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Kak MOXXHO MC0Ib30BaTh OMOMH(OPMATUKY JIJIS
pa3pabOTKH JICKAPCTB?

lIpumep ucnonvzosarus « 0OLIUHBIXY MEMOOOE
OuoOUHpoOpMamuKu:

NU3MeHeHne TpOMU3Ma BEKTOPA il TEHHOU Tepanuu:
KOMRbIOMEPHbLU OU3AUH (hubepa peKkomOUHAHmMHO20
nmuuvezo aoenosupyca CELO



s [Tnybmn aAeHOBMNPYCbl MOXHO NCNOJIb30BATb
B Ka4YeCcTBe BEKTOpPOB AJA reHHom Tepanun.

lMpeumywiecmea no cpasHeHUro ¢
adeHoeupycaMu 4YesioeeKa:

= Bupyc CELO (Chicken Embryo Lethal
Orphan) MOXHO HapawmMBaTb B KYPUHbIX
ambpuoHax (go 10'? BUPYyCHbIX YacTuUl, Ha
3MOpPMOH) — 3TO ropasao npoilue 1 geluesne,
4yeM BblpalwmBaHue BUPYCOB YeroBeKka B
KynbTypax 3yKapuoTUYECKUX KITeTOK.

= Ha Bupyc CELO oTcyTcTBYeT nepBuUYHas
UMMYHHasA peakuusl, NOCKOSNbKY Noan He
UHPULUPYIOTCA 3TUM BUPYCOM.

m CELO He pennuuupyeTcs B KneTKax
yeryioBeka U MnexKkonuTaroLmx.

Hedocmamok:

= Bwupyc He cnocob6eH NnpoHUKaTb B HEKOTOpPbIe
TUNbI KNETOK MJIEKONUTAKLWMNX (KIeTKH
MOJIOYHOM Xerne3bl).

3adaya: C uenbio U3AmeHeHUA Tponnama BeKTopa (cnocobHOCTM NPOHUKATDL B K/IETKU
APYroro Tuna, Hecylwiue Ha NOBEPXHOCTU peLenTopbl - UHTErpuHbl) 6biN0 Heobxoaumo
BCTaBUTb aMUHOKUC/IOTHble 0CTaTKM RGD B NOBEPXHOCTHO 3KCMOHMPOBAHHbINA Y4aCTOK
ANMHHoro ¢pnbepa ageHosupyca CELO.
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RGD-binding region
— Fibrinogen
— Fibronectin
- v WF
— Vitronactin
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UHTerpuHbl — 3TO TpaHCMeMOpaHHbIe
reTepoaMMepHbIE KNETOYHbIE PELIENTOPHI,
B3aMMOAENCTBYIOLLNE C BHEKNETOYHbIM
MaTPMKCOM 1 nepeaaome pasnuyHbole
MeXKNeTouHble curHanbl. OT HUX 3aBUCUT
doopma KneTku, e€ NoABUKHOCTb, OHU
Yy4acTBYIOT B PErynMpoBKe KNEeTOYHOro LuuKna.
CTpPYKTYPHO MHTEIPUHOBBLIE PELIENTOPbI
npeacTasnsaoT cobon obnuraTHble
retepoanMepbl — Kaxablh COCTOUT U3 OOHOW
anbda- n ogHon beta-cybbeanHuLbI.
MonekynsipHass macca cybbeanHuL, BapbupyeT
oT 90 go 160 k[a. Anbda-cydbeanHuubl
onpeanensaT cneunuYHOCTb MHTErpMnHa

K nuraHay, a 6eta-cyobeamHuLbl CBA3aHbI C
KOMMOHEHTaMMn UMTOCKeneTa u
obecneunBaloT nepenadvy cMrHana B KreTke.
Y yenoBeka onucaHo 18 anbda- n 8 beta-
cybbeamHuL, npyn 3ToM Kaxkgasi anbda-
cyobeamHuua obpasyeT KOMMNIEKC TOMbKO C
onpeaenéHHbIM Habopom beTa-eanHUL, YTO B
nTore nopoxaaet 24 BapnaHTa JUMepOoB.



3adaya: BctaBuTb aMUMHOKUCNOTHDbIE ocTaTKu RGD
B NOBEPXHOCTHO 3KCMOHUPOBAHHbIN YY4aCTOK
ANnHHoro ¢pnbepa ageHosupyca CELO.

Mpob6aema: NMpocTpaHCTBEHHAA CTPYKTYpa
ANnHHoro ¢pubepa CELO b6bina He
pacwudposaHa. NMpu astom Habawoganoco
O4YeHb OrpaHuU4YeHHoe CX0ACTBO
AMMUHOKUCNIOTHDbIX NOCNeA0BaTe/IbHOCTEM
mexay pubepom CELO M aHanorMyHbimu
6enkamm yenoBeyeCKMxX aAeHOBUPYCOB C
U3BECTHOUN TPEXMEPHOM CTPYKTYPOM.



llymeb peweHus:

MpumeHeHue 6MonHPopMaTUYECKUX NOAX0A0B: BbipaBHMBAHUE aMUHOKUCIOTHDIX
nocnepoBaTe/IbHOCTEN C COBMELLL,EHMEM U BBegEeHUeM Hymepaumm npeackasaHHbIX
3/1eMEeHTOB BTOPUYHOM CTPYKTYpbl 6esKa.

