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BBEAEHWE

CraHOBJIeHHE U pa3BUTHUE PEHTIEHOBCKON KpH-
crajgimorpaduu MaKpOMOJIEKYJ, TaK Ha3bIBaecMOU

0eIKOBOI KpucTajyiorpaduu, IBJISIETCSI OMHUM U3 BbI-
JAIINXCI JOCTUKEHUM HayKu B XX Beke. Bo3Moxk-
HOCTb HAa aTOMHOM YpPOBHE OTIpeIe/IUTh MPOCTpaH-
CTBEHHYIO CTPYKTYPY MaKpOMOJIEKYJIbI, UCITOJIb3Yys
In(GpaKIIMOHHYIO KapTUHY OT MOHOKpHCTa/lIa, 00e-
CIEUUJIO CTPEMUTENIbHOE PAa3BUTHE MOJCKYISIPHO
Onosoruu, OUOXNUMUU, OMOMHKEHEPHUH, OUOTEXHOJIO-
YU, TIO3BOJIMIIO JOCTUYbL COBPEMEHHOTO YPOBHSI (pap-
MAaKOJIOTUU.

PentreHoctpyktypHbiit aHanus (PCA) ctan nep-
BBIM METOIOM, IMTPUMEHEHHBIM [JIsI OMpeaelIeHUs
MPOCTPAHCTBEHHOM CTPYKTYPhl MAaKpOMOJIeKY. B Ha-
cTosiiiee BpeMsl Ui 3TOM LIeJIU TaKKe UCITOJIb3YIOTCS
METOJIBI 3JIEKTPOHHON MUKPOCKOITUU, SIIEPHOTO Mar-
HutHOTO pe3oHaHca (AMP), Ho mo cux nop PCA co-
XpaHseT cBoe Benyluee 3HadeHue. M3 250 Toic. mpo-
CTPAHCTBEHHBIX CTPYKTYP OMOMaKpOMOJIEKYJI, IEM0-
HUPOBAHHBIX B MEXKIYHAPOIHYIO 6a3y faHHbIX, ~80%
oIpezielIeHbl 3TUM METOIOM.

B 1913 r., Ha cienyonnii rox rmocjie oTKphITHs Jlays
IrdpaKIUM PEHTTEHOBCKMX JIydell Ha KpHCTaJjax,
Bparr onpenenus cTpyKTypy KpUcTalijia MToBapeHHOM
conu [1]. Bckope nocienoBana paciin@poBKa CTPYK-
TYpP psiia CJIOXHBIX OPraHWUYECKUX MOJIEKYJ, B TOM
yuciae ¢pusnogorniecku aktTuBHeIX. B 1957 r. Jopotu
Kpoydopn-Xoukun Ob11a nmpucyxneHa HobeneBckast
npemusi 3a paciivdpoBaHHbie B 1949 r. mpocTpaH-
CTBEHHBIE CTPYKTYpPHI MEHUIIWJUIMHA U BUTaMrHa B12
[2]. OnHako TosibKO B 1934 1. ObL1a MoJjiyueHa nepBas
pEeHTreHorpaMMma oT 6eJIKOBOTO KpUCTajjia — MerncuHa
[3]. D10 mokaszano, 4yTo 6e0K UMEET YIOPSII0YeHHYIO
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¥ ONMHAKOBYIO CTPYKTYPY IJISI BCEX CBOMX MOJICKYII.
OnHako BO3MOXHOCTh MHTEpIpeTaluu TudpaKiin-
OHHBIX KapTUH OT OETKOBBIX KPUCTAJIIIOB MOSIBUIACH
Jub B 1954 1. 61aromapst paboram I'puHa MHrpema
u Makca IlepyTiia, KOTopble MPETOXKUIN CITOCOO pe-
meHus (azosoii mpoodiaemsl B PCA 0enkoB, Ha3BaH-
HBIIl METOIOM MOJIMKU30MOpGhHOro 3aMelleHus [4].

IlepBas cTpykrypa Oenka MUOIIOOMHA Kallauao-
Ta Obu1a pacmumdpoBaHa [IxxoHoM KeHApbIO TOJBKO
B 1958 1., cHauana ¢ paspemerneM 6 A [5], a B 1960 T.
C pa3pelieHueM 2 A [6]. B aToM ke romy M. IlepyT-
11eM OblJIa oIpeesieHa JIeKTPOHHAs TJIOTHOCTD M pac-
mudpoBaHa MPOCTPAHCTBEHHAsI CTPYKTYypa reMorio-
6uHa ¢ pasperierueM 5 A [7]. 3a ati pabotsl B 1962 T.
M. Tlepytu u JIxx. Kenapreto cranu gaypeatamu Hobe-
JIEBCKOM MPEMUMU.

B 1958 r., korna 6bla ony0aMKoBaHa MepBas Oei-
KOBasi CTPYKTYpa U KOTOPBI MOXHO CUMTATh FOJOM
POXIeHUS OEIKOBOM KpucTayuiorpaduu, IMpeKTopoM
HNucturyra kpuctamiorpaduu AH CCCP (MK PAH)
bopucom KoHcranTuHOBMYeM BaliHIITEiiHOM OBLI
noamnucaH npukas o coznanuu rnepsoit B CCCP na-
OopaTopuu CTPYKTYpPHI OejiKa, IepPBbIM 3aBEAYIOLINM
KOTOPOI OH cTall. DKCIIEPUMEHTHI CO CJIOXKHBIMU OHO-
JIOTUYECKUMU O00BEKTaMU ¢ MPUMEHEHUEM HOBOTO,
pa3BUBalomerocs GU3NIEeCKOTO MEeToma TpeboBaIu
00bEeIMHEHMS CIIeMAJIMCTOB pa3HbIX obyacTeil 1 1o-
3TOMY KOJUIEKTHB CO3IaHHOM JJabopaTopry BKITIOYAIT
B ce0s (pU3MKOB, XUMUKOB, OMOJIOIOB U MAaTEMaTUKOB.
Bbuti co3maHbl yCIOBHS U TTOATOTOBJIEHBI CIIEIINATH -
CTBI UTSI TPOBENEHMSI MOJTHOTO IIMKJIa padoT 1o OeJIKo-
BOI KpucTajiorpaduu: BeIIEICHNS, OUUCTKY OEJIKOB,
BbIpalllMBaHUsI OETKOBBIX KPUCTAJIJIOB, IPUTOTOBJIE-
HUS TSIKET0ATOMHBIX U30MOPGMHBIX TTPOU3BOIHBIX,
MoJiydyeHust T paKIIMOHHBIX HA0OPOB, paciinPOBKU
CTPYKTYP U mOCTpoeHUs1 Moaeneit mosekyi. Illupokuii
KPYT KOHTaKTOB J1abopaTopuu ¢ OMOJOTMYECKUMU UH-
CTUTYTaMU AKaZeMUU HayK U HEKOTOPBIMU 3apyOexK-
HbIMU MHCTUTYTaMU TO3BOJIMJI HayaThb COBMECTHbIE
MPOEKTHl MO U3YYECHUIO CTPYKTYP M (YHKIIUI psna
OCJIKOB.

B coapyxectBe ¢ MHCTUTYTOM (bU3MOJOTUU pac-
TeHU ObUI HAYaT MPOEKT 10 KPUCTAIN3AlNU JIerTe-
MOTJIOOMHA — PaCTUTEIbLHOIO aHaJlora reMOIJI00MHa U3
KJTyOEHbKOB a30T(UKCUPYIOIINUX pacTeHuii, ¢ MHcTH-
TYTOM MOJIEKYJISIDHOM OMOJIOTMU — TI0 UCCJIeIOBAHUIO
acriapraTTpaHcaMUHoTpaHchepasbl U pUOOHYKIICa3Hhl,
¢ MHCTUTYTOM 3KCITIEpUMEHTAIBHON MEIULIMHBI OBLIO
HayaTo MCClea0BaHue Liepyaoruia3mMuHa, ¢ Mucrury-
TOM T€HETUKU U CEJIEKIIUN IMPOMBIIIJICHHBIX MUKPOOP-
raHU3MOB — KapOokcurnenTtuaassl, ¢ MHcTUTYTOM OMO-
xumun bepinuHckoro yHuBepcuteTa uM. ['ym0Ooabara —
HeopraHn4eckoit mupodocdarasbl APOXKKEN 1 T. .

ITocne Toro kak B 1971 r. 6611 opraHu3oBaH Mex-
JTyHapOoIHbIN 6aHK 6enKoBbIX JaHHBIX (PDB), k 1980 .
un3 100 cTpyKTYyp, peacTaBIeHHBIX B 0a3e, 11eCTh ObLIN
nenoHupoBaHbl cotpyaHukamMu MK PAH.

KYPAHOBA wu np.

Pe3ynbraTsl MepBBIX MCCIIENOBAHUI, IPOBEICHHBIX
B UK PAH, G111 BEICOKO O1leHeHBbI MeXmyHapOaIHbIM
KprcTatorpanuecKuM cooOIIeCTBOM, UTO TTO3BO-
o coBMectHO ¢ MHcTUTyTOM Genika PAH B 1986 T.
nposecTH B T. [lymmHo MexXmyHapOoIHyIO IIIKOIY 10
MOJIEKYIISIPHOI OMOJIOTHH, B paboTe KOTOPOU TIPUHSI -
JIW y9acTHe U TIPOYUTAIIN JICKIIUW HanboJiee N3BeCT-
HBIE B TO BpeMsI y4eHBIe B 00J1aCTH OEJTKOBOM KPUCTAJI-
norpaduu (npod. I. Ioncon, M. Poccman, T. bian-
eI U 1p.).

1. CTPYKTYPA JIETTEMOITTOBMHA

ITepBBrIM O€nKOM, KOTOPBIN OBIT BBIACICH, OYU-
IIEH ¥ 3aKpUCTAJLUIM30BaH B 1aOOpaTOpUU OEJIKOBBIX
CTPYKTYp U IJII KOTOPOTO Oblia ycTaHOBJIEHA TPO-
CTpaHCTBEHHAas CTPYKTYypa, cTaj JierreMornioouH (JIB)
[8—11]. ITIpocTpancTBeHHas cTpykrypa JIb ObLia mep-
Boit He Toibko B UK PAH, Ho 1 Bxonnia B HEOOJIb-
IIIO€ YMCJIO TIEPBBIX YCTAHOBJICHHBIX K TOMY BpEMEHU
OEITKOBBIX CTPYKTYD.

B xn1yb6eHbkax 0000BBIX pacTeHUI, MHOKYJIUPO-
BaHHBIX OakTepusiMmu Rhizobium sp., JIb obecrieunBaeT
I hy3nio Kuciaopoaa K a30T(PUKCUPYIOIIUM OaKTe-
pounaM. O06J1agast BRICOKMM CPOICTBOM K KMCJIOPOLY,
JIb mopnepxuBaeT ypoBeHb KHUCI0POOA, JOCTATOUHO
BBICOKMIA IIJIsI TIPOTeKAHMST PEaKIIMii OKUCIUTEIbHO-
ro ¢pochoprmmmpoBaHusI B 6aKTepOonIax U JOCTATOYHO
HU3KUMA, 9TOOBI He BBI3BaTh MHAKTUBAIINIO HUTPOTE-
Ha3HOTO KOMILIEKCa, paboTalolIero B aHa3pOOHbBIX YC-
JIOBUSX. YKe 1o cTpyKType JIb, ycTtaHOBIeHHON Tpu
paspemrernu 5 A [11], cTano siCHO, YTO MOJUIENTH -
Has 1IeTib 0ejika CBepHyTa TaKUM Xe 00pa3oM, Kak
B reMOTIIOOMHAX KUBOTHBIX. OOHapyKeHHas BIICPBBIC
TOMOJIOTHUS TIPOCTPAHCTBEHHBIX CTPYKTYP T€MOTJIO-
OMHOB XXMBOTHOTO U PACTUTEJIbHOTO MTPOUCXOXKACHMUS
MO3BOJIWJIA MIPEAIOIO0XKUTh, YTO OOIIIME MPEAIIECTBEH -
HUKM 3TUX OEJIKOB cylllecTBoBaIu 0ojiee 1.3 Mmusnap-
Jia JIeT Ha3all, Koraa LapcTBO PACTEHUI OTAEIUIOCH OT
KMBOTHOTO MUpa. OTMETUM, YTO TaKOI KOHCEepBaTU3M
MPOCTPAHCTBEHHOU CTPYKTYPhl B TeMOTJIOOMHAX TTPO-
sIBUJICS Ha (pOHE HEOOJIbIIONH TOMOJIOTUU MTEPBUYHOM
CTPYKTYPHI.

PacuindpoBaHHbIe MO3aHEE TPU BHICOKOM pa3pe-
weHuu ctpykTypsl JIb (puc. 1) B neokcu- u okcudop-
Max B KOMILJIEKCE ¢ HU3KOMOJICKYJISIPHbIMU JIUTAHIaMU
(CO, NO, CN7, F7) u ¢ KpylmHbIMU OpraHUYeCKUMU
MoJieKyJIaMU (HUTpOOEH30J1, HUKOTUHOBAsI KUCI0Ta)
MO3BOJIWJIA YCTAHOBUTb OCOOEHHOCTU CTPOCHUS TEMO-
Boro kapMmaHa JIb, OTBETCTBEHHBIE 32 BBICOKOE CPOJI-
CTBO Oesika K kucjaoponay [12—16].

2. CTPYKTYPHI KATAJIA3

Bonpuroil nmkia paboT ObBUI MpOBENEH IO KPU-
CTAJITU3aIlNY ¥ U3YYEHUIO CTPYKTYPHI APYTroit TpyII-
MBI TeMcoAepXalInX 6eJIKoB — KaTaja3. B To Bpems
KaTajiadbl ObLJIM CaAaMbIMU OOJIBIIMMU TIO pa3Mepam
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Puc. 1. Kpucrannei (a) u crpykrypa (6) nerrmornioouna (PDB ID: 1LH1).

moJjekyiamu 6enkoB (250—300 k/la), uccienoBaH-
HbiMU MeTooM PCA.

