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BbinosiHeH cTepeoxXuMUuecKHii aHAIN3 0eJIKOB, conep:Kamux fB-p-mmuibku ¢ S-S-moctukamu. Co3nana 6a3a
JIAHHBIX TAKUX 0€JIKOB, BKiI0Yaromasi B ceds 428 daiinos u3 banka 6eakossix 1anubix PDB. Beero B Heromo-
JIOrmYHbIX Oekax HaiineHo 390 fB-p-mmuiek, 3aMKHYTBIX B HUKJIBI S-S-mMocTukamu. B 118 mmmabkax S-S-
MOCTHKH 00Pa30BaHbI MEKIY HMCTENHAMH, PACTOJIOKEHHBIMA HANPOTHB JIPYT IPyTra B coceqHUX P-Tskax. 3
Hux 110 sBasioTcs JieBbIMU B-f-mMnmuiIbKaMu, eCJid CMOTPEThb CO CTOPOHbI S-S-MOCTHKOB, U TOJIbKO 8 — mpa-
BbIMH. B 272 mmunbkax S-S-MOCTHKY HAXOAATCA MEKIY HMCTEMHAMHU, OMH U3 KOTOPBIX PACMOJIOXKEH B B-Ts-
Ke, a Ipyroii B neTie, NpuMbIKaomei K f-f-mmiiske 160 ¢ N- (84%), oo ¢ C-konna (16%). I1pu aTom B
NOJABJIAIONIEM OOJIBIIMHCTBE CJIyYaeB yYACTOK MOJUNENTHIHOM IeNH, 3AMKHYTbIi B UK S-S -MOCTHKOM, 00-
pa3yeT B MPOCTPAHCTBE BUTOK JIEBO# CYyNepPCIUPAIH.

Karoueente caosa: 6enku, -1, f-noBopoT, KondopMaims, cTepeoXuMnIecKHii aHAIN3, XUPAJIbHOCTD.

STRUCTURE OF B-p-HAIRPINS CLOSED INTO CYCLES BY S-S-BRIDGES, by E. V. Brazhnikov, A. V. Efi-
mov* (Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region, 142290 Rus-
sia, *e-mail: efimov@protres.ru). In the present study, a stereochemical analysis of proteins containing f3-p-
hairpins closed into cycles by S-S-bridges has been performed. A database of these proteins has been compiled
from the Protein Data Bank (total 428 PDB entries). 390 -B-hairpins closed into cycles by S-S-bridges have been
found in non-homologous proteins included into the database. Analysis showed that 118 hairpins contain S-S-bridges
formed by cysteins located opposite to each other in the neighboring -strands. Among them, 110 hairpins are left-
turned and 8 B-hairpins are right -turned when viewed from the same side where S-S-bridges are located. In the other
group of 272 B-hairpins, the S-S-bridge is formed by two cysteins one of which is located in the p-strand and the other
in the loop juxtaposed to the -hairpin at the N- (84%) or C-terminus (16%). As shown, in most cases the loop-hair-

pin region closed into a cycle by the S-S-bridge formes a turn of a left-handed superhelix.

Key words: proteins, p-strand, p-turn, conformation, stereochemical analysis, handedness.

