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B- L nuabKu MIMPOKO pacpoCcTpaHEHbI B OeIKaX, U MX MOXHO BCTPETUTh KaK B COCTaBe B-JIMCTOB, TaK U
o0ocob6ieHHO. B maHHOiI1 paboTe IpoBeneH CpaBHUTEIbHbBIN aHAIM3 aMUHOKMCIOTHBIX IOCeI0BaTeIbHO-
creit B-Tskeil B cocTaBe CUJIbHO CKPYYEHHBIX B-IITTUIIEK U3 Pa3JIMYHbBIX CTPYKTYPHBIX ITOIKIACCOB OEIKOB.
CuibHO cKpydeHHas1 1 u3orHyras (coiled) B-mmuiabKa oOpa3yeT B MPOCTPAHCTBE MPaBylO IBOMHYIO CIIM-
paJib U3 3-TsIXKel, KOTOPble COeIMHEHbI TTETJIeBbIM YYaCTKOM — TepeTsKKou. OnpeneeHbl 4acTOThI BCTpe-
4aeMOCTH aMUHOKHCJIOTHBIX OCTaTKOB Ha BHYTPeHHE! (BOIrHYTOI ) M BHEIIIHEH (BBIITYKI0M ) MOBEPXHOCTSIX
CWIBHO CKPYYEHHBIX B-1muiaek (ucciaenoBaHo 220 B-1Imuiaek U3 HEroMOJOTMYHBIX OelKoB). Bornyras
MOBEPXHOCTh TaKUX [3-ILIMIIEK 0Opa3oBaHa IIPEeUMYILIECTBEHHO TMAPO(GOOHBIMU OCTaTKaMM, a BBIITYKJlasi —
ruapOoPUIBHBIMU, COOTBETCTBEHHO B MX aMUHOKUCJIOTHBIX MOCJIEA0BATEIbHOCTSIX HAa0OJI0MaeTCs Yepeno-
BaHUe TUIPODOOHBIX BHYTPEHHUX U TMAPOGUIBbHBIX BHEITHUX OCTaTKOB. BOo BHYTpEHHUX MO3UITUSIX CUTh-
HO CKPYYEHHBIX U MU30THYTHIX B-1IMNJIEK aHOMaJILHO YaCTO OOHAPY>XKEHbl AMUHOKMCIIOTHBIE OCTATKU TJIU -
IIMHA U aJJaHWHA, 0COOEHHO B MeCTax HauOoJIbllIeil CKpyYeHHOCTHU TSKE. Y CTaHOBIEHO, YTO BHYTPEHHHUE
MO3UIIMK HUKOTIa He COAePXKaT OCTATKOB MPOJIMHA, TOTAa KaK BHEIIHYE MTO3UIIUU B 0G1aCTU CKPYIMBAHMUST
coliepxkaT uX OTHOocuTeJIbHO MHOTO. [TokazaHo, 4To 1151 00pa30oBaHMsI OTHOCUTEILHO KOPOTKOM (10 7 aMu-
HOKVCJIOTHBIX OCTaTKOB) MEPETS KK HEOOXOOUM XOTSI Obl ONUH aMUHOKUCJIOTHBINA OCTaTOK B O - WIH €-
KoHpopMauuu. Kak mpaBuio, 3TH MO3UMLMU 3aHSITHI TJULMHAMU. Takum oOpa3oM, ISl 0Opa3oBaHUs
CWJIBHO CKPYYE€HHOM M U30THYTOH [-ILTTILKHA HEOOXOIMMO He TOJIbKO YepeoBaHue TuIpoOOHBIX U TU/I-
POMDUIBHBIX AaMMHOKMCIOTHBIX OCTATKOB, HO M HAJTMYME OJHOTO-IBYX OCTATKOB IIMILIMHA B 00JIACTH TIepe-
TSIKKY, M30BITOK TJUIMHOB U aJaHMHOB B MECTax HauOOJIbIIEH CKPYYEHHOCTH TSKeil Ha BOTHYTOM MO-
BEPXHOCTH, a TaKXKe HaJIMIKMe TIPOJIMHOB Ha BBIMTYKJI0# TTOBEPXHOCTH.

KimoueBble cjioBa: CKpyyeHHasl [3-1IMuIbKa, 3-MoBOPOT, KOHMOpMalIYs, CTePEOXUMMUYECKMIA aHaIU3, BbI-
paBHUBaHUE, aMUHOKMCJIOTHASI IIOCIEA0BATEIbHOCTD
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BBEJEHUWE

B-1lmaibka — omuH M3 IMPOCTEHINX U Hanbosee
4acTO BCTPEYAIOIINXCSI CTPYKTYPHBIX MOTUBOB B O€JI-
Kax. OHa oOpa3oBaHa ABYMsI COCEIHUMM MO LIETU [B-TsI-
KaMHU, KOTOPbIE CJIIOXKEHBI APYT Ha Apyra W CBSI3aHbI
METACBBIM YYaCTKOM — MEPETSIKKOM, B pe3yJibTaTe
yero obpasyeTcsi aHTUMapalieJibHasl [B-CTPYKTypa,
3aMKHyTasl BOOOPOIHBIMM CBsI3IMU. [3-Imibku
BCTPEUYEHBI B CTPYKTypax IIOOYJISIPHBIX O€IKOB KakK B
U30JIMPOBAHHOM BHUIE, TaK M B COCTaBe IPYTIUX
CTPYKTYPHBIX MOTUBOB, TAKMX, HaIIpuMep, Kak abcd-
n abCd-egmHNLEI, S- 1 Z-00pa3Hble B-JIUCTH , B3- 1
3B-yronaku u 1.4. B- UMbk MOTYT OBITh TPABBIMU
W JIEBBIMU, €CJIM CMOTPETh Ha HUX C OJHOI BEIOpaH-
HOM CTOPOHBI (HaIlpuMep, CO CTOPOHBI TUAPOGOOHO-
ro siapa). B mpaBbIX HIMUWIbKAX BTOPOM IO LENU TSK
pacHojIOXeH CIIpaBa OTHOCUTEILHO IIEPBOTO, a B JIe-
BBIX — HA000pOT. B 6enKkax OOJBIMMTHCTBO B-IIMHUICK