Karanasbl KaTaau3upyloT OIUH U3 CaMbIX ObICTPbBIX
(bepMeHTAaTUBHBIX MPOILIECCOB — PA3IOKEHNE TIEPEKNCH
BOJOpOMA Ha Boay U Kuciopoa. KaTanasel oOHapyxe-
HbI BO BCEX PACTEHMUSIX, )KMBOTHBIX U B OOJIbILIMHCTBE
a’POOHBIX OAaKTepUii, [ae MPOUCXOIIT IIPOLIECCHI KJle-
TOYHOTO JbIXaHUs C y4acTUEM LIMTOXPOMOB, T.€. TIe
B pe3yJIbTaTe BOCCTAHOBJICHUS KUCI0pOAa o0pasyercs
MepeKnch BOAOPOaA, TOKCUIHAS U KJIETKH. 3aliu-
Ta KJETKM OT MOBPEXKAAIOIIEro NeiCTBUS NepeKUucHu
BOJIOpONa — OCHOBHAasl (pyHKuMs katana3. CTpyKTy-
PbI IBYX FeMOBBIX Katana3 (13 rpuboB Penicillum vitale
U U3 MUKpoopraHnuzma Micrococcus lysodeikticus) niep-
BOHAYaJIbHO ObLJIM YCTAHOBJIEHBI MPU pa3pelleHuu 3 R
a Mo3ke YTOYHEeHBI TIpy paspeurernn 2 u 1.5 A [17—18].

Karanasa Penicillum vitale 6b171a TIEpBBIM OCIKOM,
3aKPpUCTAIIN30BAHHBIM C MCIOJb30BaHUEM HOBO-
ro yAbTpaleHTPpU(PYKHOTO MeToAa KpUCTAIIU3alluu,
paspadoranHoro B UK PAH. ITockoibKy TaHHBIE He
TOJIBKO O TPETUYHOI, HO U O TIEPBUYHOM CTPYKTYpE
(bepMeHTOB 3TOro ceMeiicTBa OTCYTCTBOBAIU, AMUHO-
KHCJIOTHAsI IIOCJIeIOBATeIbHOCTh IIEPBOHAYAIBHO ObljIa
pacimm@poBaHa o KapTe 3JIEKTPOHHO MJIOTHOCTH.
ITo3xe ObLIO MOKa3aHO, YTO YKJIaIKa MOJAMNEITUIHOMN
LIETIM TeMOBBIX KaTaJia3 sIBJISIeTCs YHUKAJIbHOM 1 HEN3-
MEHHOI B TE€UEHNE BCETO 3BOIIOLIMOHHOTO TIepuoa.
Oma ObL1a Ha3BaHa KaTaja3HbIM TUIIOM CBEPThIBAaHUSI.

BriepBbie ObLIa MccienoBaHa CTPYKTypa TUMapraH-
LIEBOI1 KaTanasbl U3 TepMoGIbHOUI OakTepuun Thermus
thermophilus, oTHOCsIIECS K CEMENCTBY HETEeMOBBIX
Karajas, colepKallnX B aKTUBHOM IIeHTpe JTBa MOHA
MapraHia [19]. AHaiu3 cTpyKTyp, pellieHHbIX TIpY pa3-
pemennn 3 1 1 A, mo3Boamn cienaTh NpeanonokeHue
0 MecTax MPUCOSTMHEHMS TIEPEKUCH BOIOPOAa 1 TIPe-
JIOXUTD TIPOCTPAHCTBEHHBIN MEXaHU3M PEaKIINU.

3. MMPUAOKCAJIEBBIE ®EPMEHTDLI

B conpyxectBe ¢ MHCTUTYTOM MOJIEKYISIpHOM OMO-
JIOTUU TIPOBOJIMJIOCH U3yUyeHHUE OejiKa, OTHOCSILEeTOCs

KPUCTAJIJIOTPA®UA ToM69 Ne2 2024

K CeMeiCTBY MUPHUIOKCaIeBhIX (PepPMEHTOB — acTapTa-
tamuHoTaHchepasbl (AATD) [20].

IMupunoxcanesbie pepMeHTHI, coaepxXKaliue Mu-
punokcaib-5 -¢pocdar (akTuBHas (popmMa BUTAMUHA
B6) B kauecTBe KOaKkTOpa, PEryIUPYyIOT MPOLIECCHI
MeTaboiM3Ma aMUHOKHUCIIOT, KaTaau3upysl peakuuu
TpaHCAMMHUPOBAHUS, aIbIOJBHOTO pacCIIeTJIeHUS,
paliemMusaiuu, o-, B-, y-aauMuHupoBaHus. Katanus
C yyacTueMm 3TuX (PepMEeHTOB BKJIIOUAeT B ceOsl psil
HocJenoBaTebHbBIX cTaguii. M3-3a 00paTUMOCTHU pe-
aKIIMil OHU MPENCTaBISIOT MHTEPEC B KAUeCTBE BbI-
coKocnenuUUIHOTO KaTajiusaTopa IJisl oJydeHus
CBEPXUYMCTHIX MpernapatoB aMuHoKuciIor. AAT® ka-
TaJU3UPYIOT OOpPaTUMYIO PeaklUIo epeHoca aMMHO-
rpymIbl OT acnapraTta K kerorayrapary. [IpocTpaH-
cTBeHHas cTpyKTtypa AAT® cepania Kyp ycTaHOBIIEHA
npu paspeuennn 2.8 A. HeckonbKo mosxe 6biia onpe-
JieJieHa CTPYKTypa Ipyrux (hepMeHTOB 3TOM IpyMIibl —
tupo3uHdeHosmassl Erwinia herbicola n Tpurnroda-
Hasbl Proteus vulgaris.

AHannu3 TpeXMepHBIX CTPYKTYp MUPUIOKCATIb3a-
BUCHUMBIX (D€PMEHTOB BBISIBUJI U3MEHEHUST KOH(POP-
Manuy 0eTKOBOM I7100YyJIbI M KopepMeHTa B IIPOLeC-
ce KaTaJin3a, IMOo3BOJIMI 0ojiee JeTaIbHO IIPENCTaBUTh
NPOCTPAHCTBEHHBIM MEXaHWU3M 3TOM CJIOXKHOMU MHOTO-
CTaIMHON peakKlMy 1 MPOCIEANTh KOH(POPMAaIIMOH -
HBIe U3MEHEHUSI, COITPOBOXAAIOIINE MePEXOa MTUPU-
JIOKCcaIeBOi (pOpMbI B MMUPUIOKCAMUHOBYIO.

4. HEOPTAHUYECKHME MMNUPOPOCDATA3DI

Bosbliioii BKJ1aa ObL1 BHECEH B U3yYeHUE CTPYKTY-
pBI Heopranmdeckux mapodocdaras (HIIPD). PadoTsr
110 KPUCTAJUTU3AIIUM U U3YICHUIO CTPYKTYPHI U CBO¥I-
ctB HIT® npokkeil IpOBOAMINCH B COAPYXKECTBE
¢ MHcTutyTom 6uoxumMun bepanHCcKOro yHuBepcuTe-
ta uM. ['ymGonpara [21—-26].

HII®, orHocsuecs K pepmeHTaM GocHOpHOro
oOMeHa, y4acTBYIOT B IIpOLieccax, COMPOBOXIAIOIINX
OuoiornyecKoe rmpeBpalieHue SHEPTUM B XKUBBIX OP-
raHusMax, obecrnedmnBas nepeHoc GochaTHBIX TPYIIII.
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OcHOBHas peaklysl, KaTaau3upyemasi paCTBOPUMBI-
MU nupodocdarazaMu — TUAPOJIU3 MAKPOIPruye-
cKoit pocoaHTUAPUAHON CBSI3U HEOPTAaHUUECKOTO
nupodocdara (PPi) o oprodocdara. PPi odopasyer-
cs KaK MPOAYKT peakiuii OMOCUHTE3a, MPOTEKAIOIIUX
¢ yuactreM AT®, u siBisieTCSl BAXKHBIM KOMIIOHEHTOM
KiieTouHoro Metadonusma. Konuenrpauus PPi Biu-
sIeT Ha YpoBeHb HUKI0-AM®, BOCIIPOU3BOICTBO Ie-
HeTUYeCKON MH(OpMaLMU, MPOLECChl MUHEpaIn3a-
uuu TKaHei. Tmaponaus PPi B peakuusix OocuHTe3a
NPUBOIUT K TOMY, UTO IBE BHICOKODHEPIreTUUECCKUE
CBSI3M pacXOAYIOTCSI HAa KaXXAyi0 BHOBbL 00pa3ylolIy-
I0CSI CBSI3b OMOIIOIMMeEpPA, YTO AeaeT IMIPaKTUIeCKH
HeoOpatuMbiM OuocunTe3 JJHK, PHK u 6enkos.
HII®, conepxaiinecss B MeMOpaHaXx MUTOXOHIPUIA
Win B xpoMaTodopax porodakTepuii, KaTaausupy-
IOT Hepro3aBucuMbIil cuHTe3 PPi. [Tocaenyrommuii
runpoaus PPi conpsraercss ¢ mepeHOCOM MPOTOHA
yepe3 MeMOpaHy 1 BOBHUKHOBEHHEM MeMOpPaHHOTO
noreHuuana. Bce HIT®D gpnstioTcst MeTanio3aBuCH-
MBbIMU (hepMEHTaMU: NPUCYTCTBUE IBYXBaJE€HTHBIX
MOHOB MeTaJlja abCoJIIOTHO HEOOXOAUMO JJIsI UX aK-
TUBHOCTH.

YcraHoBIIeHHas TPOCTPpaAaHCTBEHHAsT CTPYKTypa
HII® npoxkeit Saccharomyces cerevisiae Oblia nepBoii
11 0eTKOB 3TOro ceMeicrtna [23, 25—27]. OnucaHo
CTpOEHUE aKTUBHOTO LIeHTpa (hepMeHTa, JIOKaJIN30-
BaHO MOJIOXEHUE CBSI3aHHBIX NOHOB MeTajljia. AHaIu-
3Upys pe3yabTaThl, YIAJIOCh Pa3iMinTh, KAKUe U3 UO-
HOB MeTajuTa ObLUIH TIepBOHAYAIBHO CBA3aHBI C (pep-
MEHTOM, a KaKWe MPUCOCTUHUINCH C CyOCTPATOM.
bbbt 00bsICHEHBI MPUYMHBI MHAKTUBALIMU (hepMEHTA
“oHaMM Kaybliusgd. Ha ocHOBaHMM aHaIM3a CTPYKTY-
PbI ObUIM YTOYHEHBI MpeajaraBiinecs: paHee KUHETH -
YyecKMe cxeMbl KaTanu3a nupodocdaTazoit 1 yToUHEeH
paHee IIpeaIoXKEeHHBIM MexaHn3M peakuun [28—32].

BriepBrie Oblia BeIZeAEHA, OXapakKTepr30BaHa 1 3a-
KpucTa/iu3oBaHa nupodocdarasa u3 rTepMoGuILHO-
ro mtamma Thermus thermophilus, mpeBocXoAsILIast MO
TEPMOCTAOMIILHOCTU OCTaJIbHbIe (DEPMEHTBI ITOTO Ce-
meiictBa [33, 34]. CTpykTypa 3TOTO (pepMeHTa ObLIa
ompereseHa rmpu paspeweHun 2 A [33].

Heckonbko mo3xe nzyyeHue 6eJKOB ceMeiicTBa M-
podocdaTas ObUIO TPOAOKEHO COBMECTHO ¢ MHCTH-
TyTOM (bU3UKO-XUMUUecKoit ouosoruu um. A.H. be-
no3epckoro MI'Y Ha mpumepe nupodocdarassl E. coli
[36, 37]. B ombiTax mo kpucraum3sanun nupodocda-
Ta3bl E. coli b1 pa3paboTaHbl METOIbI YIYUILIEHUS
KayecTBa KpucTaaioB. [lyTeM HEeCKOJbKUX LIUKIIOB
00paTUMOro Mepe3aMopakBaHUs KPUCTAJLJIOB yaa-
JI0Ch YIYULINTD AUGPAaKLUIO 10 paspeieHus ~1 A.
DTOT MOAXOM OBUT UCITOJB30BaH, YTOOBI TTOJTYUYUTh
KOMIUIEKC (pepMeHTa ¢ MHTUOUTOPOM — MOHOM KaJlb-
uus u cyocrtparoMm. CTpyKTypa MO3BOJMIA HNPEano-
JIOXKHUTH MEXaHU3M MHTUOUpOBaHUS NTupodochaTasbl
[38]. dpyroit UHrMOUTOP, (PTOPUI-UOH, OBLT UCTIOb-
30BaH [JISI UCCIENOBAHUSI TTPOMEXYTOUYHBIX CTaIuit
(bepMeHTATUBHOI peaKIInu ¢ UCTIOJIb30BAHUEM TOTO

KYPAHOBA wu np.

ke moaxona. [lepesamopaxkuBaHue B KpMOPACTBOPE,
He conepkalleM (GTOPUI-MOH, TTO3BOJUIO 3aITyCTUTD
(bepMEeHTATUBHYIO peaKlUIO U TOJYYUTh HECKOJIBKO
CTPYKTYp C MPOAYKTOM PEaKIMU B aKTUBHOM IIEHTpE
[39]. ITo3nHee ObLIa MoJydyeHa CTPYKTypa Nupodoc-
darassr V. cholerae [40].

