[ Downloaded from jhbmi.com on 2025-11-05 ]

S G 5 s Kl 5] Al
Ky Kl gl Ao S o

IF9V 0114 Lo sl o jlad ety 0,5

2 o i g 31— 53T Sl SluoS Jolad S ule S SIS 390
S5 g0 i gd
fow g 35 Lo gle & U 0815 b temo FTUl § b AT dlaw (SUg0 ¢! (S dud 40

AN e e dye agrp/r e b o e

2 e diadin lbjurs slagls (Sl il il 5 3l 8 il clagil e S (S olojw tdesle
bl Wi el o8 gl ol lmosilo Bb o )3 g ool 51 ol padlSo 3 injls ( JUglS g0 (slaodly
Al gl il (ngbe JUslSsige sl

JEEE , Springer ScienceDirect PubMed sleMb! slaolSol 5 onds piiie Siladios oy pte @lio ol )3 3 g,
o D90 4Lyl s 4y dacodly T S Sl (s g g el Bl sl uSlieS el slacol e (sl
I 38 ol (B oMo 4 gd e ol lajgpwiy b (egian (uas el I gghte (] (sl Ygers 08518
plad [l p e ey VY ol (sl cpl s diledges odlitul baceab 5l 5o Jlidle o i slp JelSS lag oSl
3350 @3l 3l Lo ngter Ghey VA 5 (2l Lo | Jits) atel slassl JIg e Sog) YA iy
85 )5 )

sl iy, cdy a8 Jb jo il o iliel BB ZAC b olad kil p ate sla by <8 a5 o ol ol adllas 1z LS
o wyiwd ool ol 5l oyl olad L3l a8 el 5l g V0 5l e )y a4 anel gladwl JIg g (ke oy
ras &b higel o alie (58l ax S50 slacsdlb Bl JIg 51 s (K8 b ) 85 sge (sl i (S 0l
dlmdalg‘_;ﬂ b Cwibe lp ! by 5l &S 20 o dlgddin odel Cawd 4y YL By & dogi b 1 failodges oolaiuwl
2,5 odlatwl JUglS'sige

sl looleidy (Bl Bl Jols slacole upha cle dsge oty sep0 S e lie ] ) 15 S Al
03,5 ey JUglS g0 slacorl sl Sl lo b

(mas rasis (S Guan  yigd ‘Oﬁﬁ”i—dsbuﬁi u.&lwf ‘JU}KQ}}A L;Lmdalgu_};}] ‘6391959%‘ :sta}"‘g .\gS

o 05 m 6l BT Gl SaS ol slalule e Sty 2 Saspe - Lo de T cdasme U 030 8l (gl Dl b diaislan cand e (she 1ELR Sle
OF=FA ()0 AV Sasy s 5 Coods Koy 5l aloes . o8 gimn Ssn

Ol kg (g (g 93 o8l ¢ guntign oS3 G gutign 03,8 (S5 (513 7 5o oS T (e S 5) (S (gortign sl )15 )

Ol e gl o g3 o8003 ¢ pnlign oSTasl3 (3 pmrlign 035 (ST 33 513 2 505 oL STl sbol (6, 7801 ) (S g (65575 Y

O e clgln o33 3 o831 ¢ gunikign oSN (G p gmikign 035 olstinl (K355 Gy owigen (5,75 ¥

Ol g cgin g 53,3 o831 ¢ (STl 082l €65 g 5L 03,8 SL1s (3 sms 5,557 F

Gy 03, oo odSEl3 cgia g5 ol (6315T Olikon cohgin £ G O by 8

o Email: saadatmand@um.ac.ir +AA DI AN OVTY 1 led o ledse


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

o 5 edmd (sl kil Ygane 45 bl 5l Ll {14
s 5 sl ool JsSse bl sty Sl it
S o) €8s JialS L oS 395 o3kl lndigel sl
S ol a0l S e wyd 4 bawly cbosslendl
—0B9 glacolu i Cud) Gidy g (B e i
Oy o9 Sl sl 4 00l (Lo i iSgy
LYY ] Col o]y (Jlaidyao (g p adlid )3 39350
(WED-SErVer) y5, g B )5 )5S (sla s, 5l (A
9 Lol Cueal 4 dogi b [FF-VY] aidl o oy 5
Crdizee 3y el i (el i 3 el
5 Lol b (intey i) o Glitue Clidoy

[EV=5¥] wlools pbosl ool 51 ks Lus
Sl adlllas (gl tolofl (gl g, Sl 4 425 L
wdlie ()5 5 smples sl JUslS g0 slagsdly ]
P S5 e JbglS gge slaceob bl 3o slblo e
@lio cpl )>.00)5 auia g gloj 3 42y JB (oo
Qo) )d eopiizne lawgd ol &) Miodior (glaei ;o] dul
Lacsab sl s lagyjoas] daculion Soe lajlisls g
g0 Sba) (ow)p 9 dlie b Casl 00D (o)
Lol 5o JW5le (s gl 0]y oy ecdliee

3,5 sleidy JUglS gige
099,

ol bt 208 03l & slases bl 5o oyl 5o
Sl o9 8l a8 uBig =B n ShieS
as 4 g (Eoiae (Do (Siglgigel (Ul sise (o3l
sbagby) aise > Joolf 5 ol soorinn S5 plnil
e I L] Lot Jold slcole (dnbe
Lol Syl 5l s andlS (clooly b Lo po < Wlis ales
5 Springer ScienceDirect PubMed sl <Mul
= e (B85S Cpl Baa 4 a5 b Sud gl sl IEEE
(Fguan (hed p (e lagby) 4Bl SLe j95e 9 (o)
Lo (oghme oon o3ly S oS5 | gmian Jolpe den )
o eoipen b oLl 03 slaoly AST L (puas oS
o ol g i gl S ()39—00 393 j5-lake
IS lalS lgis lagion 4 pmina plasye ladlie
355 dgame poSde slaoll )3 9290 sladllis oS
sl s 01 el el (glaallis 01,y adllas b ccules
L Ly alio 5+ olis 5 iunss o, b5 Jol5 o gt

dodlo
Ol sl )3 Lol 0325008 (LSS 5l (S b oo
Jreod Lacdgs g odlgils &y (o0l jluwy (sl o g 039
oo ooy ey sl Jghie Lo by) 23S (o
o @b Bl Alse Sl e 5 Sl g
g Sbyw gladole 356 pogdhe 1pj L)l Jlid
B £3590 0 b (b slagbo 5 8los (0 Jiee
Oy gl diedin slagle)y (528 G 4 (liine
DY) wlazsls, o5
[V] Lawgs VAAY L 3 (o5b 5T ive diodian Loy
oinlesl L eyl 3,5 8,20 [V] Dillman 4 Oldham
@d5ime Slasi g Sl 5> (ge Jiggise slaisrl sl
15l e Lnedlo ol £90 oyl &8 0l lis e )
o gy onl aled sbml by oy 3 lodas iy
oads aBlis by Gloy> (sbobey (%0 5 St ol
sbadslw 290U - L (polaidl )ygo 4 1 ol
Voo 3 Ot ST )l 8y (lad o> Sy L) Sl
2 275 slagingiy ) cilse JUg gise (ool ol
390 by lay gy il glo o8 g bl
s S o s o] oo 31 &S 514, 415 oozl
Sy el Gloy go opl [V] Slosds anogy b B)las
(g m i SBSESS (b (ulidp s I (Ares
i (et JolS 0926 9 (Sl s ol Joe puacslSia
o=l el Ll Sl Gl sl s 5 ]
slagley @l cowlio slagisl alolis oy g9
F e oy syl g ogMe [¥] cunl (ool oo
(oo sl J5Sse L ) JUglS gise (slosal 8l olsise
) & 3993 S 5 9055 15 slaglh L g ogisilyd)
sl sl @yglone )3 polaidl job 4 (dow dlge ooy
23,5 (o oy gl )55 ALT S 5 4B S 18 (55095
v

