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Abstract

Background and purpose: Interferon beta-1b recombinant protein is used for reducing the
relapse rate and treatment in patients with Multiple sclerosis (MS). In this study, phylogenetic and in
silico analysis of interferon beta-1b were conducted by servers and bioinformatics tools to predict its
structural potential.

Materials and methods: Physiological and physico-chemical characteristics of interferon beta-
1b protein were evaluated by ProtScale and ProtParam servers, respectively. The 3D structure of the
interferon beta-1b protein and its interaction with other proteins were studied using Swiss-Model server
and the STRING platform, respectively.

Results: The results of the phylogenetic analysis showed that the human interferon beta protein is
closest to Daubenton's bat in the amino acid structure by 96%. The in silico analysis of interferon beta 1b
protein implied the existence of signal peptide and lack of the transmembrane domain. The results of
post-translational modification predictions showed that protein acetylation and phosphorylation may
occur in some regions of interferon beta-1b protein. The analysis of the protein networking of interferon
beta-1b revealed more interactions between this protein and interferon receptor 1 (IFNAR1) and
interferon regulatory factor 3 (IRF3).

Conclusion: In Silico analysis showed that interferon beta-1b, is a protein with effective
regulatory role but unstable in vitro. This bioinformatic analysis of interferon beta-1b protein can provide

the groundwork for practical tests and future functional studies.

Keywords: interferon beta-1b, bioinformatics tools, multiple sclerosis, in silico analysis, protein-

protein interaction.
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1. Multiple sclerosis
2. Food and Drug Administration
3. Magnetic Resonance Imaging

1W90 a4y « 11€0 o)lasd (@i g Cumyy 0)9s

ohsjls Ak} el olEibily dlas vp


http://www.ncbi.nlm.nih.gov/

ulilSam g yisua e ppall lus 2w

0315 oL ¢S5 &8 (14 45eui STRING') s 55 5
cgluw\av\&wﬁ}wu@:ﬂ)ﬁg}aulﬁ&|j|)|
e (v, hitpi/istring-db.org) < S & s
Hoslial b 2V 0y 2 22l (59 Gl 4 bl

Ad 2w i Swiss-Model | 5

> «dl

d‘d&“é}‘).’wjﬁj L&d/{}f

LSS 5 (S s adaly (s p 5Bt 4

cardllos 3550 Iy Sai S (Sl 05 2 s
ol (o e Sla JI 5 5l ealinal b (2555 1o s
A 5 l8 1530 p 5 a5 0T 4y b e il

Y oslad r 3a) L3 8 oy A 45 DNAMAN

100% 90% 80% 70% 60% 50% 40%

Homo sapiens
Myotis daubentonii

Macaca mulatta

Pteropus vampyrus
Rousettus aegyptiac
Sus scrofa

Ailuropoda
melanoleuca
Canis lupus familiaris

Felis catus

Panthera tigris altaica
Equus caballus

Bos taurus

| 43%
Capra hircus
Ovis aries
Cricetulus griseus F‘Qﬁ b
Mus musculus

3l o e o oy JWlSS s s L) 0sloh g
55 Slr 055 055y MLSS ey 4nslie DNAMAN
N3 o e S by sl 68 L L (HOMO sapiens) oLl
4% Ol ;e 4 (Myotis daubentonii) T ilis s 5.8 b gkl
(Macac fascicularis) 3l ,» 305009 (Macaca mulatta) ) sews 5 Az 5>
i ed GG E L (K5 Ao e 5034 Ol 4
0+ Ol 4o (Mus_musculus) il i 5o 5 (Cricetulus_griseus)

Ad edalive Loy

2. Search Tool for the Retrieval of Interacting Genes/Proteins

Lz 035 ) 5 o5 s 5 e s 0L
A 4i DNAMAN {53l o 5 o 55 Cialeinn (glas 58
A gy g S5

Sl 58z (sl JUT
by 2V 2 0s Sl 0B s gleal, JIs
Ll l oo 5 cpeadan 57 A3 2o 2 SignalP 4.1 55 .
2 Ot L 5 Wl le S o (N3 AY oo
o)l LOT iy Gble 5 b slasaly JIg
http:/Avww.cbs.dtu.dk/services/SignalP s ;3T ass 5
o o S (0) b e e s
L b e slag S ogr 5 (Lil 5 il
03T s TMpred 5w 51l 05,8 2l 5

http:/Aaw.ch.embnet.org/software/ TMPRED_form.html
a Expasy p 5 oy s ProtScale g .Aé o3l
&g (http://web.expasy.org/protscale/) _.,sT
(s> DT Jold pland 338 S S 325 s i
3 S et o g Oollanll (el ey LB
Rl 0, S 4 oV R Os bl o S
bt 5055 5 (K55 558 e sLa el
PP J5Sse 055 Jols (o) Lo 035 ) 5
o A 5 GOl e L (ST e s
expasy e & I Protparam g, bow g g
Ai L5, (http://web.expasy.org/protparam/)
L O b ) 0B g Ao 5 Sl gy Sl e
D o SIS s il sLaol Sl ol