CTpoeHue aKTUBHOTO LIEHTpa BO BCEX YEThIpex
rccienoBaHHbIX MUpodocdarazax oKkazaaoch BECh-
Ma cxofaHbIM. O0LIKMe 3aKOHOMEPHOCTU, YCTAHOBJICH-
HbIE /I 3TUX CTPYKTYP, TIOMOTJIM OTNPEAeIUTh, KaKue
CTPYKTYPHBIE 3JIEMEHTBI MI3MEHSIOTCS ¥ TTpodocda-
Ta3 u3 Apyrux opraHnu3mos [41]. Ha ocHoBe cpaBHeHUs
CTPYKTYP ObUIU BBISIBACHBI TPUUUHBI, CITIOCOOCTBYIO-
11I1e TTOBBILIEHUIO TEPMOCTA0UIBHOCTU (PEPMEHTOB,
YTO MO3BOJISIET TJIAHUPOBATh 3KCIEPUMEHTHI 110 TO-
JTYIEHUIO MYTaHTHBIX (POPM.

5. ACITAPATMHA3bI

CoBmecTHO ¢ MHCTUTYTOM OMOMEIUIIMHCKOM XU-
muu PAMH u MUHCTUTYTOM T€HETUKU U CENEKIINU
MIPOMBINIIEHHBIX MUKPOOPTAaHMU3MOB MCCIIETOBAHBI
MPOCTPAHCTBEHHBIE CTPYKTYPHI (hePMEHTOB cEMeCTBA
acriaparuHas. benku cemelicTBa acnaparuHas KaTajlu-
3UPYIOT MpeBpallleHUe acrapariHa B aciaparuHOBYIO
KUCJIOTY U aMMMaK. MIHTepec K U3y4yeHUI0 3TUX OEJIKOB
CBSI3aH C MX IMMPOKUM TIPUMEHEHUEM TPU Tepartnu
OCTpPBIX TUM(}POOIaCTHBIX JIeHiK030B. TepareBTuuecKoe
JeiCTBYE acriaparHasbl CBSI3aHO C TEM, UTO B KJIeTKaX
OITyXOJieii OTCYTCTBYET (pepMEHT acraparuHCUHTETa3a,
U OTCYTCTBHE OJHOI U3 aMUHOKUCJIOT — acraparuHa —
HapyliaeT 0MOCHHTe3 Oejika B paKoOBBIX KieTKax. O~
HaKO IIPOTUBOITYXOJIEBOE NeHCTBHE acIaparnHas3bl CO-
MMPOBOXKIAETCS PSIAOM TOKCUUECKUX d(PGPEKTOB, 3aBU-
CAIMX TVIABHBIM 00pa3oM OT €€ CITOCOOHOCTU Hapsay
C acraparvHoOM KaTajau3upoBaTh TMAPOJIN3 TIyTaMUHA
JI0 TIIyTAMUHOBOI KUCJIOTHI. [JlyTaMUH SIBJISIETCS TJ1aB-
HBIM TTIEPEHOCYMKOM aMUHOTPYITI W TTOHMKEHUE €To
CO/lepXXKaHUsl OTPULIATEIbHO CKa3bIBA€TCsl HA COCTOSI -
HuM opraHusma. IloaTomMy ogHa U3 1eneit u3ydeHus
acrmaparvHas cBsi3aHa ¢ TTOTPeOHOCThIO KOHCTPYUPO-
BaHUs (pepMeHTa, 00J1a1aK011eT0 BLICOKOM acnaparu-
Ha3HOW U MUHUMAJIbHON INTyTaMUHA3HOM aKTUBHO-
CTBIO.

Boinu BbIpalieHbl KpUCTaJUIbl U YCTAHOBJIEHBI
MPOCTPAHCTBEHHBIE CTPYKTYPHI 00JIafaloIX YMEHb-
IIEHHOM IJTyTaMMHA3HOM aKTUBHOCTBIO acliaparnHas
Erwinia carotovora n MyTaHTHOI (DOpPMBI acltaparuHa-
3bl Wolinella succinogenes Kak B CBOOOIHOM COCTOSI-
HUM, TaK U B KOMIUIEKCAX ¢ TIPOAYKTAMU peakKUnn —
acraparvHOBOM U NIyTaMUHOBOI aMUHOKMCIOTAMMU.

AcnaparuHasa Erwinia carotovora UMeeT BbICOKYIO
MIPOTUBOOITYXOJIEBYI0O aKTUBHOCTh, HU3KYIO TOKCUY -
HOCTb M B TEUCHME PsIIA JIET YCIIEITHO MPUMEHSIETCS
Npu JIEYEHUU OCTpoi NuMdpOo0OIacTHON NeliKeMUu.
CtpykTypa anocdopMbl (pepMeHTa OblIa onpeaese-
Ha npu paspeiieHuun 3 A (puc. 2), CTpyKTypa KOM-
niaekcoB ¢ L-acnaparuHoBoii U L-miyraMUHOBOM
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KHCI0TaMu — nipu paspewennn 1.9 u 2.2 A cootser-
cTBeHHO [42, 43]. OnmcaHa ykjagka MoJIUIIeITUIHOK
LIeTH B CyOBeIMHUIIAX TETPaAaMEPHOM MOJIEKYIBI (pep-
MEHTa, JIOKAJTN30BaHbl aKTUBHBIE IIEHTPHI. OTIMCaHbI
KOH(OpMaIlMOHHBIE U3MEHEHMS, COTPOBOXKIAIOIIIIEC
CBS3BIBAaHME IMPOAYKTOB peakumu. [lokazaHo, 4To
KJTI0YeBble aMUHOKHUCIOTHBIE OCTAaTKU (a.0.) aKTUBHO-
ro LIeHTpa, TPEOHUH U TUPO3UH, HAXOASTCS B MOJIBUXK-
HOI meTJie U cONMMXKaTCI APYT C APYroMm Ipu odpa-
30BaHMU 3aKPbITON KaTaIUTUUECKU aKTUBHOM (DOPMBI
B pe3yJibTaTe nepeMelleHus MOoABUXKHON MeTIu, Mpo-
HUCXOMSIIETo MpHU CBA3bIBAHUM cyOcTpaToB. bbuio mo-
Ka3aHo, YTO B CBSI3bIBAHUU 00OUX MTPOAYKTOB peaKIIuKU
YYacTBYIOT OHM U T€ XK€ a.0. aKTUBHOTO 1IEHTPa, HO
pacrnoJjioxkeHue OOJIbIIEro Mo pa3Mepy JUranna — riy-
TaMUHOBOI KUCJIOTbl OTHOCUTENbHO KaTaIUTUYECKU
BaXKHBIX OCTAaTKOB MeHee 0JaronpusiTHO AJIsl POTe-
KaHUS peaklnu.

MyrtaHnTtHag ¢opMma acnaparuHassl Wolinella suc-
cinigenes (WASm), KoTopasl comepxaja ABE 3aMEHBI
V23Q u K24T B noaBMXXHOI MeTie, OrpaHUYMBaI0-
1Iei aKTUBHBIN LIEHTP, U 00JIaaia Ha TopsIIoK MEHb-
1Ie# 110 CpaBHEHUIO C MCXOMHBIM (DEPMEHTOM TIyTa-
MHWHAa3HOI aKTMBHOCTBIO IPU MOJHOM COXpaHEHUU
acrararnHasHoi, 6buta mojydeHa B 2016 r. rpymmnoit
nccaenonaTeneit n3 [ocynapcTBeHHOTO HAyYHO-HMCCIIE -
JOBATEIbCKOTO MHCTUTYTA TEHETUKH U CEJICKIIMU TTIPO-
MBIIIIEHHBIX MUKPOOPraHu3moB [44]. YToOnl mIpo-
CIeIUTh, KaKM 00pa30M BBEICHHBIC 3aMEHBI BIMSIIOT
Ha COOTHOIIIeHNE aKTUBHOCTEH, OBUIM OTIpeaeIeHBI
MIPOCTPAHCTBEHHBIE CTPYKTYPHI alToPOPMBI MyTaHTa
M eT0 KOMITLIEKCOB € aclTaparnHOBOM 1 TIIyTAMHUHOBOM
amMuHokuciaoramu. CTpykTypa anogopmMmbl pepMeHTa
yTOUHEHa Npu paspelieHun 1.7 A, cTpyKTypbl KOM-
mrekcoB WASm/Asp 1 WASm/Glu nipu 1.65 u 2.0 A
coOoTBeTCTBEHHO [45]. OKa3anoch, 4YTO TpU CyObeIM -
HUIIBI TeTpamMepHoii MosieKyabl WASm/Asp HaxoasT-
csl B KaTaJIUTUUECKU aKTUBHOI, 3aKpbITOI KOHMOP-
MalMu, B TO BpeMsl Kak B Komriekce WASm/Glu Bce
YyeThipe CYyObeAUHULIBI UMEIOT HEAKTUBHYIO OTKPHI-
Ty10 (popmy. MonenupoBaHue noysoxeHus a.o. Gln23
n Thr24 ¢ ucrnonb30oBaHUEM KOOPAMHAT MCXOZHOIO
depmenTa (PDB ID: 5K30) nokazajo, 4To O0KOBbIE
1LIeTIH a.0. 00pasyIoT psii KOPOTKMX KOHTAKTOB C COCEI -
Hell cyObeAMHULIEN TUMeEpPa. DTO MOXKET YBEJIMUUBATh
TTOABUKHOCTD MET/IN U MPETSITCTBOBATh 00pa30BaHUIO
3aKphITO KOH(pOopMaluy IIpU CBI3bIBAHUU CyOCTpa-
Ta OosblIero oobeMa: rmyramuHa. Kpome Toro, mocie
BBeneHus 3aMmeH V23Q, K24T cyiiecTBeHHO MEHSIETCS
M 3JIEKTPOCTATUUECKUI TTOTEHIINANI TIOBEPXHOCTH Ha
JTaHHOM YJacTKe TIPOCTPAHCTBEHHOM CTPYKTYPHI.

Mertomom MonekynsipHoit auHamuku (ML) Obia
uccnenoBaHa L-acniaparunasa Wolinella succinogenes
JUKOTro TUIIa U ee MyTaHTHas ¢opma: V23Q/K24T.
IToka3zaHo, YTO TMOABMXKHOCTh aTOMOB MYTaHTHOM
(bopMBI GeTKa CyIIecTBEHHO BBIIIIE TTOIBIKHOCTH aTO-
MOB OeJTKa TUKOTO TUTIA. BBISBIEHBI 3JIEMEHTHI CTPYK-
Typbl OeJiKa, MOABMKHOCTh KOTOPbIX HaubOoJIee CUITbHO
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Puc. 2. I[IpocTpaHcTBeHHas CTPYKTypa aclaparmiHasbl
u3 Erwinia carotovora (PDB ID: 1ZCF).

MEHSIETCS NIPY BBEACHUU MYTalUUil. YBeIUYeHUE N0/ -
BUXKHOCTU MOOWJIBHOM TMETJIM MOXET ObLIb OTHOM
W3 TIPUYXH, BIUSIONIMX HA UBMEHEHUE CyOCTpaTHOM
cnenqudUIHOCTU MyTaHTHOM ¢opMmbl L-acmaparnHa-
361 [46].

6. KPUCTAJUVIN3ALIUA BEJIKOB B YCJIIOBUAX
MHWKPOTI'PABUTALINU

Pazsutuio B UK PAH cTpykTypHBIX HCCIenoBaHNA
0eJIKOB, BaXXHBIX IJIsI MEIULIMHBI U OMOTEXHOJIOTUH,
B Havajie XXI Beka crroco0CTBOBAJIO pacIiupeHne BO3-
MOKHOCTeH yirydmreHus: TupakKIIMOHHOTO KadyecTBa
KpHMCTAJUIOB 6Jaromapsi MpOBEASHUIO 9KCTIEPUMEHTOB
0 UX POCTY B YCJIOBUSIX HEBECOMOCTHU. DKCITEPUMEHTHI
10 KPUCTATU3AINH OEJTKOB Ha KOCMUYECKIX JIeTaTeb-
HBIX arraparax, B TOM YUCJIe Ha POCCUMCKON KOCMUYE-
CKoi1 ctaHIIMM “Mup”, npoBeneHHbIe B epuon 1981—
1996 rr., ToKa3anu, 4To JUMPAKIIMOHHOE KAuyeCTBO
0EJTKOBBIX KPHUCTAJIJIOB, BHIPAIIEHHBIX TTPU HU3KOM Tpa-
BUTALIMU, MPEBOCXOAUT KaUeCTBO KOHTPOJIbHBIX Ha3eM-
HBIX KpUCTAIIOB [47]. DTOT 3(p(PeKT 3aBUCUT IJIABHBIM
0o0pa3oM OoT 0cOOeHHOCTEeH TpaHCIopTa MPU HU3KOM
CUJIe TSKECTU OEJTKOBBIX MOJIEKYJI, UMEIOIIIUX BBICOKYIO
MOJIEKYJISIPHYIO Maccy 1 HU3KYIO T GHY3NOHHYIO TTOMI -
BIDKHOCTD, K pacTylieMy KpucTaury [48].

C 2005 r. UK PAH yuyacTByeT B COBMECTHOM
¢ HHWHM MAIII Pockocmoca nipoekre “Kpucramim-
3aTOp” MO BBIPAIIMBAHUIO KPUCTAJIOB BBICOKOTO Ka-
yecTBa Ha PoccuiickoM cermeHTe MexayHapomHoOit
kocmuyeckoit ctanuuu (MKC). 3HaunTenbHas 4acTh
KPUCTALJIOB OEJIKOB, U3y4aeMbIX B OTOT MEPUO[, BbI-
palleHa B paMKax 3TOTo IpoekTa [49—54].

s TpOBOIMMBIX B KOCMOCE 3KCIIEPUMEHTOB
B KoHcTpyKTOpckoM O01opo MK PAH 6kt pazpabdora-
HBI KpUcTauin3aTopbl Monyns 1, Monyib 3 1 n3ydeHbl
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YCIIOBHS POCTa KPUCTAJUIOB B 3TUX allllapaTax Ha 3eM-
Jie U B HEBeCOMOCTHU. BhIpalieHHble B HEBECOMOCTU
B KpuctajumsaTope Monynb 1 Kpuctamisl ¢popMHuaT-
nerunporeHasbl Arabidopsis taliana, peKOMOMHAHTHOTO
MHCYJIMHA, KapOOKCUIIENTUAA3bl U psia APYrux Oei-
KOB MPEBOCXOAMIN Ha3eMHBbIE 10 pa3Mepy U audpak-
HHuoHHOMY KauecTBy [50, 51]. B anmapare Monynb 3
B HEBECOMOCTHM C UCITOJIb30BaHNEM MCKYCCTBEHHOI
rpacdo3NUTaKCUM OblJIa BhIpallleHa IJIEeHKa U3 KpU-
crajioB Karanasbl Penicillum vitae [54]. Takum obpa-
30M, BIIEpBbIC IS BhIpAIIMBAHUST KPUCTALJIOB OEJIKOB
OBIT IPUMEHEH METOJ MCKYCCTBEHHOM SITUTaKCHN.