— bl S en s Glie by slp Ygese
Latsy ol 3 9dise odlistul diadgn (slasby, jl nisy
Slpoiile Ly o Jolss (slue 2 (i 2] )8 Ygese
O 93 Om (Lawly rosile BL) Jols colws )3 29290
Oy 80 (smdw HiBle ST a8 Cuwl ol Dgd o pbxl
Sloalaawl s a) asl yoypiws o YU S8y ya8 |
b (g0 = bl SleS (ol Sliogas
¥ 5o plodl gyt €85 L o0l T JsSge sl

oy Journal of Health and Biomedical Informatics 2018; 5(1):56-69


http://jhbmi.com/article-1-230-fa.html

Js! b)w RS 8490 Ayay )Léfj

S5 S j 9 oDl S lo il oo

Voo lpriwl dlds £o lo 5l &S CaS lgv o cgaome jd
= e gy YA dop gy olad ldle e )
W o yugy (2lbad Jlsle | Jis) diel sl JIg
o hey Vg Lol sl (o e by,
Poo il duin pogad (0 (Jiiue G855l 3929

i 8l JbgS g slagoal sl

=W
Fom gy gy Jo sl (S by -V -Y
Lagls (ol jshaio o bacnisy e Jols punsliie S5
ol (o Gl Jolad Sl 33 slrosile B o lwlid siojls
S8 oLl Al o piod > (g (LS Jlisl S1aS
Lasigry il rwg 0pns (sl Ll 390 sales 5 labol
oD ) s (o yiawd ) YU S @8 b olad sl
o oie 4 dgel sl o jleoliil Ly bl ks
(i Mg S5t Ly a8 almdigelug ) oo 3L
bl ol o sy (leals s jl 1) 393 O JoSUge
L s 93 4 1) (JoUge jlidbe st slogsbyy Ol
(2lodd 3L 4wyt (gl 9 (LA Ll 4y (o piwd
0] 3505 s

e bad il Oleb! ol U gus pis  ©
ot S ) xBigm (el L 45 Sl
3 > (ot sl Ygano il o ytd 13 (Baigel sl

sges oLl Laglg m Jolsi slacolw i
5 0951 o> el a> b gt )b a5 05 (ns (riopon
Aulyd 5 ogde an 03,5 ol |y sy o clidiog den
lnalic den 5 00 Llod z9ame g ballie Ll

sl &85 )13 (s 2 3)90 ¢ 3585wl EpS9e b lasye
03b (5yslaer slaatlio (abatwd dy s aloyo
peg—ad 3 03 plodl Gliis (IS job a puidly
slagdy) wiwd 9> 4 1) Dy Jolsi slacole o
sbaby) 9 g iom Jald slacols wbe
4 51 b s el 9 s2bia8 e Lo g
Bk ooy (o9 Chds 3 g8 il 5 bl
i 3y Slos el g adlbae )3 byl coenl > 4 L
Lol Lo (i Logas 5 o (ool
2 Lol g Lol ol 4 by e clados ¢ JUglS gise
Jol diawd 53 x50 @)lue 4. ool Hl )3 (gl las aiws
Jols Lol (il dinej )3 048 ploxl Cligi>s
» ola] Clidsd pgs atws )3 g ple b 4 oy
wgdle ay asilos o3l )5 ooy 5T g ool 5T b abal,
S5 oMl ) oslitsl pae by oslisl ololyy gl atuss
e G55 93 & ot ulE 3 ontion (las
Slapn o 50 ped aiwd jd aS cowl Jb o cpl il
93 5 Lo 5] sl g Laodl ol Jlisln 4 baye

Sloads gadiwd S8l jisu

2bad s Lo SleYb! 1 o3l b (g p- gy Jols syl (dur sl S99, 1) Jgu

ELIRR X W Al Olasuie

g4 b £65 Jw Lo (999

TXV Gy V- cBy (295 095 Y 5 e @Y 0 05 VB w399 09 ¥V gl &d Jlgte ey (as aSid > V)

[#] Shan 4 Zhou

295 095 Y 5 Oleir Y 53 (95 Yo (9395 09 e 1pgd S

YAS IR TOAT

295 0sP ) 9 olei AY 50 e ¥ esd9)9 195 VY

g (smas 45 Yoor V] s 5 Fariselli

TN gy « b5 < wslS s Ol Sy eyl Yoof [A] Takagi , Koike

TEF Comlus YA Cuto iy N B> wwslS JyS Ol Hlay oyl v--0  Abagyan, Bordner

(1]

SXAIY Sy LEFIY Gl JEOIF b w9l S Oledy Sy ople Yoo V-] oK g Wang

TEVIV Colus DY el al b)s Ol Sy sl Yoo W] ohKes 3 Chung

TV Shg JEN Comlus JYYIA B> w9 S

o

Oleidy Hlp uble Yoo 5 Nguyen

[\v] Rajapakse

TV ol VYD B el al J5)S Ol Sy sl Y] oK g DONg

TOVIY (Sho 5 1F ol sl b byS Olesicdy Jl s puiile [V¥] o)y Ke o Li

TONS St SOV Cuwlus LEAY Oles B )le Je [Vo] o Ken 4 LiU

Ol Hlp oyl

“<| | | =
o o> <

TYA Gl UV Cato i - Solas S o255 [V#] o) \Se 4 SikiC

AN Sy plosjl giloaing by, jlodlinal b (5550l eled b @b nac aSs a5 VeV [VY] o, g Chen

T00 (S VA Comlus LFV B> - hdlar S o3 65! Yoy DA o)) o L

S s By Sty Sy oyl YoO¥ 4] o), Ken s Hwang

[ Downloaded from jhbmi.com on 2025-11-05 ]

Journal of Health and Biomedical Informatics 2018; 5(1):56-69 oA


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

L SVM sivaibs 56 )] .ol osd dmlxe o olas
53903 02latul (639)9 CuBlS (sl (gl )5
ol ol e 1y [V ] oo s WaNG piman
SVM anaib (639)5 Jlsis & G5 253 5 g5 Lo ]
B Ve g Baa sl BL (sl (Sg 90 ol Ndged ool
N2 3 g dslme ] lad (gladyluer (5 So055 5l ol
ol 48,5155 (639
2L LSVM DN oL LSen 5 ChUNG (g, 555 aliss
8l 90,8 oalitl ol gunpaalo (ol olad wly LS
ol @l g a8, )18 4 Cilies (6399 )52 95 SVM 0]
5 o by s ol (63559 5 cyelg] ns] 0 dylio
3y9— 0lo Bl Jols) () €0 000y (oo 3 Colune
(of 2lead ladsluen (3,505 Jloxilo B0 1Y 5 L
Olyes Jald (3 (slas39)9 1 09Me pgd (3959 )l s
Comen bl oo J5 (639)9 0 A dinly Cblis
»ealue g Jlgs blagy 5I[VY] Rajapakse s Nguyen
0 iy y Nidged o3l (639)9 0,55y 6y (gl (po e
OBsluar o 55055 5l osile 3L VY g CBun onilo 8L ol
L SVM 55 Laosls (saisdins gl o 0395 o o lusd
ol 053,85 odlatnl wglS )S
bive j 1) 395 (imter (olol Y] o5 5 DoNG
2 iy 5) Jeols slacols 3 392 90 slaaiselal Gl S
Llg 03ilewdl 15 o Slgly coms b ol canlize aigolspul
2 o Colue (aw losleadl JS ) ol Syl 4
sl 398 LS ol )3 6yl bl g (e yie
Ol plidd uliwen VY g Bua oasle SLy Jols (gloy oy
b @b S LSVM sidil 4 (639)9 olgic 4 g dulee
ol oad 03> oless
hsly (slposile Bl s yglate & {VF] ylSen o L
s ales gl Lyl sols sl a1 6lys (o popie
15 5 el (claosilo 3l s |y o ds gams din XS
OEelen JS 4 Lagl by (Soluod S o 21255
L 93 55 001> die gasme 53 il /Y Ao bl ) iy
o s Alols (31 g o a3 S Jai ) ol Jlo 3 ol
¥ Joliis (63959 02ty 3l g ST 0 5l jiaS ] (sl
ol 039 Bu oilo Sb Jlgi 5l slued A 9 Slad ayluners
1 olas Jols (S Ve 1 (ol (Boluen ()15 (ol
Lo S ) Siarn b olas ((Slilg il b Slass da
5 3 e ol (S SOl (obord = (o5

o ywd 5 e calue (patch analysis) (lass ;U1

wl—ab KL e (accessible surface area)

