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Cospnana 6a3a qaHnbIX [}-6ekoB, cogepxamux abced-equHunpbI, KOTOPast BKIOYAeT B ce6s1 528 Genkos u3
Banka Genkossix Janubix (PDB), B Tom uncne 244 neromonornunsix (BoiGopka u3z 1511 PDB-gaiinos).
IocTpoeno 00HOBIEHHOE CTPYKTYPHOE IPEBO 1A 0EJIKOB 3TOro Kiacca, cogepxamee 153 Bo3MoxHbIe
yKJIagku nojmnentuanoi nenu. Ha ocnoBe nocrpoennoro gpesa pa3paéorana coBpeMeHHasi CTPYKTYpHast
Kknaccnukanus P-6enkos, conepxamux abced-equnnnpl. Bes nndopmanus o 6ase JaHHBIX, a TaKKe
CTPYKTYypHOE apeBo qocrynnbl B nTepuere no agpecy: http:/strees.protres.ru/.

Karueebie caoea: mopennpoBanne, Kiaccuukanus, cBOpaunBaHue G(eJIKOB, CTPYKTYPHbIi MOTHB,
CTPYKTYPHOE CXOJCTBO.

NOVEL STRUCTURAL TREE FOR B-PROTEINS CONTAINING abced-UNITS, by A. B. Gordeev,
M. S. Kondratova, A. V. Efimov* (Institute of Protein Research, Russian Academy of Sciences, Pushchino,
Moscow Region, 142290 Russia; *e-mail: efimov@protres.ru). A database of 528 B-proteins and f3-do-
mains containing abcd-units (among them 244 are nonhomologous) has been compiled from the Protein
Data Bank (total 1511 PDB entries). A novel structural tree for this structural class of proteins that is
composed of 153 possible polypeptide chain folds has been constructed. The structural classification of
B-proteins containing abcd-unit based on the structural tree has been developed. Both the database and

the structural tree are accessible at the web-site (http://strees.protres.ru/).

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

CTpyKTypHOE [pEBO OGENKOB — 3TO COBOKYITHOCTD
BCEX pa3pEIICHHBIX IMPOMEXYTOYHBIX M KOHEYHBIX
IIPOCTPAHCTBEHHBIX CTPYKTYP, KOTOPBIE MOT'YT OBITh
MOJyYEeHbl U3 OTHON KOPHEBOH (CTapTOBOM) CTPYK-
TYPBI IIyTEM IIOCIIEAOBATEBHOIO IIPUCTPAaNBaHus K
HEM IPYTUX 3JIEMEHTOB BTOPUYHON CTPYKTYPBI B CO-
OTBETCTBHU ¢ HAOOPOM IPABWII, BEIBEJJCHHBIX U3 W3-
BECTHBIX IPHHIUIIOB CTPYKTYPHOM OpraHW3anun
OenkoB. B kauecTBe KOpHEBOI CTPYKTYPHI ipeBa Oe-
peTcsl COOTBETCTBYIOIINIA CTPYKTYPHBIA MOTHUB, UMeE-
FOIIMI YHUKAJIBHYIO YKJIA[Ky LN B IPOCTPAHCTBE.
Bo3MoxHBIE IIyTH pOCTa CTPYKTYP IMOKA3bIBAIOTCS
JIMHUASMH, KOTOPbIE B UTOT€ OO bEJUHSIOT BCE CTPYK-
TYPBI B OHO IPEBO.

