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ABSTRACT

Aims: Several studies have reported the existence for T helper cell epitopes with the persistence of
unwanted immune reactions for several protein drugs. T-cell epitope is an amino acid or set of
amino acids that are capable of being recognized form one or more T-cell receptors. There is also
an indication that T helper cells are involved in the anti-drug antibodies development to therapeutic
interferon beta-1a. Protein drugs containing Major histocompatibility complex class Il T cell epitopes
are likely to elicit anti-drug antibodies. Binding specificity between T-cell epitopes and major
histocompatibility molecules are the most important determinant step in finding the T-cellular
immune responses. The data obtained from the present study provides new insights into prediction
of therapeutic Interferon beta T helper cells epitopes using T cell epitope prediction tools, mapping
of clusters of predicted epitopes.
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Study Design:
beta-1a.

Methodology: Several Insilico prediction tools (immunoinformatics tools) including Proped,
NetMHClIpan3.0 and Immune Epitope Database Analysis Resource (IEDB-AR) are available to map
the potential major histocompatibility class Il T cell epitopes. After predicting potential T-cell

Insilico analysis by bioinformatics tools was to predict T-cell epitopes of Interferon

epitopes, epitopes were mapped on interferon beta-1a using MIMOX2 server.

Results: The potential MHC class |l

immunogenic
“TRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTG

50 amino acids
With IFN-B-1a

sequence of

(position 111-161) were identified. This study can provide the understanding the relevance to T-cell
activation for prediction and assessment of unwanted immune responses.

Conclusions:

Insilico prediction by using the available tools helps in reducing the time and cost for

the immunologists during the vaccine design. By predicting them we will come to know, which
peptides play major role and synthesize them using invitro technologies.

Keywords: T-cell epitopes; IEDB; proped; MIMOX2; Interferon beta.

1. INTRODUCTION

Interferons are naturally occurring proteins which
stimulate intracellular and intercellular responses
that regulate resistance to viral infections
enhance immune responses and modulate cell
survival and death. There are three types of
interferons Type | IFN (q,B,€,k,w), Type Il IFN,
Type lll IFN or IFN-A. Interferons help in first line
of defense, exhibits antiviral activities, exhibit
antiviral responses and activate IFN-stimulated
genes respectively [1].

Interferon beta is cylindrical in shape and
belongs to family of long-chain helical cytokines.
Interferon beta exhibits potent T-cell anti-
proliferative properties. A glycosylation site exists
at residue aspargine-80. It contains 166 amino
acids residues which comprises of five a helices
designated as helix A (amino acid residues 2-
22), helix B (amino acid residues 51-71), helix C
(amino acid 80-107), helix D(amino acid 118-
136) and helix E (amino acid 139-162). Several
studies suggest that the glycosylation of IFN-
plays a critical role in protein solubility and
stability. Non-glycosylated forms of IFN-B are
more susceptible to form aggregates and lead
to immunogenicity. The structural-functional
analysis helps in neutralizing antibody binding
sites, identification of T-cell and B-cell antigenic
determinants [2]. Functions involves, interferons
acts as immunomodulators, antineoplastic,
activate immune cells such as NK cells,
macrophage and increases host defense by up
regulating antigen resenting (AP) by virtue of
increase the expression of MHC alleles.
Applications of IFN-f involves in the diagnosis of
rheumatoidal arthritis, Multiple sclerosis (MS),
auto immunological diseases. Advances in the
antigen processing and presentation has made
the subunit vaccines an integral part of vaccine

design. In the subunit vaccine, the vaccine
candidates are used as immunogenic
peptides/regions of protein instead of complete
protein. Binding of this peptide to the Major
histocompatibility molecules play vital role in the
activation of autogenic specific T- cells and
hence finding these peptides or epitopes is
important [3].

Insilico prediction of T-cell epitopes can helpful in
identification of peptides using computational
programs which have in designing the vaccine
development. Some of the methods include
involves quantitative matrices method and the
other is position specific binding profiles. Major
histocompatibility class II molecules helps in
identification of the foreign molecule on the
membrane surface and degrade the molecule
into peptides and present them to T-cell
receptors for particular immunological responses
[4]. An Immune epitope database (IEDB) is the
one of the important server to find the immune
related information including antigens, anti-
antibody responses, T and B cell information.
Information to this server is retrieved from
TEPITOPE; NetMHClIpan [5]. User can select
the prediction for HLA-DP, DQ, DR molecules
with suitable parameters and threshold. Proped
is theserver which uses the panspecific method
to identify the predicted binders. The Pan specific
method helps in providing the predictions for
those molecules which are previously
uncharacterized Major histocompatibility
molecules [6]. Pan specific methodology play an
important role, as they are capable of giving
predictions to those molecules, which have not
been characterized experimentally [7].
NetMHClIpan-3.0 method is used to cluster the
most prevalent HLA alleles of the European
population. For HLA class 1, clustering of
molecules into super types was proposed by the




analysis carried out using experimental data [8]
and extending by applying pan-specific class |
prediction analysis. Whereas for MHC class I,
the amount of experimental data remains too
limited and hence they have been limited to
HLA-DR molecules. The analysis performed here
suggesting reduction of polymorphism of HLA
class Il molecules by definition of clusters based
on similarities in predicted functional binding
specificities. Such clustering builds a base for
facilitating identification of T helper cell epitopes
within different ethnic groups having a high value
in the design of epitope-based vaccines. There
are many methods identified for the prediction of
peptide-major histocompatibility binding including
artificial neural network, quantitative matrices
method, and Markova model. For major
histocompatibility class I, the peptides which bind
to Major histocompatibility class | are of same
length and hence they are easily characterized.
Whereas binding of major histocompatibility class
Il binding is very different because of they are
distributed all over the length of natural major
histocompatibility binding peptides [9] and hence
they are identified. Interferon beta triggers the
synthesis of host cell proteins contributing to it's
to its several immunomodulatory properties. It
also increases the expression of HLA class |
molecules and this might contribute to antiviral
effects. It inhibits HLA class Il molecules induced
from IFN- y and so inhibits the antigen
presentation [10]. Application of predicting the T-
cell epitopes intereferon-beta-la include:
Interferon beta -la epitopes it helps the
treatment of auto immune diseases, T-cell
epitope prediction are used in the treatment of
cancer, auto immunity, allergy and infectious
diseases, There are many application of T-cell
epitope prediction in case of disease diagnosis
and vaccine design which include Mapping in
Foot and mouth disease, Mapping in Type 1
Diabetes,Mapping in pneumonia, Mapping in
HIV.

2. MATERIALS AND METHODOLOGY

Methodology helps in giving step by step
procedure of the work done in the study. Below
mentioned is the work flow involved in the study

(Fig. 1).
2.1 Protein Sequence Retrieval

Interferon beta-la protein FASTA sequence was
retrieved from drug bank having the accession
number DB0O0060 with the length of 166 amino
acids (http://www.drugbank.ca/drugs/) this
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protein sequence is basis to perform different
computational predictions of linear amino acid
residues.

