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Co3nana 6a3a qannpix (o + [3)-6enakos, cogepxkamux abCd-equHuipl, KOTOpas BKII0OYaeT B cedst 926 Genkos
3 banka Genkopbix nannpix (PDB), B ToM unciie Heromoaornunbix — 401 (Bb16opka u3 2636 PDB-aiinos).
ITocTpoeHo 00HOBIEHHOE CTPYKTYPHOE IPEBO JIsI 0€JIKOB ITOT0 KIIACCa, KOTOPOEe COTep:KUT 286 BO3MOKHBIX
yknanok nosmnentunHoi nenu. Ha ocHoBe nmocrpoeHHoro npesa paspaGoraHa cOBpeMeHHAasi CTPYKTYpHast
knaccnpuxanust (o + fB)-6enkos, conepxkamux abCd-equanupl. Best nngopmanus 0 6asze IaHHBIX, a TAKKE
CTpPYKTYypHOe peBo nocrynubl B inrepuere no agpecy: http:/strees.protres.ru/.

Karoueewnie crosa: moenupoBanne, Kiaccupukanusi, 6a3a JaHHbIX, CBOPAaYHBaHHe 0€/IKOB, CTPYKTYPHBII
MOTHB, CTPYKTYPHOE CXOJCTBO.

NOVEL STRUCTURAL TREE FOR (a + 3)-PROTEINS CONTAINING ABCD-UNITS, by A. B. Gordeev,
A. V. Efimov* (Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region,
142290 Russia, *e-mail: efimov@protres.ru). A database of 926 (o + B)-proteins and (o + )-domains contain-
ing abCd-units (among them 401 are nonhomologous) has been compiled from the Protein Data Bank (total
2636 PDB entries). A novel structural tree for this structural class of proteins that is composed of 286 possible
polypeptide chain folds has been constructed. The structural classification of (o + B)-proteins containing ab-
Cd-unit based on the structural tree has been developed. Both the database and the structural tree are acces-

sible at the web-site (http:/strees.protres.ru/).

Key words: modeling, classification, database, protein folding, structural motif, structural similarity.

CTpyKTypHOE [peBO OEJKOB — 3TO COBOKYIHOCTb
BCEX Pa3pEIICHHBIX NPOMEXYTOYHBIX W KOHEYHBIX
MIPOCTPAHCTBEHHBIX CTPYKTYP, KOTOPBIE MOXKHO TIOMY-
YUThb U3 OHOI KOPHEBOH (CTapTOBOM) CTPYKTYpPHI Iy-
TeM TIOCIIEOBAaTEILHOrO JOOABIEHNS K HEH APYIux
3JIEMEHTOB BTOPUYHOHN CTPYKTYpPbI; BO3MOXKHbIE IyTH
pocTa CTPYKTYp NMOKa3bIBAIOTCS JIMHUAMHU, KOTOPbIE B
uTOore OOBEAMHSIOT BCE CTPYKTYPhl B OFHO JIPEBO.
IIpucoenvHeHre 31€MEHTOB BTOPUYHON CTPYKTYPHI K
PacTyIIUM CTPYKTYpaM IMPOUCXOAUT B COOTBETCTBUU C
Ha0OpOM IpaBWJI, KOTOPBIE BLIBENECHBI U3 U3BECTHBIX
MIPUHLIUIIOB CTPYKTYPHO! Opranusanmu O0ejkoB. B ka-
4ECTBE KOPHEBOU CTPYKTYPBI ApeBa OEpETCS COOTBET-
CTBYIOIIAY CTPYKTYPHBIA MOTHB, UIMEIOINI YHAKAIIb-
HYIO YKJIQAKy IIeTU B IPOCTPAHCTBE.

