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BBEAJEHUWE

IMTypunnykneosuadochopunassl (ITHP) katanu-
3UPYIOT OOpaTUMBEI1 HoChHOPOIN3 ITypUHOBBIX pr0O-
n 2'-1e30KCUPUOOHYKIIEO3UIOB C 00pa3oBaHUEM
CBOOOIHOTO a30TUCTOTO OCHOBAHMS U ([IE30KCH-)pHU-
603a-1'-ocdara (puc. 1).

binarogapst cBoeil KaTaJIUTUUECKOM aKTUBHOCTHU
ITH® cnocobGHBI B MPUCYTCTBMM MOHOB ocdara
OCYIIECTBJISAITh PEAKIIMIO TPAHCIJIMKO3UJINPOBAHUSI:
MEepPEeHOC a30TUCTOTO OCHOBAHUSI C OMHOTO HYKJIEO-
3uma Ha npyroii [1—3]. Ilypunnykneo3uadochopu-
Jla3bl UTPalOT 3HAYUTEJbHYIO POJib B MeTaboJnu3Me
HYKJIEMHOBBIX KUCJIOT U PEYTWIM3AIUU ITyPUHOBBIX
a30TUCTBIX OCHOBaHWi, a TakXke HallUIM IIUPOKOe
NMpPUMEHEHNE B KaCKaJHOM CUHTE3€ MOIM(PUIMPO-
BaHHBIX HyKJIeo3uao0B [17—21].
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ITH® u3 pasanyHbIX OpraHU3MOB pa3IndaloTCd
10 psIIy TapaMeTPOB: Macca, YeTBEpTUUHAs CTPYKTY-
pa 1 cyocTpaTHasI CIelInUIHOCTh, HA OCHOBE YEeTO
MOXHO BBIIEJIUTh JBa (QYHKIIMOHATBHBIX KJacca.
®epmenThl epBoro kinacca ITH®I, BcTpevaroiiuvecst
Y BCEX XXMUBBIX OPTAaHU3MOB, IIPEICTABIISIOT CO00i1 TO-
MoTpuMepbl Maccoil ~90 x/la 1 y3ko cneriuuIHbI B
OTHOIIIEHUN 6-OKCOITypUHOBBIX HyKJIeo3umoB. Mep-
MeHTHI BToporo kinacca IIH®II, xapakTepHbIe TOJIBKO
IUISI MUKPOOPTaHU3MOB, SIBJISTIOTCSI TOMOTeKcaMepaMu
¢ MousekyisipHoit maccoit 110—150 k/la u obmamarot
0oJsiee IUPOKO CrieU(PUIHOCTBIO, B3aUMOIECTBYS
KakK ¢ 6-OKCOIypuHaMHU, TaK U ¢ 6-aMUHOIIypHUHa-
mu [3].

HM3BecTHO, YTO reHOM TepMo(dUIbHOI 2ybakTe-
puu mtamma Thermus thermophilus HB27 conepxut
redbel [TH® kxak mepBoro, Tak M BTOPOIO KJlacca.
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Puc. 1. Cxema peakiuu, Kataim3upyemoit mypuHHyKneosumadocdhopunazoit us Thermus thermophilus HB27. AneHo3uH/ane-
HUH — R = NH,, R, = H. I'yanosun/ryanun — R; = O, R, = NH,.
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Puc. 2. IIpocTtpaHcTBeHHast CcTpyKTypa rekcamepa TthPNPII, B akTUBHBIX LIEHTpaX pacnoyioxeH docdar, n3o00pakeHHbI
chepamu (a). AktuBHblil eHTp TthPNPII, cBeTibiMu nuHusimu nokazad Phel53 u3 mommnenTuaHo# enn cocemnHel cyob-
enuHUIIbI, chepamu — ocdar, TOJICTBIMU CTEPXKHIMU — T'yaHO3UH, ITYHKTUPHBIMU JIMHUSIMU — BO3MOXHBIE BOJOPOIHBIE

cBsi3u (0).