2.2 Potential T-Cell Epitope Prediction

T-cell epitope is an amino acid or set of amino
acids capable of being recognized from one or
more T-cell receptors. Cells recognize the linear
peptides that bound to the MHC class i
molecules. Understanding the relevance of T-cell
activation in antidrug antibodies play a crucial
role for predicting and assessing
immunogenicity. To check whether interferon
beta can elicit T-cell responses, we predicted
potential T-cell epitopes using IEDB analysis
resource. IEDB-AR follows allele specific method
for prediction. For our prediction we fallowed
IEDB recommended prediction method choosing
the all the HLA-DR alleles from the panel. Later
from the predicted T-cell epitopes only those
epitopes having low percentile rank were chosen,
since lower the percentile rank indicates the
good binders [11].

In IEDB 15mer amino acids MHC class Il T-cell
epitope prediction was performed using the
NetMHClIlpan method, consensus method [12],
Average Relative Binding (ARB) matrix method

and stabilization matrix alignment method
(SMM).

Proped is a server to predict major
histocompatibility class 1l binding peptide
prediction which can predict major

histocompatibility class Il binding regions in an
antigen sequence [13], method is based on the
guantitative matrix method. For our prediction
panspecific method is used for the identification
of the predicted affinity using 51 alleles of Human
leukocyte antigen-DR alleles. The Pan specific
method covers all the binding information of the
molecule from the different loci or species. Later
41 patterns (overlapping) with their regions are
identified.

NETMHCII pan 3.0 is a server capable of
predicting the T-cell epitopes. This server either
use allele specific method or pan specific method
based on the user requirement. We adopted
allele specific method and we have done the
prediction for 12 alleles of Human leukocyte
antigens-DR [14]. By 15-mer amino acid analysis
of Major histocompatibility class Il T-cell epitope
prediction was performed and the prediction is
based on the affinity i.e. if the affinity is <500 nm
then it indicates weak binder, if the affinity is <



50nm then it indicates strong binder. In the
current study we adopted the method based on
the principle of artificial neural networks and it is
trained on 56,062 quantitative peptide binding
data which covers 12HLA alleles as well.

2.3 Epitope Mapping of IFN- B

Once the T-cell peptides are identified by major
histocompatibility class Il binding prediction
servers (IEDB-AR, Proped, NetMHClIpan) they
need to mapped and this is done through both in
vivo and invitrotechniques. In this study we
followed in vivo method of epitope mapping using
MIMOX2 server which adopts mapping of cluster
of epitopes based on the phage display method
and which is done manually. In MIMOX mapping
is done based on the epitope of an antibody of
one or more user supplied mimitopes with
suitable antigen structure and this helps in the
computational immunovaccinology or computer
aided vaccine design. Mimitopes are the
peptides which mimic the structure of epitopes
[15].

Epitope mapping through MIMOX server involves
two steps, first step include obtain the potential
MHC class Il epitopes on to the MIMOX2 server.
Second step set the parameters since it is online
based server and fix the threshold and upload
the monomer structure of interferon beta
structure downloaded from protein databank for
matching residues and place them into an stack
of candidate residues with their respective
positions. Epitope mapping is based on the
Mimitopes i.e. mimitopes are the peptides
mimicking the protein, lipids, carbohydrates that
can be generated by phage display technology.
Principle behind involves MIMOX2, MIMOX2 can
map epitopes as an individual mimitopes or
group of patterns on the selected antigenic
structure and cluster of residues searching is
done which represents the naive epitopes and
hence mapping of epitopes is based on input
sequence and uploaded antigen structure. For
mapping different modes are available first strict
mode where the mimitope residues matches with
the antigen residues, second conservative mode,
identifies similar residues which are involved in
the stack. MIMOX2 server helps in identification

Table 1. Table show the list of servers and suitabl
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of neighbor candidates with their respective
distances from one peptide to other. The
distances between the neighbors are calculated
by the threshold value (distance between all c-
alpha and c-beta atoms).

2.4 Visualization of MHC Binding Motifs

Once after predicting the MHC binding motifs it is
important to view those motifs (patterns). One
such method involves visualizing the receptor
binding motif is by using sequence2logos. Tom
Schneider and Mike Stephens for the first time
found seg2logos [16].

Graphical form of representing different amino
acids or nucleic acids are called as seglogos
.This information tells us which amino acids are
highly conserved in nature, this is interpreted by
looking at the height of the all the twenty amino
acids distributed in the graphical plot. The higher
the amino acid in the column more conserved the
amino acid. This seglogos are generated using
MHC motif viewer. We can found the seglogos of
Human leukocyte antigen-DP, DQ, DR
molecules. To differentiate between amino acids
colour coding is done based on the properties of
individual amino acids, basic amino acids,
hydrophobic amino acids are represented in red,
blue and black colours respectively.

2.5 Comparative Studies

Comparative studies help in finding the pros and
cons of the methodologies used in the study.
From the literature we have identified few
differences between experimental prediction of
T-cell and Insilico prediction of T-cell epitopes.
First Experimental prediction is also called as
invitro methodology, which involves the longer
methodology, with more number of allelic
variants with high accuracy but predicted
epitopes cannot view immediately. Insilico
prediction uses computational methodology,
which involves the short procedures i.e. number
of steps of methodology is less, involves less
number of allele variants with comparatively less
accuracy but epitopes can be viewed after the
predictions is done.

e methods followed in the study

Server Method URL

IEDB-AR ANN http://tools.immuneepitope.org/mhcii.

PROPED QM http://lwww.imtech.res.in/raghava/propred/
NetMHClIpan-3.0 ANN http://lwww.cbs.dtu.dk/services/NetMHClIpan-3.0.




3. RESULTS AND DISCUSSION

3.1 Identification of Interferon-beta-la T-
cell Epitopes Using Insilico Approach

3.1.1 IEDB-AR server results

Insilico technologies are nothing but using the
computational algorithms to identify variant
sequences that exhibits desired functional
properties [17]. The computer algorithms can
also identify immunogenic T-cell epitopes. In our
study Insilico predictions were used to identify
MHC class Il IFN-B-1la T-cell epitopes using
IEDB-AR and Proped. The screenshots Fig. 1
represent the MHC class Il binding of HLA-DR
alleles for IFN-B-1a. However the assessment of
all the available alleles in respective Insilico
prediction tools was carried out systematically. In
IEDB-AR low percentile rank indicates good
binders, the analysis done for all the 696 alleles
of HLA-DR alleles. The potential MHC class I
immunogenic sequence of 50 amino acids,
“TRGKLMSSLHLKRYYGRILHYLKAKEYSHCA
WTIVRVEILRNFYFINRLTG”  with  IFN-B-1a
(position 111-161) were identified.
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Training data is used in the server consists
ofquantitative peptide-MHC class Il binding data.
It comprises 52,062 affinity measurements
covering 24 HLA-DR, 5HLA-DP, 6 HLA-DQ, and
2 murine H-2 molecules. Additionally, a set of
9860 binding affinity measurements covering 13
HLA-DR alleles introduced was used as an
independent evaluation set [18]. This is based on
the percentile rank which assess lower the
percentile rank higher the binding.

