKchl 4I'P Ha KoHLIax Lienu.

IMpucoenunenne JHK 3HauuTenbHO CHUXAET
daykTyanuu atoMmoB Dps. AncopOums ke MOJeKysa
4T"P Ha moBepXHOCTHh Dps MOXKeT KaK CHIKATh, TaK 1
MOBBILIATh MOABUXHOCTh N-KOHIIOB, HO CHJIBHO
(ocobGeHHO TIpu cpeaHuX KoHueHTpanusx 4I'P) Bo3-
Oyxnaet KojiebaHus Ha 3HAYMTEJbHOM YacTu BHEII-
Heit moBepxHocTu Dps. Takue KojiebaHUST MOTYT
CITocOOCTBOBaTh ycKopeHMto cBsa3biBaHusa JIHK.
Csob6onHas sHeprus csa3siBanms JJHK ¢ Dps, moy-
YEeHHas1 METOJIOM MOWCKa JIMHEWHON 3HEPrUU B3au-
MoJeicTBUsI usMeHsietcst o AG = —49 kJI>x/MoJb mpu
orcyrcTBuu 41'P, HeckobKo yBenmmuuBaeTcs (ocTaBa-
SICh OTPULIATEIBHOM ) TPX MaJIbIX KOHIIeHTpauusax 4I'P
u 3aTeM cHukaetcst 10 AG = —150 k/I>x/MoJb TIpH eTo
OOJIbIIMX KOHLICHTPALUSIX.

Takum o6pa3zoM, ayroperyistop 4I'P crocoben
MOJlyJIMPOBAaTh AMHAMUYECKOE TTOBEJEHNE UCCIIEN0-
BaHHBIX KOMIIOHEHTOB OaKTepUaTbHOM KIIETKU. Ddh-
¢eKT 3aBUCUT OT KOHLIEHTpPAILIMM 3TOTO BEllecTBa.
OTO cornacyeTcs ¢ IKCIEPUMEHTAIbHBIMU JaHHBIMU
O TOM, UYTO TIPY MaJbIX U CPEIHUX KOHIIEHTPALIUIX
4T'P yBenmmumMBaeTCsi CTPECCOYCTOMYMBOCTL OaKTe-
puii. B To BpeMs Kak pyu OONMBIINX KOHIEHTPAIIMSIX

ayToOperyasaTopa IIPOUCXOIUT 00pa30BaHNE YCTONIM -
BBIX, HO HEXKM3HECIIOCOOHBIX (POpPM.

Pacuersl IpoBOOMIN Ha BHICOKOIIPOU3BOIUTETb-
Holi BbraucimuTesibHou cucteme MBC-10I1 B Mexse-
JTOMCTBEHHOM CYITEpKOMITLIOTEPHOM ILieHTpe Poc-
cuiickoit akagemuu Hayk (MCLI PAH).

Pa6orta BbInojiHeHa B paMKax roc3anaHust MUHOGP-
Hayku Poccum o teme FFZE-2022-0011 (peructpaim-
oHHBIe HOMepa 122040400089-6 u 122040800164-6).
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