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Jlana po0OoTa € MPUCBSIYEHOIO MONIYKY 1 po3poOLl JIKIB IPOTHU ABOX IyXKe
pi3HHX y 0araTboX acrekTax, OJHaK MOMIOHMX Yy 3HaYHOMY BIUIMBI Ha JIIOJICTBO,
BipyciB — Bipycy Emmreitna-bapp (BEB) 1 SARS-CoV-2. [lepinii xapakTepu3yeThes
HQ/3BUYAHUM TIOIIMPEHHSIM Cepell HACENCHHsS IUIAaHETH, CKIAJHUM >KUTTEBUM
IUKJIOM Ta 3/JaTHICTIO CTHUMYJIOBaTH HEOIUIACTUYHE TMEPETBOPEHHS YPAKEHHUX
KIiTUH. J[pyruil € emMepKeHTHUM IaTOreHOM, SKUW MOIMPH CKAaCyBaHHS CTaTyCy
MAHAEMIYHOTO, 3HAXOIUTHCSA MM TMOCTIHHUM HATJSAOM Yepe3 BHCOKY IIBHUKICTH
€BOJIIOLIMHUX 3MIH Ta IOB’SI3aHMX 3 IIUM XBWJIb 30UIBIICHHS 3aXBOPIOBAHOCTI B
OCIHHBO-3UMOBHMI mepiof. 3 pi3HUX MPUYMH Ta MONPH 3HAYHI 3yCHIUIS, XBOPOOU
COpUYMHEHI o0oMa IIMMHU BipycamMu J0CI 3[e0UTBIIIOr0 MiANAI0THCS JIHIIE
CUMIITOMAaTUYHOMY JIIKYBaHHIO.

B poni meTomonoriyHoi OCHOBU JucepTailii OyB BHOpaHUN CTPYKTYpPO
opientoBanuit nu3aitH ki (COJJI) sk HaiOuIbm cydacHUM MIAX1A, IO
3apEKOMEH]IyBaB ce0e KOMIIPOMICHUM MDK IIBUIKICTIO, 3aTpaTaMH pecypciB 1
HaliHICTIO. be3nocepenHbo 3acTocoBaHUMU Oylid BIpTyaJlbHUN CKPUHIHT Ha OCHOBI
HAIIBTHYYKOTO MOJIEKYJISIPHOTO JOKIHTY Ta CHUMYJISALIS MOJIEKYJSPHOI NUHAMIKU Y
pI3HUX BapialisX. TpaexkTopiss CUMYJALII MOJIEKYJSIPHOI JAWHAMIKM JITaHA-
PEIENTOPHOTO KOMIUIEKCY TaKOXX BHUKOPHUCTOBYBAJIACh I OOpPaxyHKY BUIBHOI
eHeprii 3B’s3yBanHsa MeTtogamu MM/PBSA ta MM/GBSA. Kpim Toro, st aHamizy
eBOIIOTUBHOT J1a0uibHOCTI  SARS-CoV-2 gk emep/keHTHOro mnaroreHy OyB
BUKOPUCTAaHUN TOPIBHSUIBHUM aHaJ3 3MIHM Bap1aHTHOTO CKJIaAy BIPYCY Y BIJIOBIIb
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besnocepenniMu  mimsimu it 3actocyBanHss  COJJI  Oynmm BuOpaHi
antuanontotnynuid 6ok BHRF1 ta BipycHuit renom nns Bipycy Emmretina-bapp 1
peuenTop3B’s3ytounii 1omeH (RBD) S-raikonporeiny mns SARS-CoV-2. Koxhna 13
3a3HAYEHUX IUIbOBUX MAKPOMOJEKYJ € KIIOYOBOK JUIS  KUTTEMISUIBHOCTI
BiinoBigHOrO natoreny. 3okpemMa, BHRF1 € BCL-2-noaiouum ¢gakropom BED, sxuit
BUKOHY€ (YHKIIIIO IePEryJIIsilii BHYTPIIITHBOTO MIISAXY 3ayCKy aromnTo3y, 3a0e3nedye
BIITEpMIHYBaHHS CMEpPTI ypakeHOI KJIITHHM Ta BIJAMNOBIAHE  301IBIICHHS
MPOAYKTUBHOCTI 1H(EKIli, OJHAK JMIIE MiJ Yac JITUYHOI CTajli UKy BIpycCy. 3a
YCIIIITHOT'O BCTAHOBJICHHS JIATCGHTHOCTI, €IWMHOIO JIMCHO BaXKIMBOI CTPYKTYPHO-
(GyHKI10HATBLHOI KOMIIOHEHTOIO NaToreny 3anumaerses oro JJHK B enmicomanbHii
dopmi, mo 1 odymoBmwiIo BUOIp ii sk npyroi uum st npotuaii BEb. ¥V Bunaaky
SARS-CoV-2, S-raikomnporein, 30kpeMa itoro RBD, 6e3nocepennbo 3a6e3medyroTh
pO3MI3HABAaHHS LIMM KOPOHABIPYCOM YYTJIMBOI KIITUHU. OCTaHHE BiOyBaeTbCs 3a
paxyHOK B3a€EMOJli 3 TIOBEPXHEBOI (POPMOIO AHTIOTEH3WHIIEPETBOPIOIOYOTO
dbepmenty moaunu (hACE2). IlepepuBanHs 1IbOTO MPOLIECY JO3BOJUTH MPOTUAISTH
SARS-CoV-2 Bxe Ha cTajil NepBUHHOI B3a€MO/IT 3 Uy TIMBOIO KJIITUHOIO.