IlepBble BapuMaHTBI CTPYKTYPHBIX [IEPEBBEB IIO-
ctpoensl okono 10 net Hazap [1-4]. 3a aTo Bpewms cy-
LIECTBEHHO BBIPOCIO KOJUYECTBO paciingpoBaH-
HBIX CTPYKTYp B baHke OenkoBbIX flaHHbIX (Protein
Data Bank). Tak, Hanpumep, B cOCTaB CTPYKTYPHOT'O
npesa -6enKkoB, cofepsKaimx abcd-eUHAIBI, BapH-
anta 1997 r. [2] BXOAWJIO OKOJIO COPOKA M3BECTHBIX
OEKOBBIX CTPYKTYP, @ K HACTOSIIIEMY BPEMEHHU MbI
cobpanu 6a3y JaHHBIX 13 528 GEITKOB U JOMEHOB 3TO-
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ro kjacca. OTO NPEHONpPENeiuiIo HeOOXOAUMOCTD
MOCTPOEHUs] OOHOBJIEHHOI'O CTPYKTYpHOTO JpeBa
[Jis 9TOro Kiacca 6enkoB. IlocTpoenne u aHanus 00-
HOBJICHHOI'O Jp€Ba IO3BOJISIET UCCIENOBATh HOBBIE
IIyTU POCTa CTPYKTYP, BECTHU IIOUCK HOBBIX CIIOCOOOB
YKJIIAJKK TMOJUNENTHAHON LENN B IPOCTPAHCTBE, 00-
Hapy>XMBaTh HOBbIE 3aKOHOMEPHOCTH B OEJIKOBBIX
CTPYKTYpax M C y4ETOM BCETO 3TOT0 MOAEPHU3HUPO-
BaTh IPaBWJIa MIOCTPOEHUSI CTPYKTYPHBIX [I€PEBLEB.
Pemenuto aTux 3ajady M IOCBsIIEHA HacTOALLAs
pabora.

OB'BEKTBI 1 METO/AbI UCCIIEJOBAHUA

Basy manubix B-GesnkoB, cofgepskariux abcd-equ-
HUIBI, CO3[laBajid C TIOMOIIBIO CUCTEMBI CTPYK-
TypHoii knaccudukanun SCOP (http://scop.mrc-Imb.
cam.ac.uk/scop/). Ot6op GETKOB OCYIIECTBISIIN
BpyuHyto. Bcero oTo6pano 528 6eKOB W TOMEHOB,
coiepxamux abcd-eUHUIBI, U3 HUX HETOMOJIOTHY-
HbIX — 244. ITporpammy BLAST p1s1 nonapHoro Bbl-
paBHuBanus (http://www.ncbi.nih.gov/BLAST/) wuc-
MOJIB30BAJIU TSI BBISIBIICHUS] BO3MOXKHOI TOMOJIOTHH.
AHanu3 cTpyKTypbl OEJIKOB IPOBOAMIN BU3YaIbHO C

'
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Puc. 1. Cxematuyeckoe uzobpaxeHue abcd-equHuUIb C
npsiMbIM (a) 1 06paTHBIM (6) HanmpasienueM uenu. B-Ts-
KM TIOKa3aHbI B BUJIE CTPEIIOK, HAPABICHHBIX OT N- K
C-koH1aM. 8 — Bujt abcd-eguHuIbI ¢ TOpLA, B-TSIKU H300-
pakeHbl KBapaTHKaMU; MEPETSKKU, HAPaBICHHbIE K
HaGTIOIaTeN 0, TOKa3aHbl IBOMHBIMA JIMHUSIMH, a yja-
JIeHHble — OlUHApHbIMU NUHUSAMHU. BykBamu a, b, ¢ u d
0003HaYEHbI COOTBETCTBYIOIIHE B-TSIKU.

WCIOJB30BaHUEM TPOrpaMMbl MOJIEKYJSIPHOHN Tpa-
¢uxu RasMol [5].

ITocTpoeHmne cTpyKTYpHOTO fipeBa NMPOBOAWIN B
COOTBETCTBUU C paHee chOpPMYIUPOBAHHBIMHU PABU-
namu [1-4]:

1) B KauecTBe KOPHEBOH CTPYKTYypbl JpeBa HC-
nonb30BaHa abcd-eguHMIA, KOTOpasi, KaK M3BECTHO
[6], mMeeT YHUKAIBHYIO MPOCTPAHCTBEHHYIO YKJIIaf-
Ky nenu. IIpocreiimmii BapuaHT abcd-eguHHIBI CO-
CTOWT M3 YeThIPEX CIEAYIOMIUX APYT 3a APYTOM BIOJIb
nenu B-TseKeit a, b, ¢ u d, Tpu U3 KOTOPHIX (a, b, u d)
JexaT B OJHOM CJIO€, a YeTBEPThIA (C) — B IpyroM
cnoe. Tsxu b, ¢ 1 d 06pa3yroT npaByo cynepcnupalib
bed. abed-eguHnna MOXXeT OBITH B IBYX BapHaHTax —
C IPSIMBIM ¥ OOPATHBIM XOJIOM MOJMNENTUHON IIeTIH
(puc. la un 16). [1pu nmoctpoennn npesa abcd-equam-
1ja, TaK e, Kak 1 Bce ipyrue CTpyKTyphl, IpecTaB-
JIeHa B YIPOILEHHOM BHjie (puc. 16) 06e3 yKa3aHus Ha-
npasieHus uenu. [Ipu sToMm mogpasymeBaeTcs, 4TO
pa3pelleH Kak NpsMoM, TaK U OOpaTHBIN XOJ LIeTH B
KaXKJJOM ciy4ae;

2) mpucTpauBaHuE APYrux P-TsKeill K pacTyIuM
KOPHEBOH ¥ IPOMEXYTOUYHBIM CTPYKTYpaM NPOBOJIN-
JIM IOCTIEIOBATENBHO, IIAT 32 II1aroM; IpH 3TOM KaxX-
[asi CTPYKTYpa, OJyYeHHasl Ha MPebIAYyIIeM JTare,
COoXpaHsjlach B cocTaBe nocnepyromeid u T.0. Ha
KaXKJIOM 3Tarne [-TsiXK, pacroIOKeHHBI OInXKe Ipy-
I'UX K pacTyIlei CTpyKType IO LenH, IPUCTPanBaics
MepBbIM [2, 6];

3) B COOTBETCTBUHU C NPUHIMIIOM IJIOTHOW yHa-
KOBKH BCE IIOJIyYE€HHbIE CTPYKTYPbI HOJKHBI ObIThH
KOMIaKTHBIMH;

4) mepeceueHne mnepeTskek [7] m obpazoBaHUe
y3710B [8] 3anpenieHo;

5) Bce CTPYKTYpHBIE MOTHBHI (T.€. HE TOIBKO KOP-
HEBbIE MOTHBBI) JJOJLKHBI UMETH CBONCTBEHHYIO UM
XMPANBHOCTh ¥ MPOCTPAHCTBEHHYIO YKIIAJKy LENH;

6) B IByXCIIOMHBIX [-OesiKax TPH MOAPS/] UAYIIUE
1o nenu -TsKa He TOJKHBI 06pa3oBbiBaTh —L—f3-
cynmepcnupainb, B KOTOPO# MEPBbIN M TPETHI [B-TSKI

MOIJIEKYIISAPHAA BUOJOI'UA

T'OPOEEB u ap.

HEMOCPEICTBEHHO B3aUMOJICIICTBYIOT JIPYT C IPYroM
¢ 00pa3oBaHueEM MapajuielbHoi B-cTpyKTyphI [2, 6].
O6pa3zoBaHue Cylnepcnupaity TpeMs MOAPSI UAYIIIMI
B-Ts>kamu pa3perieHo, eciii B 3-cltoe MeKIy MepBbIM
¥ TPETHUM TsKaMy HaXOJIUTCS, TIO KpaiHel Mepe, elre
OJIMH TSDK (HampuMep cynepcnupaib bed u a-TsK B ab-
cd-equaune). Kak mokazaHo B fgaHHO# pabote, 3TO
MIPaBUIIO XOPOIIIO cpabaThIBaeT MPU MPUCTPANBAHUN K
abcd-enuanne O6mmkHUX 3—4 TsKell W HapylIaeTcs
(mpubnu3utenbHo B 25-30% ciyvyaeB) Mpu 3aBeplie-
HUU POCTa CTPYKTYP, KOTJ[a IPUCTPANBAIOTCS TSATHIM,
[IECTON WITH CENBMON B-TSIKU.