3.2Proped MHC Class Il Binding
Prediction Results for IFN- B-1a

In proped panspecific method is to determine
binding patterns where it considers all the 51
alleles of HLA-DR alleles. The data in the blue
colour amino acids indicate good binders
whereas the red colour amino acids suggest the
possible promiscuous amino acids. From proped
41 patterns were identified. The potential MHC
class Il immunogenic sequence of 50 amino
acids
“TRGKLMSSLHLKRYYGRILHYLKAKEYSHCA
WTIVRVEILRNFYFINRLT” With IFN-B-1a
(position 111-161) were identified.

Insilico prediction of potential T-cell epitopes of Interefron-beta-1a

Retrieve the FASTA sequence of the IFN-f-1afromdrugbank.

Input the sequence into the Query box of server (Eg:IEDB-AR,
PROPED.NetMHCllpan-3.0)

Select suitable HLA-DR allele,ﬂparameters and suitable method

Comparative studies

Fig. 1. Workflow involved in the study which give u

s the information about how insilico

prediction, mapping, visualization has been perform ed



3.2.1 Proped server results

This sever works based on the algorithm i.e.
guantitative matrix based predictions. The
algorithm works as follows: First find all the
possible “Nanomeric Peptides” from the
interferon beta sequence. In the second step the
position and side chain specific values, derived
from virtual matrices are assigned to each

Table 2. Screenshots showing the IEDB-AR text resul
HLA-DR alleles which also show the predicted epitop
different methods like sturniolo and consensus meth
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residue within peptide frames. In Third step
involves the linear combination i.e. summation of
all the position and side chain specific values
result in a numeric value/peptide frame score for
each peptide. Finally all the calculated peptide
scores are compared with user selected
threshold value and the results are indicated
graphical as well HTML format.

ts for Interferon B-1a proteinfor different
e start and ending point and they adopted
od. The consensus method is based on

the combinatorial library method

IEDB RESULTS

Figure 1:
| Check to expanded the result:
Allele " Start [ Peptide Method used Percentile rank
HLA-DRB1"01:01 1 57 71 LTIYEMLONIFAIFR  Consensus (comblib. fsmminn) 251 "
HLA-DRB1"01:01 1 S6 70 ALTIYEMLONIFAIF  Consensus (comblib.fsmm/nn) 274
HLA-DRB1"01:01 1 55 69 AALTIYEMLONIFAI | Consensus (comb.lib fsmminn) 3.02
Download resuit [3]
Allele # Start End  Peptide Method used Percentile rank
HLA-DRB1"03:01 1 113 127 RGKLMSSLHLKRYYG Consensus (smm/nn/sturniolo) o081
HLA-DRB1*03:01 1 M2 126 TRGELMSSLHLERYY Consensus (smm/nn/sturniolo) 084
HLA-DRB1*03:01 1 34 48 DRMNFDIPEEIKQLQ <Consensus (Smm/nnfsturniolo) 1.34
Allele Peptide Method used
HLA-DRB1*04:01 1 78 QNIFAIFRQDSSSTC | Consensus (smminnfsturniolo) 0 sS4
HLA-DRB1"04:01 1 65 79 NIFAIFRQDSSSTCW | Consensus (Smminnisturniolo) 054
HLA-DRB1%04:01 1 66 80 IFAIFRQDESSSTCGUWN  Consensus (smm/nnfsturniolo) 054

Method used

1.84

HLA-DRB1*07:01 1 140 154 HCAWTIVRVEILRNF Consensus (comb.lib.fsmminn)

HLA-DRB1"07:01 1 141 155 CAWTIVRVEILRNFY Consensus (comblib fsmminn) 184
HLA-DRB1*07:01 1 137 151 EYSHCAWTIVRVEIL Consensus (comb lib ssmminn) 186

Allele # Start End Peptide Method used  |Percentile rank .|
HLA-DRB1*08:01 1 123 137 KRYYCRILHYLKAKE sturniolo 010
HLA-DRB1*08:01 1 124 138 RYYCRILHYLKAKEY sturniolo 010
HLA-DRB1*08:01 1 125 138 YYGCRILHYLKAKEYS sturniolo 0.10
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DRB1_0101:
DRE1_0102:
DRB1_0301:
DRE1_0305:
DRBE1_0306:
DRB1_0307:
DRE1_0308:
DRB1_0309:
DRE1_0311:
DRE1_0401:
DRE1_0402:
DRE1_0404:
DRB1_0405:
DRBL_0408:
DRB1_0410:
DRBL 0421:
DRB1_0423:
DRE1_0426:
DRB1_0701:
DRB1_0703:
DRE1 0801:
DRB1_0B02:
DRB1_0804:
DRB1_0806:
DRBI 0813 :

DRE1_0B17:
DRE1_1101:
DRB1_1102:
DRE1_1104:
DRB1_1106:
DRE1_1107:
DRB1_1114:
DRB1_1120:
DRB1_1121:
DREL_1128:
DRB1_1301:
DRB1_1302:
DRE1_1304:
DRB1_1305:
DRB1_1307:
DRB1_1311:
DRE1_1321:
DRB1_1322:
DRE1_1323:
DRE1_1327:
DRB1_1328:
DRBL_1501:
DRB1_1502:
DRB1_1506:
DRB5 0101:
DRES 0105:

I

I
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Predicted epitopes
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UHETIVERLLANY
MSYNLLGFLORSSHFQCOKLLWQLNGRLEY CLKDRMNFD I PEEIEQLOQFQREDAALTI YEMLON I FATF RODSSSTGRNETIVENLLANY
HSYHLLGELORSSNFQCGKLLWOLNGRLEYC LEDRMNFD I PEEIRQLOOFQREDARL T I YEMLON T FATERODSSSTEWNET IVENLLANY
HSYHLLGFLORSSNFQCOKLLWOLNGRLEYCLEDRMIFD IPEEIKLOOFQKEDAALTIYEMLONIFA UETIVENLLANV
MSYHLLGELORSSNFQCOKLLM)LUGRLEYCLEDRMED I PEETKOLOOFQKEDARLT T YEMLONIFA AETIVENLLANY
HSYNLLGFLORSSNEQCOKLLW)LNGRLEYC LEDRMNED I PEETROLOQFQREDARLTT YEMLON I FA
MSYHLLGFLORSSNFQCOKLLW)LNGRLEYCLEDRMUFD IPEETKQLQQFQKEDARLT I YEMLONIFA
HSYHLLGELORSSNEGCORLL W) LNGRLEYC LEDRMNFD [P EETKOLOQFQREDARLT T YEMLON T FA
HSYNLLGFLORSSHFQCOKLLWOLNGRLEYCLEDRMNFDIPEEIKQLOQFQREDARLTI YEMLORIFA
HSYHLLGFLORSSNFQCOKLLWOLNGRLEYCLEDRMNFD IPEETKQLOQFQREDARLTT YEMLORTFA
HSYNLLGFLORSSNFGCORLLNOLIGRLEYC LEDRMFD IPEETKOLOOFQREDAALTT YEMLONIFA WMETIVENLLANYV
MSYNLLGELORSSNFQCOKLLNOLNGRLEYCLEDRMNFD IPEETKOLOQFQKEDAALTT YEMLONTFA ETIVENLLARV
HSYHLLGELORSSHEGCORL LN LGRLE YC LD RMNED I PEE TR )L O0FQREDARL T T YEMLON TFA T RODSSSTORIET IVENLLANY
HSTNLLGELORSSNEQCOKLLWYLNGRLEYC LEDRMNFD I FEETRQLOQFQREDARLTI VEMLON IFA TR RODSSSTGYNET IVENLLANY
MSYHLLGFLORSSHFQCOKLLW)LUGRLEYCLEDRMNFD I PEEIKQLOQFQREDARLTT YEMLOH I FATARODSSSTGRNETIVENLLANY
MSYNLLGELORSSNFQUQKLLNQLNGRLEYCLEDRMFD IPEETKDLQQFQREDAALT T YEMLONIFAIEY $ANETIVERLLANY
MSYNLLGFLORSSNFQCOKLLWOLNGRLEYCLEDRMNFD I PEEIKQLOQFQKEDARLTT YEMLONIFAIER WETIVEHLLANY
MSYHLLGELQRSSHFQCOKLLWOLNGRLEYCLEDRMNFD I PEETKQLOQFQREDAAL T YEMLQRIFATFROMESETGHRET IVENLLANY
MSYHLLGFLORSSNFQCOKLLN)LNGRLEYCLKDRMNFD I PEETKQLO0FQREDARLTT YENLON IFATFRODSSSTGHNET IVENLLANY
MSYHLLGFLORSSNFQCOKLLW)LNGRLE Y CLKDRMIFD I PEEIKQLOQFQREDARL TTYEMLON IFATFRODSSSTGHHETIVENLLANRY
HSYNLLGFLORSSNFQCOKLLWOLNGRLE YCLEDRMNFD T PEETKQLOQF QREDARLT T YEMLON TFATFRODSSSTGRNET TVERLLANY
HSYHLLGELORSSHEQCOKLLW)LNGRLE Y CLEDRMNFD I PEEIEQLOQFQREDARLTI YEMLON IFAIERODSSSTGHNETIVENLLANY
MSYNLLGFLQRSSHFQCQKLLWQLNGRLEYCLEDRMNFD I PEEIKQLOQFQREDAALT YENLQN IFATFRODSSSTGHRETIVERLLANY
MSYHLLGFLORSSHFOCOKLLWOLNGRLE Y CLKDRMHFD IPEEIKOLOOFOREDAALTI YEMLON IFATFRODSSSTGWRETIVEHLLANY

Predicted epitopes

Y

MSYHLLAFLORSSHFQE OKLLWOLNGRLEY CLEDRMNFD I PEET KQLOQFQREDAALTI YEMLON IFATFRODSSSTGWNETIVERLLANY
MSYNLLOFLORSSHFQCQKLLWOLNGRLEYCLEDRMNFD I PEEIKQLOQFOKEDAALTI Y EMLON IFAIFRODSSSTGWNETIVENLLANY
MSYNLLGELORSSNF$COKLLWOLNGRLEYCLEDRMAFD I PEET KQLOQFQKEDAALTI Y EMLON IFAIFRODSSSTGWNETIVERLLANY
MSYNLLGALORSSNEDCOKLLWQLNGRLEYCLEDRMEFD I PEET KQLOQFQKEDAALTT Y EMLON I FATFRODSSSTGWNETIVERLLANY
MSYHLLGEAORSSHF QCOKLLWOLNGRLEYCLXDRMNFD I PEET KQLOOFQKEDAALTI ¥ EMLON IFATFRODSSSTGWNETIVENLLANY
MSYNLLGELARSSHFQCOKLLWOLNGRLEYCLEDRMNED I PEET KOLOOFQKEDAALTE YEMLON IFATFRODSSSTOWNETIVERLLANY
MSYHLLGFLORSSHFQCOKLLWOLNGRLEYCLEDRMEFD I PEET KOLOQFQREDAALTI YEMLON I FATFRODSSSTGWNETIVERLLANY
MSYHLLGFLORSSHFOCOKLLWOLNGRLEYCLEDRMNED T PEET KOLOOFOKEDAALTT YEMLON T FATFRODSSSTGWHETTVERLLANY
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NVYHQINHLKTVLEEKLEKEDF TRGKLMSSLHLEKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLEKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDF TRGKLMSSLHLEKRYYGRILHY LKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDF TRGKLMSSLHLKRYYGRILHYLKAKREYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLEKRYYGRILHY LKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLEKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
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HNVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRY YGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
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NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRY YGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRY YGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
NVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN
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Fig. 2. Screenshot of the peptide MHC class Il bind  ing prediction for interferon-  B-1a protein
that demonstrate the pan-specific methods to provid e accurate predictions of MHC molecules
for 51 alleles.The blue colour amino acids indicate good binders whereas the red colour amino

acids suggest the possible promiscuous amino acids
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Fig. 3. Screenshots from the proped server showing

graphical and text output forms for

different interpretation

3.3 Results of NETMHCII Pan 3.0

NETMHCII pan 3.0 is the first pan specific
method to determine the binding patterns. It is
applied to predict binding for uncharacterized
MHC molecules. It consists of 12 alleles. For 12
HLA-DR alleles the binding predictions are
calculated and based on the pan specific method
and the predicted binders (affinity) are
differentiated into strong binders (affinity<50 nm)
and weak binders (affinity<500 nm). 15 mer
amino acids prediction were chosen. To increase

the performance of the NetMHClIpan-3.0 method
demonstrates its promising ability to improve
when more data available for molecules from
other loci/species hence this server is chosen for
the prediction.