[InsxoM 3acTOCYyBaHHS ITEPAIHOTO MIAXO0TY, SKHH OMUPABCS HA CUMYJISIIIO
MOJIEKYJIIPHOT AMHAMIKU JIITAaHA-PELENTOPHOTO KOMIUIEKCY SIK JKEPESO JaHUX 1010
CIOPIIHEHOCTI KOHKPETHOTO BapiaHTy Jiragay 3 ULUUI0, Oyja CTBOpEHa
MOJIEKYJISIpHA KOHCTPYKIIiS 37aTHa 10 CTa0lIbHOTO KoMIuiekcoyTBopeHHs 3 BHRF1.
I{s ctpyktypa Oyna nazBana EBAI Big Epstein-Barr Antiapoptotic Inhibitor. Ctyrminb
il cCrmopimHEHOCTI M0 Mt OyB OIIHEHHWH y JBOX MapalebHUX CHMYJISIIHHAX
EKCIIEpUMEHTAX, JIe KOMIUIEKC 3a3HaB HaIlLJICHOi JAecTabiiizalii. byio mokasano, 1o
nonpu NOBHY BTpaTy KoHTakTy 3 mnosepxHetro BHRF1, EBAI 3naten camoctiitHO
BIJIHOBIIFOBAaTH CBO€ TIOJIOKEHHS B Mekax BH3-3B’s3yrodoi miasHKH mboro Oijka.
[Ipy 4yomy HaMIIBUIIIE BIJTHOBIIOBAHUMH B3a€EMOAISIMU OyJiM BOJHEBI Ta 10HHI
3B’s13kM 3 R100 Ta N61. B 1aHOMY KOHTEKCTI €] 3a3HAYMUTH, 10 LEH apriHiH 1 HOro
MO3UTHBHUM 3apsj] BBaXAEThCsA BHUpimaabHUM st BukoHanHs BHRF1 cBoei
anTHanontoTuyHoi Qyskuii. Lle, a Takok AaHi Opo TEpaneBTUUYHUM MOTEHLIA

iarioyBanas BHRF1, mouepnHyTi 3 miTepaTypHUX mIKepesi, TOBOPUTH MPO 3HAYHI



nojaneii nepcnektuBu po3Butky EBALI sk 3aco0y mpotumii roctpiii indexiiii BEB.

