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IMIpocTpaHcTBeHHasI CTPYKTypa peKOMOMHAHTHOM HUKYyoLIeih sHnoHykiIeasbl S11C Cys-free Nt.BspD6I
omnpereneHa ¢ paspemenuem 1.85 A. Hukaza S11C Cys-free Nt.BspD6] rosrydeHa B pe3yJipTare Bo3Bpallie-
Hug Cysll B Cys-free Nt.BspD6I MeTomom caiiT-HarnpaBIeHHOro MyTareHe3a. AHaJIM3 KPUCTAIMYECKOI
ctpykTypbl HUKa3bl S11C Cys-free Nt.BspD6I mokasai, uyto Bo3BpaineHue Cysll mHAyIMpYeT 3aMeTHbIE
KOHGOpPMaIIMOHHbIE U3MEHEHUsI B Y3HAIOIIEeM TOMEeHEe HUKAa3bl, KOTOPHIE COIMPOBOXIAIOTCS NU3MEHEHUSIMU
B ee (byHKIIMU: yMeHbIIeHneM cpoactBa K JIHK, notepeit o6pazoBaHust oiMroMmepHbIX (hOPpM 1 BBICOKOIA
aKTMBHOCTBIO 3HAOHYKIIeas3bl pecTpukiuu S11C Cys-free R.BspD61.
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BBEIAEHME

LlrcTenHOBBIE aMUHOKMCIIOTHBIE OCTaTKM (a. 0.)
penko BcTpedatores (1.9%) B Mozekynax Oenka, 3a
HCKJIIOUCHUEM CJIyyaeB, KOTIa OHU OMpPeaessiioT oc-
HOBHYIO (DYyHKIIMIO OCIKOB, HAIIpUMEP METaJIJIOTHUO-
HenH-1ono0HbBIe Oenkm [1]. IlpucyrcTBue mmcrem-
HOB B aKTHMBHOM lLIEHTpe OEJIKOB OIIpeAcsieTCs] BbI-
COKOII peakIIMOHHOM aKTUBHOCTBIO MX TUOJILHBIX
rpyrm. CornacHo naHHBIM “Mechanism and Catalytic
Site Atlas” (M-CSA) koan4ecTBO (pepMEHTOB C a. O.
LUCTEeVHA, 3aJeiiCTBOBAaHHBLIX B KaTaJMTHUYECKOM
dyHkum, cocrapiset 189 us 648 depmenTos |2, 3].

LHucTenHbl y4acTBYIOT B OKMCIUTEIbHO-BOCCTa-
HOBUTENBHBIX peakuusax. OKUCIeHNe UCTenHa Be-
JIeT K 00pa30BaHMIO CBSI3U MEXIY ABYMSI aTOMaMu
cepbl OT JBYX Pa3HbIX a. 0. HUCTeUHOB. Aucyabdui-
HBIE MOCTUKU IOIAEePXUBAIOT CTAOMIIBHYIO CTPYKTY-
Py MOJIEKYJTBI Oenka [4].

B cBg31 ¢ 5TUM BO3HUKAET MHTEPEC ONMPENETUTD
pOJIb OCTATKOB LIMCTEMHA B CTPYKTYpe U (PYHKLIMU
HUKYyIOLIEN SHI0HYKIIea3sl Nt.BspD6I (Hukassr).

Hwuxkaza Nt.BspD6I npuHamiexXuT K KJaccy yHU-
KaJIbHBIX (DEPMEHTOB, KOTOPBIE CBSI3BIBAIOTCS CO
crietguueckoit mociaenonareabHocThio B JTHK u
TUIPOIM3YIOT TOJILKO OAHY lieltb. Hukaza y3HaeT ac-
CUMETPUYHBIN KOpoTKuii cainT 5'-GAGTC-3' B 1ByXx-
uernouveyHoit JIHK (mu/ITHK) u BHOCUT HUK B BepX-
Hio1o 1ensb A/l HK Ha paccTosTHUM YeThIpex HyKJIeo-
TUIOB OT Y3HAIOIIIETO caiiTa B CTOPOHY 3'-KOHIIA.

I'eteponumepHasi 3HIOHYyKJIea3a PECTPUKUIIUUN
R.BspD6I cocTout n3 nByX pa3HbIX CyObeAMHULL (HU-
Kas3a 1 Majas cyobenuHuna BspD6I) u pacierisier
o6e uenu auJIHK. Crpykrypsl Hukassl (PDB ID:
2EWF) n manoii cyonenunuiisl BspD61 (PDB 1D: 2P14)
oTIpeneJIEHBI C BBICOKAM pa3penieHrueM B [5].

Monekyna HUKa3bl UMEET TOMEHHYIO CTPYKTYpPY:
N-KOHLIEBO# y3HAIOLIUI JOMEH, COCTOSILIIUIA U3 IBYX
cyongomeHoB D1 1 D2, nuakepHbIit noMeH 1 C-KOH-
LIEBOM paciueruisiommii njomeH (puc. 1). MexaHusm
dyaxunonnpoBanus HuKa3sl Nt.BspD61 1o HacTosT-
IIero BpeMeHU He m3BecTeH. s m3ydyeHuss mexa-
HM3Ma (GYHKIMOHUPOBAHUS (PEPMEHTOB MCIIOJIb3Y-
IOT METOH CaliT-HarpaBJIeHHOIO MyTareHe3a WHIMN-
BUIyaJbHBIX a. 0. B CTPYKTYype Oenka.

