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AHHOTAIMS

MetoaMy MOJICKYJIIPHOTO JTOKHHTA ITOKa3aHa BBICOKAsl CTAOMIIBHOCTH KOMILICKCOB KHP-
HBIX Kucnotr ¢ neyHureBor JIHK. KommiekcooOpa3zoBaHue IpOUCXOANT ¢ MAIOH W OOJIBLIONH
6opozakamu JJHK, mpu 3TOM cBsI3bpIBaHHE JTUIMHUIOB C MaJIOi OOPO3IK0ii OoJiee CHIIbHOE, YeM
¢ 6ompmIoi 60po3aKon. DHeprus B3anMoneicTBus KUpHBIX kuciot ¢ JJTHK moBonbHO Bemika
(1o mBYX MECATKOB KKaJ/MOJIb) M 3aBUCHT KaK OT YUCIIa TBOWHBIX CBA3EH >KUPHOM KHCIIOTHI,
Tak U oT HykieoTHaHoro cocraBa JIHK. O6pa3oBanne Takimx KOMIIEKCOB IPUBOAMT K OCIIa0-
JICHUIO BOAOPOAHBIX CBs3eil mexay HuTamMu JJHK, dro mposBisercs B yBeTWYEHUH UTHH
9THX cBa3ei. OKa3aaoch, YTO BEIWYMHBI SJHEPTUil JOKWHTA, KaK ¥ BEIMYHHBI YHEPTUH CBS3H,
BCEX JKUPHBIX KUCIOT ¢ AT-6orarteiMu onuronykieotunamu (B-popma THK) Gombiie, yem
sHeprus gokuHra ¢ I'l[-6orareiMu Hykieotraamu (Z-popma THK). PesynbraTel npoBeaeHHbIX
KOMIIBIOTEPHBIX SKCIIEPUMEHTOB COTJIACYIOTCSI C TUIIOTE30i O TOM, UTO CYIIECTBYIOIIUE B IIpe-
napatax renHomHoi JIHK npodHocBsi3aHHbIe TUMK/IBI, B3aMMOJEHCTBYIOIIKE C HEW B 3aBUCUMO-
CTH OT TOCIICAOBATEIFHOCTH HYKIICOTHUAOB, MOTYT COCTABIIATH HOBBIA HH(DOPMAIMOHHBIH
ypoBeHb reHoMHOM JIHK — «aunuaHelii koay.

KutioueBble ciioBa: MeTo MoJIeKyJsipHOro Aokunra, JJHK, »upHble KUCIOTHI, YHEPTHs
JIOKMHT'a, KOMIIBIOTEPHOE MOJIEJIMPOBaHUE.

BBenenue

B Hacrosimedr pabote cTpoeHHe M CTaOWILHOCTH CYNPaMOJICKYJISPHBIX KOM-
wiekcoB AByHUTEBbIX JJHK ¢ >KMpHBIMU KHCIIOTaMH MU3y4Y€HBI METOAOM MOJEKYIISp-
HOTO JOKHMHTa. JIMMUABI UrparoT BaXKHYIO CTPYKTYPHYIO M DHEPIeTHYECKYIO pOJib B
(YHKIIMOHUPOBAHUU KJIETKH. B 4acTHOCTH, OHM Y4acTBYIOT B Ipolleccax Mepeaadn
CHUTHajla, PeryJisiliy 3KCIPECCUH TeHOMa, B CTPYKTYPHOH M (PYHKIIMOHAJIBHON opra-
Huzauuu JJHK, xpoMocom, xpomaTuHa u sipepHoro matpukca [1-6]. Bnepseie npu-
ponusie JIHK-cBsi3aHHbIe TUNHIBI OBUTH BBIAETICHBI U3 TUMYCA U MEYEHH KpbIC [5], a
3aTeM U U3 IPYTUX KJIETOK MICKOIUTAIOUINX, ITUL, PbIO, OIyXOJEBBIX KIETOK, Oak-
tepuii u ¢dara T2 [6]. [IpucyTcTBre munuaoB B npenaparax JIHK mokazano pazmnd-
HBIMU (DU3MKO-XMMUYCCKUMH, (PU3MUESCKUMU U OMOXMMUYECKUMH MeToaaMmu [5, 6].
B 70-80-¢ rompr XX Beka JIHK-cBsA3aHHBIC JTUTTHABI aKTHBHO M3YUYAIHCh B J1abOpaTo-
puu @. Manszonu (F. Manzoli) (Yausepcurert 1. bononss, Uranus) u B naboparopusx
ITymmuckoro HayuHoro nentpa PAH [7]. B gactHocTH, B padotax B.A. Ctpydkosa,
H.B. Ctpaxesckoii n coaBTopoB npupoaasiec J|HK-cBsI3anHbIe TUMUARI OBITH BBIZE-
JIEHB! U3 KJIETOK 3YKapHOT M NPOKApHOT (THUMYC, MEYeHb KPBIC, pereHepupyromas
neueHb Kpbic B S-daze u Gp-daze, crepma BbIOHA, SPUTPOLUTHI TOyOsI, aclUTHAS
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KapImHOMa Dpirxa, acIuTHas remaroMa 3aiiaena, capkoma 37, ¢ar T2) ¢ moMompio
MsTKoro (heHospHOTO MeToza [8—10]. DTu KoMIuIeKehl coaepkanu 82—87% BBICOKO-
nonumepHbix [IHK, 10-15 % PHK, 1-3% mununoB u 1-3% KHCIBIX HETMCTOHOBBIX
oemkoB. JIHK-cBs3anHbIC TUMTUABI UMEIOT CIICITH(UICCKHI COCTaB, OTIIUYHBIN OT CO-
CTaBa JIMITUIOB siACpHON MeMOpaHbl, XpOMaTHHa, SIIEPHOTO MaTPUKCa, MUTOXOHIPUHA U
mukpocom. Conepxanue kupHbix kuciotT B JIHK B cpennem paBHO OZHOU MOJIEKYJIe
Ha 34 naps! ocHoBanui [10]. OmgHAKO U3-32 TOTO, YTO aBTOPBI UCIOIB30BATN (PEHOIH-
HbIii Meton Beenenus JJHK [8], B aTux paborax mmeercsi ompeneneHHasl BEPOST-
HOCTb TOTO, YTO YacTh JUNuAoB B Takoi JIHK nepexoaut nz MeMOpaHHBIX JIUITUAOB.
B pabore [11] vamu 6pun Beigenensr JJHK B mpucyTcTBHM AeTepreHTOB, MOTydYeHA
¢pakuus JJHK-cBA3aHHBIX JTUMUAOB W OMpENeNieH €€ >KUPHOKHCIOTHBIN MpOQUIIb.
Taxum oOpas3oM, gokazaHo mpucyTtcTeue B reHomHoil JIHK ¢pakunn npoynocsszan-
HBIX JINITUIOB.

