[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

Ol § Calld i (S (S lorgdilew Joo &G (b
BACE-1 59 HIV },}S’ )l.g.o)g o é}g)lfg @5}'&

Design of a bioinformatics model to predict drug compound
properties and its application in inhibition of HIV replication and
BACE-1

%"‘J&:’LS"}"“‘“ kfk' cwu v.i;

Karim Abbasi, Ali Masoudi-Nejad*

RPPRIJPICE PO VT PP RINE JRICHE R g PP PP F PR NP oy

Laboratory of system Biology and Bioinformatics (LBB), Institute of
Biochemistry and Biophysics, University of Tehran, Tehran, Iran.

amasoudin@ut.ac.ir : S s 2SI o « 51K J stans ok 55 3¢

QYN pdy eyl = A4/11/0 13l 53 e )

P 00 Jos ST S (Plgs Gum e Sy Swue P9y dhe oaf 0
28 o yd 30 0l oy (SBOSID Bl .00 F 0 LIl guls b 13 94l (Siledug
319 sl 43,5 51,3 48 3390 Ml opl pl BB Lo 33 sl ST § ph (S5 lwding B
31 9kaie oy el 0D 08liwl OT o (Sl Gaos S pi b 9 (JES 6 73l (S i
4B 5 0 4 Slasel BB Jow G Jiig0T (Sl (So5 Sodld Olgis 4 wlin Srodldas gosmo
18 JESI 55 owlel 585 Jog0 GBS 5 31 (T 39 T Al (595 ol 30 sl oS
W6 Wlo cpl 50 w8 o Wl Lol (50218 degesme 4 ((SoY) wlie Srodlddcgome I
S 90 49 506 il Sy g o585 N 50 pogdle &5 SBIF Jome lbad i ooliw!
98 31«95 LI5Sl D05 (0 o il 0 (J9Tg0 SNgn ST R O
4 Sl g0l cpl Sy b .Cwl oud 4 5 0,0 HIV g BACE o l0ib! 0018 4o gosmo
4 JEsl oly alic Svodld degomme H (S5 Fa0 10 Zl gl 4 HobB algdn 29

Sl 0893 Bud (5001848 g0x0

) (] § S (gwitage
s> ISSN 2588-5073
S 9 21 ISSN 2588-5081
8 Gl § b F oled A 0,90
VA -1AY axio

https://dorl.net/dor/20.1001.1.25885073.1399.9.2.11.6

DOR:20.1001.1.25885073.1399.9.2.11.6

Genetic Engineering and Biosafety
Journal
Volume 9, Number 2
2021

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

ouuS>

S glasly

LS IERTIERY S
(Gros 5ol
(JUl s 5ok
sl b


https://dorl.net/dor/20.1001.1.25885073.1399.9.2.11.6
https://dorl.net/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/article-1-363-en.html

[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

:‘5}6:_}&,“» E) J"L&

Sl STl e S

OSe0555 gt 50k Sl sleejsx )0 Gres 550k
Amin, et ) ouSaS slRNA saes, (Zou, et al. 2019)
OeiSey ped Jlisle Suo s «@l. 2019; Asgari, et al. 2019
Popova, et al. ) cpe slag,ls >I,b «(Asgari, et al. 2019)
Min, et al. 2017; Masoudi-) Ssle,gailes (2018
b «(Sobhanzadeh, et al. 2019; Hooshmand, et al. 2020
b ol oosle, «(Voulodimos, et al. 2018) il
McCann, et al. ) ool sae> 5 4 «(YoUng, et al. 2018)
3 4l Geas 6,5l el 48,5 15 oolitul 5,50 (2017
S)ge b S iy Chx Loy gl culld oy
S &S Canl OB ses g 50L sl a8 S 18 solanl
el S5 Sge ) b Shs ) le abeds (e
2 ol ofles SIS ol el Gyud pl a5 s
Guos saSis YT Jlo jo canl ool Sglae slaojg>
o sl Kaggle o5 wloass S0l oniy (slasdbgas
5 sl (Dahl 2012) 54y 03,5 b JsSge sla S
o283 s> l> G (Ramsundar, et al. 2015) il Sen
5 Slaabgsiz sleaSis ot G508 ol je a4 WS
o Lol 0K 1B o5l 0550 slaaidsgSS slaass Lilie
Jold (o ok 4 a5 0o )5 wal 3 lae JLows 00ls dsgorne
@S el () Bow g n Voo 59y p 03l oo T
@ ol laa b slaaSis oS cul o) 5 las sl canny
b SS slaghs; 4 Cund @pSedz cds Gl
2l Gl dres slore o 3l slale s anil
Glaasis a5 cul oad @il JoSUge sla,isle 5l s S5
Duvenaud, et al. ) sgi o ol (GCN) 31,5 iy
S on S basls ol (2015; Kearnes, et al. 2016
GON wisimee Pl 055 Sjppar Jslse 2 ol
w55 RSe b B (Sl jllo s g @l o Sledll
SB SRy Swoin 0 S slecslon; Wy U ale
il ceslio S55el glp GON gy i (3350l J5S5e
WS GeSles a0 Wil oo SHigel Aiges ol olaws
isel Gedls gty SLLS 5 (gluatgy pad 50 ab oLl
Altae-) il )San ¢ 5Ll Lo e 4 .ol 99250 (oS
ozl 5l ol 0 aS s ,S Byme by, (Tran, et al. 2017
gl Cuz 68 Jae Ko bjsel (sl One-shot g . Sol,
Loyl a5l S solitwl (o5 slosls jpa> 1o JgSUge sla Sig