PE3YJIBTATBI 1 OBCYXIEHUE

Ha puc. 2 npepcrasieH (pparMeHT TOCTPOSHHOTO
CTPYKTYpHOTO nipeBa. [lomHOE CTPYKTYpHOE IPEBO
OEJIKOB, cofiepKallux abcd-eIMHULIBI, pa3MEIIECHO Ha
cepBepe Uncturyra 6enka PAH mno appecy (http://
strees.protres.ru/). Kak BUTHO, B CTPYKTYPHOM JpeBe
MOXHO BBIICJINTH HECKOJIBKO YPOBHEN Wi psioB. B
KaXJOM YpOBHE (psily) HaxofdaTCs BO3MOXKHBIE
YKJIAJIKA MOJMIIETITUTHON LENH, COCTOSIIINE U3 Of-
HAKOBOTO KonnvecTBa -Tsekeil. Bee ykmanku B ipe-
BE NPOHYMEPOBaHbI, U KaxK/as yKJIagKa Leny uMeeT
CBOWl HOMED, COCTOSIIIAN U3 [ABYX UUCEIN, pasfesieH-
HbIX TO4YKoN mwiu tupe. [lepBoe umcno ykas3bIBaeT
KOJINYECTBO JOOABIECHHBIX K abcd-enuuuie B-TsKeit.
Hanpumep, ykiagku nepBoro ypoBHs (psiia) coaep-
KaT OAMH J00aBIEHHBbIN P-TSK W 0003HAYAIOTCS
uudpoi 1, BToporo psaga — mudpoit 2 u T.1. Bropoe
yucno 0603HaYaeT NOPSAKOBLIN HOMED YKIIA/IKH, ec-
JM CYMTATh UX CIeBa HalpaBo B KaxjaoM psapy. Ha-
IpUMep, B YETBEPTOM Psly HaXOfATCs BCEro
36 ykiaiok, 1 OHU UMeIOT HoMepa ¢ 4—1 o 4-36.

C ppyroil cTOpoHbI, CTPYKTYPHOE APEBO UMEET
HECKOJIbKO BeTBeil. B cocTaBe offHOI BETBH yKJIaiKa
LelH, HaxofsIlasicss Ha Ooyiee BLICOKOM YPOBHE, CO-
NEepXUT B cebe yKJaIKu, PacHOJIOKEHHBIE HILXKE.
YKJaKu U3 pa3HbIX BETBEH cofepxKaT B ceOe OfiHy U
Ty XK€ YKJIafKy, HaXOJsIIylocsi B MECTe pa3BeTBIIe-
Husl. UeM BbIIIE B CTPYKTYPHOM ApEBE HAXOAUTCS
TOYKA pPa3BETBICHHUS, TEM BbIIIE YPOBEHb CTPYKTYP-
HOTO CXOJ[CTBA MEX/Y OeJIKaMy WK JOMEHAMHU COOT-
BETCTBYIOIIIUX BETBEH.

Bcero o6HOBEHHOE fipeBO cofiepKuT 153 ykmnan-
ku. JIo ypoBHs msiTh [OOABOYHBIX B-TsiKeil B IPEBO
BKJIFOYECHBI BCE TEOPETHUECKU pa3pelIeHHbIe YKIIajI-
ku. Ha Gonee BBICOKHMX YPOBHSIX MOKa3aHbI TOIBKO
Te MyTH POCTa CTPYKTYP, KOTOPbIE BEAYT K CTPYKTY-
paM m3BeCTHBIX O6enkoB. OfHA U3 TNIaBHBIX IMPUYNH
9TOr0 COCTOUT B TOM, UYTO OEJIKW U JOMEHbI IMEIOT
OTpaHMYCHHBIN pa3Mep, W OOoJbIIasi 4acTh OEIKOB
aToro kinacca (~75%) cocrout u3 abcd-eguHunbI 1 3—
5 poGaBouHbIx B-Tskeit. [Ipyrasi IpHYMHA — B TOM,
YTO KOJMYECTBO BO3MOXHBIX YKJIAIOK B BEPXHUX
YPOBHSIX pe3KO BO3PACTAET, U B IEJISIX 9KOHOMHUH Me-
CTa Ha peBe MOoKa3aHa TOJIbKO YacThb U3 HUX. TeMm He
MeHee Jake B TaKOM Bujle OOHOBIIEHHOE JIPEBO CO-
Ne 2
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Puc. 2. ®PparMeHT CTPYKTYPHOrO fipeBa -6esKOB, cofepxaiiux abed-euHuipbl. Bee CTpyKTYpbl OpUEHTHPOBAHBI OJHHAKO-
BbIM 00pa30M, 1 MOKA3aH UX BUJI C TOPIIA, KaK Ha PUC. 16. YKIaAKK [ieNy, HalifIcHHbIE B OelIKaX, OOBE/IEHbI B PAMOYKH.