CELO large fiber knob domain
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AdS5 fiber knob domain
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Dna BctaBkn RGD B aMUHOKUCAOTHOM
nocnepoBartenbHoctn pubepa CELO 6bin10
BblObpaHO mecTo mexay TaxKamu Hu |,
COOTBEeTCTBYlOLWEee NPOMeXKYTKY mexxay Hu |
B CTPYKTYype 6enka Ad5, nokanusyrowemyca
Ha NOBEPXHOCTMU.




Pe3ynomam: NMony4yeHHbI moandunumposaHHbi RGD BUpPYC NPOHMKaN B KPOZIMUbU KNETKU
MOJIOYHOM }Kenesbl in vivo ¢ 3¢pPeKTUBHOCTbIO, CpaBHUMOM € 3P PeKTUBHOCTbIO Yenoseyeckoro Ad
BUpYyca Tuna 5. B ceHTabpe 2007 roga B J. Virol 6bina ony6anMKoBaHa Halla CTaTbA.

RGD
l 2IUMAa
S e—— | ——  ———— ——y———

SO0LOLASGELVVAAAKSPVOTTEYELIYLGFTLEQNS SGTNFFDPNASSDLSFLTPPIF
726 T30 740 TS0 T8 D 770 TH THE

2IUMAa

FTYLGYYQ

THEE

JOURNAL OF ".-'m.u:u.cn:'r. 9641-96352 Val. 81, No. 18
225X 0T EE.004+0 I 28 TV L00534-07
Copyright © 2007, American Society for Microbiology, All Rights Ressrved.

Identification of HI-Like Loop in CELO Adenovirus Fiber for
[ncorporation of Receptor Binding Motifs”

Denis Y. Logunov,’ D]%’l V. Zubkova,! Anna S. Karyagina-Zhulina,' Eugenia A. Shuvalova,'
Andrei P. Karpov,! Maxim M. Shmarov,! Irina L. Tutykhina,® Yulia S. Alyapkina,’
Natalia M. Grezina,” Natalia A. Zinovieva,® Lev K. Ernst,”

Alexsandr L. Gintsburg,' and Boris S. Naroditsky'*

Gamaleya Research Institute for Epadensology and Microbiology (GIEM), 123093, Gamaleya Sereet 18, Moscow, Russia,' and
Center of Biotechnology and Molecular Diagnostic, All-Russian State Research Institute af Animal Brwdwg af
the Russiar: Acadeny of Agriculural Science Dubrovitsy Settlenaent, Podolsk Diswrice, Moscow Region, Russia®

Beceived 14 March 2007 Accepted 20 June 2007

Vectors based on the chicken embryo lethal orphan (CELO) avian adenovirus (Ad) have two atiractive
properties for gene transfer applications: resistance to preformed immune responses o human Ads and the
ability to grow in chicken embryos, allowing low-cost production of recombinant viruses. However, a major
limitation of this technology is that CELO vectors demonsirate decreased eficiency of gene transfer inte cells
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Mecsauem no3s:xe B J. of General Virology 6bina onybankosaHa
CTaTbA CO CTPYKTYpOi ganHHOro ¢pmubepa ageHosupyca CELO.
MpeackaszaHHoe mecTo ana BBegeHusa RGD, geicTrBuTeNbHO,
O0Ka3a/10Cb Ha NoBepXHOCTU 6enKkoBoM rnobynbl, U NPeacTaBAANO PV
cobo oueHb ya0b6HbIN AnA BBeaeHUA moandUKaL Uil y4aCToK.

PV

PV



Articles B

Safety and immunogenicity of an rAd26 and rAd5
vector-based heterologous prime-boost COVID-19 vaccine
intwo formulations: two open, non-randomised phase 1/2
studies from Russia

Deniz ¥ Lagunov®, Inna V Dolzhikova®, Olga V Zubkova, Amir | Tukbvatulin, Dmitry V Sheheblyakov, Alina § Dzharullaeva, Daria M Grousova,
Alina 5 Erokhova, Anna V Kowyrshing, Andrei G Botikov, Fatima M [zhaeva, Olga Popova, Tatiana A Ozharovskaya, (ias B Esmagarmbetaow,
Irina A Favorskaya, Denis | Zrelkin, Daria V Voronina, Dmitry N Shcherbinin, Alexander § Semikhin, Yana V Simakowva, Elizaveta A Tokarskaya,
Madezhda L Lubenets, Daria A Eqorova, Maksim M Shmarow, Natalia A Nikitenko, Lola F Morozova, Elena A Smolyarchuk, Evgeny V Knpukow,
Viadirmir F Babira, Sergei V Borisevich, Boris S Noroditsky, Alexander L Gintsburg

Summa

Backgmu:i“l'e developed a heterologous COVID-19 vaccine consisting of two components, a recombinant adenovirus
type 26 (rAd26) vector and a recombinant adenovirus type 5 (rAd5) vector, both carrying the gene for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) spike glycoprotein (rAd26-5 and rAd5-5). We aimed to assess the
safety and immunogenicity of two formulations (frozen and lyophilised) of this vaccine.