B mpenpigymmx pabortax [10, 12—14] mMbl u3yyanu cTaOMIBHOCTh KOMILIEKCOB
nByHuteBbix JJHK ¢ >KMpHBIMH KHCIIOTaMH, JUTIIMLIEPUIAMH, XOJIECTEPUHOM U €r0
sdupamMu METOJOM MOJEKYJSIpHOH MexaHHKH. [Ipu 3ToM 3apaHee mpennosiaragoch
pacrojoxxeHue JUraHioB B Oonbinoi wim manoi 6oposakax JHK. Kpome Toro, B
9THX paboTax MbI MpeHeOperand BO3MOKHOCTBIO KOH(QOPMAIMOHHBIX IMpEeBpaIleHHH
HEKECTKHX YIVIEBOJOPOAHBIX XBOCTOB JIMIIHJIOB, & TAK)KE HE YUNUTHIBAIN BIMAHUS pac-
TBOPHTENIS HA SHEPreTuKy Komiutekcooopazosanus JJHK ¢ munupamu. Lensio HacTos-
el paboTHl SBIIAETCS HWCCICHOBAaHME 3aBHCHMOCTH KoMrimiekcoobOpaszoBanus JIHK
C )KUPHBIMH KHCJIOTAaMH C MOMOIIBIO 00Jiee TOUHOTO METO/A — MOJIEKYJISIPHOTO J0-
KWHTa, KOTOPBIH MO3BOJISIET YYECTh BCE TIEPEUNCICHHBIC (PaKTOPBI.

MeTtoa pacuera

B mocnenHue BpeMs i M3ydeHUs B3aUMOJICHCTBHS T'MOKHUX JIMTaHJIOB, 0100~
HBIX XKUPHBIM KHCJIOTaM, C MAKPOMOJICKYJIIPHBIMH pelienTopamu, Takumu, kak JJHK,
UCTIOJIB3YIOT METOIbI MOJICKYJIIPHOTO JOKHHTA. MBI XOTUM y3HAaTh, MOXET JIA JaH-
HOE XUMHUYECKOE COCIMHEHUE (PKUPHAs KUCIOTAa) CIECU(UICCKH CBS3BIBATHCS MaK-
pomonekynon (JJHK) ¢ m3BecTHOU TpexmepHOU cTpyKTypoi. [Ipm 3ToM Tpebyercs
METOJAMHU BBIYHCIUTEIILHOW XUMHUHU OTMPEETUTh ONTUMATBHYI) T€OMETPHIO BO3MOX-
HOT'O MOJICKYJISIPHOTO KOMITJIEKCa M SHEPTHUIO ero oOpazoBaHus. [IoMck Takoro KoM-
TUIEKCA HA3bIBACTCS MOJICKYJIIPHBIM JOKWHTOM H TI0 CYTH HAIIOMHHAET «CTBHIKOBKY)
OJTHOW MOJIEKYJBI C IPYTOM, C TEM yCIOBUEM, YTO CTHIKOBKA — ONTHMANBHA O SHEp-
ruM oOpa3yeMoro Komiiekca. B mporiecce TOKMHTa HIET mepedop OTHOCHTEIBHBIX
PAcIoNOXKECHUN HU3KOMOJEKYJSIPHOTO XHMHUYECKOTO COCTUHEHUS] Ha MOBEPXHOCTH
MaKpOMOJICKYJIIPHOW MUIIICHH W 0TOOP KOMILIEKCOB, HanboJee BBITOTHBIX 0 dHEp-
T MEKMOJIEKYJISIPHOIO B3aUMOACUCTBUS. B MeTOZIe MONEKYIISIPHOIO JOKMHIA YUHUThI-
BACTCs, YTO Y HEKECTKOTO JIMTaHJa UMEIOTCSI BHYTPEHHHE CTENCHU CBOOOJBI. Mate-
MAaTHYEeCKH 3a7aya MOJEKYJSIPHOTO JOKHHIA SKBHUBAICHTHA TOUCKY TJI00ATBHOTO
MHUHHUMYMa SHEPrun Kak (bYHKHI/II/I MHOI'uX HNEPEMCHHBIX, OTpa’karoluX B3aWMMHOC
pacIoNokKEeHUE MOJIEKYJT B KOMILIEKCE W KOH(DOPMAIIUIO KaXKJOH MOJICKYIIBL.