i smbel 5 hieel Sladiges Sige 0 a5 Wo S ol

doddlo
SIS slagls 555 My 5l RS Slaal et 5 o
By 4 Cal sl ool Gl el g low gl Sgax
g oyl 5k pley Jlo VO JIY g0 5 s aiS g dxwgd
sl 00 035 (aess Vo 3 )Lbee VP o )8 jeb 4yl anie
Sl poley g panie Sl g)lo LiS sladwgy g0l )
OIS 428l 9IS dngt 45z S Vb &5 eizmen
FoeeelS p e 9yl Lk slats; JS res e
Gy Slalxe slagis, 5l 4 wws,S 5, (CADD)
Leelananda ) ayles o ooliswl g,ls axwgs adgl slapad & jus
St 5l e .@nd Lindert 2016; Oglic, et al. 2018
ol Bas a5 cadl g ©luS 5 g5leaigy CADD (slapad
5 ceslis ADME Slaogas sl)ls a5 el SLuS 5 ok
(Waring, et al. 2015; Wenzel, et al. 2019) ool o5 Coons
A ookl Syse b Slaslre slaby, pad (nl o
L e o sBise] sladiges 5l jskiie s a5 W pS 0
PAd )0 g yiwd §0 0l ez slrosls sloss aSl 4y ax g3
cslie Joo Sy (b 4 LS el Sl gty (gileane
S o5 sleesls b GleSy Sleosar i sl
Altae-Tran, et al. 2017; Simdes, et ) o, oo i 4 (59,2

.al. 2018

B g 0550 Sl 53l Gla Lo jo gl Slaslre sla s,
gl dabs, cpl ,o (Ezzat, et al. 2018) cowl a8 3
SO 0 e sedd Sl (o 609)9 ol I (S
el S G oeign i by (29)l S S bl elys
g Mli,me LeS il e She zlgewl 551 Gae
99 (SO (_gl.m'alf aS conl $°9)9 |A:l_"> 600‘& )| O\.\.A.»S)JLO.».A
el ety by, 0 0T Jeted 1y Gpel anlB
Sy, 1305 o0 ped moo S8 93 & Sy gl
ol ol jo ol glas ools jeme a8 g 0ols Hgore 2l Sl
Gl Sy wols jeme 5,555, j0 a5 cwl Jol ol aius g0
2 Iy 3t gl 60959 osls a il Bas &9
Sg) Su 5l 609y9 2 lp o Sy eols jeme s 550,
55 51 oIS o (g S0l ylai e eolil ols
Sygo ly o Fhy 5l guazr lad a5 cul (dle 5550k
Pl sl ol s 51 a5 i o0 (B30] (e aledes
>l sl Jls o (Goodfellow, et al. 2016) cowl ool ax8 §



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/article-1-363-en.html

[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

Sl ST e S

:‘}&53}*"“‘ B} J‘L“‘

sl s Ssbogil 6pSol o 5 1, SIS sl
Velickovic, et al. 2018; Gong and ) wues oo b Sh
» sl (Gong and Cheng 2019) %, ,o .(Cheng 2019
53 SeMbl (pl s 5 00,5 (o0 gl Fl (S sl So b
o3ls 13U (53959 (B5 LSl sy (Shs ol xS0l
# sle S bop gl lp @lie nl o esbee
o9y i)l Gly b deles 48,5 0y by, ol Sl eSS
HIV  BACE beoslsacsazs 55, 5 sy ol cooloion
G290 sy, Lol caws 4 bl g cenl 00y0 )8 Jlesl
TCRORREER{ I WP SECHR CEC S5 RO LRV
ol sbaS s Jsse sba,isle s bagy Sledlbl