U [3-TMCTOB UMEIOT HE IIOCKYI0, a CKPYYEHHYIO
CTPYKTYpPY, KOTOpasi HaTOMWHAET IMpaBblii Mporesi-
JIep, eclnyd cMOTpeTh Baoab PB-Tsokeil [1]. CremeHb
CKPYYEHHOCTH [3-TMCTOB B OelKax OTIMYHA, HO, B
CpeIHeM, IBYTPaHHBIN yTOJI MEXITY COCETHUMM [3-TsI-
Xamu 01m30K K —20° [1, 2]. B cibHO CKpY4Ye€HHBIX
B-mmcTax B-TSKM OOJKHEI OBITH HE TOJIBKO CKpyde-
HbI, HO U u30THYTHI (coiled), yToOBI 0OOpa3zoOBaTh
00JIblIIYI0 KOHTAKTHYIO TTOBEPXHOCTh 0€3 paspyliie-
HUS CUCTeMBbI BOOTOPOIHEBIX cBs3eii [2, 3]. Kak moka-
3bIBAET aHAJIN3, MHOTHE B-LIMWILKU B 6eJIKaX UMEIOT
TaKyl0 CWJIIbHO CKPYYEHHYIO U UBOTHYTYIO CTPYKTYDPY,
KOTOpasi MOXKET ObITh MpeACcTaBJeHa B BUAE CBOEO0-
pa3sHoOM TMpaBoOii ABOMHOUW CHupaii, UMEIOIIEN BO-
THYTYIO Y BBIITYKJIYIO MMOBEPXHOCTU. OTANYUTEbHAS
0COOEHHOCTb TaKWX IpaBbIX TBOMHBIX CITUpaeit co-
CTOUT B TOM, UYTO OHM BCerma oopas3yloTcsl TOJIbKO
MpaBbIMU P-1IMUIBKAMU, €CJIU CMOTPETh CO CTOPO-
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Puc. 1. a — CxemaTuueckoe n300pakeHre CTPYKTYPhI CUIBHO CKPYYEHHBIX Y NU30THYTHIX [3-IIMUJIeK (IIOSICHEHUSI B TEKCTE). 6 —
JlenTouHast Monenb Oelika, conepKallero NpaBylo CUIbHO CKpydeHHYI0 B-1unuibKy (PDB-kon — 3e8t, TpaHcniopTHBII Gesok
Takeout-like protein 1 n3 Epiphyas postvittana). CHuIbHO CKpy4YeHHasl [3-1IITHIbKa BbIeIeHa TEMHBIM 1IBETOM.

HbI BOTHYTOI MTOBEPXHOCTHU [4], T.e. BTOPOii TSXK 1O
meny OymeT BCerga pacliojaraThCsl CIIpaBa OTHOCH-
TeJIBHO IIepBoro (puc. la). JleBble B-IINMIBKY TaK1e
TIpaBBIe IBOMHBIC CITUPAIM HE 00pa3yloT, U B OerKax
B CIJIBHO CKPYJYEHHOM (hOpMe OHUM HE OOHAPYKEHBI [4].
OnHako ciienyeT OTMETUTD, YTO B OeJIKax IIIMPOKO pac-
MPOCTpaHeHbI KaK IIpaBble, TaK U1 JIEBbIC [3-ILITAIBKHU,
KOTOpPBIE MOT'YT OBITh IUIOCKMMU WIM CJIa00 CKpYy4eH-
HeiMU. Ha puc. 16 mpeacTapieHa momydeHHas ¢ TTOMO-
1Ieio TiporpaMmbl RasMol [5] cTpyKTypa omHoro u3 6e-
KOB C CUJIbHO CKPYYE€HHOI 1 U3OTHYTOM [3-LLIMJIBKOM.

JUTMHHBIE B-IIIMWIBKKM MOTYT CJIOXUTHCS caMU Ha
cebs1, obpa3ys [B[3-yrojiok, ¥ TaKMe INIMIBKA — TOXE
paBbIe, €CI CMOTPETh CO CTOPOHEI BOTHYTOI1 ITOBEPX-
HocTH [4]. Yalle Bcero CiIbHO CKpyYeHHBIE Y M30THY-
TBIE 3-IIITJIBKM BCTPEYAIOTCS B 3-0appeinsix, TOKCHUHAX,
nHruouropax, SH3-nomenax u Wrap-oeikax.

B Hacrosieii pabore Mbl MpPOBEJU AETATbHBIN
aHaJIM3 TTEPBUYHOU CTPYKTYPhI CUJIBHO CKPYYEHHBIX
M U30THYTHIX B-mmuiiek. [TokazaHo, 4TO Ha TUAPO-
¢oOHOIT BHYTpeHHeil TOBEPXHOCTM IUIWJIEK TIpe-
UMYIIECTBEHHO HAXOMNSTCS TJIMLIWHBI, aJJaHWHBI, Ba-
JINHBI, U30JIEHLINHBI, JIEHLIMHbBI, (PEHUTTAaHUHBI U TH-
pO3WHBI, 2 HA BHEIIIHEW, MOMUMO TUAPODUIBHBIX U
3apsKEHHBIX aMUHOKUCIIOTHBIX OCTaTKOB, pacrosa-
TaloTCsl BCE WMEIOIIMECS B TIOCIEIOBATEIBHOCTUA
OoCTaTKu TposuHa. OnpeneneHbl Haubosee xapakTep-
HbIE U1 CUJIBHO CKPYYEHHBIX B-1ITMWIEK TUIIbI MEpe-
TSDKEK M HeoOXoauMBbIe 1711 X (hOPMUPOBAHUST aMU-
HOKUCJIOTHBIE ocTaTKu. [TojlydeHHbIe TaHHbIE OYIyT
MOJIE3HBI KaK JJIsI TPEICKAa3aHUS TIPOCTPAHCTBEHHOM
CTPYKTYpPbI O€JIKOB T10 TIEPBUYHOI CTPYKType, TaK U
JUJTSI KOHCTPYUPOBAaHUSI UCKYCCTBEHHBIX OEJIKOB.
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OKCITEPUMEHTAJIBHAA YACTb

