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AnHoTanusi. MakosiaZia TOCCUIION, JUAHTUIPOTOCCHUIION, ANITUIAMUHOT OCCHUTION,
TeMUTOCCHIIONIOH  Ba Jie30KcureMuroccurnon 6-metun 3¢gupuHuHr SARS-COV-2
Mpro okcwii 6unaH Tabcupiammin 3Heprusyiapy AutoDock Vina pgactypuza
x1cob6/aHn0, peMIUCHUBUD [JOPHM BOCUTACUHUHT OOF/JIaHUII 3HepPrusici OwiaH
Takkoc/iaHau. LllyHuHraek, moJsekynafard KOHGOPMalMOH —Y3rapuIlIapHUHT
JOKUHT HaTW)XacUra TabCUPHU TaXJIW1 KWIMHAW. ['oCcUIion Xocuianapy opacuza
JTUaHTU/IPOTOCCUTIOTHUHT Mpro okcunura OOF/IaHMII 3Heprusici HucbataH sXIid
JKaH/UTH aHUKJIAaHAW. PeMaucuBUp MHCO/MKZA MOJEKYJaHWUHT YHEepPreTUK
JKUXATAaH MakO0y/s Ba Mak0ysn  OyimMaraH reomMeTpusilapd acoCHa JJOKUHT
KWIMHTaHja OOF/IaHUII SHeprusicuzia cesunapid ¢apk, Kysatunau. Hly cababmu
Typ/1 KOH(OpMaIMoH Ba n3omep (LKC-, TpaHC-, CUH, aHTH Ba 0.) IIak/apura ara
OUWpUKMallapHUHT Xap OWp reoMeTpUK XojaT/lapy YUyH JOKUHT CKPUHUHTH OO
OOopuIIT TaBCUSI KUITAHU.

Kanut cy3nap: roccunos, guaHryjporoccurnon, Iudd acocnapy, MoneKkymsip

JOKUHT, OoFanuIl sHeprusicd, PTT, MMFF94, DFT

OHEPI' CBA3BIBAHUSA I'OCCHUIIOJIA U HEKOTOPBIX ET'O
ITPON3BO/JJHBIX C OCHOBHOM ITPOTEA30M SARS-CoV-2
AHHoTanusA: B craTbe, BBINMOJHEHHON C MCIOMb30BaHKWEeM IporpaMmbl AutoDock
Vina, 6b111 U3y4eHbl SHEPTUU B3aUMO/IEMCTBYS ITOCCUIIOJIa, AUAHTHPOT0CCUTIOA,
JVSTWIAMUHOTOCCUIO/A,  TFeMUTOCCUIIONIOHA U 6-MeTunoBoro  3¢gwupa
neokcuremuroccuriona ¢ 6enkom Mpro SARS-COV-2 u cpaBHeHBI C SHepruei

CBsI3bIBaHMS pemzecuBrpa. Takxke pacCMaTpUBaIOCh B/IMsIHUE KOH(OPMAaLIMOHHBIX
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M3MeHeHU! B MOJIeKyJ/ie Ha pe3yabTar JoKuHTa. Cpefu TPOM3BOAHBIX T'OCCHUIIONA
ObI7I0O 0OHAPY’KEHO, UTO SHEPTUsl CBSA3BIBAHUS JUAHTHAPOTOCCUIIONA C OekoM
Mpro sBsieTCSI OTHOCUTe/NBHO Xopoled. B ciyuae pemgecuBupa ObUIO
oOHapy’KeHO, UTO CyIlleCTBeHHOe pa3/iMuue B SHepruu CBsI3bIBaHUS HaOmMr0AaeTcs
IIPU JTOKWHTe SHEPreTHUYeCKW BBIFOJHBIX KW HEBBITOAHBLIX reoMeTpuil. IlosToMy
PEeKOMEeH/IyeTCsI TIPOBOINTL AOKUHT COeUHEHUN C pa3/InUHbIMU KOH(POPMaIUsIMH
U U30MepHbIMH ¢dopMamu (I[UC-, TPaHC-, CHUH-, aHTHU- U T.JA.) IS KaXKAOTO
reoMeTPUUeCKOr0 COCTOSTHUSI.

