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Abstract

Interferon gamma is a dimerized soluble cytokine that is the only member of the type II class of
interferons. Interferon, IFN gamma plays an important role in generating immunity against viruses
and intracellular infections. A total of 17 full-length protein sequences from different farm animals
were retrieved from NCBI database. Sequence analysis such as multiple sequence alignment (MSA),
conserved motif identification, computation of amino acid composition, and phylogenetic tree con-
struction were performed on these primary sequences. Phylogenetic tree indicated three subclusters
comprising ruminant species, animals from equidae genius and swine individuals respectively. In
silico analysis of interferon gamma from Bos faurus revealed that it is a thermostable, alkaline pro-
tein having molecular weight of about 20 kDa, having mainly two predicted conserved domains that
belong to the Interferon gamma superfamily and to PKc_like superfamily. Prediction of motifs, pat-
terns, disulphide bridges and secondary structure were performed for functional characterization.
The 3D structure and protein model were developed by the use of Swiss Model, iTAsser, Phyre2
and RaptorX, and were validated using protein structure checking tools PROCHECK, ERRAT and
QMEAN, which indicated that the model generated by Swiss Model was more acceptable
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Introduction
IFN gamma plays an important role in gener-

Native bovine interferon gamma is a 143 ami-
no acid cytokine with potent activating, antiviral
and antiproliferative properties. It is produced as
a pro-peptide with an additional 23 amino acid
N-terminal signal peptide sequence having a
molecular weight of ~ 20 kDa. IFNgamma has
antiviral activity and immunoregulatory func-
tions. It is produced by T lymphocytes activat-
ed by specific antigens or mitogens. Properties
include macrophage activation, upregulation of
MHC class I and II molecules on various cells
and induction of cytotoxicity.

ating immunity against viruses and intracellular
infections (Gray and Goeddel, 1982) and is as-
sociated with resistance against tick (Maryam et
al., 2012). IFN-y is a master checkpoint regulator
for many cytokines which are protein mediators
that are known to be involved in many biological
processes, including cell growth, survival, in-
flammation, and development (Zha et al., 2017).
Bovine interferon gamma has been investigated
for its therapeutic potential and could be a new
product used in the control of bovine diseases
(Jalali et al., 2010).
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(Ealick et al., 1991) have determined the
x-ray crystal structure of recombinant human
interferon-"gamma with the use of multiple-
isomorphous-replacement techniques and have
shown that the protein is dimeric with six heli-
ces in each subunit. The 3D structure predic-
tion of protein require X-ray crystallography
and NMR spectroscopy which is very time con-
suming, tedious method and generate a large
amount of data creating a gap between avail-
able sequences and solved structure, the gap
that is reduced by in silico method of predict-
ing 3D structure (Bhalla and Lal, 2014). Nach-
eva et al., 2012 have investigated the potential
conformational changes in the structure of the
human mutant proteins employing molecular
dynamics simulations. The prediction of pro-
tein structure from amino acid sequences is a
fundamental scientific problem and is regarded
as a grand challenge in computational biology
and chemistry (Bibinu et al., 2019). Analysis of
a protein, which includes characteristics and
structure determination, can be done in silico
by the use of bioinformatics tools and various
online databases. The online available bioinfor-
matics tools for protein research enable the pos-
sibility to reveal characteristics of the protein
of interest by only starting from the predicted
or known amino acid sequence without fully
depending on experimental approaches (Yavuz
and Ozturk, 2017).

In the present study we describe an in silico
comparative structural and functional analy-
sis of interferon gamma from Bos taurus, by
the use of biocomputational tools. We intend to
study the physicochemical properties, predict
secondary structure, modeling the 3D protein,
evaluate and analyze the interferon gamma.

Material and methods

Sequence retrieval

Sequences of Interferon Gamma from differ-
ent farm animals were retrieved in FASTA for-
mat from the GenBank (https:/www.ncbi.nlm.
nih.gov/protein). Table 1 shows the list of protein
sequences considered in this study.

