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BriepBbie MokazaHo, YTO OTOOP NOBOPOTHbIX H30MEPOB GOKOBBIX LENEH, PACNONOKEHHBIX B a- H d-1103U-
IMAX O-Crimpasie it 6eJIKOB Kiacca e HIMHOBbBIX 3aCTEXKEK , IPOUCXOAAT HE CNy4YalHO, a B COOTBETCTBHH C
ONMpEAEACHHBIME 3AKOHOMEPHOCTAMH. TakK, HANPUMED, B ABYCNHPATbHbIX CTPYKTYpPax GOJBIIMHCTBO 00-
KOBBIX LENEH B a-MO3NNMAX HMEIOT t-H30Mepbl, a B d-nmo3uumsix — g-uzomepsl. B TeTpamepax, Haobopor,
6oJibIas yacTh OOKOBbBIX ENeH B a-MO3UUHSAX HMEET g -U30MEPBI, a B d-nMo3uumix — t-uzomMepbl. Takum 06-
pasoM, 0TO0p I30MEPOB GOKOBBIX LENel 3aBHCAT OT Crocofa YNaKoBKH O-CMUpPANIeH, T.€. ONpPEREIIeTCA
CTPYKTYPHbIM KOHTEKCTOM.

Karoueswie crosa: A-0eaKy, paspeleHHas KOH(POPMALIA, CTE PEOXIMHYECKHI AHAH3, YIIAaKOBKA Ol-CMpaieH.

ROLE OF THE STRUCTURAL CONTEXT IN SELECTION OF HYDROPHOBIC SIDE-CHAIN ROTA-
MERS IN a- AND d-POSITIONS OF a-HELICES, by E .V. Brazhnikov, A. V. Efimov* (Institute of Protein
Research, Russian Academy of Sciences, Pushchino, Moscow Region, 142290 Russia; *e-mail: efimov@pro-
tres.ru) The study shows that in coiled-coil proteins the distribution of hydrophobic side-chain rotamers in a-
and d-positions of ¢t-helices is strongly dependent on the mutual arrangement of the ¢-helices. In coiled-coil
dimers, where o-helices are packed “face-to-face”, most side chains occupying a-positions adopt t-rotamers,
and those in d-positions adopt g™-rotamers. In tetramers, where o-helices are packed “‘side-by-side”, most side
chains in a-positions adopt g~-rotamers and those in d-positions adopt t-rotamers. These features can be used

for prediction of side-chain rotamers in protein modeling and design.

Key words: o-helix packing, coiled-coil structures, rotamer preference, stereochemical analysis.

ITo Mepe TOro kak yBeJNUYHUBAETCH YUCIO pac-
mr(ppOBaHHbIX GENKOBBIX CTPYKTYp B BaHke Genko-
BbiX maHHbIX (PDB), Bo3pacTaeT m umcino padoT, B
KOTOPbIX MPOBOJHTCS aHANHU3 IIOBOPOTHBIX H30MeE-
poB GOKOBBIX Uened B 6e1Kax. boapmuHCTBO padoT
NOCBHIIEHbI HAEHTH(PUKALUHA, KnaccuuKalyy, CTa-
THCTHUYECKOMY aHAIM3Y 4aCTOT BCTPEYaeMOCTH pas-
JMYHBIX MOBOPOTHBIX M30MEPOB GOKOBBIX Lemnel B
fenKax, a TakxKe CO3MaHUI0 6a3 NaHHbIX U OUOIHO-
TEK MOBOPOTHBIX H30MEPOB (CM., Hanmpumep, [1-57]).
B sTrx 1 psine apyrux paboT oGHApYKEeHbI CTATHCTH-
YECKH 3HAYHMbIE PA3/INYUs B 4YACTOTAX BCTPEYAEMO-
CTH MOBOPOTHLIX U30MEPOB OOKOBbIX LENEH B 3aBU-
CHMOCTH OT JIOKanbHOH KOH(OpMaluH OCHOBHOH Le-
ma [1-7], a Takxke OT MEMOPAHHOIO OKPY:KEeHUs ([l
MeMOpanHbIx 6enkoB) [8]. B pesynabrarte aTHX necneno-
BaHHH YCTAHOBJIEHO, UTO B OeJIKax OOKOBbIE LEMNH HMe-
IOT, KaK PABUJIO, OAUH U3 TPEX CTEPUYECKHU Pa3pElIEH-
HBIX MOBOPOTHbLIX H30OMEPOB, KOTOPbIE O003HAYAIOTCS
Kak g -u3omep (x; = —60°), g*-uzomep (x, = +60°) n
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t-uzomep (¥, = 180°). B 0t-ciupanpHbIX y9acTKax MO-
JIEKYJI OCHOBHAsl LEIb HAKJIAAbIBAET HONOJHHTEb-
Hbl€ OrPAaHHMYEHHS Ha KOH(POPMALHOHHYIO CBOOOOY
OOKOBBIX LEeleH, U CB—pa3BeTBHeHHLIC OOKOBbBIE 11€-
¥ B COCTaBe (I-CIAPAIEH HMEOT TONBKO 10 OfHOMY
pa3peimieHHOMY KoHdopMmepy (Val — t-uzomep, lle —
g -usomep, Thr — g"-n3oMep), a HEpa3BETBIEHHBIE Ha
Cg-aTOMax GOKOBbBIE LENA MOTYT UMETD KR g -, HJIH
t-U30MeEPpBI.