0»9) Y Jg.k_> » [&] J}.nau_o oolawl ... 9 L(bo.bLoL;QL
b Ll oolil b Jolss (slacgle o i cilise
3)90 Ml (g p Sl xizred 435S (Byme Lo nTgn
W o)l 58l (gl ylixe s OT 5,Sles g odlai!
3l,1,PPISP 4, {#] Shan g Zhou «JLie lose 4
99y 3 a4 93 3l ool b ¢ gy cpl 53 .Llodged
035loaBls S (1395 L (999 (Jols ) baly  Jlgie
baly oulondly S4) 325 00 518 (s 2590 (g (rdaw
B9y S 5 sloasileddly L wilgny STl Jolss ol b
smas 48 gla 60959 (Lol €8 b uSleS S 0,500
Va 9 L,’.>Lb_w oA_’Lou’_Ql_: ;i_: ‘_Jb_’ J_»L‘Ss).’ J.ol_w u"b‘”'
oo 5 o) (2lad oSl (5805 el L
aS Jls 5 cawlodg M (el byl o yiad JB coluns
9 Jol 4Sud (295 plie ol pod (e 453 slacsdgyg
! 0dg o.b".pu’_.éb. Y. O pawd J;lﬁ CJGM’ coluo

Wb Gl [V] o) Ken g Fariselli buwg a5 6,505 dlée )
95 gl pSlieS 4 kS Jolsi gloculo o i
Crl 2 sl ol dga000 (GLaSy pf uigp 9) yodgyn £
3909 L gy (ormas 488 Sl e Gl 0By
S5 3l 0aslo Bl 63 5 _ehans 0ile 3L Ky allis L s
] 045 o5laswl OT @Las rdluor 3y

by s esle 5l esleul L [A] Takagi 4 Koike
O Oy =g 03)9] Cowd 4 gl Lm"j Sdhy el sl
o8 ol g bl Jol ilisee (slo Sy 5l oo
R 3 QT elad G lon 03 9 Bun olilo Bb o yiwd
o3l ol wipd il (bj50l (gl g5 S5l ol glacgles
S srSerte e g Lol 3l (S 5 b bt (a0 45 2500
s Jalisy 88 ol 155 8 p5Y a5 Jools gl JiS
2y Helsls oo slaJs b aisyge Jg calis i
il yion L ledl (ol &8 43S o ol g ple So
PSI- as5l) ol (slayl58ls 5 5l ookl b opSgp sla JIgs
Al o Cawwd & (BLAST

Sl &5 9 Jlg sl 5I[2] Abagyan 4 Bordner
0 )2xiy (535 sl (S5 sl ool b 00 auolons)
Sh Jold loyoxiy (sl (S 99 cnl 3 000 5399
slagluean 5S35 5losile LY 5 o) Covsiilo

04 Journal of Health and Biomedical Informatics 2018; 5(1):56-69


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

Jg‘ D)Lo.«.s ﬁrgow 0,93 dyay )LQ;}

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

sl o 485 jlai )3 Jlgi £95 9 (o yied > o (bl
€95 3l 2lrogs b ol Y o (oas 4S5 2 0)e 4
3 > 09y e g (Radial Basis Function) RBF
sLajs 9 RBE wlss (1258 5 55 50 malad (gl sl ails
Silwdsare 009y (29> 9 Olris LY oy o
(Particle Swarm Optimization) PSO w5 pLssjl
@l pleal b ol Fwly «oles 53 a0 485 Caosd 4
Cowd 4oy (59 (lee D9y 4 (s &S i | ol
aS ol ol Sl (3o ol ) (o y50 ol awl ol
Syt by 9 C53 Lilgi oo (02 (6 el sl by,
SUPRNT

dopie 00 S iy S ) 68000 L DAL o) Ken 5 L
MRMR (5938l Jilao—bl)l gShs )lime o (ke
s (minimum Redundancy Maximal Relevance)
09 Jali lacole oy 4 (Solad S oi)68]]
(Jgp SNl oMo (it shp (byy ol 2 a3
0db 03 ) 0y 55 (B pow 9 P9 L S Shy
Y 5] (oa0lo 3l VY ol) o399 0,555 63538 gl
— i Cleogad asbge (pdjlitel (o ple Jold (S
53 el (el al S0 ¢ olai o 005 cvaioliwl (olowds
(o a3 LS Jold py )L Sluogad g pg> jlibble
Colne (Mo (poyiwd )3 gaw Coluns (535009 m a3 LS
025 o3lisul oxle Bl & (sl aw Ll g (J9Sge v
Jolas = bl oSlas gy sl eslawl L casldl jo el
paie O) & ol ol § Blo 5 Coanl o5 (sla Sy (SS9
il leesly gaaab gl ol o .cowl abl yials
ol 05 odlasiwl Solad Ko o 55X

3 5550 e Lo oM [VA] o Se s HWaNG
Jols slacoln (ngba ¢y 36 Sopd (5B n HlS Lo
e slabgy daet sl g5 nl & M) 41,5 S8
ogbate (ol (sl (2980 S a3 (SST) JLail
09 sl b b oles dlass coilo BU wil yo (gl y ]
o=l 2 npd il oyl g 03)S e G50
A lio ol yp 0ale Bl 42 ¢ puow Dgd 0 031 olaisl
by olsie 4 pasie lailil b Ghlawl colps ggene
2R b duglio )3 gy ol 9 00 48)5 jlaiys bawly s b
4S) og 0 dels slaculs gt Jglie clogby,
LBl gy o (35185 S b (g e 4 (w2
Soslatal b 358 i )9Sl gulis 39 yolate & cogMe 4y .l

helix, coil, :g95 Y Jols) oasle SLs pgs ,bs L (M
k8 slagil by & (Sl 0pen; colue g (law s
0.kl b Hlasn 90 oblesdl o alold JBlis) olas dlold
=09 35 Bun onile Bl (ol .l 00 00y 000 (B
£9 S8 & laosilo U sl g sl dlasws ¢ )5S de [ Siag )+
adb gy (ol paie VeXAY XFHIALY  =VOA ol
o o3l elad 4L &b S, L SVM I 55 aosls san
Ll

ofgn Jols acale ingtn cln V0] e o Liu
(Lo oSS 5oz o LS 8 Joli (gl as 1)
Sl sl sl 1y < ylois BgS ke Jio SVM I osliel
sloyomiy JHo (s )3 (o Coline 5 g5 g
oS5l easle Bl W s Bu sule S Jolis
G D god oslaiwl d)UfAf Lﬁl)'f "j L;,Las quw
9 Lz_w‘s o.b".pu’_.éb. uu)a; L)"L"] 2 (829)9 07 LngoAjloLél.g
S glgie g e p om bl g 0dd (s bawly o
S1aS sk @) cusl ) J5 4 002 (551508 > (S
€ 2 5 e (Shy onl e il plyp jslre a9
(39 lgd S Cygo oyl

odlizl b 1y Jobss slacols s yiw [V8] o)) Ken 4 SiKiC
Sl plosl Laoaile BLy oLad Gl wgas g Jlos jl
bl (Saely pa3ls pariee § Gos 23S Sk
W“’)?ij‘ )] 905g o.\;Lou_%b (1<N<9) N JAL» (§99)9 0y
0033, oaliwl )] 990 bawly o i (gl Bolas JSis
it iz gla sl (il 4oy o (gl
o) Cute Gl gl Sl ST ecales )3 9 0 plosl]
ab)S 7 e > Jols cole plgis 4 0 oxiy g (ke 5l i
A o

s b b uae aSs Lis I[VY] ) Ken g Chen
o3l gy ol slacoliw (i sl (RBF)
O oo oy cod 4 aSil I plaSya (gl 6395 253503
o 3 e8] 981 (s Ity ol (S