3.4 Predicted Results
After obtaining the results from the different

servers, predicting the results from the server are
important to conclude the study.
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H LA-A*01:01
§ Alleler DRBI*01:01

pos illele peptide Identity Pos Core 1-logiOk(affj Affinity(nl] %Ramk Bindinglevel
0 DRB1¥01:01 HSYNLLGFLQR3SNF  Segquence 1 SYNLLGFLQ 0.594 80,55 32.00 <=WB
1 DRB1#01:01 SYNLLGFLQRSSNFQ  Sequence 3 LLGFLQR3S 0.615 64,33 32.00 <=WB
H DRB1#01:01 YNLLGFLQRSSNFQC  Sequence 5 FLQR3SNFQ 0.606 71.04 32.00 <=WB
3 DRB1#01:01 HLLGFLORISNFOCO  Zequence 4 FLOR3ZNFQ 0.625 57,63 32.00 <=WB
4 DRB1*01:01 LLGFLORSSNFQCOE  Seguence 3 FLORSSNFQ 0.643 47,50 16.00 <=3B
5 DRB1*01:01 LGFLORIENFOCOKL  Seguence 2 FLORSSNFQ 0.599 76,75 32.00 <=UB
f DRB1701:01 GFLORISNFQUQELL  Seguence 1 FLORSSNFQ 0.536 151,48 50,00 <=WB
7 DRB1701:01 FLORSSNFQCQKLLY  Seguence 0 FLORSSNFQ 0.462 339,13 50,00 <=WB
g DRB1701:01 LQRSSNFQCQELLWQ  Seguence 6 FQCQELLUQ 0.425 504,33 50,00

9 DRB1¥01:01 QRSSNFQCQKLLUQL  Seguence & FQCQKLLUQ 0.462 337,64 50,00 <=WB
10 DRB1¥01:01 BSSNFQCOKLLWQLN  Seguence 4 FQCQELLUQ 0.474 297,53 50,00 <=WB
1 DRB1#01:01 SSNFQCQELLWQLNG  Sequence 3 FQCQRLLEQ 0.469 311,81 50.00 <=WB
12 DRB1#01:01 SNFQCQELLUQLNGR  Sequence 2 FQCQRLLEQ 0.479 279,22 50,00 <=WB
13 DRB1#01:01 NFQCQRLLWQLNGRL ~ Sequence 6 LLUQLNGRL 0.663 38,20 15.00 <=3B
14 DRB1*01:01 FOCQKLLUQLNGRLE  Seguence 5 LLUQLNGRL 0.693 27,67 10.00 <=3B
15 DRB1*01:01 QCOELLWQLNGRLEY  Seguence 4 LLUQLNGRL 0.740 16,73 5.00 <=3B
16 DRB1701:01 COKLLUQLNGRLEYC  Sequence 3 LLUQLNGRL 0.756 14,05 4,00 <=3B
17 DRB1701:01 QELLWQLNGRLEYCL  Sequence 2 LLUQLNGRL 0.741 16,47 5,00 <=3B
18 DRB1701:01 ELLUQLMGRLEYCLE  Sequence 1 LLUQLNGRL 0.703 24,82 9.00 <=5B
19 DRB1¥01:01 LLUOLNGRLETCLKD  Sequence 0 LLUQLNGRL 0.640 49,24 32.00 <=5B
20 DRB1¥01:01 LUQLNGRLEYCLEDR  Sequence 0 LWQLNGRLE 0.455 363,57 50,00 <=WB
21 DRE1#01:01 WOLNGRLEYCLKDRY 3equence z LNGRLEYCL 0.341 1245.40 50.00