OpHako Bomnpoc O Apyrax (pakTopax, KOTOpbIe
onpepensoT oToop KoHdopManay OOKOBLIX Lenend
B OeJIKax, U3y4eH ABHO HEJOCTAaTOYHO. Panee ogaum
U3 HaC MOKa3aHo, YTO MJIOTHAs yakoBKa FaApodoo-
HbIX OOKOBbBIX LeNell Ha MOBEPXHOCTH Q-CHpaliel
JHOCTUraeTcsl NMpU ONpEREEHHbIX KOMOMHANMAX HX
noBOPOTHbIX H30oMepoB [9, 10]. Tam xe nokaszaHo,
yTO KOoH(OpMaUUA MOSAPHLIX OOKOBBIX HEMEeH MO-
KeT ObITh OTOOpaHa C Y4YETOM HX CTPYKTYPHOIO
oKpyxkeHusl. Ecnu nonsipaass O0OKoBas Uenb HUMEET
napTHepa /s oOpa3oBaHusi BOJOPOOHON WIH COJe-
BOH CBSI3M, TO OTOMpaeTcsa OfiHa, HampuMep, t-KOH-
¢opManus, a €cnu HET, TO GOKOBas LeNb MOMKHA
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npaobpectn Apyryio KoH¢GopMalrio, Npd KOTOPOH
€e nojspHasl 4acTb OyAeT JOCTYNHA MOJIEKY/1aM BO-
nbl [10]. B macrosimedn paboTe Mbl pacCMOTPEINH
pOJb CTPYKTYPHOrO KOHTEKCTa B OTOOpe KOoHbOp-
MalMH TUapOOOHBIX OOKOBBIX LENEH Ha NpUMEpE
O-CIIMpaNbHBIX OEJIKOB Kjacca “‘NEHUHHOBBIX 3acTe-
XKeK”. B pesynbpraTe HaM yganoch OOHApYXUTb HO-
Bbi€ 3AKOHOMEPHOCTH B paclpefeNeHAn g - U -U30-
MepOB OOKOBBIX Ueledl B THAPOPOOHBIX sApax
O.-COEPANBHBIX CTPYKTYD, @ TAKXKE MPOCIENUTE 3aBH-
CHMOCTb KOH(OpMaLuH GOKOBBIX LENel OT cnocoda
yINaKOBKH (i-CIApanen.

OKCIIEPUMEHTAIIBHASA YACTb

OCHOBHBIM OOBEKTOM HCCIAENOBAHMA BbIOpaH
kjiacc cc-0enkoB (or adHraumickoro coiled coils —
CKPYUYE€HHbIE CIIAPAH), HHAYe HA3bIBAEMBbIX “‘NEHILIH-
HOBBIMH 3aCTeXKaMi’. DTH O€NKH COCTOST U3 ANUH-
HBIX Q-CiMpaneid, YNaKOBaHHbIX NApanelbHO WM
AHTHIIapaJIENbHO B JAMEPbI, TPHMEPBI, TETPaMephbI
¥ pPEeAaKO B NeHTaMepbl. DTO MOIYT ObITh TOMO- HIIH
reTepoonuroMepbl. B 60NbIMAHCTBE U3BECTHBIX CC-
6eJIKOB Q-CIHpald YNakoBaHbI NOA yriom £ = 20°. B
AleaNbHbIX CIYyYadx MOJ TAKHMH YIJIaMH MEXAY OCs-
MH YIIAKOBBIBAIOTCH (-CHHPAJId, AMEIOIHE B KOMIHU-
PYIOLIMX HX aMHAHOKHCJIOTHBIX IOCIEJOBaTENIbHO-
CTSIX renTajHble MOBTOPbI (abcdefg)n, B KOTOPBIX MO-
3ULHAH a ¥ d 3aHATHI, KaK NpaBRIO, THIPOdOOHBIMH
ocraTkami (cM., HanpuMep, o63opsl [11, 12]).

