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Kak MOXHO HCIIOJIb30BaTh OMOMH()OPMATHUKY JIJIS
pa3pabOTKH JICKAPCTB?

IIpumep ucnonvzosanusi «0OLIUHBIXY MEMOOO8
OuoOUHpoOpMamuxu:

N3MeHeHne TPONMU3MAa BEKTOPA AJIsl TEHHON Teparuu:
KOMRbIOMEPHbLU OU3AUH (pubepa peKomMOUHAHMHO20
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
am6puoHax (go 10'° BUPYCHbIX YacTuL Ha
3MOpPMOH) — 3TO ropasao npoiue 1 geluesrne,
4yeM BblpalwmBaHue BUPYCOB YeroBeKka B
KynbTypax 3yKapuoTU4YeCKUX KITeTOK.

= Ha Bupyc CELO oTcyTCcTBYeT nepBMUYHas
UMMYHHasi peakLusa, NOCKOSNbKY NoanN He
UHPULUPYIOTCA 3TUM BUPYCOM.

m CELO He pennuuupyeTcs B KneTKax
yerioBeka U MnexKkonuTaroLmXx.

Hedocmamok:

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

3adaya: C uenbio NU3AmeHeHUA Tponmnama BeKTopa (cnocobHOCTM NPOHUKATDL B KNIETKU
APYyroro Tuna, HecyLimue Ha NOBEPXHOCTU peLenTopbl - UHTErPUHbI) 6blN0 HeObXoaUMO
BCTAaBUTb aMUHOKUCNOTHbIE OCTaTKU RGD B NOBEPXHOCTHO 3KCMOHUPOBAHHbIN Y4aCTOK
ANMHHoro ¢pnbepa ageHosupyca CELO.
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RGD-binding region
— Fibrinogen
— Fibronectin
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MUHTerpuHbl — 3TO TpaHCMeMOpaHHbIe
reTepoaMMepHbIE KNETOYHbIE PELIENTOPHI,
B3aMMOAENCTBYIOLLNE C BHEKNETOYHbIM
MaTPMKCOM 1 nepeaarome pasnuyHble
MeEXKNeToYHble curHanbl. OT HUX 3aBUCUT
doopma KneTku, e€ NoaBUXKHOCTb, OHU
Yy4acTBYIOT B PErynMpoBKe KNEeTOYHOro LuuKna.
CTPYKTYPHO MHTEIPUHOBbLIE PELIENTOPbI
npeacTasnsaoT cobon retepoaumepbl —
KaXkObl COCTOUT U3 0QHOM arb@a- n oaHom
beTta-cybbeanHuubl. Anbda-cydobeanHuubl
onpeaensaT cneunuYHOCTb MHTErPMHA

K nuraHay, a 6eta-cyobeamHuLbl CBA3aHbI C
KOMMOHEHTaMMn UmMTocKeneTa u
obecneunBaloT nepegayvy curHana B KreTke.
Y yenoBeka onucaHo 18 anbda- n 8 beta-
cyObeamHuL, npyn 3aToM Kaxkgasi anbda-
cybbeamHuua obpasyeT KOMMNIEKC TOMNbKO C
onpeaenéHHbIM Habopom beTa-eauHUL, YTO B
nTore nopoxaaet 24 BapnaHTa JUMepPOB.



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

Mpobaema: MNpocTpaHCTBEHHAA CTPYKTYpa
ANnHHoro ¢pubepa CELO b6bina He
pacwudposaHa. NMpu astom Habawoganoco
OYEeHb OrpaHMUYEHHOEe CXOACTBO
AMMUHOKMUCIOTHDbIX NOC/1eA0BaTe/IbHOCTEM
mexay pubepom CELO U aHanorMyHbimu
6enkamm yenoBeyeCKMxX aAeHOBUPYCOB C
U3BECTHOUN TPEXMEPHOM CTPYKTYPOM.



lTyme peweHus:

MpumeHeHue 6UOoMHPOPMaATUUECKMNX NOAXOA0B: BbiIpaBHUBAHUE AaMUHOKUCAOTHDbIX
nocneao0BaTeIbHOCTEN C COBMELLLEHUEM U BBeAeHUEM HYMepauun npeacKkasaHHbIX
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 aMUHOKUCNOTHOMU
nocnepgoBartenbHoctn pubepa CELO 6bin10
BblObpaHO mecTo mexkay TaXKamu Hu |,
COOTBEeTCTBYlOLee NPOMeXKYTKY mexay Hu |
B CTPYKType 6enka Ad5, nokanumsyrowemycsa
Ha NOBEPXHOCTM!.




Pe3ynomam: NMony4yeHHbI moandunumposaHHbi RGD BUpPYC NPOHMKaN B KPOZIMUbU KNETKU
MOJIOYHOM Kenesbl in vivo ¢ 3P PeKTUBHOCTbIO, CPaBHUMOM € 3P PEKTUBHOCTbIO YenoBeveckoro Ad
BUpYyca Tuna 5. B ceHTabpe 2007 roga B J. Virol 6bina onybanKoBaHa Halla CTaTbA.
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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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Avian adengeras CELD {chicken embeyo lehal orphan veus, dowd adenovinas Tyse 1) incorga
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Mecsauem nos:xe B J. of General Virology 6bina onybankosaHa
CTaTbA CO CTPYKTYpOi ganHHOro ¢pmubepa ageHosupyca CELO.
MpeackasaHHoe mecTo ana BBegeHua RGD, geicTBUTeNbHO,
O0Ka3a/10Cb Ha NoBepXHOCTU 6enKkoBoM rnobynbl, U NPeacTaBAANO PV
cobo oueHb ya0b6HbIN AnA BBeaeHUA moandUKaL Uil y4aCToK.
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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?

JleKapcTBEeHHOE CpeacTso,
NNeKapCcTBEeHHbIN npenapar,
MeaNKaMEeHT, N1eKapCcTBO —
BELLLECTBO MU CMECb BeLLEeCcTB
CUMHTETUYECKOro nnun
NPUPOAHOIrO NPOUCXOKAEHNA B
BUAE NeKAaPCTBEHHOM GOPMblI
(TabneTkun, Kancynbl, pacTBOpPa,
Ma3n N T. N.), NPUMEHAEMOE ANA
NPOPUNAKTUKU N JIeYEHUS
3aboneBaHun.
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CKONnbKO cyLueCcTBYeT fieKkapcTB?

A—-3000 B-7000 C-15000 D-30000
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e K HacToAawemy BpemeHu B mmnpe paspaboTtaHo
HemHoro bonee 7 TbicsAY IeKapPCTBEHHbIX
npenapaTos.

* BONBLLUMHCTBO U3 HUX NOABUIOCL B nocnegHune 25
nerT.



HemHoro ncropum...

OCHOBOMONOXXHUKOM COBPEMEHHOM
XMMmMoTepanmmu cumtaetca Maynb dpanx
(1854-1915), Hobenesckuit naypeat 1908 r.
(coBmecTHO ¢ MeYHUKOBbIM) N0 MeanLUNHE U
dunsmonorumm.

OH BblABUHYAN r’MNOTE3Y O CYLL,ECTBOBAHNM
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
MbILIbAKA N B KOHLE KOHLU0B AOCTUT
HEeBEpPOATHOrO ycnexa — Noay4mn
abcontoTHo H6e3BpesHOE U OYEHb
3pPeKTMBHOE NIEKAPCTBO OT cnduaunca.