KmoueBble 1oBa: Troccunon, auaHruaporoccurion, [udd ocHoBaHus,

MOJIeKYJ/ISIDHBIM JOKUHT, SHeprus cBsibiBanusi, PCA, MMFF94, DFT

BINDING ENERGIES OF GOSSYPOL AND SOME OF ITS
DERIVATIVES WITH THE MAIN PROTEASE OF SARS-CoV-2
Abstract. The AutoDock Vina program was applied for calculations of interaction
energies of gossypol, dianhydrogossypol, diethylaminogossypol,
hemigossypolone, and deoxyhemigossypol 6-methyl ester with the Mpro protein of
SARS-CoV-2 and compared them with the binding energy of remdesivir. The
influence of conformational changes in the molecule on the docking result was also
considered. Among the gossypol derivatives, the binding energy of
dianhydrogossypol to the Mpro protein was found to be relatively good. In the case
of remdesivir, it was found a significant difference in binding energies when
docking energetically favorable and unfavorable geometries. For this reason, the
docking of compounds with different conformations and isomeric forms (cis-,

trans-, syn-, anti-, etc.) was recommended for each geometric state.
Key words: gossypol, dianhydrogossypol, Schiff bases, molecular docking,
binding energy, X-ray diffraction, MMFF94, DFT

Kupumi. SARS COVID-19 nanzeMusici JaBpuilaH KeWHWH TaAKWUKOT/IapHUHT
MOJIEKYJIIp JOKWHT yCy/ulapyd OMpPUKMa/lapHUHT TaXMUHUM (hao/ITMK/Iapy XaKuza

Oup/saMuy MabIyMOT/ap O/WII yUyH KeHT Ky/laHunaa Oomuiazau. MoseKysisp



JOKWHT YyCyJUlapyi MaBXKyZ, OMpUKMasiapHW, IITYHUHT/IeK, CHHTe3 KWIWHTaH EKu
SHIWM aXpaTUO OJIMHTaH MOJJaJapHA XaM MablIyM OKCHI MoJieKysajapura
OOF/IaHUII SHEPrusilapy OpKa/lu capaalijia MyXuM axXamusiT Kach staau [1-3].
Mouvieky/sip JOKUHT Aactypsapu opacuga AutoDock Vina [4] gacTypu y3uWHUHT
Te3KOPJIMTM Ba MUHI/Ia0 OuWpMKManapHu Te3Kop (3KCIIpecc) CKPUHUHT KWJIHIII
UMKOHUSITH MaBXXyJIUTU OwiaH axkpanub Typaau [5, 6]. Macanan, AutoDock [7]
JacTypyu/la CKUPUHUHT YTKa3WIll UMKOHUATH HYK. By gacTyp acocupa xuco6maii
HaTW)KaCU Ba aHUK/JMTU OIepaTOp TOMOHHW[AH TaH/aHTaH JOKWHT aJrOpuUTMHra
OOF/IMK X0/ja OMTTa OMPUKMa YUyH JOKWHT W3/IaHMII BaKTH 1-2 coatmad 24-72
coarraua JaBoM STuM MyMKuH. Illy #yHammiga mnaboparopusMusia oJub
b6opwtaétran WaMUi W3naHuiap »kapaéuuga PTT ycynva aHuk/IaHradH OMpruKMa
Ba YHMHT Avogadro gactypuza [8] mMakOymiamTupuiraH reoMeTpUsiCu JOKWHT
ycynuaa ypraHwiraHga OOFaHMIL SHeprusiiapuia  ce3wnapad  TadoByTiap
MaB)KY/I/IUTY aHUKIaHI4. Y1110y Makosa/ia alfHu X0/IaTHU OWJUH/IAIITUPHII XaM/a
rOCCUINOJI Ba YHUHT aWpuM xocwnanapuHuHr SARS-CoV-2 accocud mporteasa
(Mpro) okcunura OOFIaHWIN SHEPTUs/IADUHUA  MOJIEKY/SIp JOKWHT  yCyauja
aHMK/Iall Makcaauaa AutoDock Vina mactypuja Hasapuid xpcoOaiuiap oJub
Gopunau. IlIyHuHrAek, TaAKWK KdAAWHraH OupukmanapHuHr PTT ycynmzaa
aHUKJIaHraH TeoMeTpusiapy Ba yJjapHuHr DFT xampa smnupuk ycysuiapza
MakOy/UIallITUPWIraH  T'eoMeTpUsJIapUHUHT  Mpro  okcunura  OOFJIaHUII
3Heprusiiapyu TakKKOC/IaH IH.