Jliist OBICTPO¥ OIEHKH HEPTUil B3aUMOJICHCTBUSI MAKPOMOJICKYJIbI U JIUTAH]IA HC-
TOJTBE3YEOTCS TIOTEHIIMAIBI MOJIEKYJISIPHOTO CPOJICTBA, KOTOPBIE 3a[af0TCSl HAa CHCTEME
TOYEK (pelnieTke), OKpyKaroled MaKpoMOJIeKyITy. PereTka 3aiaetcsi B IPOCTPAHCTBE
C TeOMEeTpHUEH MPSIMOYTOJIBHOTO MapaJIeIeUIeia BOKPYT MaKPOMOJICKYJIbI; B HAIITMX
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pacueTax MbI GpaM paccTosHHE MeXTy Todkamu pemerku 0.375 A (mpumepro uer-
BepTh MIMHHEI ouHapHOH cBsizu C—C). CBOOOIHOE MPOCTPAHCTBO 3aIOIHAETCS MO-
JexynamMu BoJbsl. KpoMe Toro, 3a/1aloTcsi IOJBM)KHBIE CBSI3U B MOJIEKYJIaX M IPOU3-
BOJIbHASI CTAPTOBAst T€OMETPHS JIUTAaHa ¥ OCYIIECTBIISIETCS aBTOMAaTHIECKUN JOKIHT
[15]. BeicTpast oLeHKa SHEPrUU AOCTUTAETCA MPEABAPUTEIBHBIM PAacyeTOM MOTEH-
[[MAJIOB aTOMHOTO CPOJCTBA IS KaXI0H TOYKM PEIIeTKH U ISl aTOMOB Ka)KIOTO
THUTIA, BCTPEYAIOIINXCS B JIMTAaHJEe. DTU MOTCHIIUAIBI TIPECTABIISIIOT COOOH IHEPTHUIO
B3aUMOJICUCTBHSI MAKPOMOJIEKYJIbI ¢ OJMHOYHBIM aTOMOM, PacIHOJIOXEHHBIM B JaH-
HOM Yy3JI€ pelIeTKH. DHEePIrus 3JIeKTPOCTATUIECKOTO B3aUMOICHCTBUS OLIEHUBAETCS C
y4eToM 3(p(EeKTUBHBIX 3apsSA0B aTOMOB. DHEPTHs B3aUMOJICHCTBYSI JIMTaHJA C MaK-
POMOJIEKYJION ONpeAessieTcsl Kak CyMMa dHEPruil B3auMOJCHCTBUS OTAENBHBIX aTo-
MOB JIMTaHJa C MaKpoMoJeKyJoi. IIpu 3Tom 3HEpruu B3aMOIECICTBUSA aTOMOB OII-
penernsieTcss MHTEPIIONANNEH BeIMYUH CPOJICTBA, PACCUMTAHHBIX UIA ONMIDKANIIAX K
JaHHOMY aTOMY TOYEK peleTKH. Bpems, HeoOxoaumoe il pacdeTa 3HEPTUH HpU
UCTIOJIb30BaHUU TAKOW PEIIETKH, MPOMOPIIMOHATIBFHO TOJIBKO YHCITY aTOMOB B JIMTAH/IE
Y HE 3aBHCHUT OT YHCJIa aTOMOB B MaKpPOMOJIEKYJIE.

Koneuno, npu yuere KOHPOPMAIMOHHOH MOABUKHOCTH JIMTaHAA 3HAUUMBIM JJIS
BBIYHCIICHUN CTAaHOBUTCS JIUIIb OINpPEAeNeHHBI Habop KOHGMOPMEpoB, A O0TOOpa
KOTOPBIX HCIIONB3YIOT allTOPUTMBI, 00ECIIEUHBAIOIINE HENMPEPHIBHEINA 1epedop KOH-
¢dopmanmii [16-22]. Ins orbopa Hanbosnee cTaOMIBHBIX KOH(OpMAIHM KOMILIEKCa
HCIIONIb3YETCs TPOIeaypa «OTKUTa» M pacdeTsl Mo MeToxy Monurte-Kapo [23, 24].
IIpu sToM monoxenne monekyinsl JJHK Oputo ukcupoBano, a Monekysia juraHaa
coBepiana ciay4aidHsle Oayxnanus B npoctpancTse Bokpyr JJHK. Ha xaxngom stamne
MOJIETUPOBAHNS OCYIIECTBIISIIOTCS CITydaifHble HeOOJbIINe CMEICHNS JINTaH /1A BIOIb
Ka)XI0H CTENeHH CBOOOIBI: CMEIIEHHE ero IEHTPa TAKECTH, OPUEHTAIIMHA MOJIEKYJIbI
U BpalleHUEe BOKPYI HEXECTKMX CBA3CH C W3MEHEHHWEM BHYTPEHHHX JABYTPAHHBIX
YIIIOB. DTH CMEIICHHS TIPUBOIAT K 00pa30BaHUIO HOBOW KOH(HTypamuu JTUTaHIA U
komrutekca JIHK — nmuranna, sHeprusi KOTOPOTO PAaCCUUTHIBACTCS C IOMOIIBIO OITH-
CaHHOM BBIIIE MPOLEAYPHL. ITa HOBast SHEPTUs COMOCTABIISIETCSA C SHEPTUEH, paccuu-
TaHHOW Ha TPEABIIYIIEM IIare, W eciii 3Ta HOBasl PHEPTHs OKa3bIBACTCS HUXKE, TO
HOBasi, Ooliee ycroiumBas, KoH(puTryparus npuHUMaercs. Eciu HoBas 3Heprus
Oosbliie, TO HOBasi KOHQUTYpaLusl IPUHAMACTCS WIH OTBEPTaeTcsl B 3aBUCUMOCTH OT
BEPOSITHOCTH OOHApPYKCHUS JaHHOW KOHGHUTYpaITMu MPH BEIOPAHHOH TeMIieparype.
[Ipu mocTaTo4HO BBICOKOH TeMmIepaType MPHUHUMAIOTCS KOH(QUTYpPALWH, TEHEPHUPO-
BaHHbIC MPAKTUYECKU Ha Bcex marax. [Ipu Oonee HU3KUX TemIiepaTrypax NMpUHHMA-
eTCsl MeHbIIIee KOJHYECTBO BBICOKOIHEPTEeTHUECKHX CTPYKTyp. MonenmpoBaHue
OCYIIECTBIISIETCS B CEPUU ITUKJIOB, TS KQXKIOTO U3 KOTOPBIX 33aJaeTcs TeMIleparypa.
Kaxxnprii mocnemytonuii UK OCYIIECTBIACTCS TpH OoJice HU3KOM TeMIiiepaType.
OT0 mporenypa U Ha3bIBa€TCsA OTKUTOM. B Hammx pacueTax MBI OMPEIeNsITH AeCATh
HanOonee ycroiunBbix komruiekcoB JJHK ¢ sxupHbIME kucmoramu. B pacderax Opamm
¢dparmenTs! nBoiHON crimpanu JJHK, conepxkarmue necats map HykineoTunoB (AT)g
wn (I'Ll) o, mpuaem s JIHK B3sta B-opma, 1 1 BEITIOTHEHUS YCIOBHS DJICK-
TPOHEHTPANTBHOCTH CUCTEMEBI I00aBJICHBI HOHBI HATPUSI.