OOBEKTOM TaHHOTO UCCEAOBAHMS SIBISICTCS ITypPUH-
Hykiaeo3uadochopwunaza Il uz Thermus thermophilus
HB27 (ThPNPII). Kak mnpeacrtaBuTellb BTOPOTO
knacca ITH®, TrhPNPII gBasgercs rekcamepow,
CITOCOOHBIM OCYIIECTBIISITh (pocdhOopoaIn3 ryaHO3MHA
n aneHo3uHa [1]. JanHbrii ¢pepMeHT o0nazaeT IImpo-
KOI CcyOCTpaTHOI CIeU(PUUIHOCTHIO B OTHOIIEHUU
MOOUMUIIMPOBAHHBIX HE MPUPOOHBIX ITYPUHOBBIX
a30TUCTBIX ocHOBaHwmi [1]. Cyoctparamm mist TthPNPII
SIBJISIFOTCSI HE TOJIbKO pUOO3UIIbI, HO 1 AE30KCUPUOO-
3UObl U Pa3IudHbIC IIPOU3BOIHEIC 2-I€30KCUPUOO0-
3bl. CTOUT TaKK€ OTMETUTh BBICOKYIO CTEIIEHb TOMO-
snoruu TthPNPII B cpaBHeHUM ¢ DepMEHTOM UYeI0Be-
ka —40% [1, 3].

Hnsa TthPNPII ageHo3uH sIBIISIETCST 3HAYUTEITBHO
Jyqaimum cyoctpatrom no K, u K., B CpaBHEHUMU C Ty-
aHO3MHOM, UYTO OOYCJIOBJIICHO Pa3INUMeM 3aMECTUTE-
JISI B 1LIECTOM MoJioxkeHuU ImypuHa [1]. CpaBHUTEb-
Hblit aHanu3 [TH® u3 tepMmoduiIibHEIX OaKTepuii ce-
meiictBa Deinococcus— Thermus, TpoOBeOeHHBIN B [2],
1oKa3ajl, 4To OINpPEIEIISIIOIIYI0 POJib B CyOCTpaTHOM
creunduuHoctu 7thPNPII (8 [2] BbIBOI coenaH ISt
TpuMepHoro ITH®, roMoI0rnyHOro ucclieayeMomy
TthPNPII) urpaetT aMMHOKUCIOTHBII ocTaTOK Asp235.
AcrapTaT B JaHHOM ITOJIOXKEHUM 00YCIOBJIMBAET BhI-
COKO€ CPOICTBO (pepMeHTa K afeHO3MHY, 3aMeHa €TI0
Ha acnaparuH (myrtauuss D235N) yBeauyuBaeT ak-
TUBHOCTb (pepMeHTa OTHOCUTEIBHO ryaHo3uHa [2].

st ucciaenoBaHUsl CTPYKTYPHBIX OCHOB CyO-
crpatHoit cnenuduaHoctn TthPNPI paccMmoTpum
OKpyXeHHe cyOcTpara B aKTUBHOM LICHTpe (pepMeH-
Ta B paauyce 10 4 A ot atoMoB cyGeTpara (puc. 26):
Tyr85, Alall3, Phel87, Phel92, Leul98, 11e209,
Gly210, Met211, Thr234, Asp235, Ala237, His244,
Val250, a Takxe TIpuHaIJIeXalleil coceTHeMy MOHO-
mepy Phel53. MoxHo Buaeth, uto O6 u N7 aToMbI
ryaHO3WHAa HaXOASTCSl HAa PaCCTOSIHUM, JOCTaTOYHOM

KPUCTAJIJIOTPA®US Ne 2

TOM 68 2023

IJ1s1 POPMUPOBAHUST BOTOPOIHBIX CBsI3El C aTOMaMu
Asp235. AIeHO3MH OT/IMYAeTCsSl OT TyaHO3MHA HaJIM-
YHUeM B IIECTOM ITOJIOKEHUN aMUHOTPYTITHl BMECTO
OKCOTpYMIIbl, JaHHAsI aMUHOTPYIINa TakXKe MOXKET
00pa3oBBEIBaTh BOIOPOMHBIE CBI3M C aTOMaMH
Asp235.

