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Abstract

Background & Aims: Antibodies, well-known as immunoglobulins (Igs), are produced by B Keywords
lymphocytes and specifically defend against pathogens. Igs are glycoproteins and have high B-Sheets,
diagnostic value in several diseases including infections (1). Igs are composed of light and

heavy chains (2, 3). Each chain is comprised of about 110-120 amino acid residues which Human IgG,

create immunoglobulin folds named domains (4, 5). Domains play an important role in Igs Immunoinformatic,

biological functions. Every domain is included of two anti-parallel B-sheets. B-sheets play an
important role in epitope formation because most of the epitopes are located in B-sheets (6, 7). Epitope
Epitope/ antigenic determinant is a part of antigen recognized by antibody (8). For precise
detections of Igs, diagnostic tools such as Igs- epitope specific monoclonal antibodies (MAbs)
are needed (11). Therefore B-sheets are valuable tools in detection of proteins epitopes.

IgG is the highest Ig in serum and has vital role in defense against infections (12). For
optimizing current IgG diagnostic tests, accurate determination of IgG-specific epitopes is
extremely important (18). Immunoinformatic is a branch of immunology uses a large amount
of computer-generated biological information to solve immunological problems and diagnosis
of diseases faster and more accurate (19-21). Immunoinformatic has spread to almost all areas
of immunology and has exceedingly facilitated understanding of immune responses and their
role in disease and health. Accordingly immunoinformatic has provided novel research
opportunities to study the molecular mechanisms of immunological processes and related .
d?srz:ases and thus pro}\]/ide more effective diagnostic and treatmerglt straIt)egies (24-26). As B- Received: 03/09/2022
sheets play an important role in epitope formation (6, 7) and immunogenic epitopes are very Published: 05/11/2022
useful tools for production of specific monoclonal antibodies against a molecule (11), we

conducted this research for recognition of human IgG B-sheets with immunoinformatic

method and study their compatibility with IgG epitopes.

Methods: The confirmed amino acid sequence of reference human IgG was determined with

PDB data bank in http://www.rcsb.org/pdb/home/home.do web site. The second structure of

human IgG was obtained with Phyre2 (Protein Homology/analogy Recognition Engine V 2.0)

software available on the http://www.sbg.bio.ic.ac.uk/phyre website. The location of B-sheets

and epitopes in IgG was determined by the IEDB (Immune Epitope Database) at

www.immuneepitope.org. Website.

Results: Figures 1 and 2 show the second structure of light and heavy chains of the human

IgG molecule, respectively, obtained by phyre2 software. The IgG light and heavy chains

second structure consists of alpha spirals and B-sheets.

Figures 3 and 4 show the location of B-sheets in light and heavy chains of the human IgG

molecule obtained by IEDB software.

Most of the B-sheets in IgG molecules were located in 150 - 175 amino acid sequences of

light chains and in 130-140, 160-170, 190-200, 220-245, 375-410 and 420-425 amino acid

sequences of heavy chains respectively as was determined by IEDB software.

Three epitopes sited to constant domain of IgG light chain (CL) were predicted. These epitopes

were located at 150-175 and 180-205 amino acid sequences of light chain. Also three epitopes

situated to second and third constant domains of IgG heavy chain (CH2 and CH3) were

predicted. These epitopes were located at 200-270, 290-360 and 380-400 amino acid

sequences of heavy chain.
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Based on the results of present study, 66% of human IgG light chain epitopes and 66% of
human IgG heavy chain epitopes are situated at the IgG B-sheets locations. Also in present
study, 91% of the amino acids forming B-sheets sited in the heavy chains of IgG molecule
were located in the CH2 and CH3 domains and 100% of the human IgG heavy chain epitopes
were located in the CH2 and CH3 domains

Conclusion: According to the results of this study, most of human IgG epitopes are located in
regions of the molecule where B-sheets are most likely situated, indicating a relatively high
compatibility of B-sheets with IgG epitopes.

Given that the B-sheets present in the second structure of proteins play an important role in
epitope formation (6, 7), the occurrence of most human IgG epitopes (66%) at the location of
B-sheets seems evident.

Moreover, according to the findings of the present study, a total of 91% of the amino acids
forming B-sheets sited in the heavy chains of IgG molecule were located in the CH2 and CH3
domains and 100% of the human IgG heavy chain epitopes were located in the CH2 and CH3
domains. This again indicates the high compatibility of B-sheets with epitopes located on the
heavy chain of the human IgG molecule.

The findings of our study are confirmed by Hajighasemi et al. study (31). In study of
Hajighasemi et al. (31), about 91% of the linear epitopes located on the heavy chains of the
IgG molecule, were situated in the CH2 and CH3 domains. Similarly, in our study 100% of
human IgG heavy chain epitopes located on CH2 and CH3 domains.

Also the results of present study are confirmed by another research (36) in which all (100% )
of spatial epitopes on fragment of crystallizable [Fc] component (part of heavy chains) of the
human IgG molecule were located in CH3 and CH2 domains as were identified by DiscoTope
and ElliPro immunoinformatic softwares. Similarly in the present study, 100% of IgG heavy
chain epitopes were located in the CH2 and CH3 domains.