Phylogenetic comparison

Phylogenetic analyses were performed by
employing a maximum likelihood (ML) meth-
od, by the use of MEGA X software (Kumar et
al., 2018). The bootstrap method with 500 rep-
lica set, in order to test the robustness of phylog-
eny, amino acid substitutions, Poisson model and
complete deletion were selected.

Primary structure analysis

Amino acid composition, pl or isoelectric
point (pH at which net charge is zero), extinction
coefficient (quantitative study of protein—protein
and protein—ligand interactions), instability in-
dex (stability of proteins), aliphatic index (rela-
tive volume of protein occupied by aliphatic side
chains), GRAVY or Grand Average Hydropathy
(sum of all hydropathy values of all amino ac-
ids divided by number of residues in a sequence)
were analyzed using the Expasy’sProtParam
server (Gasteiger et al., 2005) (http://us.expasy.
org/tools/protparam.html). The Hum-mPLoc
v2.0 server (Shen and Chou 2009) was used to
predict the subcellular localization of interferon
gamma protein. The TMPred server (Hofmann,
1993) was used to analyze the presence of the
transmembrane domains within the interferon
gamma protein.

Secondary structure prediction

Secondary structure and the percentage of
secondary elements i.e. helix, turn and sheet
were predicted using PSIPRED and CFSSP:
Chou and Fasman Secondary Structure Predic-
tion server (http:/www.biogem.org/cgi-bin/cho-
fas.pl) (McGuffin et al., 2000), (Kumar, 2013).

Homology Modeling and model evaluation

The query sequence was interferon gamma
precursor of Bos taurus (NP _776511.1). The ter-
tiary structure of query sequence was predicted
through four online homology modeling pro-
grams: Expasy SWISS-MODEL (ProMod Ver-
sion 3.70), I-TASSER (Yang et al., 2015), (http:/
zhanglab.ccmb.med.umich.edu/I-TASSERY/),
Phyre2 (Kelley et al., 2015) (http:/www.sbg.
bio.ic.ac.uk/phyre2/html/page.cgi?id=index)
and RaptorX structure prediction server, (http:/
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raptorx.uchicago.edu/StructurePrediction/pre-
dict/).

The built models were evaluated and verified
from QMEAN and SAVES server (http:/servic-
es.mbi.ucla.edu/SAVES/). Ramachandran plot
was constructed by using the pdb file in SAVES
server (http:/services.mbi.ucla.edu/SAVES/Ra-
machandran/) and the highest overall quality
factor was generated by ERRAT (http://services.
mbi.ucla.edu/ERRATY/).

Functional analysis

For functional analysis CYS_REC tool (http://
www.softberry.com/berry.phtml) was used to
identify position of cysteine and compute most
probable SS bond pattern of pairs in protein
(Hooda, 2011). The set of conserved amino acid
residues were analyzed using NCBI database
(http://www.ncbi.nlm.nih.gov/cdd/) and Motif
search tool (http:/www.genome.jp/tools/motif/)
(Singh et al., 2012). SOSUI server that was able
to predict transmembrane helices from amino
acid sequences with high precision and accuracy
(Suwa et al., 2011).

Prediction of functionally interacting partners
of the protein was performed by STRING (http://
string-db.org/) analysis (Szklarczyk et al., 2014).

The active site residues of the modeled pro-
tein were assessed by CASTp serve (Dundas et
al., 2006). The calculation was carried out using
a solvent probe of radius 1.4 A°.

Results

Sequence retrieval

A total of 17 sequences, with a similarity
are least 75%, were retrieved for different farm
animals, in FASTA format from GenBank. The
details about the selected protein sequences are
shown in Table 1.

Multiple sequence alignment (MSA) of select-
ed sequences was performed by Clustal Omega.
The results of alignment are shown in Fig. 1.

Phylogenetic tree
A bootsrap Maximum likelihood tree for 17
selected protein sequences was generated by the

use of MEGA X software (Fig. 2). In the tree
are shown three major groups: individuals from
ruminant species belong to one group, individu-
als from Equidae genius belong to another group
and the last group is composed with swine indi-
viduals. the bootstrap consensus tree with node
statistics.

