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Llenb: NoncK HOBbIX MHIMOUTOPOB renapaHasbl Ha OCHOBE NOCTPOEHHOW MOAENM
dapmakodpopa

3a4a4Mu.

1) MpoBecTn CKPUHUHT coeaMHEeHMM, obnaaatoLmMx CPOACTBOM K renapaHase;

2) Ba3npysAcb Ha LEHTPOUAHbIX MOAEKY1aX, MOCTPOUTb MOAENb GapmMakodopa;
3) Ha ocHoBe nocTpoeHHOro dpapmakodopa HanTK NOTEHLMANbHbIE MHTMOUTOPDI
renapaHasbl, ob1agatoLLme yaoBAeTBOPUTENbHbIMN GAaPMAKOKMHETMYECKUMMU
napameTpamu.
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MaTepuanbl U MeTOAbI.

v’ JlaHHBIE 1)1 TOCTPOECHHUS v CKpUITEL, 111 00pabOTKH 1
Mozenu papmakodopa ObUIH KJIACTEPU3ALIMU TAHHBIX ObLIN
IOJIy4eHBI 13 0a3 JaHHBIX Protein HaIMCaHbl Ha SI3bIKE

Data Bank u ChEMBL DB; nporpammMupoBanus Python;

v v'TIOMCK HOBBIX COE€IUHEHUI
ITocTtpoenue hapmakodopa

OCYIICCTRIISUICS B 0a3e TaHHBIX
OCYUIECTBIISIIOCH C TOMOIIBIO ZINC 12 ¢ oMoIbio Be6

PharmaGist webserver:; pecypca ZINCPharmer.




Pe3ynbTathbl 1 X obcy>KaeHue.

[1na nocTpoeHuns moaenu dapmakodpopa ncnoab3osanocb 504 nHrnbutopa renapaHassi,
HanaeHHble B 6a3e naHHbix ChEMBL

Mol 1 A
olecuie Compound Standard Standard Standard Standard pChEMBL ssay Assay
ChEMBL . . Comment ChEMBL ..
Key Type Relation Value Units Value Description
ID ID
46 1C50 = 3981.07 M 5.40 No Data CHEMBL9905g7 hipition of
heparanase
CHEMBL197295
Inhibiti f
20 1C50 = 4466.84 nM 5.35 No Data CHEMBL990587 .~ on ©
heparanase
CHEMBL112739
Inhibitory acti
against
o 12 Inhibition < 10.0 % No Data No Data CHEMBL869913 heparanase fr
human platele
CHEMBL200554 at 0.83 uM
Inhibiti f
44 1C50 = 1513.56 nM 5.82 No Data CHEMBL990587 - on ©
heparanase

CHEMBL192463



Associated Bioactivities

Activity Types for Target CHEMBL3921

data = pd.read csv('Data.csv')

data.pivot table(index = ['standard type'], aggfuncz='size')

standard_type
ICse 172
dtype: ints4

data = data.query("standard type == 'IC58"'")

data.head()

molecule_chembl_id Smiles standard_type s
0 CHEMBL200215 COC“CC(C‘:EE&%SE‘E%W(: IC50
1 CHEMBL199576 c%ﬁﬁ?ﬁ&ﬁﬁfﬁé&%ﬁ} IC50
2 CHEMBL 194140 le%ﬁ&;%?fg%%ﬁ( IC50
q
3 CHEMBL 194231 caccc(;QQC(ES?@ccgg{Eﬂ(: IC50 ® icso ® Actvity ® Ratio IC50
4 CHEMBL196338 R IC50 o Innibten o

c3ncdcc(CC(=0)0)cocd. .. Kd Imax



[na ynobcrtBa ncnonb3oBaHus 3HadeHnA IC50 bbinm koHBepTHpoBaHbl B pICSO0.

def calcPic5@(st values):
for i in range(@, len(st values)):

st values[1]
st values[1]
return st values

= st values[1]*18%*-9

= round(-np.logl@(st values[1i]), 3)

st val = list(data['standard value'])

pic5@ vals = calcPic58(st val)