Benxu ajs uccaenoBanms, couepxaline CKpyyeH-
HbI€ U U30THYThIE PB-IITNUIBKNA, OTOOpaHbl U3 baHka
6enkoBbIX maHHBIX (PDB) ¢ momMoibio pa3paboTaH-
HOI1 B HallIE¥ TPYIIIEe CTPYKTYPHOM Ki1acCU(PUKAIINHA
oenkoB PCBOST, koTopasi IOCTyHa IO aJpecy
http://strees.protres.ru/ [6], u3 6a3el maHHBIX SCOP
[7] wim HemmocpencTBeHHO ¢ cepBepa PDB ¢ momo-
IIbIO KJTIOYEBBIX CIOB. JJId aHajiu3a oTOMpaId HEro-
MOJIOTUYHBIE OeIKM (OeJIKOBBIE IOMEHBI), IIPOBEPKY
Ha rOMOJIOTHIO TPOBOJMIIN C TIOMOIIBIO TPOrPaMMbl
Blast 2 sequences mis1 TIONTapHOTO BbIpaBHUBAHUS
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) [8]. B coot-
BETCTBUU C PEKOMEHAALIMSIMU pa3paboTUMKOB MPO-
rpaMMBbl HETOMOJIOTUYHBIMUY CUUTAIU OCJIKU, IJIST KO-
TOPBIX TIOKa3aTedb, YYWUTHIBAIOLIMN KaK TOJHYIO
UIEHTUYHOCTh YYaCTKOB IOCJE€N0BaTeIbHOCTH, TaK
U 3aMEHbI Ha CXOJIHbIE aMUHOKHWCJIOTHI, ITPU BbIPaB-
HUBaHUM aMMWHOKMCIOTHOM TIOC/IenoBaTeIbHOCTU
HUCCIIeyeMOro J1IOME€Ha OTHOCUTENBbHO KaxXJAOW U3
IOCJIEAOBATEIILHOCTEN NPYIUX aHAIU3UPYEMBIX 10-
MeHOoB 0bUI MeHee 50 6autoB. 3-1mibKku orpenesi-
JI BU3YaJIbHO C TToMoIIbio ImporpaMmbl RasMol. [l
WCCIIeOBAaHUSI BBIOMpaIM TOJBKO [(-IUNMUJIBKH CO
CTPYKTYpPOIi, 0IM3KO0M K KAHOHMYECKOIT: CUJIBHO CKPY-
YeHHbIE U U30THYTHIE, OTNIPENEIEHHbIE C BBICOKUM pa3-
pellieHreM, He colepKallue MPOTSKeHHBIX U3JIOMOB
WIN BBITIETJMBAHU, ¢ B-TsSoKaMM JUIMHON HE MeHee
5 aMMHOKMCIIOTHBIX OCTAaTKOB. JIJTMHY 1 KoHpOpMa-
LU0 MEPETSKKU MeXAy [B-TsKamMu Mpu oTOope He
YUYUTBIBAJIU.

OCHOBHO# 00BEKT UCCJIEOBAHUS — CUJIBHO CKpY-
YeHHbIE (3-IUIMMJIBKKM U3 BbIACJICHHOIO HAMU CTPYK-
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Puc. 2. YacToThl BCTPECYACMOCTH Pa3JIUYHBIX aMUHOKHUCIIOTHBIX OCTAaTKOB BO BHYTPEHHUX M BHCITHUX ITO3ULIUAX CUJIBHO CKPY-
YECHHBIX 1 U3OTHYTbIX ﬁ-IJ_IHI/U[CK B COCTaBC Wl'ap-6eJ'[KOB; a.0. — aMMHOKMCJIOTHBIN OCTaTOK.

TYPHOTO MOJKJIacca o + [3-0eJIKOB, KOTOPhIiA Ha3BaIu
“Wrap-6enku” (OT aHIJIMMCKOro cjaoBa “wrap” —
o0epTka) [9]. beaku u 1ToMeHbl, OTHECEHHBIE K 3TOMY
MOOKJIACCY, COCTOSIT U3 CHJIBHO CKPYYEHHOIO 1 M30-
THYTOro [B-11cTa, Ha BHYTPeHHElH (BOTHYTOI) MOBEPX-
HOCTHU KOTOPOT'O yIaKoBaHa OIHA WIM JIBE Q-CIIAPAIN.
DTN 0eNK1 OOBETMHEHBI TOJIBKO CTPYKTYPHBIM CXOJ-
CTBOM, a HE TOMOJIOTHUE: CPEIU HUX €CTh MHTUOUTOPbI
Pa3IMYHBIX (PEPMEHTOB, AHTUOMOTHKM, PETYISITOPBI
TPaHCKPUNIUK 1 T.1. JIEHTOYHAsT MOIeIb CTPYKTYPhI
onHoro u3 npeactasureneii Wrap-6eiakoB ¢ PDB-ko-
nmom 3E8T nmokazana Ha puc. 16.

B 0a3y nannbpix oTo0panbl 80 CUIBHO CKPYYE€HHBIX
B-mmtek 3 Wrap-06enkoB, a Takke 36 [B-Inmumiek
13 OEJIKOB CO CTPYKTypoil B-0appeneit, 33 — u3 TOK-
CUHOB, 21 — u3 uHruouropos, 23 — n3 SH3- u SH3-
MOJIOOHBIX JTOMEHOB U ellie 27 CKPYYEHHBIX U U30THY-
TBIX 3-ILITHJIEK U3 OEJIKOB IPYTUX CTPYKTYPHBIX MO/ -
KiaccoB. Bcero BeIOpaHo u m3ydyeHO 220 CHIBHO
CKPYYEHHBIX U U30THYTHIX [3-1IMUJIEK U3 HETOMOJIO-
TUYHBIX 0e1KOB. B BEIOOPKY ITomany B-IIIuiIbKy Kak
B COCTaBe [3-JIMCTOB, TaK 1 OAVHOYHBIC.