YucrneHHbIe pacueTsl MPOBENCHBI ¢ UCTIONIb30BaHMeM Tporpammbl Autodock 3.0.
[15, 25-29], mepBBIe BepcHH KOTOPOW MOSBHIHACH emie B 1990 r. m xoTopas B Ha-
cTosiIIee BpeMs CBOOOTHO PaCIIPOCTPAHSAETCS CPEI YHUBEPCUTETOB U aKaJIEMHUYECKIX
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WHCTUTYTOB U IINPOKO FCIIONB3YETCs sl pEIICHNUS 3aad CTPOCHHUS U YCTOMIUBOCTH
KOMILJICKCOB OMOITOJIMMEPOB, MPOTHO3UPOBAHUS AKTUBHOCTH JICKAPCTBEHHBIX CPEICTB
U MX CBSI3bIBaHUS ¢ OMoperientopamu. B 3Toi nmporpamme 11 ONUCAHUS 3aBUCHMOCTH
MOTEHITHAIEHOW 2Hepruu V(r) B3anMOIEHCTBHS MEXIYy XHMHYECKH CBS3aHHBIMU
aTOMaMH OT PACCTOSHUS 7 UCIIONB3YETCsI CIEAYIONIEe BRIPAKEHUE:

V(r)= Cyp/r'? = Ce/ 1.

B mpagoii yactu 3TOr0 ypaBHEHHUS TEPBOE CIaraeéMoe OIMMCHIBAET KOPOTKOMCH-
CTBYIOIIIEE OTTAJIKHUBAHHE aTOMOB, KOTOPOE JTOMHHUPYET MPH HEOOJBIIUX PACCTOS-
HUSX MEXIy aToOMaMHu (KOT/Ia 3TO paCcCTOSHUE MEHBIIIE TUIIMYHBIX JUTMH XUMUYECKUX
CBsI3eli), a BTOpPOE — BaH-JEP-BaallbCOBO (IUCIIEPCHOHHOE) MPUTIKEHUE, KOTOPOe
JIOMUHHPYET Ha OOJBIINX PACCTOSHHUAX. DTOT MOTCHIMAT HA3bIBACTCS JICHHAP I-IIKOH-
COBCKUM 12-6 moTteHInanoM. MoXHO BHAETH, YTO MOTEHIHAN V(r) 3aBUCHUT OT ABYX
napaMeTpoB: Ci, u Cg, KOTOPBIE ONPEASISIOTCS XUMHUIECKOH MPUPOAOH JBYX B3au-
MoJeHCTBYOmUX atoMoB. Huciennele 3HaueHus: Cj; u Cg HaleHBl HA OCHOBAaHUH
ONBITHBIX JIAHHBIX 110 BEJIWYMHE PABHOBECHOIO MEKATOMHOI'O PACCTOSHMSA 7eq B JIBYX-
aTOMHBIX MOJIEKYJIaX U DHEPIUH B TOUKE Feq. [/ ONUCAHUS BOAOPOAHBIX CBsA3EH HC-
nones3yercsa noteHnuan 12-10. ITapamerpsl notennuanos 12-6 u 12-10 3agans B BUae
TOTOBBIX TAOJHIL JJI1 OCHOBHBIX 3JIEMEHTOB, BCTpPEUAIOINUXCSA B Ouomnonumepax [15].
MeI nonaranu, 9To B X0Ji¢ JOKMHTA B MOJIEKYJIaX JUTaHAO0B BO3MOXXHO 00Opa3oBaHUe
Pa3HBIX KOH(POPMAIIUN TOJIBKO 33 CUET BpallleHUH BOKPYT OJUHAPHBIX cBsizeit C—C.