Moreover the results of another study performed by Rohani et al. (37) support the findings of
current study. Rohani et al., reported that most of the areas with highest surface accessibility,
hydrophilicity and flexibility, were situated in CH2 and CH3 domains of human IgG heavy
chains. (37). According to our results, most of B-sheets are located in the CH2 and CH3
domains of human IgG heavy chains. As B-sheets are regions with high accessibility,
hydrophilicity and flexibility (6), presence of most B-sheets in the CH2 and CH3 domains
which are reported to be highly accessible, hydrophilic and flexible ( 37), is reasonable.
Furthermore, the high immunogenicity of B-sheets (39), once again confirms results of the
present study. As immunogenicity plays an important role in epitope development, the high
adaptation between the location of B-sheets and epitopes ( shown in our study) which both are
highly immunogenic, seems logical.

Besides since B-sheets play an important role in epitope formation(6, 7), the high
compatibility between location of B-sheets and IgG epitopes ( shown in present study) seems
sensible.

Overall, presence the most of B-sheets and IgG epitopes in CL, CH2 and CH3 domains of
human IgG, shows the high compatibility between location of B-sheets and epitopes in human
IgG. These findings are precious tools not only for prediction of IgG immunogenic epitopes
in order to producing specific monoclonal anti IgG antibodies to optimize current human IgG
diagnostic kits but also for more exact detection of IgG functions. Moreover our results are
helpful in producing of similar proteins for diagnostic and therapeutic aims, structure- function
relationships and phylogenic studies.

Conflicts of interest: None
Funding: None

Cite this article as:
Rohani S, Hajighasemi F. Compatibility of B-Sheets with Epitopes Predicted by Immunoinformatic in Human
IgG. Razi J Med Sci. 2022;29(8):166-177.

*This work is published under CC BY-NC-SA 3.0 licence.

YA

http:/rjms.iums.ac.ir VPO OLT A osles Y8 6,55 15jl) Sl js ogle alan



https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

“10) 3)ls d525 )l (gme bLII Sste Sloalor
Sl Jlo,y95 0 o B caid b))l 5l TgG 1ALV
IgG ca s sloge;l g5l aige slp (VY OF)
ool JHEG —olaiBl o 05 (ol 3555 (s
Sl ysiilgigasl (VA) Eal s 55 (o oalall 353
ok p> 5l a5 Sl (Siglgigenl s Sl ol a2l
Sy Fgeals 30 00 (5551 0,5 iy DMl
s 40,5 ool Syjglsigas] AL e
OB S oSS glow yge g oy
oK —isle 3l lgie 4 JanalS 5l Sile gailgigen!
e Olagss 5l ol sl ools g 00,5 cola
Gl alipbg sumainol) JaowlS jooad 0,53
Y, YV)aS o g9lS ools 55001 (5590l S
sl gl ojem IS o Lyl Sl jgailgigal
Gl g by 5 Bres S0 4 g il oy S e Ll
03,5 SaS Do g g los o LT 5 5 1
R SR s SRR sl B ple (ol
I9e Gl 5 BB a i 5 CSlb
e 5o g b ye Glanslen 5 Gigsel sloaisl
YF2) el 0505 pald 15 ige ooy sla Sal, al,|
(V¥

allls iz by oSes 5 coals >
126G ade JUslSgie sleeol (5T 0dgs b piulej]
sk 51 ST s—ir 5 S > Ol
dgiao] (—ol—aiSl Slegsinl 5530 JUslS ge
L ol 186G (leudS 05 b (35" dacusgllg
5 ol >l Clllas ;o (YV-Y4) wlos 57 8 ym0
186 SledS 0 don (polaizl Cotnl e o e
oW ) (—el—atsl (o oyl 93 5 (V)
s 5 e ldllas jo .ail oo B8 ee (Y+)IgG3
i3y ol sl W25 L 18G s La 13 Glap g
CH3 5 CH2 (slginogs Sl a5 IgG JsSsa Fe
(¥ 5 Y2) wlosgs ouds adly cloe

5 enls 2> Lo g oal Jam axlllas S0
Oyt « IEDB 1381 o 5 5l oolazul b (YY) )],
sl aslowl st o (Ll IgG s slac g
S oyl ) Sl g 0 VYO LS VE
3O Oeiored A0y ooy #8lg [Constant Light (CL)]
2l ot o ol 7Y Lyl «e5ie anlllas

194

o 5 Slagy Mg

dodio

immunoglobulins L *JgslSsisel) b ol ]

2l e g golas! glbs Lol sl 5l (S (Igs)
JelaTgs (V) Wgyn e 4 6K Jalse
9 S oo jlg ad by (Gutig SIS
5 RS e (YY) wloat LS S
Sl g yeiite (g I e 5 S oo
Jsb 0 JS& (59,5 03,55 (e slaaxly 5l g wiina
0 il oot S5 el 0 VY NN e i
g oo 03xel (Domains) ydgselS gigasl (sl yrngo
Sl Lo 03,93 (e Sloio 5l Y 90 5l (negssn
53 ganlis 6loe oy b oy T U A
30 g (60 b S lawgr Y g0 ol cnl oalls
Sl 1 i (B ¢ F) wload aLsls 455 oa LS
2 p9d Sl siad oo JSi5 | Leintig p pgo
310 o1 Se5elsm slod Slas )0 (coge GBS (g
P 39zge slo g 21551 wzge Slalllhe b
S Ly Slmio )0 bl gigesl alox l ot
518 18 e wledsge cnl pgo Jslwjl 23>
555 il sloml 1o age ki Ly Bl 1l
Sy il Ghlie G35 5 bl 5 5 (V o 9)
a5 Sl s (g n 200 (9 05 ()
JL RN TNV SV WO 4] PN I V-V W L= W