Primary sequence analysis

The physicochemical properties for each se-
quence are shown in Table 1. The isoelectric
point (pl) ranged from 9.36 to 9.70, indicating
that the proteins are alkaline in nature. The in-
stability indices for all sequences ranged from
34.92 to 42.99. The percentage of different ami-
no acids of interferon gamma of different farm
animals is shown in Fig. 3. The prediction of
transmembrane segments within the protein was
done by ProtScale tool. In Fig. 4 is shown the hy-
drophobicity profile obtained by ProtScale using
the Kyte & Doolittle Scale (Kyte and Doolittle,
1982). The recommended threshold level is 1.6.
Similarly transmembrane region prediction was
performed using TMPred server (Hofmann and
Stoffel) which showed two transmembrane he-
lices one intrinsic and one extrinsic in nature.
Similar patterns were observed with those pro-
vided by ProtScale hydrophobicity profile. The
peaks indicated two potential transmembrane re-
gions present within the protein. Results provid-
ed by Hum-mPLoc v2.0 server (Shen and Chou,
2009) showed that interferon gamma is an extra-
cellular protein.

Secondary structure prediction

Secondary structure prediction of interferon
gamma precursor from different farm animals
by the use of SOPMA (Table 2) showed that the
proteins are mostly comprised of alpha helix and
random coil. In Fig. 5 and 6 are shown the sec-
ondary structure map of interferon gamma and
the graphical representation of secondary struc-
tures. There was no disordered protein binding
site present (Fig. 5). In this secondary structure
analysis alpha-helical conformation was higher
which indicates the thermostable nature of the
protein.



CEJICKOCTOIMAHCKA AKAJTEMMUSI o XKMIBOTHOBB/IHW HAYKU, LVII, 4/2020

61€0- 8C'6. d|geisun G0'ly 0G6¢1 GL0EL 174 9 L6 0v'LyE6l 991 €J0J0S sNS 1'116€218Y
9¢€0- 8861 a|qejsun L0y 05621 GL0EL 174 Ll 9¢'6 9’61761 991 EJ0I0S SN ¢6Les8I1gy
e 0- 8861 a|qejsun Wiy 0g6¢) GL0EL 14 9l 9G'6 €59Yv6l 991 EJ0I0S SNS V2G9LIHEY
G0Y'0- €G'/8 9|qels 88°9¢ 046¢1L GL0EL 9¢ 6l LE'6 re'8€E6l 991 snjleqea snnb3  1'81%5/0,00 dN
8€€’0- 8861 9|gejsun 0z 0y 05621 GL0¢€l 14 9l ¥96 ¢q'8Ly6l 991 BJ0I0s Sng L'€11666 dN
€9€°0- 8861 a|geisun eecy 0G6¢L GL0EL 9¢ Ll ¥5'6 ¥9'81G61 991 EJOI0S SNS L'8LEYONGY
L0¥°0- €9'/8 9|qe)s 88'9¢ 05621 GL0el L2 6L  Gv'6 Lr'2se6l 991 snjleqed snnb3 1'9/850vVd
eeeo- €C'e8 o|qe)s 69'6€ 0562} GL0¢el 14 9  ¥96 0G'8€61 991 BJ0.0S SNg l'z/ee1aav
iZr0- 81e oS 6Se  Owrk  S9sWh 2 6k W6 sk 99 e '6668258Y
2910~ 81'G8 o|qe)s 26've orvyl GoGyl 8¢ 6L 096 LE°TYeB) 991 snjleqed snnb3 18668259V
Gay'0- 1988 |gejsun s oy 09vLL 09vLL 8¢ 6l 0,6 eycleel 991 snoJy eide) V'GLECLLIVY
¢Ly0 1988 |qeisun ¢Sov 09v1l 09v1l 8¢ 6l 0,6 (A ATAY] 991 snoJly esded 1119222100 dN
€8Y'0- €698 |gelsun 66°¢cy 09vLL 09vLL 8¢ 6l G9'6 ¢y'L2E6l 991 Solie SINQ 1'G991L/dav
98Y°0- £6'98 o|qe)s €C9¢ ovvyl 0¥yl 82 6l 096 €9°€1G6) 991 silegnq sniegng  1'4€8//2100 dN
66v°0- €698 o|qels €C9¢ 08621 0G6¢L 8¢ 6l €9'6 9G'9¥61 991 Slleqng snjegng 1'6689/3v4
Glg0- €698 olqess €C9¢ 0s6¢l 0562} 8¢ 61 €96 Ly vEvel 991 sninej sog '6MdS8D
L6¥0- £6'98 o|gejsun 190 0562l 09621 8¢ 6l €96 6€'€9E61 991 sninej sog VIG9LL dN
(peonpa (paonpau
ANAVHO v Juswwo) Il sanpisal S m:u_w% o+ Y- |d ybBrom | yibua ds ON UOISS820y
$R)03 )03

