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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.

J Mazandaran Univ Med Sci 2017; 26 (145): 70-82 (Persian).

70


http://jmums.mazums.ac.ir/article-1-9468-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-17 ]

oIl s (— S5 B} 3oL colS Hilsa_L as
(Vo-AP) 1090 Jlw gagy 1160 s)ladd  eiuids g Cuny 2)gs

Uaiigp In Silico jlbl g ySisiijels Jalai g ay jai
L 1 L gg s il

s o 2 leld S
TOLS jy 1a)
"8 g oale

235

Olslass 53 SMa ldsl 2alS” s MS (g 5la obins 5 50 Olajys Cogr 0V 1 053 20l 5 5 180 9 sl
Coda LINSIlico &y pm a0 o) Lo 0,0 1) 59 1 (Sla il g 56T 5 S5k Lol 33 8 oo o3liul
23855 e e s e Sley sl g eyl 5 by e o 5 6okl il st

Sl b g 55 ) W 05,8 50 s 1 ol S0 58 5 (S5 sl S 55 ey 9 lga
o Sleslawl b o) L:fojj;ej:;,_\@:s)ﬁL;.x_gths-l_w.c_,_éJf)IJéu.w)jgijrotParam,ProtScale
b s 2 STRING 3 oy Lo i K05 (sla s b 0T flise 131 5 Swiss-Model

Lo 51150l 3 o it Gl sl 0 ) 55 o7 inls DL JalSS st 55 Jolowd 5 40 25 a5 Hlmntidly
U’Sbco.g\l:;_())JéJ:.‘.J&_.iS}j_.)l:imeSi"COw)ﬁ@w.a)\ad"—ju}qw)Jﬂ?Q‘J’.:AA;"S‘A;:AT.J.:M\)[:}LN
d&:‘:&ww;j‘mgb|mb'&f.&i@Lﬂ.sﬁdxﬁ')ﬁ&\)é&m‘jﬁbzf}ru\;}wbé‘jJ}?—}j‘
5;\;;;\:“;@::,,7&;M,Qﬁ@u.up@&;ﬂaﬂyﬂpwﬂmwmQ:::Matysamﬂ);
>3y 08,8 7l Y e 586 9 ) 058l 0l S S 5 ) W 088 S o BB 0 5

2 MG el g el B 5 00V B O3 R S5 45 Lls 0L s IS b 4 sl
Qumﬁdtﬁbgj@\t_gob_;;;,_\@s,ﬁwﬂurt;,uwéf-uumﬁdu};ﬂ.\;ﬂf&:iuﬂ@,;
NE RN PRU ERS IV

E 35— Jlime AN Silico LT (MS) 68 i 55 Sl ¢ Sle s 8 5 la 3l e oV 1 05 3 50l 16 3alS (5l 019

4o b0
et 50 b 5,8 o )15 oalinl 55 90 ad gl o0 45 it b 5 (Sl g 0 D5 50
& e 45 Liph Oy fl e (Bl g5 05 53 355 Sods Glad s 3 s A Sl S sl
Vs O 2l (1355 o ke Jalss (&S 4y, bS5l Soses S 4 Glae LOT ()53 0
310515 VA caza Tl 190) &8 IUT G 4 L3I sl S g S se i by sl gl
E-mail: Ghovvati@guilan.ac.ir NS ol ¢ o s o 550 e b1y 5398 2 p0lib i ghmno ig0

O ey (S o 63, 5aST 08Tl ¢ gals e 05,5 el )

Oty S o&ils ¢(5559aS™ 0uSTils ¢ ST 50 6555 s (6 S5 (5 gl Y

Ol ey S ol (65, 5LaS” 0aKiils (65 5555 g 09 8 bkl ¥

WA+ /7 0y goad e, WA/ P Mol S ol b WO/ VA : 28l 53 56 P

Vi 1W90 (1ag « 11€0 o)lasd (@il § Cumyy 8)9s ohsjls Ak} eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-9468-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-17 ]