DTr Genknm oKa3alHch Hambonee NOmXONsIIAMHA
st Hacrosiued paboThl no psay npAymH. [Ipexpe
BCEro, BO MHOT'EX CC-0€NKax U HX CMOJIENUPOBAHHBIX
anayorax a- g d-Mo3uHK 4acTO 3aHSAThl OCTAaTKAMH
nefiumuoB. Tako# nMoyTH roMoreHHsId Habop GOKO-
BbIX LEneldl NnpuONu:KaeT YHaKOBKY C(-Cridpaliedl K
HealbHOH, B OTJIAYHE OT IeTepOreHHOro Habopa,
0co0eHHO ecni OOKOBbIE LEIH CHIBHO Pa3nyaroTCs
no pa3mepam. YToObl u3yyaTh AEHCTBUTENBHO OT-
00p NOBOPOTHBIX H30MepOB OOKOBBIX LiENEH, B BbI-
B6OPKY BKIFOYANH TOJIBKO T cC-0€NIKH, y KOTOPbIX B
a- a4 d-no3unuax HaxonWTCs MHOIO OCTaTKoB Leu,
Phe, Tyr (ux 60koBrie uLenm HamboJgee OGMU3KH IO
pasMepaM M MOryT HMeTh MO [Ba H30Mepa), H He
BKJIFOYaIA OeNKd, CoaepKallue, B OCHOBHOM, Val n
[le B a- u d-mo3puusx (cM. Taba. 1-5). B BbIOGOPKY
BKJIFOUEHb] TakKe OeKM-TOMOJIOTH H HX CMOJENHM-
pOBaHHbIEC aHAJIOTH, KOTOPbIE B PE3YNbTAaTE TOYEY-
HbIX 3aMEH MOTYT NEPEXOANTD, HAIIPUMED, U3 NUME-
POB B TPHUMEDBI WIIH TETPaMepPbl. DTO OCOOEHHO BaXK-
HO JUISI H3YYEHHS BJISIHAS CTPYKTYPHOTO KOHTEKCTA
Ha oTOOp KoH(popMaluil OOKOBBIX UENEH, NOCKOIb-
Ky, IIO CYIIECTBY, ONMHAKOBBIN HJIN OYeHb OIM3KHUU
Habop OOKOBBIX IeNEH OKa3bIBAETCA [IPH 3TOM B pa3-
HBIX CTPYKTYPHBIX OKPYXeHHstX. Elie opso npeumMy-
LECTBO CC-0EIKOB COCTOUT B TOM, YTO OHH 00pa3o-
BaHbl JUIMHHBIMH O-clpaisiMd (B ocHOBHOM, 20
OCTATKOB ¥ 0oJiee), YTO CHJIIBHO YMEHbIIAeT BKJaj
KpaeBbix 3pdekToB. Heobxomumas cTpykTypHas
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urdopmanus nonyyena u3 banka GeTKOBBIX JaHHbBIX
(http: //www.rcsb.org/pdb/). TopcroHHbIE yribl ), pac-
CYHTBIBATH C TOMOMLILIO NporpamMbl MOLMOL [13].

PE3YJIBTATLI 1 OBCYXIEHUE

B Oenkax o-cnupand MOryT ObITh YNAKOBaHbI
JABYMSI OCHOBHBIMH CHOCOOAaMH, KOTOpbIE pa3yidya-
FOTCSl B3aUMHBIM PacloONIOXKeHHEM FHAPOMOOHBIX O-
BEPXHOCTeH (MU KIAcTEPOB), — 3TO YIAKOBKHA ‘700
B 106" K “60oK 0 60k” [9, 10, 12]. B ymakoBkax “no6
B J00” ruppodoCHBIE KiacTepbl pacloararoTcs
MeXJy OCTOBAMH (I-CIIApaJIEH B 30He KOHTAKTa U 00-
pa3yroT IBOMHOH cnoit ruapodoOHbIX GOKOBBIX Lie-
neil. Takue ynakoBKY HaOMIOAAIOTCS BO BCeX AUMep-
HbIX CC-0€lKax C Napajlie]bHOH HIIHA aHTHmapal-
JebHOH OpHEHTalWeH O-ClHpaned, a Takxke B
OJIMHHBIX O0OCOGNIEHHBIX O-CIHPANbHbIX IHIMILKAX
riio6ynsapHbIx 6enkoB (Tadn. 1, 2). B ymakoBkax “60ok
0 60K rrpodoOHbIe KI1aCTEPhl OO BEAUHSIOTCS C 06-
pa30BaHUEM EUHOrQ ClO rUApOPOOHBIX OOKOBBIX
Hernei Ha MOBEPXHOCTH ABYXCIAPaNibHONH CTPYKTYPBI.
Takue ynakoBKH O-CIIHpaliedl HaOIIONAKOTCS B TET-
paMepax u neHramepax cc-6eykos (Tabn. 4, 5) u B ve-
ThIPEXCIUPANbHbIX My4KaxX INOOYIsIpHbIX OelKOB. B
TpUMeEpax cC-0eNIKOB yImaKOBKa O-Cliupajiei 6onbiue
MIOXOXa HA YIIAaKOBKY “00K 0 60K, XOTS UMEET HEKO-
TOpbl€ NPH3HAKH YHIAKOBKHE 7100 B 106" (Tadi. 3).
TakuM 06pa3oM, B pa3IMYHbIX YIAKOBKaX (I-CIHpa-
nei rugpodobHbie BOKOBbIE LUENHA PacloNararoTcs
NO-pa3HOMY APyl OTHOCHTEIBHO JApyra M OTHOCH-
TEeJIHbHO OCTOBOB ((-CIIHpatiell, T.e. UMEIOT pa3Hoe
CTPYKTYPHOE OKPY>XEHHE, YTO CYIIEeCTBEHHO BIHSET
Ha UX KOH(POpPMaLHIO.