data[ "pIC50'] = pic5@ vals

data.head()
molecule_chembl_id Smiles standard_type standard_value standard_units assay_type assay_organism target_organism plC50
0 CHEMBL200215 mc"'3'3'3‘C(:ﬂﬁgggggéggﬁaﬁjﬂf IC50 230.0 i B Homosapiens  Homosapiens 6638
1 CHEMBL199576 CgE{i‘ggg&fjﬁfﬁggﬁﬁ; IC50 2200.0 i B Homosapiens  Homosapiens 5658
2 CHEMBL194140 GOC“'C%ﬁfcﬂzgfggffgﬂf IC50 3000.0 i B Homosapiens  Homosapiens 5523
3 CHEMBL194231 caccc(.ec:c_.fcfféﬁ'fﬁfﬁg{éﬁffﬂf IC50 400.0 i B Homosapiens  Homosapiens 6.398
4 CHEMBL 196338 Cezizmzl LBl =s siresk IC50 450.0 i B Homosapiens  Homosapiens 6347

c3ncdcc(CC(=0)O)cecd



AKTUBHbIMM CYUTANNCL coeanHeHMA co 3HaveHmnem plC50 = 6.0.
X KOM4ecTBO COCTaBM/10 65.

data = data.query("pIC5@ >= 6.8")

data.head()
molecule_chembl_id Smiles standard_type standard_value standard_units assay_type assay_organism target_organism plC50
0 CHEMBL200215  COcleec(CFO)Nc2cec(CNe3cee(- IC50 230.0 i B Homosapiens  Homo sapiens 6638
c4nchooooceh[nH4)...
. O=C(O)CclcecZoo(- | i :
1 CHEMBL194231 c3cec(/C=C/C(=0)Nedcee(Briccs... 1C50 400.0 nii B Homo sapiens Homo sapiens  6.398
) COc1eccc(NC(=0)yC=Clc2cec(- . : :
2 CHEMBL196338 c3ncdcc(CC(=0)0)cccs.. 1C50 450.0 nii B Homo sapiens Homo sapiens  6.347
' O=C{0O)Cc1inc(-c2ceo(- / [ [
3 CHEMBL196336 c3cce(NC(=0)IC=Cleccc(OCH.. 1C50 600.0 nii B Homo sapiens Homo sapiens 6.222
) 0O=C(0)Cc1cec2oc(- ; - -
4 CHEMBL196826 c3cec(NC(=0)/G=Cledccce(Brics . 1C50 7500 nii B Homo sapiens Homo sapiens  6.125
60 CHEMBL200597  Cclcc2ne(-caccc(NG(=O)Ncacee(- IC50 5600 nid B Homosapiens  Homo sapiens 6252
c5nc6ec(Cle(Cee...
} O=C(O)Cclcoc2[nH]o(- I i i
61 CHEMBL4281586 c3cce(NG(=0)Nedcee(-chnebe... IC50 980.0 nivi B Homo sapiens Homo sapiens  6.009
‘ CC{NC{=0)Cc1ccc2oo(- . . .
62 CHEMBL4280499 c3coe(NG(=0)Nedere|-chnee... IC50 370.0 nivi B Homo sapiens Homo sapiens 6.432
; O=C({O)CMNC(=0)Cc1cccZoo(- ' . .
63 CHEMBL4283311 c3cce(NC(=0)Ncdeee(-c5. . 1C50 450.0 niv B Homo sapiens Homo sapiens  6.347
CC(=O)N[C@HN[C@@H]
64 CHEMBL4280766 1C50 50 nii B Homo sapiens Homo sapiens  8.301

65 rows x 9 columns

(C[C@@H]2C(C(=0)0)0[C@@H]
(...



[lanee c NOMOLLbIO aAropmUTMa Knactepmsaumm Butina Hanbonee CTPYKTYPHO CXOXKME COeANHEHMSA
Hbln 06beanHEHbI B 6 KNACcTePOoB, M3 KOTOPbLIX Dbl 0OTOOPaHbl 6 LEHTPOUAHBIX MOAEKY .

print("Centroid molecules from first 6 clusters:")

# Draw molecules
Draw.MolsToGridImage (
[ compounds[clusters[i][@]][@] for i in range(6)], j

legends=[ compounds[clusters[i][@]][1] for 1 in range(6)],
molsPerRow=5,

)

Centroid molecules from first 6 clusters:
CHEMBL200597

CHEMBL371702 CHEMBL200215

CHEMBL195907 CHEMBL193906 CHEMBL4283311




C nomoulbto PharmaGist webserver Ha ocHoBe 4-x moneKkyn bblia NocTpoeHa moaenb dapmakodopa.
dapmakopop npeactasnaeT cobon 6 papmMakoPOpPHbIX LIEHTPOB:

»1 noHop BOZOPOAa,
» 2 aKuenTtopa BoA0OPOAa,

» 3 apoMaTUYECKUX LUMKNa.