ITpocTpaHCTBEHHOE PACIIOJNIOKEHUE IIMCTEUHO-
BBbIX OCTaTKOB B MOJIEKYJIE HUKAa3bl TO3BOJISIET OMpe-
JeJINTh WX BJIMsSIHME KaK Ha CBSI3blBaHUE, TaK U Ha
ruapoauns JIHK, Tak Kak ABa LIMCTEMHOBBIX OCTaTKa
(11 u 160) nokanmuzosBansl B D1- u D2-cy6moMmeHax
Y3HAIOIIEeTO JOMeHa COOTBETCTBEHHO, U JBa APYTUX
mucTenHOBEIX ocTaTtka (508 m 578) pacmosioKeHbI B
paclIeTUISIOIIEM TOMEHE.

B [6] ompeneneHa KpHUCTALIMYECKAst CTPYKTypa
Hukasbl Cys-free Nt.BspD61, B KoTopoif 4eThIpe 11~
ctenHOBBIX ocTaTKa (11, 160, 508 1 578) 3aMeHeHBI Ha
CepMH. AHaAIU3 CTPYKTYPHI U (PYHKIIMOHAIBHOM aK-
tuBHOCTU Cys-free-HUKa3bl MoKas3aj, UYTO 3aMellle-
HY€ LIMCTEMHOB Ha CEPUH HE BJIMSIET Ha HUKYIOLIYIO
¢yHKIIMIO, TOrma Kak UMEET 3HAYUTEJbHOE BO3IEH-
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Karanutnueckuii
JIOMEH

M,

teas,
Arg 14 | Asp 236

Puc. 1. Ctpykrypa A-uenu S11C-HuKa3bl ¥ BIUSHUE MyTallMu: a — opraHu3anusi 1oMeHoB S11C-Hukasbl. [1onoxeHus MyTH-
POBaHHBIX AMUHOKHCJIOT ITOKa3aHbI KpacHbIMU cepamu, Cysll — cepoii chepoii; 6 — HaloXeHMe TpeX CTPYKTYP HUKA3bI: Wt-
HUKa3a (3eneHsblii), Cys-free-Hukasza (myprypHsiil) u A-1ienb S 11C-Hukassl (roiy6oii) B obnmactu octatka Cysll. BomoponHbie
CBSI3M MOKa3aHbl YepHBIMU TouKamu. [1okazaHbl n1Be ajibTepHaTUBHBIE KOHMopMatmu Cysll (romy6oit) mist S11C-Hukasbl.

CTBUE HAa PECTPUKIMOHHYIO aKTUBHOCTh MyTaHTHOI
pectpukTassl R.BspD6I. ITosaToMy BaxHO ompeje-
JINTh, OVH WJIX 00Jiee 13 YETBIPEX OCTATKOB LIUCTEU -
Ha SIBJISIIOTCSI BAXKHBIMU JIJ1s1 aAKTUBHOCTU PECTPUKTA-
361 R.BspD61. C aroii 1iensio rmoinydera S11C-Hukasa
Cys-free Nt.BspD61 (S11C-uuka3a) MeTOIOM caiiT-
HamnpaBJIEHHOTO MyTareHesa, B KOTOpOil OMUH ocTa-
tok nuctenHa (Cys1l) “Bo3BpaiiieH” (00paTHO MyTH-
poBaH), a TpU LUCTEMHOBBIX ocTaTka (160, 508 1 578)
3aMeHeHbl Ha cepuH. lleab gaHHOI pabOThI — U3Y-
YUTH CTPYKTYpY 1 pyHKIHIO S11C-HUKA3HI.

MATEPHAJIBI U METOJbI

Hukaza Nt.BspD6l u manas cyobeguHuiia (Ss)
BspD6I nonyuyeHs! paHee [7, 8].

Tloayuenue u evidenenue S11C-nukazvr. S11C-HU-
Ka3y MOoJIyJaJli METOIOM CaMT-HaIlpaBIEHHOTO MY-
tareHe3a Ha rutasmuae pET28b/Cys-free Nt.BspD61
[6] ¢ ncniob30BaHEM MpaiMepOB:

S11C-f: 5'-TGTTCACCTAGAAGTCCAGA-3' u
S11C-1: 5'-AGAAACATACCAATTAACTTTTT-3'
(Cunron, Poccust). 3aMeHa ceprHa Ha LIUCTEWH B Ie-
He HUKa3bl ObLIa MOATBEPKICHA CCKBEHUPOBAHUEM.

benox S11C-HMKa3bl IIONy4YajaW, KakK OIIMCAHO
B [9]. buomaccy BeipamuBaiu Ha cpene LB ¢ aHTu-
ounotnkamu (40 MKr/mia KaHamMuiyHa v 10 MKT/MII
xynopaMdeHnKoa) B TedueHue 3 1 ipu 37° C 1o onTu-
4yeckoil moTHocTH Dsgy = 0.68 O.E. u oxnaxnanu 1o
KOMHaTHoOI1 TeMiiepaTypsl. LleaeBoii 6e10K MHAYLIM-
poBasu 1 MM usonponwi-f-D-1-Tuorasakronupa-
Hos3uma. KireTku mHKyOMpoBaiu B TeUeHUE HOYU IIPU
MHTCHCUBHOM aspauuu npu temneparype 20°C. 3a-
TeM KJIeTKM ocaxpanu Ha neHtpudyre CR 22GIII
(Hitachi, SInonus) npu 18000 g B Teuenue 30 MuH
npu 4°C u pecycneHaupoBaiu B 6ydepe A (20 MM
Kanuii-cdocdarusiii 6ydep, pH 7.5, 7 MM B-mepkar-
ToaTaHoi, 1| MM 3THMIIeHINAaMUHTETpayKCyCcHasI K1C-