Mytanusgs D235N HeCKOJIbKO MeHSIeT KapTUHY
B3aMMOJICMICTBUI, TaK KaK IMKapOOHOBasi aMUHO-
KMCJIOTA 3aMEHSIeTCS MOJISIpPHO HEUTPAJIbHOM, OTHA-
ko amunorpynma acnaparuia (CONH,) Takxkxe mMo-
XKeT 00pa3oBaTh BOOJOPOITHYIO CBSI3h JIMOO C KMCIIOPO-
JIOM B TIOJIOKEHHUU 6 TyaHO3UHa, JTM60 ¢ aToMoM N7
ameHos3uHa [1]. baaromapst momydyenHoii B [1] xpn-
ctajuimdyeckoit cTpykrype oenka 7thPNPII (puc. 2a)
MIPEACTABIISIETCSI BO3MOXHBLIM IIPOBECTU COOTBET-
CTByIOIIMEe MoanUKALINH in silico 1 CPaBHUTH SHEP-
MU CBSI3bIBaHUS (DepMEHTa C alecHO3UHOM U T'yaHO-
3MHOM JIO U II0CJIe MYTallMM C ITOCIEAYIONIEi JEKOM-
MO3UIIMEI SGHEPTUN IT0 AMUHOKHMCIOTHBIM OCTaTKaM,
YyeMy U IOCBSIIEHO JaHHOE HCCeI0BaHueE.

MATEPUAJIBI 1 METO/IbI

Cozdanue cmpykmyp Komnaekcog. st moaydeHus1
HeobxoauMoro Komiuiekca B Tporpamme PyMOL
[17] ctpykTypy ucciaenyemoro 6enka 7thPNPII (PDB
ID: 6TK9) coBMecTHIIN CO CTPYKTYPOIi TOMOJIOTHAY-
Hoii ITH® (PDB ID: 31EX), Haxopasieiicss B KOM-
Tiekce ¢ ryaHo3uMHoM. Jlajgee ¢ MCIoJb30BaHUEM
nporpamMmmbl PyMOL ryano3uH 1 octatok Asp 235 B
OeJlke 3aMEHWJIM COOTBETCTBEHHO Ha aJeHO3UH U
Asn. TeMm caMbIM creHeprpOBajIl YeThIpe HEOOXO0I1 -
Mbl€e 1711 MoJIeKyJisipHoit nuHaMuku (IM]I) koMIuiek-
ca IMKOTO Y MyTaHTHBIX TUTIOB (p€pMEHTOB OTIEIbHO
C KaXJbIM U3 CyOCTpaTOB.

Modeauposanue monexyaapuoii Junamuru. s
MpeIBapuTEIbHON MOATOTOBKM (haiioB, MOIEINUPO-
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Puc. 3. ['padmku 3aBUCUMOCTH CpemHEeKBaapaTUIHOTO OTKIIoHeHNs (RMSD) aToMOB OT BpeMeHU 1151 KOMITIJIEKCOB TyaHO3MHa

¢ (pepemernTOM nuKoro (/) 1 MyraHTHOTO THUNa (2).

BaHusl M/l 1 aHaM3a dHEPruil CUCTeMbl UCITOJIb30-
BaJIM makeT mporpamm misg M Amber [4, 5]. Uc-
noJjb30Bajau HabGopbl cuiaoBbix mojieii ff14SB [6] u
GAFF (General AMBER Force Field) [7] mnst mone-
KyJl (bepMEHTOB U JIMTaHAOB COOTBETCTBEHHO. J1jis
rapaMeTpu3alii JIMTaHIOB MCIOJb30BaIU IIPO-
rpamMy antechamber [4]. g BoObl MCITOIB30BaIA
monenb TIP3P [8]. Mojekyiry KoMILIEKCa IOMECTH-
JIM B KyOM4eckyo ssueiiky. MUHUMaIbHOE paccTos -
HY€ OT MOJIEKYJIbI OeiKa 10 rpaHeil SYEeMKM coCcTaB-
asu1o 1.5 uM. Sdeiika ObIa 3armoTHeHa MOJIEKYIaMM
Bonbl. B Kaxknyio u3 cucteM HOOABWIM HECKOJIBKO
WOHOB HATpUs 11 HEUTpain3aliiu 3apsiia CUCTEMBI.
Ha niepBoM aTare mist Kaxnoil u3 CUCTEM ITPOBEIU
MUHUMM3ALNIO 3Hepruu. [lamee cucTeMbl ObLIN
ypaBHOBelIeHbI ITpu TemmepaTtype 300 K u naBneHun
1 6ap nyreM moaeaupoBaHus TMHaAMUKU B NVT- u
NPT-ancamomsax (50 ¢ B KaxkImoM) COOTBETCTBEHHO.
TemnepaTypy 1 gaBieHUE B CHCTeMaX KOHTPOJIMPO-
BaJIX C UCIIOJIb30BaHUEM MOAU(PUINPOBAHHOTO TEP-
MocTtarta JlaHxeBeHa [9] u Oapocrtata bepeHnceHa
[10] c BpeMeHHbIMU KOHCTaHTaMU T = 1 IC U Tp = 2 TIC
cootBeTcTBeHHO. [IponykTnBHOE 10 HC MOIETMpPOBa-
Hue MJI 111 Kaxxmoil n3 cucteM nmpoBoauau B NPT-
aHcaMOJie ¢ maroM uHTerpupoBanus 2 ¢c. JlaabHo-
JNEHACTBYIOIIME 3JIEKTPOCTAaTUYECKME B3auMMOIEH-
CTBHMSI PACCUMTBHIBAIM C WCHOJIb30BAHUEM CXEMBI
CYMMHpOBaHUs 1o DBanbay B Bapuante PME [7, 11].
KynoHoBcKkure TOTeHIIMABI U TIOTeHIIUaTbl JIeHHap-
na—/I>koHca ObLIM yCceueHBI 10 1.4 HM, YTO SIBJISIETCS
HanOoJiee ONTUMAIbHBIM IJISI UCIIOJIb3YEMOTIO CUJIO-
BOTO MoJj [5].