Methods We did two open, non-randomised phase 1/2 studies at two hospitals in Russia. We enrolled healthy adult
volunteers (men and women) aged 18-60 years to both studies. In phase 1 of each study, we administered
intramuscularly on day 0 either one dose of rAd26-§ or one dose of rAd5-5 and assessed the safety of the
two components for 28 days. In phase 2 of the study, which began no earlier than 5 days after phase 1 vaccination,
we administered intramuscularly a prime-boost vaccination, with rAd26-S given on day 0 and rAd5-5 on day 21.
Primary outcome measures were antigen-specific humoral immunity (SARS-CoV-2-specific antibodies measured by
ELISA on days 0, 14, 21, 28, and 42) and safety (number of participants with adverse events monitored throughout the
study). Secondary outcome measures were antigen-specific cellular immunity (T-cell responses and interferon-y
concentration) and change in neutralising antibodies (detected with a SARS-CoV-2 neutralisation assay). These trials
are registered with ClinicalTrials.gov, NCT04436471 and NCT04437875.

Findings Between June 18 and Aug 3, 2020, we enrolled 76 participants to the two studies (38 in each study). In each
study, nine volunteers received rAd26-5 in phase 1, nine received rAd5-S in phase 1, and 20 received rAd26-S and
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YTO TaKoe nekapcTtBo?

JleKapcTBeHHOE CpeacTBo,
NNeKapcTBEHHbIU npenapar,
MeANKaMEeHT, eKapCcTBO —
BELLLECTBO MM CMECb BELLLEeCTB
CUHTETUYECKOro Nnun
NPUPOAHOrO NPOUCXOXKAEHUSA B
BUAE NeKapCcTBEHHOU GOopMbl
(TabneTKu, Kancynbl, pacTBoOpa,
Ma3n U T. N.), NPUMEHAEMOE ANA
NPOPUNAKTUKU N NeYeHUn
3aboneBaHun.
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CKONnbKO cyLueCcTBYeT fieKkapcTB?

A-3000 B-7000 C-15000 D-30000
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* K HacToAawemy BpemeHu B mmnpe paspaboTtaHo
HemHoro bonee 7 TbicAY IeKAaPCTBEHHbIX
npenapaTos.

* BONBLLIMHCTBO U3 HUX NOABUNOCHL B NnocaeaHne 25
NneT.



HemMHoro ncropum...

OCHOBOMONOXXHUKOM COBPEMEHHOM
XMmmoTepanmu cumtaetcsa Maynb Ipamx
(1854-1915), Hobenesckuit naypeat 1908 r.
(coBmecTHO ¢ MeYHUKOBbIM) N0 MeanLUNHE U
dunsmonorumm.

OH BblABUHYAN TMNOTE3Y O CYLL,ECTBOBAHUM
xemopeuernmopos — cneumanbHbIX
TKAHEBbIX CTPYKTYP, cneunduruyecku
B3aMMOZAEMNCTBYIOLWMNX C XMMUYECKMMMU
BEL,eCTBAaMM, U NOCTYNPOBaA
BO3MOKHOCTb MCMNO/Ib30BaHUA 3TOrO
dbeHOMeHa B Tepanum PasnnYHbIX
3aboneBaHuM.

Ha npoTAXeHUn MHOrMx NeT OH
pa3pabaTbiBan neKapcTBa Ha OCHOBE
MbILUbAKA N B KOHLE KOHL0B AOCTUT
HEBEPOATHOrO ycnexa — nNoayyumn
abcontoTHo H6e3BpesHOE U OYEHb
3pPeKTMBHOE NIEKAPCTBO OT cnduaunca.

14



OcobeHHOCTU pa3paboTKn neKkapcTB Ha COBpPEMEHHOM dTane

* OuyeHb CErMeHTUPOBAHHDbIU PbIHOK — camasn 6onblwiaa KomnaHusa (Pfizer)
umeert TonbKo 11% pbiHKa

* BbICOKMM ypOBEHDb PUCKA: pa3paboTKa neKapctea aamntca 10-20 ner, npu
3TOM 60NbLUIMHCTBO 1EKAPCTB He BbIXOAUT Ha PbIHOK

* Perucrtpauua npenapaTtos — OTAE/IbHbIU CI0XKHbIU U A/IUTENIbHbIN
npouecc

Phase III failures 1992 — 2002

Portfolio (4%)
Other (4%)

Pharmacokinetics (4%)

Side effects
toxicity (35%)

Clinical efficacy (53%

D. Schuster et al.: Curr. Pharm. Des. 11, 3545-3559 (2005)
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ExXerogHble BNOKeHUA B Pa3paboTKy neKkapcTs m
KONMYeCcTBO 0A0bpeHHbIX NpenapaTos

1980
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Source : Pharma, FDA, Lehman:
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3JTanbl CO3AaHUA HOBOrO NeKapCcTBa