slaJole 055 ol s G sla (g, b aslis
oSy pow Lo Coles jo9 pgo JLSLo 4L o B

05 S g0 5l (it 095 (ol b (5,15 Al
(Nsg—ivn ol gob T by a8 ol
il asesls Josge S (oliatsl g G:8s anse s
Yo (Sis 5 Combem Gl polasl glubs ol
(e Q) aib oo JUsglSge slagol (5T alas
—ol—azsl JbglSgie sleaol (ol anly cq>
Oipgml Slesin! et (JoSge Sy oaiS olulis
St g i (V) Cew latedgw lews
o 0 e B0 lgSdge a5 Igs 5.80
ool s ol o il 55 s 6l oty v
(s 00255 ol ax b asel glaaw | o S
olesT il a8 Wl oas gl L Tgs oS gy
g G (V7)) e 1(I26) G el g29lS giganl o oo
5 el B Jeld 5l (piz Dol 5 o 186


https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

18G JgSg0 1> Silojgiilgigeul bawgs 00 (s i slaogi ol b b lxino Gubas

Diloads JuSas Lo Slas o W slags b 5l g
Soyany o Ly Slxio (65,18 Jowo fyund =Y
oKL sl eolawl b Ll IgG JoSg0 (S 9 S

(Immune Epitope Database) IEDB ools

5 So o oy jo by Slio 625 )8 Joe
oli.sl.: )‘ oolai__l L: QL..M;‘ IgG Jﬁsjﬁ"’ U'“i‘_“"
J—d =, ol eyl 0 IEDB eols
(Y0 YY) ol ey www.immuneepitope.org

Sleslawl b il IgG slocgin) sw i -
Database oL, L, ,> 35> 9o Bepipred 1381 5
(IEDB) Epitope Immune

G odgnslS gl Js¥9e slocsin! o i
oL o 95250 Bepipred 158l o 5 5l oolasw! b ol
J—d  —, | el o IEDB
.2 plil www.immuneepitope.org

lpaisly

O 5 S (sloo poz p9d LSl (e )
phyre2 18l o5 bawgs (Ll 1gG JsSUge

Sloo iy p9d LSl i F 4 Vo) sla s
s oo iy (Ll IgG JoUge (S 5 S
Sl il odel cuw s 4y phyre2 158l 6 55 Lo o5 oS
ol o S by Sl 5 WT gla g Lol pgo

o iy yo Ly Slxio (6,25 )18 Jove (s oY
oL 5l eolaiwl b (Ll I8G J5Sg0 (2Sims § S
IEDB osls

SrS 3 e Jlai) i s ¥t sla UK
186G JsSga oo 5 S (5lio 253 53 by Slonio
oals oL 1 eolaiwl b aS s oo lozi |y ol
Lol 00wl Cuwss IEDB

Slaal wgh oo otali s VS (o a5 aisS len
Ot &S Ol g6 JsS50 Soms (50 20 S
0yl 0gzg ol o L Olxa o (5,518 Jleis
Ly 000,13 WO B0 sloarwlou—ul osgamae
ol cwlasl cpl 4 by e (Score) jloel oy 5YL
o iy (Constant domain) o U pego jo dd lais
Lol 00l 28ly S

http://rjms.iums.ac.ir

CH2 sl (o9 )3 128G JsSUge (S sloo o
o090 50 el b g ol 0 g o il 1,3 CH3,
lenags 45l & 4355 b (T)) wiogs 48,8 1,5 CH3
s Lo Ol g wil ool S b Sla o )
sloacgnl o (V&) o)l cainl sloul jo cepe
B g gz saihe L oyl 2 (gige]
Sy ot glalid (olaisl JUglSsie sloasly
ooliies | axlllas gl Ban (1)) Wigy s las JsSJse
Gl g Ly Slmio olulidy 6l Silegiilsigenl
Sleygiilgigeal b g5 sl i i sl 05 (&

G ol e 0ezge o Ol b Ll IgG JoSge o
186 carsis lacus gilo ap s >k sk
Al oo 186 cais o oS 5 Joidn oLl

OB 95
o oy diol (gla ol oals 0l Jlg5 cud =)
4 Ol G (gl sigaal (S 9 S gt
National Center for) NCBI ools G L al g
(Biotechnology Information
6 b ooy ool 05l ael ol Lgl.mglgj
SO sl eslaiw L Ll IEG X 5 S (0
o eyl 4 NCBI ool

s  —
(YY) wals aseins http://www.nebi.nlm.nih.gov/
HGT oluls &S L gz e i ¥ oools SO ol o
S 4 by plaS 2 a8 ael e iy IgG sl
I8G Jsge (i 9 S sy sbovo o)
L Bl S SaS 4 b g o) aa il oo
Sloads cans  aBialej] sl g, 5l oolaul

eyl eslaiw L Ll IgG pgo JLale poss =Y
Protein Homology/analogy  Phyre2 ;4
(Recognition Engine V 2.0)

&l aelawl JIg slp o Lasl I8G g sl
S8l e sl eslaiwl L HIGT —wyimws oS L x> 0
J—d Xy o a5 Phyre2
ooy —wd 0 http://www.sbg.bio.ic.ac.uk/phyre
b il bl oyl el s (YY) ol oo
0 (el ST gl S 5 (2R loj] sl s