A8l HIS 550 ey JUEST LB 2l (g,50L 5o wlgs e

Ol 0 eads &l Gla IS s yiege g (g0 lal Ho allsl o
5 03,5 (yre alins (ut ge ) s D90 o0 plxil 055>
Sliglejl G 035 o0 prhe oliin b, Slix
990,50 sy 5 Jelow o] b 5 S il oads ()b

Dl o0 Bl (6 S s gl o

Oy S5 2 (5590

Pl St o 0 et bty (el o
390 CPD) oS - 0nfig . Jolss (s 9 290l OS5
Bagherian, ) (il ,5ee 5 0L 3L 23,25 o0 )18 Jelod g (o2
Jolss st 6l 3y32 50 Slbne slabs, (€t al. 2020
2 slol )3 45T W8S (o e ALwd b 4 oS SmiSen
355 0 )8 oy 3)90 4ME g0 4 b atws (pl 5l oS
ol Sledbl by, cul jo wtaled (e sy, (O
ools clBo coim 50 i obe Calll g gy ol
Shme aulre lp Cpplive Glajlre jolaie oy 05l e
e e b sl By Coatl S50 eyl
L loosls slaws aws cpl )0 35250 slaps ol sl il
DSl o gylo- i slacas gl ouds aslis Jolas lade
slajlon dahy) sl atws cul )8 1 Shy » (K slaghy, (¥
gl lap oSl Sl oolital b (s n 9 9l sl (Ss
Glopl o8l 4 s g odel Cawd 4y oold jemme 8 gfj
Oty Slp oedle atles (Ggew ), Lo9) e,
ooliw,d B,S » sie sldganes, L 9 Random Forest
31 so9s9 2 lp la Sy 03ld jome s 9505, )0 Nigd oo
W3 e Srbey (7 aslaige osliiwl ol (gazg, S

ey o il sl oST sl gglite slaools acgame
Slabial slagby, 5l Sar (F 9)lge ST )3 595 (ool plox]
b9y &5 Sl (gme (poy al leios Jes 059> )0 39290
Ol mocanges a0l oyl lawgs sad @l (golpiius
AbbaSI, et ) ul)lS.Q.m 9 GML& | 009.,.3 usLa...A ;n.qus ul...a
&lp solezel LB slaJos 563" adms Jlgw (al. 2019
Slheslinl b gyl oS5 s slge S Sy e
i 2550 1y Mt (sl (2 0) i (S (glaools
8 w55 o U ol & sl sl bl sl 3
Sl ool acgaze Hlo poliv gy sloaskd
lp glaby wz aSl Sl jskie pay ol Sezg
&z e $odld asgazme (295 SLaS 5 Sy slaylon 650k
Al ol s S eolatul (eS8 alive sloosls acgazo)
sy 5l L‘z’g;)"ﬂ C‘W‘ &l b.%‘; T sla sl
oolain] ez p SleMbl 285 s slp fate Ll
SIS S sbay Jold Glaed 5 aw pad s wyle e
oz soosls dlﬁg;jé.ﬁ C‘J"‘:"‘”‘ Sy Jaie Ll o
9 a0 ‘;);5 le.b)bﬁ P g rad.é o ..)9.....“50 oolaiw! dana
o] a5 Glaigs a4 008 o CblSs saox slad 4 Gus
Srdpld SHu8 5 ail G glasl e sl
Coles o 008 Lhas 38 Bas bews g a0 sbresl
San sleosls glp Sy slad e sRxSb sle
5 slime anie i pl 4 s anje @l Gl iyl
4 4z b ot Ghigel 6 a5l Wilgh b s S e
aiuilys (Abbasi, et al. 2019) o )Kan 5 cwle g, 4SS
Jos @890 05> 0 Sszge slay, Ko b awlie o
ooy ol dlie (pl o b g lere Glaie a4 gy cpl culed