C 2009 r. u mo Hacrosilee BpeMsl SKCIepUMEH-
TBHI ITO BBIPAIIMBAHUIO KPUCTAJIOB OETKOB BHICOKOTO
KauyecTBa TTpoBoasaTcs Ha MKC u B IMTOHCKOM MOAY-
Jie KIBO coBMECTHO C SIITOHCKUM a3pOKOCMUYECKUM
areHTCTBoM JAXA.

K 6enkam, CTpYKTYpbI KOTOPBIX OTIPeIeIeHbI C MC-
MMOJb30BaHMEM KPHUCTAIIJIOB, BhIPAIEHHBIX B HEBECO-
MOCTH, OTHOCSATCS U KapOOKCUTIENITUIA3bI, UCCIIENO0-
BaHME KOTOPBIX MPOJOJIKAETCS B HACTOSIIEE BPEMS
[52, 55].

7. KAPBOKCHUITEIITUAA3bI

W3yuyeHue O0enkoB ceMeiicTBa METaLIOKapOOKCH -
nentuaa3 ObJIO HAYaTO COBMECTHO ¢ MHCTUTYyTOM
TEHETUKU U CeJIEKIIMU TTPOMBIIIIEHHBIX MUKPOOP-
raHu3MOB, IJe OblIa BblIe/IcHAa KapOOKCUIIeTITaa3a
(KIX) Thermoatinomyces vulgaris (KIIT) — nepBast KII
13 MUKPOOPTAaHN3MOB [56].

MertamiokapOOKCUIIeNTUAA3bl, CoAepKallue aToM
IIMHKA B aKTUBHOM IIEHTPE 1 KaTaJTU3UPYIOIINe OTIIIE -
mieHre C-KOHLIEBOTO a.0. OT OSJIKOB 1 MEeNTUA0B, Bbl-
TTOJTHSIOT pa3HOOOpa3Hbie (PYHKIIMU B JKUBBIX Opra-
HuszMax. Peryngropnabie KIT ocyliecTBasioT mmporiec-
CHHT HEWPOTENTUAOB ¥ TIPOTOPMOHOB, PETYJINPYIOT
AKTMBHOCTb TMENTUIHBIX TOPMOHOB, YYaCTBYIOT B U3-
MEHEHUHU B3aumoaeicTBuil 6enok—oenok. KIT mna3-
Mbl KPOBY MTPUHUMAIOT yYacTHUe B KacKaje peakiuii,
MNPUBOISIINX K 00pa30BaHUIO TPOMOOB U pa3BUTUIO
uHdapkra. biaaronapst atomy unruéutopsl KIT npu-
MEHSIIOTCS JUISl KYTUPOBAHUSI CEPACYHBIX MTPUCTYITOB.
Knaccuueckumu o0beKTaMu 9H3UMOJIOTUU SIBJISIIOT-
cs TIMIIEeBapUTeIbHbIC TTAHKpeaTHuUecKue KapOoKCcH-
nentuna3bl A u B (KIIA u KIIB). ITocTostHHBII MH-
tepec K usydeHuio KIIB cBsi3aH ¢ ee MCMOJIb30BaHU-
€M B OMOTEXHOJIOTUM TIPU TIPOU3BONCTBE MHCYIMHA,
a TakXKe B KaueCTBE MOJEJM MpU pa3paboTke cenek-
TUBHBIX UHTMOUTOPOB peryasTopHbix KIT.

[TpoctpancTtBeHHas ctpykrypa KIIT nokasana, 4to
MUKPOOHbIE (PEPMEHTHI UMEIOT YKIAAKY MOJUNENTU -
HOM 1LIeNU U CTpOEHHE aKTUBHOIO LIEHTPa, CXOIHOEe
¢ mankpeatnueckumu KIT [57, 58]. OnHako KapOoK-
cunierituaassl A, B u T cyliecTBeHHO pa3ianyaroTcs
no cyoctpatHoit cneunduuyHoctu: KITA oTmieris-
IOT TOJIBKO OTpULIATEIbHO 3apsixkeHHble C-KOHIIEBbIE

KYPAHOBA wu np.

a.0., KIIB — nmonoxwurensHo 3apskeHHbie, a KIIT or-
JnyaeTcs 6osiee MUMPOKON CIeuru(pUIHOCTbIO, OTIIE-
misisi C-KoHLeBble TUAPOMOOHDBIE U MOJOXUTEIb-
HO 3apsiKeHHBIE a. 0., XOTsl MOCAeIHUE U C MEHbIIEH
ckopoctblo. [ToaTomy nanHas rpynna KIT okazanach
YIOOHBIM OOBEKTOM JIJISI UBYUYEHMST CTPYKTYPHbBIX OC-
HOB ceJieKTUBHOCTU (pepMmeHTOB [59]. [ToHuMaHue
MeXaHU3MOB, o0ecTeurnBalOIIMX U30UPATEIbHOCTh
neiicTBUs (epMEHTOB, 1aeT BO3MOXHOCTb KOHCTPYH -
poBaTh (OEPMEHTHI C KeJTaeMBbIMU CBOMCTBAMM, YTO
MPEICTABISIET BaXKHYIO 11€JIb TPAKTUYECKOU SH3UMO-
noruu. [Ipumenunrensro K KIT aTo mipencraBisieT cy-
LIECTBEHHBIN MHTEpEC IS KOHCTPYUPOBaHUs OoJiee
COBEPIIIEHHOTO (hepMEHTa MPOIIECCHTa MHCYTMHA.

ITo umerommmMcs IpeacTaBIeHUsIM CyOCcTpaTHAas
cneunduuHocTh KIT B 3HaUNTEIbHOM CTENIEHU Ompe-
JIEJIIETCS COCTABOM M IIPOCTPAHCTBEHHBIM CTPOSHUEM
S1’-cybcaiiTa, uau LeHTpa NepBUYHOM crielu(PUIHO-
CTH, TIE CBSI3BIBACTCS OTIICIUIIEMEBIN a.0. I[TocKomb-
Ky IIPU CXOAHOM CTPOEHUM KaTaJIUTUUECKOTO LIEHTpa
KIIT ortnuuaercsa or KIIB Tonbko msAThIO 3aMeHaAMU
B S1’-cy0OcaliTe, MOXHO OBLIO MpeamnoJiaraTh, 4To
3ameHa 3tux octarkoB KIIT na KIIB usmenur ce-
snektuBHOCTh KIIT. beur mpuroroiaen mytant KIIT
¢ KapMaHoM IepBuuHoii cnenudpuyHoctu KIIB u ero
CTpOEHHUE MOATBEPXKICHO OINpeNcIeHUEM CTPYKTYPHI.
OnnHaxko 3ameHa 3tux octatkoB B KIIT He uzmeHuna
CeJIEKTUBHOCTh (hepMeHTa [60].

Cpasnenue KIIB u KIIT nokasaio, uro B S1°-cy0-
caiite KIIT yyacTtku, cBs3biBaioe ruapo@oOHbIe
U MOJIOXKUTETBHO 3apsKeHHbIE CyOCTpaThl, TPOCTPaH-
CTBEHHO pasneieHbl. B pesynbraTe ruapo¢oOHBIMi
(bparMeHT oka3bIBaeTCs MPEUMYIIECTBEHHO B TUIAPO-
¢oOHOM OKpYyXEeHMHU, a 3apsiKeHHas] TyaHUIMHOBasI
rpyIina HermoCpeACTBEHHO WM Yepe3 MOJICKYJIbl BOIbI
B3aMMOJIEHCTBYET C KJIaCTePOM IOJISIPHBIX aMUHOKMC-
JIOT, CBSI3aHHBIX MEXIY COO0O0I CUCTEMOI BOTOPOIHBIX
cBs3eii. braromapst TakoMy pasaeneHuo GepMeHT oKa-
3bBaeTCs 3(OEKTUBHBIM MPU TUAPOINU3E W TUAPO-
¢$OOHBIX, U TOJOXUTEIILHO 3apsiXKEHHBIX aMUHOKMC-
not [60]. CaegoBaTellbHO, HA IEPBUYHYIO CITeU(pUY-
HOCTb (hepMeHTa BIMSIOT HE TOJIbKO aMUHOKUCIOTHBIE
ocratku S1’-cyOcaiiTa.

YT1oOBI JIOKAJIM30BaTh BCE a.0., y9aCTBYIOIIME
B CBSI3BIBAHUM cyOCTpaTa, ObLIM IMOJYYEHBI U UCCIIE-
JoBaHbl Kpuctamindeckue komiiekebl KIIT ¢ ana-
JloraMu TuApO(POOHBIX U TTOJIOXKUTEIBHO 3apsSIsKEHHBIX
cyOCTpaToB, a TAaKXKe ¢ COCAUHEHUSIMU, OTPaKAIOLIM -
MM COCTOSIHUE aKTMBHOTO 1LIEHTPa Ha MPOMEXYTOUHBIX
cragusx peakuuu (puc. 3) [61—65]. B monekyne KIIT
ObLIM MASHTU(GULIMpPOBaHbI cyocauTel S1°, S27, S17,
e CBSI3BIBAIOTCS ABE TMPEAIIECTBYIONINUX paclleruisie-
Moii ¢cBsI31 1 C-KOHIIEBOI a.0.

Ha ocHoBe aHanu3a B3auMOACHCTBUS CBSI3aHHbBIX
JIMTaHIOB ¢ (PepMEHTOM OIIPEACICHBI a.0. — IMOTEeH-
nuaJibHble JeTepMUHaHThl creuuduyHoctu KIIT
W IIPEIJIOXKEHBI TO3ULIMKA TOUSUHBIX MYTaLNii, KOTOPEIE
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(6)

Puc. 3. Kpucramibl (a) ¥ mpocTpaHCTBeHHas CTPYKTypa (0) Kapookcurentuaasbl T B KoMruiekce ¢ N-cynbhamon-L-eii-

uuHom (LUO, PDB ID: 6GO2).

MOTYT U3MEHUTH CEIEKTUBHOCTh (hepMeHTa. OTUH U3
MYTaHTOB, TIPUTOTOBJIEHHBII COTJTACHO 3TUM PEKO-
meHganusam: L211N, katanu3upyert oTILIeIIEHUE I10-
JIOXKUTEJIbHO 3apsKEHHOTO cyOCcTpaTa co CKOPOCThIO,
MpeBbIIIAIOLIEH CKOPOCTh KaTanu3a (epMEeHTOM AUKO-
ro Tuma 6ojee yeM Ha mopgaok [65]. B [66] ObL10 110-
Ka3aHO BIUSHUE a.0. TeTIIN, 3aKPBIBAIOIIEH aKTUBHBII
LIEHTP, Ha ceJeKTuBHOCTH KII.

8. CTPYKTYPA AJUUIEPTEHA Der_p_3

IMpu pasperuennn 2.25 A ycraHOBIeHA MPOCTpaH-
CTBEHHas CTPYKTypa APYroli mpoTeasbl: ajjepreHa
Der_p_ 3 u3 kjeuieii noMaiHei noeliu Dermatophago-
ides pteronyssinus [67] (puc. 4).