22 DRB1#01:01 QLNGRLEYCLEDRMY  Sequence 1 LNGRLEVCL 0.316 1643.55 50.00

23 DRB1#01:01 LNGRLEYCLEDRMNF  Sequence 4 LEYCLKDRM 0.339 1271.85 50.00

24 DRB1*01:01 HGRLEYCLKDRMNFD  Sequence 3 LEYCLEDRM 0.325 1491.08 50.00

25 DRB1*01:01 GRLEYCLEDRMNFDI ~ Sequence 3 EVCLRDRMN 0.351 112472 50.00

26 DRB1*01:01 BLEYCLEDRMNFDIP  Sequence 3 YCLKDRMNF 0,349 1141,90 50.00

27 DRB1701:01 LEVYCLEDRMNFDIPE  Sequence 2 YCLKDRMNF 0,320 1563, 46 50,00

28 DRB1701:01 EYCLEDEMNFDIPEE  Sequence 1 YCLKDRMNF 0,281 2401.05 50,00

29 DRE1*01:01 TCLEDRMNFLIPEEI Sequence 1} TCLEDRHNF 0.280 2414.55 50.00

30 DRE1*01:01 CLEDRMNFDIPEEIE Sequence 5 MNFDIPEET 0.263 2912.01 50.00

31 DRE1*01:01 LEDRMNFDIPEEIEQ Sequence 4 MNFDIPEEL 0.290 2187.66 50,00

iz DRE1*01:01 KDRIMNFDIPEEIKQL Sequence 3 MNFDIPEEL 0.334 1343.06 50.00

33 DRE1*01:01 DRMNFDIPEEIEQLQ Sequence Z MNFDIPEEL 0.319 1580,32 50.00

34 DRE1*01:01 RMNFDIPEEIKQLQQ 3equence 1 MNFDIPEEL 0.323 1517.27 50.00

35 DRE1*01:01 MNFDIFEETRQLQQF Sequence 1] MNFDIPEEI 0.z299 1963.02 50.00

36 DRE1#01:01 NFDIPEEIKQLOQFQ Sequence z DIPEEIKQL 0.267 277768 50,00

37 DRE1#01:01 FDIPEETEQLQQFQR Sequence f TEQLQQFQK 0.315 1663.64 50.00

38 DRE1*01:01 DIPEEIKQLOQFQEE Sequence 5 TEQLQQFQK 0.320 1562.51 50.00

39 DRE1*01:01 IPEETEQLOOFQKED Sequence 4 TEQLQQFOK 0.316 1631.84 50.00

40 DRE1*01:01 PEEIKQLOQFOEEDA Sequence g TEQLQQFQK 0.331 1386.98 50.00

41 DRE1*01:01 EETEQLUOFOKEDAL Sequence 2 TEQLQQFQK 0.318 1606.53 50.00

42 DRE1*01:01 EIKQLOQFQEEDALL Sequence 3 QFQEEDLAL 0.389 746,90 50.00

43 DRE1*01:01 TEQLQOFQREDAALT Sequence 3 FOKEDALLT 0.605 71,87 32.00 <=WB
44 DRE1*01:01 KOLQOFQEEDALLTI Sequence 5 FOKEDALLT 0.650 25.60 10.00 <=3B
45 DRE1*01:01 QLOQFOKEDAALTIT Sequence 4 FOKEDALLT 0.752 14,63  5.00 <=3B
46 DRE1*01:01 LOUFQEEDALLTIYE Sequence 3 FOKEDALLT 0.762 13.07  4.00 <=3B
47 DRE1*01:01 QOFQKEDAALTIVEN Sequence a FOKEDALLT 0.709 23.43 8.00 <«=3B
48 DRE1*01:01 QFQEEDAALTIVENL Sequence 1 FOKEDALLT 0.662 35.66 15.00 <=3B
49 DRE1*01:01 FOKEDAALTIVEMLQ Sequence 1} FOKEDALLT 0.551 126,98 3Z.00 <=WB
50 DRE1*01:01 QEEDALLTIYEMLQN Sequence 3 DALLTIVEM 0.433 462,68 50.00 <=WB
al DRE1*01:01 KEDAALTIVEHLONI Sequence Z DEALTIVEN 0.447 397,22 50,00 <=WE
52 DRE1*01:01 EDAALTIYEMLONIF Sequence fi TTEMLQNIF 0.518 164,41 50.00 <=WB
53 DRE1*01:01 DAALTIVEMLONIFA Sequence fi YENLONIFL 0,722 20,3z 7.00 <=3B
54 DRE1*01:01 LALTIYEMLONIFAI 3equence 5 TEMLONIFL 0.763 12.94  4.00 <=3B
55 DRE1*01:01 ALTIVEMLONIFAIF Sequence 4 TENLONIFL 0.780 9.74 7.00 <=3B
56 DRE1#01:01 LTIYEMLONIFAIFR Sequence 3 VENLONIFL 0.799 §.83  Z.00 <=5B
57 DRE1#01:01 TIVEMLONIFAIFRQ Sequence z VENLONIFL 0.778 11,03 3.00 <=5B
58 DRE1*01:01 TYEMLONIFAIFROD Sequence 1 VEMLONIFL 0.749 15,06  5.00 <=5B
59 DRE1*01:01 YEMLONIFAIFRQDS Sequence 1] VEMLONIFL 0.691 28,32 10.00 <=3B
60 DRE1*01:01 EMLONIFAIFRQDSS Sequence 2 LONIFAIFR 0.505 212,50 50.00 <=WB
61 DRE1*01:01 NLCNIFAIFRQDSSS Sequence 1 LONIFAIFR 0.493 240,20 50.00 <=WB
62 DRE1*01:01 LONIFAIFRQDSSST Sequence 3 IFRQD333T 0.530 162,27 50.00 <=WB
63 DRE1*01:01 QNIFAIFRQDISSTG Sequence 5 IFRQD333T 0.560 117.44 32.00 <=WB
64 DRE1*01:01 NIFAIFRQDESSTGU Sequence 4 IFRQD333T 0.609 65,83 32.00 <=WB

10
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63 DRE1#01:01 CNIFAIFRODESSTG Sequence 5 IFRODSEST 0.560 117.44 32,00 <=UB
64 DRE1#01:01 HIFAIFRQD TGH quen 4 TFROD! T 0.609 68.83 32.00 <=UB
65 DRE1#01:01 IFATFRODESSTGUN Sequence 3 IFRODSEST 0,644 46.90 16,00 <=5B
66 DRE1#01:01 FAIFRODSSSTGUNE quen z TFROD! T 0.595 77.32 3z.00 <=UB
67 DRE1#01:01 LIFRODSSSTGUNET Sequence 1 IFRODSEST 0.532 158.42 50,00 <=UB
68 DRE1#01:01 IFROD! TGUHNETI quen 1} TFROD! T 0.461 342.54 50.00 <=UB
69 DRE1#01:01 FRODSESTGUNETIV Sequence 0 FRODBSSTG 0.272 2627.82 50,00

70 DRB1#01:01 RQD: TGUNETIVE quen 4 TGWHNETI 0.166 8z8§6.52 50.00

1 DRE1#01:01 QDSESTGUNET IVEN Sequence 3 SETGUNETI 0.172 7790.57 50.00

z DRE1#01:01 DESSTGUNETIVENL Sequence 3 WHETIVENL 0.239 3752.48 50.00

kel DRE1#01:01 S5STGUNETIVENLL Sequence 5 UHETIVENL 0.308 1787.29 50.00

74 DRE1#01:01 S3TGUHETIVENLLA Sequence 4 WHETIVENL 0.366 955.50 50.00

75 DRE1#01:01 STGUNETIVENLLAN Sequence 3 UHETIVENL 0.402 £43.97 50.00

6 DRE1#01:01 TGWNET IVENLLANY Sequence 3 IVENLLANY 0.461 342.59 50.00 <=UB
K DRE1#01:01 GUNETIVENLLANVY Sequence 5 IVENLLANY 0.525 170.57 50.00 <=UB
78 DRE1#01:01 UHETIVENLLANVYH Sequence B VENLLANVY 0.559 118.11 3z.00 <=UB
9 DRE1#01:01 NETIVENLLANVYHQ Sequence 3 IVENLLANV 0.600 76.09 32.00 <=UB
80 DRE1#01:01 ETIVENLLANVTHQI Sequence 3 VENLLANVY 0.628 56.01 3z.00 <=UB
a1 DRE1#01:01 TIVENLLANVTHOIN Sequence 2 VENLLENVY 0.611 67.28 32.00 <=UE
8z DRE1#01:01 IVENLLANVYHQINH Sequence 4 LLANVTHQI 0.593 §1.54 3z.00 <=UB
a3 DRE1#01:01 VENLLANVYHQINHL Sequence 3 LLANWYHOIL 0,585 88.78 32.00 <=UB
84 DRE1#01:01 ENLLAHVYHQINHLE Sequence B HVYHQINHL 0.609 68.64 3Z.00 <=UB
as DRE1#01:01 NLLANVYHQINHLKT Sequence 5 VYHQINHLE 0. 666 37.19 15,00 <=8B
86 DRE1#01:01 LLANVYHQINHLKTW Sequence 4 VYHQINHLK 0.721 20.38  7.00 <=3B
a7 DRE1#01:01 LANVYHOINELETVL Sequence 3 VYHQINHLE 0.769 12.15  4.00 <=3B
L) DRE1#01:01 AMVYHOINHLETVLE Sequence 3 THQINHLKT 0.764 1z.81 4.00 <=5B
a9 DRE1#01:01 NVYHQINHLETVLEE Sequence 2 THOINHLKT 0,739 16.80  6.00 <=3F
a0 DRE1#01:01 VYHQINHLETVLEEK Sequence 4 INHLETVLE 0.731 18.41 6.00 <=5B
91 DRE1#01:01 THOINHLKTVLEEKL Sequence 3 INHLETVLE 0.718 21.43  7.00 <=3B
9z DRE1#01:01 HOINHLETVLEEKLE Sequence a8 INHLETVLE 0.639 39.88 15.00 <=3B
93 DRE1#01:01 QINHLKTVLEEKLEE Sequence 1 INHLETVLE 0.612 66.79 32.00 <=UB
94 DRE1#01:01 INHLETVLEEKLEKE Sequence 1} INHLETVLE 0.495 235.z1 350.00 <=UB
95 DRE1#01:01 NHLETVLEEELEKED Sequence 2 LETVLEEKL 0.306 1821.24 50.00