Ouenka 3Hepeuu 83auMooelicmeus Au2andoe c oen-
xom. J171s1 pacyeTa sHepruy B3auMOIeiCTBUS JIMTaH-
JIOB ¢ pelienTopoMm rcnoib3oBanu Mmetronq MM-GBSA
(Molecular mechanics — Generalized Born surface

area) [12, 13]. PacueT nmpoBOAMIMN C IIOMOIIbIO MPO-
rpammbl MMPBSA . .py [14]. Ucnionb3oBam 1000 dpeii-
MOB IUIST Kaxmoil u3 cucteMm. s BBIUMCICHUS
SHEPIUY B3aMMOJEICTBUSI UCTIOIb30BaIN MOAUDU-
LM pPOBaHHYIO 0000IIeHHYIO Moiesib bopHa, ripenHa-
3HAYEHHYIO JUIT MaKpoMoJiekyr [15].

PE3VJIBTATDBI

Ha puc. 3 npencraBiaensl 3aBucuMoctu RMSD
(Root Mean Square Deviation, cpenHeKBagpaTUIHOE
OTKJIOHEHUE) OT BpeMeHu st C,-aTOMOB IUKOTO U
MYTaHTHBIX (popM PepMEHTOB B KOMITJIEKCE C TYaHO-
3uHOM. RMSD KoMmmjekca ¢ HaTUBHBIM (DepMeHTOM
[UIABHO CTaOMIN3UPYeTCs OKoo 3HadeHust 1.75 A,
TOorda Kak y KOMIUIEKCa MYTaHTHOIO THMIIA ILJIaTO
RMSD ycraHaBiuBaeTcst Ipu 3Ha4eHUU 2 A HM u
TOJIBKO T10ce 4 He MoaeaupoBaHus. Kpusas RMSD
KOMILIEKCAa MYTAaHTHOIO THUIA MEHee IJIaBHas U
0oJbllie B CpeaHeM I10 3HaueHuo. M3 3Toro MoxxHo
3aKJII0YUThH, YTO KOMIUIEKC TYaHO3MHA C OCJIKOM My-
TAaHTHOIO TUIIa MEHee CTaOMJIeH, YyeM C HaTUBHOM
dopMoii.

s anenosuHa kpuBast RMSD (puc. 4) depmeH-
Ta MyTaHTHOTO THUIIA B OTJIMYUE OT BEIYMCIUTEIBHOTO
SKCIHEPUMEHTA C TYaHO3MHOM II0KAa3bIBaeT OOJIBIIYIO
CTaOMJIBHOCTb KOMIUIEKCA C JIUTAHAOM, JIOCTUTAs
nnana3oHa 3HaueHuit 1.6—1.75 A. Komruiekc HaTUB-
HOro (pepMeHTa C aAcHO3MHOM MMEET MEHee CIjia-
KEHHYIO KPUBYIO M Ha WHTepBaJlax BpemMeHu 1.5—3,
6—7.2 u 8—10 Hc 3HayeHuss RMSD 3ameTHO Gobilie.
W3 rpaduka ciaenyer, YTO OTKIOHEHUSI AaTOMOB IO~
MENTUIHONM 1Ien HAaTUBHOTO GelKa pacTyT Ha MPOTSI-
SKEHUU MOJIEJIMPOBAHUSI, TOCTUTasl 3HaYeHUs 2 A.