CBS w b w5 O 5l 5 g

s g i (http://www.cbs.dtu.dk/services)

o N B 0s 8] 5y~ et oléze I L JUT
J‘aaw‘lﬁﬁ)ﬂ—ﬁjﬂ&a&j‘ww
Loj Jols bl Gt Il s 55 Sl oSS

1. Isoelectric Point

VI 1R o)« 11€O o)laid s g Gy 2)9s

ohsjls Ak} ek oGRSl alas


http://web.expasy.org/protscale/
http://web.expasy.org/protparam/
http://www.cbs.dtu.dk/services
http://string-db.org/

Score

In Silico 6T g ¢,SaTjols Jala3 g asjal

SignalP-4.1 prediction (euk networks): Sequence

C-score
1.0 S-score
Y-score
08
06 A
04
02
oo [HITHITHTHI I
MTNKOLLOIALLLG FSTT ALSMS YN LLGFLORSS N FOSOKL LWOLNGA L EYGL KDRMN FD | PEE KO LOK

0 10 20 30 40 50 60 70
Position

SignalP g, baw g Laaly o5 o (2 ¥ osbd poai
C o=V 1wl 55 (63,050 Jolio SignalP 5w gla 25 5
S o,mai =Y (/A ) AST o glulis 1) 5 Joee 457 (C-sCOTE)
CIAVY) A oo i i |y laialy JI 5 Cosd g a5 (S-sCOTE)
S LS C L_;Ls»aaﬁs@_l:;,'l62;.‘;»4§(Y-score>Y o s ¥
(/PA0) el 6L C (50 pd & S S Sl Jos 5585 (o
ool s o Joomn 5 Laaly JIs5 0525 51 S s
olin33Lts 2l 5 e .55 ALS-MS 15 LYY 5 YY) Condge
Lo g ol (o Sy 51 o ped (52508 e 5 aaT Al Iy

il 59y

Thored output for unknoun

-sen |

-1mee |

-1s08 |

-zans |

-esee |

~zane |

-z500 |

—4no0 |-

—asm0 |

_sape L L L
o 20 aa cn =0 100 120 140 160 120

Vo 05l sy oLl il dn W esled 9
3 (-50) 25l o3 51 WT gy slo TMPrEd 5, la 5 o
D3 o 5 polie plad 5 Al odalin (0—>i)b}.>'\:m.c)l$ B
A3l e Sy g 00 (YU polie Lgs 48T Jl o
some 5 Tl Jg5 edins 0L B gus gl o 45 S

el ygpm b 5 0k 2o iy 5lae (65 50s

Collos] (Capdas ¢ s yws Clol ¢ o5 T o
S s et s

53 e Dl Sl 2L Sl (S (o 2 she 4

ST els & S 55 G s 5 5 s (o

($ g Coldanil (Cdad ¢ w iws S LB (g

5 Pl 48 ol 0L 05T ol el
Olas b 55 Ollitwy slaas & 55 s 05,5 )
I S DU PP I ECH A -
Gaib oo 5l 5eSoap g 5 s bl
Lsls olas ci‘.:& o R eR s P el S
SRS oS e Sl sl 098 ) s S
=T sl 4 gl del sl Bt 511, Sos 5
Macaca ) & yes 5 Lo ,3 4% L (Myotis daubentonii)
L (Macaca fascicularis)jb;r; O sowe s (Mulatta
S sy ey =B Bk cals ds s Ay
@\:,‘L.ﬂju_i:s;wua;:ﬁs.mmwﬁﬁ
ol Tl Mo b Gl sl 093 2l s
(Cricetulus_griseus) o jwes glas S 45 055,
ods 8 ol (Mus_musculus) SSLs by
ka0 S 53 3 s, ol S 6k 4l
LeT bl I dw s gms cpl b Js a5 15 5o
el obile 3L okt Chli oSS AT 5 Jsb 5o

