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3ACTOCYBAHHSA METOAIB MOJIEKYJISAPHOI'O MOAEJIOBAHH A
JJIA IOIYKY HOBUX BIOJIOI'TYHO AKTUBHUX PEYHOBUH
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THowyx Hosux cnonyx 3i cneyughiunoro 0io02iuHO0 Jicto nompedye BUKOPUCMAHHS HOBIMHIX MemoOig
MOAEKYNSAPHO20 MOOCNIOBAHHSA. 3 Mmoo NOUWYKY NOMEHYIUHO aKMUGHUX pedosur 01 8cboco Kaacy SH2
O00MEHI8 NPOBEOCHO NOPIBHAHHS BIOOMUX CIPYKIMYD, IX KIACMEPHUU AHALL3, MOIEKVAAPHUL OOKIHE, 8UOLIEHO
yei modeausi ghapmaxogpopri modeni ma zacmocosano GTM nepedbauenns. Odepowcari Oari ceiowames npo

3HAYHY eapiamusHicms 36’a3yeanns SH2 domenis.

cn06a: OION0CIYHO AKMUBHI pevosuHU, MoNeKyiapHe mooemosanns, SH2 odomenu,

HOM JIIOJIMHU Kojye O0sn3bko 120 nomenis SH2, 1o

Knwuosi
dapmarxoghopni mooeni, GTM nepedbauenns.
ioyoriyHi npoLecu y KJIITHHAX
BigOyBalOTBCS 32  y4YacTIO  BEJIMKOI

KUJIBKOCT1 MPOTETHOBUX MaKpPOMOJIEKYJ, SIKi
(YHKIIOHYIOTB, 30KpeMa, Yy CKJIali MpOTeTHOBHX
1 HYKJIETHOBMX KOMIUIEKCIB. Pi3HOMaHITHICTh
MIPOTEIHOBUX  B3a€EMOJIM  HACTIIBKM  3HAYHA,
mo iXx rpadiuHe 300pakeHHsI Mae BUTISAI Haj-
3BMYaiiHO ckiagHoi 1 3amryTtaHoi mepexi [l, 2].
Bingrak, 3HaHHS MpOCTOpOBOi OyJOBH KOMIUIECKCIB
KJIITHHHUX TPOTEiHIB Ta iXHIX JIiraHAiB € BaXKIIu-
BUM KPOKOM Ha HIJSAXY 0 PO3yMIHHS MEXaHI3MiB
(hyHKITIOHYBaHHS.

SH2 (Src Homology 2) — xoMmakTHUH TJIO-
OynapHUil oMeH, o Oepe aKTHBHY y4acTb Y
BHYTPIIIHBOKIITUHHIA  CcUTHANi3amii, Biairpae
BRXJIMBY pOJIb SIK TIOCEPENHUK crerudiaanx
poTeTHOBO-TIpOTETiHOBUX B3aemoxiit [3, 4]. Bin
cKiamaetrbes mpuban3Ho 31 100 aMiHOKHCIIOT, sKi
YTBOPIOIOTH CiM B-CKIamok i aBi a-cripani. HMoro
AKTUBHUU CalT XapaKTEepPHU3YETbCS CTPOro BH3HA-
YeHUM posMilieHHsaM rpynu ArgPBBS, sika yTBoproe
BonHeBui (H-) 3B’130K 13 IBOMa aTOMaM¥ OKCHTEHY,
110 BXOIATH 10 CKIany plyr (pocdotuposuny) [5, 6].
Kumrens 3p’s13yBanns SH2 mae Benuky riapodoOny
YacTHHY; caMe Li¢ CTBOPIOE MEPEeIyMOBH [UIS I10-
LIYKY pi3HOMaHITHUX CEJIEKTHBHHX JITaH/liB IPOTH
LBOTO KJIACy JOMEHIB, IO € HAHOIIBIINM KJIacoM
plyr — po3mizHaBaIbHUX JTIOMEHIB [7, 8].

3neOinpmoro  momeH SH2  wmictutbes B
oHKompoTteinax (Src oncoprotein) Ta y mpoTeiHax,
SIK1 BXOISITH 10 CUTHAJIBHUX KacKaiB KIITHHU. | e-
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BXOATH 110 ckiany 110 mpoTeiHiB, SKi MPUCYTHI y
Hapi3HOMAHITHIIINX KJlacax: MpoTeiHKiHa3u (Src,
Lck), ¢ocdarasun (SHP2, SHIP2), docdonimazu
(PLCyl),  daxtopu  Tpanckpunuii  (STAT),
perynsitopai nporeinu (SOCS), anantepu npoTeinis
(Grb2), crpykrypni nporeinu (SHC) Ta in. Bonu
IIMPOKO TIPEJCTAaBJICHI B OPTaHi3Mi TBapWH 1 Mai-
K€ TIOBHICTIO BiZICYTHI B MIKpOOpraHizMax (Hampu-
KJIad, NpUMITHBHUN (parmeHT SH2 y apixmkax).
Lle no3Bossie MpUITYCTUTH, IO iX MOSBA MOB’A3aHA
3 YCKJIaJHEHHSIM MEXaHi3MiB Iepeadi CUTHAJIB y
0araToKJITHHHUX opraHizmax [9].

Bussneno, 1o gjomenn SH2 MokHaA TOTIIATH
3aJIeKHO B  cHemu(iyHOCTI  po3mi3HABaHHS
plyr-3anuiuky i3 C-KiHIS: Take pO3Mi3HABAHHS
BiOyBaeThes y mo3umisix +1, +2 ta +3 [5]. Mox-
Ha TIPUMYCTUTHU, M0 KOXKEH OKpeMuit momen SH2
3B’SI3Y€THCSI JTUIIIE 3 KOHKPETHUM plyr-hparMeHTOM.
Hanmpuknan, Src SH2 mepeBakHO pO3ITi3HAIOTH
Glu-Glu-lle (B3aemomitounii ¢parment pYEEI), y
Toii vac sik Grb2 SH2 nomen 3B’I3y€ThCs 3 iHIIMM
(parmenTom — pY VNV. OnHak MoBHE pO3yMiHHS
nporo edekry mnorpedye JETaNIbHOIO BHBUCH-
HS TEPMOIMHAMIYHUX OCOOJMBOCTEH B3aeMOMIil
hochonenTrmis i3 qomeHnamu SH2.

Merta 1i€i poOOTH — KOMIUIEKCHO JOCIiTUTH
nomenn SH2 wMertomamMu MOJIEKYJISIPHOTO MOJe-
JIIOBAHHS IS CTBOPEHHsI OIOJIIOTEeKM JIiraHJiB Ha
BECh KJIaC IIUX JOMEHIB, SIKY B ITOJAJIBIIOMY MOXKHA
Oyso 0 3aCTOCYBAaTH JJIs TepeAOAUYCHHS MOKITHBHIX
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BHYTPIIIHBOKJIITUHHUX TOPYIIEHb, TOBSI3aHUX 13
niero SH2 nomeniB, Ta BAKOPUCTOBYBATH ii y Tepa-
MEBTUYHUX LIIAX.