28

(¥+) senprisax aanIsod Jo zoquunu $(Y-) SoNpIsal
aAne3au Jo Joquinu {( A AV ID)AyredoipAy o3e1oae puels {(1y) xopul oneydife {(1]) xapur Ajiqeisur {([-wd [-]A) (D) ua10yJo0o uonounxa (1d)
jurod o11309[90s1 {(owy/3) (M IA) WSom Jenodjow :werdord weredlord o) uisn dudd [XHNIV Aq papooud urdjoid dyj 10j s1djoweled T d[qel,



CEJICKOCTOIMTAHCKA AKAJTEMMU S e XXIIBOTHOBB/IH HAYKU, LVII, 4/2020 29

ABI73977.1 inte
ABVO04318.1 inte
ABI85319.2 inte
ABH11657.1 inte
ADD13972.1 inte
NP 999113.1 int
BAA05876.1 inte
NP _001075418.1
ABS28998.1 inte
ABS28999.1 inte
ADR71665.1 inte
NP 001272611.1
AAT72315.1 inte
NP_776511.1 int
NP _00127783%4.1
sp[Q8SPW9.1|IFN
BAE75855.1 inte
consensus

RFRRERRRERRERERRRERERRRERERRR

ABI73977.1 inte 61
ABV04318.1 inte 61
ABI85319.2 inte 61
ABH11657.1 inte 61
ADD13972.1 inte 61
NP _999113.1 int 61
BAAO05876.1 inte 61
NP 001075418.1 61
ABS28998.1 inte 61
ABS28999.1 inte 61
ADR71665.1 inte 61
NP _001272611.1 61
AAT72315.1 inte 61
NP 776511.1 int 61

MY TisYFLAFQLCVPSLMFSGSYCQAPFFKE IpiLKPIYFNA S VIAUGGPLFLEIL|YNW

NP700127783Z.1¥ [P ESDKKIIQSQIVSFYFKLFENLKDNQMIQORSMDMIKODMFQKFLNGSSIJKLEDFISKLIQ
SpTQSSPWQ.lIIFN [P ESDKKIIQSQIVSFYFKLFENLKDNQMIQORSMDMIKODMFQKFLNGSSIJKLEDFISKLIQ

BAE75855.1 inte 61

consensus

ABI73977.1 inte
ABV04318.1 inte
ABI85319.2 inte
ABH11657.1 inte
ADD13972.1 inte
NP_999113.1 int

121
121
121
121
121
121

BAA05876.1 inte 121
NP_001075418.1_ 121
ABS28998.1 inte 121

ABS28999.1 inte

121

IPVDULOIQORKAISELIKVMNDLSPI{SNLRKRKRSQpSIF{6JGJRAS)S
IPVDULOIQORKAISELIKVMNDLSPIISNLRKRKRSQSIF6JGJRAS)S
IPVDULOIQORKAISELIKVMNDLSPRISNLRKRKRSQpSIF{6JGJRAS)S
IPVDULOIQORKAISELIKVMNDLSPR{SNLRKRKRSQSIF{6JGJRAS)S
IPVDRYLOIQORKAISELIKVMNDLSPIUSNLRKRKRSQIF({eJG)JRA S|
IPVDRLOIQORKAISELIKVMNDLSP)ISNLRKRKRSQUYIF[0JG[9JRAS!H

