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ABSTRACT

Objective: To study the functional and molecular interactions of IFNAR-2 within biological networks

Study Design: Computational analysis: STRING software

Place and Duration of Study: Department of Biochemistry, HITEC-Institute of Medical Sciences, Taxila Cantt,
Pakistan, from Dec 2017 to Jun 2018.

Methodology: Protein sequence of IFNAR-2 protein was obtained from ‘National Centre for Biotechnology
Information (NCBI)" database and STRING analysis conducted by applying specific parameters including (1) Text
mining (2) Experiments (3) Databases (4) Co-expression (5) Neighborhood (6) Gene fusion and (7) Co-occurrence
for identifying protein-protein interactions and molecular associations. Maximum number of interactors was set
at 20 and highest confidence level was set at 0.900.

Results: Protein-protein interaction analysis translate that human IFNAR-2 protein has high level of interactions
with a set of proteins of similar size, drawn from the genome. This set represents a partial biologically connected
group of proteins. This information has a potential to set the basis for further experimental investigations in more
integrated and biologically linked pathway-oriented perspective that results in more targeted outcomes.
Conclusion: Functional and molecular enrichment through STRING analysis revealed that IFNAR-2 protein has
strong associations and serves as a key player in antiviral response of immune system.

Keywords: IFNAR-2 protein, Search Tool for the Retrieval of Interacting Genes/Proteins (STRING), Protein-
protein interactions, Molecular associations.
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INTRODUCTION software analysis reported that IFNAR-2 protein
is a 515 amino acids long chain, having total 37
identical positions with 6.446% identity and con-
sists of variety of secondary structures such as
alpha-helices (inner, outer and trans-membrane
domain), turns and beta sheets that impart struc-
tural diversity, dictating the functional diversity
of this protein. In current scenario, sufficient

Interferon (IFN) receptors are assemblies of
trans-membrane glycoproteins, belonging to the
helical cytokine receptor (hCR) family, which,
in response to ligand, activates the signal trans-
duction pathways. The IFNAR2 genes encode
multiple iso forms that contribute to the potential
complexity of the receptor’3. The structure of the _ su
IFNAR-2 protein binding ectodomain (IFNAR2- knowledge ab.out. funCthl’lE.ll dESCI‘lPtIOD of
EC), is the first identified helical cytokine recep- IFNAR"Z protemn 1s not available, ma'mly c‘lue
tor structure that provides the molecular basis  t© the limitations of relevant sources including
for IFN bindingt. Later on, three dimensional study models. Comprehensive information about
structure of IFNAR-2 protein was identified by the functions and molecular associations of
NMR which predicted that core of ligand binding IFNAR-2 protein is an important aspect to under-
domain consists of hydrophobic aliphatic amino stand the potential role of protein in biological
acids’. A previous study based upon insilico ~ Systems. Functional associations of human inter-
feron alpha receptor 2 (IFNAR-2) protein based
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interactions of respective receptor based targeted
therapeutics®.

The database, STRING (Search Tool for the
Retrieval of Interacting Genes/Proteins), is a fully
pre-computed exploratory resource that contains
a much larger number of associations than pri-
mary interaction database, with varying confi-
dence scores. It basically provides three types of
protein-protein interactions/associations eviden-
ced under one common framework with an inte-
grated approach. This approach offers various
advantages such as (1) comparative analysis
based upon single and stable set of proteins (2)
more coverage for the protein of interest, based
upon known and predicted information that com-
plements its relevant associations (3) independent
evidence based scoring providing confidence
about the role and importance of specific protein
(4) association mapping and transformation onto
other kingdom systems setting the basis for
evolutionary studies’. By far, this is best tool to
provide a quick initial over-view of the functional
partners of a query protein, especially for pro-
teins that are still poorly characterized such as
human IFNAR-2 protein. Hence, the present
study was conducted to determine some inter-
action or association features of human IFNAR-2
protein with other proteins by employing the
STRING server tool.