IIpoBenen aHaau3 aMMHOKKCIOTHOTO COCTaBa
B-Tskeit Ha BHeEIIHEM (BBITYKJIO) M BHYTPEHHEN
(BOTHYTOI1) NOBEPXHOCTSIX CMJILHO CKPYYEHHBIX [3-ILITTH -
JIEK OTIEJBHO JJISI KaXI0ro U3 MOAKIACCOB OEIKOB.
IpuHanaexXHOCTh KaXXOOW W3 TO3MLMK [3-TsKa K
BHEIIHEI UJIM BHYTPEHHEI ITOBEPXHOCTU OIIPEIEIIsi-
JIV BU3YaJIbHO Ha CKEJIETHOI MOAEIN MOJIEKYJIbI UC-
cienmyemoro 6enka B mporpamMme RasMol. [lanee mon-
CUMTBIBAJIU KOJIMYECTBO Kaxaoro u3 20 aMUHOKUCIOT-
HBIX OCTaTKOB BO BCeX [3-TsDKaX CKPYUYEHHBIX [(3-IIITTHIIECK
BO BHEIIHUX M BHYTPEHHUX NO3ULIMSIX. JlaHHbIE TIpe-
CTaBJICHBI B BUE 00CYKIaeMbIX HIKE TUCTOIPAMM.

B cnygyae Wrap-06e1KOB HOITOTHUTEILHO TIPOBEIE-
HO BbIpaBHUBaHUE U aHAJIM3 aMUHOKMCIOTHOI MocIe-
JIOBAaTEJIbHOCTA U KOH(OPMAIIUU TIEPETSDKEK MEXKIY
B-Tsokamu. BeIpaBHMBaHME BBITOJHSIIN BPYYHYIO, C

MOIJIEKVJIAIPHAA BUOJIOTUA

YYETOM HAaHHBIX O KOH(pOpMalMyd KaXKIOro aMHHO-
KHCJIOTHOTO OCTaTKa Y HAJIMYUSI BOTOPOIHBIX CBSI3EiA.
JJ1st BEIYMCIIEHUSI YIJIOB (@ U ) MCIIOJIb30BaIu IIPO-
rpamMmy MolMol [10]. Kondopmannm aMUHOKWC-
JIOTHBIX OCTAaTKOB 0003HAaYa Il B COOTBETCTBUM C HO-
MEHKJIATypOii, TIpeaioxkeHHoM B 1986 1. [11]. BripaB-
HHUBaId TEPETSKKNA WIM YYaCTKU IIEPETSLKEK  C
OIMHAKOBOM KoHGopmMmauueit. Jlagee aHaIU3MPpOBaJIU
WX aMUHOKMCJIOTHBIA COCTaB B KAXIIOM U3 MO3ULIAIA.

PE3VIIBTATBI UCCIIEHOBAHUA

I'ucTorpamma pacrpeneieHus: aMUHOKMCIIOTHBIX
OCTaTKOB HA BHYTPEHHEW (BOTHYTOI1) M BHEIIHEH
(BBIMYKJIOI) MOBEPXHOCTSIX B-1muiiek u3 Wrap-06eJi-
KOB IIpeACcTaBlIeHa Ha puc. 2.

BunHo, 4yTo Ha BHYTpeHHEl ITOBEPXHOCTU HAXO-
ISTCS TIPEUMYIIECTBEHHO TVIMIUHBI, aJlaHUHbBI, Ba-
JIMHBI, JIEHIWHBI, W30JICMUMWHBI, (eHWIaIaHUHbI.
Pazmiaus cootHomeHnss TUAPOPOOHBIX W THUIPO-
GUIBHBIX aMUHOKMCJIOTHBIX OCTAaTKOB OXUIaeMbl —
BHYTPEHHUE ITO3ULIAM MO OMNpPEeIe/IEHUIO OOpallleHbI
B CTOPOHY TMAPOPOOHOTO SIIpa CUIBHO CKPYYeHHOM
B-mmuibku. OgHako obpaiaeT Ha cebs1 BHUMaHUE
pe3Koe IIpeobiagaHne OCTaTKOB INIMIIMHA BO BHYT-
peHHux no3uiinsax. [Ipu BeipaBHUBAaHUM aMUHOKMC-
JIOTHBIX ITOCJICIOBATEIbHOCTEM CKPYYEHHBIX [3-LLITH -
JIEK BUITHO, YTO OCTATKU TJIMLIMHA KOHLIEHTPUPYIOTCS
NpUOIIM3UTEIBHO B CepeIHe [3-TSKei, T.¢ B 0071aCTH
MaKCUMAaJIbHOTO Ieperuda (cM. Hike). Kak mokazan
TEOPETUYECKUI CTEPCOXMMMUYCCKUI aHaJIM3 CUIBHO
CKPYYECHHBIX U M3O0THYTHIX B-1ImmieK [4], cKkpydyuBa-
HUE HEU30EXKXHO JOJDKHO BbI3bIBATh HAaIpsDKEHUE,
npuBopslice K cielnpruIecKoMy 0TOOpY aMUHOKMC-
0T. I3-3a CKpydrBaHMS B LIEHTPAIbHON YacTH [3-TsI-
Kei, Kak IpaBujIo, 00pa3yroTcsl HeOOJIbIIME [3-U3r1-
ObL. ['muuyH — Hanbosee KoH(pOPMALIMOHHO TMOKMIA
OCTaToOK. 3anojHeHe BHYTPEHHUX ITO3UIIMIA OCTaTKAa-
Ne 5
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Puc. 3. YacToTbl BCTpe4aeMOCTH pa3IMYHbIX aMUTHOKHUCIOTHBIX OCTATKOB BO BHYTPEHHUX M BHELTHUX MO3ULIUSIX CUJIBHO CKPY-
YEHHBIX U U30THYTHIX B-1UMWIeK B cocTaBe OeTa-6appeneit (a), SH3-nmogoOHbIX 1TOMEHOB (6), UHTUOUTOPOB (8) U TOKCUHOB
(e). Ha rucrorpammax cepbiM LIBETOM 0003HAY€HbI BHEITHUE MO3ULIMHU B-1IMUIeK, YePHBIM — BHYTPEHHUE MTO3ULIUU.