PN T I Rt TR PRIl 1 P VDDLOIQRKAIJELIKVMNDLSPKSNLRKRKRSONI#FRGRRAS
I PR PSS DS S S S Wl 1 P VDDLOIORKAINELIKVMNDLS PKSNLRKRKRSONIAFRGRRAS
NP L I AR T R PRIl 1 P VDDLOIQRKAINELIKVMNDLSPKSNLRKRKRSQNIJFRGRRAS
AT SRSt I P S Ml 1 P VDDLOIORKAINELIKVMNDLS PKSNLRKRKRS ON/#F RGRRA S
NP A AR EY DR S S Wl 1 © VD DL OFJORKAINELIKVMNDLS PKSNLRKRKRSONIAFRGRRAS
AL A R Y E 33 P Pl I PVDDLOWORKAINEL IKVMNDLSPKSNLRKRKRSQN!JF RGRRA S}
YNV L Rt TR Rl 1 P VD DL OORKAINELIKVMNDLSPKSNLRKRKRSONIAFRGRRAS

consensus 121 **x*x, %,

Fig. 1. Multiple Sequence Alignment of interfernon gamma precursor sequences from different farm
animal species

Homology modeling and model evaluation

The 3D models of interferon gamma from
Bos taurus (NP _776511.1) were gained by four
protein structure homology model building pro-
grams Swiss Model, Phyre2, ITasser and Rap-
torX. The results of validation of each model by
QMEAN4 and SAVES server are summarized
in Table 3.

The G-Factor provides a measure of how un-
usual a property is. A value below -0.5 is consid-

ered unusual and a value below -1.0 is conside-
red highly unusual. The results of Table 3 show
that all models were not unusual, but the more
reliable model is Swiss Model.

Functional analysis

Functional analysis of these proteins includes
prediction of transmembrane region, disulfide
bond and identification of important motifs.
The SOSUI server shows that NP 776511.1 is
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Fig. 2. Maximum likelihood phylogenetic tree constructed by MEGA X software
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Fig. 3. Graphical representation of amino acid composition of selected sequences
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ProtScale output for user_sequence
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Fig. 4. ProtScale output of interferon gamma (Bos taurus)

Table 2. Predicted secondary structure content and disulphide bridges using NPS@ SOPMA and CYS-
REC tools

Disulfide bridge
Accession No Sp Alpha Helix Extended Beta Turn andom prediction (CYSREC)
Sheet coil (%)
NP_776511.1 Bos taurus 62.65 3.01 3.61 30.72 None
Q8SPW9.1 Bos taurus 59.04 542 3.61 31.93 None
BAE75855.1 Bubalus bubalis 59.64 542 3.01 31.93 None
NP_001277834.1 Bubalus bubalis 59.64 .02 4.82 29.52 None
ADR71665.1 Ovis aries 62.65 3.01 4.22 30.12 None
NP_001272611.1 Capra hircus 60.84 3.01 3.61 32.53 None
AAT72315.1 Capra hircus 63.25 241 3.61 30.726 None
ABS28998.1 Equus caballus 1.45 4.82 2.4 31.33 None
Equus asinus
ABS28999.1 somalicus 62.65 4.22 1.81 31.33 None
The most probable
ADD13972.1 Sus scrofa 57.23 6.63 241 33.73 attern of pairs: 13-23,
BAA05876.1 Equus caballus 63.86 3.01 3.01 3012 None
The most probable
ABV04318.1 Sus scrofa 61.45 6.02 1.81 30.72 pattern of pairs: 13-23
NP_999113.1 Sus sorofa 6145 663 3.01 2892 ~ Ihemostprobable
pattern of pairs: 13-23
NP_001075418.1 Equus caballus 60.24 6.02 1.81 31.93 None
The most probable
ABH11657.1 Sus scrofa 59.64 6.63 1.81 31.93 pattern of pairs: 13-23
The most probable
ABI85319.2 Sus scrofa 61.45 6.63 3.01 28.92 pattern of pairs: 13-23
ABI73977.1 Sus scrofa 62.05 0.02 241 29.52 None
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Fig. 5. Secondary structure map of interferon gamma precursor attained from PSIPRED
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Fig. 6. Graphical representation of the predicted secondary structures present within the target protein
interferon gamma precursor
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Table 3. Comparative values of PROCHECK, G-Factor, QMEAN scores between all predicted models