HEP>KUT B HECKOJIBKO pa3 O60JIbliIe BO3MOXKHBIX YKIIa-
IOK, YeM TIepBBINl BapwaHT apeBa (153 ykmagku mo
CpaBHEHUIO ¢ 36 B IepBOM BapuaHTe [2]), 1 ToUYTH Ha
NOPSIIOK OOJbIle W3BECTHBIX OEJNKOB M JOMEHOB
(528 0enkoB no cpaBHeHuto ¢ 40 B IepBOM BapHuaH-
Te). Ha OOHOBIEHHOM JpeBe NPE[CTaBICH TaKXe
PSIL HOBBIX IyTEH poCcTa MPOMEXKYTOUYHBIX CTPYKTYP,
KOTOpbIE€ MPHUBOAST K HOBBIM TUIIAM YKJIAOK LIETIH.
MuTepecHo oTMeTuTh, 4TO M3 18 yKiIamok Uemu B
[IEpBOM BapHaHTe fipeBa [2], KOTOphle HE ObLIN B TO
BpeMsi OOHapyxXKeHbl B Oenkax, 7 yKIaloK ceiyac
HalJIcHbl B U3BECTHBIX CTPYKTypax OenkoB. Takum
00pa3oM, IpaBIWIIBHO NPEACKa3aHbl, 0 KpaHed Me-
pe, 7 HeW3BECTHBIX B TO BpeMs YKJIA/IOK LIETIH.

AHanm3 CTPYKTYpPHOTO ApeBa MO3BOJISIET UCCIIe-
JOBaTh Impouecc “co3peBaHusy”’ OEIKOBON TIO0YIIbI
WU IOMEHA W, MPEXK/e BCETO, BHISICHUTH MPUINHBI
MpeKpaleHnss pocta cTpykTyp. Kak oTmeuanock
BBIIIIEe, OEJIKU ¥ TOMEHBI IMEIOT OTPAaHNIEHHBIN pa3-
Mep, U HaOmropaeTcs: 6obliie Bcero OENKOB U JOMe-
HOB C 4YeThIpbMS JOOABOYHBIMU [-TsixKamMu (OKOJIO
37%, ecau IpUHAMATH BO BHIMaHUE TOJIBKO HETOMO-
noruyHble Oenku). HaceneHHOCTh GekamMu APyrux
yYpOBHEl fpeBa OBICTPO CHIKAETCS, W HAMH HallieH
Bcero ouH Oellok (13 244), nveronuii 8§ 060aBOYHBIX

MOJIEKYJISIPHAS BUOJIOT'UA
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B-Tsekeit. Takum 06pa3oM, “3peliblil” GEIOK WU TOMEH
JTOJIKEH COCTOSITh M3 ONTHMAIIBHOTO YHcia B-TsKeil.

C gpyroi#i CTOpOHBI, HaMH OOHAPYKEHO, YTO HaPy-
LIEHUs] TPaBUJI IPUCTPAaNBaHMs 3JIEMEHTOB BTOPHUY-
HOH CTPYKTYpPHI K pacTyLIM CTPYKTypaM HaOmrona-
FOTCs, KaK IPaBUJIO, HAa IOCIENHUX ITalax pocra
cTpykTyp. Hampumep, mpasuno 6 HapymaeTcs B
20 Oenkax ¥ IOMEHAX, OTHOCSIIUXCS K 7 pa3IU4YHbIM
yKJaikaM, U BO BCEX CIIy4asX 3TO MPOUCXOAUT IPH
3aBEpILIEHNU POCTa CTPYKTYp. AHAJIOTMYHO, JIEBbIE
BoB-equnnnbl (Kak OpaBUIlo, OHU MpaBbie) B O/f-
Oenkax Tak:Ke oOpa3ylOTcs Ha IOCIEJHUX 3Tamax
pocTa 3TuX 6enKOoB iu foMeHoB [2]. [To-BugumMomy,
Takue “HapylleHUs” SIBJISIFOTCS OJHUM U3 COOCOOOB
OCTAHOBKHU pocTa CTPyKTyp. OfHAKO MOHSTHO, 4TO
aTa npobieMa TpeOyeT AaJbHENRIIEro N3yYeHHs.