B Tabn. | npencraBienbl pacCUMTAHHbIE YIIIbI )
JUIS1 BCEX OCTaTKOB, PACIONOXKEHHbBIX B a- B d-no3d-
LASIX CC-IAMEPOB, B KOTOPBIX O-CHHPAJH YIaKOBaHbI
napayienbHo 1 “no6 B 100”7, AHanU3 3THX JaHHBIX
NO3BOJIIET BBbISIBATH BaXKHYIO 3aKOHOMEDHOCTb B
pacnpeneNeHan OBOPOTHBIX H30MEPOB THAPOdOOG-
HbIX OOKOBBIX LEMNeH, I KOTOPBIX CTEPUYECKH pa3-
pemtensl 2 m3omepa (Leu, Phe, Tyr, ...): 6GonbimHCTBO
M3 HAX, HaXONSIHXCS B a-MO3HLESAX, HMEET (-H30Me-
pbl, a B d-no3nupmsix — g -u30Mepbl. bosee HarnsnHO
3TO IMPENCTaBIEHO HA PHC. 1, rOe Ha KPYroBbIX AHa-
rpaMMax NOKa3aHO paclpefesieHde YriuoB 7y, NIt
OCTaTKOB Leu B a- ¥ d-NMO3ULKAX CC-IUMEPOB C Ta-
pasienbHOH YyIaKOBKOH (t-crupalned.

PaccunTaHHble 3HAYEHHS] YINIOB ¥ AJIs OCTaTKOB
B a- U d-NO3WNMAX CO-C-IUMHJIEK W aHTHIapalielib-
HbIX IAMEPOB, a TAKXKE UX paclipefeeHie Ha Kpyro-
BbIX JUarpaMMax mpuBefieHbl B TaON. 2 H Ha puc. 2.
3neck HAOIIOMAETCS TA K€ 3aKOHOMEPHOCTD, YTO U B
IMMepax C TMapajieIbHOH YNaKOBKOH O-ClUpaleH,
XOTA M MEHee SipKo BbipaxkeHHas. bypneM cuuraThb
t-u30MepaMH Takue KOH(popMauuH OOKOBBIX Lenew,
KOTOpbIE UMEIOT yIuIbl ¥, B HHTepBane ot —150° no
+150°, a g—-u3omepaMu — B uHTepBane oT —50° mo
—100°. DT kpurepun OoNee KECTKHE YeM, HANpH-
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Puc. 1. Pacupegene Hue TOPCHOHHBIX YIJIOB Y1 ANS JICHUMHOB, HAXONSLWIMXCS B a- H d-TO3MUHMSX NapanielbHbIX CC-IUMEPOB (Ha
OCHOBE JaHHBIX TabJ1. 1), NOKa3aHHOE ¢ NOMOLIBIO KPYFOBBIX [HarpaMM. BepxHue 100YOKPYRHOCTH COOTBETCTBYIOT NOJIOXKH-
TenbHbIM (Y] = 0~180°), HHkHUE — OTpHUATENbHBIM ()3 = O~ ~180°) 3raYeHHM YFITOB.