Journal of Health and Biomedical Informatics 2018; 5(1):56-69 e


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

oolaid] 5] o pd Sy bilo Bl ym 4y g o (95
...\m.)L;o
035bo Bl (bS5 (35)] 9 g5 gy Jols sadib (6395
Sy daled o cladsluan op 10355 5l oxile BLA g Ban

L ol lw aleMbl S 5 L [YY] Rost 4 Ofran
O epl o iaid s 063 i H eSS 4 JolSO cle M|
oo rd > oo g pgd Ll 5l 595 sy Shg 2 0pMs
ol Jlaid e o oaile S g bawly s i (glp JM
ol 0045

Ly Jolss slacoln i o [Y¥] Jeong 4 Chen
09,5 ¥ il eyigy oyl 53 0ol plsul 8l g, 1 eolatl
Sb Ve g B odile Sl Jols (slo iy (3,595 sl (S ks
Jsl 09,5 b 03 000 o) (latilas 0 50055 5l 0sile
-l Sl ader ) oherd= (K3 Gl S iy Jold
03 5 (i 9 oy S yiSlg ol dlal (P> &y folos ¢ tuogd
o3lo 3 Yo 5 oam olo 3l alols Lol pod 095 cdilis
o Sy (w3ilitel uile Jold pgus 09,5 5 ol dylunen
M odlewl dy5 sladna gl (Ldlw Y Jaas il
ogde Cusl s (5155 gl b)) @l 9 58 o b
Gk 3l g sy 5o a4 (oduaie sl g <
U 4 oIS )go i (Al e (ot )3 550
53000 5 Sy pwmg Ao 155155 00 bty yy el

)5 0yl 25 3)l9e 4 (g oo yoreiie

;=5 [Yo] meta-PPISP g, U (s J5,5 L) SVM
Gl 00 oS 5

09— J3Nge JUs L jlasliwl b (s by @

(2lad sl

A (e yid g (J3Sge 3L (mole by, )
55 JoSlge 40 bgrye S | Vgonn i Ll
el g byl (ol plas ¢ g5 5 Waipolil <o 5 Lol
[0] 2505 o0 03liw] mas 4 (63955 lais 4y JolST
45,509y (men L[Y+] GoOugh 5 Bock Je lgie &
weles Loyl aasls L ouiig s Melss (i i
5 S (SeSIll Jols osilo B glapdi— S5
A3y oy g5 5SS sl e L28
sl i ¢l [F]ROSE 3 Ofran (¢ s 18 )
o 3> 253505 00l 5,y e 4505 el J3go
035le SLo A Jlg5 gy Joli (uas 4Sud (63959 « b9,
ol 4 Cunl 039y (o) CoS 0kile B S 0 4 Jlgie
9 o G5 0l b sl S e b jusite S5l 50
coicrad ol 030,85 a8l Wosile BL plo (sly yoo s
LY Jold slojomy JI5 Ly 1YV oySen 5 Yan
oSS’ paseis gl Ban oxile Bl S 0 4 JIgie oo
H3ge5 ookl 5 51— oob ol cla
lacs Sl YY] olLen g RES Lwg a5 (6,50 dllds
ool ol i sl SLolS5 SleM 5 JI5 e
5 Sjold sy olily LLolST ledbl s 8 oslizl

SF9Ng0 Hlslw SleMb! 1 o3l b (S pa— gy Jolai (sCubr (i (9, 1T Jgu

by @ S b Olasuie Saddd £ Jw R Re))
/SN - Sty oy wsle [v-] Gough 4, Bock
X Shbgy Y- B 295 095 Y 5 Ol Y 5> 093 Ve e (9999 095 Ve ori ras 45D [¥]Rost , Ofran

Yool

Yooy
TR (S5s9 JAVIY il ezt S by Yy opmile Yoo V] o)) g Yan
TNS Cuto iy B35 DAY B> ezt S by Yy opmile Yoo [vY] o),Ken g RES
TSN cs - gyt omas 4w Yooy [vv] Rost , Ofran
TV Sy VY Cmslus - oolas JSix pi,gSl Y--q [vf] Jeong 4, Chen

sas 48 (399 Olyis 4 o) (2Lad Rluen 5 (o

IWV] ol o o3l
5085 A5 o slagy Wl 9 w09 ol 5> PPI-PRED
o pald Jold calisee (Sho V@ 32 ) slp o
g 5 byl 30 008 s &S (<) ,)) 03L p0 (g04¢)
Jriliy e Blis o) Saed Glje (il s
5 oailo L g basly 4 (2l)S (s S ol (Slisly )

a9 dex | gaw Sluogad jl pan pluly PrOMate
Cdr g3 ] g s SSE A digal (glosl
PatCh ) zo ojlasl gy ;Lo cbslis o yos cisal (clospw!

IYE10515 0 (s s 4 g (SIZE
ool o g emae laasis | cles! L :cONS-PPISP
230y o bwly slaosile Bl o e 4 olad sl
045le Bl (o yiws )3 Colin g Iy by 5l y9 g ol

h}) Journal of Health and Biomedical Informatics 2018; 5(1):56-69


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

Jol 8 )lowd o2y 8,93 YAV o

S 3 S § 9 Sl Soilo 59851 alomo

i o0 S i gl gy opl > :MeEta-PIS
{vv] meta-PSIVER (¥-]SPPIDER L
51 aBldgars aus 93 9 [VE] o)) LKe ¢ SIKIC 13,63
San$a s e (IS5 4 [10] oMo 5 Lill 3,80
s S 5 L as meta-PPISP[YY] wloas cuS
[vv] cons-PPISP [vs] ProMate s s, wosy ol
i3y 0 lawly slaosile 8L i yio 4 [VF] PINUP
[¥a]

ale (b)) slojline can 398 (slaygpwiog 0 Sas
7= os (oomen sl 0ad duglie SGAH LY Joda
{YO]IPPRED (sl )5 g 4 olgion 398 (sloaiges
PatchDock J[¥v] HADDOCK (¥#] InterPreTS
FireDock [¥-] GRAMM-X (va] ClusPro {¥A]
Hex J[¥v] Struct2Net [¥y] RosettaDock {¥\]
o)sl 3 [¥#] pyDockWEB {¥5] CPORT (¥¥]

Dged

O Sl e 980 dnale I o iod 3 ol
4o (8399 Olgie 4 398 Sk )by (Jel glacole o
[YA] 545 0 033 SVM

005 bl 083la Bl y2 & (y9 gyl > WHISCY
b e peliaidl (oo (g bawly 4 (]S clla
Ol laaluan 5 5125350 03ilo B cal s slslys o
[YA] 295 0 pastie )] 90 bawslg