BBEJIEHWE

[-B-mmuibpka — 3TO CTPYKTYpHBII MOTHB, 00pa3o0-
BaHHBII ABYMST COCEITHUMMU TIO TIETIH 3-TsKaMu, KOTO-
pBIe CJIOXKEHBI caMM Ha cebs1 1 00pa3yloT aHTHITapai-
JIETBHYIO [-CTPYKTYypY. [-B-IIMUIBKM IMIMPOKO pac-
MpOoCTpaHeHBI B OelKax M BCTpedyaloTcsd KaK B
W30JIMPOBAaHHOM BUIE, TaK M B COCTaBE MHOTOTSIKE-
BBIX 3-JIUCTOB. 3-B-TITMMIBKY MOTYT OBITH IPABBIMU U
JIEBBIMH, €CIIM CMOTPETh Ha HHUX C OTHOW CTOPOHBI
(HarmpuMep, co CTOPOHBI TUAPODOOHOTO s1apa). B mpa-
BBIX IIMTMJIbKAaX BTOPOM TTO IIETH TSDK pPacIioaracTcs
CIIpaBa OTHOCUTEILHO MepBOTo (pUC. 1a), a B IEBBIX —
cieBa (puc. 16). [Ltockue B-B-1ImuTbKy BCTpeYaroTCst
penko, u B 0eIKax OHM TaK ke KaK OOJBIIMHCTBO [3-
JINCTOB CKPYYEHBI ¢ 00pa30BaHUEM ITPaBOIIPOITEIUIep-
HOI cTpYKTypHI [1]. MHOTME B-B-1muibku B 6emKax
CKPYYMBAIOTCSI M M3TMOAIOTCS OYEHBb CHJIBLHO, 4YTO
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NPUBOAUT K 00pa30BaHUIO CBOEOOpA3HOW HBOMHON
CMIMpaiy, UMEIOIIC BOTHYTYIO U BBITYKJIYIO TTOBEPX-
HocTu. Takme HBOWMHBIE CyNEpCIMpaid 00pa3yloTcs
BCerJa MpaBbIMU INMMWIBKAMU, €CIU CMOTPETh C BO-
THYTOI CTOpOHHI [2]. JmmHHBIE B-B-1IMIIBKA MOTYT
CJIOXXUTBCSI cCaMU Ha cebst , 00pasys B-[-yroyok, u Ta-
KHe IIMWJIBKA — TOXKe MpaBble, €CJTU CMOTPETH CO CTO-
POHBI BOTHYTOM ITOBEPXHOCTH [2].

B Hacrosiieii padoTe Mbl IPOBEIN aHAJIU3 CTPYKTY-
pbl B-P-1muiaex, 3aMKHYTBIX B LIUKJIbI S-S-MOCTHKa-
mu. Okazajaoch, 4TO TTOAABIISIONICE OOJBITMHCTBO
IIMWIEK, B KOTOPBIX S-S-MOCTHMKM 00pa30BaHbI LIUCTE-
NMHaMH, pacCIiOJIOKEHHBIMHW B COCCIHMX ﬁ—Tﬂ)KaX Ha-
IIPOTUB JIPYT Apyra, SBJISIIOTCH JIEBBIMM IIITUJIBKAMU,
€CJIM CMOTPETh Ha HUX CO CTOPOHBI S-S-MOCTUKOB. Ec-
JIM K€ S-S-MOCTUKM HaxOAsATCS MEXMIY LUCTeMHAMMU,
OJIMH U3 KOTOPBIX HAXOIUTCS B 3-TsLKeE, a APYTOU B TIET-
Jie, TIpUMBIKAoLIei K mmuibKe ¢ N- uinn C-KoH1ia, TO
B TAKUX CTPYKTYPax y4yacTOK LIETH, 3aMKHYTBII B LINKJI
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Puc. 1. Cxematuyeckoe n3o0paxeHre npaBoit (a) U JeBoit (0) B-LImuiek, JIeBoi B-1UMUIbKU, 3aMKHYTOM B LIUKJT S-S-MOCTUKOM
MeXIy B-Tskamu (8), a TaKXKe JIEBBIX cylepcrupaneil, 06pa3oBaHHBIX -IIMUIbKAMKA U TIETISIMU, TTPUMBIKAOIINMU K
HuM ¢ N-KoH1a (¢) uinu C-koH1a (d). Boobpaxkaempble 0CH BpallleH!sI B CYTIepCITMPaIsiX TTOKa3aHbl CTEPKHIMU, B-TSDKU — CTpesi-

KaMHu.

N

7] 8

Puc. 2. ®parMeHT TUIOCKOW aHTUTMTApAJJICIBHOM B-CTPYKTYpPBI, COCTOSIIIEH U3 OBYX B-TsoKeit (a), v mpuMepsl JieBoit (6, PDB
kon 1PDK, yuyacrok 203—214) u ipaBoii (¢, PDB kozn 1LCS, yyactok 130—140) B-mmnuiek ¢ S-S-MocTuKaMu MeXIy B-Tska-
MU TOPCHOHHBIE YITIBL @, Y MaJIbIX ¥ OOJIBIIMX LIMKIIOB [IOKa3aHbl MHAeKcaMK S u L cootseTcTBeHHO. PaccTostHus mexay Cg-
aroMaMM B LIMKJIaX MTOKa3aHbl MyHKTUPOM C COOTBETCTBYIOIIMMU YMCIOBBIMU 3HAUCHUSIMU.