K annepreHaM OTHOCSIT aHTUTEHBI OEJIKOBOM IIpu-
ponbl, BbI3BIBAIONIME AJJIEPTUIO U 00JIanaiolie cro-
COOHOCTBIO CBSI3BIBATHCS ¢ UMMYyHOTJ00yanHOM E
(IgE). benku u3 kiueuieit nomamHei o Dermato-
phagoides pteronyssinus cOCTaBJISIIOT OOJIbIIYIO YacThb
JOMAIITHUX aJJIEPreHOB U SIBJISIIOTCS OMHUM M3 TJ1aB-
HBIX (PaKTOPOB, OTBETCTBEHHBIX 32 Pa3BUTHE aJIePTUu
1 OpOHXMaJIbHOM acTMbl BO BceM Mupe. 3ajaya pac-
MMO3HABaHUS aHTUTEHHBIX YIaCTKOB OCITKOB SIBIISIETCS
KJTI0UYeBOM TPU CO3MAaHUU CMHTETUYECKHUX BaKIIWH,
MMMYHOIMATHOCTUYECKUX TECTOB U MPOU3BOJACTBE aH-
tuten. CTpyKTypHasi ”H(GOpMaLKsT UCTTOJIb3YeTCsl ISt
MoucKa 3MUTOIOB U MPOrHO3MPOBAHUS ajlIepreHHOMN
akKTUBHOCTH. [10o3TOMY maHHBIE O POCTPAHCTBEHHOM
CTPYKTYype OeTKOB-aJIJIEPreHOB MPEACTABIISIOT CyIIIe-
CTBEHHBI MHTEpPEC.

benok Der_p 3 saBisieTcss omHUM 13 KIIOYEBBIX ajl-
JIEPreHOB, BBIAEICHHBIX U3 Kielleil Dematophagoides
pteronyssinus. UMerotcst nanHbie, uyto Der p 3 B3a-
UMOJIEHICTBYET C IbIXaTeJIbHBIM SMUTEINEM, a TaK-
K€ ydyacTBYET B aKTHMBAllMU KaJblIMEBbIX KaHaJIOB.
KPUCTAJIJIOT PAOU A Ne 2
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CornlacHO aMMHOKMCJOTHOM MOC/Ie10BaTeIbHOCTH,
Der_p 3 oTHOCHUTCS K CEMECTBY CEpUHOBBIX MTPOTE-
a3: TOMOJIOTUSI MEXAY aMUHOKUCIOTHBIMU TMOCJIeI0BA-
TenbHOCTAMU Der_p 3 v TpUInicMHOM ObIKA COCTABIISIET
36.8%. Hanbosmpiive pa3innuus B KOHGOPMALIKK a. 0.
HabJiroaloTcs B 00J1aCTU pa3ynopsA0YeHHBIX LeTeit.
B ominyue oT 00JIBIIMHCTBA aJlJIEPreHOB MOJIUITeTITHI -
Hag uenb Der_p_3 He comepXuT INTMKO3WIMPOBAHHBIX
y4acTKOB. [JIs1 peHTTeHOCTPYKTYPHOTO UCCIIeIOBAHUS
ObLIa pa3paboTaHa METOAMKA MOJYyYEeHUsI PEKOMOU-
HaHTHOro 6enka [68]. M3BecTHO, uTO Oenok Der p 3
MOABEPraeTcsl aBTOJIM3Y, TOATOMY HapsiAy C HATUB-
HBIM OeJIKOM Obljla MPUTOTOBJIEHA MyTaHTHasI pop-
Ma S196A, B KOTOPOIi a.0. CEpMHA aKTUBHOTO LICHTpA
3aMeHeH Ha ajaHMH. MyTaHTHasi (popma okaszanach
CTaOMIBbHOI M COXpaHMIa CIIOCOOHOCTh CBSI3bIBATHCSI
c IgE, mostomy OoJjiee mpuroaHa AJjisl TeparneBTUYC-
CKMX LieJieil. YKiaaKa MoJUIeNTUAHON 1IN B MoJie-
KyJjie aJuiepreHa TUTIMYHA 151 0eJIKOB ceMeiicTBa TpUII-
cuHa. MoJiekyna COCTOUT U3 ABYX JOMEHOB, KaXXIbIii
U3 KOTOPBIX COAEPXKUT P-Oappen. JloMeHbl, MEXIY
KOTOPBIMU PACHOJOXEH aKTUBHBINA LIEHTP, CBSI3aHbI
JJIMHHOM pasymnopsiaoueHHoi netieit. I1o cpaBHeHUIO
C TPUIICUHOM TOJIUTICIITUAHAS LETTh CONEPKUT TOIOJI-
HUTEIBHYIO O-CITUPAaJib, a TAKXKe UMEIOTCS HECKOJIBKO
BCTaBOK U aeneuuii. Hanbomnpine pa3nmanst HaOI0-
JAl0TCSl B KOH(OpMAaLIMU Pa3yIopsIOueHHBIX Lereid.

9. POCOOITAHTETEUH
AJEHUINIITPAHCOEPA3A MYCOBATERIUM
TUBERCULOSIS

DocdhomnanTeTenH ageHuIUITpaHcdepasa Myco-
bacterium tuberculosis (PPAT) xatanuszupyer mpen-
MOCJIEAHIOI CTAaNIO MSATUCTAIUINHOTO OMOCUHTE3a
kodepmeHTa A (CoA) — obpaTuMbIii IepeHOoC aje-
HUJBHOM Tpynmbl ageHo3nHTpUdocdara (ATD) Ha
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Puc. 4. [IpoctpaHcTBeHHas CTpyKTypa ajiepreHa Der p 3 u3 kienieit nomainHeit s Dermatophagoides pteronyssinus

(PDB ID: 7PZ0O).

4’ -oconaHTeTeNH ¢ 0CBOOOXAeHNEM TTUpodocda-
Ta 1 oopazoBaHueM aedochokodepmerTa A (APCoA).
®dochopunmupoBanne dPCoA Ha cinemyromieit (1mo-
clienHeli) cTaaguu Ipolecca IMPUBOIUT K oOpa3oBa-
HUo CoA, HeOOXOAMMOTO TSI XKU3HEIEATETbHOCTHA
natoreHHoii MukoOakTepuu. Katanuzupyemasas PPAT
peakius SBJsieTCsl KJII0UeBOii, a (pepMeHT NpeacTaB-
JIeT yIO0OHYI0 MUILIEHB JJIsI TIOMCKA MOTEHIMATIbHBIX
MPOTUBOTYOEPKYIE3HBIX JeKapCTB [69].

IIpocTpaHcTBEHHBIE CTPYKTYPhI ObUIM YCTAHOBIIE-
HBI U1 anoepMeHTa 1 ero KOMILIEKCOB C cyOcTpa-
ToM — AT® (puc. 5), npoaykrom peaknun — dPCoA
U IIPUPOAHBIM MHruouropom peakuuu — CoA [70—
75]. IlepBble TpU CTPYKTYPHI OTpaKarT KOHGpOpMa-
1o (pepMeHTa Ha COOTBETCTBYIOIIEH CTaIuM KaTaar-
3UPYEMOI peaKkiuu.

IToka3aHo, 4TO roMoreKcamMepHas MoJIeKyna dep-
MeHTa, coAepxalas 3aloJHEeHHBIH MOJeKyJIaMu
BOIBI BHYTPEHHUIT KaHAaJI, HAa TIOBEPXHOCTH KOTOPOTO
pacItoyioxkeHbl aKTUBHBIC LIEHTPHI, MIPAKTUICCKNA HE
U3MeHsieTcs Npu cBsi3biBaHUU COA, HO MpPU CBI3bI-
BaHUM cyOCcTpaTa M MPOAYKTa IpeTepIrieBaeT CyIie-
CTBEHHbIE KOH(MOPMAIIMOHHBIE U3MEHEHUSI, COIIPO-
BOXIAIOIINecS M3MEHEHNEM THaMeTpa BHYTPEHHETO
KaHaya, yepe3 KOTOPBI CyOCTpaThl MOCTABISIOTCS
B aKTMBHBIE LIeHTpHI (puc. 6). Ha ocHoBe cpaBHU-
TEebHOTO aHajn3a KOH(MOPMAIIMOHHBIX U3MEHEHU M

OBbUT TIPEnIOXKEeH CTPYKTYPHBIN MEXaHM3M pEaKIInu,
KaTajnusupyemoi pepmertom [73, 74].

YcraHoBJIEHHBIE TPU BBICOKOM pa3pelleHuu KOop-
JUHATbl MOJIEKYJIbI ObUTU UCMOJIb30BaHbI /151 TIOUCKA
meTonoM M/l cnenucpuyeckux MUHTMOUTOPOB, KOTO-
pble TIPEACTABIISIIOT MHTEPEC KaK MMOTEHIIMATbHbIEC TPO-
TUBOTYOEpKyJIe3HbIE cpeacTBa [76].

10. HYKJIIEO3N AP OCDOPUIIA3DI

Bousbiioit 06beM paboT MOCBSIIEH U3YYEHUIO
CTPYKTYPhI U CBOMCTB OCJIKOB CeMeCTBA HYKJICO3U I -
dochopunas. Hykneosundocdopuiia3bl: mypuHHY-
kneosuadochopunassl (ITHP), ypunundpochopuia-
3bl (YH®), Tumuaundochopuiassl (TP) u mmupo-
KocrenuduuHbie mupuMuanHochopuiassl (IIuHD)
OTHOCSITCA K KJTIOUEeBBIM (hepMeHTaM 0OMeHa HYKJIEO-
3UJI0B.

CriocoOHOCTb KJIETOK TMOANEPKUBATh TOCTOSIHHBII
3arac MypUHOBBIX U TMPUMHUINHOBEIX HYKJICOTUIOB
3aBUCHT OT MPOIecca CUHTE3a HYKJICOTUIOB U3 UMe-
IOIIMXCSI TOTOBBIX MPOAYKTOB WK de novo. BaxkHOCTh
J1000TO U3 TUX ABYX CUHTE30B B COXPAHEHUU HYKJI€O-
THUIHOTO 3ariaca pa3JIMdyHa M 3aBUCHUT OT KJIETOK U TH-
OB TKaHE.

Hyxkneo3sundochopunassl o6ecrieynBaoT KIETKY
MYPUHOBBIMU U MTUPUMUINHOBBIMA OCHOBAHUSIMMU,

KPUCTAJIJIOTPAOUA  tomM69  Ne2 2024
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Puc. 5. Kpucrannel (a) u mpoctpaHcTBeHHas cTpykrypa (0) docdonanterenH aneHunwitpanchepassl Mycobacterium

tuberculosis B8 xomruiekce ¢ AT® (ATP, PDB ID: 3UC5).

KOTOPbIE MOTYT UCIIOJIb30BaThCS AJITEPHATUBHO CUH-
Te3y de novo. BriepBble SH3UMATHUECKOE paclieTieHre
TJIMKO3UIHOMU CBSI3M B ITyPUHOBBIX M ITMPUMUINHOBBIX
pubo3uaax 6wu10 onucaHo Levene and Medigreceanu
B 1911 1. [77]. B 1924 r. Levene ony01MKOBaHbI JaH-
Hble 00 OOIIMX CBOMCTBAX U METOAAaX BbIAEICHUS U3
pa3JIMYHBIX OPTaHOB COOAKM HYKJIE031Ia3 — TaK ObLIN
Ha3BaHbl 3TU epMmeHTHI [78, 79]. B 1945 1. B akcne-
pumenTax Kalckar ¢ ucnoiab3oBaHUEM MUPUMUIU-
HOBOI HyKJeo3uadochopuiasbl U3 MEYSHU KPbICHI
OBLJIO TTOKA3aHO HAJTWYME BTOPOTO MPOAYKTA peaKIIuu
pubo3a-1"-¢ocdara BMecTo prb03bI, KaK ObLIO paHee
npenmnoaoxeHo [80].

buomennuumHckuii nHTEpEC K HyKJeo3uadpocdo-
puiazaM BO3HUK M3 UX KJIOUEBOU POJU B HYKJIEO-
TUIHOM METabO0JM3Me U MX HEOOXOMUMOCTH IIJIsI HOP-
MaJbHOM KJIeTOYHOI (pyHKIUKU. OHM YIaCTBYIOT B M€~
Tab0JM3Me MPOTUBOPAKOBBIX U MPOTUBOBUPYCHBIX
MpenaparoB, SIBISIONIMXCS aHAJIOraMU HYKJIEO3UIOB.
Bbuto mpenmnosoxeHo, YTO MHTUOUTOPHI, crieuuduy-
Hble K HyKjieo3uadochopuiazaMm, MOTYT YCUJIUBATD
JneficTBUe OIpeneaeHHbIX HYKJI€O03UIHbIX aHaJOTOB
MNPy XUMUOTEPANeBTUIECKOM BO3IECTBUU, TIPEIOT-
Bpalllasi uX MHAKTUBALIMIO.

Hyxneosuadocdopunassl pa3aensiioT Ha ABa ce-
MEMCTBa: MypMHOBBIE HyKJIeo3uagochopuiasbl, pac-
IIETUITION e KaK TYaHWHOBBIN, TaK M aleHUHOBBIN
HYKJICO3UIbI, ¥ TTMPUMUINHOBEIE HYKJIeo3uadocdo-
puIIasbl, KOTOPHIE, B CBOIO ouepelb, et Ha YHD,
T® u mmpoxocneuupuunyto [TnH®. K Hacrosimemy
BPEMEHHM OTIMCAHO OOJIBIITOE KOJMUECTBO HYKICO3U/I -
(ocdopuras Kak HU3MINX, TaK U BBICIITNX OPTAHN3MOB
U OTIPENEeICHO TOBOJbHO OOJIbIIOE YMCIO MPOCTPaH-
CTBEHHBIX CTPYKTYpP HyKJIeo3uadochopuaas Kak Imy-
PUHOBOTO, TaK U MMPUMHUINHOBOTO THUIIA, KOTOPBIE
MO3BOJIWJIN CUCTEMATU3UPOBaATh (pocdopuiasel mno

KPUCTAJIJIOT PAOU 51 2024

ToM 69  Ne 2

Puc. 6. I3sMeHeHNne nuaMeTpa BHYTpEHHETO KaHaja
B MoJieKyJsie (hoconaHTeTeuH afeHUIUATpaHCchepasbl
Mycobacterium tuberculosis B TeueHUe KaTaJlu3upyemMoit
peaximu.

MPUHIIMITY OEJIKOBOM YITaKOBKM: MOHOMEPBI HYKJIEO-
3uadocdopuias CoCTosAT U3 OMHOIO UM ABYX JOMe-
HOB, 10 TOMY ITPU3HAKY MOXXHO BBIIEIUTD 1B CEMETi -
cTBa HykJeo3uapochopuiaz: NP-I u NP-I1.

10.1. Ilypunnykiaeosuagochopunassl

braromaps kartanusupyemoii (hepMEHTOM peakLuu
TpaHcmIMKo3uaupoBanus [TH® mpuMeHSOTCST 1IsT
CUHTE3a aHAJOrOB MPUPOAHBIX HYKJEO3UI0B, MHO-
TMe U3 KOTOPbIX MPEACTAaBISIIOT co00i 2 pekTUBHBIE
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Puc. 7. IIpocTpaHcTBeHHAs CTpyKTypa rekcaMmepHoit Mosiekyinsl [TH® B komrmiekce ¢ anukioBupoM (PDB ID: SI3C) (a).
CpaBHeHUE TMOJIOXCHUS allMKIOBUpPA U 7-11a3aruOKCAaHTUHA B aKTUBHOM LieHTpe hepMeHTa (0).