IlepBbie BapWaHTBI CTPYKTYPHBIX NIE€PEBBEB IIO-
ctpoenbl bonee 10 net Hazap. Torga ke omyGIMKOBaHO
CeMb CTPYKTYPHBIX JIEPEBbEB [JIsl HauboJiee KPYIMHBIX
OenkoBbIX cynepcemeiictB [1-4]. B 2008 r. B 6enkax
oOHapy>keHa HOBas CyNepBTOpPHYHAsI CTPYKTypa — -
MOTHB, TaK¥ke MOCTPOEHO CTPYKTYPHOE IPEBO ISt OeJI-
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KOB, COfIepsKallliX 3TOT MOTHB [5]. 3a 3To BpeMms cyIie-
CTBEHHO BBIPOCIO KOJUYECTBO pacHmgpOBaHHBIX
cTpykTyp B banke OenkoBbIx maHHbIX (Protein Data
Bank). TToaToMy BO3HMKIIa HEOOXOAUMOCTh MOCTPOE-
HHsI OOHOBJICHHBIX CTPYKTYPHBIX IE€pPEBBLEB, COflEpKa-
LIUX BCe NMeroImecs B banke JaHHbIX OEITKM COOTBET-
CTBYIOLIMX KjaccoB. Hamu ye nocTpoeHo OGHOBJIEH-
HOe CTPYKTYpHOE JpeBO it Kiacca [3-0eJKoB,
copepKaimx abcd-eUHALBI, U IPOBENEH €T0 aHAJIN3.
Ha ocHOBE OOHOBJIEHHOT'O CTPYKTYPHOTO ipEBa CO3/1a-
Ha MepapXryecku OpraHn3oBaHHas 6a3a JaHHBIX BcexX
B-6enkoB., cogepskarux abcd-emunuipl. Basa maHHBIX
BKJIIOYAeT B ceOs1 528 GENKOB U JOMEHOB U JOCTYIIHA B
Hurepuere (http://strees.protres.ru/) [6].

3HaYUTEIBHO YBEIMYMIOCH KOJIMUECTBO OCIKOBBIX
CTPYKTYp U JJIsl APYTUX CTPYKTYPHBIX AepeBbeB. Tak,
HalpuMep, B COCTaB CTPYKTYpPHOTO JpeBa BapHaHTa
1997 r. [2] BXoaunO MOpsAAKA MATHACCITH M3BECTHBIX
ctpykTyp (00 + B)-6enkoB, comepskammx abCd-equnau-
Ibl, a K HACTOSAILIEMY BPEMEHHU MbI coOpanu 0a3y JaH-
HBIX 13 926 6€7TKOB U IOMEHOB 3TOTO KJIacca. ITO Mpef-
OTPENIETIIIO HEOOXOAMMOCTh HOCTPOEHNsSI OOHOBJIEH-
HOT'O CTPYKTYPHOT'O ApeBa I 3TOro Kiacca OEJIKOB.
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Puc. 1. Cxemarnueckoe uzobpakenne abCd-eTMHAIBI C IPSIMBIM (@) 1 0OGPATHLIM (6) HATPABIIEHAEM [ETH. [3-TSKY MOKA3aHbI
B BHUJIe CTPEJIOK, HanpaBieHHbIX OT N- Kk C-KOHIlaM, O-cliupajb — B Bufie HWIMHApa. 6 — Bun abCd-enuHunb! ¢ Topua. 3aech
B-Tsi5k1 M306paXkeHbI KBAJPATHKAMH, Oi-CIIUPAJTh — OKPYKHOCTBIO; MEPETSKKHU, HAPABJIECHHBIE K HAOIIOATENO, ITOKA3aHbI
JIBOMHBIMHE JINHUSIMA, & YACHHbIE — OMHAPHBIMY JuHusiME. BykBamu a, b, C u d 0603HaY€HBI COOTBETCTBYIOIIHE [3-TSKU 1

Ol-Crmapab.

ITocTpoenue u aHau3 OOHOBJIEHHOIO pEBa MO3BOIIA-
eT MCCIIeJOBAaTh HOBBIE Iy TH POCTa CTPYKTYP, BECTH I10-
WCK HOBBIX CMIOCOOOB YKIIAJKHU TOJIUIENTHAHON ENH B
IIPOCTPAHCTBE, OOHAPYKUTH HOBbIE 3aKOHOMEPHOCTH B
OEJIKOBBIX CTPYKTYPaX U C yYETOM BCETO 3TOTO MOJIEp-
HU3UPOBATH MPaBHUJIa OCTPOEHNS CTPYKTYPHBIX fiepe-
BbeB. PelieHnio aTux 3ajiay ¥ MOCBSIIEHa HACTOSIIAs
pabora.