Martepiayu i MmeTonn

VYci po3paxyHKH NPOBOIMIM Ha PO3paxyH-
KoBOoMy KkjacTepi KHIBCbKOro HamioHanIbHOTO
yHiBepcutety imeni Tapaca IlleBuenka [10], Bu-
KOPHUCTOBYBaIM 0a3y XIMIYHMX pe4oBUH (ipMu
Enamine, sika mictuth 1,2 miH. pedoBuH [11]. Ile-
pen MoYaTKOM pO3paxyHKIiB yCi pe4OBHHU HAOIIH-
3WJIA JI0 CBOTO HAaWiMOBIPHINIOTO XiMIiYHOTO CTaHy
y BOZHOMY CEpEIOBHIII: ISl OO IPOBEIH MPO-
TOHYBaHHS OCHOB Ta JIEIPOTOHYBAHHS KUCIIOT (Ha-
MIPUKJIAJ, AMIHM BU3HAYAJIMCS, SIK KUCJIOTH, SIKILO Y
HUX MICTUTHCS JIBA CHJIBHUX €JIEKTPOH—aKIIETITOP-
HUX 3aMICHHUKH, ajie, SKIIO MPUCYTHS KOMOIHAIlisg
riporeny i3 sp3 3aMiCHUKOM KapOOHY, aMiHH BBa-
KArOThCsl OCHOBaMHM). [Ipn nbomy (QyHKI[IOHAIBHI
rpynu 3 XapakTepHUMHU 3HaueHHAMH pKa 7,0
(He BaNoOCs TOYHO BU3HAYUTH, UM BOHH MAalOTh
OyTH NPOTOHOBaHI, YM JENPOTOHOBAHI) HIUOrO HE
3MIHIOBAJIH.

Ha mnactynmHoMy erami NOpoBOAMIN TOOY-
0By 3D-CTpyKTyp MOJIeKysl Ta IX €HEepreTU4Hy
MiHIMi3alilo, BHKOPUCTOBYIOUM omuito «four-
dimensional energy minimization». Ilpoueny-
py mpoBomunu B cuinoBomy moini MMFF94x [12]
3a RMSD rpaxgienra 0,01 BHM y 4YoTHpH eTamnu:
(1) imimiamizamis — KOXXHOMY aTOMYy MOJIEKYITH
IIPUCBOIOBAJIM KOOPAMHATH y YOTHPUBHUMIPHOMY
mpocTopi (Xi,yi,zi,wi); (2) 4D-miHIMI3aIlisg eHeprii
Ta moOymoBa 4D-xondopmariit; (3) MiHIMIZAITISL
dyukii U(X,y,z,W) — TIOTEHITiaabHa CHEPTisI MOJICKY-
nu; (4) 3D-miHIMI3alS — BUAAISUIA W (4€TBepTa KO-
OpAMHATA BUMIpY), a MICIA IIOT0 Y TPUBUMIPHOMY
npocropi MiHiMizyBanu ¢pyHkIio U(X,y,2).

Biobip miweneii 01 nposedenns dokiney. 3a-
rajom BinmiOpanu 219 crpykryp nomeniB SH2, siki
Oymu B3sTi 3 6a3u PDB (Protein Data Bank) [13]:
i3 HUX 66 cTpyKTyp onepxkaHi meromom SAMP y
po3umuHi i 153 — METOIMOM PEHTIEHOCTPYKTYPHOTO
aHamizy. Bei 1l CTpyKTypH MICTATH iHGpOpMAITio
npo 67 MOMEHIB, SIKi HAJIEKaTh 10 65 mpoTeiHiB 9
BUJIIB OpraHi3MmiB. [lns HaWAKICHIIIOTO BUKOpH-
CTaHHS CTPYKTYPHUX JaHHMX BpPaxOBYBallM, IO
JesiKi CTPYKTYpPHI (haliiTi MICTHIIH JeKiTbKa Pi3HUX
KOIMIN OIHOrO 1 TOro * JoMeHy. Tomy Bci daiiiau
po36unu Ha 1129 oxpeMuX TPOTETHOBHX CTPYK-
TYPp, SKiI PO3IINMIMA Ha 8 KJIACTEepiB i MOBTOPHO iX
MOPIBHSUIM, BUKOPUCTOBYIOUH MPOTpaMHHI MaKeT
Chimera [14].

Monexynapuuii ooxine. llepen mpoBeIeHHSIM
JOKIHT'Y 3 BifiOpaHUX MNPOTEIHIB BUAAJIUIN YyCi
MOJIEKYJIM BOIH, a Bci Arg Ta Lys 3anmpoToHyBaju.
MonekynsipHuii AOKIHT TPOBOAMJIN y JIBa €TaIlH:
Ha IEpUIOMY eTall KOPUCTYBAJIUCS NMPOIPAMHUM
maketom MOE [15], a mva npyromy — flo+ [16]. B
000X BHWIIAJKaX BUKOPHUCTAIW THYYKHH JraHp i
(hixcoBaumnii perernrtop. s Toro abu nepeKoHATH-
Csl, IO JOKIHT € SKICHUM, 3aCTOCOBYBaJH OOHMIBI
IporpamMu Jiisl MPOBEICHHS POLELyPU PENOKIHTY
(Tabm. 11 3).

3acmocyseanna nakema MOE. Ha mnepmomy
eTari BUKOPUCTAJM CTaHAApPTHI MapaMeTpH IMpo-
Be/ICHHS JIOKIHTY B pamkax makera MOE [17, 18].
s xo)xHOT MosieKy i reHepyBasn 30 MOKIUBUX
BapiaHTIB 3B’13yBaHHs 13 MPOTETHOM, 3 SKUX MOTIM
BIJIOMPAJIN JIMIILIE OJIH.

3acmocysannus naxema flo+. 3acrocyBa-
JY aJFOPUTM CHUCTEMAaTHYHOro AOKiHTYy (sdock+)
[19]. MakcumanbHa KiNbKICTh KPOKIB PO3PAXyHKY
cknangana 200; 10 HalKpaluX KOMILIEKCIB (BUXO-
JST9U 3 BHYTpIIIHIX ckopuHT-pyHKIIH QXP [16])

Tabruysa 1. Pezyiemamu nopiguauns 8idibpanux cmpykmyp: ix eomonoeiuHicme, % (6epxHs noiosuHa
mabnuyi) ma suauenns RMSD (A) mioc yumu cmpyxmypamu (Hudichs nonoguna mabuuyi)