BianoinHo A0 3a3HayeHUX BUIIE OCOOJMBOCTEH KUTTEBOTO IMKIY BIPYyCY
Enmreiina-bapp 1 BUKOPUCTOBYIOUYM MOJIOHUI 10 3aCTOCOBAHOTO Mij 4ac Po3poOKU
EBAI minxin, Oyno ctBopeno nBa mokodiinHa JIHK-iHTepkansTopiB, MOTEHIIHHO
3natHux posnizHaBaTu ¢pparment JHK-nynekcy noBxuHoio B 16 map HyKJI€OTHIIB.
i crpyxrypu Oynu HazBani HASDI Bin High-Affinity Selective DNA Intercalator 1
HASDI-G2 Bin High-Affinity Selective DNA Intercalator — Generation 2. Sk
HASDI, tax 1 HASDI-G2 maioTh MOAYIBbHY CTPYKTYPY, A€ KOXKEH OKPEMHI MOAYIb
CKIamaeThbes 3 1BoX xpomodopiB (dhenasun miast HASDI ta ingazon qis HASDI-G2)
00’eqnanux JiHKepoM. KokeH JiHKep Moxke Oyt MOAM(pIKOBAHHMM B YOTHPHOX
MICHAX 1, TAKAM YMHOM, HaIllpaBJI€HUM Ha pO3II3HABAHHA JBOX Iap HYKJIEIHOBUX
ocHOB. Bognouac xpomodopu, 3aBASKA CBOid apOMaTH4HIA MPUPOJII, 3TaTHI
inTepkamoBat B JIHK-mymieke 3 000X CTOpiH Bij mapu HYKJIEIHOBUX OCHOB, IO
PO3ITI3HAETHCS.

B 11BOX TOpIBHSUIBHUX CHUMYJISIIHHUX €KCIIEpUMEHTax Oyso IMOKa3aHo, IO
HASDI 3pateH B3aeMOZisATU 3 MOCIIJOBHICTIO HAILIUIIOBaHHSA 3 Ha0arato BHILOKO
CHIOPITHEHICTIO 1 CTaOLIBHICTIO MOPIBHSHO 13 BUMAAKOBUM (parMeHTOM T'€HOMY TI€l
K noBxxuHH. [locnimoBHicTIO HalIoBaHHS OyB ¢parmeHT reHy EBNAI sk enunoro
BaKJIMBOro i miaTpuMku reHomy BEDB ¢akropy, a BUIagkoBO0 MOCHIOBHICTIO —
dbparment mroacekoro reHy KCNH2. Oanak Oyino momideHo, 110, MOMpPU 3HAYHY
JecTabuli3aniio  BOJAHEBUX B3a€EMOJIM, y OCTAHHHOMY BHUIAAKY I1HTEpKaJALIs
(dheHa3nHOBUX KiJIenb OyJia HEeMOPYIIECHOO, 10 CBIYIIIO PO HAJIAIIKOBUA BHECOK
HEHAIPaBJICHUX B3a€EMOJIIA y KOMIUIEKCOYTBOPEHHSI 1 CHOHYKAaJIO /0 PO3pOOKHU
HASDI-G2.

[Topieusino 3 HASDI, HASDI-G2 y igeHTHYHOMY EKCHEPUMEHTI, pa3oM 3i
3HAYHOKO JECTa0UTi3alli€l0 HampaBiICHUX B3a€EMOJIN, IPOJIEMOHCTPYBAB IIBUJIKY
JNEIHTePKAJAIII0 YaCcTUHU 1HJA30JbHUX KUIEIhb 13 OJIHOYAaCHUM YaCTKOBUM
wiasineHdsM JIHK-gymnekcy. Lle cBimunuTh Ha KOPUCTh 3HAYHOTO 3HIKEHHSI BHECKY
HECEJICKTUBHOI KOMIIOHCHTH B KOMIUIGKCOYTBOPEHHS 1 TIOTCHIIIMHO Kparry