Pe3yabTaThl U MX 00CyxKIeHUE

MeTtonoM MOJEKYJISIPHOTO JOKMHTa HAMH MTPOBEIEHBI KOMITBIOTEPHBIE SKCIEPHU-
MeHTHI 11 cucteMbl JIHK (Onomakpomornekyina) u skupHast KACIoTa (JTUTraH — IPpH-
ponHble yuc-uzomepbl yeTbipex C18 KUCIOT ¢ pa3HbIM YHCIOM ABOMHBIX CBA3EH:
CTEapUHOBOM, OJIEMHOBOI (0/1HA), TMHOIEBOU (ABE) WM JIMHOJICHOBOU (TPH ABOMHBIX
CBsI3M) (Pe3yJIbTAThI PACUCTOB MPUBEACHBI B Tab. 1). [IpuHIMas Bo BHUMAaHUE SIBIICHUE
3aBHCHMOM OT TOCIIE0BATEILHOCTH HYKIeoTun0B KoHpopmarmu [IHK [30], B akc-
MIEPUMEHTAaX HCIOJb30BAIKMCh KaK TOMO-, TAK M TETEPOOIUTOMEPHI (IeKaMephl) C pas-
JUYHOM ITOCIIE0BATEIFHOCTRIO HYKJICOTHIOB: aneHWIoBoH (A) n TemummioBoit (T)
kucioT (A g—T o mmm (AT)s—(TA)s) nnm ryarunosoit (I') u nutuaniosoit (1) kucior
(T'1o—Lyo mmu (UI)s—(I'1l)s). B ciygae AT-6orateix omuromepoB [JHK peammsyercs
B-dopma JIHK ¢ manoi u 60b110#i 60opo3akamu, a B ciydae L['-6oraTeix onmurome-
poB IHK — Z-dopma JIHK, B koTOpOii O0p031KK 0MMHAKOBEL. METO MOJIEKYIISIPHOTO
JIOKMHTA JOMYyCKaeT ompesesieHne He OJHON, a HECKOJNbKUX HauOoJiee yCTONUMBBIX
KoH(opMaIwii KOMIUIEKca, He TpeAroiaras 3apaHee Kakoro-nu0o B3aWMHOTO pac-
nonoxxenust JJHK u sxupHOM KUCHOTEL.

PacueTsl mokazanu, 9To A BCEX JKUPHBIX KHUCIOT HAMOOJEe YCTONYHUBBIC KOM-
TUIEKCHI OTBEYAITH PACIIONIOKEHHIO KUPHOH KUCIIOTHI B Masior 6opo3ake JJHK (B-hopma
JHK) (tabn. 1), 9To cormacyeTcsi ¢ JaHHBIMH WCIOJIB30BaHHUS METOIA MOJEKYIISp-
HOM MeXaHUKH IS pacuyeTa Takux cucreM [12—14]. [Ipu o6pa3zoBaHUN KOMIUIEKCOB
MIPOUCXOMAT 3aMeTHBIE M3MEHEHH KOH(OPMAIUH KUPHOIN KUCIIOTHI TI0 CPaBHEHHUIO
C TIOJTHOCTBIO 3aTOPMOXKEHHOM reoMeTpuel (pe3yabTaThl HE MPEICTABICHBI).
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Tabm. 1

OHepruu JOKWHTA W CBS3U (KKaJ/MOJB) AN JECATH HanOoJee YCTOHYMBBIX KOMIUIEKCOB
¢parmentoB JJHK ¢ KupHBIMHU KHCIOTaMH