S-S-cBs3b10, 00pa3yeT B MPOCTPAHCTBE BUTOK JICBOI
cyrnepcnupani. B pabore Takke pacCMOTPEHBI BO3-
MOXKHBIE TIPUINHEI TAKOM XUPATEHOCTH.

OKCIIEPUMEHTAJIBHAA YACTb

Co3nana 0a3a JaHHbIX 0€JIKOB, COIEPKALLIMX 3aMKHY-
ThIe B IIUKIIBI S-S-MOCTMKaMM B-TIibKy: 13 banka

6esikoBbIX maHHbIX (PDB) ¢ momolibio mporpaMmbl
OCA (ampec cepBepa http://wwwebi.ac.uk/) otobpaHo
13845 6enkoB, coaepKalmx S-S-MOCTUKU. M3 HUX BbI-
Opanu 2199 6e1KoB ¢ roMoJIorreli Mo aMUHOKUCIIOTHOM
nocJienoBateibHocT He 6osiee 60%. M3 aTux GenkoB
BU3YaJIbHO C ITOMOILIBIO porpaMMbl RasMol [3] BeiOpa-
711 428 OeNKOB C [3-IIMUIBKaMU, 3aMKHYTBIMH S-S-MO-
crukamu. B aToM Habope OeIKOB aHATM3UPOBAIN TOJIb-
Ne 3 2010
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a
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1CW6:A ——-HC—————- TKSG-———————- CS—-
1J48:A ——QCAP————-VGGQ—————— DAC——-
1MKF:A ———CALQMTSHDGVWTSTSSEQC——-—
1MTZ:A ———-CIENYAKVNGI—--YIYYKLC——-
1QNX: A EVGCGSIKY I QEKW--HKHYLVCNYG
1U5M:A -RICVC———-DTGT—-—————-— VLCDD-
1XKU:A -—--CQC———-HLRV-—————- vQC——-
1ZRH:A -———-CLR———-DSGR-—————-— DRC——-
2COV:D NYVC—————— LNDY-———————— CLP-
2DQA:A ———CRM———-DVGS—————— LSC——-—
2HTY:H ——-AC—————— VNGS———————~— CFT—
2HTY:F —--SCYP———-NAGE—————- I TCV——
Koncencyc ——C———————-— G-————————- C—-
o
PPPPPPPeyPPPPBPRBRBBP
1PDK:A SFIC—-—NGSR--CSV—-—
1U79 :A —-AGC--KGGS—--CL | ——
1WWL:A ———CELDEESCSCN———
1Y9Z:A ——ECTVNGTSFSC———-—
2A74:C —-KLC--RDEL--CRC--
2GRU: A KQIC--FADR--CFNFA
21FR:A —-TDCSVSGTTVSCSY—-
2CX4:F —-VC--TKEL--CT—---
2NYK:A RYACLFLGFDVICDVYH
Koncencyc——-C---G-—-—-C———-
6
PPBBBPPRBBBBP oy PPPPPPBBBBLH
1CD9:B SNLSCLM-————-HLTTNS——-——- LVCQWE
1R4C:-A ——AFCsFQIYAVPWQGTMTLSKSTCQD-
1Z4V: A -RKSCS|--—--STVPGG-—--CMMYCFV-
2ID5:A ———-CEC———-SAQDRA———-—-— VLC——-
8TFV:A -11YC—————— NRRTGK—————-—— CQRM
Koncencyc———-C—————————— G—————-— C——-

H8-S15
Q33 —C43
C318-C337
C5-C22
E167-G190
R29-D42
C29-C38
C223-C232
N410-P420
C27-C36
A231-T239
S279-V290

S204-V214
A104-T113
C8-N18
E259-C269
K1482-C1491
K4-A16
T192-Y205
V48-T55
R100-H116

S9-E27
A95-D119
R224-V242
C7-C18
18—M21
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Puc. 3. Bb]paBHI/IBaHI/Ie AMUWHOKMUCJIOTHBIX TTOCJIE10BATEIbHOCTEMN, KOOUPYIOLIUX JIEBBIC B—B—HJ]'[I/U'[I)KI/I, 3aMKHYTBIC B LITUKJIbI