cenektuBHicTh HASDI-G2. 3 Metoro BuzHaueHHs Mex moteHIiany HASDI-G2 Gyno



IPOBEJICHO JIBa JIOJATKOBUX IIOPIBHSUIBHUX CHMYJSAIIRHUAX JOCIIKEHHS. B
neprioMy Isi CTpyKTypa OyJlia HalieHa Ha Miclie 3polieHHs (inaaenbhiichbKoi
XpPOMOCOMHM — OCHOBHOI MPUYMHH XPOHIYHOIO MIEJNIOIJHOrO JIEMKO3y, aiie
iHTepKanboBaHa He nuine B nopymenuit reH BCR_ABLI1, a 1 7o naruBanx BCR Tta
ABLI1 B wmicii mOTeHIIIHHOTO 3poleHHsa. byno moka3aHo, 1o, mompu HabaraTto
OUTBIINI piBeHb MOAIOHOCTI Mk MU AlTsiHKaMu nopiBHSAHO 3 EBNA1 1 KCNH2, y
HEIIJTbOBUX KOMILJIEKCAaX CIIOCTepirajach macoBa BTpaTa BOJIHEBHX 3B S3KIB Ta
nokanbHi TaBiaeHHs JIHK-nymnekcy, npu yomy He nuie B 30HaX Oe3nocepeaHboi
HEBIAMOBITHOCTI, @ 1 B IUJIKOM BIAMOBITHUX AiNsSHKaX. DiHAIBPHUN EKCIEPUMEHT
nepenoavaB HamumroBanHs HASDI-G2 nma KRAS G12S — myToBaHui reH, sIKUid
BIIPI3HSIETHCS BiJi HATUBHOTO JIMILIE OJHUM HYKJICOTHJIOM. Pe3ynbrar 1poro
CUMYJIAIIMHOTO JOCHIKEHHsT OyB TOMIOHMM: TOpAN 13 IIUJIKOM CTaOlIbHOIO
B3aemoziero 3 JIHK-gymiekcom nocininoBHOCTI HatitoBaHHs, koMmiuiekc HASDI-G2
3 HEIUJIbOBOIO TOCIIOBHICTIO XapaKTEpHU3yBaBCSI HHU3LKUM PIBHEM CTaOUIBHOCTI
BOJTHEBHMX B3a€MO/IIH Ta HABITh JJOKAJLHUM TUIABJICHHSM ITOJIBIMHOT Criipati.

Takum ymHOM, OyJIO MOKa3aHO, IO PO3pPOOJIEHI MOJEKYJISPHI KOHCTPYKIIi, 1
oco0mBo HASDI-G2, € 3qaTHUMH 40 BUCOKOI 3a CBOIM IIOTEHI1AJIOM CEJIEKTUBHOCTI
y posmizHaBanHi JIHK-mymiekcy meBHOi  momepeaHbO — 3alporpaMoOBaHOl
nociiI0BHOCTI. OCTaHHE BIAKPUBAE JBEpl MEpPE] MOXIIMBICTIO MHPOTUAIl TaKUM
natoreHaMm sk Bipyc Emmreiina-bapp Ha HeIOCTymHOMY HHHI PiBHI, XO4a 1 HE
O0OMEXY€EThCS JIUIIIE LIUM.

Ocob6muBocTi MonekyssapHoi 6ionorii SARS-CoV-2 uepes fioro emepKeHTHY
NpUPONy € JOOCTiKeHHUMH Habaratro MeHmie mnopiBHsSHO 3 BEB. Tox 3 meroro
PO3YMIHHS IIBUAKOCTI MPUCTOCYBAIBHUX 3MIH 0 (PAKTOPIB MO3UTUBHOTO BiIOOPY,
SKUM B MailOyTHROMY, 30KpeMa, MOXE BUCTYIATH 1 MOTEHIIWHUHN 1HTIOITOp, OYII0
MIPOBEICHO KOMIUIEKCHUN aHali3 3MiHM BapiaHTHOT'O CKJIaJly MAaTOTeHY IiJl BILTMBOM
MacoBO1 BaKLMHaLli. SIK NpUKIax pI3HUX MONYJALIA JroauHu Oynu BHOpaHi Tpu
KpaiHd 3 PI3HUM CTYIIEHEM COIIIOEKOHOMIYHOTO PO3BUTKY — IHmig, Himedunna Tta
Ykpaina.