Oweprma| 1 | 2 | 3 | 4 [ 5 | 6 | 7 [ 8 | 9 | 10

(AT)s—(TA)s — onenHOBasE KUCIIOTA

E o 15.2 154 | 9.34 12.8 15.7 14.3 15.3 15.9 15.7 14.3

E cpn 10.1 10.3 4.25 8.12 10.4 9.21 10.1 10.9 10.5 9.39

(A)10—~(T),o — onenHOBAas KUCIOTA

Eox 13.8 12.6 13.1 13.6 13.9 13.3 12.3 14.0 10.3 11.8

Jo— 8.65 7.66 8.14 8.43 8.92 8.18 7.11 9.0 6.39 6.7

(I'LL)s—(1II")s — onenHoBast KUCJIOTA

Eox 13.1 12.6 13.5 12.8 13.6 12.6 12.8 12.9 13.5 13.4

J - 8.48 7.42 8.54 8.17 8.6 7.82 7.76 8.29 8.75 8.22

(ID6—~() 10 — OJEHHOBAs KHCIIOTA

Eox 12.3 12.5 9.0 8.59 13.0 11.4 12.3 11.7 13.0 12.6

E cosom 7.46 7.46 3.92 3.22 7.97 6.82 7.24 6.93 7.95 7.54

(AT)s~(TA)s — creapuHOBast KHCIOTA

E o 14.8 14.6 15.4 15.8 15.5 14.5 15.7 15.0 13.1 15.5

E cpm 9.35 9.15 9.91 10.4 10.0 | 10.08 | 10.2 9.57 7.66 10.1

(A)10—~(T) 0 — cTeapuHOBast KHCJIOTA

E o 13.3 13.8 12.6 11.3 13.0 13.6 12.3 13.5 13.7 14.0

E cpn 7.89 8.51 7.38 6.04 7.6 8.22 7.33 8.01 8.41 8.56

(I'LD)s—~(LII")s — creaprHOBast KUCIOTA

Eox 13.4 13.1 12.1 13.1 12.9 13.1 12.8 12.6 13.4 13.6

E 8.3 7.59 6.94 7.71 7.6 7.74 7.53 7.25 7.95 8.2

(1) 16—~(T") 1o — cTeaprHOBAs KUCTIOTA

Eox 10.8 12.6 11.1 11.1 12.6 12.8 12.4 11.6 12.0 12.8

Ecuum 5.73 724 | 5.84 5.78 729 | 7.53 6.92 6.4 6.6 7.46

(AT)s—~(TA)s — yuc-yuc-1MaHOJIEBasT KUCIOTA

Eox 14.8 13.6 134 14.6 11.1 12.6 14.8 12.2 143 14.1

E o 10.1 8.86 8.79 9.99 6.92 7.41 10.0 7.48 9.47 9.38

A)10—(T)10 — yuc-yuc-nuHONEBAS] KUCIOTA

E o 13.4 13.4 133 13.1 11.2 12.5 13.2 12.4 12.6 11.1

E s 8.66 8.68 8.51 8.47 6.0 7.81 8.41 7.94 7.99 6.2

(T')s—(I1I")s — yuc-yuc-muHONIEBAs KACIOTA

Eoox 9.1 8.54 8.44 8.63 9.38 8.49 8.47 8.48 886 | 8.63

E cpn 4.06 3.66 3.57 3.65 4.5 3.09 3.34 3.57 4.0 3.8

101010 — yuc-yuc-nuHONEBAS KMCIOTA

Eox 11.8 8.24 11.8 11.9 10.7 11.0 12.3 12.7 8.87 12.1

J o~ 7.39 3.13 7.0 7.16 5.92 6.49 7.6 8.04 39 7.38

(AT)s~(TA)s — yuc-yuc-yuc-mMHOJICHOBAsT KUCIIOTA

Eox 12.7 13.9 12.8 14.2 14.6 13.2 12.4 14.8 13.6 14.9

Ecuum 8.56 9.5 794 | 9.71 10.4 8.57 7.8 10.3 9.02 104

(A)10—(T) 0 — yuc-yuc-yuc-TMHOIEHOBASI KUCJIOTA

Eox 13.2 13.5 11.4 13.2 12.8 12.4 12.8 12.9 133 12.7

E o 8.77 9.12 6.95 8.77 8.47 8.3 8.57 8.67 8.8 8.36

(T')s—(I1I")s — yuc-yuc-yuc-TAHOICHOBAs KHCIIOTA

E o 13.2 13.0 13.2 12.2 13.1 12.1 12.5 12.0 12.0 12.2

E s 8.88 8.57 8.64 7.95 8.72 7.63 8.16 7.8 7.69 7.83

(ID10—(I') 19 — yuc-yuc-yuc-MMHOJICHOBAS KACIOTA

E o 11.0 11.7 11.9 11.7 12.2 12.3 12.4 8.58 12.4 11.8

E cpn 6.75 7.25 1.74 7.16 7.82 7.95 8.17 3.99 7.88 7.5
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DHeprus B3aMMOJIEHCTBUS MAaKPOMOJIEKYJIbI U JINTaHJa B METO/E MOJIEKYIISIPHOTO
JIOKMHTA XapaKTePU3YETCs IBYMs apaMeTpaMu: dSHEPrHer CB3H (E pgsy) U SHEPTHEH
IokHuHTa (E0c). DHEprus CBs3M OIpeleNsieTcss Kak AHEeprus, KOTopas BbIIENsIeTcs
npy 00pa30BaHUM KOMITIEKCa MaKpOMOJIEKYIBI M JIUTaH/a MPH HCIIOIB30BAHNH CTap-
TOBOW T€OMETPHH JIUTAH/a; B HAIIEM CIIy4ae 3TO ObLIM MOJTHOCTHIO 3aTOPMOXKCHHBIC
KOH(pOpMAIMK JIUTaHJOB. DHEPTUd JOKHMHra — 3TO 3HEPTUs, KOTopas BbIIEISIeTCS
npu 00pa3oBaHUM KOMILIEKCA MaKpPOMOJIEKYJBI ¢ ONTHMH3HPOBAHHOW reoMeTpuen
nuranja. OHM pa3saMYaroTCs HA BEIMYMHY dHEPIuu AE\ .y, HEOOXOAUMON Ul KOH-
bopmaioHHo nepecTpoiiku Muranaa: Eyoc = Ecpaon + AEong. Takum o0pazom, eciu
B CHCTEMeE IIPH JAHHOW TEMITepaType peallbHO CYIIECTBYIOT pa3IryHble KOH(OpMAIUN
JUTaH/a, TO MPOYHOCTh KOMIUIEKCA MAaKPOMOJIEKYJIbI C 3TUM KOH(OPMEPOM JTHraH/aa
orpesensieTcs UMEHHO dHepruel JOKWHTa, KOTopas B 3TOM METOJe sIBiieTcs Oonee
Ba)KHBIM ITApaMETPOM, YeM DHEPTHSI CBS3H.

Haunem oOcyxneHue ¢ pe3yabTaToB PacueTOB KOMILJIEKCOB OJIEMHOBOM KHCIOTHI
u ¢parmenros JHK (AT)s—(TA)s. Kak MoxHO Buaers u3 Tabi. 1, MakcumaibHas
BeJIMYMHA SHEPruu JOKWHTa osienHoBOH KUCIOTHI ¢ (AT)s—(TA)s cocraBmsier 15.9
Kkaj/mMonb. OHa OTBEeYaeT KOMIUIEKCY 8, TeOMeTpusi KOTOPOro MpelCTaBicHA Ha
puc. 1. Kpome Toro, nmeercs emie 5 KOMIUIEKCOB, KOTOPBIE, CYsl TI0 BETHYHUHE dHEP-
TUH JOKHWHTA, AeCTa0MIN3UPOBaHbl OTHOCHTEIHHO HanOoJiee YCTOHYNBOTO HE Ooee
yeM Ha | KKaJl/MOJIb, TO €CTh BCE OHH MOTYT PEaIH30BaThCs MPH HOPMAIBHBIX yCIIO-
BUSX. 3aMETHM, YTO SHEPTHS CBSI3U IS 9TUX KOMIUIEKCOB TaK)Ke MaKCHMaJbHA.