I'padbuku RMSF (Root Mean Square Fluctuation,
cpemHekBaapaTuyHas (IyKTyalrsi) KOMILUIEKCOB C

KPUCTAJIUIOTPA®UA  Tom 68  Ne2 2023
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Puc. 4. I'paduku 3aBUCUMOCTHU CpeAHEKBaapaTUYHOro oTKJIoHeHUs (RMSD) aToMOB OT BpeMeHHU /1711 KOMILIEKCOB aleHO3M~
Ha ¢ (pepeMeHTOM AuKoro (/) 1 MyTaHTHOTrO TUIa (2).
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Puc. 5. I'paduk dykTyaymy KOOpAUHAT aTOMOB, YCPeIHEHHBIE M0 BceMy BpeMeHU MoaeanpoBaHus (RMSF) koMIuiekcoB ry-
aHo3MHa ¢ pepMeHTOM IUKOro (/) 1 MyTaHTHOrO TUMa (2).

TyaHO3MHOM (pHC. 5) MOKAa3bIBAIOT 3aMETHHIE M3MeE-
HEHUS B ITIOIBMKHOCTH YIACTKOB TTOJIMIIETUIHOM 11e-
nu. 11 KoMIUIeKca MyTaHTHOTO TUNa (PIyKTyallnn
OoJtbIIeit YacTU OCTOBA OeJIKa YBEIMUYMBAIOTCSI, YTO

KPUCTAJIJZIOTPA®UA  Tom 68 Ne2 2023

KacaeTcsl M aKTUBHOTO LIEHTPa, XOTSI U MaKCUMAaJlb-
Hoe 3HaueHue GuyKTyauuit ~3 A mocturaercs st
HatnBHOTO (pepMeHTa. KpmBeie RMSF nmokaspeiBaror,
YTO KOMILJIEKC MyTaHTa C TYaHO3MHOM B 1I€JIOM CTaJl
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Puc. 6. I'paduk ykTyanuym KOOpaAUHAT aTOMOB, YCPEIHEHHBIN 110 BceMy BpeMeHu MoneaupoBaHust (RMSF), koMruiekcoB

aneHo3nHa ¢ (pepMeHTOM AUKOTO (/) 1 MyTaHTHOTO TUTA (2).

OoJsiece TIOOBWKHBIM M TIMKUA (QIYKTyallMii Hadajan
MPUXOAUTHCSI Ha Npyrue aMUHOKUCIOTHI. KpuBas
RMSF n1s1 koMIniekca MyTaHTHOTO TUIIA TAKXKe MO-
XeT CBUIETEIbCTBOBATh O JeCTAOUIN3alluU U BIUI-
HUM MyTalluM Ha KOH(OpMAalMOHHBIE IIpeBpalle-
HWUSsI, IpeTepIieBaeMblie OCIIKOM B pacTBOpE.