PDB | 1049 | 2fci | 2ge9 | 2iyg | 2k7a | 2kk6 | luus
1049 —eoemenes 20,2 20 33 29 27,6 15
2fci pJiT-Y S— 22,3 21,3 14,9 13,8 13,8
2g¢9 2,24 G ) — 21 40,6 27,6 13,1
3in7 1395 2,665 2287  coeeeeeee- 30,9 30,6 28,6 13,7
2iyq 1022 2,619 2285 1149 oo 23,4 26,6 17
2Kk7a 1,491 2,733 2,16 1287 1287  ceeeeee- 29,6 11,9
2kk6 1444 2708 2352 1347 1,363 (1L S 12,2
luus 1,568 2,683 2817 2,044 1,632 2,066 1,842  -eoeeee-
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3aIdMIald IS MOJAJIBIIOTO aHamizy. Baxkianso
3a3HAYMTH, 10 Y MPOIIECi po3paxyHKiB OyJio Bpa-
XOBaHO, IO Jiala30H PYXJIMBOCTI B3a€EMOJIFOUUX
CTPYKTYp MOXe OyTH Pi3HHM, TIOUYMHAIOYH 3 HEBe-
JIMKUX OIYHUX JIAHIFOTIB 1 3aKIHUYIOYH MacIiTad-
HUMU JOMEHHUMH pyxamu. OpepikaHi pe3ysibTaTH
BindineTpyBanu ¢inerpamn multyRmsd ta flo+
[20]. CrnouaTKy OLIHIOBAJIHM EHEPril0 KOMILJIEKCY
«IPOTETH-JIIraH Iy, MOTIM KiJbKicTh H-3B’I3KiB Mik
aToOMaMM MPOTEiHy Ta Jiranay (mig vac Bigdopy
MOTEHI[IHHUX JIITaH/iB OCOOJIIMBY yBary MpuIiIsIIH
MOJIEKYJIaM 13 BEJMKOI0 KiIBKICTIO aKIEeNnTOpiB
H-3B’13KYy) 1, HapeTi, OLIHIOBAJIX IIJIONLY JITaH.y,
110 KOHTAKTY€ 3 IPOTETHOM.

LHobyoosa ¢hapmaxoghoprux moodeneii. [1ns no-
OyllOBH CTPYKTYPHO-3aJI€KHUX (PapMako(OpHUX
Mojieniell BUKOpHUCTaIu Bei HasiBHI PDB-cTpykTypH.
3 HUX BiAiOpaiu CTPYKTYpPH, IO MICTHIIN JiraHan
(ISKJ, 1IBKM (PP60 V-SRC Tyrosine kinase
transforming protein), 1049, 1048, 1047, 1046,
1044, 1043, 1042 (proto-oncogene tyrosine-protein
kinase SRC), 11JR, 1FBZ (proto-oncogene tyrosine-
protein kinase LCK), 1A1E (C-SRC tyrosine
kinase)). I[Ticnst nporo 3a nonomoroto nakera UCFS
Chimera npoBenu MOpiBHSHHS BiliOpaHUX CTPYK-
Typ. Hani ix Bukopucramu st nmodynoBu ¢ap-
MakoQOPHUX MOJeNIell 3a JOMOMOTOI MPOTpaMu
LigandScout [21].

Jns moOynoBu JiranazaiexHux (apmako-
(hopHuX Mojened BimiOpanu BCi BiIOMi aKTHBHI
Ta HEaKTHBHI CIOJNYKH 1omo nomeHiB SH2. 3a-
rajoM onepkaiau 78 akTUBHHX Ta 38 Heak-
TUBHUX pe4yoBUH. Jlisi HUX, BHUKOPUCTOBYIO-
gy maketr LigandScout Omega 3a BHYTpIIIHBOI
eneprii 10 Kkan/mMoib, 3reHepyBald YCi MOXIIHUBI
cTepeoizomepu ([JIs1 KOKHOI PEYOBUH OOMEKYBa-
JM KUIBKICTh MOXIJIWBUX KoH(Mopmauiit 500, mpu
npomMy Mexa 3HadeHHss RMSD cranoBuna 0,4 Hm).
Jaini mpoBenu Ki1acTepHu3aliio HasBHUX CTPYKTYP:
JUISl KOKHOT CTPYKTYpH BifiOpanu 25 eHepreTHIHO
HaWBUTIHIIIUX CTEPEOi30MepiB.

Banioayis GapmarogopHux MoOenetl
(eenepayiss  Oexoie — cmpykmyp, sAKi MaiOmb
MIHIMAILHI Wancy 6ymu aKkmusHuUMu wooo 0y0b-
axoi miweni). IIponienypy BUKOHATIHU 32 TOTIOMOT OO
inTepHeT-pecypcy «DUDE decoy generation». Crio-
yarky nopisasiin ADME (absorption, distribution,
metabolism, and excretion) NIeKOiB Ta CTPYKTYyp
nirauaiB (Moyiekynsippa maca, LogP, oGepranbhi
3B’SI3KH, akuentopu H-3B’13Ky, noHopu H-3B’I3KiB
i 3apsam). Yci gekoi 3reHepoBaHO B aAiana3oHi pH
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Big 6,0 10 8,0 3 BUKOpHCTAHHSM MPOrPAMHOTO Tia-
kera «Schrodinger’s Epik», 3actocoByroun mapa-
metpu «pH 7,0-tp 0,20 (MiHiMasibHA BIpOTiAHICTH
CTBOpPEHHsI TayToMepiB)». Jlisi KokHOT KOMOiHaIii
napameTrpiB ADME 3renepyBanu 50 MOXKIHBHX
nekoiB. Hactymni nexoi Oynu BimiOpaHi 3a jmoro-
Moroto maketa ZINC45 [22]. BuxopucroByBaiu
IPOTOKOJI JMHAMIKH, 3aCTOCOBaHHH [0 JIOKAJb-
HOTO XIMIYHOTO MPOCTOPY, 30UIBIIYIOYUCH a0o
3MEHIIYIOYHCh HABKOJIO BiiOpaHMX IIECTH BIACTH-
BOCTeH. Y Takuii crioci0 ofeprkaiu AeKoi, CyMixkHI 3
MOYaTKOBHUM JIITAHJIOM 32 OCHOBHHUMH CTPYKTYPHH-
MU XapaKTepUCTUKaM (HaiuacTilie Mo3UTHBHE TIe-
pendadenns cnocrepiranu 3a pH 7,05). [Totim nekoi
COPTYBaJIM 3a CIaJaHHIM TMOMIOHOCTI (Koe(ilieHT
taHiMmoTo (Tc)) BiIHOCHO OyHIb-SKOTrO JIraHja.
Haiibinpmr "HenmomiOH1 mekoi, misa saxux Tc < 25%
HI0JI0 AKTUBHUX PEUYOBHH, BIAKUHYJIH. 3arajioM AJis
78 axTuBHMX pe4yoBHH 3reHepyBaiu 4200 nexois,
SKi BUKOpHCTalU A Banijgamii ¢papmakodopHux
MOJICIIEH.