DHeprus JOKWHTa BCEX JKUPHBIX KHCIOT ¢ AT-00raThIMU OJIUTOHYKJICOTHIIAMHU
(B-dpopma JHK) 6omnbiue, uem sneprus gokunra ¢ ['L{-6orateiMu Hykneotuaamu (Z-
dopma JIHK). JleiicTBUTENBHO, Pa3HOCTh SHEPTUN JTOKWHTA HAnOOJIee YCTONYHUBBIX
koMIutekcoB (AT)s—(TA)s — onennoBas kuciota u (I'L[)s—(LII")s — onenHOBass KHciaoTa
cocraBisier 2.3 kkan/monb, i ciuydas (AT)s—(TA)s— creapuHOBas KUCIIOTA U
(I'l)s—(LI")s — creapuHOBas kucimora — 2.2 kkan/moinb, it (AT)s-(TA)s — yuc-yuc-
muHoneBas kucinorta u (I'LL)s—(III")s — yuc-yuc-manoneBas Kuciora — 5.4 KKaja/MoIlb,
Hakonen, st (AT)s—(TA)s — yuc-yuc-yuc-nuaonenoBas kucinora u (I'LL)s—(L)s —
yuc-yuc-yuc-MAHOJICHOBAas Pa3HOCTh dHEpruit coctamBisier 1.7 kkan/monb. Takum
00pa3oM, eciy CpPOoACTBO OJIEMHOBOH, CTEAPHHOBOM M JIMHOJIEHOBOM KUCIOT K B- 1
Z-popmam pazianyaeTcs MPUMEPHO OJMHAKOBO, TO JIMHOJICBAsE KUCIOTa 00JIaJaeT BhI-
paXeHHBIM cpoAcTBOM K B-dpopme JIHK. OOHapykeHHas HaM{ 3aBHCHMasl OT TIO-
CJIEIOBATEIHHOCTH HYKICOTHIOB CHEIM(PHUIHOCTH B3aUMOJICHCTBUS YKUPHBIX KUCIOT
(1 BooO1IEe, unuaoB) ¢ JIHK MoxeT OBITh MPOSBICHHEM TMIOTETHYECKOTO JIUITH/I-
HOTO Koma» B mpemnaparax reHomHoi JIHK — HOBOrO mMH(pOpMAannoHHOTO ypOBHS B
JHK [31]. C ygerom Hammums B mpenapartax reHomHod JJHK dpakmum mummmoos,
npouHo cBszanHbIX ¢ JIHK [11], Takas rumoTe3a uMeeT MpaBo HA CYILICCTBOBAHUE.
CoryacHO HaITUM TIPECTaBICHUAM [31] Tako# «JTUIHMIHBIA KOI» MOXKET BBIPAKATHCS
B CyIlecTBOoBaHMHU B mpenaparax JJHK munumHex Monexyn pa3nudHON CTPYKTYpBI,
CBSI3aHHBIX C HEW B 3aBUCHUMOCTH OT HYKJIEOTHIHOU MOCIEI0BATENbHOCTU. JTO 00-
CTOSITENIHCTBO TOJDKHO WTPATh BXKHYIO POJIb TIPH PACCMOTPEHHUH BOTIPOCOB PETYJISIIAN
SKCIPECCUHU TEHOB, TepeJadyd CUTHAlla W CTAOMIIM3AIK OIPENEICHHBIX YYacTKOB
reHoMa, B YacTHOCTH, LII'-IHHYKICOTHIHBIX MOBTOPOB B HEKOAUPYEMBIX OOJIACTSIX
reHoMa. OHO MOXeT OBITh OCOOCHHO BaKHBIM IPH UCCIIEAOBAHUH TIepeaadll CUTHAIA
OT KJIeTOUHON MeMOpaHbl B reHoMHY0 JIHK, MocKonbKy TMnuIel TaM yke UMERoTCs,
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Puc. 1. Ctpoenne Hambonee ycroitumBoro (komriekc 8, Tabdmn. 1) ¢ E,,= 15.9 xkan/moins
¥ BTOPOTO IO CTa0MIBHOCTH (KOMIUTeKe 9, Tabm. 1) ¢ E = 15.7 KKan/Moixp KOMIDIEKCOB
onenHoBoH KUCIOTH 1 (AT))o. KupHas xucnora pacnonokeHa B Maioit 6opoznke JTHK

a BaKHBIM KJIACCOM MEIUATOPOB IMepe/layy CHTHAJIA SBISIOTCS MOJICKYIIBI JTUITHTHON
npupobl. TakuM 00pa3oM, pe3yNbTaThl MPOBEJACHHBIX HAMU KOMIIBIOTEPHBIX JKCIIC-
PUMEHTOB HaXOJSATCSI B COOTBETCTBUH C TUIIOTE30M O TOM, YTO CYIIECTBYIOIIHE B TIpe-
naparax reioMHoil JIHK mpodHOCBsI3aHHBIE JUIMUIBI, B3aUMOIACUCTBYIOLIUE C HEH
B 3aBUCUMOCTH OT TOCJICIOBATEILHOCTH HYKJICOTHUIOB, MOTYT COCTaBJISATh HOBBIU
“H()OPMAITMOHHEIN ypoBeHBb TeHOMHOM JIHK — «TumuaHbIin Koo,