VO OLT A oyles Y o)5s 15jl) igSaisjs pgle alan


https://rjms.iums.ac.ir/article-1-7293-fa.html

en g (Slag) Moo

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

Secondary structure and
disorder prediction

L Msefid@shahed.ac.ir

Description

“Tue >
12:53:58 GMT
2013

Mt =4 3057r1r1e860e51e

ligt-A__

' 10 2

ETT3D vL T Q L LGDTI CH
Secondary
structure
SS

0 w R = @

QNI NVWL S WYQQK NI PKLLI YKASNLH v

—

confidence
Disorder 7 7 2222 ? 7
Disorder

? 7 TR TR

confidence

[ Sequence LYZEREE S FTLTI LQFED
Secondary

structure
ss S O E—— aE———
confidence
Disorder 7 77 ] 7277

Disorder
confidence

| Sequence | EQL
Secondary
structure
SsS

— ———

% o = = 11 2
YYCQQGQSYPLTF KLEI KRAD v F

—————

2 : 140 : 120 . 180 B 170 = 102
VVCFLNNFYPKDI NVKWKI D ERQNGVLNSWIDQDSKD YSM L
—_—— [— —_—

confidence
Disorder 2 2 2 2 2 2 7 27

7 IEEEEEEEEEEEEEEEE]

conrisence
confidence

90 2 200

LTKDEYERHNSYTCE HK IV

0
KSFNRNEC

Secondary
structure - -
_ - -
Disorder LN ERE S5 ? TRV
D‘mer -_— USSR EE WS S S L e

confidence

Confidence Key
High(o) [l TN Low (0)
? Disordered
AR Alpha helix
W Beta strand

sl gole 5 Sy o G0 b b clxio JS5 )3 sl ol casd 4 PhyTe 2 1581 £ 35 by &8 Glusl IZG w0056 pgd ol =) JSUS

6[!0;.)3: ‘3‘ o ool oold d.uLou \ o)Lo..fb J5«.X>
sloaial ol o a4l jo Ll 126 S 0 05
025y ol (pogad] VoA B YA VYA LV o,les
O 0,028 4 (pizmed WXlodds a8l [(CL) S
sl al ol o asl o lacy ol (o Luil IgG
Y8+ U YA (CH2 (yoga) YV L Yoo o)l
C}.::Aﬁo)) \C‘ - s YA 9 (CH39 CH2 CSL’QQ?Aeé)
&yl 1,8 (CH3

i (oo (rl Sl ol s sl

035350 4o )Ll 126G S 0 oy jo Lo Slxao
S 07255 30 g VWO B VO o)l (slovaicslosu!
VWb Ve AF UY. lo asolo il odgamme 4o

VPO OLT A o5le Y4 055 15l ipSaisja ogle alan

Sl oads ool LS e S5y L (H]}

3Py ad soodalie T SS (o aS 45T ylen
it &5 Sl 186 JsSUge (S 50053
P 0szg ol ol Olxa o 5,58 il
We B ge AF B slaaialonwl sogaxea
G FY-g Ve b YYOYFOL YV V- b V4-
ol base YL ole sl 155 .05 ls )18 FYO
ol Gloymegs jo blas ol ol >l
aS wiloads @dly (1w o2y (Constant domains)
Gl iz a5 YO LYY ooguze

sleslai vl b (Ll IgG slacgin! cw i -F
Bepipred 33l 5,3

@9 G Ol 186 (bt slog (o) oo
Ao o olas |y Bepipred,)| 3l o 5 lawgs ouls

, a5 Bepipred 1581 ¢ 5 5l ool Cwas i ub

YWY

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

AL
-. _ul ‘é_._.

Oaoeder 2 2 2 2 2 r rrrey

18G JgSg0 1> Silojgiilgigeul bawgs 00 (s i slaogi ol b b lxino Gubas

— - e SEEE— - — and
ErTT v v v = (S (S N . L = LS NS
Secondary -
o Lo
—_— - —a -— e e— — o—— [R—
R
O o der rrrrverre verv e s rvvrrr 2R »Y r 22
Otsor der
— — L — —
confidence
| Sequence ERL I » ] o C0O0 DV Wt VANV E v O O MALDYN
Scocandary ® o — -
"
N — e -— C— — -—— — —
S A
Osoedes 2 2 2 2 2 22 P v P P v rr e ’ LR B B B B A
[
— - — — -
confidence

g-_r__'zn Ry QO DWW KPR Y v NG Cm " [P Lee
ordaery
e ture - -
-— — — e — - — —
O e he v rrrore o FrY v rrr PP eRR
(e g [ — — — — —-—
Cconfidence
| <eouence ETNESIN CvMV OF LD W N 3 KN B o © YE MY N AVEXKENWVE
Sesensery — —_ —_— — AR
sbructlure
e ——— — —_— —_— — — -
SOl
rr 2 ’ r rrrrrerr
D

szl 3 S di O bl s JS6 50 Casl odd (o phyreZ,l)‘él 3 JawydfuhwllgGLyiw 0205 pgd laislo 77‘)5.4»