[ouck 1 oNTUMKU3aLUMA

MpowseogcTeo Npenaparta
KaHaMTaTa

Tokcukonoria ¥ hapMakoKMHETHES

1.5 mga | 20-8] s

=1 raga ) 100300 raypeesToe
HD,EI,E‘-IE JaABKM M
pPErMCTpaLMS

=15 raga | 10613200 nausetTon

HeknuHuyeckue KnuHnseckme PerucTpauwa nexapcrea
/. |

3-7 NeT, <5 MNH. gonn. 2-7 net, ~ 100 mnH. gonn. 6-18 mecaues
Ha COEWHEHWE-KaHOWaaT

3aTpaTtbl HA NOAHbIN LUK Pa3paboTKM 04HOro HOBOIrO 1I€KAPCTBA 0ObIYHO COCTAB/IAIOT OT
900 MWUNNIMOHOB A0 2 MUNNAPA0B A0NNAPO0B. TuNnMyHoe Bpemsa pa3paboTKkm neKkapcrea —
10-15 ner.
Mcnonb3oBaHMe HOBbIX TEXHO/IOTUM, B YaCTHOCTU, OCHOBAHHbIX Ha meToaax 6uo- n
XeMUOUHPOPMATUKU, MOXKET CYLLLeCTBEHHO YCKOPUTb U yAeLLEeBUTb CTaguI0 NOUCKA U
ONTUMMU3ALUUN NNAEPHOTO COeANHEHUA. 17




Kak cpaBHUTb 3G HEKTUBHOCTL UCNONL3OBAHUA KOMNbIOTEPHbIX
TEXHONOTUMA U TPAAULMOHHBLIX METOA0B NpY pa3paboTke nekapcTe?

[lpumep:

Cneumanunctbl dupmbl Pharmacia (cemyac —yactb pmupmbl Pfizer)
MCNO/Ib30Ba/IN KOMMNbIOTEPHbIE METOAbI A1 MOUCKA
NHIMOUTOPOB MUPO3UH-chocchama3sbi-1B ¢ uenbto pa3paboTku
JIeKapcTBa oT anabera.

B pe3ynbTtaTe 6b1s10 0TOOpaHo 365 coeanHeHn , 127 13 KOTOPbIX
NEeMOHCTPUPOBaNu NHriMbumpyrowmm apdekt (hit rate 35%).

OAHOBPEMEHHO NPOoBeAEHHbIN TPAANULNOHHbIN
BbICOKONpPOM3BoANTENbHbIN CKPUHUHT (HTS) cpean 400000
coeAnHeHn no3soana otobpatb 81 MHrMbuUTop

(hit rate 0.021%).
Doman et al. ] Med Chem 45: 2213-2221.
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Mpumepsbl nexkapcrs, pa3p360TaHHbIX C NnpUuMeHeHnem KOMnNbOTEPHbLIX NOAX0A08

Capoten
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1* AI opi
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OCHOBHble CTpaTernmn, UCNoNb3yemMblie NPU KOMNbIOTEPHOMU pa3paboTke NekapcTs

SKcrnepumMeHmMasnbHsie Memoobl x

o~
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3D cTpyKTypa 3D cTpyKTypa
romosiora MULLIEHN

3D mopenb
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IUraHabl

J

Structure-based drug design
[ AHanuns ’ [ De Novo
I| cTpyKTYpbI AL design
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~——
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AHanu3 CTPYKTypbl 6enka-muieHn u ero KOMNNeKcos

Pro:142

: A Gly:140
Gly;152 GIn.M?

»
‘e ’_’\,“ y

’ iy
Asp:116  Phe:139

Pe3ynemam aHanu3a cmpyKkmypesl He 8ce20a 04YeB8UOEH:

MeToaom CMMYNALMKM MONEKYIAPHON AMHAMUKK NCCNea0Banun CTPYKTYpY
KomnneKkca nHteprasbl BUY ¢ nasectHbim nHrmbutopom. Mpm 3sTOM Halwm HOBOE
MECTO CBSI3blBaHUA, OT/IMYHOE OT TOro, KOTOPOE OBHAPYXMAM NPU paclndpoBKe
CTPYKTYpPbI ¢ nomoubto PCA. 3To NpmBeNo K pa3paboTke B ganbHenwem ¢upmomn

Merck nekapcTtBa panterpasupa, ucnonbsyemoro ans nedenmsa CMida (Summa et
al., 2008).
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OCHOBHble CTpaTernmn, UCNoNb3yemMblie NPU KOMNbIOTEPHOMU pa3paboTke NekapcTs

MuweHb
/ AHQAU3 UCXOOHbIX OAHHbIX SKcrnepumeHmManbHsle Memoosl \
3D cTpyKTypa 3D cTpyKTypa
romosiora MULLIEHN
3D mopenb
N3BecTHble