S-S-Moctukamu mMexny f-Tskamu. [IpeacraBieHsr mpuMeps! ek ¢ foy oy B- (a), PeyB- (6) u Paayo B-moBopoTamu (8).
Ipeyecknmu GykBamu o, f3, v, € M 0] TTOKa3aHbI KOH(GOPMALMK OCTATKOB B COOTBETCTBYIOLIMX CTOJIOLIAX COIIACHO HOMEHKJIA-

Type [6]. CneBa nokazansl PDB-Koabl 6e1KOB, a cripaBa — YYacTKM LIETIN, 00pa3yIoLine IITHIbKHU.

KO HETOMOJIOTMYHBIE [B-IIMTIBKN, OTOOpAaHHBIE C TI0- PE3VYJIBTATBI 1 OBCYXJIEHUE

mompio mporpamMmbl  BLAST 11a  momapHoro

BeipaBHuBanus  (http://www.ncbi.nih.gov/BLAST/) IIpoBenenHblii Hamu aHamu3 B-B-mrmiek ¢ S-S-
[4]. Bcero B HEroMOJOTUYHBLIX Ocjikax HaigeHo  MOCTMKaMHM MEXIYy HUCTEMHAMU, DPACIIOJOXKEHHBIMA
390 B-mrmuinex, 3aMKHYTBIX B IUKJIBI S-S-MOCcTH- Ha COCEIHMX B-Tsokax, ToOKaszai, 4To OOJIBIIMHCTBO
KaMH. atux ek (110 uz 118) — neBble, eciiu CMOTPETh Ha
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Puc. 4. an/IMepI)I CTPYKTYPHBIX MOTUBOB C YHUKAJIbHBIMHU YKJIaAKaMU LICMU U OHpCZ[CJTeHHOVI XUPaJIbHOCTBIO, KOTOPBIC BKITIO-
4yaroT B ce0s1 JieBbie CynepcCriMpaiu TuIa neTjsd-1nnjabKa U IMNUJIbKa-neTjsd, 3aMKHYTBIC B ITMKJIbL S-S-moctukamu. CM. TEKCT.

HUX CO CTOPOHBI S-S-MOCTUKOB (puc. 1B). Bropas Bax-
Hasi 0COOCHHOCTb 3TUX IUIMWJIEK COCTOMT B TOM, UTO
OCTaTKU 1IMCTEMHA PaCIOJIOKEHbl TOUYHO HAIPOTUB
IpyT Opyra, T.e. HaXomsTcs B peructpe (puc. 2a,06). Tpe-
Thsl 0COOEHHOCTb — 3TU I[IUCTEMHBI BXOMSIT B COCTAaB TaK
Ha3bIBa€MbIX OOJIBIINX IIUKJIOB, 00pa30BaHHBIX BOJO-
pomHbIMU cBs3siMU [S]. B upeanbHOil 1mockoit B-f3-
IIMUIbKE KOHTAKTHBIE PACCTOSHUS Mex Iy Cg-aToMamu
B GOJIBLLIMX LIMKJIAX PaBHBI 3.7 A, a B MaJIbIX LIMKJIAX —
5.7 A (puc. 2a). B ipaBbix [B-B-1rmuTbKax pacroyioyKeH-
HBIe APYT HanpoTuB Apyra octaTku Cys BXOOWUIU Obl B
COCTaB MaJTbIX ITUKJIOB. TOT (haKT, YTO MpaBbIX [3-IITTH-
JeK ¢ S-S-MocTMKaMu B OejlKax ouyeHb Majio (8 u3
118 mmumstex), yKaspIBaeT Ha TO, YTO o0pa3oBaHue S-S-
MOCTHKOB MEXIy LIUCTEMHAMM, HaXOISIIUMUCS B Ma-
JIBIX IMKJIAX, 3aTPyAHEHO U3-3a OOJIBIIOT0 pacCTOSHUS
mexay ux Cg-aromamu (5.7 A B mockux LITMJIBKAX).
ITo-BunuMoMy, B 3TOM 3aKJII04aeTCs IJIaBHAs IIpUYMHA
TOTO, 4TO OOJNBLIMHCTBO B-IITMJIEK 3TOTO TUMA — Jie-
Bble. CTepeOoXMMMYECKUI aHaIU3 II0Ka3aj, 4To IIpu
CKPYYMBAHUU [-IIMWIEK MPOUCXOAUT YMEHbBIIIEHNE
paccrosiHuit Mexny Cg-aTroMamMu OCTaTKOB, Pacrioyno-
JKEHHBIX B MaJIbIX IIMKIaX. HecKoJIbKO HaliIeHHBIX B
OeJKax MpaBbIX [3- B -IIMIJIEK ¢ MEXTSKEBBIMU S-S-MO-
CTMKaMM KakK pa3 CHJIbHO CKPY4YEeHBI (CM. pHC. 28).