CTpyKTypHbIE IepeBbsl — YNOOHBI ¥ NEePCIEKTHUB-
HBIIl HHCTPYMEHT, C MOMOIIBIO KOTOPOrO MOXHO pe-
IaTh LEJbI pAf 3aa4, HapuMep, NPOBOAUTE HOUCK
BCEX BO3MOXKHBIX (KaK M3BECTHBIX, TaK W MOKa HEW3-
BECTHBIX) YKIIAIOK MOJHMNECITUAHON ey B KOMIIaKT-
HbIE INPOCTPAHCTBEHHBIE CTPYKTYPbI, MOAEIUPOBATH
MyTH CBOPAYMBAHUS OEJIKOB, M3y4aTh MEXaHU3M WX
CBOpa4MBaHUs, MCCIENOBaTh CTPYKTYPHOE CXOJCTBO
6enkoB u Jip. OHO U3 BaXHbBIX IPUMEHEHUH CTPYKTYp-
HBIX JIEPEBBEB — 3TO pa3pabOTKa Ha UX OCHOBE CTPYK-
TypHO# Kjaccudukanmy OeiakoB. Takast Kiaccuguka-
s 6a3upyeTcs TOIBKO Ha CXOACTBE MPOCTPAHCTBEH-
HBbIX CTPYKTYp M Ha OOIIHOCTH CMOJEIUPOBaHHBIX
MyTell CBOpauMBaHUs. DTHM OHA NMPHHIMIHAAIBHO OT-
JIMYAETCS OT IPYTHUX IIMPOKO U3BECTHBIX CHCTEM KJIac-
cudukanun 6eJIKoB [7-9], B KOTOPBIX YUYNTHIBAIOTCH B
TOH WIIM WHOW CTEIIEHN TOMOJIOTHSI AMUHOKHUCIIOTHBIX
MOCJIEOBATENBHOCTEN, a TaKKe HH(POpMaLus O (pyHK-
LUSIX ¥ 9BOJTIOIOHHOM POJICTBE OEIIKOB (CM. TaKKe 00-
3opsl [10, 11]).

OB'BEKTBI 1 METO/bI NUCCIIEJOBAHMUS

Baza manubix (o0 + 3)-6enkoB, copepxkarux abCd-
eIMHNIBI, C(POPMUPOBaHA C TOMOIUIBIO CUCTEMBI
cTpykrypHo# Kitaccudpukanun SCOP (http://scop.mrc-
Imb.cam.ac.uk/scop/), Bepcmst 1.73. OtbGop 6enkoB
OCYILIECTBISIIN BpyuyHyto. Becero otobpano 926 Gen-
KOB U JOMEHOB, cofiepKaiux abCd-efuHALbI, U3 HUX
401 — weromonorndubiX. C LENBLIO BBISIBIEHUS BO3-
MOXHOH TOMOJIOTUM HCIHOJIb30BAJIN IPOTrpaMMy
BLAST pns nmonapHoro BelpaBHUBaHUS (http://www.
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ncbi.nih.gov/BLAST/) [12]. Ananu3 cTpyKTyphl Oeln-
KOB TIPOBOJIIIM BU3YalIbHO C MCHOJIB30BAaHUEM IIPO-
rpamMmbl MoJieKysipaon rpaduku RasMol [13].

ITocTpoeHne cTpyKTypHOTO ipeBa MPOBOWIIM B CO-
OTBETCTBHMM C NpaBUaMH, c(POPMYINPOBAHHBIMU pa-
Hee [1-4]:

1. B kavecTBe KOpHEBOH CTPYKTYphI ipeBa Oblia
B3siTa abCd-equHuIA, KOTOPasi UMEET YHUKAIIBHYIO IIPO-
CTpaHCTBEHHYIO yKkiaaky uemu [14]. abCd-egunmia
mpefcTaBiIseT coOoil BapuaHT abcd-eMHUIBI, Xapak-
TepHOII /st 3-OelTKOB, B KOTOPOM BMECTO C-TsIKa HaXo-
mutcs o-crmpaitb C. Tsoku b u d m crmpass C Takke, Kak
u B ciaydae abed-equHuIpbl, 0Opa3yroT IpaBylO Cylep-
copasib bCd. OHaKO CTPYyKTypHOE CXOACTBO (O + B)-
0eJIKOB 3TOro Kjacca u B-0eKoB, cofgepxkanux abcd-
e[IMHULIbI, 9TUM He OrpaHMuMBaeTcs. Tak Ke Kak B
B-Genkax, B (o + B)-6enkax abCd-eMHAIIBI YacTO pac-
MOJIATalOTCsl Ha KpasiX CJIOEBbIX CTPYKTyp. MHorue
0eJIKM U JOMEHBI 3THX [IBYX KJIACCOB UMEIOT IO CYIIe-
CTBY OJJMHAKOBYIO YKJIaJKy IieTiell B IPOCTPaHCTBE, ec-
71 He IPUHIMATh BO BHIMaHUE KOH(OPMAIH 3JIEMEH-
TOB BTOPUYHON CTPYKTyphl. abCd-eguHuIIA MOKET
OBITH B JIBYX BapuaHTax — C MPSIMbIM 1 OOpaTHBIM XO-
IOM moJunenTHIHON nenw (puc. la u 16), oqHaKo, Kak
OyfieT moKa3aHo Hike, npuMepHo 77% abCd-emunuil,
OOHApy>KEHHbIX HAMH B HETOMOJIOTHYHBIX OelKax,
AMEIOT OOpaTHbINA XOof nonunentTuaHon nenu. Ilpu no-
cTpoeHnu apeBa abCd-eguHuiia, Takke Kak 1 Bce Apy-
THe CTPYKTYpHhI, NMpEACTaBlIeHa B YIPOILIEHHOM BHUJE
(puc. 18) 6e3 yka3anusi HanpaBiaeHus uenu. [Ipu atom
HOofipa3yMeBaeTcsl, YTO pa3pellleH Kak NpsIMOIi, Tak U
0oOpaTHBII X0/ LIETIN B KaXK/OM CITydae.