14



OcobeHHOCTU pa3paboTKn neKkapcTB Ha COBpPEMEHHOM dTane

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

* BbICOKUI ypoBeHb pUCKa: pa3paboTka nekapcrea anaurtca 10-20 nert, npu
3TOM 60/1bLULMHCTBO /IEKAPCTB 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)



ExXerogHble BNOKeHUA B Pa3paboTKy neKkapcTs m
KONMYeCcTBO 0A0bpeHHbIX NpenapaTos

afs ﬂ'lwlﬂl 1

1980
1984
1988
1992

Source : Pharma, FDA, Lehman :
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2000

B R & D Investment
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3Tanbl CO343aHUA HOBOrO NeKapcTBea

[ouck 1 oNTUMKU3aLUMA

MpowseogcTeo Npenaparta
KaHaMTaTa

Tokcukonoria M papMakoKMHETHES

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 COEMHEHWe-KaHanaar
3aTpaTbl Ha NO/HbIN LMK Pa3paboTKM OA4HOro HOBOMO IEKAPCTBA 0ObIYHO COCTABAAKOT OT
900 MWMANIMOHOB A0 2 MUANAPAO0B A0NNAPO0B. TMNMYHoe BpemMsa pa3paboTkm nekapcrea —
10-15 ner.

Mcnonb3oBaHMe HOBbIX TEXHO/IOTMINA, B YaCTHOCTU, OCHOBAHHbIX HAa meToaax 6Mo- u
XeMUOUHPOPMATUKUN, MOXKET CYLLEeCTBEHHO YCKOPUTb U yAeLleBUTb CTaAUI0 NOUCKA U
ONTUMMU3ALUUN NNAEPHOTO0 COeANHEHUA. 17



Kak cpaBHUTL 3 DEKTUBHOCTL UCNONL30BAHUA KOMNbIOTEPHDIX
TEXHONOTUK U TPAAULMOHHbBIX METOA0B NpU 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 0TO6paHo 365 coeanHeHU , 127 13 KOTOPbIX
NEeMOHCTPUPOBaNu NHriMbumpyrowmm adpdekt (hit rate 35%).

OAHOBPEMEHHO NPOoBeAEHHbIN TPAANULNOHHbIN
BbICOKONpPOM3BoaAnTENbHbIN CKPUHUHT (HTS) cpean 400000
coeauHeHn no3soanna otobpatb 81 MHrMbUTOP

(hit rate 0.021%).
Doman et al. ] Med Chem 45: 2213-2221.
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Mpumepbl nekapcrs, pa3p360TaHHbIX C npyUuMeHeHunemM KOMNbIoTEPHbLIX NOAX0A0B
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OCHOBHbIe CTpaTernu, UCNoNb3yembie NPU KOMNbIOTEPHOM pa3paboTke nekapcTs

e
f McxoOHble OaHHble SKcrnepumeHmManbHble MoAXo0bl \
3D cTpyKTypa 3D cTpyKTypa
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3D mopenb
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Structure-based drug design
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AHanu3 CTPYKTypbl 6enka-muieHn u ero KOMNAeKcoB

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 MHriMbutopom. MNpm sTom HalwAn HOBOE
MECTO CBA3bIBaHMSA, OT/IMYHOE OT TOro, KOTopoe 06HapyKKUAM Npu pacwndpoBKe
CTPYKTYpbI ¢ nomoulbto PCA. 3710 npmBeno K paspaboTke B ganbHenwem GUpmon

Merck nekapcTtBa panterpasupa, ucnonbsyemoro ans nedenmsa CMida (Summa et
al., 2008).
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OCHOBHbIe CTpaTernu, UCNoNb3yembie NPU KOMNbIOTEPHOM pa3paboTke nekapcTs

MuweHb
K McxoOHble OaHHble SKcrnepumeHmManbHble MoAXo0bl \
3D cTpyKTypa 3D cTpyKTypa
romosiora MULLIEHN
3D mopenb
N3BecTHble

AVraHAabI j

Structure-based drug design

Ananus [ De Novo
CTPYKTYpbI Aol Ir design

Cant BupTyanbHbIit Ontummsaums
ceasbiBaHna N ckpurunr (hits npototuna (lead)
Monenb canta dapmakodop,
comsoaamn ) (sont ) =N
CBA3bIBAHMA il Mo
Ligand-based drug design KNNHWUKa,

npon3BoaCTBO




Structure-based drug design: mOneKkynApHbIK AOKUHT

MNopasnawouee 60NbWMHCTBO NE€KAPCTB —

Buoxummyeckas knaccudukaLms MULLIEHEN, UCNONb3YEMbIX
B COBPEMEHHOI (hapMaLleBTUYECKON NPOMBbILLNEHHOCTM HU3KOMONIEKY/IAPHbIE MHTMOUTOPDLI Benkos.
(Bcero: 483)