AMJUHOKHUCJIOTHBIE TIOCIEA0BATEIbHOCTH, KOIUPY-
fo1ye fB-B-1mnmuibKu ¢ S-S-MoCcTUKaMu, TOJKHBI Y10~
BJIETBOPSITH OIpeeeHHbIM yciioBusiM. TIpexae Bcero,
JIOJDKHBI OBITH BBITTOJTHEHBI HEOOXOIUMEIE YCIOBUST 00-

pazoBaHUs 3-B-IITMIeK — KasKIbIii TUTT IITAJICK T0JT-
JKeH UMETh OMpeesIeHHOE PacIoyIoXKeHNe B LIETTH KITIO-
YeBbIX TUAPOGOOHBIX, TUAPOMPUIBHBIX U TJIMLIMHOBBIX
ocTatkoB [6—8]. HanboJtee 4eTKO 3TO MPOCIEKMBAETCS
B IIIMAJIbKAX ¢ KOPOTKMMU TIETISIMU, B KOTOPBIX B-TSDKM
coeMHEeHbl cTaHaapTHEIMU BRoy -, BeyB-, PPo oy B-,
Boyep-, Bayo, B- u Paaya, B-moBoporamu. Ha puc. 3
TIpEeICTaBJIEHbl IPUMEPbl aMUHOKUCIOTHBIX MOCIICA0-
BaTEIbHOCTEM JIEBBIX [3-B-1UMUIeK, 3aMKHYTBIX B LIUK-
JIbI S-S-MOCTMKaMU, B KOTOPBIX B-TSDKU COEMMHEHBI
Bo oy B-, Beyp- u Baaya, B-moBoporamu. BeipaBHU-
BaHME MOC/IeI0BATEIbHOCTE! BHITTOTHEHO TaAKMM 00pa-
30M, YTO B CTOJIOLIAX HAXOMSITCSl OCTaTKU, MMEIOIIre
OIWHAKOBbIe KOH(OPMAlIMM U 3aHUMAIOIIE IKBU-
BaJICHTHbIE MO3ULIMU B CTpyKTypax. Iloka3zaHo, 4TO
HEoOXOANMBIE YCIOBUS 00pa30BaHUS JEBbIX [3-1ITTH-
JIeK BeIIOJIHEHHI [7, 8]. KpoMe a3Toro, B3amMHoOe pac-
MOJIOXKEHME B 1IETIM LIMCTEMHOB M OCTAaTKOB, 00pa3y-
01IMX B-TIOBOPOTHI (TIpeXIe BCEro, 3TO TIUIMHBI U
OCTaTKM C TMOKMMU OOKOBBIMU LIETISIMU, 3aHUMAIOII1E
CTEPUYECKU HAMPSDKEHHBIE OLf - U €-TIO3ULIMU), TOJDKHO
OBITh CTPOTO COTJIACOBAHHBIM, TaK YTOOBI [3-IIIMIIIbKA
ObUIa JIEBOI M OCTaTKM LIMCTEMHOB OKa3aJIMCh HAIIPO-
TUB IPYT Apyra B OONBIINX IIUKJIAX.