ROC - awnanis. ROC (receiver operating
characteristic) — K iHCTPYMEHT OLIIHKH Pe3yJIbTaTiB
CKPHHIHTY, ITocigae ocoOnuBe Miciie cepent OiHapHUX
anroputMmiB kiacudikanii [23]. V namomy pasi 3a
noriomororo  ROC-kpuBUX BU3HAUMIIM 3JATHICTH
(hapmakodopHux Mojenel kinacuikyBaTH peYOBHU-
HU Ha aKTUBHI 1 HEAKTUBHI, PO3PaXOBYIOYH 3HAUCH-
Hsg AUC (Area Under Curve) [24, 25]. ROC-kpusi
BKa3yl0Th Ha crerudiunicts (1 - Sp) i 4yTnuBicTh
(Se), sika 3MIHIOETBCS 3aJISKHO BiJ SKOCTI MOAEi
[26, 27]. 3a3HaunMo, 110 TIepeBaru Takoi Baigarrii
HEeI0aBHO Hebe3MmiIcTaBHO Oy MmifJaHi KpUTHL
[28].

Bipmyanenuii CKPUHIHE. BipryanbHuii
CKPHUHIHT — OJIUH 13 HAWMOTYXHIIINX METOJIB JJIs
MOIITYKY HOBUX TOTEHLIMHO aKTHMBHUX PEUYOBHH 1
ckedoinib [29]. Jlns Horo mpoBeCHHS BUKOPUCTA-
mu nporpamumii naket LigandScout. Po3paxynku
BUKOHAJIM 33 TaKUX (YHKIIOHAJIBHUX TapameTpiB
nporpamu: «Pharmacophore-Fit scoring function»
(BpaxoByBaiM JHUIIE BIACTHBOCTI (idiB Qapma-
kopopHux Mmonener Ta ixui RMSD), «Match all
query features» (omuist sl MOUIYKY MOJEKYJ, IO
MOBHICTIO BiAMOBiAa0TH PpapmMakopoOpHiii Moaeni),
«Stop after first matching conformation» (mns
KOYKHOI MOJIEKYJIM CKPHHIHT 3YIUHSIIN MIiCIs TOTO,
sk OyJsia 3HalJIeHa mepiia KoH(QOpMaIlisi MOJICKYIIH,
110 BiIOBiIa€ papMakopopHii Mojedi).

Mooenv GTM (Generative topographic map).
PesynbraTu, onepaHi Ha TMONEPEIHIX eTarax
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JIOCTIJKeHHS (CeT aKTHMBHUX 1 HEAKTHBHHUX pPEY0-
BHH, PE3yJIbTAaTH BIPTYalIbHOTO CKPHHIHTY), OyiIu
3acTocoBaHi 115 moOymoBu Mozeneit GTM 3rigHo 3
aJTOPUTMOM, 3alpOIIOHOBaHUM Yy poboTax [30, 31].

PeSyJ'IbTaTI/I Ta 06r030pemm

Biobip miweneti 0ns nposedenHs OOKiH2Y.
Basyrounce Ha aHami3i ycix HasBHUX CTPYKTYP,
BimiOpanu 8 PDB cTpykTyp s mpoBeleHHST MO-
JISKYJISIPHOTO JIOKIHTY (Ta0u. 1). AJie, BpaXOByIOUH
PECYPCOEMHICTh PO3PaxyHKiB MPOrpaMHUM IIa-
ketom Chimera, MOBTOpPHO TOPIBHSUTH BimiOpaHi
cTpyKTypH. Tak, BUSIBUIIM 3HAYHY TOAIOHICTH MiXk
crpykrypamu 3in7 i 1049, BHACIiIOK 4OTr0 CTPYK-
Typy 3in7 Binkuryau. OTKe, 3arajioM JJIs TOMYKY
Jira”jaiB BUKOpUCTanu 7 MimeHei, a came: 1049
(manrmor A, HomoSapiens SRC SH2 (neHTpoin:
Oprasi3am, MpoTeiH 1 JIOMEH, Hajxaji Bce 3arunca-
HO B aHasoriuHoMy mnopsanky)), 2fCl (manmior A,
HomoSapiens, BTK, SH2), 2GE9 (manmior A,
HomoSapiens, BTK, SH2), 2JYQ (manmior A,
HomoSapiens, GRB2, SH2), 2K7A (maumtor B,
MusMusculus, ITK, SH2), 2KK6 (manmior A,
HomoSapiens, FER, SH2), 1UUS (manmior A,
DictyosteliumDiscoideum, DSTA, SH2).

Monexynapnuuti Ookine. CriodaTtky TPOBEITH
penokiHr Ha npukiaaai mimeHi 1049, HatuBauit
JraH] BUAAJIHUINA 3 NPOTEIHY i MOBTOPHO JIOKY-
BaJM B CalT 3B’s3yBaHHs. Pe3ynbsrar BBa)KaBCs
3aJI0OBLILHUM, SKIIO 3HaueHHss RMSD He nepeBu-
mysano 2 A [32] (tabn. 2 i 3). BukopucroByouu
naker MOE, onepkanm MeHIIWK Aiama3oH 3Ha-
uenbs RMSD — 1-1,5 A. Onnak naiikpamuii Bapiant
3B’s13yBaHHs (Tabmn. 3) orpumanu y nporpami flo+.
Tomy MU crmoyaTtky AOKyBajdW 3 BHKOPHCTAHHSIM
nporpamu MOE, a motimM oxepkaHi pe3ynbTa-
TH BUKOpHUCTalu B poOoti 3 maketoM flo+. Kpim
TOro, TMOPIBHIOBAJIM EHEPreTHYHI MapaMeTpH

Tabruysa 2. Pesynomamu pedoKiney 6 npoepam-
Homy naxemi MOE

TlomoxeHHs RMSD, A E_conf,
KKaJI/MOJIb
1 1,11 4,51
2 1,71 1,84
3 1,69 3,01
4 1,65 1,44
5 1,55 1,24
Initial 0,00 3,05

koH(MopMarid jiranmy (tadm. 2). Hami mpoBeru
PEmOKIHT 3a joroMororo mporpamu flo+ (tabdm. 3).
OminroBanu Taki mapamerpu: FreE (3arampHa
BiJIbHA €HEpris KoMILIeKcoyTBOpeHHs), Cntc (KOH-
TaKTHA CHEPris 3B’13yBaHHS MiX yciMa MOJIEKyJia-
MU Jirauay i npoteiny), Hbnd (enepris H-3B’13KiB
MDK mpoteiHoM i niranaom), Bump (enepris cte-
pUYHUX 3iTKHEeHB), Intl (eHepris HampykeHOCTi
miraHay). BusBunocs, mo oxepxaHi pe3yibTaTH
MOYKHA PO3AIJIMTH HA TPU IPYIH: 10 MEPIIO] I'PyNH
BITHOCATHCS ToNokeHHs (1, 2), siki XapakTepu3sy-
IOTHCS IPAKTUYHO y BCIX BUMAJIKaX MiHIMaIbHUMU
SHepreTHYHUMH MapaMeTpaMu; 10 APYToi TIpy-
nu — mnojoxeHHs (3, 4), sAKi MalOTh XapakTepu-
CTUKH, MOMIOHI 0 HATUBHOI (OPMHU 3B’I3yBaHHS;
JI0 TPETHOI TPYNH MOYKHA BiJHECTH TOJIOKEHHS 5,
SIKe TIOPIBHSIHO 3 yCiMa 1HIIMMH Ma€ HaWTipII Xa-
pakTepucTHKH. SIK BUAHO (TaON. 2) y Oyab-IKOMY
MOJIOKCHH] € JCKIIbKa MPAKTHYHO 1JCHTUYHHIX
napaMeTpiB 1100 HaTUBHOI (opMu. BunsTKOM
MO’KHA Ha3BaTH JIMIIE MOJOXKEHHS 1, aje y nbomy
pasi Mae Micie Habikpamie 3HaueHHs RMSD, mio
€ OIIHUM i3 OCHOBHHUX MapaMeTpiB OLIHKHU SIKOCTI
PEIOKIHTY.