MU TJIMLIMHA JIMOO ajlaHMHA CHUMAET CTEPCOXNMUNYC-
CKO€ HaITpsS2KCHUE.

Ha BHelHe#t cropoHe nmpeobianaoT TMAPOOUIIb-
HBbIE U 3apsSDKeHHbIE AMUHOKUCIOTHEIE OCTaTKU. [1pu-
MedareJIbHO, YTO Ha BHYTpEHHE! CTOpOHE He OOHapy-
JKEHO HM OJIHOTO TIpOJIMHA, MPU 3TOM Ha BHEIIHEeH
CTOPOHE OHU MPUCYTCTBYIOT B OOJIBIIIOM KOJMYECTBE.
Haymame mpomiaa Ha BOTHYTOM TTOBEPXHOCTH [3-TIITTH -
JIeK Hapylajgo Obl CUCTEMY BONOPOIHBIX CBsi3eil. Bo
BHEIIIHUX e ITO3ULIUSIX ITPOJMH (DOPMUPYET U3TIOM
enu, obdJieryaromuii CKpyamBanue. BeposiTHo, CKpy-
YMBAaHUE JIMHHBIX (3-ILITMJICK IIPY MOAXOMSINEH IS
5TOTO aMUHOKHUCJIOTHOI TTOC/IeTOBATEIbHOCTH 00eC-
neguBaeT GOpMHUpPOBaHUE OoJiee TUIOTHOTO THAPO-
¢dobHoroO siapa.

AHAaJIOTUYHOE pacripefe/ieHue aMUHOKUCIOTHBIX
OCTAaTKOB Ha BOTHYTOM M BBIIYKJION ITOBEPXHOCTSIX
OOGHAPYKEHO JJIsl CUILHO CKPYYEHHBIX 3-IIIMUIIEK U B
Ipyrux Kjaccax 6eiakoB (puc. 3a—e). s 6e1KoB u3
TPYIIIEI TOKCMHOB HE BBISIBIICHO pa3IMuus B COOEP-
KAHUM aMWHOKWCJIOTHBIX OCTATKOB IJIMIIMHA Ha
BHYTPEHHUX M BHEUIHUX ITO3ULIMSIX, HO YCTAHOBJICH
XapaKTEPHBI IS BCEX CUJIBHO CKPYYEHHBIX [3-1TIH-
JIEK CTPOTHMI 3ampeT Ha coaepXaHue IMPOJIMHA BO
BHYTPEHHUX MO3ULIUSIX.

AHalT3 TMCTOrPaMM ITOKA3bIBAET CXOICTBO MEXIY
CBOMCTBaMU CUJIBHO CKPYYEHHBIX 1 U30THYTHIX [3-1ITTH-
MOJIEKVYJISIPHASA BUOJIOT U
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JIeK U3 OEJTKOB Pa3IMYHbIX KJIACCOB. DTO ITO3BOJIWIIO MO~
CTPOUTH OOIIYIO JUarpamMMmy paclipeejieHus aMUHO-
KUCJIOTHBIX OCTaTKOB MO TTOBEPXHOCTSIM B-ILITHIEK ISt
BCEX HMCCJIEeIOBaHHBIX OenkoB (puc. 4). OueBUIHO,
YTO HaOI0JaeMble pa3iMuus He CBOWCTBEHHBI OT-
NeJIbHOMY Kjaccy 06eJIKOB, OHU XapaKTepHbI IS ca-
MO CMJIBHO CKPYYE€HHOI 1 M30THYTOM [B-IIITMJIBKU.
DTH cBOICTBA €J1ab0 3aBUCST OT CTPYKTYPHOTO OKPY-
JKEeHMS.

Panee aHamormyHEbIM XxapakTep OoTOOpa aMHHO-
KHCJIOTHBIX OCTaTKOB JJISI BHEIIHUX W BHYTPEHHUX
MO3UIIMIT OIMMCaH HaMHu I B-IINWIEK B COCTaBe
CTPYKTYpPHOIro MOTHUBaA “3B-yTrojioK” , Tae LIeHTpalb-
HBI U3 Tpex B-TsoKeil narunbdaercsd mmon yrioM 90° u
MEPEXOIUT B OPTOroOHaNIbHBIN cioit [12]. Takoit u3rnb
TaKKe IMIPUBOIUT K CUJIBHOMY CTEPEOXMMMUYECKOMY Ha-
MPSDKEHUIO, TIO3TOMY TSI €T0 (hOPMHUPOBAHUST HEO0X0-
UMbl aMUHOKUCJIOTHbIE OCTAaTKX TJIMIIMHA 1 aJaHWHA
BO BHYTPEHHMX MO3MIUSIX ILIEHTPAJIBHOIO [3-TsoKa U
MOJIHOE OTCYTCTBME OCTATKOB IpoyimHa. OTOOp aMUHO-
KHMCJIOTHOM ITOCIEOOBATEIbHOCTH, HEOOXOIMMOM
11 obpa3oBaHUs 3[3-yroJjika, eiie 0oJjiee CTpor, 4em
IUIST CUJIBHO CKPYYEHHBIX B-INIHMJIEK B COCTaBE IPYy-
TUX CTPYKTYPHBIX MOTUBOB — COJIepXKaHUe TJIMIIMHA
BO BHYTPEHHUX MMO3UIIMSIX LIIEHTPAJIBHOTO [3-TsKa 60-
Jee yeM B 9 pa3 IIPEBHILIACT €ro COoIepXaHHEe BO
BHEITHUX Mo3uLusx [13].