In Silico 6T g ¢, SaTjols Jala3 g asjal

ol OV (K55 55 geaa) S gy 9 (0)0L 53 035
3 U155 615 0 g el ol ol 55
5l S5 (Sley 58l g sl 3l 058l Jomiley
Al CBy g A 5a 53 g @ e Sl LS,
58 LSS ke 5 s e aalllas ol 5 s
as 0T In silico SIUT 5 ol,lls 5o L 03,8 2
Lo 058 20 085 ol b Joilly (o g o5

b b3, 9 slge
Al 53 e 5 o

L= 0ol o s = sl Jls— el
t el Oyl Caibes glaa 58 4 by
(o—— .s1)yHomo sapiens (AAC41702.1)
«(I4sL) Ailuropoda melanoleuca (ADN34671.1)
«(G—— %)Bos Taurus (ABX72063.1)
«(e&__) Canis lupus familiaris (ACI22684.1)
«(—— )Capra hircus (AFU82528.1)
(s~ ) Cricetulus griseus (EGV95888.1)
«(c———.) Equus caballus (CAA02145.1)

« 5) Felis catus (ABL74243.1)

(03— ) Macaca mulatta (EHH24077.1)
(s ¢ O 3=ze) Macaca fascicularis (EHH57361.1)
(=T _lis-) Myotis daubentonii (AEZ67293.1)
(Gl—— &)Sus scrofa (AAB22723.1)
(b g ») Mus musculus (P01575.1)
(i . 8)Ovis aries (AFU82527.1)
o s »las) Pteropus vampyrus (ADK11364.1)
Rousettus aegyptiacus (BAF37103.1) (<5, -
Panthera tigris altaica s (s was )l 0 g0 3las)
NCBI o515 oL b 1 (6w ) (ALI03295.1)
3345 g w3 slaaS” L (www.ncbi.nim.nih.gov)
Llgy oy S AT Cints (sl 0al 3l

23 58 o Gl Al sl Sl 5 eSS

Doy gy 0 el 48T AL e Sl sl 098
G n sk M QLS Ll s S5
5L e Jod Sl alilie lols S 5 oS MUT
il e Oyl J g 3 0Ly 5 O 4l SIS
e Tl (55 1y WY i g 53 e
(I i 355 Ll el s o Sl
0375 ) Glaeds 5 Olas iy oS 5 85 5 0
03278 53 55 53 033 8 o Jame acb S
sl ST 2V L by Sl sl s s S Sk
(MS") 58 s 5 ISl (b 0kins 3 4 Ol
Aol 5,50 (FDAT) 5405 51 Olejle bow g aS 50
Olays sl pp OT ST T b 053 20 5 (D28 5 13
5 eslital 55 g0 ailin sl g 5ol5 Dlaeta LMS
i o n g (5l S MS ()5 ,-5 (o
0Ll o g 4 OVLE 55 a5 Sl (65 0 s
§559 Gk 3l ol o) s e )3 S0 Lo
555 adam oSG Gl U e OV oS 540
a8 e SLACSL ade T sl 4wty 2as)
2V 08l s 9355 e paia S5
4S 35d o Shlew o O sl S o
Dsbin s 0diS s pe S i 55 IS0 4 Y
Cel L 09,5 ) I 5 aas S oslizad Jau g6
Olslag 53 4VLw 55 Ol p g & 35> alS
5 MRI" I ol Slaalin 555 o MS 4 M
ol Cdled 53 2alS doja Ve B0 suas Ol
3 sz_ﬁi: Olalllae (V)35 505 ol O3 e S ey
3o 3 Ly 05,05 2l oL 555 esliwl 4
o sl 53 U o se 48T U plasl o)l
2 536 35 5 (SedlST A MS 4 0T s 5 (6 5ley
3550 53 Sllllas O sST W 5s o Lasl S5 s iy
SR s =V L O ) s Ol

S5 poe 5 5855 0nl S5l L (O ST

1. Multiple sclerosis
2. Food and Drug Administration
3. Magnetic Resonance Imaging
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1. X-ray crystallography