JI0Ta), comepxaiaeM 1 MM (peHuIMeTnICY b OHMII-
¢ropuna, npu 4°C. Kiretku paspyliaim yIbTpa3By-
KOM JIO0 CHUKEHUSI ONTUYeCcKou mioTtHocTu B 10 pas
Ha ge3uHTerparope Y3J1-1 V4.2 (CCCP) u ueHTpu-
dyruposanu mipu 18 000 g 30 mun (4°C). ITomyueH-
HBbIi JIM3AT OYMILIAIM B IB€ CTAIMU C TOMOIIbIO XPO-
Marorpadun ¢ Mcnoiab3oBaHneM cucteMbl BiolLogic
LP (Bio-Rad). IlepBuuHyio OYMCTKY IIPOBOAMIM Ha
Ni-NTA-arapose (QIAGEN, I'epmanus), ypaBHOBe-
meHHol 6ydepom A ¢ nobdaienreM 10 MM nmuma-
3071a. PazneneHue npoBOAWIM B CTYTIEHYATOM I'paiu-
eHte nmuaasoia (30, 50 u 100 MM) B Oydepe A co
ckopocTbio 0.5 mi/MuH. @pakiuu aHAJIU3UPOBAIIU
Ha HaJIMYMe 1IeJIeBOTO OejIKa MeTOA0M 3JIeKTpodope-
3a B 10%-HoM TToJIMakpyIaMUIHOM Telie 1Mo JIamMMiin
[10]. eneBoii MpoaykKT oOHapyXeH BO (ppaKLUsIX,
smoupoBaHHbIX 100 MM mMmupaszona. jast o4MCTKU
OT MpuMeceit (pakumu, coaepxKaliue MaKcUuMasb-
HO€ KOJIMYECTBO MYTAaHTHOI HMKa3bl, OOBEANHSIIN,
Iuanu3oBaiv mpoTus 0ydepa B (10 MM kanuii-doc-
darubIit 6ydep, pH 7.5, 100 MM KCl, 10% rmunepu-
Ha) U HAHOCWJIM Ha KOJIOHKY ¢ (pocdoleono3oi
P11 (Whatman, BenukoOpuraHus), ypaBHOBEIICH-
Hy10 0ydepom B, co ckopoctsio 0.3 mii/MuH. Pa3ne-
JIeHUue mpoBoAWJM B cryrneHuyaroMm rpaaueHTe KCl
(200, 500 u 800 mM) B Oydepe B co ckopocThio
0.5 ma/muH. lleneBoii OenoK OOHApPYKMBaJlIW BO
dpaknusax, smoupoBaHHbix 500 MM KCI. JInsg mo-
cienymolleit Kpuctain3aluu oToupanu gppakumu c
HauOoJIbllIelt KOHIIEeHTpalueii 6eka.

Onpedenenue axkmusnocmu S11C-nuka3bi. AKTUB-
HocThb S11C-HUKAa3bI OTIPEACISUIA TUAPOIN30M 1 MKT
JIHK ¢ara T7 (“Cuo69n3uM”, Poccus) B 50 MKi1 pe-
aKIIMOHHOM cMecH, conepxaieiit 20 MM Tpuc-HCI,
pH 7.5, 150 MM KCl u 1 MM B-mepkanTostaHosa, B
teyeHue 1 4 npu 55°C. IIpoaykThl pacuierieHUs
JHK pasznensin anexkrpodopesom B 0.8%-HoM ara-
PO3HOM TeJie C MCMOJIb30BaHMEM TPHUC-ALETATHOIO
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oydepa. IHK okpammBamm O6poOMUCTBIM STUINEM U
BU3yaIU3UpOBaiu B YD-TpaHCUUTIOMUHATODE.

Cesazvieanue S11C-nuxkazot ¢ JAHK Odynaexcom.
KoMriemeHTapHbie 26-MepHbIe OJIMTOHYKIICOTHIBI A
u B (5-CTGATGAAGAGTCCTTAGTTACACT G-3'
u 5'-CAGTGTAACTAAGGACTCTTCATCA G-3)
CMEIIMBaJIU B SKBUMOJISIDHBIX KOJIMYECTBax B Oyde-
pe (20 MM Tpuc-HCI, pH 7.5, 50 MM NaCl u 1 MM
B-mepkanTosTaHoa), HArpeBaIu Ha BOASIHOM OaHe
10 90°C 1 MeaJIeHHO OXJ1aX1au 10 KOMHATHOM TeM-
neparyphbl.

Kommnekc nyruiekca AB (1 MkM) ¢ HUKa30i mo-
Jiydanu B Oydepe mist cBsa3biBaHust (10 MM Tpuc-
HCI, pH 7.5, 10 MM CaCl,, 1| MM AuTHUOTpPEuTON)
MPY BapbUPOBAHUU KOHLIEHTpALIMU OeJiKa B TeUeHUE
15 MuH npu 55°C. DKcrepuMeHTHl TPOBOAWIN He
MeHee Tpex pas. [IpoayKTsl KoMIIeKcooOpa3oBaHus
paszneisau onexTpodopesoM B 10%-HoOM mmoanakpu-
JIJAaMUTHOM TeJjie TTIpU MOCTOSTHHOM Toke 20 MA B TpUC-
aneratHoM Oydepe, pH 8.0 [11]. ITomoxenue AB-
JyTieKkca U KOMILIeKca B resie ornpenesisiii OpoMu-
CTBIM 3TUIUEM.