83939 025 S sl y9,w9 o=l 2 SPPIDER
i s Jols I Sy Josj5 xSk ] s o6
9005 (Juyyi pdlie o BMBT (RSA) M o yiws
sl ol ol sl olise 532,50l RSA s o1alts
032y abelisl g9 la: oo ol (slis 5 505
LV ] ol onds oalawl oile L VY L (4

2 cole) gylel sl il 5l gm0 o9 ol » PIER
o (o3l (slrog)S 5l ol Cuwd 4y (sl 0403 g o yiad
L9V] 290 o0 03l (G siey (12 g2

sl wlalp Les 1y Jols slacole :meta-PSIVER

2SS o St 00l dadds Sl eolatwl b g puiigp ol
[YY]

gy S ylxe bl (J5Sg0 ) Lo MBI s 51 03litnl b) (g =9 ol (Sl Sy )9y 3,800 duaglla Y Jguto
Sl 9 (Sig Cudo (b (583 ( Kaad o

Sl S Colo (gt sy cds SR g 3> Dyl Jle W9 iy

- - - AR - - Yeof [vs] ProMate

- - - AR - A Yool [vv] cons-PPISP
AR A - YA - - Yool [¥A] PPI-PRED
- - - VARYA 5 - AR Yeos [v¢] PINUP
AR - - /5 - - Yeos [va] WHISCY
Ya s Leviv - YARTAS .Yy - YooV [v-]SPPIDER
- - - ARV - 70410 Yooy [va] meta-PPISP
70 s - - - - Yeov [*V]PIER
VAT AN - - AN - Yoy [¥v] meta-PSIVER
ALY A4 Axs YaZZAs A - Yoy [vv] meta-PIS

—oladl gla hy) drwgs 4 pldl yiie 25 4 (oliws
s 45 ol oty lodges by 5l g el ol ¢l
Lol (>lb )3 Lol sl g ol S ol
o ol 53 & piY Bl oo yl3)98 1 slofug Cool 1 5 550
5 Lol b (hopin (ly oad @] slaiy) 4 5
0 o3l aiel (glasgwl Jlgy leMb 1 Lo gl ]

(o g3L il g by b Pho JUd b Sy
Lo (g s gacme o j b5 sl 5 b ool il dan a8 bl
22 5l ol ] ol slacoles (i gl 1) fain
Lo yap Jolsd sl by (oges sla gy 51 SO
D9 o3l (138)5 )18 ow)yy d)y90 (LB sla iz ) &)
L mej Jolss 0950 g Lmdalgu’;ﬂ 5,Ses Cuod] > 4 Lol
Sl piizes (el (b (o] pitases 5 by 5]

Journal of Health and Biomedical Informatics 2018; 5(1):56-69 Y


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

Lol Guote 4 @ Sl 5 4 053l Jg
LS 55 a g bl (g09)9 oy dlne (gl oy
bl g pais Yoo )l Sy g 9 005 4285 (U9
DP9y (] ald 3 9 o0 diB Lo jSde glacuS 5 g3
odauwy o FAED <85 o L YFIYY Camlus JOMNAY Sho 4
Ll
LL) )3 3 (eddnto (sl yg g o S5 Yla  ogdle
Slacss )l o (ol &g &) 03B B Ls G L
3 olpise (e lgie 4 sl oad S T I olol (]
Sloogas ololy npin) (Y] BCEPTed (sbe g g
(s piglanl gt 1ile dipelisl oland— (S5
e (pid e 9 o2 me 0 a9 (el (e
Sy Ol ool i) [0+] CEP (Y
[0Y] DisCOTOPE (4ol (slodul olab wjes g S
(acsel eladal ol )S Slyed gyl le Lolelp o i)
(ol 5L oLl i) [0Y] ELLIPRO
— Soib Slsgas oluly i) [0F] EPITOPIA
EPCES (lalad Jislo wsn Lo Shs o (olasd
, [a0] EPMeta Jas] SEPPA Joa] EPSVR , [a¥]
2y o [oV] Bpredictor

Ao )Y Jge (398 sla g aulie sl

claool 51 g a5 5T 5 ol (2Uad ksl 1y sl
ol 005 yastiie joib ol dinlid
Loyl oo sl o

oyl wiz3by (0358N) ) 98 Sl ol GaB5 o9 s
oololy Jgl Guigd il oo cagid £95 93 b ooy 0!
csladgbs (b Slatun w35 o Wl sl gy 2Uly
NSI 4 (Syncytium Inducing) SI 455 95 4 MT-2
ol 5 pgd caiptd 45l o 3 ol 3L oo (NON-SI)
0355 4 5l o s sl @ (AB D (sl g S
(X4) CXCRA-USING w55 45 4y 18 o o3lisl 518 505
i Sy ] 395 o (o pumds CCR5-USING
V962939 2 095V L gy (orvas 4SS G jl gt
PAdges ol (295 Y )3 (95 So g Glaiz Y 5 gy
&5 L) sl oad plol s )L g o255 L 4S50
33 pels Cauxdge 1 )3 39390 (slaaielinwl (+/0 (55l
olg=s an o (A5 5L 5 (V3) 5] (g sy et pow ail>
Al bl ond 485 )15 3 cuas 4S5 (slasdgyg
By jl Ll ol Jgl coigid (i Gl slp 4Sud Ul

s I3 y95 31 £93 gt i 5D (ol

Comlis 9 (5519 oo gyl (B3 ¢ Sl 2 305 ¢ ylnbizy 12 )lre ol s (T @95l (bt (S99 35508 duanylio 1€ Jga

sl 9 e (b cds Jho g iyl
7 a8 g - 7 ONY Y.of [¥a] Bcepred
- - - YA Yool [6-]CEP
A R7Ax YA - - YeoA [61] DiscoTope
75N YA NZA YARYA 7 A¥ YeoA [aY] ElliPro
- - - YN y..q [av] Epitopia
7 EYIA 7 5400 - - y..q [a¥] EPCES
7. OA YA - - y..q [05] SEPPA
- - - 7 09/) Yoy [00] EPSVR
- - - - Yoy [600] EPMeta
AR YA - -[5YY Yo [aY] Bpredictor

v Journal of Health and Biomedical Informatics 2018; 5(1):56-69


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

g Lo e, syl g5lwjlien 5I[5V] Paratome
ol %0 Sl 4 bl oo odlizl o] (g lisle lacalus
3Ll pow Ji5lo b (glaisolinsl g5 dumlia b 59,0
oty 4o edd a3l ool o sl b a0
29ty iz D31y o 03l Ly Jlasl (2o
Fx e Jlail (55 s sl [PY] PrOABC
Ol 4o L8 0 g opl ] 48 )S Coss w1y Sl
M) Jalss g5 bl 2 dipol izl y sl Jlazs! i
O Ml SOl Ml ¢ 59,00 Sigey St |
Lo g (ol 0y ool o5055) o slodl 59 9 ( JLa!
)L (53ljliton 5l joSde yopug 93 ABbi e 5 (52,2
I 3 ol Bpeen o (ot slr I ilejlen b
B Gl eSS 5> dton e slayina W 4 & Cul
(bS5 Sle Mol ay (s o> puis ey 9) GBIl
Krawczyk §3J .cous Job b8 i (o5l yion 5l oolizwl
L3g9e5 Byme |y, Antibody i-Patch jg,. g oS 4
bl iolgen sl Sl (jlten (slo 4 gy cnl 5
30l 35 o5 4y Lindipal ol sl Jlats] s (51, o
sl ilwdse b jg oy ool (538> Sl & ol 0l
OielS 0yed ol g Slgen gy & Jaidyge g3k ]
a0 s Joles ol 5> dielil Slgli3 (ol ) aiselisus
CDR (g5 dialiol y d 298 00 s 05 (g9
3= [P¥] oy Sa g ASHH om0 olazs] 3gs Lawly jLiel
51 G G 3o ot e sl 2 e o0,
3 onlaial L jass j90 o i 250, dlaiui 551 9 o0b
ol Cuwd 4y JIgp dsgame (g9) 1 98] ST (g3l o
3 odel s 4 gl s Jols HIV Lugpg a0 03¢l jlews 5|
VY (Siimod oo Sl 52k 3 Y (59) 2 oy o)