byno moxaszano, mo Bapiant JlenpTa mopsia 3 TUM, IO OyB NPUCYTHIH Yy



MOMYJISAIIIT KOJKHOT 3 KpaiH 10 TOYaTKy HapOCTAHHS MOMYJISAIIHHOTO IMyHITETY, Ha0yB
3IaTHOCT1 BUTICHATHU 1HII BapiaHTH JIMIIE MICIA MOYaTKy BakiuHaiii. Ile cBimunTh
Ha Kopucth He uwuiie 3aatHocTi SARS-CoV-2 1o Hag3BuyailHO MIBUAKOTO
MPUCTOCYBAaHHA, a 1 TOBOPUTh IMPO BHCOKY TE€TEPOTCHHICTh MOMYJIALIl IHOTO
naToreHy.

Onuparounch Ha OTpUMaHl JaHi, OyJO HpPOBEAEHE MOCIIPKEHHS 3 MOIIYKY
KOHCEPBATUBHOI KHIIIEHI PO3TAIlIOBAaHOI B MeXKax O10JIOTIYHO BaXXJIMBOI IOBEPXHI
peuentop3B’szytouoro dakropy SARS-CoV-2 1 npu 11bOMy MOTEHIIIHO 371aTHOI 110
3B’sI3yBaHHsA Mayioi XiMiyHOi cronyku. [nsxoM aHamizy cUMYyJSIi MOJEKYJISIPHOT
nuHamiku RBD BapianTiB Yxanp, P.1 1 Knacrep 5, mopsi 3 0cOOIMBOCTAME 3MiH Y iX
B3aemo/li 3 hACE2, Oyno nomiyeHo, mo y neHTpaibHiid yactuai hACE2-3B’s13yr0u0i
JTUISTHKA ~ PO3TAIIOBYETHCS  TOTOJOTIYHO  BIJHOCHO  KOHCEPBATUBHHUM  IOKET
MOTEHIIMHO 31aTHUH 3B’ SI3yBaTH Majly XIMIYHY CIIOJYKY.

HIns1xoM 3acTOCYBaHHS 1TEPALIMHOTO MIAXOMAY, SIKHH OMUPaBCS HA CUMYJIALIIO
MOJICKYJISIPHOT ~ TMHAMIKH  JIITaHJI-PEIENTOPHOTO KOMIUICKCY, Oyna de novo
po3po0JieHa Majia MOJIeKYJIa 37]aTHa 10 cTablLIbHOT B3aemoii 3 RBD B 30H1 BIAKpUTO1
KHIIIEHI ofpa3y 4oTHpbox BapiaHTiB SARS-CoV-2: Vxans, Omikpon, /lembra Ta
Kinacrep 5. 11 peyoBrHa yTBOprOBaJia 31CTaBHI 32 CBOEIO CTAOIBHICTIO KOMIUIEKCH 3
KOXXHUM 13 MEpETIueHUX BapilaHTIB, MONPHU HasBHI y BUNAAKy BapiaHTiB Kmacrtep 5 1
OMIKpOH aMIHOKHUCIIOTHI 3aMiHHM Oe3rnocepeHbo B 30H1 mokerty. Lle, okpim Toro, 1mo
CBIIYUTHh Ha KOPUCTh BUCOKOT'O IMOTEHIlaTy PO3pO0JICHOI MOJIEKYJd sIK 1Hri0iTopa
B3aemogii RBD/hACE2 1 BigmoBigHOTO 1i (papMameBTHYHOTO MOTEHITIATY, TaKOX
TOBOPUTH MPO MOAAJIBIII MEPCIEKTUBU BIAKPUTOL KuieH1 sk Takoi. B chepi COIJI 1
0COOJIMBO B KOHTEKCTI TaKMX BapiaOeIbHUX MATOTEHIB SIK BIPYCH, PIIKICHUM € SIBUILE
xo4a 1 00OMEKEeHO, ajie CTIWKOI IO BIUIMBY MYyTAaIlli KHIIICHI.