I'padpuku RMSF KoMmIuIeKcoOB ¢ afeHO3UHOM He
CUJILHO pa3HATCS A0 U TTociie MyTauuu (puc. 6). 3a-
MeTHoe pasnuuue B KpuBbix RMSF HaGaogaeTcs Ha
ocraTkax [3-JIMCTOB, PACIIOJOXEHHBIX PSIIOM C aK-
TUBHBIMU LIEHTPaAMU, B KOTOPBIX IPOBOJIWIN 3aMEHY
D235N; nukoBoe 3HaueHUe 4.5 A mpuxoauTcs Ha
B-mucter (octatku 1419—1434) moHomepa F. Takum
00pa3oM, CYIlIeCTBEHHOIO U3MEHEHMS B TTOJBUXKHO-
CTU KOMIUIEKCA C aIEHO3MHOM IO U TIOcJie MyTalluu,
CyJisl TI0 KPUMBBIM, He TIPOU3OIILIO, 110 KpaliHeil Mepe
KapTHUHA OTJMYAETCS OT PE3YJIbTATOB C TYaHO3UMHOM.
Henb3sg He 3aMeTUTh, YTO MEPBbI OTIAUYUTEIbHBII
UK KpuBoii 1 (puc. 6) mpuxomnutcs Ha His244, pac-
MOJIOXEHHBbIN B aKTUBHOM LIEHTpE. DTOT MUK OTCYT-
CTBYET y TOTO XK€ aMUHOKHMCJIOTHOTO OCTaTKa r'MCTH-
JINHA B MyTaHTHOM (popme 6etka, Kak U’y 000X KOM-
TJIEKCOB C TYaHO3MHOM, YTO CBUAETEIBCTBYET O €I0
MeHee (QUKCHPOBAHHOM IOJOXEHUU B MPOCTPAH-
crBe. His244, xak nmoka3aHo Ha puc. 20, CIIOCOOeH
YCTaHOBUTH BOJIOPOIHYIO CBSI3b C OKCOTPYMIION Irya-
HO3MHa, TOrIa KaK B CBS3bIBAHUMU al€HO3UHA €ro
pOJib, Cy/isl IO BCEMY, CTAHOBUTCS IPYTOil 1100 BOBCE
yTpauMBaeTcsi. OTO, B CBOIO Ouyepellb, MOXET ObITh
00yCJIOBJIEHO U3MEHEHUEM pacIIpeieIeHUs YacThuy-
HBIX 3apsIIOB B aKTUBHOM LIEHTpE T0CJIe MyTalluu 1
CTepUYECKUM pa3InyreM CyoCcTpaToB.

Takxe paccMOTpPEeHO MOJIOXKEHUE CyOCTpaToB B
pesynbTaTte MonenmpoBanuss MJI. Ha puc. 7 mocTpo-

eHbl KpuBbie RMSD 111 HeBOIOPOIHBIX aTOMOB Ty-
aHO3MHA B KOMILIEKCE ¢ (pepMEeHTaMU TUKOTO (Kpy-
Bast /) u myraHTHoOro tuna (kpusas 2). Kpusast kom-
IJICKCa ryaHo3nHa C HaTUBHBIM (I)CpMCHTOM 3aMETHO
daykTyupyet 10 7 HC ¢ MAaKCUMAaJTbHBIM OTKJIOHEHU -
eM 1 A, 4to BrioyHe oxxumaeMo. MHTepecHee BBITIIS-
JUT KpHuBasi r'YaHO3MHaA B KOMIIJIEKCE C MYTaAaHTOM:
nepBbIe 5 HC JTUTAaHA B 000OMX CiIydasix MMeJI CXOKee
3HAaUeHUE OTKJIOHEHMSI OT HAYaIbHOTO MOJIOXEHMUS,
omHako nocie 5 Hc RMSD nuranna pe3ko yBeaudu-
fgoch Ha 1 A, JIOCTUTHYB OoJiee-MeHee CTaOUILHOTO
MOJIOXEHUSI TIpH 2 A OT HAYaTbHOTO TTOJIOKEHMSI.