Tabnuys 3. Pezynomamu pedoxiney 6 npoepamuomy naxemi flo+

Honoxents RMSD, A KI[I;;?I\I/?(’)HI) KI[()jKr/llt/(I:(’)JIb Kﬂ})llzrbi[(jgﬂb K):I[S)LJ/ISAIC))ZIB KI[)IKI;BI’OHB
1 0,64 -29,6 -81,8 -17,7 3,1 15,7
2 2,71 -25 -77,5 -18,2 4,4 15,5
3 2,86 -17,9 -76,6 -17,8 4,5 17,1
4 3,83 -18,1 =754 -18,3 4,8 16,5
5 1,04 -23.4 -73,8 -11,4 3,5 12,6
Initial 0,00 -17,5 -77,0 -14,9 4,3 19,9
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[Ticnst penokiHry mpoBenu JOKIiHT. Tak, 3a 3a-
crocyBants naketa MOE Biniopanu 150 tuc. pedo-
BUH sl KOXKHOTO Kjactepa. Lli peuoBuHN BUKOpH-
CTaJIM Ha HACTYITHOMY €Talli pO3paxyHKiB y paMKax
nporpamuoro mnakera flo+. 3 ycix PDB crpykTyp
MOBHICTIO BHJAJWJIM BOAY 1 MPOBEIH IMPOTOHY-
BaHHA Arg Ta Lys (Ui 3ajUIIKH y TPOTOHI30BaHIH
KaTiOHHIM QOpMi 3AaTHI YTBOPIOBATH BEJIHKY
KIJBKICTh BOJHEBUX 3B’I3KiB). 3aBISKH BIAMIHHOCTI
opienTariii plyr-3’si3yrodoro caiita i rigpoho0OHoi
KHILEH] JJIsl KOKHOTO KJlacTepa 3aCTOCY Balld OKpeMi
npaBuJia BiIOOpy Jiranis. Tak, 3araioM JOKyBaIH
Maiixe 500 THC. CTPYKTYp y BCi MillleHi 1 ofiepKatu
rona]1 10 MJTH. KOMILJIEKCIB MPOTETH-Tiran 1. 3aB/s-
KH (iabTpanii CKOpOTHIIN KiIbKICTh KOMILJIEKCIB JI0
50 Tuc., siki aHanizyBayu BizyanbHo. KiHlleBuii cet
pedoBuH cTtaHoBUB 10463. 3a3Haummo, 10 CTPYK-
TypH, OJEpKaHi LION0 PI3HWUX MillleHel, 3HAuYHO
BIJIPI3HSIIOTHCS OJIHA BiJ ofHOI. Tak, Malixke 3 aecs-
TH THCSY TiepeKpHuBatoThes Juie 705 pedosun. Lli
MOJIeTIi 3B’13yBaHHsI MOBHICTIO MEPEKPUITUCS 3 MO-
JeIsIMH, sKi OyJTi ofiepKaHi Ha TECTOBOMY BapiaHTi
po3paxyHKiB (HaBeneHi B poboTi [33]).

@apmarxogpopui modeni. Ilin yac NOPIBHIHHS
CaifTiB 3B’sI3yBaHHS BiJliOpaHUX CTPYKTYpP Ta IXHIX
JITaHiB BUSBWJIM 3HAUHY MOAIOHICTH SIK MEPIIUX
(Tabm. 2), Tax i apyrux. s nopiBHSHHS BUKOPH-
cropyBanu mnporpamuuii maket UCFS Chimera.
Po3rnsiHyu 1Ba BapiaHTH MOPIBHSHHS CTPYKTYP: Y
MepUIOMY 13 3acTOCyBaHHSIM anroputMy Himimana-
Bynma ta marpuii nopisasisb BLOSUM-62 [34, 35]
(yci cTpyKTypH MOPiBHIOBAIH 3 O/IHI€IO0 IIAOJIOHHOIO
cTpyktypoio (1049)) — 3nauennss RMSD ne nepesu-
mysano 1 A, 10 € miaTBepaKEHHAM MPOCTOPOBOT
noAiOHOCTI WHMX CTPYKTYp (Tabdn. 4); y apyromy
BUIA/IKY, BCl CTPYKTYypH MOPIBHIOBAIH MiX CO-
ooro. Onepxanu: Q-score 0,525 1 cepenHe 3HAYCH-
g RMSD 0,860 A. BpaxoByroun 1i pesymsTari,
Ha OocHOBI BimiOpanux PDB-ctpykTyp moOynyBanu
OJIHY 3arayibHy (hapmakodopHy Mozens (puc. 1).

Bepyun 50 yBaru BuIEe3a3HAYCHI JaHi,
NOPIBHSUIM  MEXaHi3M 3B’I3yBaHHSA BiIiOpaHHX
PDB crpykryp (puc. 1, Bepxuiii). Tak, y Bcix BH-
najKax 3B’I3yBaHHs BKJIFOUA€ TaKi KJIFOUOBI MO-
mentu (puc. 1): (1) akTHBHAa 4YacTWHA KHIIEHI,
gKa 3BSI3YyETbCSI 3 plyr/kapOOHOBOIO  KHCIO-
TOI0 1 XapaKTePU3YEThCS BEIUKOK KIUIBKICTIO
noHopiB H-3B%13ky (Arg, Lys); (2) Oesmocepen-
HbO Oins caifta 3B’s3yBaHHS pIyr 3HAXOAMTH-
csi  apoMaruyHa/rigpodoOHa YacTUHA JIiraHLy,
sgKka OOyMOBJICHA MPOSIBOM BaH-Jep-BajlbCOBUX
B3aeMofiii, 3aebinbmoro mMixk Arg i Lys; (3) uentp
KHIICHI 3B’SI3yBaHHsS BU3HAYaeThcs mo3uiliero O
aAMIHOKHCJIOTHOTO 3aJIMIIKY JIPYroi aMiHOKUCIIOTH
(His), stxkuii mig 4ac 3B’13yBaHHsSI YTBOPIOE BOIHE-
BUU 3B’130K 13 rpynoro NH nentumHoro jiraunuy;
(4) nasBuicTh ofgHiei ab0 ABOX TriaApooOHUX KH-
HICHB, SIK1 3HAXOJSATHCS 32 IIGHTPOM aKTHBHOT'O Caii-
Ta 1, 3a3BUYal, 3aMOBHEHI I'IpO(HOOHOI0 YaCTHHOI
miranny. Buxonsuu 3 1poro, moOymyBajiu OJHY
3aJIe)KHY Bill CTPYKTypHu (papmakodopHy MOAEb,
MpeACTaBIeHy Ha puc. 1.