11*
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PacnipeneneHre aMAHOKUCIIOTHBIX OCTaTKOB
B B-1IMUIBKAX IO TTO3ULUSM (BCe OeTKy 0a3bl TaHHBIX)
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GATSPVLIFMWCDENQYHKR
AMMHOKHCJIOTHBIE OCTaTKU

Puc. 4. YacToThl BCTpEeYaeMOCTH Pa3TUIHBIX aMUHOKUC-
JIOTHBIX OCTaTKOB BO BHYTPEHHUX W BHEUTHUX MTO3ULIUSIX
Bcex 220 ucclienoBaHHBIX CUJIBHO CKPYYEHHBIX U U30THY-
THIX 3-TITTUIIEK.

YToOBI MPOAHANTU3UPOBATh CTPYKTYpPhI MEPETS-
JKEK MeXAy [-TsoKaMu, aMUHOKWCIOTHBIE MOCJIEN0-
BaTEJIbHOCTU CHWJIBHO CKPYYEHHBIX [-IIMUJIEK W3
Wrap-06eJIKOB BpyYHYIO BEIpABHUBAJIU OAHA MO APY-
roil Tak, 4TOOBI B KaXKIbIi1 BEPTUKAJbHBIN CTOJIOCI]
norananu Jubo BHYTPEeHHHUE, TMOO BHEIIHUE OCTAT-
Ku. Jlajmee B-IIMUJIBKU pacIpenelisiyii Ha TPYIIIEL C
OJIMHAKOBOI UIMHOU M KOH(MOpMAaLIMEil TepeTIKeK,
OIpeNeIEeHHBIX IT0 3HAUESHUIO YIJI0B (p U ), BXOASIINX
B UX COCTaB aMHMHOKMUCIIOTHBIX OCTATKOB, U BHIPaB-
HUBaJIM MO KOH(opMauu TiepeTsskek. B kaxkmom
BEpPTUKAJIBHOM CTOJIOLIE pacrmojaraid OCTAaTKU C
OIVMHAKOBOM KoHMopMalneil (oHa yKa3aHa B BEpX-
Hell cTpoke). Ilpumep BbipaBHMBaHUSI aMUHOKMC-
JIOTHBIX MOCJIEA0BATEILHOCTEN CKPYYEHHBIX [3-1IITH -
JIeK TTOKa3aH Ha pUC. 5, rae IMpuBeaeHbl Hauboee
pacIripocTpaHeHHbIE KOH(GOPMAILIMU KOPOTKUX TIe-
persikek: Bo oy -, Byva B-, BeyB- u ByveP, rme
a; -KoH(popMaIms uMeeT TUana3oH 3HAYeHU Top-
CHOHHBIX yriioB ¢ = 70 + 30°, ¢ = 10 + 30°; y-KOH-
dopmarus — ¢ = — 90 + 30°, ¢ = 0 *+ 30°; e-KoHOpP-
manusa — @ = 100 £ 30°, ¢ = —170 % 30°. [TonpoOHOEe
OIKUCAaHUE STUX U APYIMX HEOOJIBIUMX CTAHIAPTHBIX
CTPYKTYp, 4YacTO BCTPEYAIOIIMXCS B HEPETyIsIpHBIX
ydacTKax 0eJIKOB, TpeACTaBiIeHo B pabotax [11, 16, 17].

B pesynbraTte aHanu3a oOHapyKeHO, YTO KaK B
JJIMHHBIX, TaK 1 B KOPOTKUX IIECPECTAXKKaX ITPUCYT-
CTBYIOT aMUHOKMCJIOTHBIE OCTaTKU B O - U €-KOH-
dopMaLgx, 3aHATbIE NPEUMYIIECTBEHHO TNIMLIMHA-
MU. DMIIUPUYECKU YCTAHOBJICHO, YTO IIJIsI KOPOTKMX
MepeTskeK, MIMHON 10 7 aMUHOKUCIOTHBIX OCTaT-
KOB, HaJIM4KUe XOTSI Obl OJHOTO AMUHOKMCJIOTHOIO
ocTaTKa B O - WIM e-KOH(opMaluu sBiseTcs oosi3a-
TeJIbHBIM. Takyio KoH(opMaluio yaie Bcero ooHa-
PYXXMBaJIU HA BXOZAE BO BTOPOI TSK BIOJIb MOJIUTICII-
TUOHOM meru. TakuMm oOpasoMm, IUIsT oO0pa3oBaHMS
CUJIbHO CKPYYEHHOM U U30THYTOM [3-IIMUJIBKU HEOO-
XOIUMO HaJIW4uMe TIUILMHOB KaK B 00JTacTU Tiepernda
[B-IOMUIBKY, TaK U B TIEPETSIKKE.