Tagkukor ycayou. Toccuron (1, 1-pacm), aumanrugporoccurion — (2),
IuaTunaMuHoroccunon (3), remuroccurnosioH (4) Ba Je30KCUTeMUIroCCUrion 6-
MeTwW1 3(upsapuHUHT (5) MoJieKy/IsIp Ba KpucTtaan Tysuauiiapu PTT ycynuga
aHWK/IaHraH Oynub, y/lapHUHT y4u Ymauamiau Ty3unuil (opmynanapu KamOprk
KpHucTannorpadguk Mabaymotaap 6aszacugan (CCDC [9]) roknab onvHau. Ma3skyp
Mabaymotiaap CCDC 6a3acuga BEMLOU12 (1), YURMEE (2), VUDQAN (3),
TEFFUP (4) Ba LETBOD (5) maxcyc kozanapu (RefCode) 6unan udopanaHras.
SARS-CoV-2 acocwuit niporeaszacu (Mpro) okcunu (PDB ID: 6L.U7) PDB 6a3ajan

(rcsb.org, [10]) roknab ommHgu. JIvranayjapHUHT Ba oKCUAHMHT pdbqt daiinnapu



AutoDock Tools-1.5.7 pactypupa [7] Taiiépnanau. bupukmanapuuar 6LU7
okcwidra OOFfaHMII JHeprusyiapy Ba KoH(apmarusimapy AutoDock Vina
nactypuza [4] xucobmangu. Mpro okcumu (aon mapkasu CB-Dock?2 cepepuia
[11] anuknanau. bupukmanapHuHr reometpusiiapy Avogadro [8] Ba ORCA 5.0
[12] mactypnapuga Mmoc paBuimiga MMFEFF94 Ba DFT  (B3LYP/6-31G**)

yCyJiiapuzia MakOy/uIaliTHPUIIN.
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1-pacm. TagKUKOT yuyH TaH/IaHTaH OMPUKMaIapHUHT TY3WUIUII POopMyJianapy

Jlurangnapaunar (1-5, 1-pacM) Mpro oOKcuiura OOF/AHHUIN SHEPrUs/IApUHU
Takkocsall yuyyH pemzecuBup (RDV, 2-pacm) mosnekynacu (CCDC RefCode:
IQIMAZ03) crangapt cudatvga oavHAd. Y KOBUI-19 maHzemusicu AaBpuzia
BUpYyCra Kapiiu Tmipernapar cudarvja kKyanaHwirad [13]. JIOKMHT HaTwKaiapu
BIOVIA Studio Discovery Visualizer v21.1.0.20298 [14] pactypuza
BU3Ya/IJIAIITUPH/IIN.

Harwxamap Ba Taxawwiap. Mabaymky, PTT ycynupa aHUK/IaHTaH
OMpUKMasapHUHT TeoMeTpUsilapyu KpPHUCTa/l siuelikajnap/a SHT Mak0y/a XoJaTAa
Taxjanrad 6ymagu. yawHar yuyH, gactiab PTT ycymupa anukaanraHn RDV
MosieKynacuHuHr 6L.U7 okcunura Gornanuiny ypranuaau. OnvHraH HaTuKaiap
1-xapBan Ba 2-pacMga Kenrupuiarad. PTT ycynmuzpa onunran reometpussiu DFT
éku MMFF94 ycymnapuza MakOy/UTalITHUPUINIAH KaTh Hazap RDV
MOJIeKyJTaCUHUHT Mpro okcuaura OOf/aHuIl 3Heprusick 6up xun Oyavim

aHukaaHgu. Ammo, PTT ycynuga aHUKIaHraH TeoMeTpusi  (yHKIMOHA



TYPYXJIapUHUHT KOoH(bopMalusiiapyd (6ypuiyBud TOpCHOH Oypuakiap) KhCMaH
y3raptupunub (2-pacm), MMFF94 ycynuaa MakOy/ulaliTHPWITAaHZAAH KeHHH

okcwira OofnaHMII 3Heprusicuza dapk OYIuIM aHUKIaHAW. ABBa/l OOF/IAHUII

3Heprusic  AGyinang= —7.7 KkKan/monb Oynaran 6yica, kKoHdopmalusgaru
yarapuiiinapgiad KeMnH AGyinging = —7.2 KKaa/MoJjib OYauim aHukIaHay (1-
>KaziBan).