RUGhE LI Filters | Viewer
Pharmacophore Class X y z Radius Enabled
>  HydrogenDonor 276 0.38 0.00 0.50 E
> HydrogenAcceptor 10.51 0.44 0.65 0.50 E
> HydrogenAcceptor 3.32 -1.92 0.60 0.50 E
> Aromatic 5.96 -1.53 017 1.10 E
> Aromatic 3.90 -1.07 013 110 B
> Aromatic 0.01 -0.18 0.03 1.10 E




— RMSD - Mass | RBnds [1ns noncKa HOBbIX coeanHeHun B 6aze aaHHbIX ZINC
ZINC02384699 0.729 489 53
 Neoorrases 0951 s | 6 12 ncnonb3osanca seb-cepsep ZINCPharmer.
ZINC08592990 0.721 461 5
ZINC40399157 0713 392 5
ZINC40267303 0713 378 4
ZINC40398886 0713 410 5 ‘
ZINC32093915 0713 364 3
ZINC40399061 0713 363 3
ZINC40399020 0.702 420 6 o
ZINC40398982 0.702 382 8 B pe3yJ/ibTaTte Obl/10 Ha NaeHo 377 MNOoTEHUWMA/IbHbBIX
ZINC40399054 0.702 337 5 o
ZINC40285420 0.702 352 6 l/IHI'l/l6l/lTOpOB rernapdHa3bl B ANAlMNa30HE 3HA4YEHUN
ZINC32105588 0.702 338 5
ZINC40399148 0.702 366 T RMSD O, 729 - 0, 135.
ZINC40398871 0.702 384 7
ZINC40399032 0.685 453 4
ZINC40398929 0.685 431 6
ZINC40308882 0.685 417 5 —
;::g:gjzzggz 2222 :;2 i Name RMSD ~ Mass RBnds RMSD - rOOt'mea n-
ZINC36359488 0.683 393 4 £INCO0820908 0135 233 ° square deViation
ZINC40399024 0.683 476 5 <INCDOD20908 70495 >33 ° g
ZINCO0826908 0.135 533 9
1[2]3]4s5]s]z]8] = == == ulaiGlalelalal e (Cpe,ﬂ,HeKBa,ﬂ,paTML—lHoe
B018s 377 hits OTKNOHeHMe)




CoeagnHeHna bblan oTobpaHbl B COOTBETCTBMU C NpaBuIoM JIMAMHCKOTO.

Lipinski Filter

smiles = list(data[ 'smiles'])
a = LipinskicCalc(smiles 2)

data = a.lipinski table

data

Smile Molecular_weight Acceptors Donors LogP Fulfill

0 Ocleec(-c2cn3nc(N4CCOCC4)sc3n2)cct 302083747 7 1 20000  True

1 NMNCI(=0)c1ccc(-c2nc3cce(C(=0)NN)cc3[nH]2)cc1 310117824 5 5 04369  True

2 Nc1cee(-c2en3c(C(=0)N4CCOCC4)csc3n2)cct 328.099397 6 1 21174 True

3 COCCn1ecce2ncdcen({-c4ccn[nH]4)c(=0)c3cc2e1=0 337117489 T 1 10701 True
4 CC(=0)Nc1cce(-c2nc3cec(OC(C)=0)ccdc(=0)o2)cct 338.090272 6 1 27387  True
108 0O=C(Nc1cce(-c2nc(-c3cceced)c3cc(NC(=0)YC4CCCCC4... 532.283826 4 2 80014 False
109 0O=C({Cclcccect)Neteco(-c2ne(-c3cccecd)c3ca(NC(=_. 548 221226 4 2 73262 False
110 CC(C)(Clc1ec(NC(=0)Nc2ecc(-cidcndc(n3)sc3ec(OCC . 560.220675 9 2 bB8bheh False
111 COc1c(OCZ0C(COC30CC(O)CO)CI0)C(O)C(0)C20)ec2a... 594.158470 15 8 -14766 False
112 COC(=0)C10C(0c2cc(0OC(C)=0)c3c(=0)c(-cdcee(O)ce.... 628.142820 15 1 21627 False

113 rows x 6 columns

A\

[ He 6onee 5 )
[OHOPHbIX BOAOPOAHbIX

. cBa3el )

[ He 6onee 10 )
aKLEeNTOPHbIX BOAOPOAHBIX

L cBaA3el )

( MonekynspHas A
Macca coeauHeHUs MeHee

L 500 a.e.m. )

KoadppuumeHT

pacrnpeaerieHna OKTaHors-
Boga (log P ), He gormkeH
npesbiwaTtb 5

)




Draw Lipinski radar plot

a.visualize(data fulfilled)

Molecular_weight

— MIEAN
mean + std
— = mean - std

rule of five area

LogF Acdeptors

Donors



N3 ocTaBwmxca 113 monekyn bblan MCKAtoYeHbl moaeKkyabl U3 cnmcka PAINS.
B pe3ysbTaTe 0CTanochb 28 Moekyn.