METHODOLOGY

The present study was conducted from
December 2017 till June 2018, after approval from
Institutional Review Board (IBR), at Department
of Biochemistry, HITEC - Institute of Medical
Sciences, Taxila Cantt, Pakistan. In this study
STRING version 10.0, has been employed to find
multiple protein interactions of human IFNAR-2
protein with other proteins by using coding
sequence, NCBI Accession: P48551.1. Analysis
was conducted by applying specific parameters.
Initially, network edges were analysed based
upon evidence. Following this, selective interac-
tions were evaluated on the basis of experimental
source. Protein-protein analysis consisted of
active interaction parameters including (1) Text
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mining (2) Experiments (3) Databases (4) Co-
expression (5) Neighbourhood (6) Gene fusion
and (7) Co-occurrence. Maximum twenty pro-
teins (interactors) were selected and minimum
required interaction was set at score 0.900 as the
highest confidence level. Analysis of molecular
interactions comprised the same parameters
except text mining source. STRING consortium
2017 consists of SIB (Swiss Institute of Bioinfor-
matics), CPR-NNF (Centre for Protein Research)
and EMBL (European Molecular Biology Labora-
tory) databases®.

RESULTS

The fasta protein sequence of human
IFNAR-2 protein used in this study is given
below:

Uni Prot KB / Swiss-Prot: P48551.1 >sp|
P48551.1 | INAR2_HUMAN Rec Name: Full =
Interferon alpha / beta receptor 2; Short = IFN-R-
2; Short = IFN-alpha binding protein; Short =
IFN-alpha/beta receptor 2; Alt Name: Full
Interferon alpha binding protein; Alt Name: Full
= Type I interferon receptor 2; Flags: Precursor

MLLSQNAFIFRSLNLVLMVYISLVFGISYDS
PDYTDESCTFKISLRNFRSILSWELKNHSIVPTH
YTLLYTIMSKPEDLKVVKNCANTTRSFCDLTDE
WRSTHEAYVTVLEGFSGNTTLFSCSHNFWLAI
DMSFEPPEFEIVGFTNHINVMVKFPSIVEEELQF
DLSLVIEEQSEGIVKKHKPEIKGNMSGNEFTYIID
KLIPNTNYCVSVYLEHSDEQAVIKSPLKCTLLP
PGQESESAESAKIGGIITVFLIALVLTSTIVILKWI
GYICLRNSLPKVLNFHNFLAWPFPNLPPLEAM
DMVEVIYINRKKKVWDYNYDDESDSDTEAAP
RTSGGGYTMHGLTVRPLGQASATSTESQLIDPE
SEEEPDLPEVDVELPTMPKDSPQQLELLSGPCE
RRKSPLQDPFPEEDYSSTEGSGGRITFNVDLNSV
FLRVLDDEDSDDLEAPLMLSSHLEEMVDPEDP
DNVQSNHLLASGEGTQPTFPSPSSEGLWSEDA
PSDQSDTSESDVDLGDGYIMR

Protein-protein  interactions of human
IFNAR-2 protein were studied by STRING
platform. We used fasta protein sequence of
human IFNAR-2 protein (query protein) in
STRING software with a total number of 20
proteins to study a network of associations
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around the query protein. Enrichment was tested =~ Network nodes represented proteins, produced
statistically and validated. The average local by a single, coding gene locus. Small size of node

® IFNAR2

o IFNA2Z
© IFNARY
o STAT2
® STATY
w IFNW
= JAK)

IFNAYT

IFNAYS
© IFNATO
IFNATE
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Association key

Curated databases (‘3—‘: ). experimental analysis( e—e ).gene neighbourhood ( e—e ). gene fusion ( -~ ;),
gene co-occurrence ( e—e ). textmining (- - ), co expression ( -~ ), protein homology (~~ - )

Predicted Functional Partners:

interferon (Sipha Deta and Omega) réceptonr 2. ASSociates with IFNART 10 form the Dype | interferon receptor. Receptor for
inferferons Alpha and Deta. Involved in IFN-meciated STATI, STAT2 and STATS activation. Isoform 1 and isoform 2 are