e ) 0 Jodo (398 (sl by) dualiie gl 2l oo

ool il 3o sl o
9 [0] ghlSen 5 03lj,allo 5 [OA] (LS 5 (6390x0
9 4aYdix (ypewy (ewas 4w jloolitel b glie 3uiow
o any oSy iSNgl PH g gl (Shg 90 5) 6650
OLS ol 2 8l (osegd (sless ) asal sl s
sl ool Bl yuito (g 5l (opas a8 5 U2j0l sl
L 5lg5) e ela ool 5l g (Cuto acgoa) DNA 15
aS Hlin L ¢ pizron .l 0003 )5 oolitw] ( aie de goxe)
S 7253 0953\ ag3909 Y )3 (393 VI Jold ¢ e
OB9y A4S Al (293 Y 3 095 Vg ey 4Y 9
3 5 48 Bigmel (sl sl 00335 e s g (0]
il gy il ol 05 03kl Ut L] Ly o g5
b s VY (Sig g Camlas 4
Sl e (09 [P ] oS 5 (s 50> Lo
Soslatl LHIV 1 550 clavools 5l s 5 25
ol Gilisen  So ¥ S 5 5l ey ol o 45 48] SVM
13 Lnatoal il (Soloaads (65l 13 dixal ol 535 Jlas!
5 oolisl (285953 00265 (55 (sl gl 5 I
i) e Slaan da oy (Byme b 398 B9, «&dly
9 SMA: cpslas G HIV 1 550 clagorly o]
Cawd JASIY + e8> o JANYR Cato s i o3| AQ/ES
Ll a8l
glol L aails (hisel (sl &y bl Baios 93 )3 (s 5
bl b b o5 (Bl il (lacaS 5l ki
515 (HIV See) a5 390 551 L Jales L6 sl
4l 0l o3l b0l anadl 4 cliie JlSbo b ol
s Wi ((gjlwJae Lab s edls 4 a5 bl 5 ol
W) lis 363 5l gy sl CBd 4 Wilgs
)9y iz 098 Ted S8 Loghl e b bl
2oy (Jlie lgie do ddl oo (poyiod 3 kb Oy

Cumolwss 9 (5319 Canlo (st yba (B3 ¢ Shuansod a3 (iunigy (510 )lro (bl 2 B 63 T U8 Ly gl iy (SS9 35S duunylio 20 Jgo

A% A% - - Yoo [09] W ool lgl
YARE N YArs 76 Yoy [#y]Paratome
7 A 7 AY 75 7 A Yoy [¥¥]ProABC
7 Q¥ - as - Yoy [sv] Antibody i-Patch
7 AIA ALY 7 ANV 7 asly YN0 [Fe] o)Kom g ohe
S 45 g Cou
Journal of Health and Biomedical Informatics 2018; 5(1):56-69 ht


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

Y g La sl Hbalw o i (ogad ) Cilisee guio V)
4.y ool ol b o die) 5> Cilisee xuie
el (Hopie ohe) Ve 0 Sdee ¥ g 53 (Jbe plgis
ot U590 (2hlS D Jgia 53 comizman 5 baj ]
awolio S0 S L Cumlus 9 Shg et (suy i «BD
9 (=S 329 B )y ik dguh oo 0ddlie 45 el lan LA
4 a5l ool dwoie sy otel cand 4y ol
ZNSIY ([ov] Epitopia) ZAAY el oyl e o5 )5
S5 ol (ov] ENiPro) Zs-/y 4 ([ov] ElliPro)
i LAY CB L[] e g slue gy &S ]
S e ZMNVIA Gl 9 78IV (S hg JANY Cote
asls Lo ool 1 ksl o i sla by, 4o le 1)

Ll
sl i b alaly ) Jatae 5udos 68T oS bl )
2l oo i gl ol 00t plol JUglS gige (slagsdly 3]
9§ 5380 Oylie 4 bl iSudel Yl dlse cpl )
5 —alizee gloil (sls ay a S uoly L [F0 ] o)L
53l 5l s g e (3l oal sl (sl uSlieS
L 5 e L) 3,50 50080 b o5 BB slongsol
o3l g 5jg0l slagSIl calus ol 331 b s 3 ol 4 2905
Lo ool 5l 3gae dass cdigoj ol )3 (60 LS ol
o=l Wil Slb s Jsbo (sbooss 1S 5 550 onbaslis
M gl du ol pae 1> 4 SVM sndil wdls
Ohig—el bl g e Cuto (Slo WS )5 (390 (cloaiges
slaasS i b duolio gyt d,las oS (sladiges dlawi b
=l slagler palae g ol yw (1938059, 1) 4 4295 L
0l ds Miadin 5 olaid] sla lo)d Cuowo 4 lads g
JUglS 5ge slasab gl oalizl w2 o) g5 el
UM ‘L‘bd)L‘fu—:j &9 ol Mg 3 pl5 (gl il e
Jools o aa g L aol Jlis b (e ol o] 5L
i 95 ploxl ol 2 )38 ,3b (sl g3l 1 b eogepo 551
Jols slacolo o lp 39290 Sl gy dlie nl )
edb o ojthela sl g ple cb o B oulis
alio claodl 5T )il gw yiw (sl 0d 031 dxwes

Lo Ol Jold muasilio S50 0,5 (o &5 j5b e
e 0250 5 9 e A o b allio ] )3l ol
Loty glgl 5l ol (qwyp & 03,5 (o disej ol
o9 oLl slouSlieS” Lol (slacales sty
2,5 &)l

J-B by @ ol (gl aliione gl (e lsie &
el sl SleMb! 1ol slacoles iie 5 Josb
a8 0 ooy L aiej ol jd Calisie o V¥ oy 4 pols
S B3 dguo el ol Hlid e cleMb I sl b
ol 03¢s yuso 55 ([A]Abagyan , Bordner  jbg,) ZA+
sl daib 0 53 2) LSy Gl )l (etle (inen
kb sl el 5l ookl by ol elbcgl i
9 l_lbua.fas).’ )l Lg)tw dl); L,’.:La.'? OleMb| ‘d" d9>9 l; Dy
Jolei glacolin (o yiam (gl 10 il o Ly yiwd
sl g5 SleMbl 1 osliiuwl b s g uop
095U (9335t gl yg ooy g Koy clapy S o]
W85 )18 sy 290

Colo by clie () Gl O Jg )3 ¢ Jlie plyie &
o4 a3, [Y+ ] GOUGH 4 BOCK Lawg s oy yigo oS
23S g gy Ve 3 Slas F Jodo 53 (piomen ol
Hoslsl L o) (g = cniap Jolos slacal (dmpsins
Jols Giliseo (b)) (slyline olusly (diel (slotsasl JIgs
odnlie 45 jobo lon .l i duslie ,S5055 b canolus
05 9553 slasby) ol 5 (Shg B3 iy A
29— <9) YAXIIN oy a glad e aleMbl 5l oolas!
{[YA] PPI-PRED 4, wg) 7%Y5 ([Y0] meta-PPISP
9 w9) 25+I¥ o ([¥+] SPPIDER 9, s ) Z5YIV
S o5 ol ([Y+] SPPIDER

(Jols slacolo (Swpin oby) onlb cdd 4 gl
53 2loages W enb 5l g a5 5] 5o (sl bdlor i yiw
~ 0o Sl Sl Ubjasl sl 4 i) 65 0l
e 48ud & bagye (sl 5 b by ol e (oo

Y Journal of Health and Biomedical Informatics 2018; 5(1):56-69


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

Jg‘ D)Lo.«.:? ﬁrgbw 0,93 dyay )LQ;}

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

SVM aoaib jleslatwl adib e 0l ol o581 S b
23,5 iy yolate ol (sl

References

1. Oldham RK, Dillman RO. Monoclonal antibodies in
cancer therapy: 25 years of progress. J Clin Oncol
2008;26(11):1774-7.