MOIJIEKVJIAIPHAA BUOJIOTUA

PBRBPBBRBRREPR owoPRBRRPRRBRBER

3Q2P:A yeyqlyvya-sd-klfradised
1K8R:A edsyrkovvi-dG-etclldild
3EN8:A lwiteysisy-nG-rpaytvsiXefr
2H85:A skvvkvti-dy-aeisfmlwck
2RK5:A kehfeves-nG-khlelindkvk
10UZ:A stslsl-eG-gpyvlansckp
1TUH:A rviGihrntaer-GG-krldvGccivfefk
1T82:A kakvklevglfc-dG-klcagfdGlyvsv
1SQW:A tycfrlh-nd-rvyyvs
2GKE:A gfskmhG-1G-ndfvvvd
3DMC:A tvvfefrdeGlf-1G-kpyknrvavsfdvr
3KSE:A tnyyikvraG--dn-kymhlkvfks
1Y0C:A nlvvpvvayv-dd--kpvfraeitmyvsq
1MKA:A limGladGevlv-dG--rliytas-dlkvGlf
1202:A sivfvtGdvri-dd--Ggplkfsgvinlmp
BBBBBBBBBBAB vvou BRBRBBBBEBARRP
2GU3:A kyyvvkGtd-kkG-talyvwv
3ECF:A rasGvwgXrt-tkG-tlytlhnffrld
2IMJ:A riavryayewhd-dsG-nwfrsyGnenwefd
2F86:A aacvayvkltgfld-rnG-eahtrgsgesrvwskk
3ER7:A tXetrwavcGks-adG-svftgdGtdiarl
3EBY:A gvsaeasyvvfgtr-ndG-etriynaGkyvdrfd
1L07:A sfvgrhsvsrtt-pGG-dvglvm-radeirvfamn
2CWZ:A rvyarveayn-elG-dliG-vGrteqvilp
BBBBBBBBABRR cv BPBRBBBABARARS
2Q78:A rvkfrGivXs-Gd-eki-leaefvraivp
2HOF:A patylrG-Gt-skGvffr
1WlH:A ilkmGpvdkrk-Gl-farrrqlllt
1EWF:A nanikisGkwkagk-rf-lkmsGnfdlsieGmsisadlk
1v58:A mkGylGky-gd-mGvtiylt
1WGG:A Gysvtvkw-Gk-ekfe-Gveln
1IMPG:A yyarslav-Ge-yrGvvtaipd
3CI0:K yfwlrsditv-ne-ieltmnslivr
2FNJ:A dvflmirr-hk-ttiftdak
2C1W:A msrevvrl-ee-yelgivvnr
PBPBBBPBRRRE vve BBPBBBPBRRRBRR
1E9Y:A evGieamf-pdG-tklvtvh
2I9W:A hagvefkayfkt-pdG-lgahhelstfvkik
1EQ3:A vitdppvkt-kfG-yhiimveGr
1TP6:A atlayreigsd-aaG-rserlstvvlhrd
2F23:A dvlsldt-pkG-krefrvv-aihG
1XUB:A rlylet-gmG-tiafelerq
IMI1L:A gpvgt--pfG--vvtflqgiv

Puc. 5. CrpykrypHOe BBIpaBHUBAaHHE YYaCTKOB aMMHO-
KHCJIOTHBIX TOCIIeAoBaTe/IbHOCTe 13 Wrap-06e1KoB, KO-
JIMPYIOIIMX CUJIBHO CKPYYEHHbIE Y U30THYTHIE 3-ILIMWIBKU
C KOPOTKMMHU mepeTskkaMu. [1oauepKHyThl aMUHOKUC-
JIOTHBIE OCTATKM Ha BHYTPEHHUX MO3UILIUSIX [3-ILMWIBKU.
I'niiH o603HaveH 6ykBoii G. KoHbopMalinm ocTaTKOB B
cTosLax yka3aHbl CBEpXy cumBosiamu 3, al., v, €. B 1eBom
crosbie ykazanbl PDB-Kkonbl 6e/IKOB.

OBCYXIEHMUWE PE3VJIbTATOB

B3auMocBsI3b MeXIy aMMHOKUCIOTHOM ITOCIEH0-
BaTeJIbHOCTBIO M IIPOCTPAHCTBEHHOM CTPYKTYpOIl
OeJIKka OCTaeTCs OMHOI M3 MHTPUTYIOIINX M Hepe-
IIEHHBIX TIPO0JIeM MOJIEKYJISIpHOM Omonoruu. bosee
40 netr Hazal yYCTAaHOBJIEHO, YTO pachpeacicHue
BIOJIb LeNH TUAPOMOOHBIX U TUAPOMUIBLHBIX OCTAT-
KOB UTPAaeT KIJIIOYEBYIO POJIb B KOMMPOBAHUM O-CITH-
paneit 1 3-Tsekeii. Ha aToit ocHOBe pa3paboTaHbl METO-
Ne 5
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B3AMMOCBA3b MEXIY CTPYKTYPO U AMUHOKUCIIOTHOM TTOCJIENOBATEJIBHOCTBIO

IIBI TIPEeICKa3aHusI BTOPUYHOM CTPYKTYPHI OEJIKOB, KO-
TOpBIE MMEIN TOCTATOYHO BBICOKYIO TOYHOCTS [ 14, 15].
BriocnenctBum crano sSICHO, 4To 0Opa3oBaHUE BTOPHU-
HOW CTPYKTYPBI 3aBUCUT U OT IPYTUX (haKTOPOB, IIPEKIIE
BCETO OT CTPYKTYPHOIO KOHTEKCTA, T.€. OT B3aMO/Ieii-
CTBUII C ApYyruMMU ydyacTKaMu lienu Oesnka. B3aumHoe
pacIIoNiOXXEeHWE O-CIupaieil /WM B-Tsokeid B Ipo-
CTPAHCTBE TaKXKe OIpeIe/ieHO UX B3aUMOIEHCTBUSI-
MM C IPYTUMU 3JIeMEHTaMU BTOPUUHOM CTPYKTYPHI, B
TOM YUCJIE U C IEePETIKKAMU, KOTOPBIE UX COCIUHSI-
ot [16].