Kpucmanauzayus S11C-nukaszer. OUuiieHHbIN O€-
ok S11C-nukasser (36.5 mr/mi) B 6ydepe (20 MM
Tpuc-HCI, pH 7.5, 200 MM KCIl n 10% rmunepuna)
kpuctaanuzoBanu mnpu 293 K meronom nuddysuu
MapoB B BapuaHTe cuasueii karuiv. Kpucramnnuzaiu-
OHHYIO KaIlTI0, KOTOpask COCTOsLIa U3 2 MKJI GeKa 1
1 MKJI pe3epByapHOTO pacTBOpa, YPaBHOBEIIUBAIU
100 MK pe3epByapHOIro pacTBOpa, COIEpPKAILEro
0.04 M KH,PO,, 16 mac. % I13T 8000 u 20% rute-
puHa, pH 5.5. Uepes 24 9 0Opa3oBaanch UTOIbYATHIE
KpucTtajiabl. Ha yeTBepThlie CyTKU pa3Mepbl KpUCTa-
J0oB gocturaiau 950—750 x 100 x 50 MxM.

Coop u obpabomka 0aHHbIX peHMeeHOCMPYKMYPHO-
2o auaauza (PCA) monoxpucmanna S11C-Hukasol.
Hanubsie PCA moHokpuctamuia S11C-HUKaA3bI TTOTY-
yeHbl Ha ctaHuuu 1D23-1 B EBpomneiickoMm lLieHTpe
cunxporpoHHoro wusinydeHusi (ESRF; IpenoOib,
®panuusg) nipu 100 K ¢ ucrnonpzosannem CCD-ne-
TekTopa ADSC QUANTUM 315r ¢ MOHOXpOMaTHUYE-
CKUM M3IIydeHUEM C JUTMHOM BOIHBI 0.97623 A. Ton-
HBII yroJ1 MoBopoTa KpucTtajia coctaBiistit 100° ¢ mma-
rom ocuwuisiiuu 0.1°. Kpuctain B HeitJloHOBOit
MeTIIe 3aMOpaXBair 0e3 100aBICHUSI KpUOPACTBO-
pa. ITomHpIil HAOOP TaHHBIX MOJIYYEH IIPU pa3pelie-
nuu 1.85 A. UHpekcauuio u WHTErPpUPOBAHUE IKCIIE-
PUMEHTAIbHBIX HAHHBIX MHPOBOIWIM C IOMOIIBIO
nporpamm XDS [12, 13] m iMosflm [14]. MacmTabmn-
poBaHUE MHTEHCUBHOCTUM M pacyeT CTPYKTYPHBIX
¢$aKTOpOB IIPOBOAMIM C IIOMOIINBIO ITPOTPaMMBEL
Scala [15]. YTouHeHMEe CTPYKTYpHI BBIITIOJTHEHO B
REFMAC [16]. JlaHHBIe U CTaTUCTUKA YTOYHEHMUS
MpUBeACHEI B Ta0I. 1.

ATOMHBIE KOOPAWHATBI MOAEIU U CTPYKTYPHbBIE
dakropnl S11C-HuKa3kl nernmonuposaHbl B PDB ID:
SLIQ.
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Taomuna 1. CraTrucTryeckre XapakTepucTUKu nudpaxkim-
OHHOTro Habopa U KpucTaajaorpaduieckoro yrouHeHus1

CraTtuctuka Habopa

Ip. p. P2,

a,b,c, A 76.20, 92.48, 113.81
o, B, v, rpan 90.00, 105.67, 90.00
Pasperuenne, A 109.6—1.85 (1.92—1.85)*
Rinerge 0.03 (0.66)
Cpennee I/6(1) 18.7 (2.0)*
IMomHOTA HaGOpa, % 99.6 (99.6)*
M36BITOYHOCTD 3.8 (3.6)*
Yucno oTpakeHUit Ha HE3aBU- 129040 (12820)
CHUMYIO YacCTb 2JIeMEHTapHOM

STYeKN

YTo4HEHNE CTPYKTYPhI

Paspewenue, A 19.58—1.85
Ryor/ Rivee 0.21/0.25 (0.33/0.34)
B-dakrop Buibcona, A2 39.2
Yucno atoMoB

HeBomoponHbie aTOMBI 10 168
BenkoBbIe aTOMBI 9671

ATOMBI JIUTAHIOB 83

ATOMBI paCTBOPUTENS 295

Kapra PamauannpaHa

NpeanoyYTUTeNbHbIE, % 97.49
paspelreHHsle, % 2.34
3arpelleHnsle, % 0.17
R.M.S.D.

Caszu, A 0.07
Vroel, Tpan 0.08
B-dakTop, A2

CpenHuii 48.4
benka 48.29
Jluranmos 60.42
PactBopurens 47.95
Bri6pocs 1o poramepam (%) 1.57

* Z[aHHI)Ie B CKOOKax COOTBETCTBYIOT 30HC BLICOKOTO pa3pClICHUA.

PE3VJIBTATBI 1 UX OBCYXIEHHWE

Cmpyxkmyproe uccaedosanue. CobpaH Habop maH-
HBbIX C MOHOKpHUCTaJUIa W OIpe/esieHa CTPYKTypa
S11C-HuKa3bl ¢ BbIcCOKMM paspemeHueM (1.85 A)
(puc. 2). Kpucramnbsl S11C-HUKa3bl OTHOCITCS K
mnp. rp. P21 u comepxat aBe MOJIEeKYyIbl HUKa3bI (1Ie-
nma A u B) B acumMmeTpuuHoii ssyeiike. Kpuctasibl
HUKa3bl quKoro trta (wt) [5] u Cys-free-HuKa3bI [6]
OTHOCSITCA K OOHON W TOH K€ MPOCTPAaHCTBEHHOM
rpyrrme.
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Puc. 2. ®oto kpuctamia S11C Cys-free Nt.BspD6I.