96 DRE1#01:01 HLKTVLEEKLEEEDF Sequence 1 LETVLEEKL 0.274 z591.45 50.00

97 DRE1#01:01 LKTVLEEKLEKEDFT Sequence 0 LETVLEEKL 0.243 3622.12 50.00

93 DRE1#01:01 ETVLEEELEEEDFTR Sequence a8 VLEEELEKE 0.137 11344.57 50.00

939 DRE1#01:01 TVLEERLEEEDFTRG Sequence 1 VLEEELEKE 0.136 11517.73  50.00

1 TREI?01:01  LEEKLEKEDITRGRL  Sequence 5 FLEREDFIR 0.175 Tz s0.00

10z DRE1*01:01 EEKLEREDFTRGELE Sequence (3 EDFTRGELN 0.267 2774.92  50.00

103 DRE1%01:01 ERLEKEDFTRGKLMZ uen 5 EDFTRGELM 0.312 1707.46 50.00

104 DRE1%01:01 KLEKEDF TRGELMSS Sequence [3 FTRGELHSS 0.464 330.79 50.00 <=WB
105 DRE1%01:01 LEKEDFTRGELMISL Sequence B FTRGKLHSS 0.551 129.13 3Z.00 <=WB
106 DRE1%01:01 EREDFTRGELUSSLE Sequence 4 FTRGKLHSS 0.595 79.97 32.00 <=WB
17 DRE1*01:01 KEDFTRGELNSSLHL Sequence (3 GELMSSLHL 0.712 22.63 B.00 <=3B
108 DRE1%01:01 EDFTRGELMZSLHLK Sequence B GELM3ZLHL 0.726 19,39 7.00 <=8B
109 DRE1%01:01 DFTRGELMZSLHLER Sequence 4 GELM3SLHL 0.758 13.68 4.00 <=5B
110 DRE1%01:01 FTRGELMZSLHLERY Sequence 3 GELM33LHL 0.780 10.81 3.00 <=8B
111 DRE1%01:01 TRGKLNSSLELKRTT Sequence 2 GELM33LHL 0.759 13.57 4.00 <=GB
112 DRE1*01:01 RGELMSSLHLERTYG Sequence 1 GELMSSLHL 0.730 18.57 6.00 <=5B
113 DRE1%01:01 GELESSLHLERYYGR Sequence 1} GELM3ZLHL 0.663 36.14 15.00 <=3B
114 DRE1%01:01 KLMSSLHLERYYGRI Sequence 1 LMSSLELKR 0.542 141.80 50.00 <=WB
115 DRE1%01:01 LUSSLHLERYYGRIL Sequence 3 LERTVGRIL 0.550 130.02 50.00 <=WB
116 DRE1*01:01 M3SLHLERYYGRILH Sequence B LERYYGRIL 0.550 130,33 50.00 <=WB
117 DRE1*01:01 SSLHLERYTGRILHY Sequence 4 LERTVGRIL 0.584 69.86 32.00 <=WB
118 DRE1%01:01 SLHLERVYGRILHYL Sequence 3 LERTYGRIL 0.642 43,34 32.00 <=3B
119 DRE1%01:01 LHLKRYVGRILHYLE Sequence [3 F¥GRILHYLE 0.694 27.45 10.00 <=3B
1z0 DRE1%01:01 HLERYYGRILHYLEL Sequence B FGRILHYLE 0.713 22.23 8.00 <=3B
121 DRE1*01:01 LERYYGRILHYLEAK Sequence k3 TGRILHYLE 0.732 18.14 6.00 <=GB
122 DRE1*01:01 KRYYGRILHYLEAKE Sequence 3 TGRILHYLE 0.734 17.61  6.00 <=5B
123 DRE1%01:01 RYTGRILHYLEARET Sequence 2 FGRILHYLE 0.734 17.84 6.00 <=RB
124 DRE1%01:01 YYGRILHYLEAKEYS Sequence 5 LHYLEAKEY 0.726 19.48 7.00 <=5B
125 DRE1%01:01 YGRILHVLEAKETSH Sequence 4 LHVLEKAKEY 0.739 16.90 6.00 <=5
126 DRE1*01:01 GRILHYLEAREYSHC Sequence 3 LHVLEKAKET 0.738 17.04  6.00 <=5B
127 DRE1*01:01 RILHYLKARETSHCL Sequence 2 LHVLEKAREY 0.710 23.05 B.00 <=5B
128 DRE1%01:01 ILHVLKAEETSHCAW Sequence 1 LHVLKARET 0.674 33.91 15.00 <=3B
129 DRE1%01:01 LEYLELKEYSHCAUT Sequence a LHYLEAKEY 0.559 118.40 32.00 <=WB
130 DRE1%01:01 HYLKARETSHCAUTI Sequence 1 FLEAKEYSH 0.473 284.21 50.00 <=WE
131 DRE1*01:01 YLEAREVSHCAWTIV Sequence 3 TSHCAWTIV 0.497 229.98 50.00 <=WB
132 DRE1*01:01 LELKEYSHCAUTIVR Sequence 5 TSHCAWTIV 0.509 203.03 50.00 <=WB
133 DRE1%01:01 KAEKEYSHCAUTIVEV Sequence 4 TSHCAWTIV 0.563 107.18 32.00 <=WB
134 DRE1%01:01 AEEVSHCAUTIVRVE Sequence 3 FSHCAWTIV 0.563 112.79 32.00 <=WB
135 DRE1%01:01 KETSHCAUTIVRVEIL Sequence z TSHCAWTIV 0.539 146.64 50.00 <=WB
136 DRBI+01:01  BYSHCAUTIVRVEIL  Sequence 6  WIIVRVEIL 0.582 91.62 32.00 <=VB
137 DRE1%01:01 TSHCAWTIVRVEILR Sequence 5 WIIVRVEIL 0.589 85.38 32.00 <=WE
138 DRE1%01:01 SHCAWTIVRVEILRN Sequence 4 WTIVRVEIL 0.600 75.93 32.00 <=WE
139 DRE1%01:01 HCAUTIVRVE ILRNF Sequence 3 WTIVEVEIL 0.623 53.03 32.00 <=WB
140 DRE1*01:01 CAUTIVEVEILRNFT Sequence 2 WIIVRVEIL 0.622 59.98 32.00 <=WE
141 DRE1%01:01 AWTIVRVEILRNFYF Sequence 1 WTIVRVEIL 0.637 50.87 32.00 <=WE
142 DRB1*01:01 WTIVRVEILENFYFI Sequence 5 WVEILRNFYF 0.641 48.80 32.00 <=5B
143 DRE1%01:01 TIVRVEILENF¥FIN Sequence 4 VEILRNFYF 0.624 58.77 32.00 <=WB
144 DRE1%01:01 IVRVEILRNFYFINR Sequence 3 VEILRNFTF 0.622 59.65 32.00 <=WE
145 DRE1%01:01 VRVEILBNFYF IHRL Sequence z VEILRNFYF 0.583 85.25 32.00 <=WB
146 DRE1%01:01 RVEILENFYFINRLT Secquence 1 VEILRNFYF 0.576 98.24 32.00 <=WB
147 DRE1*01:01 VEILRNFYFINRLTG Sequence 5] WFYFINRLT 0.550 129.84 50.00 <=WB
143 DRE1%01:01 EILBNFYFINRLTGY Sequence 4 NFYFINRLT 0.587 87.35 32.00 <=WE
149 DRE1%01:01 ILENFYFINRLTGYL Sequence 6 FINRLTGYL 0.672 34.92 15.00 <=5B
1a0 DRE1%01:01 LRNFYF INELTGYLR Sequence 5] FINRLTGYL 0.734 17.79 6.00 <=5B
151 DRE1*01:01 RINFYFINRLTGYLRN Sequence 4 FINRLTGYL 0.752 14.68 5.00 <=GB
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Allele: DRB1*03:01