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

S 55 s R 8 0 e e Al
doal g St )l 5 Ol Sl 5o 5 o Sl
5 Ol 31 ilas aS ml e gdlea (040Nl
o ) ol ) T Bl e 4 0 a5 S s
2 5 ) s e 5 e S35 51U
ol S5 ) Sl s ol o e (Y103 5T o
sl ol o gl le Cals ol 5l eslizul Ol &7
Loy sS s Sleslinal b g 55ls S5 plo L5
L;an)jc}“_mj_n\ =l osls sy i el
5t In Silico Sl plonil 5 (Sl 5l o
SLasss m ale 6l ity o) 5L SET s
s 3 am g BB OIS s sl e 29l
S5 Al 5 (S5 MlSS sty mls o
Slaas S 53 Lo 0yl 55 5 IS5 5 (5L
O3 ST Aol 15 S 5,5 sbas 5 5 00l Sl
WOl ol (bl 4,5 o3l sl 0553 53 1 09,5 2]
sails |y S alol op 28 s O aS et
0393 b 03 sy ) 5 Bl A se al )
O30y s s 53 55 2l Sl 5 JalSS
R g SignalP o 5 oy T (e il
0313 0L 3 91 Cote 55l JIF o Lealy M8
b S o ) L 08 R s S S
sl g ol Solds S Lealy JIg sl yls
Cgr mnlie Laaly Jlos Jlasl 5 Olssl ¢ 1 b
S D3 4 5 e OS5 0l s
ol A5 5 6ol e g g 53 (L8l il 5 e
50 ol Al edn T Oladss 53 oS 55 s
5 Sl sl g a0 8Ly Joniley Sl oslinl
Sl pite 4 $CS i 213 (5L
I L 0T 03503 o Kolr 5 sl sloialy sl JI 5
055 0l 1y Job B 6,81 iy slanal
3] e RS S . D VT . PRV P VT
JAOMM\C}J;JL«::-UWJ\;- aax 5 5l

5=V Lm0l sy ¥ S e a Tl

VI IR0 ol « 11€O o)laid csiub g Gy 2)9s

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-9468-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-17 ]

In Silico 6T g ¢, SaTjols Jala3 g asjal

L SIS i 35 5 5L e S I B
1 oS sl S Sy 5 JUaSl e s oS
JUas! s Colda 35 b 51 SOCS3 .ias o a5
Ui La S gl ite o 15 53 JAK/STAT oy
M) das o SialS 1y ¢S5 T gladauwlus 5 5,05
&S e Ol Sl oDt Sy pn b 5 S b
APy P B R Y Y Ry P
Sl ST 2alS RS e T ladshe 2l
Ol 4ol ol 42) (8 s W 5 2l ey
Il 31 6,8 ol 5 5lge 05 (BT GlaediS s e
23 TFXOLIL 0 65 o (oS (s 41 L 5
S sls Ol (Sl 5l g (o) 2 gl fgere
S s QUL S8 o) B 0s 5 ) 59 0
o B O (el L 5 dilate 36 5 Laial,
mmlie Laaly JIg 1 b &S s 5ad slgeiy In Silico
e e Ll o (2900 G nl 5 B G
Jglte sLaglelu 53 5)ls ulosdl W5 o8 il
Gla LT 514 auls ol 53,8 Sp Sy,
55 ) 0 52V B 03 4 s (Sl s 52
el 1= 5 ey Dl a5 0 A fol

.JJ)T&‘}‘)O:S‘}};a‘éj)j!o.a\;i.]{)bdk&QL’%L&)’T

SISl

S ONE o ils 555l 5 hag sl
S 3V (Gl Pl e Sl 5 e DU
Olaimee HListl 53 95 503 sl 1) LBl Guloed 08 0y
Db G150 5 S5 lesens 315 ) 3

References

1. Arora D, Khanna N. Method for increasing
the yield of properly folded recombinant
human gamma interferon from inclusion
bodies. J Biotechnol 1996; 52(2): 127-133.

2. Parkin J, Cohen B. An overview of the immune
system. Lancet 2001; 357(9270): 1777-1789.

AR SLaiSan 5 o) Sl 0 oS s bE
Wb 8 51,8 gy 2355 STRING 3 oy ol
OF9 s 830 2 OB Sl S S 4 S
07 5 5 m et 2B S ey 487 31 O
255U a5 03 0 e s oV
oo 8 4 JLasl 4 03 )ls g5 09 p 7l ¥ i
Sl S (o s (G5l o 055 524
g 4 355 S jwdlb ol 5 0kt JAK/STAT
D59 Ve agds O Jlad o 5150 dllde
SFS LA, o g g s el
O35 s 53 oS ol A 0 B I Y aeS
i Gl 4 il OT b 487350515 058 20!
SDNA dle 915 (gl )3 (Sl A8 5 0350 (s
ST OY g (YATVAS o 55k s 29 RNA
| PN B P WA I P P e Y- s | P
g o35 Jad 1) WAIT o 5 L 09,8 ) g0l
N smans b S Gl o s 2 ) 50
od—b JLA TLR s MyD88 Jar s ;oo 5 b
23 0558 2 s 1y (IS Do 4 (TIN5
9N O3 oS Gl sy 4 S8 S e
Y 038l o8 5 Y I8 sl Ol ply SS e
SLa sy a0 I o 5 33,5 o Juane
PSS s aS0T 513, 8 e 0T L s e
3550 03 ol il 3,8 0 )5 s S e 03 s
53 0T ol i Sl L 05,5 ) (55
Lo 58y Bl o ] s Gy (3Ll
SOCS(Suppressor Of Cytokine Signaling) e! s>