Slrio (6,.5,1,8 Jore 0 bl 186 S 0 i
3009290 Ly Oldo aSul 4y a5 b ailoads 28lg Ly
wol obral )o sape 1B il n po Sl
\_it.w a).:.?v.;)‘ Lgl.ﬁb U}A.u‘ )..5| UM éﬁ‘s ‘(V ‘?) ..\3)‘&
a5 o oz 5l (g 0 FFL) Ll 186 (i
Ao o S5 4y gilate o)l0 092y Ly Dlas o i
b Slorio gV s 3l Sobles e el 5
o @l el 1gG JsSse a8l slo oy g
5 ol >l adlllas sl a8l L 58lg5 o dslllas
95 80 dxdllas zols b 15 0 blow (YY) ) Ken
Js¥se Se—w 0285 By sla oy 2l 51047

5l ot o3l oLt s S5, L W

G fY-9 FYo L YVO YO b YY- cYV-- b VA-.
Pl YO B YV oogame a5 Wiyl 1,8 FYO
el @bt el 2 Grizres Coil § i
O 4l 50 S 028 Glaogs ol ol adlas
YeO B VA VOB VO- o)l (slodioel il
5 0l oad &l [(CL) Samus 0,255 2l (ypngo]
Sl o a2l o S 0 la gy
B YA (CH2 5yog0) YVo b Yo e o )lods glaais]
) oo U YA 5 (CH35 CH2 (slaiymag) Y5
185 s ol ool iyl 1,3 (CH3 (ypago
Slosnl 177 jshien 5 S 0y sl st

ARA

http://rjms.iums.ac.ir

VO OLT A osled Y4y 1gjl) ipSaijs mgle alan


https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

en g (Slag) Moo

@ Threshold = 1.063

06

’
v
A
v

Variable domain Constant domain
Immune Epitope IEDB by ol jl eoliul b a8 5L wdl ISG JsSUg0 S 00555 13 by ol o (65 )5 Jomo =SSl
(P opl ol o ooy i 3)b 399 )] o W St (6515 Jles] o it &5 K (6 05 5l (g Cowlors o (Database)
L Yl (55, 5,5 >lg) 00 cpmesd 6 ki T a5 YL 138 o Las 5 o s 00 03l yolia 231 (SCOTE) Slel &S sz JoSUgo 51 ibolio
ol ey Jgp o o b Sloxdo (68 )58 Jlazol bl azdls (5 5Vl SCOTE oy Sy JIg 5l i b absel dpasl S5 o0 23 (o0 505

% @ Threshold =1.032

04
02
0 T
50 100 150 200 250 300 350 400 450
Position
Variable domain Constant domain

Immune Epitope IEDB ool oL jleslitwl b 45 Lil G JsSUg0 puSiin 005065 55 by i o (65 )5 Joeo —F SIS
3l lg opl il osd 03l yialed 315 )5 sl o W Silmio (6515 Jlass] o i 45 6 Siw 0,565 5| (g5 cawl oai s (Database)
5008 s oYL 5 (G55 35 o) 0 e g Wil o 51 5L 38l oy L g5 Lol &y 0 0315 olazs] SCOTE & witn iblio o JsSJge
ol el gl gy (o Jore )3 by Slorio (665 51,8 Jloinl 3l Lo 1) 659l SCOTE o065 o I 51 (ot b atpol sl Sy j2 sty o0

ol i 025

@l anelawl Coxdse o (Ll I8G JoSge (S 0y 186G s slesginl oo g 3 Lwil IgG
BV BTV o YO LYY O BT clao,la s B0 o)lad ol dimelous] odgame 1o hanil Sins
ol anllls s Blas o (F)) Wil oo adly sl andllas b sillae o (F)) il oo &35 VYO
oS sl b Olio o i gl S he slollss ilge Ly Slxio (yg ey s 50 g
el bl Slbmio YU s gl snias i 5 sowld 2l andllas gl Goll 1 (peiman

OLAM 3l IgG Jﬁs.lyc u.:.i._w 0y cﬁ‘s Lgl.@uy 0y cﬁ‘j 6L® Y ‘53‘ )‘ O/ (YY) u‘)li.o.b
Y VY

VEOY OLT A oslad Y8 0,55 15jl) i Saisju ogle alan http:/rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

18G JgSg0 1> Silojgiilgigeul bawgs 00 (s i slaogi ol b b lxino Gubas

Bepipred 13l ¢y bwg ord i pi ol [8G (s claogi gl - Jga

S 0,255 )
V0-=VF e YooYV
VS =V Ya.-ys- Aol slad] Coxbge
YA-=Y+0 YA

JB s &S CH3 §CH2 s 055> 0 B Slxa s
Jols aloond 95058 SleS g 4l 4 Sl ogdlay

(V &) Lo Slxio 5925 9 (YA) o] slaowl olas
Ol Sl—dgeen i jls Caiul ol jo cege i
)8 Bk 5l yee Sl 4y a0 L (g
bl 5o )L (YY) L e o YL oy sl
o sl el YL gLkl p e 2l asllas
I18G Jsse 5o Sslo jsiilgigal Jaugi ool i
S gl |y iy x5 05 18 s b e
Jssdse sl el o oy (ol D)8 4z 0 51
JUCHEON IPCEDWIRIVITG WYCS SR IR 1% SR PR 2|
Se2S Slp 65 el Ol Wlgi o0 g 039 i
g )0 5 (Fo) asl polazsl glagol (5T oy
et Gl 5l aie sl 1 5l Ol
Lo Olao g bogiol plply oS colaiwl abgs o
b oanlllas ol o 00 (oo i slo oial VL
96,%»[3 Ls?b' s o ouds r:l:;.i‘ adllas pais o