2. TlpucrpauBanue O-crnupajein u/umu B-Tsokei K
pacTyIuM KOPHEBOW M IPOMEXKYTOUHBIM CTPYKTYpaM
MIPOBOJWIIA MOCJIEJOBATENBHO, IIAr 3a IIaroM; IpH
3TOM KaXKIYIO CTPYKTYPY, ITOYYEHHYIO Ha IPENbINY-
LIEM 3Talle, COXPAHAIN B COCTaBE MOCIEAYIOIIEH U T.J.
Ha xaxxpgoM artame 37eMeHT BTOPHYHOW CTPYKTYpBI,
Ne 3
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PacCIONOKEHHBIN ONIUXKe APYTUX K pacTyllell CTPYKTY-
pe 1o Lenu, NPUCTPANBAJICS EPBbIM [2, 14].

3. B cooTBeTCTBHUH C IIPUHIIATIOM IIOTHOI yIakoB-
K BCC IMOJYYCHHBIC CTPYKTYPbI JOJIKHbI OBITH KOM-
IMaKTHBIMH.

4. Ilepeceuenne nepetskek [15] m o6pazoBanue
y3710B [16] 3anpereHo.

5. Bce cTpyKTypHBIE MOTHBHI (T.€. HE TOIBKO KOp-
HeBble MOTHUBBI) JOJKHbI MMETh CBOWCTBEHHYIO UM
XUPAIBHOCTH M MPOCTPAHCTBEHHYIO YKIAAKy nenu. B
(o0 + B)-Genkax Bce P-0-P-eqMHUIBI TOKHBI HAXO-
AUThCS B (popMe NpaBbIxX cynepcnupanei [14, 17].

PE3YJIBTATBI 1 OBCYXIEHUE

Ha puc. 2 npeacrasiieH ¢pparMeHT NOCTPOECHHO-
ro CTPYKTYpHOTO fipeBa. [lonHOe cTpyKTypHOE Ape-
BO 0eJIKOB, cofiepxkaiux abCd-equHub1, pa3meie-
HO Ha cepBepe MHcTtuTtyTa 6enka PAH no agpecy
(http://strees.protres.ru/). O6o3HaUeHHST [JII 9TOTO
CTPYKTYPHOTI'O Ip€Ba TOYHO TaKue e, KaK M 715l paHee
MOCTPOCHHOTO JipeBa [3-OenKoB, comepskammx abcd-
equuunbl [6]. Ha cTpykTypHOM ApeBe MOXHO Bblfie-
JIUTH HECKOJILKO YPOBHEN, B KaKJIOM U3 KOTOPBIX HaX0-
[ATCSI BO3MOZKHBIE YKIIaIKH NOJIUIEITHHON LEIH, CO-
CTOSIIE 3 OMHAKOBOI'O KOJIMYECTBA 3JIEMEHTOB BTO-
pUYHOIl CTPYKTYphl (B-TsKeil wu/uimu O-criupaseit).
DIIeMEHTbl BTOPUYHON CTPYKTYpPbl H300paskKeHbl B
YIPOIIEHHOM BHJIe: [B-TSKM CXeMATHYHO MpefcTaBie-
HBI KBaJJpaTHKaMH, O.-CIIUPAIIN — OKPY>KHOCTSIMHU; IIEpe-
TSKKW, HaIpaBlICHHbIE K HAOJIONATENIO, MOKAa3aHbI
IBOMHBIMY JINHUSIMHY, a YaJeHHbIE — OMUHAPHBIMU JIU-
HUsIMA. Bee yknaku B ipeBe NpOHyMepOBaHbl, U KaXK-
fasl YKIagKa Hend UMEET CBOI HOMEP, COCTOSILN W3
[ABYX 4YHUCEll, pa3fejeHHbIX TOUKOM. [TepBoe uncno yka-
3bIBaeT KOJMYECTBO J0oOaBNEHHBLIX K abCd-equHuiie
9JIEMEHTOB BTOPHYHOII cTpyKTYypbl. Hanpumep, yknag-
KU NIEPBOrO ypOBHS (psifa) cofepKaT ouH J00aBOY-
HBIIl 9JIEMEHT BTOPUYHON CTPYKTYpPHI (B-TsK min
O-CIIpaltb) 1 0003HAYa0TCs LU(poit 1, BToporo psia —
uudpoii 2 u T.4. Bropoe uncno o603HavaeT mopsuko-
BbIIl HOMEp YKIJIaJKH, €CJIM CYUTATh MX CJIEBA HAIIPaBO B
KaxpaoM psiay. Hanpumep, B TpeTbeM psily HaXOmATCS
Bcero 57 yKiayioK, ¥ OHU uMeroT Homepa ¢ 3.1 o 3.57.