AHTHﬂapaIUIGIIbeIG OAMEDPBI K IIMUAJIBKH

a-NIO3HUHH d-no3uuuy
90 90
120 801 60 120 60

N Wl

Puc. 2. PacupefieneHue TOPCHOHHBIX YPIIOB ¥; AAs octaTkos Leu, Phe n Tyr, Haxopsuuxcs B a- ¥ d-MO3WUHSAX aHTHOApANIIEb-
HbIX CC-IHMEPOB M O-CITUPATbHBIX LWITHIIEK (HA OCHOBE NaHHBIX TabA. 2), NOKA3aHHOE C HOMOLUBIO TAKHX XK€ NHAarpaMM, Kak

Ha puc. [.
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No Kon PDB a d a d a d a d
1 | 1AQ5(A) Q18 V21 125 L28 L32 V35 139 L42
—88 154 ~148 -84 160 142 -80 -74
2 | 1BO8(B) V1204 L1207 Vi211 L1214 V1218 L1221 F1225 Y1228
- -49 177 =75 175 -79 —-158 —88
3 | 1EQ7(A) S2 16 L9 V13 Li6 V20 L23
65 =72 -74 167 —80 166 -107
A4l Ad4 L48 Ms1 Y55
- - -78 60 -61
4 | 1SWI(A) M2 L5 A% L12 Al6 L19 V23 L26
-49 -128 175 ~78 - -64 147 -98
5 |2BEZ(C) Y899 Q902 A906 F909 1913 1916 L.920 T923
- - - 178 -82 -77 ~64 -64
V934 A938 1941 V945 1.948 F9s52 1955
162 - -173 174 —61 -75 —68
6 [1G2C(A) L160 V164 1167 L171 T174 V178 L181
-174 172 -74 —146 -72 171 -175
7 | 1COS(B) W2 L5 L9 L12 L16 L19 L23 L26
-173 -56 -90 -82 -82 -154 -63 -34
1COS(C) -60 -83 -115 —65 -94 -80 -78 163
Ne Kon PDB a d a d a d a d
1 |1AQ5(A) 146
—68
2 | 1BO8(B) E1232
—133
3 | 1EQ7(A) V27 M30 V34 A37
170 -140 178 -
4 | ISWI(A) V30
141
5 |2BEZ(C)
L959 1962 L966 V969
-67 71 -115 156
6 | 1G2C(A) V185 L188 V192 L195 1199 Q202 1206 K209
168 177 165 -74 —64 -62 67 -
7 | 1COS(B)

Mep, B padore [7], roe t-usoMepaMu CYHMTAIOT KOH-
¢popmaum ¢ yrnamm x; = 180 + 60°, a g~-m3omMepamu —
Kongopmanuu ¢ yrinamd ¥; oT 0° po —120°. Ilpocroi
NOaCYeT NOKAa3bIBaeT, 4To 64% OOKOBbIX Uenei Leu,
Phe m Tyr, HaxonsiuXcst B a-NO3UIMSX aHTHNIAPAI-
JeJIbHbIX JAMEPOB M IMINUJIEK, UMEIOT t-H30MepbI,
19% — g~-nzomepnl # 17% 3THx 6OKOBBIX LeNei nMe-
IOT CTEPHYECKH HEBBLITOHbIE KOH(pOpMaUHH (puc. 2).
[ns cpaBHeHHs: B a-NMO3MUHUSX JUMEpPOB C mapar-
JleabHOH ynakosko# cnupaneit 75% nefunuHoB ume-
10T t-u3oMepsl, 21% — g~-u3omMepsl U 4% — crepuye-
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CKHM HEBbITORHblEe KOH(popMauuu (puc. 1). B d-no3u-
uMAX IUOHAEK ¥ aHTHNapanielbHbIX BUMEpPOB 76%
6oxoseix nenet Leu, Phe n Tyr umeror g -usomepsl,
12% — t-n3oMepb1 U 12% — creprdecKd HEBBITOJIHbIE
KoHbopMauun (puc. 2). B d-no3uumsx napanieabHbIX
AHMEPOB NMPAKTHYECKH BCE JIEHUMHBI AMEIOT g -H30-
Mepol (puc. 1). Ha nam B3rnsn, 6onbliee 4UCIO OT-
KJIIOHEHMHA OT OOWIEH 3aKOHOMEPHOCTH B paclpefe-
JIEHUH KOH(OPMEPOB Ha pHC. 2 IO CpaBHEHHIO ¢ pHC. 1
o0BacageTcss GONBLIEH I'eTEPOr€HHOCTBIO COCTaBa
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a-TO3ULHHA d-no3unuu
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Puc. 3. Pacnipepeniense TOPCHOHHBIX YIoOB )| Als octatkoB Leu, Phe u Tyr, pacnonoxkeHHpIX B a- 4 d-NO3HUHAX TPUMEDPOB (Ha
OCHOBe NaHHbIX Tabn. 3). O6o3HayeHHa TakHe Ke, KaK Ha pUc. L.

OOKOBBIX Lened B aHTUNApAJIENbHBIX JAMEPAX U
LIITHJIbKAX.