NPOTUBOPAKOBBIE U NPOTUBOBUPYCHBIE CpeACTBa.
[TH® HeoOXxoanMBI 1J1sT HOPMaJILHOTO CO3pEBaHUSI
T-mumponutoB miaekonutarommux. [loTeps akTus-
HOCTH 3TUX OCJIKOB IIPUBOIUT K UMMYHOAC(HUIIUTY.
BcaencrBue 3T0ro MHIrMOMTOPEI 3TUX OEJIKOB MOTYT
BBICTYIIaTh B POJIM UMMYHOIEIIPECCAHTOB TIpH Tepe-
caJKe OpraHoB.

Pa3Huna B cnenupuyHOCTH MEXIy 3y- U IIpoKa-
puotnueckumu [TH® ucnonb3yercst Mpu JIeYeHUN
paka METOAOM T'€HHOI Tepanuu MOCPEACTBOM TpaHC-
ek reHa MukpooOHoii ITH® B oryxosieBy1o TKaHb.
MeTon 0OCHOBaH Ha TOM, YTO HEKOTOPhIE aHAJIOTH Iy~
PVHOBBIX HYKJICO3UIOB SIBJISIIOTCS IIPOJIEKAapCTBAMU;
oHM ycToituuBHl K aeiictuio [TH®D yenoseka, HO co-
OTBETCTBYIOIIUM MUKPOOHBIM (pepMEHTOM paclie-
IUISTIOTCS 1O ITyPUHOBBIX OCHOBAHUI, BEICOKOTOKCHY-
HBIX IS PAKOBBIX KJIETOK. TpaHc(eKuuns B KIeTKHA
oryxosii reHa [TH® aktuBUpyeT HYKJIEOTUIHBIC aHA-
JIOTH 10 UX LIIMTOTOKCUYECKOM (hOPMBI, B pe3yJibTaTe
IPOUCXOAUT TUOEIb PAKOBBIX KJIETOK. 3HAUUTEIbHbIE
MEIUILIMHCKME MePCIIeKTUBDI IIPU JIeYEHU N paKa uMe-
eT E. coli [THD.

[IpoctpaHcTBeHHbIe cTpYKTYphl [TH® Tepmoduib-
Holi 6aktepuu Thermus thermophilus w E. coli 6p11u
yctaHoBsieHbl cotrpynHukamMmu MK PAH npu paspenie-
Hin 2.5 1 0.99 A coorsercTBeHHO [81, 82].

T'ekcamepHast mosekyna E. coli [TH®, nmeromas
(bopmy mucka, comepKUT MHOTO KaHAJIOB, 3aIlOJTHEH-
HBIX MoJieKyJaMu Boabl. KaHanbl, pacmosoKeHHbIe
B 00J1aCTM aKTMBHOTIO LIEHTPA, COXPAHSIOT CBOE TO-
JIO)XEHUE B pa3HbIX CTPYyKTypax. [Ipenmnomnaraercs, 4To
pacrnoJyiokeHHbIe B HUX MOJIEKYJIbl BOAbl MPUHUMAIOT
yJyacTue B MepeHoce MPOTOHOB BO BpeMsl peakluu.
biaromapsi BBIcOKoMy paspelieHuo TudpakimoHHO-
ro Habopa B Mojiekyne E. coli [TH® npocnexuBaiorcs
KJ1acTepbl MOJIEKYJ BOJbI, KOTOPbIE MOTYT MPUHUMATh
y4JacTre B 3TOM TIpoliecce.

ITpocrpaHcTBeHHBIE CTPYKTYPHI E. coli [TH® 6bun
OIpeeIeHbI TAKXKE IS KOMIUIEKCOB (DepMEeHTA C ally-
KJIOBUPOM U 7-aua3aruriokcaHTuHoM (puc. 7) [83, 84].

10.2. Ypuaundochopuiasbl

K Hykneosuadochopunazam NP-I-cemeiicTtBa oT-
HocIT ypuanH@ochopuiaszbl. DT (HepMEHTHI CIIeL-
(buYHBI K ypUAKUHY, HO TaKXe CITOCOOHBI B3aUMOJEe -
CTBOBATh C 2’ -Me30KCUTTUPUMHUINHOBBIMU HYKJICO3H -
JaMU B HU3IIMX opranu3Max. Mccnegosanust YH® u3
Pa3IMYHBIX OPraHU3MOB MMOKa3aJu, UTO CYLIECTBYIOT
nBa tura YH®, kotopsle paznuyatoTcst pH-ontumy-
MoM: 6.5—6.7 n 7.9—8.1 cooTBeTcTBeHHO [85]. bak-
tepuanbHbele YH® GyHKIIMOHUPYIOT KaK TeKcaMe-
PBI C MICHTUYHBIMM CYOBEIUHUIIAMH MOJICKYJISIPHOM
maccoii ~27 kJla. TlepByto cTpyKTypy OakTepUaTbHOMN
YH® us E. coli onpenenunu metonoMm PCA ¢ paspe-
meHueM 2.5 A [86] B JlTaBopaTtopuu GenKOBOIl Kp-
crasutorpacdun MK PAH (puc. 8). [ToznHee uHoCcTpaH-
HBIMM KOJIIeTaMy ObUTH OTIpenesIeHbl CTPYKTYPhI 3TOTO
depmenTa npu paspewenusix 2.0 u 2.2 A [87, 88].

B JIabopaTtopuu 6enkoBoit kpucramiorpadpum MK
PAH Obi1a mponoikeHa padbora ¢ 0akTepualbHBI-
mMu YH® BBUIY UX BaXXHOCTU C TOUKU 3pEHUS Me-
JTUIIMHCKOTO U OMOTEXHOJIOTMYECKOTO TPUMEHEHMUS.
B [90] onucaHbl ouncTKa, KpUcTaIM3alusl U mpes-
BapuTenbHbIM aHann3 YH® 13 natoreHHoii 0akTepun
S. typhimurium (StUPh) [91], a B [92] — npocTpaH-
CTBEHHas CTpYKTypa (pepMeHTa, onpeaeaeHHas Npu
paspemieHuun 1.9 A. IlokazaHo, 4YTO MUHUMAaJIbHOM
CTPYKTYPHOI eNuHULIel, HEOOXONUMO 1151 PYHKIIMO-
HUPOBaHUA rekcamepHoit Monexyisl SfTUPh (L;3L,),
SIBJISIETCSI TOMOAMMED C IBYMSI aCUHXPOHHO paboTaro-
IIMMHW aKTUBHBIMU LIEHTPAMMU, KaXKIbII U3 KOTOPBIX
bopmMupyeTcs aMUHOKUCIOTHBIMM OCTaTKaMM 00erX
CyOBENMHMUIIL.

KPUCTAJIJIOT PA®U A Ne 2
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Puc. 8. TpexMepHas CTpyKTypa MOJIEKY] ypuauHdocdopuaas: a — 6akrepuanbHasg YH® us E. coli, 6 — yenoBedyeckas

YH® 1-ro tuma [89].

Benacp pabora Hanm pacmindpoBKON CTPYKTYPHI
koMIiekcoB YH® ¢ (papmakoornyeck 3Ha9MMbIMU
uHruobuTopaMu u cyocrparamu. B [93] onucaHa Kpu-
crajnnu3auus U npeaBaputeabHbiii PCA xommiekca
StUPh ¢ KOHKypeHTHBIM UHTUOUTOPOM — 2.2 -aHTu-
JIPOYPUIUHOM, a B [94] — ¢ MPOTUBOOITYXOJIEBbIM Jie-
KapCTBEHHBIM MpernapaToM — S-QTopypaluuiom. ITu
HCCIIENOBAHNS MMOCITY>KWJIM OCHOBOW IJIsT Ompeaee-
HUSI TPOCTPAHCTBEHHOU CTPYKTYpPhl COOTBETCTBYIO-
LIMX KOMIUIEKCOB. CTpyKTypa KoMIliekca ¢ 2.2 -aH-
TUAPOYPUIUHOM, OIpeaeeHHasl Ipu pa3pelieHun
1.86 A, mocnyxuiaa OCHOBOM ISl CO3AaHMSI HOBBIX
MHTUOUTOPOB, (POPMYJIBI KOTOPHIX OBLIM ITOJIYyYEeHBI
C MCITOJIb30BaHUEM MeToa0B M/l 1 MOJICKYJISIPHOTO
JoKuHra [95] Tak Xe, Kak U CTPYKTypa KOMILIeKca
¢ 5-dropyparmnom (2.2 A [96]).

3arteM ObLIM MccaenoBanbl YH® enie u3 nByx nato-
TreHHbIX OakTepuii: Yersinia pseudotuberculosis (YptUPh
[97, 98]) npu MakcuManbHOM pa3pemieHuu 1.4
u Vibrio cholerae (VehUPh [99, 100]) xak B anodopme,
TaK 4 B KOMILJIEKCE ¢ CyOcTpaTaMu U MHTUOUTOpPaAMMU.
OcobeHHo orMeTuM padoty [101], B KoTopoii onuca-
HO CHCTEeMaTHYeCKOe UCCIeI0BaHUE MPOCTPAHCTBEH-
HoIi cTpyKTypbl KomriuiekcoB VehUPh ¢ cybecTparamu
U TIPpOAYKTaMU (hepMEHTATUBHON peaKLuu: YPUINHOM,
dochar-aHMOHOM, TUMUIMHOM, YpALIUJIOM U TUMU-
HOM, YTO MO3BOJIMJIO BCECTOPOHHE PACCMOTPETh BO-
MPOC CTPYKTYPHOUM OCHOBBI CyOCTpaTHOI crietuduy-
Hoct YH®. [Toka3aHo, 4TO 00pa3oBaHUE CETU BOIO-
POIHBIX CBsA3eit MeXy 2 -TUIPOKCUTPYIIION YpUAUHA
1 aTOMaMM a.0. aKTUBHOro 1HeHTpa YH® npuBoaut
K U3MEHEHUI0 KOH(OpMallii puOO3HOI KOMIOHEHTHI
YPUIMHA, UTO YBEJIMUMBACT PEAKIIUOHHYIO CIIOCO0-
HOCTb YpUJIMHA 110 CPABHEHUIO ¢ TAMUIUHOM. MeHb-
11Iee 1o CPAaBHEHMIO C YPUIMHOM JIOKaJbHOE HaTlpsiKe-
Hue B-N1-MKO3UIHONM CBSI3U B MOJIEKYJIE TAMUIMHA
MIPU CBSI3BIBAHUM €TI0 C aMUHOKMCIOTHBIMUY OCTaTKaMM

KPUCTAJIJIOTPA®UA ToM69 Ne2 2024

YH® npuBonut K 6oJjiee BHICOKOI CTaOMIbHOCTH
CBSI3U U MEHbIIIei peakKlMOHHOI CITOCOOHOCTHU TH-
muauHa. BriepBele mmoka3aHo, uTo ¢gocdar-aHUOH
B3auMMOJEICTBYeT MOCPEICTBOM BOIOPOMHBIX CBSI-
3eil OMHOBPEMEHHO ¢ a.0. B5-cTpeHaa u Bl-cTtpeHna
1 GUKcUpyeT “nero-uniaroayMm” B KOHGOpMaInu,
MIpY KOTOPOI aKTUBHBIN LICHTP MOJIEKYJIbI CTAHOBUTCS
HETOCTYITHBIM JIJIsI CBSI3BIBAHUS C APYTUMU MOJIEKYJIa-
MU HYKJIEO3UIOB.

B [102] nnst ananusa komruiekca VehUPh ¢ 2.2 -aH-
TUAPOYPUIMHOM, perneHHoro MetonoM PCA (1.34 A),
IUTS] BBIMMCJICHUST SHEPTUU CBSI3BIBAHUS OEJTOK—JIMTaHI
OBLIY MPUMEHEHBI METONbI JIMHEWHOI MHTEPIOISALINN
W BO3MYIIEHUS CBOOOIHOM 3HEPIUM, OCHOBAHHbBIE
Ha nmojHoatoMHou MJI. IIpoBeneHo cpaBHEHUE 3TOit
CTPYKTYPHI CO CTPYKTYpPOM KOMILIeKca ¢ cyOcTpa-
TOM — ypuauHoM (puc. 9a). [TokazaHo, 4TO MOJIEKyJIa
2,2’ -aHTUAPOYpPUAMHA 00pa3yeT ¢ aKTUBHBIM LIEHTPOM
(bepMeHTa MEHBIIIE YCTOMYMBBIX BOMOPOIHBIX CBI3CH,
a MX JUTMHA OO0JIbINe, YeM B cirydae ¢ ypuauHoM. OmHa-
KO B pacyeTax, YIMTHIBAIOIINX YHEPTUIO COJIbBATAIIUN
MOJIEKYJT M SHTPOMNUiTHbIE 9(DDEKTHI, CBI3bIBAHUE UH-
rubuTopa (2,2 -aHrUAPOYpUINHA) C AKTUBHBIM LIEH-
TpOM GeJIKa 0Ka3aJ0Ch SHEPTETUIESCKH BBITOTHEE, UeM
HATMBHOIO CyOcTparTa.

Benack Takke paboTa Mo MCCiaeq0BaHUIO CTPYKTYPbI
YH® B ycioBusix MUKpOTrpaBUTainy. B yacTHOCTH, Ha
MKC meTomom BcTpeuHOl nuddy3nn B Kamuisgpax
BbIpaleHbl Kpuctauibl VehUPh (puc. 96) u onpene-
JIeHa ee TPOCTPAHCTBEHHAs CTPYKTYpa PEKOPIHO BbI-
cokoro (1.04 A) paspemenus [103]. BriepBrie B po-
CTPAaHCTBEHHOI cTpyKType anodopmbl YH® o6Hapy-
JKEHBI aJIbTepHATUBHBIE KOH(POPMAIIUK MPOTKEHHBIX
obsacteii (f-CTpEeHAOB U CMEXHBIX TeTeNb) OeTKOBOM
MOJIEKYJIbl. DTHU aJlbTepHATUBHbIE KOH(OpMaIIMU, BO3-
MOXHO, CBSI3aHBI ¢ (DYHKIIMOHMPOBaHUEM (hepMeHTa.
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SG1n165/A:B

Puc. 9. CoBMellieHsI aKTUBHBIX LIEHTPOB CTPYKTYp KomiutekcoB VehAUPh ¢ 2,2 -anruapoypunuaom (PDB: 6RCA, ANU)
u ypunuaoMm (PDB ID: SM2T; URI) (a); xpuctamasl YH® us V. cholerae, BhipaliieHHbIE B YCIOBUSIX MUKPOTpaBUTALIMN

(6) [102, 103].