B apyrom turie cTpyKTyp, pPACCMOTPEHHBIX B HACTOSI-
el padote, S-S-MOCTUKM 00pa3oBaHbl MEXKIY IBYMS
NUCTEMHAMM, OOVMH M3 KOTOPbLIX HAaXOOUTCS B B—TH)KC
LIMWIBKU, a APYTOM — B TMETIe, NPUMBIKAIOIIENA K
unmibke ¢ N- win C-koHia (puc. 1e,d). B PDB-6anke
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Ne  Kox PDB Bpepea BPPBBPBPPBRPP————— PBBBBBBBA Homepa
OCTaTKOB
1. 1AGG: A CCRGRPCRC——-—-—- SMIGTNC ——-—-ECT- 19-37
2. 1AJJ: A CSAFEFH-—————— CLSGE-————--CI - 5-18
3. 1BQF:A CVAGYM—-——————— RTPDGR- ————— CKP 7-21
4, 1C3A:A CIPGWSA——————— YDRY - —— ————— cYQ 4-17
5. 1CCV: A CQEGFLR—-———-——- NGEGA-— ——--—-CVL 38-52
6. 1CIX:A CCRGLTCRS----—- YFPGSTY G--—-RCQR 23-43
7. 1iD2L: A CQPGEFA——————— CANSR—------CIQ 6-20
8. 1EOF:K CLYGQS--—————-—- CNDGQ-- -----CSG 26-39
9. 1EDM: B CLNGGSCKD-——-——- DINS—— ——-— YECWC 56-73
10. 1FF4: A CPAGQNVCFKRWH-YVTPKNYDI | KGC—- 17-42
11. 1HIC: A CGQGNKCI|—-—————— LGSDGEK ———NQCV - 22-40
12. 1I1GR:A CPPNTY-———————— RF EGWR— ————— Cv- 234-247
18. 1IGR:A CRHY-————"————— YYAGY —— ————— Cv- 221-231
14. 11YC:A CPKGKW-—————— NGFD——-— ————— CK- 18-30
15. 1K36: A CLHGQCIY—————- LVDMSQ- ——-NYCRC 14-32
16. 1KIG:L CAHGYV-——————— LGDDSKS ————— CVS 411-426
17. 1KLO: A CPGGSSCA—————— IVPKTKEV---VCT- 13-31
18. 1iLMR: A CCKGTTC——————— MFYANR— ————— CVvG 19-34
19. 1LR7:A CGPGKKCR-————- MNKKNKP —--—-RCVC 71-89
20. iNIX:A CCSGYA——————— CNSRDKW————— CKV 16-31
21. 1INXB:A CSPGESSCYHKQWSDFRG—--T I I1ERGC-- 17-41
22. 1P9G: A CNAGLC——————-— CSIYGY—-———— CG- 11-24
23. 1RFN:B CTEGYR-——————— LAENQKS ————— CEP 111-126
24. 1SKZ:A CPHGFQ-—————- RSRYGCE--FCKC-- 37-53
25. iwWwwmzZ:B CPTDWEA-—————— EGDH-—-—————— CYR 3-16
26. 1X5V:A CCRGLQC-—-——--—- RYGK-——————— CcLV 18-31
27. 2DDU:A CDLGYTA—————- AQGT———————— CVS 1430-1443
28. 2E4U:A CGPGQW-——————— PTADLSG————— CYN 549-564
29. 2F91:B CTPGQTKK—-————-— QDCN———-——TCNC-- 3-19
30. 2HNU:A CGSGGRCA-—-—-——— AAG] ———————— CCS 61-75
31. 2JM4:A CSLGYF———————— PCGNITK————— CLP 7-22
32. 2UWI:B CGRGYGKKG————- EDEMGNT—--1C—- 127-146
33. 2UWI:B CEQGVSYY————— NSQELK————— CCK 22-38
KoHnceHcyc c--G—————m————————— CcC—-

Puc. 5. BeipaBHUBaHUE TTOCTIEN0BATETLHOCTEN, KOXVPYIOLINX JIEBbIE CYITepCITMPaIV TUTIA TTETIISI-IITTIbKA C KOPOTKUMH TIeT-
ssamu B Buze BPRpPpoy f-ayr. O6o3HaueHUsI TaKue Xe, Kak Ha puc. 3.