3. Goodkin DE. Interferon beta-1b. Lancet 1994;
344(8929): 1057-1060.

4. Marziniak M, Meuth S. Current perspectives on
interferon Beta-1b for the treatment of multiple
sclerosis. Adv Ther 2014; 31(9): 915-931.

5. Croze E, Yamaguchi KD, Knappertz V,

1090 (1agy « 11€0 o)lasd (@il § Cumyy 8)9s

ohjls (A} eolc 2GSl alas Ao


http://jmums.mazums.ac.ir/article-1-9468-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-17 ]

ulilSam g yisuape ppall lus 2w

Reder AT, Salamon H. Interferon-beta-1b-
induced short- and long-term signatures of
treatment activity in multiple sclerosis.
Pharmacogenomics J 2013; 13(5): 443-451.

6. Kolb-Maurer A, Goebeler M, Maurer M.

10.

11.

12.

Cutaneous adverse events associated with
Interferon-beta treatment of multiple sclerosis.
Int J Mol Sci 2015; 16(7):14951-1460.

. Farrell RA, Giovannoni G. Current and
future role of Interferon beta in the therapy of
multiple sclerosis. J Interferon Cytokine Res
2010; 30(10): 715-726.

. Kappos L, Freedman MS, Polman CH, Edan
G, Hartung HP, Miller DH, et al. Effect of
early versus delayed interferon beta-1b
treatment on disability after a first clinical
event suggestive of multiple sclerosis: a 3-
year follow-up analysis of the benefit study.
Lancet 2007; 370(9585): 389-397.

. Rao DV, Ramu CT, Rao JV, Narasu ML, Rao
AK. Cloning, high expression and purification
of recombinant human Intereferon-p-1b in
Escherichia coli. Appl Biochem Biotechnol
2009; 158(1):140-154.

Mahjoubi N, Fazeli MR, Dinarvand R,
Khoshayand MR, Fazeli A, Taghavian M, et
al. Preventing aggregation of recombinant
Interferon beta-1b in solution by additives:
Approach to an albumin-free formulation.
Adv Pharm Bull 2015; 5(4): 497-505.
Abdolvahab MH, Fazeli A, Radmalekshahi
M, Nejadnik MR, Fazeli MR, Schellekens H.
An albumin-Free formulation for Escherichia
coli derived Interferon beta-1b with decreased
immunogenicity in immune tolerant mice. J
Interferon Cytokine Res 2016; 36(3): 192-203.
Bendtsen JD, Nielsen H, Von Heijne G,
Brunak S. Improved prediction of signal
peptides: SignalP 3.0. J Mol Biol 2004;
340(4): 783-795.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Petersen TN, Brunak S, von Heijne G,
Nielsen H. SignalP 4.0: discriminating signal
peptides from transmembrane regions. Nat
Methods 2011; 8(10): 785-786.

Blom N, Gammeltoft S, Brunak S. Sequence-
and structure-based prediction of eukaryotic
protein phosphorylation sites. J Mol Biol
1999; 294(5): 1351-1362.

Gasteiger E, Hoogland C, Gattiker A,
Duvaud S, Wilkins MR, Appel RD, et al.
Protein identification and analysis tools in
the EXPASy server. In: The Proteomics
Protocols Handbook. Walker JM. Totowa:
Humana Press; 2005. p. 571-607.

Ghane M, Yakhchali B, Khodabandeh M,
Malekzadeh F. Design, construction, and
expression of a synthetic B-Interferon (IFN-
B) gene in E. coli. Pak J Biol Sci 2006; 9:
2922-2926.

Kasper LH, Reder AT. Immunomodulatory
activity of interferon-beta. Ann Clin Transl
Neurol 2014; 1(8):622-631.