C mpyroit cTOpoHbI, CTPYKTYPHOE APEBO UMEET He-
CKOJIbKO BETBEH. B cocraBe OgHOI BETBU yKJajKa Lie-
1, HAXOJAINasics Ha 6oJiee BLICOKOM YPOBHE, COJEp-
SKAT B ceOe YKIAJKW, PaCIlOIOKEHHbIE HIKE. Y KIIaIKu
U3 pa3HbIX BETBell cofepxkaT B cebe OffHy U Ty 3Ke
VKJIAJIKy, HAXOMSIIYIOCS B MECTe pa3BeTBiIcHus. Yem
BBIIIIE B CTPYKTYPHOM JIpEBE HAXOAUTCS TOUYKA pas-
BETBJICHUS, TEM BBIIIE YPOBEHb CTPYKTYPHOI'O CXOM-
CTBa MeXJy OelIKaMu WX TOMEHaMH COOTBETCTBYIO-
X BETBE.

CrneflyeT OTMETUTBD, YTO HEKOTOPBIE YKIAAKA MOTYT
OBITb 00pa30BaHbl HECKOJIBKIMH Pa3IMYHBIMU Iy TSIMA
U3 pasHbIX POJUTENBCKUX CTPYKTYp. DTO BbI3bIBAECT
OIpefieIeHHbIE 3aTPYIHEHNS IPH ONPEEIIEHUN CTPYK-
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TYPHOTO CXOJICTBA MEXKJly OelIkaMy WM IOMEHaMH, a
TaKxKe JIeNaeT ApeBO TPOMO3/IKIM 32 CUET MOBTOPEHUS
OTAENBHBIX BeTBe. UTOObI n36eKaTh MOTOOHBIX CUTY-
anwil, P MOJIEMPOBAHUN CTPYKTYPHOTO JpeBa Mbl
MCIOB30BANIN IMIUpUYecKuil nopxoy. OH 3akiroya-
csl B TOM, UTO CHavasa MpOBOJMIIN MOAETUPOBAHHUE BCe-
rO JIpeBa, YUMUTHIBAsl BCE TEOPETHUYECKH BO3MOKHbBIE
YKJIQJIKH ¥ Iy TH UIX POCTa. 3aTeM, €CIIU Oy YHITHCh [IBE
OIMHAKOBBIE BETBY, MPOM3OLIE/INE OT Pa3HbIX POIU-
TEJBCKUX CTPYKTYP, TOACUYUTHIBAIN 3aCEJICHHOCTh
9TUX BETBeH OeJKaMy C U3BECTHBIMU CTPyKTypamu. B
ApeBE OCTABJISUIA TOJIBLKO OfHY BETBb U3 HECKOIBKUX
OIVMHAKOBBIX, Ty, KOTOpasi UMeJa HauOONBIIYIO 3ace-
JIEHHOCTb M3BECTHBIMH CTPYKTypaMi. B GomnbimHCTBE
CIIy4aeB 3TO AAJI0 BO3MOXKHOCTB ONPEAEIUTh MPEIIO-
YTHUTEJIBHBIN MYTh POCTa CTPYKTYP.