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

[arke cpeauy ropa3go MeHbLIEro Koan4yecTea
COeAMHEHMIN MOXHO HAWUTK TaKoe, KOTopoe

OyaeT cBA3bIBATLCS C MHTEPECYIOWMM Hac
6enkom.

KakK ato caenatb?

Hy»KHO HanTK
coeguHeHMe,
noaxogsdulee K
onpeaeneHHomy

mecTy 6esnka,

Hanpumenp,
aKTUBHOMY LEHTpY,
KaK KJIlOY K 3aMKY.




[okunr (docking) — mogenmposaHue
B3aMMOAENCTBMA ABYX MOJIEKYN, Yalle
BCcero 6esKa n HUI3KOMONEKY/IAPHOTO
BelL,ecTBa — Npeanosiaraemoro AMraHaa.
[Mo3BONAET HAUTU ONTUMANBHYIO
KOH)OPMALMIO U PACMONOKEHNE INTAaHAA
B MeCTe CBA3bIBAHUA U OLEHUTb CUNY
B3aMMOOEeNCTBMUA.

BupTyanbHbI CKPUHUHT (virtual screening)
— nocneaoBaTeIbHbIN AOKUHT MHOXKEeCTBa
PAa3/IMYHbIX HU3KOMOJIEKYNAPHbIX BELLLECTB
NpPOTUB 0AHOro benka c uenbto otobpaTtb
ANA SKCNEPUMEHTAIbHOW NPOBEPKMU
Hanbonee NnepcrnexkTUBHbIE.

[Mo3BO/IAET NOBLICUTb BEPOATHOCTb
0OHapyKeHMa MHIIMbUTOpa MHTEpPeCyoLWEero
Hac 6esKa N0 CPaBHEHUIO CO CNYYANHbIM
MOMCKOM Nno B6aHKy BELLECTB, T.€., COKPATUTb
KONMYECTBO B-B, TPEDYOLWMX
3KCNepMMeHTaIbHOMN NPOBEPKMN. 24



Cnucok 6a3 AaHHbIX XMMUYECKUX COeAVHEHUN

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 AOKUHTA U BUPTYaNbHOIO CKPUHWUHTA

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 ANA BUPTYaNbHOrO CKPUHUHTA:
VSDocker (http://bio.nnov.ru/projects/vsdocker?2)
DOVIS (http://www.bhsai.org/)
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MNop6op HU3KOMONEKYNAPHBLIX MHIMbuTopos 6enkos
C NOMOLLbLIO BUPTYANbHOIO CKPUHMHIA:
obuian cxema

Bubnmnorteka xummyeckmnx
coeHEeHUM

U

PunbTpbl
(npaBuno natm
JIUNUHCKW)

g

BUpTyanbHbIN CKPUHUHT

U

O1b0p Nyywnx no
OUEHOYHOW PYHKLU MM
CoOeaNHEHUN-UHTMbUTOPOB
(scoring, hits)




OunuTpbl.
«MpaBuno NnATU» JINNUHCKMW.

)

7,418

JleKapcTBO AO/IKHO UMETb: Christopher Lipinski, PhD

* MOJIEKYNIAPHYIO Mmaccy He 6bonee 500 [1a;
* amnodpunbHocTb logP < 5
(P — KoapduLMeHT pacnpeseneHusa B cucteme H-oktaHon/soaa);
* He bonee NATU AOHOPOB BOAOPOAHOMN CBA3W;
* He 6bonee 10 aToMOB a30Ta U KNCNOPOAaA

(rpybas oueHKa Yncaa akLenTopoB BOAOPOAHbIX CBA3EN).
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He BCE Tak npocTo...
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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.