Hanoxenne crpykrypel A-uienu S11C-HHMKa3bI
JaeT ClIeAylolle 3HAuYeHUsl CPeIHEeKBaIpaTUYHOIO
oTki1oHeHus koopauHat (RMSD) C,-atomoB: ¢ B-
nenbio — 0.573 A, ¢ Cys-free-aukazoit — 0.773 A, ¢
wt-H1Ka30ii — 0.429 A. DTu 3HaYeHMSI yKA3bIBAIOT HA
He3HAUYUTEbHbIE PAa3INIUS B TTOIOXEeHUN aTOMOB C,,
B CPAaBHUBAEMBIX CTPYKTYpaxX HUKA3.

CpaBHenue cTpykryp Huka3 S11C, wt u Cys-free
BBISIBUJIO a. 0., KOH(popMalusi 60KOBBIX TPy KOTO-
PBIX U3MEHMIACH B pe3ynbrate Bo3Bpara Cysll B Cys-
free-aukasy. Hanpumep, monoxenusa Cysll B wt-Hu-
ka3e u Serll B Cys-free-H1Ka3e COBIIaIaloOT, a TUOJb-
Has rpymma Bo3BpaimeHHoro Cysll 3aHmMaeT nBa
aJIbTepHATUBHBIX TTooxeHUsI: A 1 B. [lonoxenue A
coBnaznaet ¢ nojoxeHueM Cysll B wt-Hukasze u Serll
B Cys-free-Hukase.

B nmonmoxenun B SH-rpyrmma Cysll moBepHyTa Ha
120° BOKpyT CcBS3U C,—Cg B cropony Tyr8, runpok-
CUJIbHAS Tpynma KoToporo commkaercs ¢ SH-rpymn-
noit Cys1l Ha 4.6 A B pe3yibrate moBopoTa (heHOIb-
Horo Koublia Tyr8 Ha 85° OTHOCHUTEIBLHO €ro MOJIOXKe-
Hus B wt- u Cys-free-Hukazax (puc. 3). Kak BumHo u3
puc. 3, Cysll B wt-Hukase u Serll B Cys-free-Hukase
pacrosioxkeHsl Ha paccrosinum 10 A ot dheHombHOTO
kosbla Tyr8. BosBpamenue Cysll Takke BBI3BIBACT
M3MEHEHUE MOJOXCHUS KapOOKCWJIBbHOI TIpYIIIbI
Asp236 Mo OTHONLIEHUIO K €€ MOJIOXKEHUIO B HUKAa3ax
wt n Cys-free. KapObokcuapHas rpyIina nmoBepHyTa
BOKpyT cBsa3u C,—Cy Ha yron 67.4°, a atom C, cme-
meH Ha 1.8 A, 4TO IPUBOANT K MOTEpe BOLOPOIHOIM
cesizu (2.8 A) ¢ Argl4.

HM3MeHeHusT B 2JIEKTPOCTAaTUIECKNX B3aMMOIEH-
CTBUSIX HaOIIOOAIOTCS Takke B o6yactu Lys106, cBsi-
3aHHOTO BOHOpOHHOM cBs3bio B Cys-free-HUKa3se ¢
0€2/G1u442 (3.09 A) u c 0£2/Glu364 (3.29 A), Torna

APTIOX u np.

NE2/55 GLN/B

OE1/55 GLN/B

EB’/S() PHE/A

4
2
Al26 ——

\

Puc. 3. Hanoxenue ¢parmeHnTa et L1 B Mosekynax
Cys-free (kenThlit) 1 A- 1 B-1ieneii (3eeHblit 1 roj1yooit)
S11C-Hukas.

kKak B S11C- u wt-HUKa3e 3TUX B3aUMOIEHCTBUI HE
npoucxonut. TakuM o6Gpasom, Lysl06 cybmomeHa
D1 o6pa3syer cBI3b KakK C IMHKEPHBIM JOMEHOM, TaK
u ¢ C-gomenoM B Cys-free-HMKa3e, 4TO, BEPOSITHO,
BaXKHO IS TIOAAep>KaHUsI KOH(GOPMAalIuU MOJICKYJIbI
HMKa3bl, HEOOXOMMMO 1T ee (PYHKIIMOHNPOBaHUSI.

Bosspat Cys1l BeI3bIBaeT 3HaUYNTEIbHBIC U3MEHE-
HUS TTOJIOXKEHUSI HEKOTOPBIX OOKOBBIX I'PYIIIT THIPO-
¢$OOHBIX OCTaTKOB B cyogoMeHe D1 y3Haroliero mno-
meHa. Hanoxenue ctpykryp Cys-free- m S11C-HuKa3
(puc. 3) IeMOHCTpPUPYET 3aMEeTHbIE KOH(OpMaIIMOH-
Hble M3MEHEHUSI, KOTOPBIM MOABEpracTcs OOKOBas
1zernb Phe56.

Kax BunHo u3 puc. 3, C,-aToM NONMUINENTUIHOMN
Leny B 3TOM paiiloHe cMellleH Ha 2.85 A, a peHOoNIb-
Hoe Kosiblo Phe56 passepryTo Bokpyr cBsazu C,—Cg,
YTO MPUBOAUT K cMmelleHuo C,-aToMa (peHOIbHOTo
KOJIbLIA B IByX HKMKa3ax Ha 11.26 A npyr oTHOocuUTe/b-
Ho apyra. Ha puc. 3 Takke XOpoOIlIO BUIHO U3MEHE-
HHe MOJ0XeHUsT 00koBoit rpymisl GInSS5. AMUHO-
KHCJIOTHbIE OCTAaTKM, OOKOBBIE TPYIIIbI KOTOPHIX 13-
MEHSIIOT CBOIO KOH(pOpPMaLMI0 B  pe3yJbTare
Bo3BpaieHus Cysll, 3aHMUMAaIOT TaKoe K€ ITOJIOXKE-
HUE B Wt-HMKa3e, TakKe cogepxkanieii Cysll.