B TpuMepax KapTHHA pacnpefe/eHdss H30MEPOB
OOKOBBIX LieNel CyIECTBEHHO OTIMYAETCS OT JHMeE-
poB. Kak nokasniBaeT aHaJIH3 AaHHbIX B TabJ. 3 4 HA
puc. 3, B TpuMepax 00abIIUHCTBO (75%) OCTaTKOB B
a-IO3HLMAX AMEET g -U30MEDPBI, a He t-U30MePhI, KaK
B quMepax. B d-no3uuusix cuTyanust B TpEMEpax ro-
XO3Ka Ha TaKOBYIO B guMepax: 63% OCTaTKOB UMEIOT
g-uzomepnl, 25% — t-usomepsl i 12% ocTaTKOB UMe-
IOT CTEPHYECKH HEBBLIIOAHbIE KOH(oOpMauuu. AHa-

JOrMYHass KapTHHa HaOJIIOfaeTcs B TeTpaMmepax-l
(B a- 1 d-no3ULMSTX TeTpaMepoB-1 HAXOOATCS, B OCHOB-
HOM, JIEHLUHBI, B OTJHYHE OT FETEPOr€HHOrO COCTa-
Ba B TeTpaMmepax-2). 82% neluuHOB, pacloONOKEH-
HBIX B a-NO3ULHASIX TETPAMEPOB-1, AMEIOT g -U30Me-
pel, 0% — t-uzoMepol, 1 18% HaXONATCA B CTEPAYECKE
HEBBITONHBIX KOHpopMaLmsax (cM. Tabn. 4 u puc. 4).
W3 5 ocTaTkoB B d-mo3unusx TeTpaMepoB-1 3 uMEOT
g -U30MEphI U 2 OCTATKa — -U30MEDBI.

B TeTpamepax-2 KapTHHA pacnpeneIeH s H30Me-
POB, IO CYLUECTBY, ABISIETCH NPOTUBOMOJIOXHOHR TO-

Taoauua 4. Yrisl ), A1 OCTaTKOB B a- 4 d-IO3KUASX TETPaMepos- 1

Ne Kon PDB a d a d a d a d a d
1 |2BNI(A) M2 I5 L9 112 Glé6 119 L23 126 L30
=59 -69 77 =70 - -69 -69 -717 -56
2 |2BI1F(B) V2 LS V9 L12 N16 L19 V23 L26 V30
-69 =70 169 71 —-151 -178 165 -62 167
3 | 1IWSK(A) M3 16 L10 113 L17 120 L24 127 L31
~170 -68 -73 =77 -82 =72 -70 -73 —68

4 | 1C94(A) R4 V7 L11 via LI8 N21 L25 V28 L32 M35
57 168 —-88 162 —-146 77 —-150 169 -91 49
5 |4HBI(A) L4 L8 All L15 Al8 A22
175 -63 - -66 - -

6 | IGCL(A) M2 5 L9 112 L16 119 L.23 126 L30
-39 -87 =77 -58 =71 -82 -49 -67 -95
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TeTtpamepri-1

a-TIO3MLHH

d-no3uuuu

9
54

Puc. 4. Pacnpenenesie TOPCHOHHBIX YITIOB ¥ J€HIAHOB, HAXONSWIHUXCS B a- ¥ d-NO3KNHIX TeTpamepoB-1 (Ha OCHOBE AaHHBIX

Ta6s. 4). O6o3navyeHHs TAKKE Xe, KaK Ha puc. 1.

MY, 4TO €CTb B AHMEpax — OOJBIIHHCTBO GOKOBBIX
uenei B a-NO3ALASIX UMEIOT g -U30Mephl, a B d-no3m-
Asx — t-u3oMepel (Tabu. 5, prc. 5). Pacyers! nokasel-
BAaIOT, YTO B a-MO3ULIASIX TETpaMepoB-2-83% OCTaTKOB
Leu, Phe u Tyr ameroT g™-n3oMepsl, 8% — t-n3oMepsl,
A 9% — cTepAYecKH HEBLITOHbIE KOH(popMaunH. B
d-nosuumsix TerpamepoB-2 80% oOCTaTKOB HMEIOT
t-uzomepsl, 0 20% — g -A30MepBbI.

TakaM 00pa3oM, MPOCIEXKHBAETCS YETKasl TeH-
JeHLAS A3MEHEHHS TOBOPOTHBIX H30MEPOB B a-1103U-
UASX OT t-U30MEPOB K g -M30MepaM, a B d-NO3ALHIX
OT g -M30MEPOB K l-H30MEpaM NpH Nepexoje oT NH-
MepOB K TPUMEpPaM H TeTpaMepaM, T.e. IPH Nepexo-
Iie OT yIIaKOBKH O-cnHpaneit “nod B 106” K yrnakoBKe
TEnAa “60k 0 60K”. B “npomexyTouHbIX’ chay4asx
TPUMEPOB U TeTpaMepoB-1, OCOGEHHO 1nsl clydaeB
TOMOI€HHOro Habopa OOKOBBIX LiENeH, UIMEET MecTo
CHTYyaldsi, KOTa U B a-, ¥ B d-TIO3HLMSIX, B OCHOBHOM,
HabMomaroTCs g -u30Mephl. JpyruMu cnoBaMu, npo-
CIIEXKABAETCS 3aBUCUMOCTE OTOOpa NOBOPOTHbIX H30-
MepoB OOKOBBIX Liened B a- 1 d-NO3UL|sIX OT cnocoba
yIaKoOBKH O-clupanel H, cIEfOBaTENBHO, OT CTPYK-
TYPHOTI'O KOHTEKCTA.