Jnst noOynoBu JTiraHa3aieKHuX (apMako-
(hopHUX MojeTiell BUKOPUCTAJIN yCi HasiBHI aKTUBHI
pedoBuHU. st OLIHKM 1 Kareropusamii XiMiuHUX
PEUOBHH 3acTOCyBay KJIacTepHHI aHami3. Sk pe-
3yJIBTAT, ojieprkain 27 KIacTepiB i 9 CIHreNTOHIB, 3
SKUX Y TOAQJIBIIOMY TOOyayBaiu 8 dapmakodop-
HUX MoJeliei. 3a MOpiBHSHHSA OJlepKaHUX MOAETeH
(tabis. 5) i Mojei, MpeACTaBICHOI HA puc. 1, BUs-
BUJIU, 110 TIPAKTUYHO BCI I[i MOJIEJI XapaKTepusy-
IOTHCSl TAKUMU BJIACTUBOCTSIMH: HAsIBHICTBH aKLeMN-
Topa H-3B’13Ky (Micuenonoxxenss 1, puc. 1); mopsia
3HaXOAAThCS ripodoOHa a00 apoMaTHYHA YacTHHA
miranny (Micuenonoxxenss 2, puc. 1) ta rigpopodna
YyacTHHa Jiirauay (MicuenosoxeHnus 4, puc. 1).

[Micnst moOynoBu QapmakopopHUX Mopaesen
3BEpHYJIH yBary Ha Te, 110, He 3Ba)Karouu Ha 3HAuYHI
KOH(popMarliitHi 0OMekeHHsl y pasi rerepamii Bcix
MOKJIMBHX CTEpPE0i30MEepiB, pEUOBUHU MOTJIH 3HAY-

Tabnuys 4. Pezynomamu nopiensanns 6idibpanux cmpykmyp 3i cmpykmypoio 1049, saky euxopucmogyeanu

8 OOKIHZY

PDB | IAIE | IBKM | IFBZ | 1R | ISKJ | 1042 | 1043 | 1044 | 1046 | 1047 | 1048

RMSD,A 0,763 0,651 0808 0,84
Sequence

alignment

score 528,2 518 334,1 3362 515

0,696 0,234 0,219

0,192 0,212 0,210 0,161

551,2  547,6 551,2  551,2  551,2 5476

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 1

113



EKCIIEPUMEHTAJIbHI POBOTU

Puc. 1. Haxnaoauns ycix naaeunux kpucmanie SH2 domenis 3 nicanoamu (6epxus wacmuna pucyuky: 141E —
ciputi, IBKM — onaxumnuil, 1FBZ — pooicesuii, 1IJR — ceimno-3enenuii, 1SKJ — memno-senenuit, 1042 — no-
mapanyesutt, 1043 — oinui, 1044 — memno-pooicesutt, 1046 — sicoemuii, 1047 — cuniii, 1048 — nypnyposuil,
1049 — ghionemosuir). Taxooic nasedeno Homupu 0CHOBHI Micyenonodicenns 36 3yeanns (1 2, 3 i 4), na ocnogi
AKux 6yna no6yo00sana 3a2aibha Hapmakophopra Mooenb (HUNCHS YACMUHA PUCYHKA)

HO BHUTHWHATHCA. Jna BupimeHHs 1€l mpobiemu
jorivHo Oyno © TpoOBeCTH BHUPIBHIOBAHHS YCiX
CTPYKTYp KJIacTepa 3a MaKCHMAJIbHO BUTSTHYTOIO
CTpYKTypoto (y Hamomy pasi 1e Oyno 6 Bix 10,74 o
15,06 A). Ane, BpaxoBy1ouu Te, 110 OZIEPKAIIH JTUIIIE
2 (Ne 3, 5) monmemi 3 8, siki Oynm moOyzoBaHI came
Ha TaKMX PEYOBHMHAX, MU TAKOTO BUPIBHIOBAaHHS HE
npoBonmiIH. JIo TOro *k, SIK MpaBUIIO, TaKi BUTHHU
HE € BUMAAKOBUM siBUIeM. OTKe, 1151 MOJETbh MOXKeE
BiI0OpakaTH iHIIMI MeXaHi3M OJIOKYBaHHSI IOMEHIB
SH2 (ma »xanp, HE iCHye HPOTEIHOBUX CTPYKTYP
Yy KOMIUJIEKC] 31 CTPyKTypamu, 3 SIKHX 1MoOymoBaHi
momem Ne 3, 5). Vei inmn dapmakodopri momeri

114

(Ne 1, 2, 4, 6-8) HEe3HAYHO BiPI3HSIOTHCS OHA BiJ
omuoi. L[i Momem XapakTepu3ylOThCS HASBHICTIO
YOTHPHOX OCHOBHHX (DidiB (OMHMCAaHUX BHUIIE 5K
MEXaHi3M 3B’SI3yBaHHS JITaHIy 3 TPOTEIHOM) 3a
BHHATKOM TOTO, 10 B Mojensix Ne 2, 4 i 8§ moHOp-
Ha Tpymna B TOJOXeHHi 3 (puc. 1) 3amiHeHa Ha ak-
nenTopHy (e Moke OyTH TMOB’$I3aHO 3 THM, IIIO,
3a3Buuai, mopsan i3 O His 3naxonuteesa rpyna NH
Tyr i, MOXXTTUBO, Y IIbOMY pa3i yTBopeHHs H-3B’13Ky
BiI0YBa€ETHCS caMe 3 IIEF0 AMIHOKHCIIOTOIO).
Banioayis ¢papmaxogpopuux mooeneii. B pam-
kax ROC-ananmizy BH3HAYajdu SKICTh PO3MONLTY
PEYOBMH Ha aKTHBHI Ta HEAKTUBHI, BHKOPHCTO-
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Tabruys 5. Mooeni, nobyoosani na ocnosi ineibimopie SH2 oOomenie. Pezynomamu ix eanioayii i
8IPMYAILHO20 CKPUHIH2Y

Xitu
e dapmakodopHa PenpusentatuBHa AUC | EF THR, | FHR, Tecr )
MOJIENb pevyoBHUHA % % Jexoi
cer
1 1,00 | 559 100 0,12 90 5
2 0,92 | 318 83 0,14 159 6
3 1,00 | 54,5 | 100 1,79 400 75

4 8 o ¢ 0,75 | 39,6 50 1,23 604 52
g . . ®
% v C\cn,
5 0,75 | 91,2 50 0,59 216 25
6 1,00 | 233 100 0,33 129 14
7 0,75 | 110 100 0,35 334 15
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Tabruys 5. Ilpooosocenns