2. Abbas AK, Lichtman AH. Cellular and Molecular
Immunology. 9th ed. Canada: Elsevier/Saunders; 2017.
3. Scott AM, Wolchok JD, Old LJ. Antibody therapy of
cancer. Nat Rev Cancer 2012;12(4):278-87.
4. Ofran Y, Rost B. Predicted protein-protein
interaction sites from local sequence information.
FEBS Lett 2003;544(1-3):236-9.

5. Keskin O, Tuncbag N, Gursoy A. Characterization
and prediction of protein interfaces to infer protein-
protein interaction networks. Curr Pharm Biotechnol
2008;9(2):67-76.

6. Zhou HX, Shan Y. Prediction of protein interaction
sites from sequence profile and residue neighbor list.
Proteins 2001;44(3):336-43.

7. Fariselli P, Pazos F, Valencia A, Casadio R.
Prediction of protein--protein interaction sites in
heterocomplexes with neural networks. Eur J Biochem
2002;269(5):1356-61.

8. Koike A, Takagi T. Prediction of protein-protein
interaction sites using support vector machines. Protein
Eng Des Sel 2004;17(2):165-73.

9. Bordner AJ, Abagyan R. Statistical analysis and
prediction of protein-protein interfaces. Proteins
2005;60(3):353-66.

10. Wang B, Chen P, Huang DS, Li JJ, Lok TM, Lyu
MR. Predicting protein interaction sites from residue
spatial sequence profile and evolution rate. FEBS Lett
2006;580(2):380-4.

11. Chung JL, Wang W, Bourne PE. Exploiting
sequence and structure homologs to identify protein-
protein binding sites. Proteins 2006;62(3):630-40.

12. Nguyen MN, Rajapakse JC. Protein-Protein
Interface Residue Prediction with SVM Using
Evolutionary Profiles and Accessible Surface Areas.
Symposium on Computational Intelligence and
Bioinformatics and Computational Biology; 2006 Sep
28-29; Toronto, Ont., Canada: IEEE; 2007.

13. Dong Q, Wang X, Lin L, Guan Y. Exploiting
residue-level and profile-level interface propensities for
usage in binding sites prediction of proteins. BMC
Bioinformatics 2007;8:147.

14. Li N, Sun Z, Jiang F. Prediction of protein-protein
binding site by using core interface residue and support
vector machine. BMC Bioinformatics 2008;9:553.

15. Liu B, Wang X, Lin L, Tang B, Dong Q, Wang X,
Prediction of protein binding sites in protein structures
using hidden Markov support vector machine. BMC
Bioinformatics 2009; 10:381.

Sl BLS B 3l (e 551 iz b S 2 50 D)

5t l3y95  JUglS ige (slaioob il sl s
ol B L o azslids (clagoly 5T shiws Y gans a5 Lol

16. Sikic M, Tomic S, Vlahovicek K. Prediction of
protein-protein interaction sites in sequences and 3D
structures by random forests. PLoS Comput Biol
2009;5(1):e1000278.

17. Chen Y, Xu J, Yang B, Zhao Y, He W. A novel
method for prediction of protein interaction sites based
on integrated RBF neural networks. Comput Biol Med
2012;42(4):402-7.

18. Li BQ, Feng KY, Chen L, Huang T, Cai YD.
Prediction of protein-protein interaction sites by
random forest algorithm with mRMR and IFS. PLoS
One 2012;7(8):e43927.

19. Hwang H, Vreven T, Weng Z, Binding interface
prediction by combining protein—protein docking
results. Proteins 2014; 82(1): 57-66.

20. Bock JR, Gough DA. Predicting protein--protein
interactions from primary structure. Bioinformatics
2001;17(5):455-60.

21. Yan C, Honavar V, Dobbs D. ldentification of
interface residues in protease-inhibitor and antigen-
antibody complexes: a support vector machine
approach. Neural Comput Appl 2004;13(2):123-9.

22. Res |, Mihalek I, Lichtarge O. An evolution based
classifier for prediction of protein interfaces without
using protein structures. Bioinformatics
2005;21(10):2496-501.

23. Ofran Y, Rost B. ISIS: interaction sites identified
from sequence. Bioinformatics 2007;23(2):e13-6.

24. Chen XW, Jeong JC. Sequence-based prediction of
protein interaction sites with an integrative method.
Bioinformatics 2009;25(5):585-91.

25. Goffard N, Garcia V, Iragne F, Groppi A, de
Daruvar A. IPPRED: server for proteins interactions
inference. Bioinformatics 2003;19(7):903-4.

26. Neuvirth H, Raz R, Schreiber G. ProMate: a
structure based prediction program to identify the
location of protein-protein binding sites. J Mol Biol
2004;338(1):181-99.

27. Chen H, Zhou HX. Prediction of interface residues
in protein-protein complexes by a consensus neural
network method: test against NMR data. Proteins
2005;61(1):21-35.

28. Bradford JR, Westhead DR. Improved prediction of
protein-protein binding sites using a support vector
machines approach. Bioinformatics 2005;21(8):1487-
94.

29. de Vries SJ, van Dijk AD, Bonvin AM. WHISCY:
what information does surface conservation yield?
Application to data-driven  docking. Proteins
2006;63(3):479-89.

Journal of Health and Biomedical Informatics 2018; 5(1):56-69 "


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

OlSed g guus

93— 63U T (o SIS’ Jolad syl (Sl SRS, » ()90

30. Porollo A, Meller J. Prediction-based fingerprints
of protein-protein interactions. Proteins
2007;66(3):630-45.

31. Kufareva |, Budagyan L, Raush E, Totrov M,
Abagyan R. PIER: protein interface recognition for
structural proteomics. Proteins 2007;67(2):400-17.

32. Murakami Y, Mizuguchi K. Applying the Naive
Bayes classifier with kernel density estimation to the
prediction of protein-protein interaction  sites.
Bioinformatics 2010;26(15):1841-8.

33. Huang J, Deng R, Wang J, Wu H, Xiong Y, Wang
X. metaPIS: a sequence-based meta-server for protein
interaction site prediction. Protein Pept Lett
2013;20(2):218-30.

34. Liang S, Zhang C, Liu S, Zhou Y. Protein binding
site prediction using an empirical scoring function.
Nucleic Acids Res 2006;34(13):3698-707.

35. Qin S, Zhou HX. meta-PPISP: a meta web server
for protein-protein interaction site  prediction.
Bioinformatics 2007;23(24):3386-7.

36. Aloy P, Russell RB. InterPreTS: protein interaction
prediction through tertiary structure. Bioinformatics
2003;19(1):161-2.

37. Dominguez C, Boelens R, Bonvin AM.
HADDOCK: a protein-protein docking approach based
on biochemical or biophysical information. J Am
Chem Soc 2003;125(7):1731-7.

38. Schneidman-Duhovny D, Inbar Y, Polak V,
Shatsky M, Halperin I, Benyamini H, et al. Taking
geometry to its edge: fast unbound rigid (and hinge-
bent) docking. Proteins 2003;52(1):107-12.

39. Comeau SR, Gatchell DW, Vajda S, Camacho CJ.
ClusPro: an automated docking and discrimination
method for the prediction of protein complexes.
Bioinformatics 2004;20(1):45-50.