] adleie 5 laisly I o g

D3 g Vs 0958 2l glaaly s
sl g (Y osled  gad) LS S i SignalP 4.1
L35 Y 5S € oo pui ol s i ol 5 ol
&l (4 /0) 31kl Jltde 51 YL LOT aen pslis o5
rpen 05 Lialy JI5 Ol ge 4 Mg S pasts
aj_‘.;Jl.La“J,ﬂJ_\Ja,ﬂjsa.\,:cteg;\}gﬂgjﬁﬁ
S s S GBS (LS e S D
YD il sy sl Mg o g /YA (il
o) pls 0MU s Lazaly 15 5L 5 Jlazl 4 +/0
Al e eaaly JIg slls o) W0 p sl s

=V 205 S U Akt s
w;g@u.uﬁﬁTMpred,,ﬁb}:
@ij:ﬁjéﬁpﬁjﬂslb@wﬂtfu\bb OLas ska
©lE L ol s 5 e W7 ol
ol opl s (P oyl s pad) s Z5L e 50

1W90 a4y « 11€0 o)lasd (@i g Cumyy 5)9s

ohdjle (i) eoke sl dlas vic



ulilSam g yisua e ppall lus 2w

ssssssssssssssssssssssssssssss

Guerage flexibility

e i— 1.1 “V""' _ﬁ.___

) | i itk —

o - |'{ ] I r | ‘-H rJﬁJll ||]| J\'_‘!I | ll‘.].'\
Y

| h P

: ]
£ oo ’ I _H?_II"'}"I '|‘ » '.II'IIT "\II_
i A

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

L L

(€) Gk (D) s s S (@) 5> ST P oslod g
0357 555 ) o3 5@ 2y ois (@) (5 0y Sllan
Jlazt edmsOlas SYL slae o protscale 5y ,m Lwy oV L
By 25 00 g Sy b bl SIS a6 5V
305 s 50 e aial el Cousd g otias0Li5 (Position)

ool oLl pp 4 b e 00 (53500 e

2V R 092l g (o s S (o

5l 53T (6551 edaasolis oS Janin alie Low 5
035 dlons ol (535 55 S ol 4 S
S ol 0L LT ol s (0-F ojlad s )
GF 3 Sl o e Wi e 5 (25 pS

(YT Jud) MY an Tl Coamd g g1 =+ /YY)

Protscalew))ﬂj‘bﬁﬁjﬂj)ﬁjéﬂ%ﬁ
AT Gl ol o sl | EXPASY 5 Sy Lo 5 oS
;Ybéueﬂ.l_&e:w‘s\bg)ﬁ&\wﬂ)ﬁ
6la 2yl 5SS a (ol 6 5L Jlaast eiasolis
BV oSl oS s 4 b edd o iy
jdﬁvjd:laowg;w)sgg}:lﬁqk.ﬁ@u
VL 00l sy (sss T abde (o 5 e

(a—? b)l.a.jl ﬂj«ﬁj)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

N H
I
A; T o \
WA AL b
A 1
/ ! MV/ I \(M
a - &8
e -
| O I
\ 1 |
Y RV RN
I O 7 W
LN IR
(1 LI R
IR, mEL
‘ | Ll
|
-
i -
il
n A
ﬁv “ \Jﬂm
| Huh IRAA
Lol P A W
B B! i
1) |

VO  1M90 1agd « 110 ayladh (euiad g Caunyy 2)9s

ohsjls Ak} ek oGRSl alas



In Silico 6T g ¢,SaTjols Jala3 g asjal

Eo &2l 5m 53 gD gle Al oo 55 O aeeDh sl
0 31 NG o el sl edd p iy Hlie 45T das e
93352 50 O s 5 aia Tl ¥ ey 5150
09,5 ) s s Jas VP 5 VA YY (glal i o
03 S5 ST /0 3l VL o S e o )
ot Ol oLl 15 sl 3 al e
S N Ll o oo & 5ead 558U oKl
NEtNGIYC 59, jloslacal U oV W 093 5l 59
oLl s s 4 S sls oL Bl e
05 SIS il (5o DAY ot o e Tkl
b (0 oyled psuai) 3405 3 4mm g /PN Ol jes 4
Ml s iy g NEtOGIYC 55 o 1 55 (5150
Ll o Joamo T3 S VE Jzl 05003 5,SI8
O 5 =y 5> (MUCin) a2yl 5 ¢ o (O-GalNAC)
Ol s 23 8 15 eslizal 3550 (o) by 058
oS el plad )3 05 55SIE 0 05 5 5l
503550 (sl y Al s 5035 0/0

NethGlyc 1.0 predicted N-glycosylation sites in Sequence

Threshold ——
- Fotential
W
el 1
t
i
i
o
® e
c
5
K
2oas
E
@
s
0
5
5 .25
z
8 T T T T T T T T
] L 48 68 S 100 128 148 168