5 (Ve =TY) Wlows olwlis Ll IgG JsSdge
“”5‘“‘"" )Le,> u‘)&“"'“ 9 Go—wls (5>-l.‘>- Sle Uz
o Y IPRW L';e)"“’ (Y-)IgG3 uu)ls 2y e la izl
LIEG —olaid! glacginl ads 1554 Clllas
a5 1gG Js¥se Fo ion )0 (I8G3) o) o2 ;5
0d—% a8ly il CH3 4 CH2 (slpwgs Jolis
L ol o wSTasul @ azg L (Ve 5 V) Sloogs
s CH2  slpinngs jo pols asllas ;o onls olulis

http://rjms.iums.ac.ir

SAWA Egozma 4O c),bb- T3 slasl d""a 09)&.3
32 186G Js:se (i slo 0yuze; )0 00
TNee g oz —sls 1,8 CH3 g CH2 slgisego
90 QL—"*’"‘ IgGwia_w 0y ksuuﬁ""'”‘
;.»L..’ 09.’5- as ..\.3053 0L 6_9‘5 CH3 9 CH2 LS‘LQ‘.H.Aﬁo
0y p @‘5 GLQ Y LS" l; L..’ Slas 6Yl.a d;Ua.’
Sl i G0 anlllan Ky g ol gl gl
Sheolas SAl 3e8 g, (YF) 09O oo
fragment of crystallizable iz olasd gl
ElliPro ¢ DiscoTope |38l p,5 g0 Law o5 oLl IgG
5 CH3 (slacpngd o Kon a5 wiloads glwlis
sl asslow 15172Y o b adlas ,o aSul 4 axg5
e gl 6 iy o 0l @‘5 Lo Olxas ;0 09240
wii—sls J3 CH3 g CH2 slpogs ,0IgG JsSdg0
sl og b olbe o YU slhil Ko LS,
Ssdige dnli Ol 186 J9Sdse (25w 0 o2 52 &l
sl 1) 3l gt sl andl 50 (YY) K
Fc u.«.?u ) s);:)w axJllas CJLA u.«.:L_.m‘ » A.....Ssa
shls (2le 5l oYU b as yo (Ll IgG s g0
asllas ol 4y axgi boadjlo )18 Sl IgG (S
3 CH2 slo yogo o i B Olao i icn o ol>
Sl hE SllgG S sbo oy CH3
Ol ¢ g s B b iblie B Glan a5 ol
ol g2 g il & (P) YU (6 pdy Bllaxil g v g0

VO OLT A oyles Y o)5s 15jl) igSaisjs pgle alan


https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

Lo & o3 danlas b adl o wl Sy LB
aeie 186G JsSdg0 Jlasl yigy a> o G;.LWL;_;;',)o
Sl 4 9 (Hhb ;o sl o Sk 092 aialy>
sle 2ol (I oy 6l il 1gG Gl i
Gl aige Bao 4 Ll 186 oo laiz] JUglS sie
Slg 5 akd e 9 39790 180 pansis kS
ookl 8,90 (pandeid Sloal Cys alin by,
Slallhs sl Ghagh cnl @bis o o5 15 18
Oeped g b eign 0 Sles —ple sl LS

gy didlg A gu (Seifelid Dlidod

P g el
F50 b ael o)LL 5l s J—axle alas oy
"A_inju)gb‘jjw.‘ Sleslaiwl b Ll IgG (595 90m)

Wilow soges Sy 6l 5SS alade o Jeasadl £,
OB g el 00l ploil walls oliils Cules L aS
o)sl..i;.n)bl.‘} a A.A.D.m dabls ro.:l})lsj.m )‘ aJlao L)"‘

iled o (G0 )a8 lial wiad)l sele slo

References

1. Murphy K: Janeway’s Immunobiology, 9nd edn.
London, New York, Garland Science, 2019.

2. Ma H, O'Kennedy R. The Structure of Natural
and Recombinant Antibodies. Methods Mol Biol.
2015;1348:7-11.

3. Goulet DR, Atkins WM. Considerations for the
Design of Antibody-Based Therapeutics. J Pharm Sci.
2020;109(1):74-103.

4. Posner J, Barrington P, Brier T, Datta-Mannan A.
Monoclonal Antibodies: Past, Present and Future.
Handb Exp Pharmacol. 2019; 260:81-141.

5. Tiller KE, Tessier PM. Advances
in Antibody Design. Annu Rev Biomed Eng.
2015;17:191-216.

6. Xia F, Li MS, Liu QM, Liu M, Yang Y, Cao MJ,
Crystal Structure Analysis and  conformational
epitope of Triosephosphate Isomerase, a Mud Crab
Allergen. J Agric Food Chem. 2019 Nov
20;67(46):12918-12926.