Takum oOpa3zoM, CpaBHUTEJIbHBIM CTPYKTYPHBIIA
aHanm3 Huka3 S11C, Cys-free m wt 1mokasair, 9To BO3-
BpamreHue Cysll conpoBoxagaeTcss KOHGOpPMALIMOH-
HBIMU U3MEHEeHUSIMHU B N-KOHIIEBOM y3HAIOIIEM JI0-
meHe (puc. 1, 3).

DynkyuonarvHoe uccredoganue. B cBsI3u ¢ m3no-
KEHHBIM BBIIIIE MHTEPEC 3aKII0YaJICS B TOM, YTOOBI
OIIpeae/INTh BO3MOXHOE BiusiHue Bo3BpaTta Cysll Ha
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S11C-HuKaza

AB wt-HMKa3a

1:18 1:15 1:12 1:9

1:3 1:6

& o — Jlumep

. —— MoHoMep

— AB-
TyTUIeKC

Puc. 4. O6pazoBanue komruiekcoB JJHK-nymiekca ¢ Hukazamu wt u S11C. OTHoIeHMe KoHIIeHTpauuu nyruiekca AB (1 MkM)
K KoHILIeHTpaluu Huka3 wt u S11C o6o3HayeHo uudpamMu cBepxy (MKM).

cBsa3biBaHue S11C-nukasel ¢ IHK. s aToro cpas-
HuaM cBsa3biBaHue JIHK-gymnekca ¢ wt-HUKa30il B
KOHIIEHTpAaIlN!, COOTBETCTBYIOIIEI ITOJTHOMY CBSI3BI-
Banwuio 1 MkM nayriekca [6], u S11C-HuUKa3bl B KOH-
HeHTpauuu ot 3 1o 18 MxM (puc. 4).

Hcnonb3yemsbrit AB-nymiekc coctout us 26 mo-
cJIeIoBaTeIbHOCTE HYKISOTUIOB (1. H.) X COOEPXKUT
cait y3HaBaHus 5'-GAGTC. B [6] nmoka3zaHo, 4YTO
nojiHoe cBs3biBaHue AB-nmyruiekca Cys-free-Huka-
30i1 MPOUCXOOUT IIPU KOHIIeHTpamuu 9 MxkM. Dta
KOHIIEHTpAallMsl HUKa3bl YKa3bIBae€T Ha TO, UTO II0JI-
Hasl 3aMeHa BCeX LIMCTEMHOBBIX OCTATKOB Ha CEPUH B
HUKa3e HEMHOIO CHIXAeT €€ CIOCOOHOCTh CBSI3bI-
BaTh OYIUIEKC IO CPABHEHMIO C Wt-HMKA30li, IOJTHOE
CBSI3bIBaHME KOTOPOW mpoucxonut mmpu 6 MKM. Kak
BUIHO U3 puc. 4, Bo3Bpar Cysll He IPUBOIUT K I10JI-
HOMY CBSI3BIBAaHUIO IyIUIEKCA JaxKe IIPY KOHIIEHTpa-
uuu 18 MxM. CnenoBartenbHo, Bo3Bpat Cysll 3Hauu-
TeJIbHO CHIXaeT cpoactBo S11C-nukass! K JIHK.

B [17] 6b1710 moKa3aHO, YTO LIMCTEUHOBRIE a. 0. 11
n 160 y3Halomero 1oMeHa WiIM OOWMH U3 HUX 06pasy-
JOT KoBajieHTHYI0 ¢Bs13b ¢ JIHK-myriekcom, nmero-
UM B caiiTe y3HaBaHUsI PEaKTUBHYIO TPYIIIy, Crie-
HUdUIECKN B3aMMOICUCTBYIOIIYIO C THUOJIOBOM
TPYNIION ILIMCTEMHOB. DTU JaHHbIE YKa3bIBAalOT Ha
OJIM3KOE PaCIIOJIoXKEeHHUE a. 0. nucterHa 11 vwim 160 K
JHK npu o6pazoBaHnM KOMIIJIEKca C HUKa30#. JlaH-
HBIE, TTOJy4EeHHBIC NMPU aHamM3e CTpyKTyphl S11C-
HUKa3bl (puc. 1) 1 B 9KCIEpUMEHTE MO CBI3bIBAHUIO
atoro 6enka ¢ IHK (puc. 4), mo3BoisIIOT IIpeamnoso-
XnTh, uTo uMeHHO Cysll HaxomuTcs BOMM3M caiiTa
y3HaBaHMSI U TTO3TOMY KOH(pOpMallMOHHOE U3MEHE-
Hue B obmactu Cysll oka3bIBaeT TaKoe CHJIbHOE BIIM-
gaHue Ha cBa3biBaHue S11C-nukassl ¢ JHK.

OtmetnM, uto Cysl60 Jokanu3oBaH B LIIyOWHE
cyomomeHa D2, a Cysll pacrnojioxkeH Ha OBEPXHO-
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CTH 1IIeJIU, B KOTOPYIO, COIJTACHO MOJIEIN KOMITJIeKca
Hukaza—JHK, BcrpauBaerca IHK [5]; mosTtomy
BechMa BepossTHO, uTo Cysll B3amMomeiCTBYeT C
JHK. Ha B3aumoneiictBue S11C-Hukassl ¢ JJHK
MOTYT BIUSTH U APyTHE a. O., PACIIOI0KEHHBIE B IIIE-
mm (Tyr8, Asp236, Cysll, retns L1 ¢ Phe56), 6oko-
BbIE TPYIIIBI KOTOPBIX, KAaK IMTOKAa3aHO BhIIIIE, TpeTep-
IEBarOT KOHMOpMaIIMOHHEIE U3MEHEHMS B pe3yJIbTa-
Te Bo3BpanteHus Cysll.