Po3BuBarourch B [bOMY HaIpsIMKY, OYyJI0 MIPOBEACHO JA0JATKOBE JAOCIIHKEHHS
13 3aCTOCYBaHHS KJIACHUYHOI'O BIPTyaJbHOIO0 CKPHUHIHTY O10JII0TEKH 3aTBEPIKEHHX
FDA (Food and Drug Administration) JikapCbKuX CHOJYK ISl TIOIIYKY PEYOBHH,
MOTEHIIMHO 3AaTHUX 110 B3aemoaii 3 RBD y agimsaimi Biakputoro mokery. Ilicis

TPHOX IOCIIIOBHHUX €TalliB OIHKY 1 BiAICIBY, 30KpeMa i3 3aCTOCYBaHHSIM CHMYJISIII]



MOJICKYJIIPHOT JMHAMKHM PI3HOI TPUBAJIOCTi, aHTUAHJPOTEH KETOoHapoiayTamin OyB
imeHTu(ikoBaHUM SIK CIOJIyKa, 3/JaTHa 10 cTabuibHOiI B3aemoxii 3 RBD y iioro
hACE2-38’sa3ytouiii JIUIAHII. Xoda TNOTEHIlal IbOro JIKApChKOro 3acoly 1o
6e3nocepenuporo JgikyBanHa COVID-19 (coronavirus disease 2019) € oOMexeHum
yepe3 MOTYXKHUN aHTUAHAPOTeHHUH edeKT, BIH Moke OyTH BUKOPUCTaHUN B POJIi
ckeponay mms po3poOKM OUTBIT MEPCTIEKTUBHUX PEYOBHH. He MEHI Ba)JIMBUM
pe3yabTaTOM IBOTO JOCTIPKEHHS € TaKOX PO3KPUTTS MOTEHI[IHHOTO MEXaHI3MY
BIUIMBY Kerojapoiytaminy Ha mnepedir COVID-19 mixg 4dac nikyBaHHS aHIpOreH
3QJIEKHOTO PaKy IMEePeaMIXypoBOi 3aJI03H. 3BITH PO Iiek edeKT OyJIr MOMIYEHI ITijT

4ac MiATOTOBKH I[bOTO PYKOIIUCY.

Karwuosi cioBa: BEB, SARS-CoV-2, BHRF1, RBD, Bapiant OMikpoH,
BapiaHT JlenbTa, BipycH, BaKIMHALllS, €MIAEMIOIOris, po3po0Ka aHTUBIPYCHUX JIIKIB,
BIpTYaJbHHUI CKPUHIHT, MOJIEKYJISIpHA TMHAMIKA, MOJIEKYJISIPHUN JOKIHT, 1HT10yBaHHS

B3aeMoii Bipyc-rocnojap, JIHK-iaTepkanstopu.
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This work is devoted to the search and design of drugs against two viruses,
namely Epstein-Barr virus (EBV) and SARS-CoV-2 , that are very different in many
aspects, but similar in their significant impact on humanity. The first one is
characterized by an extraordinary spread among the world population, a complex life
cycle and the ability to stimulate neoplastic transformation of infected cells. The
second one is an emerging pathogen, which, despite the abolition of pandemic status,
is under constant surveillance due to the high rate of evolutionary changes and the
associated waves of increased morbidity in the autumn-winter period. For various
reasons and despite significant efforts, the diseases caused by both of these viruses
are still mostly treatable only symptomatically.

As the methodological basis of the thesis, structure-based drug design (SBDD)
was chosen as the most modern approach, which has proven to be a compromise
between speed, resource consumption and reliability. Virtual screening based on
semi-flexible molecular docking and molecular dynamics simulation in various
variations were used. The trajectory of the molecular dynamics simulation of the
ligand-receptor complex was also used to calculate the free binding energy by the
MM/PBSA and MM/GBSA methods. The comparative analysis of the change in the
variant composition of the virus in response to the influence of positive selection was
also used to analyze the evolutionary lability of SARS-CoV-2 as an emerging
pathogen.