Ol xS0 HIB ey 290 Alie (nl o oS EdeS lge
e )0 bosls acgamme b isls Jl jo wilgs oo aisS>
Oes 5 (gwbie a8l JIS,56 JoSlse olo st
sl 5l S zlewl sl (Abbasi, et al. 2019)
oyl b beasis ol el ailazd 3 o e (315 ndglgilS
oy 6ol slp byl (Slwa Sledbl § lapsl Sy
b 4 bge ledbl 5l g law 5 Wlosges oolawl (S5
sodlo ;o oo 43S L 50 0n3l (JeSse slasian)
SleMbl wilazils aw a5 sl 0000,5 7rlae olo g, s

[ oo i Seieshen


https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/article-1-363-en.html

[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

:‘5}6:_}&,“» E) J"L&

Sl STl e S

o 050 sialosl 5 (Bjsel loools lacils w95 gl
o] Sl waa gz Sl 095 o ol 4 0,5 a3
SbeeS 5 9 (wSen Sl e warm oledas (Ll
o ohygal dcgemme ;0 dulejl Acgeme ;0 odl saslive
Wl ol jacold gy Sledas (G ailoads cnnlin Lo
53,5 odalive iy Al ciule)l dcgame ;o Conl (San
oS 5 Slendats (7 .ol 0oits ooalice (ij90] dgerme 4o 4
alos siulejl dsgemme ;o0 Cenl Sew wdl> opl o ccold
Siael Agerme ;0 a5 05,5 cdalie oyl walS LSS
Acgoze 40 Sl HSew (> pl (o (0wl 0uid colie
585 00,5 esmline S5 5 ety Alis 90 o les]
S0y ol &5 Cedl snis evalie bjgel acgere
Abbasi, et ) o5 5 e ol ol o 555 2 il
5 6590 (59,0 O)lge w0ads 53 5)lse 4 oogdle (al. 2019
Getle 6550k (e sladae (Fib 5o oS Woged (3 yne
el St 5555 e il e (a5 V)
Sl sl aD (V 4ol 5995 (S slad O 3l
Sre Shor S5 (Vg (fgn dlis 5 o5 5 dlos

(g 9 S Allds

a ]y s sallis (Tsubaki, et al. 2018) ol 1Ken 5 Sliges
la S35 bsel slp CNN (oSl 4 5 485 (5055 lsie
sleass 51 Oztiirk, et al. 2018) o Kos 5 < 35 s 5o
5 S callis 99 50 sl (Sh Sl (2isel sl CNN
SraSil a5 50,5 dx gl Sl Wlosges colaiul (oS 5 sallss
@l o) b lpy w)ls Vb G peds )08 CNN
6ok ledbl 4Y o 5l Jol> iy sleais g oo Jbjgal
Sl 2y Olye 4 (S (st GlaaSd 035 o gl
Col 0033,F yme bUsSse gly cutSilEl Ky oSl
GCN ,5 .(Duvenaud, et al. 2015; Kearnes, et al. 2016)
Sy se oolin 3 ASD & (5999 Oy 4 JoSse SIS LSl
Jlail 2 g uly S sl oslainl b o3l o (B8 Lisle cpl jo oS
Al sy e e e o3ls Gl JU Sl eslaiul
Bruna, et ) ,o ,b cposs o5 Conl JIF sioen s4Y GCN
GON (a8 «Jshiie jsb a4y el oys,5 3,0e (@l 2013
Slo ) o ool I iy Jlyie sad iz ol
ghrl (Sl dde Sjp0 @ 1) JoSdse 15 Sae (e
() o) 2 Sy sloplanl o (SIS chom Y )0 wleoe
Gleylo sl oolanul b e g 00,5 oo CllSS gaya> slad 4

Geos $ 53k iEmes 650k 2 (e lahy) (F o ile
Gz slad o Cul rile 6ok lapi sl 5l (S
SIS st sl (ol abads S50 4 1) b S
Goodfellow, et ) cosl oads a8 5 aldl Hlusl Slio i
ez 3,Sas; Slsie 4y oad arslii) 5 ,Ss, ol 4o @l 2016
gl 69555 ool 5o 5l 5053 &jso o S ool
S5k 3 sladle o (oS5 sbaghy, O 5 Seb e
Z0U, B1) Seei) Ho7e 50k ) (Slindos slaoje> )3 Geos
Amin, et al. 2019; ) souSaS RNA suaes, «@l. 2019
Asgari, ) iigy pos Lisle g i (Asgari, et al. 2019
«(Popova, et al. 2018) (psi slag,ls 1L (et al. 2019
Min, et al. 2017; Masoudi-Sobhanzadeh, et ) Sslo,sails
ool olew <@l 2019; Hooshmand, et al. 2020
Young, et ) b L5 (55ls, «(Voulodimos, et al. 2018)
3,90 (McCann, et al. 2017) ool 4oz 5 «(@l. 2018
o 5 Al Gaas (6, 50L cwl a3 18 colat
S8 ool 390 5 S ietisn i by gls Culled
o 9 e 3)00 o) cnl i cnl 5o oS Cenl a8 S