Sequense postsion
o5 N el 4 o 0 5odly SIS ool 10 o 395
sls 0L LT ol NetNGIYC 55, b (o) b 055 20!
A e aa Tl oL 53 0 gDl 5 5SS ity o
S Cemd g0 ol OLES BBl ) goen 3,03 5529 /70 VA Ol e
050 35S by 01 280LES (63 g8 e 5 Tk

I N g & e

9 J_:JL_vT &;—P’ NetPhos D9 = J‘ d:-q-H

IS P Oamedhjid Lol o i

33 (e 5 51 £8 aeTinl Comdgo (gl +/YFV
e 55 () 1 05 bl (5 S e
Ol 25t 3 F S (CF esled ppad) 5 8
O Cnd go diaa T hsl (61 /AAY o 5 5 4 kel
VoV b o s ate Tl (61,0 YAVOY 5 (p 8))
033 ) 530 8y Slanl 3 (a8 )
350 Sy Ollanl 0le asls Loy 35 2V 1y
09037 ) s (0-F o5l o) 25 5 515 SIUT
b palhe St s S0 S 4S5 3l 0L
b o diaTlaal (g1 /PN o 55 (5 o Collanil
VE Cnd go aiaa Tl (g1 /FAY 5 (s 5 351) 79
097 7l S 5 oo Sy e 350 iie (L )
(O-F ojlads o) CHF 5wy piyse i o) b
PP 9 S 4 Ll B ()
VWP b g i Tl (gl o OV/FFF o 0T 5L
Vb o aa Tl (g1, AV/EPY 5 (5,T)
o3, () ' (S5 p2le 16T 55 (0250 T)
SMe oy i g op eSS Sl 0L o) W Oy
(B33 )WY e Tbesl gl WAYF o 55 4 o
a (55T VBV Cand go aia Tl (g1 VA/VAY

(f—f a)wﬁ}d) .5};.

ozl oy S
o VL 0l s ookl JIUT (o
03Ul U o 3 31 s Sl ki 1 i (sla 2l
O sl oL b 1Al s i s CBS 5 )
ol @l A st NEtACet 55w Lo 5 N (slgs!
S35 3 O oDl (18T & o8 Lisls LA ()
IO a5 Uy 153 Y oy 53 e T
C Ll 050d e ol s 355 0 St
s T Sy 50 4 NEtCGIYC 55 Lo 5
S5 53 06 g 5 aaTdenl o gl 5o ,m opl 534S

aﬂdﬁudbﬂwwﬁ@uw‘éb}))

1. Bulkiness

1W90 a4y « 11€0 o)lasd (@i g Cumyy 5)9s

ohsjls Ak} eoke sl alas (%



ulilSam g yisua e ppall lus 2w

ST e el Td g bl s ps s Ol
Olye 0w Fr 5l 5eSa 8 (olbb jasli b 5
IS 55 s Ol e as e Sl N0 Sle 5 5100
ot SIMRLE Gl 00040 8 (o gty
2R OF/80 (2 V e O Bl 55 61 p 0kl
58 ) AT A3 e O G ) el A
Wl LT dal s o UL 55
s e D30 4 5 S SSWIT e s
(o5 VD) SGIT il 0 Lo g o Jlas
e 0das0Ll 5 ol oy o5 (L ) 5 e o105
oL sl e fole &G 5l 0554 552 5 T
33,8 o O gma OT Gk dun 5l 5 555 5 Sl
o) 05 g ol ) SSWIT el
SRS TL s O (i 6 KiLs 155 AFIOA
Al e 35 o) 05l oy, (GRAVY?Y)
1S DTl s> OT s g sama 51 il o
ST G 4 55 I sb e caaTdnl 2
s gl 35 = PV 550 ol (Sl 1ok
Vs 058 5l (s oo 0332 2 ST S0 0T
OF sy oS 3551 e ded rimen S o (o
Lyl i 53 Oyllbng d b 55 (= ) Ly 095 20
25 eba¥r 5l 5eS e s iela ¥ ABLST

35 5,00 Cele ) S IS 3l g ST

e Sl e ey Sl T IUT
= B
Sl 51 51 esls oSSl S STRING 5 oy
el 0l Sy i g el sl gla g ol
O3 7l (5 48 015 O Jlowi 5 4325 ol s
Sl a)ls qus s dl s dd) S Sl SV Iy
2@V B Os s 4 sy ol 5 (ST LT
SES A g5l ek 8 (slas LSt S e
Ol plgy SsS  5 5 g 0053 ) ¥ ackss