Ha6nrogaeMble 3aKOHOMEPHOCTH MOXKHO 00bsC-
HHUTB IPOCTBIM MEXAHU3MOM “‘BbIJaBIHBaHHUA~ OOKO-
BbIX LleNed U3 MEeXXCIIMpabHOro npocrpancTsa. Kak
3TO MOKET NPOUCXOAHTb, PACCMOTPHM Ha NpPUMEpE
nuMepoB. [1penoIoXKHiM, YTO CHAayana B JuMepax 6o-
KOBbIe LIeITH UMENH g -U30MEPBHI B a-TIO3ULMSIX U 1-H30-
Mepbl — B d-mo3uuusx. B 3Tom cnydae Oonbluas
4acThb KaXKIOU OOKOBOH LIENH B 3TUX NO3HUMUSAX NIONa-
Ne 3
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JaeT B IPOCTPAHCTBO MEXAY OCTOBAMH OL-CIIHpaJIEH.
Ilpu mepexone GOKOBBIX LIENEH, PACHOJOXKEHHBIX B
a-NIO3MIMAX, B HabmogaeMele t-U30MEpPbI, 3 GOKOBbLIX
uenel B d-no3auasx — B g-H30MePbl NIPOUCXOIUT CME-
IIEHHE UEHTPOB Macc OOKOBBIX UENEH H3 MEXCITH-
PaNbHOrO NPOCTPaHCTBa “HAapyXy', a CTPEMIICHHE K
IJIOTHOH ynakOBKE NPHBOJHT K YMEHBLICHHIO pac-
CTOSIHMS MEXKy OCIMHE O-ciupasiell. TakuM o6pa3oM,
MEXXCIMPAJbHbIE B3aUMOJCHCTBHS B CTPEMJIEHHE K
IUIOTHOH yIaKOBKe COMUKAIOT MEXKAY COO0H OCTOBbBI
O-Cngpaned ¥ Kak Obl BBITWIKABAIOT U3 MEXCIIH-
pajnbHOrO NpOCTpaHcTBa OOKOBBIE Lend. bonee ne-
TaJbHO aHAJNH3 3TOrO MeXaHH3Ma OyneT onybauKo-
BaH B [PYrOM MECTE.

HecomHeHHO, BaXKHbIMH SABNAKOTCA OOHAPYXKEH-
Hbl€ 3aKOHOMEPHOCTH B paclpeieJeHHH NOBOpPOT-
HbIX U30MEpOB B IMEpPAX, TPUMEPAX B TeTpaMepax
cc-0eNIKOB. DTH 3aKOHOMEPHOCTH MOI'YT OBITh HCIIONb-
30BaHbl TIpH MOJENHMPOBaHAU OENKOBLIX CTPYKTYP H
NpH JH3alHE HOBBIX CTPYKTYP B OENKOBOH HMHXKEHE-
pun. Crienyer OTMETUTb, YTO NPENCKA3aHbl MOTYT
ObITh NOBOPOTHBIE H30MEPbI OOKOBbIX LIETNIEN HE TOJIb-
KO TakHx OCTaTKOB, Kak Leu, Phe u Tyr, Ho n Cﬁ—pa3—
BETBIIEHHBIX ocTaTKoB Val i Ile, Tak Kak B nopasnso-
weM OGONBLIMHCTBE CNY4aeB OHM UMEIOT IO ONHOMY
CTEPHYECKH pa3pELEHHOMY HM30MEPY (4TO MOXKHO
JIErKO npocneauTs B Tabn. 1-5).