Uepenosanue Hykineotu10B B e JJHK OGmaronpusrcTByeT CBA3BIBAaHHUIO KUP-
HbIX kucnot. HeticteurensHo, it JHK (AT) makcuMmanbHble SHEPTUU JOKUHTA IS
ciydast (AT)s—(TA)s — onennosast kuciora u (A)g—(T)1o — OJEHHOBAsE KACIIOTa PaBHbI
15.9 u 14.0 xxan/momnb, mis ciydas (AT)s—(TA)s — creapunoBas kuciora U (A)o—
(T)1p— creapunoBas kucinora — 15.8 u 14.0 kxan/monb, 1 KoMmrekcoB (AT)s—
(TA)s —yuc-yuc-mauonesas kucimotra U (A)1—(T)10 — yuc-yuc-maHoMEBasT KUCIOTA —
14.8 u 13.4 xxai/monn, HakoHer, M (AT)s—(TA)s — (yuc-yuc-yuc-)nmuHOICHOBAS
kuciora 1 (A)o—(T)10 — yuc-yuc-yuc-munonenoras 14.9 u 13.5 kkan/mons. B cinyuae
HI'-60rarerx JIHK makcumansabie sHEpTUN JOKUHTA sl KoMIutekcoB (LI17)s—(I'L)s —
onenHoBas kuciota u (I');p—(11);o — onenHOBast kuciora paBHeI 13.6 1 13.0 KKan/mMob,
st (I'L)s—(I)s — creapunoBas kucimota u (I');p—(11)10 — cTeapunoBas xuciora —
13.6 u 12.8 xxan/moms, mis (I'L()s-(L[)s — yuc-yuc-yuc-muHOIEHOBAS KHCIIOTA
1 (I')10—(11)10 — yuc-yuc-yuc-manonenonas 13.2 u 12.4 xxan/monb. MckiarodeHue co-
CTaBJIsICT JUIb HanMeHee ycToiumBblie KoMruiekesl (I'11)s (LII)s — yuc-yuc-munonesas
kucnora u (I)0—(11)10 — yuc-yuc-muHONEBAS KUCIIOTA, TSI KOTOPBIX SHEPTHH JOKHHTA
coctaBistoT 9.38 u 12.7 kkan/monsb (puc. 2).
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Puc. 2. Ctpoenne Hambomnee ycroiiunBoro (Komruiekc 5, Tadim. 1) ¢ E = 9.38 xkan/monb u
BTOPOTO 10 crabmibHOCTH (KoMrutekc 1, tabm. 1) ¢ E = 9.1 KKkan/Moiab KOMIUIEKCOB yuc-
yuc-nmaHoneBor kucaoThl B (I'LL)s—(1I")s

B 3axstouenue caenaem cleayrouiie BEIBOIBL.

1. MeToa MOJEKyJIIpHOTO TOKMHTa YKa3bIBaeT Ha CUJIbHOE HEKOBAJIEHTHOE CBS-
3BIBaHKE JKHPHBIX KUCIOT ¢ Mojekyinamu aByHuTeBbIX JIHK. Kommiekcoobpazona-
HHUE TPOUCXOAUT ¢ MaNoi u ¢ donpmoi 6oposakamu JJHK, npu stom B ciyuae AT-
0OraThIX OJIMTOHYKJICOTHIOB CBS3BIBAHKE JIMITUIOB C Masioll 00Opo3aKoi 6osee CHilb-
HOE, YeM ¢ O0JIBIIONH OOPO3AKOHM.

2. DHeprust B3auMo/ieiicTBus )UpHbIX kucioT ¢ JJHK Benmka — konebnercs B mpe-
nenax oT 10 g0 20 KkaJI/MOJIb U 3aBUCHT KaK OT YKCJIA IBOMHBIX CBSI3€H KUPHOU KH-
CJOTHI, TaK U OT HykieoTuaHoro coctara JJHK.

3. BenuuuHbl 3HEPTUil NOKHUHTA, PABHO KaK M BEJIUYUHBI DHEPTUN CBSI3H, BCEX
JKUPHBIX KUCIOT ¢ AT-0orateiMu onuronykineotuaamu (B-hopma) Gomnblie, yeM sHep-
rust jokunra ¢ ['1[-6oraTeiMu HykneoTHnamu (Z-gopma), 94To SBISETCS CIEIACTBHEM
pa3HOro TWIa B3aUMOJACUCTBUS JIUIUIOB C PA3TUUYHBIMU MOCIEIOBATEILHOCTIMU
nykneotunos B JIHK wim popmamu THK.

4. IlonyuyeHHble pe3yJbTaThl KOMIIBIOTEPHBIX SKCIIEPUMEHTOB COTJIACYIOTCS C
TUIIOTE30M O TOM, YTO CylIecTByIKe B npenaparax reHomHon J[HK mpounocss-
3aHHbIE JUIMHBI, B3AaUMOJICHCTBYIOIINE C HEW B 3aBUCUMOCTH OT IOCIIEI0BATEIbHO-
CTH HYKJIEOTHJIOB, MOTYT COCTAaBJISITh HOBBIH MH()OPMAIMOHHBIA YPOBEHh TEHOMHON
JHK — «munuaHeIii Koy,

PaGota BeimonaeHa B pamkax @I «HaydHbsie 1 HaydHO-TIearOrMYecKue KaIphl
nHHOoBaunoHHOM Poccuu Ha 2009-2013 roasl» U HayYHO-UCCIEIOBATEIBCKON TEMbI
KoV 2011-2013 rr. Ne ®11-02-BIl, a Takke mpu mopaepxke @onma nm. A. pon
I'ym6oneara (bonn, I'epmanus), Tema Ne V-8121/RUS/1032332.
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Summary

E.P. Dyachkov, M.Ya. Ibragimova, P.N. Dyachkov, R.I. Zhdanov. Investigation of Inter-
action between DNA and Fatty Acids Using Molecular Docking.

High stability of complexes between DNA double helix and fatty acids is demonstrated
using molecular docking methods. Fatty acids complexation occurs at either minor or major
DNA groove, binding at DNA minor groove being stronger. Energy of an interaction between
fatty acids and DNA is of rather high value (up to 20 kcal/mol). Binding energy value depends
on a number of fatty acid double bonds, and DNA nucleotide sequence as well. This complex
formation results in elongation of hydrogen bonds between DNA strains, which testifies
weakening of hydrogen bonding in DNA double helix. It appears that docking energy values
and binding energy values for all fatty acids are higher in the case of AT-rich oligonucleo-
tides (DNA-B-form), than in the case of CG-rich oligonucleotides (DNA-Z-form). The results
of computer experiments performed are in accordance with a hypothesis of the existence of
specificity in lipid binding to DNA, depending on the sequence of the latter. This phenomenon
could mean a new informational level in genomic DNA, and might be formulated as “lipid
coding” of DNA.

Key words: molecular docking method, DNA, fatty acids, docking energy, computer
simulation.
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[loctynuna B penakuuio
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