Ananmormunbie KpuBble RMSD 11 atoMoB anme-
HO3MHA B KOMILIEKCE C (pepMEeHTOM IIOKa3aHbl Ha
puc. 8. KpuBasi komruiekca ¢ GepMeHTOM MyTaHTHO-
ro tuma (KpuBas 2) BBIIIE, YeM JUISI KOMIIJIEKca C
¢depMeHTOM TMKOTo ThIa (KpuBas /), TOYTH Ha BCEM
WHTEepBajie MOAEIMPOBaHUS (32 UCKIIOUEHUEM TI0-
cJiemHe HAaHOCEKYH/IbI ), U3 YET0 MOXKHO 3aKJIIOUUTh,
YTO MyTallMsl HECKOJIbKO IMOBJMsIa Ha MOJOXEHUE
cyOCcTpaTa B aKTUBHOM LIEHTPE, B CpEIHEM 3HAUCHUS
TSI ABYX ciydaes pannuaiorcst Ha 0.4 A. TakuM 06-
pazoM, MoJdy4YeHHbIe TpadUKU CBUACTEIBCTBYIOT O
OPUMEHUMOCTH TPAEKTOPUIA TSI JAJTbHEMNIIEeTO BbI-
YHCJICHUS 3Hepruii. BiusHue MyTauuy 3aBUCUT OT
cyocrpaTta. Komruieke ITH® ¢ aneHo3nHOM cTaj 60-
Jiee CcTaOMJIBHBIM TIOCJI€ 3aMEHbl acIlaparkuHOBOI
KMCJIOTBI Ha acraparmH cornacHo KpuBoii RMSD.
B cnyyae kommiekca I[TH® ¢ ryaHo3MHOM 3aMeHa
Asp235 Ha Asn CylIeCTBEHHO YBEJIWYWIA TTOJIBUXK-
HOCTb OOJIBIIMHCTBA aMUHOKHUCIOT (pHUC. 3) 1 3aMeT-
HO TTOBJIMSJIA HA JUHAMUKY GEIKOBOI ITI00YIIbI.
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Puc. 7. [1oaBMKHOCTb I'yaHO3MHA B KOMILIEKcaX ¢ ¢epMeHTOM OUKOro (/) M MyTaHTHOro tuma (2).
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Puc. 8. [TongBu>XKHOCTB aleHO3MHA B KOMIUIEKcax ¢ pepMeHTOM AuKoro (/) 1 MyTaHTHOTO TUIa (2).

Meronom MM-GBSA u3 yeTbipex TpaeKTopuit
paccuuTaHbl SHEPTUU CBSI3U CyOCTpaTOB C OEJIKOM B
pactBope (Tabm. 1—4).

W3 paccumTaHHBIX 3HAYEHUI ClEeOyeT TTOHWXe-
Hue 3Hepruu cBia3u AA G,y = —14.3 KKan/Monb 1is
KOMITJIEKCA C TYaHO3WHOM, TOTIa KaK ISt aAieHO3MHA
MNPOU30OLLTI0O WM3MEHEHUE B OOpPAaTHYIO CTOPOHY U
AAGiig = 4.97 xxkan/Monb. Tak kKak AGi;q < 0 Bo
BCEX CIIy4asx, KOMIUIEKC C JIIOObIM CyOCTpaTOM Tep-
MOJIMHAMUYECKU BbIrofeH. M3MeHeHue »Hepruit
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CBSI3U B TIPOTUBOIIOJIOKHOM HaIlpaBJIeHUU JJIs1 ajie-
HO3MHAa U TyaHO3WHa CBUIIETEILCTBYET 00 yBeIUUe-
HUM crielndUIHOCTH pepMeHTa K TYaHO3UHY B pe-
3yabpTare Mytauuu D235N, 9To comiacyercs ¢ maH-
HbeIMU [1, 2].

ITpoBeneHHbBI BBIYMCIUTENIBHBINA 3KCIECPUMEHT
noka3zaj, yro mytauusa D235N cka3piBaeTcs Ha Ccy0-
CTpaTHOM cIIeHn(PpUIHOCTY W TUHAMHUKE (pepMeHTa,
npyUYeM XapakTep BIAUSHUS MyTalliU Ha JTUHAMHUKY
3aBUCUT OT MPUPOIBI CyOCcTpaTa: KOMIUIEKC MyTaHTa
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Tab6muna 1. M3sMeHeHNe KOMIIOHEHT CBOOOTHOI SHEPTUU
npu o0pa3oBaHUU KOMILIeKca (pepMeHTa JUKOIO THUIIA C

TAPUTIIOB u ap.

Tab6muna 2. VI3aMeHeHne KOMIIOHEHT CBOOOIHOM HEepTruun
npu obpa3zoBaHUM KOMILIeKca ¢pepMeHTa MyTaHTHOTO TH-