Ipu MopienMpoBaHUU CTPYKTYPHOTO ApeBa (o + [3)-
0eJIKOB HaMHU BBEJIEHbl HEKOTOphIe orpannmyeHus. OT-
MeTHM HamnboJsiee BayKHbIe U3 HUX. BO-epBBIX, MBI HE
paccMaTpHBall CTPYKTYPhbI, COCTOAIIME U3 6osee yeM
TpeX CJI0EeB, MOCKOJBbKY MOAABIsONIee OONBIIMHCTBO
6esKOB 3TOro Kiracca (Cpey HeroMOJIOTHIHBIX — 386
u3 401) cocrositT u3 iByX (O-Cloit + [-cioit) wim Tpex
croes (0L + P + o-citon). Bo-BTOpBIX, OTHOIIICHUE KOJTU-
YecTBa OI-Cripaseil B 0-CIoe K Ynciy -Tsokei B B-cioe
HE JJOJKHO MPEBbIIATE 2 : 3 (MHaYe MOIy4aroTcsl He-
KOMIIAKTHbIE CTPYKTYpPbI — M. ipaBuiio 3). I1pu mope-
JIMPOBAaHUU CTPYKTYPHOI'O JpeBa MbI HE paccMaTpuBa-
JIM IIyTU POCTa, IPOXOJSIIUE Yepe3 TaKUe CTPYKTYPhI.

JTo ypoBHS 4eTbIpeX JOOABOYHBIX 3JIEMEHTOB BTO-
PUYHOI CTPYKTYpPBI B PEBO BKIIIOUEHbI BCE TEOPETH-
4YecKM paspeulcHHble yknaaku. Ha Oosee BbICOKHX
YPOBHSIX IMOKa3aHbl TONLKO T€ IIyTH POCTa CTPYKTYP,
KOTOpBbIE BEAYT K CTPYKTypaM U3BecTHbIX OenKoB. Ofi-
Ha U3 NPUYUH I3TOr0 COCTOUT B TOM, YTO KOJIUMYECTBO
TEOPETUIECKU BO3MOXKHBIX YKJIQ[JOK B BEPXHUX YPOB-
HSX PE3KO BO3pACTacT, U B LEJISX 9KOHOMUU MECTA Ha
APEBC NMOKAa3aHbI TOJILKO T€ BETBU, KOTOPBIE COACPXKAT
u3BecTHble Oenku. [lpyrasi mpuymMHa 3aKitodaeTcsl B
TOM, YTO 3aCCJIECHHOCTb BEPXHUX ypOBHefI HN3BECTHBIMUI
GeskaMi OBICTPO CHIKAETcs, T.€. OEJIKM 3TOro Kiacca
HUMEIOT OrpaHUYeHHbIN pa3Mep. Hanpumep, HaMu Hail-
meHo Bcero aBa 6enka (u3 401), umeromux no 9 goba-
BOYHBIX 3JIEMEHTOB BTOPUYHON CTPYKTYPBbI.

C gpyroii CTOpOHBI, aHAJIN3 APEBA OKAa3bIBAET, UTO
yailie Bcero BCTpevaroTcsl 6enku, cocrosiue n3 abCd-
eIVHUIIBI U IBYX-TPeX TOOABOYHBIX 3JIEMEHTOB (Oosee
60%), T.e. OONBIIMHCTBO OEJIKOB UMEIOT TAKOW OITH-
MaJIbHBIN pa3mep. B kauecTBe npuMepa Ha puc. 3 pe-
CTaBJICHA YKJIa[iKa, KOTOpasi cocTouT u3 abCd-equHuIbI
1 IBYX JO0ABOYHBIX 3JIEMEHTOB — O-CIIUPAJIH ¥ J-TsIKa.
OpHa ToNnbKO 9Ta yKinaaka BerpevyaeTcsd B 108 Heromo-
JormyHbIX Oenkax u3 401, T.e. HEMPONOPUMOHAIBEHO
yacTo. Becero o6HOBIEHHOE APEBO coAepKUT 286 yKia-
noK, n3 Hux 80 HaiimeHbl B 401 HeromMmoaornyHoM Oenke,
1 25% 2Trx OEJIKOB IMEIOT OfHY U Ty XK€ YKIaaKy. OT-
METUM, YTO BBICOKYIO YaCTOTy BCTPEUYAEMOCTH 3TOU
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Puc. 3. Yacro BcTpeuaemasi ykinaaka, oOHapysKeHHast B 256 Geskax u JoMeHax. a — Bup yknapku ¢ Topua. 6 — CxeMaTrnieckoe
n3o0paxeHne yKIagKku Ha nmpumepe 6enka deppenokcud (PDB-kop 1ir0).

yKJIagKy B Genkax HaOmromanu u panee [14, 18], xord
CTaTHCTHUKA ObLJIa HE CTONb BIEYATIISIFOIIAS.