MBI HalITK BCeTo 272 TaKUX CTPYKTYPhI B HETOMOJIOTMY-  BylO B-mmwibky (puc. 10). Takum oGpa3oMm, B GOjb-
HBIX OeTkax. 228 CTPYKTyp IIPUHALICKAT K TUITY IETVIs-  IIMHCTBE 3TUX CTPYKTYp (91%) TmommmnentuaHast Herb
IImMAIbKa, a 44 — K Tuly nnmibKa-nerii. M3 228  obpasyer B IIPOCTPAaHCTBE JIEBYIO CyIlepcaupanb. Bei-
CTPYKTYp THUIIA TETJISI-IIMWIbKa B 211 cayyasix Tojii-  coKasl 4acToTa BCTPEYaeMOCTH JIEBBIX CyIlepcIiupaieit
MeNTUIHAS 1IeTTb 00pa3yeT JieBble CylepClrpalib U 3-  OolpenesisieTcsi, B OCHOBHOM, B3aMMHBIM PacIioioxkKe-
LIITWIBKY (pHUC. 1e), u ToabKo B 17 cilydyasix — MpaByl0  HHEM 3JI€MEHTOB B CTPYKTypax 0oJiee BHICOKOIO I10-
cynepcnupaib. 3 44 cTpyKTyp TvMNa MNMWIbKa-NETIsE  PsiKa, B KOTOPbIE 3TU CyNIEPCIUPAIN BXOJST KaK CO-
B 37 cirydastx HaOJIIOa/IM JIEBYIO CYTIEpCIIMpalib U Ipa-  cTaBHBIE yacTu (cM. puc. 4). Haubosee yacTo oHu
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BXOJAT B cocTaB abed-emuHuil [9] ¢ oOpatHbIM (puc. 4a)
1 IpsIMbIM (pUcC. 46) XOOOM MOJMITENTUIHON 1IeTH, B
3B-yronku [10] (puc. 46), a Takke B abCd-equHUIIBI
[9, 11] ¢ a.-cimparnsimu B C-ydacTKax (dactb abCd-emm-
HUIIBI TIOKa3aHa Ha puc. 40; 3Ta 4acTb BCTpeYyaeTcs B
Oesikax 1 Kak OTIeibHasl CTpyKTypHas equHuua [12]).
Ha puc. 4e nnst cpaBHeHUsI IpeACTaBjeHa JieBasi Cyrnep-
cupaib TUIIA TIETIS -1IITTAJIbKA B TOM XK€ paKypce.

HeobxonmMo OTMETUTh, YTO BOEPBbIE MOMOOHBIE
JIeBbIE Cylepcnupaiv OOHapyKeHbl B ceMelicTBe 000-
raleHHbBIX TUCYIb(PHIAMU OEJIKOB, B KOTOPBIX HAOIIO-
JaJIM TaK Ha3bIBaeMbIl “aucyabduaHbii kpect” [13].
ABTOpBI Takke o0paTWIM BHUMaHUe Ha TO, YTO Yalle
BCEro Takue CyrnepcrnupaiM BcTpevaroTcs B abed-eau-
Hulax. B HacTosIIIelt paboTe MbI MOKa3aJiv, 4YTO TaKue
CyIepCIMpaii BCTPEUYAIOTCS HE TOJBKO B OejiKax C
“mucyIb(pUIHBIMA KpecTaMKu’, HO 1 BO MHOTUX JpY-
X OeJKOBBIX cemeiicTBax. C Apyroil CTOPOHBI, MBI
CYIIECTBEHHO YBEJIMYWJIM CTAaTUCTUKY — HAMU Haiie-
HO 272 cyrnepcnupaliv, 3aMKHYTbIe B LIIMKJIbI S-S-MO-
CTHKaMM, B TO BpeMs KaK aBTOpbI paOoThI [13] Hanmm
Bcero 18 mpmmepoB. Hakonen, aBropsl pabotsl [13]
OIMCaJIU TOJBKO CYIIepCrupallb TUMA METIs-IIMIbKa,
HO, KaK II0Ka3aHO B HacTosllell paboTe, B Oenkax
BCTpEYaeTCs M TUM LIMWIbKa-TeTJIs.