Nekapcrea ana LHC B 60nblunHCTBE ChyvaeB yAOBNETBOPAIOT NpaBunam JIMNUHCKM.
AnTtnbakTepuanbHbie Npenaparbl, Kak npasuno, 6onee ruapoduNbHLI U GoNblIEH MON. Maccbl.
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BUpTyanbHbIN CKPUHUHT Fragment based drug design
C MOMOLLLbIO MONEKYAAPHOrO (de novo)
[OKWHTa
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) " @
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L *l:::::l Library p-

(:O screening

\L = ‘ . Drugt t
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Hit
identification ¢

‘L Fragment linkage
Biochemical assay

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.
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Ligand-based drug design: noctpoenne moaenu papmakodpopa

TepmuH dpapmakodpop Obint BBeAeH lNaynem

Opnuxom B 1909 r.: dapmakodop — 310

MOJEKYIAPHbIA OCTOB, KOTOPbLIN HeceT (ghop)

CYLLEeCTBEHHbIE MPU3HaKN, OTBETCTBEHHbIE 3a
{ - BMonorM4yeckyo akTUBHOCTb JfleKkapcTBa

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

B 1977 r. 310 onpeaeneHune 6bino mognduumnposaHo Nutepom NyHagom (Peter
Gund): ®apmakodop — 3T0 HAabop CTPYKTYPHbIX MPU3HAKOB B MOJSIEKYNE,
KOTOpble pacno3HalTca Buonorndeckummn peuentopamMmm n aBnsitoTcd
OTBETCTBEHHLIMU 3a BMONOrnM4YecKkyro akTMBHOCTbL Monekynel (Gund. Prog. Mol.
Subcell. Biol. 1977, 5: pp 117—143).

OnpepgenexHne UKOTMAK (International Union of Pure and Applied Chemistry):
dapmakodop — 3TO HAabop MPOCTPAHCTBEHHBIX N 3NEKTPOHHbLIX MPU3HAKOB,
HeobxoaMMbIX a9 ob6ecneyeHnss onTUMaribHbIX CynpaMosSiEKYNSPHbIX
B3aMMOOENCTBUIN CO cneundunyeckon bMonormdyeckon MULLIEHbIO, KOTOPbIE

MOrYT Bbl3bIlBaTb (MK GnoknposaTtb) ee OUONOrn4ecKknin OTBeT. ”



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

o

~

TunuyHble papmakodopHbie LEHTPbI: TMAPodOobHbIe
obnact1, apomaTmyeckue Konbla, 4OHOPbI M aKUEenTopbl
BOAOPOAHOM CBA3M, aHUOHHbIE U KATUOHHbIE LEeHTPbI.
Mpu dapmakopopHOM NOUCKEe NPOBOANTCA NOUCK
COOTBETCTBMA MeKAay onncaHmem dapmakodpopa u
XapaKTePUCTUKaMMN MoNeKyn n3 6asbl AaHHbIX,
Haxo4ALWMXCA B A0NYCTUMbIX KOHGOPMaLUAX.

MporpammHoe obecneueHne gna mogenmposaHua ¢apmakodpopos
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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http://accelrys.com/products/discovery-studio/pharmacophores/index.html
http://en.wikipedia.org/wiki/Accelrys
http://en.wikipedia.org/wiki/LigandScout
http://www.inteligand.com/ligandscout/
http://en.wikipedia.org/wiki/Inte:ligand
http://www.schrodinger.com/ProductDescription.php?mID=6&sID=16&cID=0
http://www.schrodinger.com/
http://www.chemcomp.com/software-ph4.htm
http://en.wikipedia.org/wiki/Chemical_Computing_Group
http://www.molsoft.com/gui/ph4.html
http://www.tripos.com/index.php?family=modules,SimplePage,,,&page=sybyl_discotech
http://bioinfo3d.cs.tau.ac.il/PharmaGist/

TPaAVUMOHHbBIA XUMUIECKUN CKPUHWUHT U BUPTYaNbHbIA CKPUHUHT

MOTYT AaTb OAUHAKOBbLIW pe3ynbTat
1)

f Catalytic segment
1 \_‘ P . Pharmacol Rev 66:334-395

lMpumep: TTIONCK UHTMOUTOPOB KMHA3HOIO AOMEHA peuenTopa TGFBI (Transforming growth
factor beta 1).