1-kagBan. RDV Ba roccunon xocunanapuaudr 6LU7 okcunm aos mapkasura

6ornanuiil SHeprusiyiapy (AGuyinding, KKa/M0JIb)

Bupukma PTT DFT MMFF94
1 -7.1 -7.3 -7.2
2 -7.9 -7.7 -7.8
3 -7.1 -7.3 7.1
4 -7.3 -7.3 -7.1
5 -6.4 -6.3 -6.4
RDV -7.7 -7.7 -7.7 (-7.2)*

*KaBc nunga kodopmacusicu y3raptupuirad RDV GoFmaHuII SHepPTrysicH KeNTUPUITaH

Mabnymky, AutoDock Vina Ba AutoDock pgactypaapuga  AGyinding
9HEePTUSICUHU aHUWK/aiga KoHpopmariioH oMU (AScont, [15]) KupuTunran 6ymmo,
YHUHT Y/YyIIA 3HepPrus Xucobuga MyxuMm ypuH TyTaau. AutoDock Vina mactypu
OKCW/I — JIMraH/] TabCUPJALUWILIVNHU TaAKWAK KWIWI >KapaéHWJa JIMraH/
MOJIEKY/IaCMHUHT 9Ta KOH(opMalioH XojaTh OumaH OormuK OyaraH AGyinding
KaTTa/MK/JIapuHU KypcaTagu Ba y/apAaH OUPWHYMCHA KOH(POPMAIMOH >KUXAT/aH
MakOysn xosat [fe0 Kapamagu (2-xkazBan). PTT ycynupa aHUK/IaHTaH Ba
KoHpopmartusicu y3raptupwinb, MMFF94 sMmrmupuk ycynza MakOy/IarTHpU/ITaH
RDV wmonekynanapu AGuindng KaTTanukaapu cudaruga 9ta KoHGOpMalMOH

XOJIATHUHT 6I/IPI/IH‘—II/ICI/I OJ/IMHI'dH.

2-pacm. PTT ycynuzaa aHuk/iaHTaH (darja) Ba KOHOOPMaLUsSCH 3rapTHPUIHO

MMFF94 ycynmuna makoysnamtupuiarad RDV (YHrzaa) Ty3uwidiim



2-xagBan. PTT ycynnga aHukNaHradH RDV MmonekynaCUHUHN MOJIEKYNAP AOKUHE

HaTUXacu
Ne AGyjinding, KKaJI/MOJTb RMSD* RMSD**
1 -7.7 0.00 0.00
2 -7.6 2.32 8.34
3 -7.5 1.96 5.54
4 -7.5 2.62 7.81
5 -7.4 2.21 3.51
6 -7.3 2.81 7.03
7 -7.3 1.88 2.33
8 -7.2 2.93 541
9 -7.2 1.97 2.65

* Root Mean Square Deviation — ypTaua KBa/ipaTHK UeT/IaHUII KYWU uerapacu. ** 1oKopu

yerapacu

RDV mwmconvga amanra OMIMPWIraH KOH(GOPMalLMOH y3rapulilljiap Hadakart
OoFslaHMIll  SHeprusicura Oanky oOKcui  (aon  MapkasydJa aMHUHOKHMC/IOTA
Kongukgapu  Ownan  H-6or, Ban-gep-Baanbc Ba  Oouika — Typpaaru

TabCUPJIALIMIIIAPUTa XaM TabCUP KWIUILLY aHUKJIaHAM (3-pacm).
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3-pacMm. PTT ycynuza aHuK/laHTaH (darizia) Ba KOHGOOPMaLMsCH ¥3rapTUpUInb
MMFF94 ycymia MakOy/uiaiTupyuarad (YHria) peMeCUBUPHUHT OKCHJT (haost
MapKa3u/ja aMUHOKHUC/IOTa KOJIAVK/Iapy OuiaH TabCUpJIallUIIapy
Macanas, ynapjaH 6upuzaa (3-pacMm, uyanza) jebiud (LEU141), cepun
(SER144) Ba rymmius (GLY143) aMuHO KHC/IOTa KOJIAWKIapy vraH 6uman H-60F

XOCUJT KuiraH 6yca, 6oikacuaa aca (3-pacM, yuraa) neiinyH (LEU141), rauiuH



(GLY143), ructugun (HIS163) Ba rayramun (GLU166) amMuHOKHC/IOTa
KoK 1apy 6unad H-00F opKanmy TabCHUp/IaliraH.