JleBass (popmMa paccMaTpuBaeMbIX CyHepcIpancii
OIpeIesIsIeTCsT TaKKe CTPYKTYPOM MET/IM, IIPUMBIKAIO-
mei K B-mmanbKe. Tak, HanmpuMep, ecii K JieBoit -
IMUIbKe ¢ N-KOHIIa TPUMBIKAeT KOPOTKas IeTJIsI C CO-
OTBETCTBYIOIIEH IIOC/IENOBATEIbBHOCTBIO, HMEIOIIAs
cTpyKTypy PPpPpoy f-myTH [7], TO 0OpasyeTcs neBas cy-
repcnvpaiib, 3aMKHyTass B LMK S-S-moctukoMm. Ha
puUc. 5 peacTaBieHbl IPUMEPBI MOC/IeI0BaTEIbHOCTE!,
KOOUPYIOIIVX TaKKe CyIIepCIpaar B U3BECTHBIX OelI-
Kax. OTMETHM, YTO B MEPBBIX MO3UIUAX BBpBpoy B-myT
B 9TUX CTPYKTypaxX HaXOHSITCSl OCTaTKU LIMCTeUHAa, B
OOJIBLLIMHCTBE CTEPUUYECKM HAMPSKEHHBIX Ol -MO03U-
mmit — octatku Gly, a B omHO# 13 [p-TIO3UIMIT YacTo
BcTpeyatoTcs octatkul Pro. Bo Beex cyyasix 3-mms-
KU — JIeBble, HO KOH(opMaluu [3-IoBOPOTOB U YUCIIO
00pa3ylolIMX MX OCTaTKOB MOTYT ObITh pPa3HBIMU.
Bzaumnoe pacnosnoxeHnue octatkoB Cys CTpOro co-
I71aCOBAHO C TEM, YTOOBI B CTPYKTYpPE OHM OBLIM Ha-
MPAaBJIEHbl HABCTpPEUy IPYr APYTy U MOIJIM 00Opaso-
BaTh S-S-MOCTUKMU.

3AK/IIOYEHUE

TakuM o0pa3oM, pe3yabraThbl HACTOSIIIECH pPabOThI
[MOKA3bIBAIOT, YTO JIEBbIC P-IIMWIbKU, 3aMKHYTHIE B
LIMKITBI S-S-MOCTHKAMU MEXIY [3-TsDKaMU, U JIEBbIE CY-
TepCcHypaiy TUTIA TIeTIS-IITWIBKA Y IITTWIbKA-TIeTIIs,
TaKKe 3aMKHYTBIE B LIUKJIBI S-S-MOCTUKAMU, IITAPOKO

BPA’KHMKOB, EOPMUMOB

pacIipocTpaHeHbl B HETOMOJIOTUYHBIX Oenkax. Kaskmast
U3 3TUX CTPYKTYp BCTpeYaeTcsl MpEeuMYyIIeCTBEHHO B
OTHOM M3 IBYX “‘3epKaTbHO-CUMMETPUIHBIX (POpM 1
UMEET YHUKAIbHYIO YKIaaKy uenu. [lo-sunumomy, B
CBOpaYMBaHWU ITUX CTPYKTYP BaKHYIO POJIb UTPAET 00-
pa3oBaHME S-S-MOCTHKOB. S-S-MOCTMKU HE TOJBKO
TTOBBIIIAIOT CTAOWIBHOCTH [-IIITWIEK U CyIepCrvpa-
JIel 3a CUeT MX 3aMbIKaHUsl B LIMKJIbI, HO U OTOMPAIOT
MPEenMYILECTBEHHO OHY (OpMY ISl KaXI0H U3 HUX.
MoXHO NpeAroyioXuTb, UTO 3TU CTPYKTYpbl CBOpa-
YMBAIOTCSl cCaMU MO cebe, HE3aBUCUMO OT OCTaJIbHOM
yacTh OEJKOBOM 1ienu M, CjeAoBaTesibHO, MOTYT
OBITh JIMOO TOTOBBIMM CTPYKTYPHBIMU OJIOKAMMU, JIM-
00 3aponbllliaMy B TIpoliecce CBOpayrMBaHUSI Colep-
JKaInx X 0EJIKOB.

Pabora BeimonHeHa 1pu noanepxkke Poccuiicko-
ro ¢oHaa yHAaMeHTaAJIbHBIX ucciaenoBaHuit (10-04-
00727) u @eaepaybHOro areHTCTBA IO HayKe M MHHOBA-
umsim (02.740.11.0295).
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