Filter PAINS

p = PAINS(list(data fulfilled['smile’]))

p.get pains()

[{'smiles': "C/C(=N/NC(=0)clcc(-c2ccc(0)cc2)nc2cccccl2)clcc(Cl)ccc10’,
'pains’: 'hzone phenol A(479)'},

{'smiles’: "Cclccc(/N=N/c2c(S(=0)(=0)[0-])cc3c(cccdnc(-c5ccc(M)cc5)sc43)c20)c(C)cl’,
'pains’: 'azo A(324)'}]

no _pains = p.exclude()
len(no_pains)

28



[Mocne yaaneHna coeanHEHNM, CoOAePKaLLMX HeKenaTebHble NOACTPYKTYPbI,
oTobpann 22 monekynbl, obnagatoLime yaoBAETBOPUTENbHBIMMA
PapPMaKOKMHETUYECKUMM NapamMeTpamu.

u = UnwantedSubs(no_pains)
unwanted, clean = u.get unwanted()

unwanted

[{'smiles': 'COclccc2c(cl)sclnc(-c3ccc(0)cc3)c(NCCCOC(C)CIn12",
‘name’: 'Aliphatic-long-chain’,
'smarts': '[R@D2][ReD2][ReD2][RED2]'},

{'smiles": 'Mclccc(-c2nc3cc(OcdcccS[nH]c(-cbecc(N)cch)nc5cd)ccec3[nH]2)ccl’,
'name’': 'aniline’,
"smarts': 'clcc([NH2])cccl'},

{'smiles': 'Nclccc(-c2nc3cc({0cdcccSoc(-cbecc(N)cct)ncscd)ccc3o2)ccl’,
‘name’: "aniline’,
"smarts': 'clcc([NH2])cccl'},

{'smiles': '0=C({CC1)Nclccc(-c2nc(-c3ccccc3)c3cc(NC(=0)CC1l)ccc3n2)ccl’,
‘name’: 'alkyl-halide',
‘smarts': '[CX4][Cl,Br,I]1'},

{'smiles": '"C/C(=N/NC{=0)clcc(-c2ccc(0)cc2)nc2ccc(Br)ccl2)clccccclOC(C)C",
'name’': 'Oxygen-nitrogen-single-bond',
‘smarts': '[ORG,NRO][ORG,NRB]'},

{'smiles': 'COC(=0)C10C(0c2cc(0C(C)=0)c3c(=0)c(-cdccc(0)ccd)coc3c2)C(0C(C)=0)C(0C(C)=0)C10C(C)=0",
‘name’: '>2EsterGroups’,
'smarts': 'C(=0)O[C,H1].C(=0)0[C,H1].C(=0)0[C,H1]"},

{'smiles': 'COC(=0)C10C(0c2cc(0C(C)=0)c3c(=0)c(-cdccc(0)ccd)coc3c2)C(0C(C)=0)C(0C(C)=0)C10C(C)=0",
‘name’: 'phencl-ester’,
"smarts': 'clccccclOC(=0)[#6]"}]

print(f'Unwanted found: {len(unwanted)} \nclean: {len(clean)}')

Unwanted found: 7
clean: 22



u.visualize(unwanted[:7])

Jiéiilqg?<j#

phenol-ester

Oxygen-nitrogen-single-bond

o

aniline

e

Py

Aliphatic-long-chain

aniline

alkyhalide



BbiBOAbI.

N3 504 coeanHeHnn 6bino 0TOOPaHO 6 LEHTPOUAHbBIX MONEKY,
KOTOpPble CTa/ I OCHOBOM A4 NOCTPOEHMA GapMaKkoPopa;

HanaeHo 377 noTeHUManbHbIX MHIMOUTOPOB renapaHasbl, 13
KOTOPbIX 22 MOJIEKY1bl 001a4at0T YA0BAETBOPUTENbHBIMM
PAPMAKOKMHETUYECKUMMN NAPaAMETPAMMU;

B ,ﬂ,afleel\/llLLIeN\ NNaHNPYyeTCA JOKUHT Hanbonee VAa4HbIX KaHANAOATOB.




bnazooapum 3a
sHumaHue!!!