S 50 )8
S¢>90 slo g, (Pahikkala, et al. 2014) il Sen 5 YIS 2L
B e g ) oS S ieen Sdx Solled iy 50
S50l @S (St 50 &5 mre ,eSB kx5 0ol
el y35 9lgn Jols la,gxSls ol ailos,S gl sl 1) wilosss
aiby S plore @ wlgior (g Wl sandlge b ()
arly Jlbe b5 Jlab oy 45 553 438, L85 8 ganes,
@ lgaese olaidl oS iGutign Cdx by oS5 e
Jlade oS 3gd oo aBF 0 g S, e S lge
@ s @lse 31 g olas ;o mled St |y Cdled go0e
) dnsn oo e S g ad)F S 0 (g S, Sjpe
G IF ALl 5l solarul b sae cpl o g Sled o (s
degezme (2by)l (V005 oo Joosd soies; slocez p @
oolaiwl 0j90 i (b3l (Sl 0ols dcgese plaS ilaosls
€55 b g @) locaS 5 gos (Jle pob 4 ol a3 518
Soodl Bl sl 03ls degezme )3 39290 (g n slaallis
Sleabas az 5l Sl alz e )0 10l sag, (7 ool
el Hob 4y .l ouls colatul SIS JLre saulxe sl
slp gy el by osle gblite niw Ll
:liole;] Slewdass (F .ocwl ol 4185 o0 90 o5 (gamlxe



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/article-1-363-en.html

[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

Sl ST e S

:‘}&53}*"“‘ B} J‘L“‘

51 «Pham and Le 2019) ,o .wes JLSis |, ol Scacogs
S5 s San Shs sbbr Sy sl gl Sles
4>l el 3l gla Sl o xSl sl solai]
SFan Ao g S 5 b S oy <o 5 sl o8 Ol
3 b e Gl 4o peslSe el 00ye )8 colaiul
ohHlSas 5 (Sbgw cwl ais 3,20 (Bahdanau, et al. 2015)
a8 gdwle 4l a7 sl 5l (Tsubaki, et al. 2018)
63,5 osliiul g n ba,tlun) b o)l oS5 K Ll
b eBan sla)lidlen) o Shy slo0)s e (g o
She e a bn Gl e g ol alre 4y alpd
3 i BT ) ol Scheog o g oad Gl oS 5
Do odbiw 8 (i sloaY 4 Jol> (Sh by colys
zlpel o6l 5l (Hassan, et al. 2018) o )Sae o
“oeSisn S Sunos samslre sy BINANA Sy
slay & Fhog (pl Gew g WlodS eslitul oSy
JCRECEPC SIS SO N S N P S R TR
ooy plojes Sjge @ |) oS 5moetign Cud> BINANA

S50k sl obs, (Abbasi, et al. 2020) ;o Ko o wles
S P S bl St sl 68 e S
Joe (igel slp lag] jelaie ooy isls &l Gua locns
ng‘ lo.\é o .\...»_9; LJex aliw & ‘_gLa:oe\o A< goso )‘| )Jdp
hisel gz e gools dsseze sy (Shy gl b K
69959 90 shls asls (bl o a4 4 b oo o0
oleiy gy 5o 45 o dalsS KuSH L sjlge Al 5 g0
a8,k 90 4z gl pedlSo SaST 3l oolatl b allss g o Sledbl
Gk SaST 5l eolal L Gae sools acgese slp (S
) Aol Gerai g, 5l pslate (ady ke (hieel arals
S e ghie ils Jasl 51 6,8 sl> gl el 0uls oolazl
—oeiien cax a5 Sl oad Mol slaigS 4 asls okl
ool ay 8 oo ol a5 o sodls AC goo )‘ L,,_;LQV...S);
o pad [0 ansl alily Sio i 50 (g i 30 Al Boe
S & Sy Jbp (7eF g WS (o0 oliw Bua (Shy
Bad diged comz p U 05 oo 00lin )8 a0 slaools o s
oolaiwl aals Godai oS 5l e p5 [0 ez 00,5 oo ien