NUraHabl /

Structure-based drug design

Ananus [ De Novo
CTPYKTYpbI AL design

Cant BupTyanbHbI OnTummsauus
casbiBaHna N ckpurunr (hits npototuna (lead)
Mogaenb caiTa dapmakodop,
eomsoeamen ) (aoomr ) =N
CBA3bIBAHUA il Mo,
Ligand-based drug design KNNHWUKa,

nponsBoaCTBO




Structure-based drug design: monekynapHbIK AOKUHT

MNopasnawouee 60NbWMHCTBO EKAPCTB —

Buoxummyeckas knaccudukaLms MULLIEHEN, UCNONb3YEMbIX
B COBPEMEHHOI (hapMaLleBTUYECKON NPOMBbILLNEHHOCTM HU3KOMONIEKYNAPHbIE MHTMOUTOPDLI Benkos.
(Bcero: 483)

PubChem — Hanbonee nonHas 6a3a AaHHbIX
N3BECTHbIX HU3KOMOJIEKY/IAPHbIX COEANHEHUN,
coAeruT > 37 MUININOHOB B-B.

[axe cpeamn ropasao MeHbLLIEro KoMYecTsa
CoOeAHEHUIM MOXXHO HalTU TaKoe, KOTopoe

OyaeT cBA3bIBATLCA C MHTEPECYIOWMM Hac
6enkom.

KakK ato caenatb?

Hy»KHO HanTK
coeguHeHMe,
noaxogsdulee K
onpeaeneHHoOMy

mecTy benka,

Hanpumep,
aKTUBHOMY LEHTpY,
KaK KJIlOY K 3aMKY.




[okunr (docking) — mogenmposaHue
B3aMMOAENCTBMA ABYX MOJIEKY, Yallie
BCcero 6esKa n HUI3KOMONEKY/IAPHOTO
BelLecTBa — Npeanosiaraemoro AMraHaa.
[Mo3BONAET HAUTU ONTUMAbHYIO
KOH)OPMALUIO U PACMONOKEHNE INTAHAA
B MeCTe CBA3bIBaHUA U OLEHUTb CUNY
B3aMMOOEeNCTBMUA.

BupTyanbHbIN CKPUHUHT (virtual screening)
— nocnenoBaTe/IbHbIA AOKUHT MHOXKeCTBa
PA3/IMYHbIX HU3KOMOJIEKYNAPHbIX BELLLECTB
NpPOTUB 0AHOro benka c uenbto otobpaTtb
ANA S3KCNEPUMEHTAIbHOW NPOBEPKMU
Hanbonee nepcrneKkTUBHbIE.

[Mo3BONAET NOBLICUTH BEPOATHOCTb
obHapyXeHnAa MHIMbUTopa NHTEPECYIOLLETO
Hac 6enKa No cpaBHEHUIO CO CAYHANHbBIM
NOMCKOM Mo BaHKy BeLWecTB, T.e., COKPAaTUTb
KOJINYECTBO B-B, TPEOyOLWNX
3KCMNEePMMEHTAaNbHOU NPOBEPKMU. 24



Cnucok 6a3 AaHHbIX XMMUYECKUX COeAUHEHUN

Database Type Size
PubChem (Wheeler et al., 2006) Biologic activities of small molecules ~40,000,000
Accelrys Available Chemicals Directory (ACD) Consolidated catalog from major chemical suppliers ~7,000,000
(Accelrys, 2012)
PDBeChem (Dimitropoules, 2006) Ligands and small molecules referred in PDB 14,572
Zine (Irwin and Shoichet, 2005) Annotated commercially available compounds ~21,000,000
LIGAND (Goto et al., 2002) Chemical compounds with target and reactions data 16,838
DrugBank (Wishart et al., 2006) Detailed drug data with comprehensive drug target 6711
information
ChemDB (Chen et al., 2005, 2007) Annotated commercially available molecules ~5,000,000
WOMBAT Data base (World of Molecular BioAcTivity) Bioactivity data for compounds reported in medicinal 331,872
(Ekins et al., 2007; Hristozov et al., 2007) chemistry journals
MDDR (MDL Drug Data Report) Drugs under development or released; descriptions of 180,000
(Hristozov et al., 2007) therapeutic
3D MIND (Mandal et al., 2009). Molecules with target interaction and tumor cell line 100,000

screen data

Pharmacol Rev 66:334-395
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Hammerhead

3%

NMporpammbl ANA AOKWUHIA U BUPTYaNbHOTO CKPUHUHTA

MCDOCK

1%

Prodock
1%

SANDOCK

0.5%

GOLD
15%

FTDOCK
4%

ADAM

Soft
Docking
4%

FLOG
2%

DockVision
2%

EUDOC
2%

1%

AutoDock
27%

DARWIN

DI

FlexX (http://www.biosolveit.de/FlexX/)

Dock (http://dock.compbio.ucsf.edu)

AutoDock (http://autodock.scripps.edu)

AutoDock Vina (http://vina.scripps.edu)

Surflex (http://www.biopharmics.com, www.tripos.com)
Fred (http://www.eyesopen.com/products/applications/
fred.html)

Gold (http://www.ccdc.cam.ac.uk/products/life sciences/
gold/)

PLANTS (http://www.tcd.uni-konstanz.de/research/plants.
php)

3DPL (http://www.chemnavigator.com/cnc/products/
3dpl.asp)