MeTtonamu KoH(MOPMAIIMOHHOTO aHaJIM3a C UCIOJIb30-
BaHUEM MapKOBCKMX MOJE/ICH IOKA3aHO, YTO IePEXO
MeXIy KOH(GOpMaIMsIMU BO3MOXEH 1 0€3 CBSI3bIBaHUS
(bepMeHTa C TUraHIOM.

CTpyKTyphbl BBICOKOTO pa3pelleHUs] KaK HeJTuraH-
JUPOBAHHOIO (hepMeHTa, TaK U KOMILIEKCOB C Cy0-
cTpaTaMU, a TakKXXe pa3BUTHE BHIYMCIUTEIbHOMN TeX-
HUKU TTO3BOJIMJIN MCCIENOBAaTh OCHOBHYIO CTaIMIO
(bepMeHTAaTUBHOIO KaTajin3a, OCYLICCTBISIEMYIO
YH®, — peaknuio HYKJICO(PUIBHOIO 3aMEIIeHUS
C MOMOIIIBI0O KOMOMHUPOBAHHOTO METOIa KBAHTOBOIA
u MoJiekyJsipHoit MexaHuku [104]. I[IpoBeneHo cpaB-
HEHHUE pa3JIMYHBIX YPOBHEN TEOPUM U CXEM pacueTa
TOUEYHOI DHEPTUU, NMyTU MUHMMAJbHOI 3HEPTUHu,
TEPMOXMMUUECKUX XapaKTepUCTUK peakKlnu, a TaK-
K€ ONTUMU3AlNsS TeOMETPUU MOJIeKY peakTaHTOB,
MPOIYKTOB U TEPEXOTHOTO COCTOSIHUS. B cpaBHeHUM
C pacyeTamMy aKTUBALlMOHHOTO Oapbepa, MPOBeIeHHbI-
MU B Boze 06e3 (pepMeHTa, BBISBICHBI CYIlIeCTBEHHbIE
pa3nnyus KWHETUKU (hepMEeHTAaTUBHOM peakiuu, o0y-
CJIOBJIEHHBIE OPUEHTHUPYIOITNM 1 KOHIIEHTPAIIMOHHBIM
JEUCTBUSIMU a.0. OeJIKa, YTO MIPUBOAUT K MOHWXKEHUIO
SHEpPruu akTuBauuu Ha ~20 KKai/MoJb U CIOCOOCTBY-
€T MPOTEKAHUIO peaklnu B (PU3UOJTOTUIECKU TTPUEM-
JIEMBIX yCJIOBUSIX. BbIsSIBJIEHO, UTO CBOOOIHAS SHEPTHsI
AKTUBALMU TTPU HYKJIEO(PUIIBHOM aTake ypuUaUuHA TH-
JIpOBaHaIaT-uUOHOM Ha ~2 KKaji/MOJb HUXE, YeM ISt
rugpodocdaT-noHa, YTo XOPOIIIO COIJIACYeTCsI C OITy-
OJIMKOBaHHBIMU BKCIEPUMEHTATbHBIMUA JAHHBIMMU.

10.3. Tumununadocdopuiaspl 1 mMUpPOKocHenuuIHasS
nupumuaadochopunaza

I[MuH® mumpoxo ucrnoib3yloTcs B KayecTBe OMOKa-
TaIU3aTOPOB JJIsI OMOTEXHOJOTUYECKOTO TTPOU3BOI-
CTBa HYKJIEO3UAHBIX Tpou3BoaHbIX [105]. B aykapuo-
TUYECKUX KJIETKAaX M HEKOTOPBIX TUIIAX IIPOKAPUOT

(Hanpumep, E. coli u Salmonella typhimurium) TTnH®
npexacTaBieHbl y3kocneuuaHbiMu T (KD 2.4.2.4)
n YHO®O (KO 2.4.2.3). HanpoTuB, B HEKOTOPHIX
HU3IIUX opraHu3max (Hanpumep, Bacillus subtilis,
Geobacillus stearothermophilus) mmpokocneuupuy-
Hasg [TuH® (KD 2.4.2.2) ¢ onMHaKOBOIi KaTaJIuTH4e-
CKOIf aKTMBHOCTBIO pacIIeIIIeT YPUAUH U TAMUINH
[106]. ITuH® roMmoaornyHbsl TMMuIUH@OChHOpHIa3amMm
(~40% aMWHOKWMCJIOTHOI TTocenoBaTelbHOCTH) [107].
O6a Tuna (epMeHTOB AEHCTBYIOT KaK TOMOAMUMEDDI
C IBYXJIOMEHHOMI cyObenuHUYHOU cTpyKTypoii (NP-I1
CeMeiCTBO), U UX aKTUBHBIN LIEHTP PaCITOJIOXKeH Ha
TpaHUIIEC IBYX TOMEHOB.

B opranusmax miexkonuTtatoniux Td yyacTByeT
B Mpolieccax aHruoreHe3a (pocTa KpOBEHOCHBIX COCY-
IoB). Ee ypoBeHBb ObIBaeT 0COOCHHO BBICOK B KJIETKAX
OITyXOJICH, B KOTOPBIX OTCYTCTBYET MEXaHMU3M CUHTE3a
HYKJICO3UIO0B de novo,  OCHOBHYIO POJIb UTPaeT 3a-
MacHOM MyTh CUHTE3a HYKJIEO3UI0B, KOTOPbII 1 00ec-
neuuBaeT T®. [TosToMy BecbMa aKTyaJlbHOI 3amaueii
SIBJISIETCS TIOUCK COCAMHEHUN — MHTUOUTOPOB 3TOTO
depmeHTa.

brut0 mokaszaHo, 4TO aHAJIOT IPUPOAHOTO HYKJIEO-
3una — azugotuMunut (3°-AZT) — nepBoe 3 dek-
TUBHOE JIeKapcTBO npoTuB BNY-udexknuu, ornmya-
IOIMIACS OT MPUPOJHOTO cyOCTpaTa TAMUIMHA TOJBKO
MPUCYTCTBUEM a3UIOTPYIIHI B 3 -TIOJIOXKEHUHN AE30K-
CUPUOO3HOTO KOJIblIa, SBJISIETCS 0OpaTUMbIM UHTUOU-
topom TH®. Crpykrypa komruiekca TH®/3 -AZT
ycTaHOBJIeHa 1py paspewennn 1.52 A [108] (puc. 10),
a cTpyKTypa Komrutekca T® ¢ IpyrM MOTEeHITNATBHBIM
TepareBTUYECKUM CpeaCcTBOM — 3 -a3umo-2°,3 " -nume-
sokcuypunntom (N3FddU) — npu pasperenun 1.5 A
[109].
bri1o oO6HapyXeHO, 4TO CBSI3bIBAHWE a3MI0-
TUMUJIMHA COMPOBOXAAETCSI KOH(MOpPMaIlMOHHBI-
MU U3MEHEHUSIMU, TTPUBOASIIIIUMU K 00pa3oBaHUIO
KPUCTAJIJIOT PA®U A
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Puc. 10. [IpocTpaHcTBeHHAas1 CTpyKTypa TUMUAMHGbOchopuiassl E. coli B Kommiekce ¢ asunotumuarHom (a) (PDB ID:
4LHM), nurann (AZT) B akTUBHOM LIEHTpe (pepMEHTa ¢ a3UIOrpyInoil B TuapododbHoM KapMane (0).

(a)
o/B-momenH
B-cyobenunuua  Cs

Ol-IOMCH

'S A-cyObeuHuIa
"/

7 s Ca
o/B-momeH

Puc. 11. IIpoctpaHcTtBeHHas opranu3zaius BsPyNP B kommiekce ¢ cyibdar-anuonom (a) u SFTP (0).

ruapohoOHOro KapMaHa BOKPYT a3uAHON TPYMIIbI.
IIpu 3TOM OKazajioch, YTO TOJOXKEHUE CBI3aHHO-
ro uaruourtopa 3’-AZT aulllb 4aCTUYHO COBIIAZAET
C TOJIOXKEHNEM TUMHUIMHA B TOMOJOTUYHOM OeIKe —
IMuH® u3 S. aureus. T110CKOCTU MUPUMUINHOBBIX
OCHOBaHUII B 000MX COCMMHEHUSIX COBIIAAalOT, HO
pa3BepHyTHl Ha 180° npyr oTHOCUTENbHO Apyra. M3-
3a pa3BopoTa MUPUMUINHOBBIX OCHOBAHUI YIJIEBO-
JIHbIe (hparMeHThl MOJIEKYJl OKa3bIBAIOTCS B PAa3HOM
aMUHOKHCJIOTHOM OKpYyXeHuu. B pesynbrate Karta-
JIMTUYECKU BaXKHbIE OCTATKM aKTUBHOTO lLIEHTpa 3a-
HUMAIOT HeOJIArONPUSITHYIO MO3ULIUI0 OTHOCUTEb-
HO nojJjiexallieid TuaApoan3y TIMKO3UIHOMN CBs3u 3 -
AZT, yeM 1 00BSICHSIETCS UHTMOUpYIOlIee OeiicTBIE
3’-AZT. Takoii TMl UHTUOUPOBAHUSI TTOCPEACTBOM
peopHeHTAallMU MMOTEeHIIMAJIbHOTO cyocTpaTa ObL1 00-
HapykeH BriepBble. [T0CKOIbKY MOJ0XEeHHE BTOPOTO
yuranga N3FddU, cogepxaliero Kpome a3uaorpyIibl
aToM ¢Topa B puOO3HOM KOJIbLIE, OJHOCTHIO COBIATIO
¢ nojoxeHueMm 3 -AZT, MOXHO MPEANOJOXUTh, UTO
MMEHHO a3uaorpyImna B 3" -MoJIokeHUU 1e30KCupubdo-
3bl IPUBOAUT K MepeOpUEHTALIUH.

KPUCTAJIJIOTPA®UA ToM69 Ne2 2024

Metogom M/l n3y4eHO ABMXKEHUE TOMEHOB B M-
MepHoit MosiekyJie TMD mpu cBI3bIBAHUU CYOCTPATOB —
(ocdara u TumuauHa [110]. bblo mokasaHo, 4To ABe
cyOobenmHUIBI hepMeHTa GYHKIIMOHUPYIOT aCUHXPOH -
Ho. Docdar cBsA3aH B aKTUBHOM LIEHTpa ciabee, yem
TUMUAWH, KOTOPBI, OMHAKO, IIpeTeprieBaeT KOH(pOP-
MaLlMOHHbIE U3MEHEHUS.

B MK PAH wuccnenoBanucek cTpykTypbl Td us
Salmonella typhimurium (SfTP) u mmpoxkocneuunduy-
Hoit [TuH® w3 Bacillus subtilis (BsPyNP, 2.5 A) [111,
112] (puc. 11). IIpu aHanu3e CTPyKTYPHBIX Pa3IduMii
aTuX (pepMeHTOB BhIsABIEeHO, YTO B [IMH® B cBS3bI-
BaHuU (ocdaT-aHMOHA NpuHUMaeT ydyactue Lys108,
kotopoMy B T®D coorBercTByeT Metlll. Bto omanune
MPUBOIUT K YMEHBIIICHHIO 3apsiia KUCI0poaa OMHOM
W3 TUAPOKCUIILHBIX Tpynn docdar-aHuoHa B TO
7 CITOCOOCTBYET MPOXOXACHUIO KaTaIn3a Mo MyTH Sy 2
HYKJ1€0(DUIBHOTO 3aMelleHNS.

B [113] ompeneneHa cTpykrypa BsPyNP B xom-
TUIeKCe ¢ MMUIA30JI0M U CylabhaToM Mpu OoJsiee Bbl-
cokoM paspemenun 1.9 A. CTpykTypa mosBosinia
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Puc. 12. I1pocTtpaHCcTBeHHAs CTPYKTypa KOMILIEKca LiepyaoruiasMmuHa mueionepokcunaassl (PDB ID: 4EJX).

C MOMOIIBIO METOJ0B MOJEKYJISIPHOTO MOIAEIUPO-
BaHMsI KOMIIJIEKCOB OeJloK—juraHa (MoJeKyasipHas
JIUHAMWKa, JOKMHT, MeTaluHaAM1Ka) HaliTU U oxa-
pakTepru30BaTh HOBbIE UHTMOMTOPHI OaKTepHUab-
HeIX [TMH® [114]. B KauecTBe BO3MOXHBIX JINTAHIOB
ObUIM U3y4YeHbI 2,3 -quneruapo-3 " -ae30KCUTUMUINH
(d4T), 1-(2-ne3okcu-2-drop-B-D-apadbunodypano-
3uJ1)-5-uonypauni (puaypunun, FIAU), 1-(2-ne30k-
cu-2-drop-p-D-apabuHodypaHo3ui)-5-ypalui
(FAU) u 2-nupu-muauH-2-ui-1H-umunazon-4-kap-
oonoBast kucinota (PIA). [TokazaHo, 4To coequHEeHUSI
PIA 1 d4T cBs3bIBaoTCS ¢ aKTUBHBIM LIEHTPOM OaK-
TepuanbHbiX PyNP ¢ Haubonbiieit 3¢ (heKTUBHOCTBIO
cpenu ucciaenoBaHHbIX turaHmoB. PIA mpaktuyecku
He cBs3biBaeTcs ¢ TP yegoBeka, YTO MUHUMU3UPYET
BO3MOXKHBIE TOO0YHbIE 3(D(PEKThI IPUMEHEHUS 3TOTO
COCMTMHEHUS B TEPATIEBTUIECKUX TIETISX.