Sl ol @l Sy Jbr wlees Glagl, (Shy
a1 (Tsubaki, et al. 2018) il Kan g (Sbgw 05,5 oo
Colled i 0 @ w55 S gl sl GCN
oil)len g ol 5L los 7 eolain] oS - pdig Sl
gl ais gly nas el S (Altae-Tran, et al. 2017)
Slrosls slaxs jea> ,0 one-shot s 5ol oSS 51 eolaiwl b
iS5 b GON slaaSies 5l o] jshate pay ilosls alyl oS
oy slae b Sy gl @ly LSTM (o),S5 sege
GCN ass 31 50 (Gao, et al. 2018) il K 4 oI5 .ailazs
OB g g9 WlaB )5 0500 (2298 <o 5 (S gl sl
;o a8 wilesls &l )l MoleculeNet ob 45 Joaw (Wu, et al. 2018)
Slopz,ssll s Sglite J5SUse (S glrenl slapm sl o
53 sleosls dsgazme 5| (rwy degerme 59, 2 GeBle 650k
i8S awslie 0 L oyl mls g wilowss )3 Jlesl o yiws
ailen) GIF L e lods, 45 0 S ams byl ool
o g o3ges e g ;500 sla s, b anylia )5 (GCN aSos
2 GCN (gasds adl oz (55, lolixe slo Fhs !5l &
5 4y S S spdedi ONN (o4t b anslis
hol slaies 4y |, GCN asiis (Pope, et al. 2019) il Sen
Sy e 538 S50 (63,Sas slaog S gl yFiul L oS wis S
o RNN) i55h as sboaSes aal ansls g5V
Slere sy Sley gallss S oS canl cras gloasis 51 S
Sledbl S (nl (hisel gal e (b0 0, o (69959
5o lgn U oojbw o bl 4 gley slepls o 1) allis
«(Chakravarti and Alla 2019) ,o .ales colaiwl (6,5 puewas
Jusl S5 535 5 MLNCT (S35 elieil i oS0l It
g algd .09l oo 00liw 8 LSTM aige 90 aSil 4y oo g 4lS
& ly Jsge SMILES isles (Fooshee, et al. 2018) il Sen
h 959 Ol b astn 300 LSTM (68508 0 (5999 Olgae
Lol ,o (Wen, et al. 2017) il Ko 5 (y9 oS Som i
alis w3 4 PSC Siiaogs § ECFP Siiogs ; oolicul
b b Srog cnl G 9 035 Grog | (o 5 w5
05 go ooliwd ras ol 4l 4 g ead bl SuS
&S dited omac Al Gl T S Gaee 5l slaasil
525 4 (RBM) o0 Sgamme pesils cyisle 19,5 anilil Lasgs
S Sdoy oSy Glp plaliel orizes sl
ol dlaie Sjge 4l el ALl oS g eSen
o adilsn b ooad gldl S00Se 4 Glul 4 b Sy

[ raaoias i Seieshon


https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/article-1-363-en.html

[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

:‘5}6:_}&“» E) J"L&

Sl STl e S

Gz slad 4 Bas g a0 Sy la)ls p g8 e ool
slasl aie Gl byl a5 sl 4 005 o el
Mz g @z o sbrosls Gpdyples ©yu8 5wl Sl
S e slad i 650k sl cale po 095 Lis i Sae
Spe glae anze &l bowzppe San glaosls ol
iy (90l (65 Ad il B 0,28 e 518 oolic

SIS sla b ledbl coul 05 a5 315 ooy a5l sl o
Jeo (Solan DMl g 355 sla S arog 2 opdle 1, (5595
i 455 a4 A ol Spdie o0l by wled
odxls (Gong and Cheng 2019) (EGCN) oo Slocyje (31,5
Dy s

o Jloysg (BF pram 45

P 0 Wl N L oS5 JsSlse Sy o5 0S5
2 d9zee slapdl Seaogi Kby NXF ool 4 X ile
el (Sig slade ;Sle Xy jelare oy Bl oo J5SIge SIS
oeoll 6l o B (Siug Jlop Sl X, ERT o ool ol o
Jop Sl NXNXP ool 4 E G ple opuizmen Canl ol
a5 bl (JSlge sl 55 i) Jb o b SBlize S
RSP P OSSNV IR I, SN [ SO SN
A e o T L Bl (Shy sl wil 4l sgs
2 45 EGCN Sivoss S5 ot iae 5l 52 03550 4355
Slp aS el Cllas cpl sl 428,518 solatwl 5,50 allie oy
ORI BRI PRAPCE I SN é%s )uf S Jb e
Swoy Olee 4 29390 Shy ol omte slagts, 5]
£ Mg 4, diilen o S )" Ao Q%I 30 g odu olazwl
sl slo Shg Olsie 4 adl> g wdl> )0 o1 jga> ol i
SIS gl cal ol solaiwl (Js¥se slanigs) L
RDKit (g4t «225)l> <55 2 Gl bl (S omsle
S8 oolainl 8,90 w3l slo Sg ] el sl (Landrum 2006)
(olil 4z e il g5 Jols o glial sl Sy 005 0
qybridization of spins formal charges .implicit valences
Al 0 wliws bodian olass 5 G0l (glo e xSUI slass
sl e