Molegro Virtual Docker (http://www.molegro.com)

ICM Pro (http://www.molsoft.com/icm pro.html)
Q-Pharm (http://www.g-pharm.com)

Ligand fit, Libdock and CDocker
(http://accelrys.com/services/training/life-science/Structure
BasedDesignDescription.html)

DockSearch (http://www.ibmc.msk.ru)

eHiTS (http://www.simbiosys.ca/ehits/index.html)

Glide (http://www.schrodinger.com/ProductDescription.
php?mID=6&sID=6&cID=0)

Mporpammbl 418 BUPTYaNbHOTO CKPUHUHrA:
VSDocker (http://bio.nnov.ru/projects/vsdocker?)
DOVIS (http://www.bhsai.org/)
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Nopb6op HU3KOMONEKYNAPHBLIX MHIMbUuTopos 6enkos
C NOMOLW,bIO BUPTYaNbHOrO CKPUHUHTrA:
obuwan cxema

BnbanoTeka XMuMnU4YeCcKux
coeHEeHUM

U

PunbTpbl
(npaBuno natm
JIUNUHCKK)

g

BUpTyanbHbIN CKPUHUHT

U

OT60p Ny4YWKMxX No
OLLEHOYHOWN PYHKLUMMU
coeANHEeHUN-UHIMBUTOPOB
(scoring, hits)




PunuTpbI.
«Mpasuno NATU» JINNUHCKMK.

)

7,418

JleKapcTBO AO/IKHO UMETb: Christopher Lipinski, PhD

* MOJIEKYNIAPHYIO Mmaccy He 6bonee 500 [1a;
* cimnodunbHocTb logP < 5
(P — KOadPuMUMEHT pacnpeseneHms B cucTeme H-OKTaHon/Boaa);
* He bonee NATM AOHOPOB BOAOPOAHOMN CBA3Y;
* He bonee 10 aTomoB a30Ta U KMCNOPOAa

(rpybas oueHKa Yncaa akLenTopoB BOAOPOAHbIX CBA3EN). .



He BCé Tak NpoCTO...

10—
5 -
4
a.
o
< o
<
S ® CNS
B Quinolones
B Sulphonamides
© Tetracyclines
B B-lactams
O Aminoglycosides
h l l
0 500 1,000

Molecular mass

Figure 4 | The chemical diversity of antibacterials is different to other drugs.

A plot of calculated logP and molecular mass of marketed drugs for central nervous
system disorders compared with marketed antibacterial classes. CNS drugs (similar
observations for other mammalian target classes; data not shown) closely follow Lipinski’s
rule of five. Antibacterial molecules are on average more hydrophilic and slightly larger.
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BUpPTYanbHbIA CKPUHUHT
C MOMOLLbIO MONEKY/IAPHOTO
NOKWUHTa

e
e
|
.

Hit
identification

J

Biochemical assay

Fragment based drug design
(de novo)

=
Z vO Fragment library

< i
—

L
O%
Pe

0

|
\/m| |

Drug target

Fragment linkage

-

Fig from: Park S, Mann J, Li N (2013) Targeted Inhibitor Design: Lessons from Small Molecule Drug Design, Directed Evolution, and

Vaccine Research. Chem Eng Process Tech 1: 1004.

32



OCHOBHble CTpaTernmn, UCNoNb3yemMblie NPU KOMNbIOTEPHOMU pa3paboTke NekapcTs

SKcrnepumMeHmMasnbHsie Memoobl \

o~

/ AHQAU3 UCXOOHbIX OGHHbIX

3D cTpyKTypa 3D cTpyKTypa
romosiora MULLIEHN

3D mopenb

N3BeCTHble
IUraHabl

J

Structure-based drug design

Ananus [ De Novo
CTPYKTYpbI 'D'O*i"Hr design

Cant HBMpTyan bHbI

OonTummnsauymsa
npototmna (lead)

ceasbiBaHMA | | ckpuHUHr (hits

Mogenb canTa dapmakodop,
QSAR
CBA3bIBAHMA OOKUHT e
Ligand-based drug design KNNHWKa,

nponsBoaCTBO




Ligand-based drug design: noctpoeHue mopenu dpapmarodopa

TepmuH dpapmakodpop Obint BBeAeH lNaynem

Opnuxom B 1909 r.: dapmakodop — 310

MOJEKYIAPHbIN OCTOB, KOTOPbLIN HeceT (ghop)

CYLLEeCTBEHHbIE MPU3HaKN, OTBETCTBEHHbIE 3a
{ - BMonorM4yeckyo akTUBHOCTb JfleKkapcTBa

(¢papmako) (Ehrlich Dtsch. Chem. Ges. 1909,
42 p.17).

B 1977 r. 310 onpeaeneHune 6bino moguduumnposaHo Nutepom NyHaom (Peter
Gund): ®apmakodop — 3TO HAbOp CTPYKTYPHbIX NPU3HAKOB B MOSEKYIe,
KOTOpbIE€ pacrno3dHarTcs DMONOrnyecknMmn peLentTopamm u ABnarTCS
OTBETCTBEHHLIMU 3a BMONOrnMyeckyro akTMBHOCTb Monekynel (Gund. Prog. Mol.
Subcell. Biol. 1977, 5: pp 117—143).