Amnanmn3 OOHOBJIEHHOTO JipeBa MOKa3bIBAET TaKXkKe,
YTO OOpaTHBII X0 NoJunenTUaHon nemu B abCd-equ-
HUIAX B OeJIKax BCTpevyaeTcs 3HAUUTENBHO Yallle, YeM
npsimoit. Y3 405 abCd-equnuil, HaiiieHHbIX B 401 Hero-
MOJIOTUYHOM Oeike, 92 abCd-equHuIb UMEFOT IPSIMOi
xop uenn u 313 — o6pathbiii (77%). [IpuunHa Takoro
MIPEUMYIIIECTBA MTOKA 10 KOHIIA HE BBISICHEHA U TPeOyeT
MaJIbHEHIIero N3yYeHusl.

Kak oTMeueHO BbllIE, OJHO U3 HanOOJEee BasKHBIX
MIPUMEHEHNH CTPYKTYPHBIX IE€PEBbEB — 3TO UX UCIIOTb-
30BaHUE JISI CTPYKTYPHOU Kitaccupukamuu OEJIKOB.
Bce 6emku 1 mOMEHBI, BXOJISIIUE B COCTAB OJHOTO JIpe-
Ba, MOTYT OBbITb OTHECEHBI K OJHOMY CTPYKTYPHOMY
KJIacCy Wiy cynepceMeiictBy. benku u JoMeHbl, npu-
HaJIesKallye BETBSIM CTPYKTYPHOTO IpeBa, 06pa3yroT
noakyaccel. Kak BuHO, Takas kiaccudpukanms 6a3u-
PYeTcs TOJIBKO Ha CXOJICTBE IPOCTPAHCTBEHHBIX CTPYK-
Typ ¥ Ha OOIIHOCTHA CMOJIEIMPOBAHHBIX IyTEH CBOpa-
ynBaHUS. B Hell HE yUYNTHIBAIOTCS AMUHOKHCIIOTHBIE
MOCJIEOBATENBHOCTH, a Tak:Ke MHGOPMaLHs O (PYHK-
[IUSIX ¥ 9BOJTFOIIMOHHOM POJICTBE OEITKOB, UTO B TOW AJTH
WHOW CTETICHN YYNTHIBACTCS B [PYTMX N3BECTHBIX KIlac-
cucukanusx [7-9].

Eme ogHa o61acTh NpUMEHEHUSI CTPYKTYPHBIX Jie-
PEBBEB — 9TO M3YUYCHHUE C UX MOMOIILIO B3aUMOCBSI3U
MEKIy CTPYKTYpo# U (pyHKImeN 6ekoB. meetcst psn
SPKHX IPAMEPOB, KOrfa OeJKU C OAMHAKOBOU YKIaj-
KOM Lleny UMEIOT OMHAaKOBYIO hyHKIMIO. Tak MHOTHE
ITHK-cBsi3p1Baroyie  OeKu cofepXkaT OJUHAKOBYRO
ykiaagky B Buie THT-mMoTuBa 1 rpyNImpyroTCs B JIEBOH
BETBU CTPYKTYPHOIO ipeBa OEIKOB, COAEPKAIIUX OOl
yronk# [1, 2], a B mpaBoil BETBH 3TOrO APEeBa HAXOAATCS
Ca**-csi3biBaroriue 6esiku, umerorue EF-mapbI cipa-
neil. benku, copepxamume OB-¢omnf, IMEIOT CTPOryro
TEHACHLIUIO CBSI3bIBATh OJUTOHYKJICOTH/bI U OJIUrOca-
xapupsl [19] (cM. TaksKe COOTBETCTBYIOIYIO BETBb JIpe-
Ba OEJIKOB, cofiepKaiux S-oopasubie B-muctel [4]). B