O el Y iz gl 4y g, Al S EGCN (gasCs
salss oolial bayy o lad 4 o Ll sl | gVl 5l jslaie
G Sy whie 5 olisl gy EGCN (oSl o ad

&0 9 B30 slaosls Fhg slo oy aujei aos jo ol ouls
wwm ‘6’?‘ ‘y@aw‘&s&fﬁd&)h

2,5 oolatul x> o slosls

a figy 9 3l ge

oleiian (hs)

JRE eor g Sl booliin sy e ol 0
9 035 (o0 55 altas (udlge 3t o jolaie oy 0 pS (o
D55 0 )8 oy 090 Soleian B9, (A S lere e
e (saisalge

IS 28005 o0 e Al 385 Oj0 ol jo iSu (pl (o
asgorme .y )lo HLaSl o Bue addsy SO g g e ablig (paix

w‘k )0 O¢>g0 6[&0&‘& o 4.9.».’09 |S| JAL.) P a oals
ool ytales S = (x5 yFFNmE o a l | am e 4kl

oo by (ool 5l ges el Sk X E X5 45 4 e
lools ool X Blize oz Silo y P € YSK
(s.k)

o 250 @S 0se3l 50 &5 Sl a9yl S S
(sk) .- . :
e bl ames yi™Y o7 Jblie ez g 4 13

Jis degozmo g0 Jold Gan ooy dcgezme puiren .l
Ban ool dcgezme g iz p Bus ool acgesme il
s T? = [0y 51 ool b o 4 a5 oz p e

o nf glaid )l sed oo ools Lioles T = fx{™)E
Ban w5 ez Gleooly slass Slis w5 3
ools u»JLoJ %" € yT imﬁ‘) ExT 5l oolaal b oS @
B WWESSPRE-RVY Lgl.(bdd}oj olaxi a5 05,5 Cds il g o0
olas V USs e ey 5 sless L (@ > nf) el o5 L
‘5)—5«)[—' G‘JJ ‘5‘4&*!05 \.\.4_> 4&“ A_is ‘ U‘)j) Sl 0l ools
oolaiul & 60&‘0 AL om0 ‘5[9)|o UL-»S)J ‘;);9 6lﬁ)‘¢ﬁ
Sl ol anie &b pad pl o (WY USS) wled so
syl 4l ul 0pS e 8 eolital 550 4l ijgel
S9se sloaisy 4 bg e Cledbl cunl o8 a5 315 oy
Jate Leles sloa¥ 5l g b Sy gl lp wles 2o,
g oo 00laiw] oz Sledlbol 23,5 A s (ol

L 5 5 st sloaY Jals GHSS 50 ey o8
Ban ez gleosls lo She zlawl Glp Jate



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.11.6
http://gebsj.ir/article-1-363-en.html

[ Downloaded from gebg.ir on 2026-06-07 ]

[ DOR: 20.1001.1.25885073.1399.9.2.11.6 ]

Sl ST e S

:‘}&53}*""‘ B} JWL‘{’

X' =ol|bo (E,xwh)] )

Shoe Sl || oles el s é s5lo b a5 Sl 0 oS
a5 wiboe FIEXFD sl 4 W (59 e ile ol 3Ll
el G 4y (el Al ye (b yo 5 wilbis pll Y Jseme
CES Gl o H3 Ll o 1) She eelp (Solees
02 Solon (0 a5 Sl Sledbl (V) gakal, ,0 a5 005
ooliiwl o)90 LSl Ty slojloy Sloyiey sl )l )8
(V) sakl, 5 ogdle (Gong and Cheng 2019) ,o .5,.5 o 3
Gl po a8 ilesls &l (Sley 595 4 lp 38 65 ek,
205 oo Slayiss w50 i baisn (Shs oSl
(attention mechanism) 4>y wle 5 Ll jelate cpou