Onpepgenexune UKOTAK (International Union of Pure and Applied Chemistry):
dapmakodop — 3TO Habop MPOCTPAHCTBEHHbLIX U ANTEKTPOHHbLIX NMPU3HAKOB,
HeobxoaMMbIX a9 ob6ecneyeHnss onTUMaribHbIX CynpaMosSiEKYNSPHbIX
B3aMMOAENCTBUN CO crieundunyeckomn duosiormyeckon MULLIEHbIO, KOTOpbIE

MOrYT BbI3bIBaTb (MNK BriokMpoBaTthb) ee BMONOrn4ecknin OTBET. ”



MNoa, dapmakoPopHbIMM NPU3HAKAMKN ODbIYHO
NOHMMAOTCA PapMaKOPOPHbIE LEHTPbI U MHTEPBAJIbI
PACCTOAHUN MeXKay HUMMK, Heobxoaumble AnsA
NPOSBNIEHNA AAaHHOIo TUNa 6MoNOrMYEeCcKon aKTUBHOCTM.

o

~

TunuyHble papmakodopHbie LEeHTPbI: TMapPodobHble
0bn1acTK, apomMmaTHMUECKne Konbla, 4OHOPbI M aKLENTopbl
BOAOPOAHOM CBA3M, aHUOHHbIE U KATUOHHbIE LEeHTPbI.
Mpu dapmakopopHOM NOUCKEe NPOBOANTCA NOUCK
COOTBETCTBMA MeXKay onncaHmem dapmakodpopa u
XapaKTepPUCTUKaMM MOSIEKYN U3 6a3bl AaHHbIX,
Haxo4ALWMXCA B A0NYCTUMbIX KOHGOpPMaLUAX.

MporpammHoe obecnevyeHue gha mogenuposaHua papmakodopos
Discovery Studio — ot Accelrys

LigandScout (external link) — ot Inte:ligand

Phase — ot Schroedinger

MOE — o1 Chemical Computing Group

ICM Pro (http://www.molsoft.com/gui/ph4.html)

DISCOtech
(http://www.tripos.com/index.php?family=modules,SimplePage,,,&page=sybyl disc
otech)

PharmaGist (http://bioinfo3d.cs.tau.ac.il/PharmaGist/)

n3 http://dic.academic.ru/dic.nsf/ruwiki/694816
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Catalytic segment

Phar’magul Rev 66:334-395
lMpumep: TIOUCK MHTIMOBUTOPOB KMHA3HOIro gomeHa peuenTtopa TGFB1 (Transtorming growth

factor beta 1).

KomnaHwusa Eli Lilly ncnonb3osana TpagmMuMOHHbIA XUMUYECKUIA CKPUHUHT ONA NOUCKA
NNAEPHOro coeanHeHus, 3aTem nposena ero ontummsauymio (l) (Sawyer et al., 2003).

Biogen Idec ncnonb3oBana BUPTYyanbHbIA CKPUHUHT HAa OCHOBE CTPYKTYpbl 6bosiee cnaboro
nHrnbutopa n TGFPR1R (Singh et al., 2003a). bbino otobpaHo 87 coeaHEHUI, Nyyllee U3
KoTopblix (/1) coBnano no cTpykType c coeanHeHMem, oTobpaHHbIM Ha OCHOBaHUU
TPaANLNOHHOIo XMmm4yeckoro ckpuHuHra B Eli Lilly.
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QSAR (Quantitative Structure-Activity Relationship) ananus

MoUCK KonnyecTBeHHbIX COOTHOLLUEHUI CTPYKTYpa-CBOMCTBO — npoLleaypa
NOCTPOEHMA Moaenei, NO3BONAKLWMX MO CTPYKTYPaM XUMUYECKUX COeANHEHNI
npeacKasbiBaTb X pa3HOObpasHble CBOMCTBA.

MONCK KONNYECTBEHHbIX COOTHOLLIEHUIN CTPYKTYPaA-CBOMCTBO OCHOBAH Ha
NPUMEHEHUN METOA0B MaTEMATUYECKOM CTaTUCTUKMN U MALLMHHOTO 0by4yeHuna ans
NOCTPOEHMS MOAENEN, NO3BONAOLWMX MO ONUCAHUIO CTPYKTYP XUMUYECKUX COEANHEHU
npeAckasbiBaTb UX CBOMCTBA (dU3NYECKME, XUMUYECKUE, BMONOTMYECKYO aKTUBHOCTD).