7. Banerjee A, Santra D, Maiti S. Energetics and
IC50 Dbased epitope screening in SARS CoV-2
(COVID 19) spike protein by immunoinformatic
analysis implicating for a suitable vaccine

VEY OLT A oyled Y4 655 15l xS ju ogle alan

\Vo

o 5 Slagy Mg

sl [ 316G JoSge X sl o,z 5| CH3
Al 0 1gG —oladl g ol ol olosi 59>
;o a5 1gG Joge (CH3 4 CH2 sla yog0) Fe
Ql oo i Bixe ) 5 cowld > Olllas
g —ol> Slallas gl p a0 )L (Y- =YV)
O le gl b L ola o (YL Lkl o5
186G JsSsa 1o Seile psiilyipasl Lo woss o i
Al oLl

g Ly Olbra o Coalge anlllae ol )0 fgamme o
126G Josse (i 5 Som oo o2y slopsiy)]
L olobd (Seileysilan slalidl o5 b o5 (Ll
ol il el bl ela! aias ools gllail S0y
ol o> U Ll I1gG yisigesl slacg ol candlas
i 9 Somw sl 0o p @l bo i L
ayle Sligeen 5 ciillae IgG e g0

Ohe o &L oy wnalss a b 186G sSlse Jlo sl
S adg sl oLl 186 ¢l sl Slasis!
b Gan 4 ol sl b gl sie sla ool
Sle—d g3l a5 186 e a5 slaclS
Sleietign Sl 9 4d Dizmed § 39790 (S LS
A & Sdo Sleyo 5 cadei s Blasl Cys 4l
Sla—) 2 lp Wil oo g3 ol @S eizeen
durf )‘):é oolaw! 3,90 S.." )91"3 g_;L‘b-"’ S
(o g L..s Slra o A_M&sﬁ-ﬁ dx a0 L)"‘ o
by Ll 1gG Js¥se 5 &8ly slocss
o b @l ad ren g (e G Sbejgdilsisen]
@b (Sl sloggigl iSTas ol plas e ool 5l
Oldo o i a5 JoSdge 5l >lei yo luilIgG
Gl Slles b ol ilazs S 8w s sg2g Ly
Jsse 5 &8ly ooy (ol bl Slxio YL L
30 dgzge Lo Ola o sS04 4z g5 b .ol IgG
Sl sbral )3 (coge MBS LSy po LSl
5 il Ly gt b by Slra o oYU gllal ol

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

development. J Transl Med. 2020 Jul 10;18(1):281.

8. Kapingidza AB, Kowal K, Chruszcz M. Antigen-
Antibody Complexes. Subcell Biochem. 2020;94:465-
497.

9. Cox RM, Chan E, Sangoi AR, Zou Y, McKenney
JK.STAT6 monoclonal antibody is highly specific for
the distinction between solitary fibrous tumour and
prostatic stromal proliferations. Histopathology. 2020;
76(4): 625-626.

10. Di Rubbo A, McNabb L, Klein R, White JR,
Colling A, Dimitrov DS, et. al. Optimization and
diagnostic evaluation of monoclonal antibody-based
blocking ELISA formats for detection of
neutralizing antibodies to Hendra virus in mammalian
sera. J Virol Methods. 2019; 274: 113731.

11. Oyen D, Torres JL, Aoto PC, Flores-Garcia Y,
Binter S, Pholcharee T, et al. Structure and mechanism

of monoclonal antibody binding to the
junctional epitope of Plasmodium falciparum
circumsporozoite protein. PLoS Pathog.

2020;16(3):¢1008373.

12. Suhandynata RT, Hoffman MA, Kelner MJ,
McLawhon RW, Reed SL, Fitzgerald RL.
Longitudinal Monitoring of SARS-CoV-2 IgM
and IgG Seropositivity to Detect COVID-19. J Appl
Lab Med. 2020;5(5):908-920.

13. Damelang T, Rogerson SJ, Kent SJ, Chung
AW .Role of IgG3 in Infectious Diseases. Trends
Immunol. 2019;40(3):197-211.

14. Mahajan A, Manchikanti L. Value and Validity
of Coronavirus Antibody Testing. Pain Physician.
2020; 23(4S):S381-S390.

15. Béné MC, de Carvalho Bittencourt M, Eveillard
M, Le Bris Y. Good IgA BadIgGin SARS-CoV-
2 Infection? .Clin Infect Dis. 2020 Jul 28;71(15):897-
898.

16. Bouthry E, Hervé A, Brichler S, Poveda JD,
Roque-Afonso AM, Vauloup-Fellous C. Evaluation
and optimisation of commercial Zika IgG avidity
assay. J Clin Virol. 2020;124:104260.

17. Sanz MG, Oliveira AF, Loynachan A, Page A,
Svansson V, Giguere S, Horohov DW. Validation and
evaluation of VapA-specific IgG and IgG subclass
enzyme-linked immunosorbent assays (ELISAs) to
identify foals with Rhodococcus equi pneumonia.
Equine Vet J. 2016;48(1):103-8.

18. Falkenburg WIJJ, Oskam N, Koers J, van
Boheemen L, Ooijevaar-de Heer P, Verstappen GM,
et al. Identification of  Clinically  and
Pathophysiologically Relevant Rheumatoid
Factor Epitopes by Engineered IgG Targets. Arthritis
Rheumatol. 2020;72(12): 2005-2016.

19. Banerjee A, Santra D, Maiti S. Energetics and
IC50 based epitope screening in  SARS CoV-2
(COVID 19) spike protein by immunoinformatic
analysis implicating for a suitable vaccine
development. J Transl Med. 2020;18(1):281.

20. Yu-Jie Wang, Lin Li, Wei-Juan Song, Yan-Jun

R4

o 5 Slagy Mg

Zhoul, Meng-Da Caol, XiangRong Zuol,2 and Ji-Fu
Weil Canis familiaris allergen Can f 6: expression,
purification and analysis of B-cell epitopes in Chinese
dog allergic children. Oncotarget. 2017;8(53): 90796-
90807.