Oco00 OTMETUM, UTO C YBEJIMYEHUEM KOHIIEHTpa-
mun S11C-auKassl (puc. 4) yBeIMUYMBaeTCsI KOHIICH-
Tpauus MOHOMEPHOTO KOMILIEKCa HUKa3bl C yTLIEK-
COM, a oJIuroMepHbIe (popMEBI OeJika He 00pa3yroTcs
JIaxe pu KoHueHTpauu 18 MkM. Hukasza nukoro
THIIA B KOHIIEHTpALIM 6 MKM 00pa3syeT 60JIbIITOE KO-
JIMYECTBO TMMEPHBIX KOMILJIEKCOB C IYIJIEKCOM, a B
cinyyae Cys-free-HUKa3bl KOJMYECTBO JAUMEPHBIX
KOMIIJIEKCOB C JIYIJIEKCOM TIPEBBIIIAET KOJIUYECTBO
MOHOMEPHBIX Jaxke MPpU KOHIeHTpaunu 3 MKM [6].
CnocoOHOCTh Oellka 00pa30BBIBAaTh OJUTOMEpPHbBIE
¢GopMBI TIpU YBETUUYEHUU €T0 KOHLEHTPALUU SIBJISI-
eTcsl CBOMCTBOM MHOTUX 6€1K0B [ 18, 19]. Bo3aMmoxHoO,
KOH(MOpPMalIMOHHbIE U3MEHEHUsI, OOHApY>KEHHbIE B
y3HaronieM noMeHe S11C-HUKa3bl, IIPOUCXOIST B 00-
JIACTAX, YYaCTBYIOIIMX B MEXMOJEKYJISIPHBIX B3au-
mopeicTBusax [20].

IpeacraBisiyio UHTEpEC ONPENEIUTb, BIUSET JIU
BosBpailieHre Cysll Ha cmocOOHOCTh HUKa3bl TUAPO-
mm3oBaTh (ochommardpupHyo cBsa3p B JHK. Kak
MPaBUJIO, aKTUBHOCTh HUKAa3bl OMPEAEISIETCS €€ CIO-
cobHocThIo pacuierdaTh JJHK dara T7. AktuBHOCTH
wt- 1 S11C-HuKa3 onpeaensyiv Mo MOJHOTE CIelU-
duueckoro rugposmsa 1 mxr HatuBHou JIHK c¢ara
T7 B TeueHune 1 4 B onTUMabHBIX JIJIs1 (hepMEHTa
ycJaoBUSX. Y3HaBaeMmasi HUKAa30il MocaeaoBaTe/lb-
HocTh 5-GAGTC BcTpeuaercs B aToit JIHK 115 pas,
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Puc. 5. Ipoaykrel ruaponausza JHK ¢ara T7 nukazamu wt u S11C Nt.BspD61 (a) u sHIOHYyKJI€a3aMU PECTPUKLIMM Wt 1
S11C R.BspD6I (6); M — mapkep JHK (Lambda/Eco911) (Fermentas, Thermo Fisher), M1 — mapkep JHK (Lambda:
EcoRI + HindIII; Thermo Fisher Scientific), T7 — Heoopaborannast JJHK ¢dara T7. Pazmepsl MapKepoB B I1. H. yKa3aHBbI cJieBa.
KoHuenrpauust Hukaz wt u S11C (MKM) 1 OTHOIIEHUE KOHLIEHTPALlMM HUKa3bl K KOHLEHTPALIMU MaJIOi CyObeAMHUILIBI (SS)

0003HaYeHBI CBEPXY.

Ho HuKa3za rugponansyeT JHK Ha parMeHTH TOJTBKO
B TOM CJIy4yae, €CJIM Ba MHBEPTUPOBAHHBIX CaiTa
pacmoJIoXXKeHbl Ha paccTosiHUuu ~7—17 1. H. Apyr OT
apyra. B IHK ¢ara T7 Takux nociaeaoBaTeibHOCTe
yeTbIpe. Takum ob6pazom, HukoBanue JIHK cara T7
MIPpUBOIUT K oOpa3zoBaHMIO msTH (parmMeHTOB. Ha
puc. 5a mpencrasieHbl OpoayKTel ruaponu3a JHK
wt- m S11C-nuka3zamu. Ha puc. 5a mokasaH ITOTHEBII
ruapom3 JJHK ¢ara T7 wt- u S11C-Hukaszamu B
koHueHTpauuu 0.15 1 0.9 MKM COOTBETCTBEHHO. DTU
JaHHBbIE YKa3bIBAlOT Ha TO, YTO Bo3BpalleHue Cysll
3HAYUTEJIbHO CHUXAeT HUKYIOIIYI0 aKTUBHOCTD
S11C-Huka3bl o cpaBHeHMIO ¢ Wt- 1 Cys-free-HuUKa-
3aMU, 00JIafaoIINMI ONVUHAKOBOM aKTMBHOCTEIO [6].
HamnbGoiee BepodTHOI MPpUIMHONM HU3KOM aKTUBHO-
ctu S11C-HmKasbl gBasieTcss HU3Koe cpoactso K JJHK
(puc. 4).

Huxkaza BMecTe ¢ Mayoil cyobenuHuIeii oopasy-
IOT TETEPOJUMEPHYIO 3HIOHYKJIea3y pPeCTpUKIUU
R.BspD6I, xotopast rugponusyer obe uernu JHK.
PaHee ObII0 MOKa3aHO, YTO aKTUBHOCTH R.BspD61,
COCTOSIIIIEN M3 00BN cyObenuHUIIBI Cys-free-Hu-
Kasbl U Majioi cyobenuHunbl BspD6I, B 2 paza Huxke
akTuBHOoCcTU Wt R.BspD6I [6].