MabiyMKH, Toccurion Tabuuii osvdeHosn 6uprkma 6yimb, alipuM BUpYCIU
Kaca/liuK/iapra Kapim ¢aossikka ora [16]. ['occunon Ba yHUHT XOCUIa/lapUHUHT
(1-5) SARS-COV-2 Mpro okcwivira Kapiu (ao/IMTMHA Ha3apyul >KUXaTAaH
HUCOMM Gaxonail yuyH ymnapHUHT 6L.U7 okcunura OoryaHUIM xucobmaHgu (1-
azaBas). Juanrugporoccumnosn (2) MonekynacuHuHr 6LLU7 okcwivra GOFIaHMIL
sHeprusicu RDV  Oupukmacu Kabu 5SKaHnuryd adukgavau. 1, 3 Ba 4
OVpUKMalapyHUHT OOFIaHUII SHepTUsiyiapyu Kapuiio 6up xum 0Yau0 (AGuinding= -7.3
KKa//Mo/b), 5 Oupukma OormaHuil 3HeprusicufiaH (AGyindging= -6.3 KKasl/MOJb)
HucOaTaH $SIXIIM SKAHIUTM aHuKAaHgu. [occurnon Xocunanapuja OypuiyBud
TOpPCUOH Oypuaksap coHu RDV mosekynacuHuKura HyhcOaTaH Kam OY/ITraH/IATH
cababmu MMFF94 ycynu KoHdbopmalmoH Y3raptupwirad 1-5 Oupukmasnap
reoMeTpusiiapuHd  Te3 dypcataa Mak0yn xosatra kentupub, PTT acocupja
aHUWKJIaHraH reoMmetpusinapgard Oornanuil  SHeprusinapd  (AGyinding= -7.1
KKa/I/MOJib) OuaH Kapuil6 Oup xun Oymumm Kysatwiau (1-kagean, PTT Ba

MMFF94 TakkociaHr).
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4-pacM. [IMaHTHUIPOTOCCUTION MOJIeKYJITaCUHUHT OKCUII (pao/1 Mapkasu/ia
YKOWUJTAIIIUIITK Ba YHUHT aMUHOKHC/IOTa KOJIZIMK/Iapy OW/laH TabCHUPJIAIIUIITN
HuaHrugporoccurion okcua ¢gaon mapkasuga cepuH (SER144) Ba nucrtenH
(CYS145) amMuHOKHMC/IOTa KOJAuK/Aapyu OwnaH H-60F opkamu Xamzaa avpum

amuHokuciaora (PHE140, LEU141, ASN142, HIS163, MET165, GLU166 Ba



GLN189) «konmuknapu OwmaH 3ca Bas-gep-Baanbc Kyumapu —Xucobura
TabCUPJIALLIUIIN aHUKTIaHAU (4-pacm).

Xysoca. Omub GopunraH MoJeKy/sip AOKWHT W3/IaHUIIIApYA HaTWXXacuza
TOCCUTION XOCHJ/Ia/Iapu opacya auanruaporoccurion SARS-COV-2 Mpro okcunu
OunaH MyctaxkaM OOFaHMILIM aHUK/IaHAM. LIIyHUHTIeK, TaAKUKOT/Iap OypuiyBUM
TOPCUOH Oypuakiap COHU Kyn OyiraH OWUpUKMa/apHUHT MOJIEKYJISP [AOKWHT
HaTwKanapura AScons CE3UIap/id TabCUp KUMMIIMHU Kypcatau. Iy cababmu 6up
HeuTa KOH(hOopMaIMoH (11c-, TpaHc- Ba 0.) XonaT/iapra ara 0yiraH OMpuKMasapHU
Typau KoHdopMmalusiiapyja JOKWUHT KWIMIL TaBCUS STWiafu. Jluraup
MOJIeKYJIaJTapUHUHT Mak0y/T MUHHUMas 3Heprusra sra 6ynran xosataapu CCDC
€KU JOKMHT yuyH Tauépsanrad (ZINC, pubchem, drugbank Ba 6.) MabiymoTiap
0a3anapuziaH 10K/1ab OJTMHUIIN MyMKHH.
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