21. Bhattacharya M, Sharma AR, Patra P, Ghosh P,
Sharma G, Patra BC, et al. Development of epitope-
based peptide vaccine against novel coronavirus,
(SARS-COV-2):  Immunoinformatics  approach
[published online ahead of print, 28 Feb 2020]. J] Med
Virol. 2019.

22. Ethan A. Peretsa, Daniel Konstantinovskyab, Li
Fua, Jiantao Chena c, Hong-Fei Wangde, Sharon
Hammes-Schiffera, Elsa C. Y. Yana. Mirror-image
antiparallel B-sheets organize water molecules into
superstructures of opposite chirality. PNAS.
2020;117(52):32902-32909.

23. Waterhouse A, Bertoni M, Bienert S, Studer G,
Tauriello G, Gumienny R, et al. SWISS-MODEL:
homology modelling of protein structures and
complexes. Nucleic Acids Res. 2018; 46(W1):W296—
303.

24. Weng G, Wang E, Wang Z, Liu H, Zhu F, Li D.
HawkDock: a web server to predict and analyze the
protein-protein complex based on computational
docking and MM/GBSA. Nucleic Acids Res.
2019;47(W1):W322-30.

25. Mehmood A, Kaushik AC, Wei DQ. Prediction
and validation of potent peptides against herpes
simplex virus type 1 viaimmunoinformatic and
systems biology approach. Chem Biol Drug Des.
2019;94(5):1868-1883.

26. Khan M, Khan S, Ali A, Akbar H, Sayaf AM,
Khan A, Wei DQ. Immunoinformatics approaches to
explore Helicobacter Pylori proteome (Virulence
Factors) to design B and T cell multi-epitope subunit
vaccine. Sci Rep. 2019;9(1):13321.

27. Hajighasemi F, Gharagozlou S, Ghods R,
Khoshnoodi J, Shokri F. Private idiotypes located on
light and heavy chains of human myeloma proteins
characterized by monoclonal antibodies. Hybridoma
(Larchmt). 2006;25(6):329-35.

28. Hajighasemi F, Khoshnoodi J, Shokri F.
Development of two murine monoclonal antibodies
recognizing human nGlm(a)-like isoallotypic
markers. Hybridoma (Larchmt). 2008;27(6):473-479.

29. Hajighasemi F, Khoshnoodi J, Shokri F.
Production and Characterization of Mouse
Monoclonal Antibodies Recognizing Human Pan-IgG
Specific Conformational or Linear Epitopes. Avicenna
J Med Biotechnol. 2012;4(4):170-7.

30. Hajighasemi F, Shokri F. Generation and
characterization of mouse hybridomas secreting
monoclonal antibodies specific for human IgG3.
Avicenna J Med Biotechnol. 2009;1(1):19-26.

31. Hajighasemi F, Rohani S, Sefid F. Assessment
of immunogenic linear epitopes on human
mmunoglobulin G by immunoinformatic approach.


https://rjms.iums.ac.ir/article-1-7293-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-12 ]

Res Med. 2016;40(1):30-35. [Persian].

32. Venter JC, Adams MD, Myers EW, Li PW,
Mural RJ, Sutton GG, et al. The sequence of the
human genome. Science's STKE. 2001;291:1304.

33. Kelley LA, Mezulis S, Yates CM, Wass MN,
Sternberg MJE. The Phyre2 web portal for protein
modeling, prediction and analysis. Nat Protoc.
2015;10(6):845-858.

34. He L, Zhu J. Computational tools for epitope
vaccine design and evaluation. Cur Opin Virol.
2015;11:103-12.

35. Nakano S, Megro S, Hase T, Suzuki T, Isemura
M, Nakamura Y, Ito S. Computational Molecular
Docking and X-ray Crystallographic Studies of
Catechins in New Drug Design Strategies. Molecules.
2018;23(8):2020.

36. Hajighasemi F, Rohani S, Sefid F. Identification
of conformational epitopes on fragment crystallizable
region of human Immunoglobulin G by
immunoinformatic. =~ Tehran  Univ.  Med J.
2018;76(5):321-325. [Persian]

37. Hajighasemi F, Rohani S. Determination of
Physicochemical Properties of Human
Immunoglobulin G -Fc Fragment by Bioinformatic.
Pars J Med Sci. 2021;19(1):34-43. [Persian].

38. Wang Y, Wang G, Ou J, Yin H, Zhang D.
Analyzing and identifying novel B cell epitopes within
Toxoplasma gondii GRA4. Parasit Vectors.
2014;7:474.

39. Yaoying Wu, Sean H. Kelly, Luis Sanchez-
Perez, John H. Sampson, Joel H. Collier. Comparative
study of a—helical and B-sheet self-assembled peptide
nanofiber vaccine platforms: Influence of integrated
Tcell epitopes Biomater Sci. 2020;8(12):3522-3535.

40. Alvaro Ras-Carmona, Hector F. Pelaez-Prestel,
Esther M. Lafuente, Pedro A. Reche. BCEPS: A Web
Server to Predict Linear B Cell Epitopes with
Enhanced Immunogenicity and Cross-Reactivity.
Cells. 2021;10(10):2744.

VEY OLT A oyled Y4 655 15l xS ju ogle alan

ARAY

o 5 Slagy Mg

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7293-fa.html
http://www.tcpdf.org