1. Grand Average of Hydropathicity

0L 05037 ol gl o oslisal oV 1 09 5 20
L):::~9<f'i Lﬁ;{j'f g}iﬂl‘*" c)‘,:—ﬂ~i>ki-’éﬂﬂé a\giit:r Y 45’ ~A5)\J
03 el ) 23,8 o a2 ) 1 03 5]
-L:—ﬁﬂ\ ‘)J 9 N //\‘\(b o‘r_ai (glfi,f"ﬂ ) \,‘: \:;A.:Jhgd’ﬂ 4;17A.T-l:.~|
355 an |y /A0 (G0 ai (o ) VF b 50 aeT
oo U olaoll 0 05T ool o3 ol ol
Gl Jeimes Lol Ol pe s +/0 31 VL
Lo jad (ol 8 5 disdi oo (G by Ol jud
Q) TGS R S U PV, P G I N W Py Y
23 5355 D g s (61 oSl 53 i s
Aa Tl Cmd g 5 +/AFD o 05 b OA aieTiboasl ol 40

(9 O)Wx}@')dﬁwﬂ < /OFY o]ub/\"

NetPhos 2.8: predicted phosphorylation sites in Sequence

Threshold ——

- erine

" Threonine —_—
i Tyrosine

i

i

5

2

c

G

7

h

5

z

g

£

S

W

H

2

T

a T T T T T ‘ T T T
a e 48 1) ga 18g 1z@ 148 168

Sequence position

2V L O s e ) e S P 0sled g
Olge an (+/0) alwT d> 51 YL i slie NetPhos 5w low
33 (e DSl e 1 Joatos SlrolS
23 5555 DDy hed oSl 535 5 0 e 050 b oKl

..U‘5:LL5A oy L}S:.i

ey et s 45 (S i sLs el
ERRTI Y
sl el s iy Cg- ProtParam
o3l 350 Calibes pland 050 5 (S50 58
03548 sl DL edaT Coms i ol Rt
(CPEIFK FPINYEIPS TR R IPRV-SEI W AW
B dpe 305 Y 0T (6,58 S Sl 5 pH
oo 2V ROs Al S by gled
3591 laps! (S sl 5 CaogH1a08N2460253S6

ﬂj‘ (_5;1T‘“£": LJ;‘)\ -Xi L:\J ‘_,41=;-Lﬂi Dy YAYN l{ 4){|4){ C)'T ol

YV 1090 oo « 11€0 o)laid s g Gy 2)9s

ohsjls Ak} ek oGRSl alas



In Silico 6T g ¢,SaTjols Jala3 g asjal

)wﬁ.ﬁj_?‘ JL&‘&L_R-Y'J_K}:?‘L»: C}Lm‘;r‘_:i

'”J?G‘ Jraze gws ol slaslaT gsledle

g 02l Pl Sl Gl L 09,8 20l 055
22 05,8 2l 05 Gl g 5 oo b p S mle
Lo SLcla s g ot (b Jolse sl 4 oy
g slad s )3 G s glad sl 2>
o b Sl 53 L 055 1 09023,8 e I 5
15 s e il e o 0 o
Sy I e 5 Sl IFNAR2 5 IFNARL j25vy
O d i & s S Ao Jlab |, JAK/STAT!
- Log> ol 355 o STAT2 3 STATL usly 555 95
(IRF3) &35 il ok 558 B L 5onls LSES el
2 03751 65 o5 e polis 45 L 55 o0 ol jan
sla0) il Jled v Jliai! ol g5 Ll aces
Y e 5 s 453550 g0 09 ol 0SS o
(V)35 0 (S35 b 5 (355 A (g3 5 A
VL O 0 ) g bl aallls ol s
o 25 Sl 58l g Sl L Sl g
3 Sl Gl 09,5 2l 55y N5 3 1,5
o 5 i s s b s yes Las S L
s 5 (S5l (Sl el ey
s Fo 4 (eo)at?) (T il b 08 2
In Silico ;JUT s 5155 Sluil gle 055 2
\_34_{:}_.“.; .b\f:;_.ﬂlm_'gg')b_?u_nau\_ﬁg;_.ﬂ:‘\_g
ESSS Sl eslial 5 oS5 gwige S5 6,5
SUl g 0T 53 Ol L L cp 555 Sl s Sl
05 555 ) g OSSOl g 4 o 250 5 (Bl
CS S 0SsaME Cer po)ls plie Sads o
S 0T 1 iil o sl lan 55 Sl sl 052 2

5388 55u b 0T By Jbsle Sj Cals

1. Janus kinase (JAK)/ Signal Transducer and Activator of
Transcription (STAT)
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1. X-ray crystallography

2. Nuclear magnetic resonance
3. Cryo-electron microscopy
4. Hidden Markov Models
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