Houdebine LM. Production of pharmaceutical
proteins by transgenic animals. Comp Immunol
Microbiol Infect Dis 2009; 32(2):107-121.
Wang Y, Zhao S, Bai L, Fan J, Liu E.
Expression systems and species used for
transgenic animal bioreactors. Bio Med Res
Int 2013; 2013

Dalton AC, Barton WA. Over-expression of
secreted proteins from mammalian cell lines.
Protein Sci 2014; 23(5): 517-525.

Khan KH. Gene expression in mammalian
cells and its applications. Adv Pharm Bull
2013; 3(2): 257-263.

Skoko N, Argamante B, Grujicic NK,
Tisminetzky SG, Glisin V, Ljubijankic G.
Expression and characterization of human

interferon-betal in the methylotrophic yeast

Al 1IR30 agy « 110 ayladhy (euiad g Caunyy 2)9s

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-9468-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-17 ]

In Silico 6T g ¢, SaTjols Jala3 g asjal

23.

24,

25.

26.

217.

28.

29.

Pichia pastoris. Biotechnol Appl Biochem
2003; 38(3): 257-265.

Shen P, Zhang H, Su Z, Wang S, Xu H. In
silico analysis of tumor necrosis factor alpha
induced protein 8-like-1 (TIPE1) protein.
PLoS ONE 2015; 10(7): e0134114.

Dorn M, MB ES, Buriol LS, Lamb LC.
Three-dimensional protein structure prediction:
Methods and computational strategies. Comput
Biol Chem 2014; 53: 251-276.

Arnold K, Bordoli L, Kopp J, Schwede T.
The SWISS-MODEL workspace: a web-based
environment for protein structure homology
modelling. Bioinformatics 2006; 22(2):195-
201.

Kiefer F, Arnold K, Kunzli M, Bordoli L,
Schwede T. The SWISS-MODEL Repository
and associated resources. Nucleic Acids Res
2009; 37: 387-392.

Russell-Harde D, Wagner TC, Perez HD,
Croze E. Formation of a uniquely stable type
| interferon receptor complex by interferon
beta is dependent upon particular interactions
between interferon beta and its receptor and
independent of tyrosine phosphorylation.
Biochem Biophys Res Commun 1999;
255(2): 539-544.

Zhu F, Han B, Kumar P, Liu X, Ma X, Wei
X, et al. Update of TTD: Therapeutic target
database. Nucleic Acids Res 2010; 38: 787-791.

DeWitte-Orr SJ, Mehta DR, Collins SE,
Suthar MS, Gale M, Jr, Mossman KL. Long
double-stranded RNA induces an antiviral

response independent of IFN regulatory

30.

31.

32.

33.

34.

35.

36.

factor 3, IFN-beta promoter stimulator 1, and
IFN. J Immunol 2009; 183(10):6545-6553.
Fredericksen B, Akkaraju GR, Foy E, Wang
C, Pflugheber J, Chen ZJ, et al. Activation of
the interferon-beta promoter during hepatitis
C virus RNA replication. Viral Immunol
2002; 15(1): 29-40.

Lin L, Pan S, Zhao J, Liu C, Wang P, Fu L,
et al. HSPD1 interacts with IRF3 to facilitate
interferon-beta induction. PLoS ONE 2014;
9(12): e114874.

Hiscott J. Triggering the innate antiviral
response through IRF-3 activation. J Biol
Chem .2007; 282(21): 15325-15329.

Seth RB, Sun L, Chen ZJ. Antiviral innate
immunity pathways. Cell Res 2006; 16(2):
141-147.

Akhtar LN, Qin H, Muldowney MT,
Yanagisawa LL, Kutsch O, Clements JE, et
al. Suppressor of cytokine signaling 3
inhibits antiviral [FN-beta signaling to
enhance HIV-1 replication in macrophages. J
Immunol 2010; 185(4): 2393-2404.

Miller A, Lanir N, Shapiro S, Revel
M, Honigman S, Kinarty A, et al
Immunoregulatory effects of interferon-beta
and interacting cytokines on human
vascular endothelial cells. Implications for
multiple sclerosis autoimmune diseases. J
Neuroimmunol 1996; 64(2):151-161.

Smith BT. Concepts in Immunology and
Immunotherapeutics. 4" ed.
ASHP; 2008.

Maryland

1090 (1agy « 11€0 o)lasd (@il § Cumyy 8)9s

ohsjls (A} eole sEibily alas AP


http://jmums.mazums.ac.ir/article-1-9468-fa.html
http://www.tcpdf.org