40. Tovchigrechko A, Vakser IA. GRAMM-X public
web server for protein-protein docking. Nucleic Acids
Res 2006;34(Web Server issue):W310-4.

41. Mashiach E, Schneidman-Duhovny D, Andrusier
N, Nussinov R, Wolfson HJ. FireDock: a web server
for fast interaction refinement in molecular docking.
Nucleic Acids Res 2008;36(Web Server issue):W229-
32.

42. Lyskov S, Gray JJ. The RosettaDock server for
local protein-protein docking. Nucleic Acids Res
2008;36(Web Server issue):W233-8.

43. Singh R, Park D, Xu J, Hosur R, Berger B.
Struct2Net: a web service to predict protein-protein
interactions using a structure-based approach. Nucleic
Acids Res 2010;38(Web Server issue):W508-15.

44. Macindoe G, Mavridis L, Venkatraman V,
Devignes MD, Ritchie DW. HexServer: an FFT-based
protein docking server powered by graphics processors.
Nucleic Acids Res 2010;38(Web Server issue):W445-
9.

45. de Vries SJ, Bonvin AM. CPORT: a consensus
interface predictor and its performance in prediction-
driven docking with HADDOCK. PloS one
2011;6(3):17695.

46. Jimenez-Garcia B, Pons C, Fernandez-Recio J.
pyDockWEB: a web server for rigid-body protein-

protein docking using electrostatics and desolvation
scoring. Bioinformatics 2013;29(13):1698-9.
47. Resch W, Hoffman N, Swanstrom R. Improved
success of phenotype prediction of the human
immunodeficiency virus type 1 from envelope variable
loop 3 sequence using neural networks. Virology
2001;288(1):51-62.

48. Chen J, Liu H, Yang J, Chou KC. Prediction of
linear B-cell epitopes using amino acid pair
antigenicity scale. Amino Acids 2007;33(3):423-8.

49. Saha S, Raghava GP. Prediction of continuous B-
cell epitopes in an antigen using recurrent neural
network. Proteins 2006;65(1):40-8.

50. Kulkarni-Kale U, Bhosle S, Kolaskar AS. CEP: a
conformational epitope prediction server. Nucleic
Acids Res 2005;33(Web Server issue):W168-71.
51. Haste Andersen P, Nielsen M, Lund O. Prediction
of residues in discontinuous B-cell epitopes using
protein 3D structures. Protein Sci 2006;15(11):2558-
67.

52. Ponomarenko J, Bui HH, Li W, Fusseder N,
Bourne PE, Sette A, et al. ElliPro: a new structure-
based tool for the prediction of antibody epitopes.
BMC Bioinformatics 2008;9:514.

53. Rubinstein ND, Mayrose |, Martz E, Pupko T.
Epitopia: a web-server for predicting B-cell epitopes.
BMC Bioinformatics 2009; 10: 287.

54. Liang S, Zheng D, Zhang C, Zacharias M.
Prediction of antigenic epitopes on protein surfaces by
consensus scoring. BMC Bioinformatics 2009;10:302.

55. Liang S, Zheng D, Standley DM, Yao B, Zacharias
M, Zhang C. EPSVR and EPMeta: prediction of
antigenic epitopes using support vector regression and
multiple  server results. BMC  Bioinformatics
2010;11:381.

56. Sun J, Wu D, Xu T, Wang X, Xu X, Tao L, et al.
SEPPA: a computational server for spatial epitope
prediction of protein antigens. Nucleic Acids Res
2009;37(Web Server issue):W612-6.

57. Zhang W, Xiong Y, Zhao M, Zou H, Ye X, Liu J.
Prediction of conformational B-cell epitopes from 3D
structures by random forests with a distance-based
feature. BMC Bioinformatics 2011;12:341.

58. Mahmoudi M, Khademi M, Mirsalehi M,
Taherzadeh-Sani M, Azemi A, Naghibi MB.
Determination of effective structures of antibodies in
binding to DNA using artificial neural networks.
Iranian Journal of Basic Medical Sciences 2004,
6(4):315-22. Persian

59. Taherzadeh M, Mirsalehi M, Khademi M,
Mahmoudi M, Naghibi MB, Azemi A. Usage of the
genetic algorithm and multi-layer perceptron to predict
effective structures for antibody binding, Amirkabir
2004; 33(1). Persian

60. Abdi M, Saadatmand-Tarzjan M, Taherzadeh M,
Haghparast A. The new algorithm for for determining
antibodies effective to HIV wusing support vector
machine. 1st National E-Conference of Technology
Development on Electrical, Electronics and Computer
Engineering; 2015 Feb 15; Mashhad: Ferdowsi
University of Mashhad; 2015

4 Journal of Health and Biomedical Informatics 2018; 5(1):56-69


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

Jol 8 )lowd o2y 8,93 YAV o

S 3 S § 9 Sl Soilo 59851 alomo

61. Kunik V, Ashkenazi S, Ofran Y. Paratome: an
online tool for systematic identification of antigen-
binding regions in antibodies based on sequence or
structure. Nucleic Acids Res 2012;40(Web Server
issue):W521-4,

62. Olimpieri P, Chailyan A, Tramontano A, Marcatili
P. Prediction of site-specific interactions in antibody-
antigen complexes: the proABC method and server.
Bioinformatics 2013; 29(18): 2285-91.

63. Krawczyk K, Baker T, Shi J, Deane CM. Antibody
i-Patch prediction of the antibody binding site
improves rigid local antibody-antigen docking. Protein
Eng Des Sel 2013;26(10):621-9.

64. Asti L, Uguzzoni G, Marcatili P, Pagnani A.
Maximum-Entropy Models of Sequenced Immune
Repertoires Predict Antigen-Antibody Affinity. PLoS
Comput Biol 2016;12(4):e1004870.

Journal of Health and Biomedical Informatics 2018; 5(1):56-69 A


http://jhbmi.com/article-1-230-fa.html

[ Downloaded from jhbmi.com on 2025-11-05 ]

Journal of Health and Biomedical Informatics
Original Article Medical Informatics Research Center
2018; 5(1): 56-69

A Review of Prediction Methods of Interaction Sites of Antibody-Protein
Complexes Based on Artificial Intelligence

Abdi Marzieh!, Saadatmand-Tarzjan Mahdi?*, Taherzadeh-Sani Mohammad?,
Haghparast Alireza*

* Received: 21 Sep, 2017 * Accepted: 1 Mar, 2018

Introduction: Cancer is one of the most important health issues in the current and next centuries.
Understanding the mechanism of interaction between antibody-protein residues is essential for
designing targeted anticancer drugs based on monoclonal antibodies. Prediction of the effective
structure is the first step for production of monoclonal antibodies.

Methods: This paper is a systematic review of the state-of-the-art researches on prediction of
interaction sites and specification of antibody structures. Artificial neural networks or web servers
are frequently used for evaluation of interaction sites while some researchers have employed
evolutionary algorithms for prediction of the effective structure of antibodies. Accordingly, 14
methods based on the protein spatial structure, 28 researches based on the molecular amino-acide
sequence (without usage of the spatial structure), and 18 antigen/antibody structure prediction
techniques were reviewed.

Results: We demonstrated that the accuracy of structure-based methods can be increased up to 80%
while the acuracy of sequence-based methods was rarely better than 75%. Since the spatial structure
of many antibodies is unknown, some researchers raised the accuracy (even to 96%) by only
antibody sequences able to interact with some similar antigens in training neural networks.
Therefore, we suggest this approach for structure prediction of monoclonal antibodies because of its
adequate high accuracy.

Conclusion: In this paper, after reviewing available methods for prediction of antibody-protein
interaction sites, some suggestions were made for effective prediction of structure of monoclonal
antibodies.
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