MOJIEKYJISIPHAS BUOJIOT'UA

ToM 43  Ne 3

2009

HEHTpaJIBLHON YacTu fpeBa (oL + [3)-6enkoB, coepka-
mmx abCd-epuaniel, rpynmmapyrorcst PHK-cBs3biBaro-
mue 6enku (puc. 2, cM. Takxke [14, 18]). Ognako aHanus
MOKAa3bIBAET, YTO ropasfo vaie HadIropaeTcs "oopat-
Has' KapTuHA: OENIKU, MMEIOILIUE CXOXHUe WIH Jaxe
OJITHAKOBBIE YKJIAJIKY [IETN, UMEIOT pa3Hble (DYHKIMH
(cM., HarTpUMep, YKIIAAKY, MPEfICTaBIEHHYIO Ha puc. 3),
a 06eJIKd, UMEIOIIMe OfMHAKOBbIE (DYHKIUW, UMEIOT CO-
BEpIIICHHO pa3Hble YKIIAJKY IIeTN W IPIHAMTIEXAT pa3-
HBIM CTPYKTYpPHBIM Kiaccam. Ilo-BugumMoMy, 3TO CBS-
3aHO C TeM, 4TO (PyHKIMs OeKa OommpefieisieTcs He
TOJILKO OOIIEl YKIaAKOil en# (4TO, COOCTBEHHO, ITPH-
HUMaeTCcsl BO BHUMaHUE MTPU MOCTPOSHUH CTPYKTYPHBIX
[EPEBBLEB), HO U B 3HAUUTENHLHON CTETIEHU 3aBUCHUT OT
TOHKOH CTPYKTYpbl O€lKa M OCOOEHHO OT TOHKOWM
CTPYKTYphI aKTHBHOTO IieHTpa. C Apyrofl CTOpPOHBI,
aHaJu3 CTPYKTYPHBIX IEPEBbEB U CTPYKTYPHBIX MOTH-
BOB IIO3BOJISIET CENIaTh BLIBOJ, O TOM, UTO B OCHOBE
CXOJICTBa OEJIKOBBIX CTPYKTYP JIEXKUT HE IBOIIFOIMOH-
HOE POJICTBO OEJIKOB U HE OOIIHOCThL (PYHKIUU, a 00-
e (PU3NKO-XUMIUIECKIEe 3aKOHOMEPHOCTH, KOTOphIE
“oTOUparoT”’ HanboJee BHITOTHbIE YKIAAKN TOJHIE-
TUgHOI nenu [1-5].

Ha ocHOBe OOHOBNIEHHOT'O CTPYKTYPHOTO [ipeBa Ha-
MU CO3JIaHa HepapXuyecKu OpraHn30BaHHas 6a3a JjaH-
HBIX BCeX OOHApYKEeHHbIX HamH (0L + [3)-0esIKOB, copiep-
>kamux abCd-enuHuipl, KoTopas foctynHa B MiHTepHe-
te (http://strees.protres.ru/). WEB-caiiT Bkitouaer B
ce0sl: CTpaHullbl C KEPAPXUIECKU OPraHU30BaHHOM Oa-
301 [JAHHBIX OEJIKOB [aHHOU TIPYIIbI, CTPYKTYPHOE
IPEBO C HAHECEHHBIMU Ha HETO YKJIaJKaMHU, BCTPEYaro-
IIIMUCS B CYIIECTBYIOIIMX OeiKaX, CTPAHWIy C WH-
CTpyKIMeN sl oOneryeHus: paboThl ¢ 6a30i JaHHBIX,
cHCTeMy NIOMCKa HY>KHOro 6enka o BeefeHHomy PDB-
konay u PDB-¢aiiner 6enkoB. CTpaHUIbI JTOTHIECKH
CBSI3aHBI JIPYT C IPYT'OM C IOMOIIIbIO KOHTEKCTHBIX I1e-
pexonoB. MoxHo 3arpy3uts PDB-daiiel Bcex copep-
XKammxcsl B 6a3e maHHBIX OeJIKoB (Bcero 2636 PDB-
¢haiinos gt 926 GenKoB U UX MyTaHTOB) U IOCMOTPETH
X C TOMOIIBIO JIOOOH TPOrpaMMbl MOJIEKYIISIPHOM
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Orengo C.A., Michie A.D., Jones S., Jones D.T., Swind-
ells M.B., Thornton J.M. 1997. CATH - a hierarchic
classification of protein domain structures. Structure. S,
1093-1108.

Day R., Beck D.A.C., Armen R.C., Daggett V. 2003. A
consensus view of fold space: Combining SCOP, CATH
and the Dali Domain Dictionary. Protein Sci. 12, 2150—
2160.

rpadukn. Ha WEB-caiiTe focTynHbl Takke CTPyKTyp- 9.
HOE JIpeBO /st Kiacca -GenkoB, copepskamux abed-
€IMHULIBI U COOTBETCTBYIOIIAS UEPAPXUYECKU OpraHu-
30BaHHas 0a3a JlaHHBLIX. B Hacrosiee BpeMs BegeTcs
paboTa mo co3faHuio 0a3 JaHHbIX U MOCTPOEHUIO 00-
HOBJIEHHBIX CTPYKTYPHBIX JC€PEBLEB APYTUX CTPYKTYP-
HBIX KJ1accoB. Bce cTpykTypHbIe AiepeBbs U 6a3bl JaH-
HBIX OyayT focTynHbl B IHTepHETE.
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