The genome Epstein-Barr virus and its antiapoptotic protein BHRF1, as well as

the receptor-binding domain (RBD) of the SARS-CoV-2 S-glycoprotein were



selected as direct targets for the application of SBDD. Each of the specified target
macromolecules i1s essential for the activity of the corresponding pathogen. In
particular, BHRF1 is a BCL-2-like factor of EBV, which performs the function of
deregulating the intrinsic pathway of apoptosis and provides a delay in the death of
an infected cell and a corresponding increase in the productivity of the infection.
However, it occurs only during the lytic stage of the virus cycle. If latency is
successfully established, viral DNA in a form of episome remains as the only truly
important structural and functional component of the pathogen, which is why it was
chosen as the second target for combating EBV. In the case of SARS-CoV-2, the S-
glycoprotein and in particular its RBD directly ensure the recognition of a sensitive
cell by this coronavirus. The latter occurs due to interaction with the surface form of
human angiotensin converting enzyme (hACE2). Interrupting this process will allow
counteracting SARS-CoV-2 already at the stage of primary reception and entry into a
cell.

By using an iterative approach, which was based on the molecular dynamics
simulation of the ligand-receptor complex as a source of data on the affinity of a
particular ligand variant for the target, a molecular structure capable of stable
complexation with BHRF1 was created. This structure was named EBAI from
Epstein-Barr Antiapoptotic Inhibitor. The degree of its affinity for the target was
assessed in two parallel simulation experiments where the complex underwent
targeted destabilization. It was shown that despite the complete loss of contact with
the BHRF1 surface, EBAI is able to independently restore its position within the
BH3-binding region of this protein. Moreover, the most rapidly restored interactions
were hydrogen and ionic bonds with R100 and N61. In this context, it should be
noted that this arginine and its positive charge are considered crucial for BHRF1 to
perform its anti-apoptotic function. This, as well as data on the therapeutic potential
of BHRF1 inhibition obtained from literature sources, suggests significant further

prospects for the development of EBAI as a means of counteracting acute EBV



infection.

In accordance with the above-mentioned features of the EBV life cycle and
using an approach similar to that used during the development of EBAI, two
generations of DNA intercalators were created, potentially capable of recognizing a
fragment of a DNA duplex of 16 nucleotide pairs in length. These structures were
named HASDI from High-Affinity Selective DNA Intercalator and HASDI-G2 from
High-Affinity Selective DNA Intercalator — Generation 2. Both HASDI and HASDI-
G2 have a modular structure, where each individual module consists of two
chromophores (phenazine for HASDI and indazole for HASDI-G2) connected by a
linker. Each linker can be modified at four places and, thus, directed to the
recognition of two pairs of nucleic bases. At the same time, the chromophores, due to
their aromatic nature, are able to intercalate into the DNA duplex on both sides of the
recognized nucleic base pair.

In two comparative simulation experiments, it was shown that HASDI is able
to interact with a targeting sequence with much higher affinity and stability compared
to a random genome fragment of the same length. The targeting sequence was a
fragment of the EBNA1 gene as the only factor important for the maintenance of the
EBV genome, and the random sequence was a fragment of the human KCNH?2 gene.
However, it was observed that despite significant destabilization of hydrogen bonds
in the latter case, the intercalation of the phenazine rings was intact, which indicated
an excessive contribution of non-directional interactions to complex formation and
prompted the development of HASDI-G2.

Compared to HASDI, HASDI-G2 in an identical experiment, along with
significant destabilization of directional interactions, demonstrated rapid
deintercalation of part of the indazole rings with simultaneous partial melting of the
DNA duplex. This suggests a significant reduction in the contribution of the non-
selective component to complex formation and potentially better selectivity of