8

1,00 | 209 100 0,41 522 17

Bytoun 3HaueHHs AUC, 3arajibpHy CreqU(IYHICTb,
positive rate (TPR), false positive rate (FPR) [24].
Buano (tabm. 5), mo momeni 1, 3, 6, 8 MaroTh kpari
mapaMeTpH, SKIIO CYAWTH 3a 3araJibHOI0 IUIOMICIO
nig ROC-kpusoto, a came 100%; Tpoxu Tipiioro
€ Mozienb 2 Ta Hahripmumu € moxeni 4, 517 —
75%. Mopemi 1, 2, 6 1 8 3 MAKCHUMAJIBLHOIO SIKICTIO
BiJIOMPAIOTh HASIBHI aKTHBHI PEYOBHHH 1 BiJICIIOIOTh
IeKol; Momedh 3 BimOMpae pPEUOBHHU, HaJNaHI
TPEHIHT-CeTOM, aJi¢ NMPH I[bOMY IIOTaHO BiTKHIa€
JICKO1; HapelTi, a0COIIOTHO MPOTHIICKHA CUTYaLlis
Mae€ Micle 3 MOZIeJTIo 5. 3 ofiepKaHUX JaHUX MOXK-
Ha 3pOOHTH BHCHOBOK, IIIO MPAaKTHYHO YCi MOJEINi
JIOTIOBHIOIOTH OJTHA OAHY, YaCTHHA 3 HUX BiIOHpae
yCi aKTHBHI PCUOBWHH, a iHIIA BiIKUIAE OUTBIIICTH
nexoiB. SIkimo mopiBHATH 1i hapmakodopHi Mozaei
3 aKTUBHUM CaHTOM IIPOTEiHY, TO/I Maii’Ke yCi BOHH
MOXYTb 100pe BIHCaTHCS B HOro reomMeTpito. 3a BU-
HATKOM Mojieliei 3 1 5, yci iHIIi B 3arajibHUX pHCcax
BIJIIOBIAAIOTh OCHOBHIH (hapmaxodopHiii Momeni 3
HE3HAYHUMHU 3MiHAMHU.

Bipmyanenuii ckpunine. Yci dapmaxodopHi
MOJIeJIi BUKOPUCTAJIHN JJIsl TPOBEICHHSI BIpTYaIbHOTO
CKPHHIHTY Ha pe3yJlibTatax JoKiHTy (moHaj 10 Tuc.
peUYOoBHH). 3arajoMm, Iiciis BipTyalbHOI'O CKPUHIHTY
onmepkaimu 1816 aKTHBHUX PEUYOBHH (pE3yJIbTaTH
IUTS KOYKHOTO KJIacTepa HaBeneHo B Taou. 5). Li pe-
YOBHMHU Yy TTOJAJIBIIOMY aHaJi3yBaJi 3a JOTIOMOT'OI0
merony GTM.

Hlobyoosa mooeni GTM. Mopeni GTM Oy-
JNyBaJM Ha OCHOBI 78 akTuBHUX 1 43 HeaKTHB-
HHUX pedoBHH. BukopucroBytoun mporpamy ISDA
Fragmentor, BimiOpamu muckpunTopu (y Hamomy

pasi (parMeHTH pPedyOBMH) Yy Aiama3oHi Bix 2 10
8 aroMiB Ta XiMigHHX 3B3KiB. Omepkamu 4155
JUCKPUNIITOPIB 1 Ha iX OCHOBI MoOyyBamu Momemi
GTM, 3 skux BimiOpanu NeKiJibka HaWBIATININX.
Po3paxyHKM mNpoBOIMIM 3a BCIMa MOMKJIMBHMH
KoMOiHamisiMu napametpiB k (number R of RBF)
(25), m (the grid resolution) (5), w (the RBF width)
(0,25, 0,5, 0,75, 1, 1,25, 1,5, 1,75, 2), 1 (the weight
regularization coefficient) (0,01, 0,1, 1, 10, 100)
3 BHUKOPUCTAaHHSIM Kpoc-Bamifamii (ans moOyno-
B MOJEJi 3a KOXKHOIO KOMOIHAIi€lo mapameTpiB
TPEHHIHT-CET PO3MIISIN HAa TPU YACTHHH, JIBI 3
SIKMX BUKOPHCTOBYBAIH IS MOOYIOBH MOZCII, a
onHy — mis 11 Bamimamii). Haiikpami mapamerpu
pO3paxyHKiB HaBe/IeHO B Ta0II. 5, 6.

3a3Ha4uMo, 1110 OCK1JIbKH HE BC1 HAsIBHI aKTUBHI
peYOBHHU OyJIM BUKOPHCTaHI 1J1st 10Oy 10BU hapma-
koopHUX Mozeel y mporpami LigandScout, BoHH
OynM TOBTOPHO TIEPEKIACTEPU30BAHI IS OIIHKH
iX B3a€MHOTO PO3MIIIEHHS PI3HUX aKTHBHUX PEUO-
BUH OJIHa BiJIHOCHO OJHOI. Sk pe3ynbrat, Ha GTM-
KapTax oTpuMain 7 (He BpaxOBYyIOUH HEAKTHBHI pe-
YOBUHH) KJIACTEPIB, SIKi iICTOTHO BiAPI3HSIUCS OAMH
Bix ogHoro (cepenniit Te 0,22) 1 XxapakTepu3yBaIH-
Cs1 3HATHOIO TTOTIOHICTIO B MEKaX KOKHOT'O OKPEMO-
ro kiacrepa (cepenniit Tc 0,92). Lle Taki cnonyku,
AK Cynbdian, KapOOHOBI KUCIOTH, pocdaTu i doc-
(anaru, napaszamiiieHi apinazonu ta inmi. bepyun
JI0 yBaru gapMako(popHy MOJIE/b, HABEACHY BUIIIEC,
Take PI3HOMAHITTSA HasBHUX AKTHBHUX pPEUOBHH
CBITYUTH TIPO 3HAYHY CTPYKTYpPHY BapiaTHBHICTH
caiita 3B’13yBaHHs SH2 nomewniB. [lokazom 1poro
€ TaKoX 1 Te, L0 3arajioM HaM BAAJOCS BUAUINTH

Tabnuys 6. Pospaxynxoei napamempu ons GTM modeni

No k m w 1 Likelihood Delta ‘ Bac (kNNode)
1 25 5 0,75 10 143,4980 65,16 0,7046

18 25 5 0,25 0.01 170,8029 88,54 0,6577

32 25 5 1 10 131,1180 58,44 0,6307

37 25 5 0,25 10 162,1306 79,30 0,678

116

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 1



B. B.T'YPMAU, O. M. BAJIMHCBKHH, M. O. IIJTATOHOB T4 iH.

[0, 01
*  [0.1,0.25
e [0.25, 0.5
® [05,0.75
[0.75, 1.0]