Validation Swiss model Phyre Tasser RaptorX
PROCHECK .
Ramachandran Plot Most favored regions ~ 95.9 914 82.8 934
Additional allowed
regions 4.1 6.0 12.6 6.6
Generously allowed
regions 0.0 0.7 2.6 0.0
Disallowed regions 0.0 2.0 2.0 0.0
G-Factor overall average 0.04 -0.00 -0.38 0.02
QMEAN QMEAN4 0.93 -2.01 -4.09 -1.14
Global Score 0.77 £0.05 0.63+0.07 0.65+0.07 0.59 +£0.07
ERRAT
Overall Quality Factor 99.0476 84.8101 98.1013 86.3309
Ramachandran Plot
2532170
-b
i b
? Fig. 8. Active site prediction of the predicted 3D
135 180

Phi (degrees)
Plot statistics
Fig. 7. Functionally interacting partners with the
selected protein

a membrane protein with a transmembrane re-
gion (MKYTSYFLALLLCGLLGES), of 19 aa
length. The transmembrane regions are rich in
hydrophobic amino acids. The presence of disul-
phide bonds in all sequences, obtained by CYS
REC are shown in Table 2. Fig. 7 shows the pro-

structure of interferon gamma precursor of Bos
taurus by CASTp server

tein interaction network resolved by STRING
analysis.

There are 41 predicted structural pockets, but
only the pockets with volume > 50 A were re-
ported (red and green) (Fig. 8). In Table 4, are
shown details about the area and volume, ac-
cording to solvent accessible surface (SA, Rich-
ards’ Surface) and the molecular surface (MS,
Connolly’s surface) for each cavity.
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Table 4. Details of the active sites obtained by CASTp

POC_ID Area_sa' Area_ms? Vol_sa® Vol_ms* Lenth®
1 252.863 519.352 212.673 725.258 248132
2 113.372 204.546 50.070 270.781 114.613
3 63.921 126.167 28.380 152.769 54.725
4 40.332 76.301 20.329 100.334 45.372
5 29.600 48.399 14.822 67.188 22.531

'Area as pert Richards’surface; *Area as per Connolly’ surface, *Volume as per Richards surface;

“Volume as per Connolly’s surface, °Length of the cavity

Discussion

Interferon gamma is a master checkpoint reg-
ulator for many cytokines (Zha et al., 2017). One
important role of IFN-y is to regulate immunity
and bridge the innate and specific immune re-
sponse pathways (Payne, 2017). In the present
study the interferon gamma from Bos taurus
was analyzed by bioinformatic tools. Similar
in silico studies are also previously carried out
(Bixheku et al., 2019, Bozgo et al., 2014, Bozgo
et al., 2017). The MSA results displayed protein
blocks that do not contained gap-free regions.
Thus, it was concluded that the selected protein
is highly conserved amongst the farm animals.
The phylogenetic tree, where the node statistics
were greater than 50 (except one node with 45),
indicated that the clades formed during diver-
gence were strongly supported.

All proteins with instability indices lower
than 40 are stable, meanwhile the proteins hav-
ing instability index higher than 40 were unsta-
ble. This is also according to (Pramanik et al.,
2017, Verma et al., 2016). All proteins showed
high aliphatic index suggesting that proteins are
thermostable (Ikai, 1980). The Grand Average
Hydropathy (GRAVY) was negative for all pro-
teins, indicating that proteins are hydrophilic.