KomnaHwus Eli Lilly ncnonb3oBana TpagnuUMOHHbIA XMMUYECKUIN CKPUHUHT A1 MOUCKA
NMAEpPHOro coeanHeHua, 3atem nposena ero ontumusaumio (I) (Sawyer et al., 2003).

Biogen ldec ncnonb3oBana BUPTYa/ibHbIA CKPUHUHT HAa OCHOBE CTPYKTYpbl 6bonee cnaboro
nHrnbutopa n TGFPR1R (Singh et al., 2003a). bbino otobpaHo 87 coeanHEHUN, yyllee u3
KoTopblix (II) coBNano no cTpykType c coeanHeHnem, oTobpaHHbIM Ha OCHOBAHUM
TPaANLUMOHHOIO Xummnyeckoro ckpuHuura B Eli Lilly.
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QSAR (Quantitative Structure-Activity Relationship) ananus

MoucK KonnyecTBeHHbIX COOTHOLUEHUI CTPYKTYPa-CBOMCTBO — npoLleaypa
NOCTPOEHMA Moaenei, NO3BONAKLWMX MO CTPYKTYPaM XUMUYECKUX COeANHEHNI
npeAcKkasbiBaTb UX Pa3HOOOpPa3Hble CBOMCTBA.

[MOMCK KONIMYECTBEHHbIX COOTHOLLEHUM CTPYKTYPa-CBOMCTBO OCHOBAH Ha
NPUMEHEHUN METOA0B MAaTEMATUUYECKOM CTaTUCTUKMU U MALLMHHOIO obyyeHnsa ana
NOCTPOEHUA MOoAEeNIEN, MO3BONAOLLMX NO ONUCAHUIO CTPYKTYP XMMUYECKUX COeANHEHUN
npeackasbiBaTb UX cBOMCTBA (dU3MUYECKME, XUMUMUYECKNE, BUONOTNYECKYIO aKTUBHOCTD).

Pecypcbl, no3sBonfAoWwmue CTPOUTb HOBble MOAENN CTPYKTYPa-CBOUCTBO
Online CHemical Modeling (OCHEM) — nHpOpMaLMOHHbIN U BbIMUCIUTENbHbIN Pecypc,
no3osnAowmnmn pabotatb yepe3 Web-nHtepdenc c 6a3o JaHHbIX MO OPraHNYECKUM
COeAMHEHUAM U NX CBOMCTBAM, NOMOAHATbL €€, OCYLLECTBNAATb B HEN NOUCK U
dbopmunpoBaTb BbIDOPKU, paccumTbiBaTb LUMPOKNIA HAOOP MONEKYIAPHbIX
NECKPUNTOPOB, CTPOUTb KOIMYECTBEHHbIE MOAENN CTPYKTYPa-CBOMCTBO U NPUMEHATb NX
ANA NPOrHO3MPOBaHUA CBOMCTB HOBbIX COEANHEHMUN
Chembench — pecypc, no3BonAowWwmn CTPOUTb MOAENN CTPYKTYPA-CBOMUCTBO U
MCMNONb30BaTb MUX A/ NPOrHO3NPOBaAHUA
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http://ochem.eu/
http://chembench.mml.unc.edu/

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

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

B3anmoaencreue c

KpacHbiMK 0baacTamm B3anmopgencreme ¢ CMHMMM obacTaMm
HEraTUBHO OTPAXKaAETCA NONOXKUTENbHO BAUAET
Ha aKTUBHOCTU IUraHaa Ha aKTUBHOCTb /INraHAa
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