Ha6nrogaeMble OTKJIOHEHNS OT 3aKOHOMEPHOCTEH
MOTYT ObITb OOBSICHEHB! BIUSHHEM CIENYIOLIHNX Pak-
TopoB. Kak noka3blBaeT aHanu3, OTKJIOHEHHS 4acTo
HaONIONArOTCS HAa KOHIIAX CUpanel, T.€. UMEIOT Me-
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Puc. 5. PacnipejiesieHue TOPCHOHHBIX YTIOB ) A8 octaTkoB Leu, Phe u Tyr, Haxonsmuxcst B a- 4 d-no3uuusx TeTpamepos-2

(Ha ocHOBe gaHHBIX Tadu. 5). O603HaYeHUS TAKUE XKe, KaK Ha puc. 1.

cTO Kpaesble 3pdekTsl. [To-BugEMOMYy, 3TO CBI3aHO
C TEM, 4TO B psifi€ Cy4yaes O-CIIEPAJIU pacXOnaTCs Ha
KOHLIaX ONUIrOMEPOB M B3aMMHOIO BIHSHHSA APyl Ha
Ipyra yxe He OKa3bIBalOT. ['eTeporenHocTs Habopa
OOKOBLIX Ilened B a- ¥ d-DO3HIASX TAKXKE MOXET
ObITh NpHYMHON OTKJIOHeHWH. Hanpumep, B napan-
JENbHBIX JAMEPAX, Ie HIMEIOTCS MIOUTH FTOMOTeHHbIE
HabOPbI U3 ocTaTKOB Leu (prc. 1), 3akoHOMEpHOCTH
OPOSIBISIIOTCS HAMHOrO 4e€T4ye, 4YeM B aHTHNApal-
JEeNbHBIX AUMEPAX C reTeporeHHbIMA Habopamu 6o-
KOBBIX Lienel (puc. 2).

B 3aknroyeHne OTMETHM, YTO aHAJOrHYHBIE 3a-
KOHOMEDHOCTH B paclpefiesleHAR NOBOPOTHBIX H30-
MEPOB OOKOBbIX UENeH HAOMKNAKTCS B YEThIPEX-
CIApaJibHBIX Ny4KaX (HalllM NpefBapuTe/bHbIE NaH-
HblE) U B [PYruX O.-CIMpalbHbIX Oenkax (cM. [9, 10]),
YTO SIBUTCS NPEAMETOM HAIUMX JANbHEHIUNX HCCIIe-
JOBaHMM.

Pa6ora BrinonHeHa npy nogpepxke Pocecniickoro
cdonna dynpamerTanbHblx Hccnenosanui  (04-04-
49393a).

CITMCOK TUTEPATYPBI

1. Janin J., Wodak S., Levitt M., Maigret B. 1978. Confor-
mation of amino acid side-chains in proteins. J. Mol. Bi-
ol. 125, 357-386.

2. Ponder J.W._, Richards F.M. 1987. Tertiary templates for
proteins. Use of packing criteria in the enumeration of
allowed sequences for different structural classes. J. Mol.
Biol 193, 775-791.

MOJIEKYIISIPHASA BMONOTHUS  tom 41 Ne 3

2007

10.

11.
12.

13.

Schrauber H., Eisenhaber F., Argos P. 1993. Rotamers:
to be or not to be? An analysis of amino acid side-chain
conformations in globular proteins. J. Mol. Biol. 230,
592-612.

Dunbrack R.L., Ir., Karplus M. 1993. Backbone-depen-
dent rotamer library for proteins: Application to side-
chain prediction. J. Mol. Biol. 230, 543-571.

Lovell S.C., Word J.M., Richardson J.S., Richardson D.C.
2000. The penultimate rotamer library. Proteins. 40,
389-408.

McGregor M.J., Islam S.A., Sternberg M.J.E. 1987.
Analysis of the relationship between side-chain confor-
mation and secondary structure in globular proteins.
J. Mol. Biol. 198, 295-310.

Dunbrack R.L., Jr., Cohen F.E. 1997. Bayesian statisti-
cal analysis of protein side-chain rotamer preferences.
Protein Sci. 6, 1661-1681.

Chamberlain A.K., Bowie J.U. 2004. Analysis of side-
chain rotamers in transmembrane proteins. Biophys. J.
87, 3460-3469.

EdnmoB A.B. 1977. CtepeoXuMHs ynakoBOK O-CITH-
panel ¥ B-CTPYKTYpPhI B KOMIIAKTHOM rnodyne. Jowxa.
AH CCCP. 235, 699-702.

Efimov A.V. 1979. Packing of a-helices in globular pro-
teins. Layer-structure of globin hydrophobic cores. J. Mol.
Biol. 134, 23-40.

Lupas A. 1996. Coiled coils: new structures and new
functions. Trends Biochem Sci. 21, 375-382.

Efimov A.V. 1999. Complementary packing of a-heli-
ces in proteins. FEBS Lett. 463, 3-6.

Koradi R., Billeter M., Wutrich K. 1996. MOLMOL.: a
program for display and analysis of macromolecular
structures. .. Mol. Graph. 14, 51-55.



	54-01
	54-02
	54-03
	54-04
	54-05
	54-06
	54-07
	54-08
	54-09
	54-10
	54-11
	54-12