11. HEPYJIOTINTASMHWH

PaboThI 110 LepyJI0IIa3MUHY, IIEpBast CTPYKTypa KO-
toporo 6sut1a pemreHa 8 UK PAH B 1996 r. [115], 6bumn
Bo300HOBeHHI B 2008 1. coBMecTHO ¢ CankT-Ilerep-
OYPrCKUM WHCTUTYTOM 3KCIEPUMEHTAIBLHON Mean-
LIMHBI HAa HOBOM ypoBHe. Bbuto yimydieHo npocTpaH-
CTBEHHOE pa3pellieHre CTPYKTYPhI LePy/I0IIa3MuHa
yeoBeka 10 2.6 A [116], 4TO TO3BOIMIO YCTAHOBUTH
HOBBIE JIETAJIM €T0 CTpOeHus. BriepBoie B mcropun

MK PAH 0Ownina mojiydeHa cTpyKTypa KOMILIeKca Oe-
JIOK—0€JI0K, B KOTOPOM OTHUM TTapTHEPOM BBICTYITAI
LIEPYJIOTUIAa3MUH, a IPYTUM — OeJOK HEeUTpodUIoB
muenaonepokcunasa (puc. 12). Ctpykrypa OblLia pe-
meHa ¢ paspeuteHueM 4.7 A [117] ¢ ucrosnp3oBaHuem
CUHXPOTPOHHOTO M3JIy4eHUST B paMKax MEXITyHapOI-
HOIo COTpyAHHYECTBa ¢ MHCTUTYTOM Makca Ilianka
u EMBJI (I'am0ypr, I'epmanus). B aToit pabote mc-
nosib3oBajoch couetaHue PCA ¢ MajoyIJIOBbIM PEHT-
TEHOBCKUM paccessHUEM, YTOObI 0XapaKTepu30BaTh
TPOMHOI KOMILJIEKC, COAepKAILIMI TakxKe Opyroi oe-
JIOK HeiTpoduiioB — laktodeppuH. Takoii TMOpUAHBII
MoAXoA ObLT YCIIELTHO UCIOIb30BaH JIs1 UCCeTOBaHUS
TPaH3UTHOTO KOMIIJIEKca LiepyJioriadsMuHa ¢ (akTo-
pPOM, MHTMOUPYIOIIUM MUTpalinio Makpodaros [118].
CTpyKTypa IMOCIeIHETO PelleHa ¢ peKOPIHBIM pa3pe-
meHueM 1.15 A B paMKax ImpoeKTa 1o KpUCTaI3allun
0eskoB B kocMoce (puc. 13) [119]. [TonyuyeHue cTpyk-
TYpHI 1Iepy/I0TUIa3MIHA YeJIOBeKa B IPYTOit TIPOCTpaH-
CTBEHHOM rpymnre (MOHOKJIMHHO) ITOMOIJIO YyCTaHO-
BUTb KOH(MOPMAIIUIO METJIM, BaXKHOM NIJII MHTUOUPO-
BaHUs LIEPYJONAa3MUHOM MUEJONEPOKCUAA3hl MPU
dopmupoBanuu komiuiekca [120], a pelneHue CTpyK-
TYpHI LiepyJIoTIa3MUHa KpbIChl (puc. 14) rpu paspeliie-
Huu 2.3 A TIOMOIIO OGHAPYKUTh HEe M3BECTHbIN paHee
JIAOWJIbHBIN CaiiT CBSI3bIBAaHUSI MOHA MENU, XapaKTep-
HBII BCero JJ1s HECKOJIbKUX MpeicTaBUTeNNel ceMelicTBa
LepYIOTIA3MUHOB, UCXOMST M3 GMOMH(MOPMAIIIOHHOTO
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Puc. 13. Crpykrypa dakropa, MHTMOMPYIOLIErOo MUTpallii0 MakpodaroB: KprcTaaibl, BeipaiieHHbie Ha MKC (a), mpo-
crpaHcTBeHHas ctpykrypa (6) (PDB ID: 6FVH). 0F1 — N-dennntrnodopmaMu.

aHaJaM3a aMUHOKMCIIOTHBIX MMOCJEI0BATEIbHOCTEN.
CBs3bIBaHME MOHA MM B 9TOM CaiTe, MO-BUINMOMY,
00yCIIOBIMBAET 6oJiee BBICOKYIO aHTMOKCUIAHTHYIO
AKTUBHOCTD LIepy/I0IIJIa3M1Ha KPBICHI IO CPABHEHUIO
¢ uepy/ioIIa3MuHoM destoBeka [121]. CtpykTypa Takke
MO3BOJIMIIA OOBSICHUTH OOJIBIIYIO YCTOMYMBOCTD LIEpY-
JIOTUTa3MHUHA KPBICHI K TTPOTEOIN3Y.

12. TOKCHUH U3 4JIA OYUKOBOM KOBPbI

Hurorokcunsl (IIT) koOpsl TpuHamIEXaT ceMei-
CTBY TPEXTIETEILHBIX OEIIKOB M 00JIaTafoT MeMOPaHHOM
AKTUBHOCTBIO. LINTOTOKCHMHBI MHTEPECHBI KaK OCHOBA
NI CO3MaHUs JIEKApCTBEHHBIX, B YAaCTHOCTHU MPOTH-
BOpakoBhbIX, cpeacTs [122]. Ho mis takux pa3paboTok
HeoOxonuMa netajibHasi CTpYKTYpHas nHGopMauus,
KoTopasi JJisl TOKCUHOB M3 sIIOB 3Meil He SIBsIeTCS
nosiHoit [123]. PaboTa o uccienoBaHUO CTPYKTYPbI
CT13Nn (puc. 15) u3 ssma koophl Naja naja Obljia NTHU-
nuupoBaHa MHCTUTYTOM OMOOpPTaHUYECKON XUMUM
PAH. Bnepsrie Ob11a onpeaeaeHa KpuctaaindyecKas
crpykrypa LT, ueHrpanbHasg nemist (metisi-2) KOTo-
pOro uMeeT KOH(MUTrypaluio, CXOaHy10 ¢ KoHpurypa-
LIMei Mpu BCTpauBaHUU B MeMOpaHy. DTO 0Ka3aaoch
BO3MOXHBIM OJ1arofapsi MoJy4eHUIO pa3TnuHbIX KpU-
CTaJUTMIeCKUX (hDOPM — TeKCaroHaJbHON U poMOMYe-
ckoii [124]. MemOpaHHO-cBsI3aHHasE KOH(GOpMaLUs
neTiau-2 MPUCYTCTBOBaja B TeKCaroHaJIbHOU (hopMe.
Panee Takasg koHdopmanus Oblia 0OHapyKeHa TOJIb-
Ko B AMP-cTpyKType pOACTBEHHOI'O TOKCUHA B MPU-
CYTCTBUU MUIIE/UI. BhicOKOe KauyecTBO reKcaroHaib-
HOM CTPYKTYpPbI MOJy4YeHO Ojaroaapsi MpoOBEASHUIO
KPUCTAJUTM3AIIMN B YCIIOBUSX MUKPOTPABUTAIIMU Ha

KPUCTAJIJIOTPA®UA ToM 69 Ne2 2024

Puc. 14. [IpocTpaHcTBEeHHAs CTPYKTYpa LIEPYJIOIIa3MU-
Ha Kpbickl (PDB ID: 4ENZ).

MKC [125]. C nomomibio PCA Obl1a yTouHeHa aMM-
HOKMCJIOTHAsI TTOCIeI0BATEIbBHOCTh YUacTKa TOKCUHA,
KOTOPBII He OBLT pa3pellieH OMHO3HAYHO MacCIIEKTPO-
Metpueit. MccaemoBanue O3BOIMIIO TIPEAITONOXKHUTD,
yTo MeMOpaHHoe cBs3biBaHue LT, BeposaTHO, BKIIIOUa-
€T B ce0s MOTTOTHUTEIbHYIO CTAaINI0 — KOH(pOopMaIn-
OHHYIO TpaHC(HOPMALIMIO METIN-2. DTO MPEAIIOI0XKEe-
HUE noaTBepxueHo MetomoM MJI. OO0HapyxkxeHo, 4TO
TOKCHUH TpaHC(HOPMUPYET CBOIO “BOAHYIO” KOH(MOp-
Manuio neTan-2 B “MeMOpaHHyI0” B IIpoOliecce BHE-
npeHus. Pe3yibraT moMor Jjiyuiie MoHSITh MeXaHU3M
TOKCUYHOCTHU U3ydaeMoro oeska [124].
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Puc. 15. Crpykrypa Tokcuna CT13Nr (PDB ID: 7QHI).

SAKIIIOYEHUE

3a mepuoa cBoei MCTOPUU, KOTOPBIN MTOYTH CO-
BIIaJIaeT C IIePUOAOM PabOThI 1JaOOPATOPUU CTPYKTYPhI
Oenka, OenKoBasi Kpuctamiorpadus MmpeTepriena psi
MPUHIINTITNATBHBIX KaYeCTBEHHBIX M3MEHEHU M, MHO-
TUe U3 KOTOPBIX SIBJISTIOTCS CIEACTBUEM €€ KE YCTIEXOB.

K Hacrosiiemy Bpemenu B PDB cobpaHbl Koop-
auHaThl 0osee yeM 200 ThIC. OMOIOTrMYeCKMX MaKpo-
MoJieKya. Ha coBpeMeHHBIX CUHXPOTPOHHBIX CTaH-
LMSIX B TeYEHNWE HECKOJIbKUX MUHYT MOXHO cOOpaTh
IU(PaKIMOHHBII HAaObOp OT MaKpOMOJIEKYJbI, UC-
MOJb3Ysl IJIs DTON LeAu KPUCTaIbl MUKpPOpa3Me-
pa. CoBpeMeHHbIe BbIUMCIUTEIbHBIE BO3MOXHOCTU
1 IPOTPaMMHBIE KOMILJIEKCHI TTO3BOJISIIOT B TeUEHUE
KOPOTKOTO BPEMEHM PEIINTh U YTOUHUTH MPOCTPAH-
CTBEHHYIO CTPYKTYpPY MakpoMoJjeKyibl. B pazpaboTke
OCHOBHOTO KOMIIJIEKCa TIPOrpaMM s cOopa MTaHHBIX
Ha CUMHXPOTPOHAX, PELIEHUs, YTOUHEHHUS U aHaau3a
cTpykTyp — CCP4 — 3aMeTHY0 poJib UTPAIOT ObIBIINE
corpynHuku MHcTUTyTa Kprictamtorpaduu [126—129],
KOTOpBIE HavyaIu 3Ty padboTy B KoHLe 1970-X rT. 1 nmpo-
JIOJIKAIOT B HACTOSIIIIEE BPEMSI.

PaszBuBaroTcs MeTonbl BpeMsipa3pelaronieil cepuii-
HOIi KpucTajyiorpadry Ha CUHXPOTPOHHbBIX MCTOYHM -
Kax 3-ro u 4-ro MOKOJIeHHUS, TI03BOJISIIONINE IKCIIEPH-
MEHTaJIbHO M3YyYUTh X011 (hepMEHTAaTUBHOM peakuu
1 KOH(GOPMAIIMOHHON JMHAMUKNA MaKpOMOJIEKYII.

Hakonnennsie 61aromapss PCA 3HaHus crmoco0-
CTBOBAJIM Pa3BUTHIO HOBBIX METOIOB 1 TOAXOAO0B IS
aHaJiM3a MeXaHU3MOB (DYHKIIMOHUPOBaHUsI OMOJIOTU -
YECKUX MaKPOMOJIEKYJ — MOJEKYJISIPHON TUHAMMKH,
JOKUHIa, TMOPUAHBIX KBAHTOBO-MEXaHUYECKUX Me-
tonoB. Co3maHHas Ha 6a3e MCKYCCTBEHHOM HEeMpOH-
Hoili ceTu rporpamma AlphaFold moxeT ¢ paHee Henmo-
CTYIMHOM TOYHOCTbIO TPEACKa3bIBATh MPOCTPAHCTBEH-
HYIO CTPYKTYpY Oejika. OnHako ee oOyuyeHue ObLIO Obl

KYPAHOBA u ap.

HEBO3MOXKHO 0€3 9KCIIepUMEHTATBLHO OTIPEIeIeHHBIX,
B 0CHOBHOM MeTonoM PCA, mecsTKOB THICSTY CTPYKTYP
OMOMaKPOMOJIEKYJI.

HecoMHeHHBI BKIaa B UCCAeAOBaHUE CTPYKTYP
0eJIKOB BHECIU COTPYIHUKUA MHCTUTYTA KpUCTAIO0-
rpa¢uu PAH, xotoprhle 1 B HacTosiiee BpeMsI IIpOHa0JI-
JKalT UccenoBaHue MakKpoMoJieKy, ucrob3yss PCA
U1 HOBbIE 9KCIIEPUMEHTAJIbHbIE U PACYETHBIC METOIbI.

Pabota nmpoBeneHa B paMKax BBITTOJTHEHUS Tocynap-
crBeHHoro 3aganus HUILI “KypyaToBcKuit MUHCTUTYT”.
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The emergence and development of X-ray crystallography of macromolecules or protein crystallography
is one of the outstanding scientific achievements in the 20th century. The ability to determine the spatial
structure of macromolecules of proteins and nucleic acids at the atomic level has ensured the rapid
development of molecular biology, biochemistry, bioengineering, biotechnology, and enabled to reach
the modern level of pharmacology. The review presents the results of a series of protein structure studies
performed at the A.V. Shubnikov Institute of Crystallography, the Russian Academy of Sciences, starting

from the 1960s and up to the present day.
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