B cBs13u ¢ 3TUMM TaHHBIMU OPEACTABIISLIO MHTE-
pec BBISICHUTD, BAUsIeT 11 Bo3BpaleHue Cysll Ha pe-
CTPUKLMOHHYIO aKTUBHOCTh R.BspD6I. TTockoibky
100%-noe nukoBanue JHK wt- u S11C-HukazamMu
MpoucXoauT npu KoHeHTpausax 0.15 1 0.9 MxM co-
OTBETCTBEHHO (pMC. 5a), 3TU KOHIIEHTpalluM HC-
noiib3oBaHBl Tipm Tuaponm3e JIHK pecrpukrazoit
S11C R.BspD61. Ha puc. 56 moka3aHbl TPOAYKTHI pe-
crpukuuu JHK ¢ara T7 pectpukrasoit R.BspD6l,
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COCTOSIIIIEN M3 O0OJBIION cyopemmHuIIbl S11C-HAnKa-
3Bl ¥ MaJIO# cyObeauHuIbl BspD6I.

O nonHoit pectpukuuu IHK cynnnu no obpaso-
BaHMIO Habopa pparmeHToB mmHOKM MeHee 2000 1m.H.
Kak BugHo u3 puc. 50, nojHsiii rugpoyus JJHK pe-
crpukTtasoit S11C R.BspD6I1 HaGmomaeTcst yxke TIpu
COOTHONIEHWM KOHIIEHTpaWii OOJBIION M Majoi
cyobenuumil 1 : 1, B To BpeMst Kak wt R.BspD61 ocy-
miecTBIsieT noaHyw pectpukiuio JJTHK tonbko mipu
cootHoureHuu 1 : 8. Pectpukrasa R.BspD6I ¢ S11C-
HUKa30i B MOHOMEpPHOI (opme TposBIISIET B He-
CKOJIbKO pa3 BHIIIEC aKTUBHOCTb OTHOCHUTEJILHO pe-
crpukTa3bl wt R.BspD61 u pectpukrassl ¢ Cys-free-
HuKa3ou. [IpruymHON pa3Iuuuii B aKTUBHOCTU pe-
CTPUKTA3 SBIISIETCS TO, UTO B YCJIOBUSIX ITOJIHOM pe-
crpukunn JJHK OGonpime cyObeIMHWIBI OBYX I10-
CJIEMHUX PpECTPUKTa3 HAXOASTCSI B OJUTOMEpPHON
dopme [6]. PaHee MbI TIpEAIONOXMIIN, UTO Ha AKTUB-
HOCTb PECTPUKTA3bl BIMSIET OJJMTOMEpU3aLsI OOJIb-
1ot CyObeNUMHUILIBI. DTO MCCIIeIOBaHUE TOATBEP-
XKIaeT IMpeAnojioXeHe U yKa3blBaeT Ha TO, YTO
JIMMUTUPYIOLLIEH CTanueil peCTPUKIINU SIBJISICTCS Ae-
copoums 6ompioii cyobenuauinl oT JIHK mocie ee
rugponu3sa. Ilo-BuamMoMy, OJMTOMEpHEIE (POPMBI
HUKa3bl JUCCOLMUPYIOT MEMJIEHHEE, YeM MOHOMEpP-
HbI€, BEPOSITHO, 13-3a OOJBIIIErO YMcjia KOHTAKTOB C
JHK. CnenoBatelIbHO, B CiIydae OJIMTOMEPHBIX (popMm
OOJTBIION CYOBEIMHUIBI TpeOyeTcsT OobIlIee KOJU-
YEeCTBO MOJIEKYJI MaJIbIX CyOBEANHUILL, YTOOBI 00JIer-
YUTh Aucconmalnuio Hukassl ot JJHK.

SAKIIIOYEHHME

Takum obpaszom, Bo3BpaiieHue Cysll B Cys-free-
HUKa3zy MPUBEJIO K TOMY, YTO OEJIOK yTpaTU CIIOCO0-
HOCTb OOpa30BbIBaTh OJUTOMEPHBIE (DOPMBI, €T0
cponctio K JIHK ObIJIO CHMXXEHO, a aKTUBHOCTD 9H-
JoHyKJeassl pectpukuuu R.BspD61, o6pazoBaHHOIA
oompmion cyobenumauneit S11C-HMKa3sl M Manoi
cyonenunuiieit BspD61, moseicuiiace. Bee cTpykTyp-
Hble U3MEHEHUSI TIPOUCXOMST BIOJb 11, 00pa3o-
BaHHON N-KOHIIOM Y3HAIOIEeTo JoMeHa, metieit L1
cyomomeHa D1 u o5-ciupanbio cyonomena D2. I1o-
JlaraéM, 4YTO aMMHOKMCJIOThI, PACIIOJIOKEHHbIE B
9TOM 11IeJIM, HEMOCPEACTBEHHO B3aUMOJIEHCTBYIOT C
JHK 1 oTBeTCTBEHHBI 32 (DYHKIIMOHAJIbHYIO aKTHB-
HOCTbh HUKAa3bI.

ABTOpBHI BeIpaxaioT 6i1aromapaocts A.H. TTomoBy
1 EBponeiickoMy HEHTPY CUHXPOTPOHHOTO U3JTyde-
Hust (ESRF) (I'peno6ib, @paHiiust).

Pa6ora BeITTOTHEHA TTPpU (PUHAHCOBOI MMOAAEPKKE
HNUTOB PAH (roczaganue Ne 075-01025-23-01).
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