T'YaHO3MHOM

I1a ¢ r'yaHO3MHOM

Komnonenta| Cpennee |CranmaptHoe| Ommbka Komnonenra| Cpennee |CranmaptHoe| Oimmbka
CBOOOIHOIM | 3HaueHUe, |OTKJIOHEHUE,| CpEemHero, CBOOOMHOM | 3HaueHUe, |OTKJIOHEHWE,| CpemHero,
SHEepPTrUuun KKaJI/MOJIb | KKajJ/MOJb | KKaJl/MOJIb SHEepPruun KKaJI/MOJIb | KKajJ/MOJb | KKaJl/MOJIb
AEvyw -34.5 2.95 0.01 AEvw —41.24 3.49 0.11
AE, —39.49 4.64 0.15 AE, —38.56 9.95 0.32
AG,g1ar 52.05 2.83 0.08 AG,g1ar 46.31 5.33 0.17
AGyonpolar —4.00 0.15 0.01 AGyonpolar —4.74 0.15 0.01
AGy,, —73.99 3.88 0.13 AGyy, —79.80 9.45 0.31
AGg,, 50.05 2.81 0.09 AGg,, 41.57 5.27 0.17
AGying —23.95 343 0.11 AGying —38.23 5.66 0.19

Ta6muna 3. M3MeHeHNe KOMIIOHEHT CBOOOTHOI SHEPTUU
npu o0pa3oBaHUU KOMILIeKca (pepMeHTa JUKOro THUIIA C

Tabomuna 4. VI3aMeHeHHe KOMIIOHEHT CBOOOIHOM HEPTUun
npu obpa3zoBaHUM KOMILIeKca ¢pepMeHTa MyTaHTHOTO TH-

aIeHO3UHOM T1a C aIeHO3MHOM

Komnonenta| Cpenmnee |CranmaptHoe| Ommbka Komnonenrta| Cpennee |CrangaptHoe| Omunbka
CBOOOMHOU | 3HAauUeHWE, |OTKIOHEHWE,| CPEemHeTo, CBOOOITHOI | 3HAuYeHWE, |OTKIOHEHHUE,| CPEemHEero,

SHEPTUU KKaJ/MOJIb | KKajJ/MOJIb | KKaj/MOJb 9HEpPruun KKaJ/MoJIb | KKaj/MOJib | KKaja/MOJb

AEy4w —25.79 3.25 0.10 AEgw —34.43 2.43 0.08
AE, —140.93 21.39 0.68 AE, —56.19 8.32 0.26
AG,g1ar 156.73 20.30 0.64 AGpg1ar 86.07 8.67 0.27
AG onpolar —3.47 0.32 0.01 AGonpolar —-3.93 0.23 0.01
AG, —166.72 21.52 0.69 AGy —90.62 8.65 0.27
AGgy, 153.27 20.19 0.64 AGyy 82.14 8.64 0.27
AGying —13.45 3.45 0.11 AGying —8.48 4.06 0.13

C T'YaHO3WHOM CTaHOBUTCSI OoJiee TTOABUKHBIM U Me-
Hee CTaOMJIbHBIM, a C aIcHO3UHOM — OoJiee yCToIn-
BbIM, C MEHBLUUMU OTKJIOHEHUsIMU C,-aTOMOB MEIl-
tunHol nenn. 7thPNPII, B HaTmBHOM popme criein-
¢uuHag K ameHO3WMHY M CIIOCOOHAas paclIeIlISITh
ryaHo3uH [1], mocie 3aMeHBl ocTaTKa achaparuHoO-
BOIi KMCJIOTBI Ha aclaparvH Havyaja (hoOpMUPOBATh,
coriacHO pesyjibTaTaMm pacuera MetonoM MM-PBSA,
TepMOJUHaAMUYEeCKH 0o0Jiee BBITOAHBINH KOMILIEKC
c ryaHo3duHoMm Ha AAG,;,,; = —14.3 KKan/MoJb.
st aneHo3uHa 9HEPreTUYECKUA BBIMTPBILI CBSI3U C
cybcTtpatoM HaoOopoT yMeHblIWwicsd Ha AAGy,g =
= 4.97 KkKaj1/MOJb.

HUccnengoBanue BBIMOJHEHO TIpU (PUHAHCOBOIA
noaaepxke Poccuiickoro HaydHoro ¢oHaa (MpoekT
Ne 21-13-00429) B pamkax pacueta MJI u nipu noa-
JIep>xke MUHMCTEpPCTBA HAyKU U BLICIIIETO 0Opa3oBa-
Hus P®D B pamkax BeImToHeHUs pa6ot mmo [ocynap-
crBeHHOMY 3amaHuio @DHUII “Kpucramiorpadus u

doronmka” PAH B yactu aHanm3a pe3ysibTaTOB MO-
JIEKYJIIPHOTO MOAEIUPOBAHMSI.
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