The highest the quality G-factor, the better
is the quality of the protein structure (Colovos
and Yeates, 1993). The resulting GMQE score is
expressed as a number between 0 and 1. Swiss
model has the highest value of 0.77, indicating
higher reliability. Swiss model has QMEAN z-

score around zero indicating a good agreement
between the model structure and experimental
structures of similar size. iTasser model dis-
play low quality since have a low score (-4.09).
PROCHECK Ramachandran Plot supported
Swiss model as it had the highest number of resi-
dues in the most favored regions (95.9%) (Fig. 9)
According to (Yadav et al., 2013) > 90% of the
residues residing in favored region implies the
characteristics of a good quality model. There-
fore the more reliable model is Swiss model
(Fig. 10). The built model through SWISS-
MODEL was deposited to Protein Model Da-
tabase (PMDB) and obtained the accession no.:
PMO0082612.

There are ten potential interacting partners.
The closest interacting protein having the short-
est node was found IFNGRI1, which is Bos tau-
rus interferon gamma receptor while the distant
interacting protein was IL2 - Interleukin-2 which
is produced by T cells in response to antigenic or
mitogenic stimulation

Protein interaction network resolved by
STRING analysis showed two that type of con-
served domain were found, one of which belong
to the Interferon gamma superfamily and the
other to PKc like superfamily, which is main-
ly composed of the catalytic domains of serine/
threonine-specific and tyrosine-specific protein
kinases. It also includes RIO kinases, which are
atypical serine protein kinases, aminoglycoside
phosphotransferases, and choline kinases. These
proteins catalyze the transfer of the gamma-
phosphoryl group from ATP to hydroxyl groups
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Interferon garmma; Produced by lymphociles activated by specific antigens or mitogens. IFN-gamma, in addition to having

@ IFNG
type Il (or gamma) interferon farnily (166 aa)

Predicted Functional Partners:
@ IFNGR1 Bos taurus interferon gamma receptor 1 (IFNGR1), mRNA (466 aa)

@ STAT1  Bos taurus signal transducer and activator of transcription 1, 9TkDa (STATT), mRNA (1162 aa)
@ SOCS3  Suppressor of cytokine signaling 3; SOCS family proteins form part of a classical negative feedback system that regulates cyto..

@ IFNGR2 (nterferon garnma receptor 2; Uncharacterized protein (307 aa)

@ S0CS1  Suppressor of cytokine signaling 1; Suppressor of cytokine signaling Tike: Uncharacterized protein (223 aa)

@ JAK2
@ JAK1

Janus kinase 2 (1133 aa)
Bos taurus Janus kinase T (JAKT) mRNA (1758 aa)

® TNF Turmor necrosis factor; Cytokine that binds to TNFRSF1A/TNFRT and TNFRSF1B/TNFBR. It is mainly secreted by macrophages...
Interlewkin-10; Inhibits the synthesis of a number of cytokines, including IFN-gamma, IL-2, IL-53, TNF and GM-CSF produced by a...
8 IL2 Interleukin-2: Produced by Tcells in response to antigenic or mitogenic stimulation, this protein is required for Tcell proliferatio..

@ Lo

antiviral activity, has important immunoregulatory functions. If (s a potent activator of macrophages, it has antiproliferative
effects on transformed cells and it can potentiate the antiviral and antiturnor effects of the type [ interferons; Belongs to the

E S E"'n% By
g35gggss
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2883358833
LI 0.995
LI 0.987
LI 0.961
. e 0.955
. 0.950
LI 0.948
. ® 0.947
. 0.947
L] 0.939
. 0.929

Fig. 9. Graphical representation of Ramachandran Plot, for the Swiss model by SAVES

Fig. 10. Predicted 3D model interferon gamma
(NP _776511.1) generated by Swiss model viewed
in PyMol

in specific substrates such as serine, threonine,
or tyrosine residues of proteins.

According to (Kelley and Sternberg, 2009),
structural elements in the model will be reliable
if a template is detected with > 30% sequence
identity to the query, therefore findings from this
study were reliable as all the query sequences of
various species were detected with more than
75% identity.

Conclusions

Standard bioinformatic tools are useful to
provide physicochemical characteristics, struc-
tural properties including 3D model, model
quality analysis, phylogenetic assessment and
functional analysis of interferon gamma. The re-
sults obtained here will help researchers to get
an idea about the predicted protein structure and
for detection and identification of such type of
proteins in vivo or in silico.
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