3 osbite (wr 5,5 o Jlag Uiy ool bl 53 et glie
0l dlg> oolaiwl 53 g,

Ee

N E;;
Ejp=arr M)
e ﬁ=lEfF-'p
& By B
Ef_jpz ikp™jkp ()

=1 %‘r:l Evkp

oS 5 sbdisn Sy sl Sl B ooles (V) gakal, s

33,5 o0 s (V) 5 (V) Ly Jloel 5l (g sl oo (JoSsge

GLQA.&‘)Q Zo> g 039 Cde A o).JLa): u**‘)‘L" @.l)o gL as
il S st by Sl (b s (Shy slalo

69935 Olgxe @ B g X1 Gla s plo o 315 ciomy saY o

ol 4 Lgyo Ty o ple 098 oo o3lin 3 oSt pll 40Y o,

iles 5.4;) solawl
23,5 o0 Sl yisy @ p) O)pe

" s
% ()
2

Source ———» EGCN — % —— Classification Loss
L
&
o

(@)

5
£ —*
£ g

Source ——» EGCN g 2 ——» DomamAdaptation Loss
@ =
] o
5] -1
E
= G
2 §

Target ——— EGCN — 2 E —+ Semantic Transfer Loss
g — z
% —— Classification Loss 2
S 3

osliswl Sy gl ywl 6l ol Je5g0 baign Oledbl s 4 3l a5 EGON aSeis j bgy cnl 5o — goleciin gy A5 gloii—) S5

! o0

Figure 1- The overall schematic of the proposed approach. the network EGCN is utilized to incorporate the molecular bond

knowledge into the feature extraction step.
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Table 1- Comparison of our approach and other approaches on BACE dataset. In this experiment, the ROC-AUC score is

reported. 10+/10- indicates that there are ten positive and ten negative samples in the labeled target data. 1+/1- indicates that
there are one positive and one negative sample in the labeled target data.

V+/V- AEEYARES o9,
0.52+0.03 0.65+0.06 RF (100 trees)
0.39+0.03 0.46+0.07 SVM
0.47+0.06 0.55+0.03 GraphConv (GC)
0.54+0.02 0.62+0.03 Multitask(Source+labeled target data)
0.59+0.03 0.69+0.03 Abbasi, et al 2019
0.60+0.04 0.71+0.02 @iy Y9,
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Table 2- Comparison of our approach with nine states-of-the-art models on BACE dataset. The comparable models are trained
with 80% of compounds per each task and are tested on 10% of compounds.

ROC-AUC aiby 5o o3l 4 Glalosl slcaS i olaas  aibiy 18 I3l 4 (bgel lacwS 5 slus L 09,
0.78+0.01 Logreg
0.86+0.00 KernelSVM
0.85+0.00 XGBoost
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0.83+£0.01 Bypass
0.78+0.01 GC
0.81+0.00 Weave
0.91+0.01 (Abbasi, et al. 2019)
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Table 3- Comparison of our approach and other approaches on HIV dataset. In this experiment, the ROC-AUC score is

reported. 10+/10- indicates that there are ten positive and ten negative samples in the labeled target data. 1+/1- indicates that
there are one positive and one negative sample in the labeled target data.
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0.55+0.02 0.58+0.02 Multitask(Source+labeled target data)
0.61+0.04 0.66+0.04 (Abbasi, et al. 2019)
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Table 4- Comparison of our approach with nine states-of-the-art models on HIV dataset. The comparable models are trained
with 80% of compounds per each task and are tested on 10% of compounds.
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Abstract

In this paper, a new method for the problem of predicting the compound molecule
properties in the lead optimization step in drug design is presented. In the lead optimization
step, the amount of available biological data on small molecule compounds is low. In recent
years, this challenge has been considered and transfer learning and deep learning
techniques have been used to solve it. For this purpose, similar data sets have been used as
auxiliary data to learn a reliable model. In this method, compound feature extraction plays
an essential role in transferring knowledge from similar (auxiliary) data sets to the target
data set. In this paper, the effect of using Edge weighted Graph Convolutional Network
(EGCN) is assessed which able to consider the feature vector of the compound bond as well
as the atom feature vector. To evaluate the method, we have applied the proposed approach
on BACE and HIV datasets. The obtained results show that the proposed method is able to
extract more efficient knowledge from similar data sets to transfer to the target data set.

Keywords: Edge weighted Graph Convolutional Network, Molecular bonds, Deep

learning, Transfer learning, Drug Design.
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