Puc. 2. GTM gizyanizayis odepacanoi mooeni. Kapma 3niea - GTM moodens 3 ypaxyeanHsam po3oumms ycix
AKMUBHUX PEYOBGUH HA PI3HI Kiacmepu: YopHuil Koaip — kaacmep 1 (neakxmugHi pewosunu (He 6paxosysa-
JU 30 HABEOEHHS BUWEOOCTIONCYBAHUX KIACMeDIB)), Yep8OHULl KOIp — kaacmep 2 (Cineenimono, peuosun,
AKI He nidoanuck Kiacmepusayii);, cunit Koaip — kaacmep 3 (Ou2iopoxcu/memokcu-@peniiailaninu), 3eaeHutl
Konip — Kknacmep 4 (mpiazonnipadosinu-6-nipidinu), nomapanieuti Koaip — kiacmep 5 (apircyibgamiou ma
apincynb@onu); nypnypHiiu Koaip — kaacmep 6 (kapoonosi xuciomu), drakummuuil Koaip — kaacmep 7 (gpocga-
mu i pocpanamu); 3enenuii xoaip — kaacmep 8 (napazamiweni apinasonu). Kapma 6 yenmpi — GTM mooens
0e3 8paxysanus po3oummsi Ha Kiacmepu (Yep8OHUll — AKMUGHI, YOpHULl — Heakmueui pewosunu). Kapma
cnpasa — pe3yiomam nepedodauenns 8 pamkax GTM moodeni

7 IOMEHIB KJacTepiB, B SKHX TOMOJIOTIYHICTH HE
nepesuinye 30%. Kpim Toro, BaxkJIMBO 3a3Hadu-
TH, WO U hapMakodopHa Mozenb OyayBajacs Ha
HE3HAYHI{ KUIBKOCT1 CTPYKTYP, 110, B CBOIO YEPrYy,
BKa3y€e Ha MOJKJIMBICTb ICHYBaHHS 1HIIUX BapiaHTIiB
3B’s13yBaHHs JIoMeHiB SH2.

He 3Baxkaroun Ha He3HAUHY MOAIOHICTH OAEP-
KAHUX KJACTEPiB MK C000I0, CIOCTEPIra€Thes
iXHe yacTKOBe MEepeKpUTTA. Tak, yci HasiBHI KiacTe-
PH MalOTh NMEPEKPUTTS 3 HEAKTUBHUMH PEUOBHHA-
Mu (MakcuMmasibHe 3HadeHHs — Tc = 0,5572275714,
cepenne — Tc = 0,264242635 1 miHiMaldbHE —
Tc = 0,1166415714) (puc. 2). BHacnifzok BUKOpH-
CTaHHS OJEp)KaHOi Mojeli mepegdadyeHHsT Majo
Miclle Jumie 3a kjactepamu 2, 5, 6 1 4yacTkoBo 7.
Orxe, KiHIIeBa 0i0Mi0TeKa cKiananacs 3 1607 pedo-
BHH, 00 273 pe4oBuHU OyJIO BiIKHHYTO.

TakuMm 4rHOM, 0a3yIOYUCh Ha CyYacHHX Me-
TOJaX MOJIEKYJISIPHOTO MOJEIIOBaHHS (MOJEKYJISp-
HUN nOKiHT, dapmakodopHe MoaemoBanHs, GTM
repe0aueHHs1), 3HAlHJICHO HOBI PEYOBUHH, 3aTHI
3B’s3yBaTuch 3 gAoMeHamu SH2. 3okpema, miis
imeHTUdiKaii oCHOBHUX (Hid4iB B3a€MOJil JIiraHn-
nomer SH2 micnst mpoBeAeHH JOKIHTY OOy 1y BaIu
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(hapmakodopHi MoJIeNi, IO 3aJIeXkKaTh BiJ| JIiraH Iy Ta
CTPYKTYpH. 3arajioM 3HaiaeHo 9 papmaxohopHUX
MOJICIICH, 1110 BUPAXKAIOTh TPU BapiaHTH 3B 13y BaHHS
noMerniB SH2 3 miraggom. Bamimamis mokasaia,
mo Bci oxepxkaHi Qapmakopopn MOXYTb OyTH
3aCTOCOBAHI JJIs TONIYKY IMOTCHIIIHHUX JIraHmiB
noveHiB SH2. 3nauennst Benuuunu AUC B oTpu-
MaHHMX MOZENAX 3HAXOOMTHCSA B Jiama3oHi Big 75
1o 100%. OnHa yacTuHA MOJICNICH Kpalle Biqoupae
aKTHBHI PEYOBUHHU 1 Bijicitoe aekoi (moxeni 1, 2, 3,
6, 8 BU3HAUCHI sSIK HaMKpalli), a iHma (Moxeni 4, 5,
7) — Kpallie BiJICifO€ JeKoi a00 BijOMpae akTHBHI pe-
4oBUHU. TOMY MPUITYCKAEMO, IO 1[I MOJIEJIi JIOTIOB-
HIOIOTh OJ{HA OnHY. [liTBepIKEHHSIM I[LOTO € TE,
[0 YaCTHHA JIiraHa3anexxHux moxenei (1, 2, 4, 6,
7, 8) KOMILJIeMEHTapHa aKTUBHOMY CalTy MPOTEIHIB
13 HASSBHUM HATMBHUM JIiraHaoM, iHma (3, 5) — mae
3HAYHI BIIMIHHOCTI, a, OTXKe, I[i MOJEJI XapakKTe-
pU3YIOTH 1HITY TEOMETPil0 calTa 3B’SI3yBaHHS J0O-
meny SH2. Sk nacninok, Bigiopano 1816 pedoBuH,
aki 3actocyBanu y GTM nepenbauenHi i ogepkaHo
1607 pe4oBuH, 110 BiITOBIAaF0TH OCHOBHUM TOYKaM
B3a€MO/Ii1, 3aCTOCOBaHMX i 4ac JAOKIHTY Ta (ap-
MaKo(OpHOro MOIyKy.
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[lonck HOBBIX COENMHEHUW CO CcrHeruduye-
CKHMM OMOJIOTUYECKUM JCUCTBUEM TPeOyeT UCIOb-
30BaHUA COBPEMCHHBIX MCETOHAOB MOJICKYJIAPHOI'O
monenupoBanus. C METbI0 MOMCKA MOTEHITUATBHO
aKTHBHBIX BEIECTB JIs Bcero kiacca SH2 momeHoB
MIPOBEJICHO CPaBHEHHE BCEX M3BECTHBIX CTPYKTYD,
UX KJIACTEPHBIH aHaJIu3, MOJEKYJSPHBIA JOKUHT,
BBIJICJICHBI BCE BO3MOXHBIC (hapMako(hOpHbIE MO-
nenu u npumeneno GTM mnpenckazanue. [lomyden-
HBIC JAaHHBIC CBUACTCIBCTBYIOT O 3HAYUTEIbHONU
BapuaTUBHOCTH CBsI3bIBaHUsI SH2 moMeHOB.
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The searching for new chemical compounds
possessing specific biological activity is a complex
problem that needs the usage of modern methods of
molecular modeling. In particular, for the prupose
of searching for potentially active compounds for
whole class of SH2 domains, a comparison of all
available structures, their cluster analysis, molecu-
lar docking, selection of all possible pharmacophore
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models and GTM prediction were done. Obtained re-
sults testify to the considerable variability of binding
of SH2 domains.
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