GErectly Invoived i SIpnal Uransauction Cue 1O thelr SSSOCIation with the TYR kinase. JAK 1. Isoform 3 15 a potent inhibdor of g r§ ;—: % % o 2 ';
type | IFN réceptor sctivity (515 29) S@258c2Es
SErEFR8E58
£3S33883228
ntecferon, alpha 2 Froouced by macrophapes, IFN-aipha have antivird! actimties (188 33) - o c939
interferon (aipha Déta and omega) receptor 1, Associates with IFNARZ 10 form the type | interferon receptor. Receptor for inter. - o o 0999
SIQNa! LransSuces and activator of transcription 2 1 13xDa Signal transoucer and aCtivator Of Iranscriplion Hhat meciates signa - o = 0995
sipnal transcucer and activator of transcription 1, 91kDa (750 aa) - o - 0.9%0
interferon, omega 1 (195 aa) - - 0950
Janus kingse 1. Tyrosing Kingse of INe non<recepton [ype, mvalved in Ihe IFN-SHha/Deta/Qamma Sgnal pathway. Kinase parin - * - 0989
interferon, Jipha 8 Procuced by macrophages, IFIN-aipha have & S SCOVIDES. Intexferon STNRIGTes INe production Of two €. . - 0.982
DHICSIne kinase 2 Prodably invoived in INtraceilular SIgRal ranscuction Dy Deing involved in the intiation of type | IFN S:pnaling. .- o = 0976
interferon, Deta 1, TOroDIBSt Has antiviral antiDICtenal and anbcancer actinties (187 aa) - . 0962
GuUanIne nucieotice Dinding protedn (G protein) Deta polypeptice 2-ike 1 (317 aa) - . 0.962
intecferon reguiatory factor 9. Transcription réguiatory actor that mediates signaling by type | IFNs (IFN-alpha and IFN-Deta) F. - - 0961
intecferon, 3lpha 5 Frocuced Dy macrophages. IFN-3pha have antiviral Sctivities. Interfercn Stmuiates the production of two @ - - 0952
intexferon. gamma; Proouced Dy mphocytes activated Dy Specific antiQens of mtopens. IFN-Qamma, in adaition 10 having ant - 0916
interferon, 3ioNa & Procuced by Macrophages. IFN-3Ipha have antivirdl Sctvities. Interferon Stimulates the production of two & - 0.900
nierferon, 3ipha 17, Produced Dy macrophages, IFN-aipha have ant es Interferon stimutates the production of two - ©.900
interferon alpha 21, Produced Dy macrophages, IFN-alpha have antiviral s Interferon stimuiates the production of two - 0900
interferon alpha 14 Produced Dy macrophages, IFN-aipha have anthy o5, Interferon stimutates the production of two - 0.900
interferon 3ipha 10 Procuced by macrophages, IFN-3lpha have antiviral ac es. Interferon st fates the production of two - 0.900
ntecteron, alpha 16 Produced by 1 oONapes, IFN-alpha have ant 03 InterTeron stimiates the production of two - 0.900
interferon, 3lpha & Procuced Dy macrophapes. IFN-aipha have antiviral actinties. Interferon stirmuiates the production of two e - 0.900

Figure-1: Predicted protein - protein associations of human IFNAR-2 protein.

clustering coefficient was 0.928 for total 21 nodes  indicated the protein of unknown 3D structure,
(one query and set of proteins) and 165 edges. = whereas large size of node represented the
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known or predicted 3D protein structures. Figure
1 consisted of only large nodes, which showed
that our analysis only included proteins of
known 3D structures. Red coloured node repre-
sented the human IFNAR-2 protein (query pro-
tein) and the first shell of interactions with other
proteins, whereas white nodes symbolized the
second shell of interactions. The edges high-

Pak Armed Forces Med ] 2020; 70 (1): 245-52

IFNAR-2 protein interacts with many other
proteins including groups of interferon (IFNA2,
IFNA4, IFNA5, IFNA6, IFNAS, IFNA10, IFNA14,
IFNA16, IFNA21, IFNA17, IFNB1, IFNW1, IFNG
and IRF9), interferon receptor 1 (IFNAR1) (alpha,
beta and omega) and signalling pathway proteins
(STAT1, STAT 2, JAK1, TYK2 and GNB2L1) (fig-
1). These associations showed that human

Table: Functional enrichment for human IFNAR-2 protein interaction.