Pecypcbl, no3sBonfAoWwmue CTPOUTb HOBble MOAENN CTPYKTYPa-CBOUCTBO
Online CHemical Modeling (OCHEM) — nHpOpMaLMOHHbIN U BbIMUCIUTENbHbIN Pecypc,
no3osnaowmun pabotatb yepe3 Web-nHtepdenc c 6a3on JaHHbIX MO OPraHNYECKUM
COeAUHEHUAM U NX CBOMCTBAM, MOMONHATbL €€, OCYLLECTBNATb B HEN NOUCK U
dbopmunpoBaTb BbIDOPKU, paccumTbiBaTb LUMPOKNIA HAOOP MONEKYIAPHbIX
NECKPUNTOPOB, CTPOUTb KOIMYECTBEHHbIE MOAENN CTPYKTYPa-CBOMCTBO U NPUMEHATb NX
ANA NPOrHO3MpPOBaHUA CBOMCTB HOBbIX COEANHEHUI
Chembench — pecypc, no3BonAowmn CTPOUTb MOAENN CTPYKTYPA-CBOMUCTBO U
MCNONb30BaTb MUX A1 NPOrHO3NPOBaAHUA
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http://ochem.eu/
http://chembench.mml.unc.edu/

3D-QSAR (Quantitative Structure-Activity Relationship) aHanus

3D-QSAR — 370 pacwupeHune knaccnuyeckmx QSAR nogxonos € y4eTOM TPEXMEPHOM
CTPYKTYpPbl IUraHA0B ANA NpeacKa3aHnAa nx BMonorm4eckom akTUBHOCTHU C
MCNO/Ib30BAaHMEM COBPEMEHHbIX XEMOMETPUYECKNX METOAUK.

B3amoaencreue c

KpacHbiMK obiactamm B3anmopgencreme ¢ CMHMMM obacTaMm
HEraTUBHO OTPAXKaAETCA NONOXKUTENbHO BAUAET
Ha aKTUBHOCTU IUraHaa Ha aKTUBHOCTb /IMraHAa




Bbibop muweHen pna pa3paboTku nekapcrts pna tepanun COVID-19

=N

Attachment and entry targets

« Spike glyroprotein

* Host cell receptor (ACE2)

« Surface protease (TMPRSS2)

1

Polyprotein processing targets
» Main protease (MP°/3CL""*)
* Papain-like protease (PL*"®)
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Repurposing (nepenpodunuposanue) nekapcrse ana repanum COVID-19

FDA approved/clinical trial drugs
@RUGBANK
& ChEMBI
ZINC

Structure-based virtual screening (docking)
f}z’{f— \m\ ,.nQ‘},ﬁ

P L ~
Known drug-target
interaction Q —— > Disease

Novel drug-target™® § ) reeeeeeeenniennee. » COVID-19
interaction

SARS-CoV-2 drug targets

Drug repurposing approaches
*» The time for drug development can be reduced in emergency.
* Repurposed drugs have already been found to be safe.
- 4




AKTUBHDbIA CalAT U 0OWMK BUAO, AMMmepa rnasHoM npoTteasbl SARS-CoV-2




KoHCeHCycHan nocnenoBaTeNnbHOCTb CauTa, rMApPOAU3YEeMOro rnaBHON
npotea3ou SARS-CoV-2

bits




NopobpaHHble HIIMbUTOPLI rhaBHOM npoteasbl SARS-CoV-2

Non-covalent Inhibitors

N

Ugi product Benzotriazole Perampanel analog 3-pyridine $-217622
ML188 CCF981 MAT-POS-e194df51-1

Covalent Inhibitors

o o )0\'" y 0 e
©/\OJ\H N R 6 GC376 R= % SOy O A N N\:)J\/R 8 PF-00835231 R=OH
© @ 7 GCa73 R= % OO NH © Hip 9 PF-07304814 R=OPOy
5/ NH o7 ~NH
H
N
N NH; HN
5 A odo
0 0 7
7 Yo Se
11 12 13
Nirmatrelvir (PF-07321332) Boceprevir GRL-001 Ebselen

89% CHUXKeHne BepOATHOCTU rOCNMUTANM3aALUUN U CMEPTU NMPU Hayae NeYeHuns B Nepsble 5 AHEN



Komnnekc 6enkos, 06pasyowmx PHK-3asucumyio PHK-nonumepasy
SARS-CoV-2, ¢ PHK (PDB ID 6YYT)




MponexkapcTea — aHANOTN HYKNEO3UA0B — UHTMbUTopbl PHK-
3asucumoun PHK-nonnmepaswl SARS-CoV-2

Molnupiravir Favipiravir



OpnobpeHHbie K npumeHeHuto FDA nekapctea — MHrMbuTopbl PHK-
3asucumoun PHK-nonumepaswbl u rnasHom npoteasbl SARS-CoV-2

Approval

COVID-19 Drug Viral Target =~ Drug Modality Delivery Status Discovery Approach
Remdesivir RdRp Small molecule I\Y Approved Repurposed Ebola inhibitor
Molnupiravir RdRp Small molecule Oral EUA Repurposed VEEV inhibitor
Paxlovid Mpro Small molecule Oral EUA Nirmatrelvir designed for SARS-CoV-2;

(Nirmatrelvir + Ritonavir) ritonavir used as a PK enhancer

7 7 'IV: intravenous; EUA:
emergency use authorization; IM: intramuscular; SubQ: subcutaneous; RdARp: RNA-dependent RNA polymerase;
VEEV: Venezuelan equine encephalitis virus; Mpro: main protease; PK: pharmacokinetic.
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