HASDI-G2. Two additional comparative simulation studies were performed to



determine the limits of the HASDI-G2 potential. In the first, this structure was
targeted to the fusion site of the Philadelphia chromosome, which is a major cause of
chronic myeloid leukemia, but intercalated not only into the disrupted BCR_ABLI
gene, but also into native BCR and ABL1 at the potential fusion site. It was shown
that, despite the much higher level of similarity between these regions compared to
EBNA1 and KCNH2, massive loss of hydrogen bonds and local melting of the DNA
duplex were observed in the non-targeted complexes, not only in areas of direct
mismatch, but also in completely matched regions. The final experiment involved
targeting HASDI-G2 to KRAS G128S, a mutated gene that differs from the native one
by only one nucleotide. The result of this simulation study was similar: along with a
completely stable interaction with the DNA duplex of the targeting sequence, the
HASDI-G2 complex with the non-target sequence was characterized by a low level
of stability of hydrogen interactions and even local melting of the double helix.

Thus, it was shown that the developed structures and especially HASDI-G2 are
capable of high potential selectivity in recognizing a DNA duplex of a certain pre-
programmed sequence. The latter opens the door to the possibility of counteracting
pathogens such as the Epstein-Barr virus at a currently unavailable level, although it
1s not limited to this.

The features of the molecular biology of SARS-CoV-2 due to its emergent
nature have been studied much less compared to EBV. Therefore, in order to
understand the speed of adaptive changes to positive selection factors, which in the
future may also act as a potential inhibitor, a comprehensive analysis of changes in
the variant composition of the pathogen under the influence of mass vaccination was
conducted. As an example of different human populations, three countries with
different levels of socio-economic development were chosen - India, Germany and
Ukraine.

It was shown that the Delta variant, in addition to being present in the

population of each country before the start of the increase in population immunity,



acquired the ability to displace other variants only after the start of vaccination. This
indicates not only the ability of SARS-CoV-2 to adapt extremely quickly, but also the
high heterogeneity of the population of this pathogen.

Taking into account the obtained data, a study was conducted to search for a
conserved pocket located within the biologically important surface of the receptor-
binding factor of SARS-CoV-2 and potentially capable of binding a small chemical
compound. By analyzing the molecular dynamics simulation of the RBD of the
Wuhan, P.1 and Cluster 5 variants, along with the features of changes in their
interaction with hACE2, it was observed that in the central part of the hACE2-
binding site there is a topologically relatively conservative pocket potentially capable
of binding a small chemical compound.

By using an iterative approach based on molecular dynamics simulation of the
ligand-receptor complex, a small molecule capable of stable interaction with the RBD
in the discovered pocket area of four SARS-CoV-2 variants — Wuhan, Omicron,
Delta and Cluster 5 — was de novo designed. This substance formed complexes with
each of the listed variants comparable in stability despite the amino acid substitutions
present in the case of the Cluster 5 and Omicron variants directly in the pocket area.
This, in addition to testifying to the high potential of the developed molecule as an
inhibitor of the RBD/hACE2 interaction and its corresponding pharmaceutical
potential, also speaks about the further prospects of the discovered pocket as such. In
the field of SBDD and especially in the context of such variable pathogens as viruses,
the phenomenon of a pocket that is resistant to mutations, albeit to a limited extent, is
rare.

In this direction, an additional study was conducted using a classical virtual
screening of a library of FDA-approved drug compounds to search for substances
with potential interaction with RBD in the discovered pocket region. After three
successive stages of evaluation and screening, including the use of molecular

dynamics simulations of various durations, the antiandrogen ketodarolutamide was



identified as a compound capable of stably interacting with RBD in its hACE2-
binding site. Although the potential of this drug for the direct treatment of COVID-19
(coronavirus disease 2019) is limited due to its potent antiandrogenic effect, it can be
used as a scaffold for the development of more promising substances. No less
important result of this study is also the disclosure of a potential mechanism of the
effect of ketodarolutamide on the course of COVID-19 during the treatment of
androgen-dependent prostate cancer. Reports of this effect were noticed during the

preparation of this manuscript.

Keywords: EBV, SARS-CoV-2, BHRFI, RBD, Omicron variant, Delta
variant, viruses, antiviral drug development, virtual screening, molecular dynamics,

molecular docking, inhibition of virus-host interaction, DNA intercalators.
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