Biological Process (GO)

Pathway ID Pathway description Count in gene set False discovery rate
GO:0060338 Regulation of type I interferon-mediated signaling pathway 17 1.36e-40
GO:0060337 Type I interferon signaling pathway 18 6.82e-40
GO:0071357 Cellular response to type I interferon 18 6.82e-40
GO0:0001959 Regulation of cytokine-mediated signaling pathway 18 1.18e-35
GO:0033141 Positive regulation of peptidyl-serine phosphorylation of STAT 13 5.4e-34
protein
Molecular Function (GO)
Pathway ID Pathway description Count in gene set False discovery rate
GO:0005132 Type I interferon receptor binding 12 6.68e-31
GO:0005126 Cytokine receptor binding 16 2.29e-25
GO:0005125 Cytokine activity 13 2.1e-20
GO0:0005102 Receptor binding 17 4.39%-16
GO:0005515 Protein binding 19 1.1e-08
Cellular Component (GO)
Pathway ID Pathway description Count in gene set False discovery rate
GO:0005615 Extracellular space 14 6.4e-10
GO:0044421 Extracellular region part 15 4.16e-05
GO:0005576 Extracellular region 15 0.000291
KEGG Pathways
Pathway ID Pathway description Count in gene set False discovery rate
05162 Measles 20 1.27e-41
04630 Jak-STAT signaling pathway 20 2.84e-40
05164 Influenza A 19 1.29e-36
05168 Herpes simplex Infection 19 2.49e-36
05160 Hepeatitis C 18 4.67e-36
PFAM Protein Domains
Pathway ID Pathway description Count in gene set False discovery rate
PF01017 STAT protein, all-alpha domain 2 0.00599
PF02864 STAT protein, DNA binding domain 2 0.00599
PF02865 STAT protein, protein interaction domain 2 0.00599
INTERPRO Protein Domains and Features
Pathway ID Pathway description Count in gene set False discovery rate
IPR001217 Trancription fator STAT 2 0.00641
IPR012345 STAT transcription factor, DNA-binding, subdomain 2 0.00641
IPR013799 STAT transcription factor, protein interaction 2 0.00641
IPR013800 STAT transcription factor, all-alpha domain 2 0.00641
IPR013801 STAT transcription factor, DNA-binding 2 0.00641

lighted the protein-protein associations. Known
interactions were extracted from curated data-
bases and experimental analysis, whereas predic-
ted interactions were based upon gene neigh-
bourhood, gene fusion and gene co-occurrence.
Results also showed some other interactions
based upon textmining, co-exp-ression and
protein homology. Analysis revealed that human
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IFNAR-2 protein has more interactions with a
random set of proteins of similar size, drawn
from the genome. Such an enrichment revealed
that these proteins are biologically connected,
at least partially, as a group. These associations
interpreted functional enrichment of human
IFNAR-2 protein, that includes biological process,
molecular function, cellular component, KEGG
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Molecular interaction enrichment of human
IFNAR-2 protein with 21 interactors was also
tested statistically and results showed that
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interferon (alpha, beta and omega) receptor 2; Associates with IFNART to form the type | interferon receptor. Receptor for
interferons aipha and beta. Involved in IFN-mediated STAT 1, STATZ2 and STAT3 activation. Isoform 1 and isoform 2 are
directly involved in signal transduction due to their association with the TYR kinase, JAK1. Isoform 3 is a potent inhibitor of
type ! IFN receptor activity (515 aa)

Predicted Functional Partners:

interferon, alpha 2 Produced by macrophages, IFN-alpha have antiviral activities (188 aa)

interferon (alpha, beta and omega) receptor 1; Associates with IFNARZ to form the type | interferon receptor. Receptor for inter.
signal transducer and activator of transcription 2. 113kDa; Signal transducer and activator of transcription that mediates signa.
interferon, omega 1 (195 aa)

Janus kinase 7; Tyrosine kinase of the non-receptor type, involved in the IFN-alpha/beta/gamma signal pathway. Kinase partn.
interferon, alpha 8 Produced by macrophages, IFN-alpha have antiviral activities. Interferon stimuiates the production of two e.
signal transducer and activator of transcription 1, 91kDa (750 aa)

guanine nucleotide binding protein (G protein), beta polypeptide 2-like 1 (317 aa)

interferon regulatory factor 9; Transcription regulatory factor that mediates signaling by type | IFNs (IFN-alpha and IFN-beta). F.
tyrosine kinase 2 Probably invoived in intraceliular signal transduction by being involved in the initiation of type I IFN signaling.
interferon, beta 1, fibroblast; Has antiviral, antibacterial and anticancer activities (187 aa)

interferon, alpha 5 Produced by macrophages, IFN-alpha have antiviral activities. Interferon stimulates the production of two e.
interferon, alpha 4. Produced by macrophages, IFN-alpha have antiviral activities. Interferon stimuiates the production of two e.
interferon, alpha 17; Produced by macrophages, IFIN-alpha have antiviral activities. Interferon stimulates the production of two
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interferon, alpha 16; Produced by macrophages, IFN-alpha have antiviral activities. Interferon stimulates the production of two
interferon, alpha 6 Produced by macrophages, IFN-alpha have antiviral activities. Interferon stimulates the production of two e.
telomerase reverse transcriptase; Telomerase is a ribonucieoprotein enzyme essential for the replication of chromosome term.
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Figure-2: Predicted molecular interaction profile of human IFNAR-2 protein.