CaMBIMM NPOCTBIMU OOBEKTAMU OJIsI WU3YYSHUS
BCEX TUITOB B3aMMOIECHUCTBUIN MEXIY JIEMEHTAMU U
B3aMMOCBSI3U MEXIY CTPYKTYpOid M aMUHOKMCIIOT-
HOI TOCJIe1I0BATEIbHOCTBIO SBJISIIOTCS CTPYKTYPHBIE
MOTHUBBI U3 JBYX O-CIMpajieii uium AOBYX P-TsoKei,
CBSI3aHHBIX MEPETIXKKAMU, TAKKE, HATIPUMED, KaK O
U B-1UMWIBKY, O0-yTOaKU, BB-ayru u np. PaHee mo-
Ka3aHO, YTO KaXIbIli TAaKOU CTPYKTYpPHBI MOTUB
MMEET CBOMCTBEHHOE TOJIbKO €MY pacIlOJIOXXEeHUE
BIIOJIb LIETIM KJTIOYEBBIX TMAPOGOOHBIX, TUAPODUIb-
HBIX U TIMIIMHOBBIX ocTaTKoB [16, 17]. Oco60 oTMe-
TUM, UYTO JIEBbIE€ U TIpaBble C-IIMUJIbKU, UMEIOIINE
OIVHAKOBYIO JJIMHY M KOHGOPMAIIUIO MEPEeTIKKU,
WMEIOT Pa3IuYHOE PACIIOJIOXEHNE KITIOUEBbIX OCTaT-
KoB 110 xoay uenu [18, 19]. To ke camoe moka3aHo U
JUJIsI JIEBBIX U TpaBbIX B-1muiex [17]. B HacTosieii pa-
00Te MoKa3aHo CYIIECTBEHHOE Pa3Inyrie MEXITY ITpaBbl-
MU CUJIBHO CKPYYEHHBIMU Y U30THYTHIMU [3-11ITTHJIbKA-
MU Y IIPABbIMU K€ TJIOCKUMU WIM C1a00 CKpyYeHHBIMU
B-mmuabkamu. Kak rokaszaHo paHee, HEOOXOTMMbIM
yCJIOBUEM 00pa3oBaHUsT OOBIYHBIX B-1TTHJIEK (TIJTIOCKUX
U ¢cJ1a00 CKPYYEHHBIX) SIBJISIETCSl HAIMYME B UX MOCJIe-
JIOBAaTeJIbHOCTU CTPOro OIPEeNesIEeHHOTO Pacriojoxe-
HUSI B LISTIU KJTIOUEBBIX TUAPO(DOOHBIX, TMAPODUIBHBIX
¥ IJIMLMHOBBIX OCTATKOB (T.€. OIpPEIeeHHOro “raT-
TepHa”), CBOMCTBEHHOIO KaXKIOMY TUITY [-IIIMJIBKUA
[16, 17]. B maHHOI#1 paboTe MBI IIOKA3aJI1, YTO Jj1sT 0Opa-
30BaHUSI CUJILHO CKPYYEHHBIX WM W3OTHYTBIX [3-ILTU-
JIeK, KPOMeE BBITIOJIHEHUST 3TUX HEOOXONUMBIX YCJIOBUIA,
TpebyeTcsl HaIuUMe NOTOJHUTETbHBIX aMUHOKUCIOT-
HbIX OCTaTKOB TJIMLIMHA WU IPYTUX HEOObIIIUMX OCTaT-
KOB (ajlaHMHA, CeprHa) Ha BOTHYTHIX TTOBEPXHOCTSIX U
MPOJIMHOB Ha BHEIIHUX (BBIMYKIIbIX) TOBEPXHOCTSIX.

Takum 006pa3oM, YHHKaJIbHAs ITPOCTPAHCTBEHHASI
CTPYKTypa CUJILHO CKPYYEHHBIX M U3OTHYTBIX [3-ILTIH-
JIeK (TIpaBble ABOIMHBIE CITUPAIN, BCeriaa 00pa3oBaHHbIE
MPaBbIMU [3-IITTHJIBKAMK ) Y OITUCAHHASI BbILLIEC B3aMO-
CBSI3b MEXIy CTPYKTYpOil M aMHUHOKMCIIOTHOM MOcCIe-
JIOBATEJIbHOCTHIO TIO3BOJISIIOT HAM BhICKA3aTh THITOTE3Y
0 TOM, YTO TaKHe€ [3-ILMITLKI MOTYT CBOPAYMBATHCS Ca-
MU TI0 cebe, HeE3aBMCUMO OT OCTAJIbHOM YacTH LeU, 1
MOT'YT CITy>KWUTb 3apOAbIILIAMU UJIA TOTOBBIMU CTPYKTYP-
HBIMM OJIOKaMH TP CBOPAYMBAHWH OCJIKOB.

Pa6ota BeImosrTHeHA Tpy (PUHAHCOBOM IMOIEPIKKE
Poccuiickoro ¢poHma pyHmaMeHTaTbHBIX UCCIECI0BA-
Huit (13-04-00150).
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RELATIONSHIP BETWEEN STRUCTURE AND AMINO ACID SEQUENCE
OF STRONGLY TWISTED AND COILED f-HAIRPINS IN GLOBULAR PROTEINS

E. A. Boshkova, E. V. Brazhnikov, A. V. Efimov*

Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region, Russia, 142290
*e-mail: efimov@protres.ru

B-Hairpins are widespread in proteins and occur both as isolated double-stranded antiparallel B-sheets and
parts of multiple-stranded [-sheets. A strongly twisted and coiled 3-hairpin can be represented as a double-
helical structure in which the strands are twisted and coiled in a right-handed mode. In this study, a compar-
ative analysis of amino acid sequences of strongly twisted and coiled B-hairpins found in different structural
classes of proteins has been performed. Frequencies of occurrence of amino acid residues in “inside” and
“outside” positions of 220 strongly twisted and coiled (3-hairpins found in non-homologous proteins have
been calculated. As shown, the “inside” positions located on the concave surfaces of such $-hairpins are pref-
erably occupied by hydrophobic residues and the “outside” positions located on the convex surfaces are pref-
erably occupied by hydrophilic ones. A distinctive feature of these [3-hairpins is that glycines and alanines
have a strong tendency to occupy the “inside” positions (most often in the strongly twisted sites of 3-strands),
while prolines occupy the “outside” positions. Moreover, prolines are not found in the “inside” positions at
all. Another feature is that most of relatively short B-loops (up to 7 residues) connecting the (3-strands have
at least one residue with the o - or e-conformation which should be glycines as a rule. Thus, strongly twisted
and coiled B-hairpins are formed if their polypeptide chains have corresponding sequence patterns of the key
hydrophobic, hydrophilic, glycine (or small) and proline residues.

Keywords: coiled B-hairpin, B-turn, conformation, stereochemical analysis, alignment, amino acid sequence
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