OpHo n3 HanboJee BaKHBIX MPUMEHEHHUH CTPYK-
TYPHBIX JIEPEBBEB — 3TO HUX HUCHOJb30OBaHHWE [JIs
CTPYKTypHOU Kiaccudukanmm 6enkoB. Bece 6enku u
JIOMEHBI, BXO[SIIUE B COCTaB OfHOI'O ApeBa, MOTYT
OBITh OTHECEHBbI K OJHOMY CTPYKTYPHOMY KJaccy
WM cynepceMmenicTBy. benku u momeHsl, npuHajie-
Kallle BETBSIM CTPYKTYPHOI'O ipeBa, 00pa3yroT Noj-
kJaccel. Kak BuiHO, Takast Knaccudukanus 6a3nupy-
€TCsl TOJIBKO Ha CXOJICTBE MPOCTPAHCTBEHHBIX CTPYK-
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TYyp U Ha OOIIHOCTH CMOJECIUPOBAHHBIX NyTeH
CBOpauMBaHus. B Hell He yUYUTHIBAIOTCS aMUHOKMC-
JIOTHBIE TIOCENOBATEIFHOCTH, a TakKxke mHGOopMa-
st O (PYHKIUSIX ¥ SBOJIOIMOHHOM POJICTBE OEIIKOB,
YTO B TOW WJIV MHOW CTETICHN YUIATHIBACTCS B IPYTUX
M3BECTHBIX Kitaccupukanmsx [9—11].

Ha ocHOoBe OOHOBJIEHHOIO CTPYKTYPHOTO ApeBa
HaMH CO3JjaHa MepapXU4ecKd OpraHM30BaHHAs 0as3a
MaHHBIX BCexX [3-0eJIKOB, coiepKariux abcd-euHuIbI,
koTopast pmocrynHa B Wuteprete (http://strees.pro-
tres.ru/). C TUTYJIbHO CTPAHUIIBI CaiiTa MOKHO NIepeii-
TH Ha CTpaHMIbI ¢ pparMeHTaMH CTPYKTYPHOIO Jipe-
Ba WJIM BOWTHU B CHUCTEMY ITOMCKA HY’KHOT'O OejKa Io
PDB-kony. CTpaHuIbl JIOTUYECKH CBSI3aHBI APYT C
APYTrOM C TOMONIBIO KOHTEKCTHBIX IepexofioB. MoxkK-
Ho 3arpy3uthb PDB-daiinbl Bcex copepkatmuxcs B 6a-
3e gaHHbIX 0enkoB (Bcero 1511 PDB-daiinos pist 528
OEJIKOB M MX MYTaHTOB) W NMOCMOTPETh UX C MIOMO-
B0 0001 MPOTPaMMBI MOJIEKYIISIPHON TpauKu.
Ins obsmeryeHust paboThl ¢ 0a30i TaHHBIX UMEETCS
CTpaHMIIA C HHCTPYKIHUEN.

B nacrosmee Bpems BepeTcss paboTa 1o cospa-
HUIO 0a3 JaHHBIX M IIOCTPOEHHIO OOHOBIIEHHBIX
CTPYKTYPHBIX I€PEBBLEB JPYI'UX CTPYKTYPHBIX KJjlac-
coB. Bce cTpykTypHble iepeBbs U 0a3bl JaHHBIX OY-
AYT ROCTYyNHBI B MIHTEpHETE.

Pa6oTa BeinonHena npu noaaepskke Poccuiickoro
¢onna dyrgamenTanbHbix uccaegoBanuii (07-04-
00659).

10.

11.
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