analysis & classification) protein domains and

GO (Gene

ontology) features (table).
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interaction network was significant, having a PPI
enrichment p-value 3.61x10-8 (fig-2). Network
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analysis of human IFNAR-2 protein molecular
association showed that the number of interac-
tions is the highest for binding and post-transla-
tional modification activities. This analysis also
revealed another important function of human
IFNAR-2 protein that it inhibits the activity of

Pak Armed Forces Med ] 2020; 70 (1): 245-52

binding, type I interferon receptor activity and
growth hormone receptor binding (fig-3).

DISCUSSION

In this study STRING software has been
used to identify the functional aspects of
human IFNAR-2 protein. Detailed profile showed
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Figure-3: Molecular interaction partners of human IFNAR-2 protein, to impart specific effects through first

(Red) and second shell (Grey) of interactions.

TERT (telomerase reverse transcriptase).

Human IFNAR-2 protein is involved in first
and second shell of interactions to induce various
molecular functions/effects such as type I inter-
feron receptor binding, cytokine receptor bind-
ing, cytokine activity, receptor binding, protein

250

comparative interactions of human IFNAR-2 pro-
tein with a set of interferons, interferon receptor
and signalling molecules which translates its
functional importance and vitality within the
biological systems and regulatory networks at
molecular and protein level. IFNAR-2 protein
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interacts with IFNG (interferon, gamma) which is
produced by lymphocytes and acts as potent anti-
viral and activator of macro-phages®. Activated
macrophages produce various interferons like
IFNA4, IFNA5, IFNA6, IFNAS, IFNA10, IFNA14,
IFNA16, IFNA17 and IFNA21 which interact with
IFNAR-2 protein and contribute in antiviral res-
ponse particularly in HIV infection!®. IFNAR-2
protein plays an important role in signal trans-
duction and activation of transcription factors
during respective response via interaction with
STAT1, STAT2, TYK2 and GNB2L1%12, Protein-
protein analysis also reveals that most of these
interacting partners share genetic neighbourhood
and are involved in gene fusion and co-occurre-
nce events. Second part of this study deals with
molecular interactions and components of path-
ways involving IFNAR-2 protein that reveals
interesting information regarding level of inter-
actions and contributions of IFNAR-2 protein in
respective pathways or its activity (fig-3). Results
revealed that IFNAR-2 protein is directly invol-
ved in protein binding and interferon (alpha, beta
and omega) receptor 1 activity’3, whereas it is
indirectly involved in the production of various
interferons from macrophagest. IFNAR-2 pro-
tein is also indirectly involved in growth hor-
mone binding interactions. STRING molecular
interaction analysis provides more functional
coverage for IFNAR-2 protein, by revealing its
role for inhibition of TERT (telomerase reverse
transcriptase) activity, which is generally active
in progenitor and cancer cells but is inactive, or
very low activity in normal somatic cells!>17.
This information also indicates the significance of
IFNAR-2 protein and that it needs to be studied
extensively. Predication analysis based results,
through STRING provide strong evidence over
independent predictions, because it combines the
potential of machine learning with data mining
source’s, Therefore, taking into account this
detailed functional enrichment profile of IFNAR-
2 protein, we conclude that STRING platform
provides extensive functional and molecular
details and coverage about partially characterized
proteins. Results of this study have potential to

251

Pak Armed Forces Med ] 2020; 70 (1): 245-52

set the basis for further experimental investiga-
tions in more integrated and biologically linked
pathway oriented perspective and approach
which could provide more targeted outcomes.

CONCLUSION

Functional and molecular enrichment
through STRING analysis revealed that IFINAR-2
protein has strong associations and serves as a
key player in antiviral response of immune sys-
tem. STRING software provides updated compre-
hensive molecular and functional associations of
proteins.
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