poa illele peptide Identity Pos Core 1-logS0kiaff) Affinity(nM) 3%Rank Bindinglewvel
0 DRE1*03:01 NSYNLLGFLORSSNF Sequence a THLLGFLQR 0.274 2580.72 50.00
1 DRB1*03:01 SYNLLGFLORSENFQ Sequence [ FLORSSNFQ 0.298 1985.58 50.00
Z DRE1*03:01 YNLLGFLORISNFQC Sequence 5 FLORSSNFQ 0.304 1867.81 50.00
3 DRE1*03:01 NLLGFLQRISNFQCQ Sequence 4 FLORSSNFQ 0.301 1933.87 50.00
4 DRB1*03:01 LLGFLORSSNFQCQK Sequence 3 FLORSSNFQ 0,315 1656.31 50,00
5 DRB1*03:01 LGFLORSZNFQCOKL Sequence 2 FLORSSNFQ 0,292 2123.12 50,00
[ DRB1*03:01 GFLQR3SNFQUQKLL Sequence 1 FLORSSNFQ 0.256 3145.89 50,00
7 DRB1*03:01 FLORS3NFOCOKLLY Sequence 0 FLORSSNFQ 0.z240 3709.57 50,00
8 DRE1*03:01 LORSSNFQUQKLLIG Sequence 4 SNFQCORLL 0.220 4612.96 50.00
9 DRE1*03:01 QRIENFQCOKLLWQL Sequence 3 SNFQCOELL 0.232 4082.83 &0.00

10 DRE1*03:01 RSSNFOQCQELLWOLN Sequence 2 SNFQCOELL 0.230 4136.50 50,00

11 DRE1*03:01 SENFQUQELLWQLNG Sequence 3 FOCQELLUQ 0.214 4815.26 50,00

12 DRE1703:01 SNFQCQELLWQLNGER Sequence [ KLLUQLNGR 0.271 2662.10 50.00

13 DRB1*03:01 NFQCQELLWOLNGRL Sequence ] LLUWQLHGRL 0,431 473,60 15,00 <=UB
14 DRB1*03:01 FQCQELLWQLNGRLE Sequence 5 LLUWQLHGRL 0,450 385.36 15.00 <=UB
15 DRB1*03:01 QCQELLWQLNGRLEY Sequence 4 LLUWQLHGRL 0,531 160.03  5.00 <=UB
16 DRB1*03:01 COELLWOQLNGRLEYC Sequence 3 LLUWOLHGRL 0,537 149.44  4.00 <=UB
17 DRE1*03:01 QELLUQLNGRLEVCL Sequence 4 WCOLNGRLEY 0.543 140.27  4.00 <=UB
13 DRB1*03:01 ELLWQLNGRLEVCLE Sequence 3 WOLNGRLEY 0.542 141,63  4.00 <=UB
13 DRE1*03:01 LLUQLNGRLEYCLED Sequence 2 WCOLNGRLEY 0.441 425.22 15.00 <=UB
z0 DRE1*03:01 LUQLNGRLEVCLEDR Sequence 1 WCOLNGRLET 0.370 910.72 3z.00

21 DRB1*03:01 UQLNGRLEYCLKDRN Sequence 0 WOLHGRLEY 0.374 877.66 32.00

22 DRB1*03:01 QLNGRLETCLEDRMM Sequence 5 LEYCLEDRE 0,333 1356.04 50,00

23 DRB1*03:01 LNGRLEYCLKDRHNF Sequence 4 LEYCLEDRE 0,425 501.39 15.00

24 DRB1*03:01 NGRLEYCLEDRINFD Sequence 5 TCLEDRMNF 0,433 463.97 15.00 <=UB
25 DRE1*03:01 GRLEYCLEDRMNFDI Sequence 4 YCLEDRMNF 0.446 402.60 15.00 <=0B
26 DRE1*03:01 RLE¥CLEDRMNFDIP Sequence 3 YCLEDEMNF 0.447 396,14 15.00 <=UB
27 DRE1*03:01 LEYCLEDEMNFDIFE Sequence 2 TCLEDRMNF 0.394 701.97 32.00

z8 DRE1*03:01 EYCLEDRINFDIFEE Sequence 1 TCLEDRIMNF 0.339 1279.51 3Z.00

23 DRE1703:01 TCLEDRIFDIFEET Sequence 0 TCLEDRINF 0.381 §13.70 3Z.00

30 DRB1*03:01 CLEDRMNFDIPEEIX Sequence 5 MNFDIPEET 0,364 97z.82 3z.00

31 DRB1*03:01 LEDRMNFDIPEEIKQ Sequence 4 MNFDIPEET 0,395 677,73 32.00

32 DRB1*03:01 KDRMNFDIPEEIKQL Sequence 3 MNFDIPEET 0,430 475.33 15.00 <=UB
33 "DRB1703:01  DRMMFDIPEEIRQLQ  Sequence 2 MNFDIPEEL 0,393 709.23 32.00
34 DRB1#03:01 RMNFDIPEEIEQLOQ Jequence 1 MNFDIPEEI 0.376 855.36 32.00
35 DRB1#03:01 MNFDIPEETEQLOQFR Jequence ] MNFDIPEEI 0.321 1555.65 50.00
36 DRB1#03:01 NFDIPEEIKOLQOFQ Jequence 3 IPEETKQLY 0.221 4579.24 50.00
37 DRB1#03:01 FDIPEEIRQLOQFQR Jequence f IROLOQFQK 0.243 3616.71 50.00
38 DRB1#03:01 DIPEEIRGQLQUFQEE Jequence 8 TKQLQUFQK 0.237 3836.83 50.00
38 DRB1#03:01 IPEEIEQLOQFQKED Jequence 4 TKQLQUFQK 0.231 4096.46 50.00
40 DRB1#03:01 PEETEQLUQFQKEDA Jequence 3 TKQLQUFQK 0.231 4127.73 50.00
41 DRB1#03:01 EEIKQLQUFQEEDRL Jequence 2 TKQLQUFQK 0.222 4541.59 50.00
42 DRB1#03:01 EIKQLOQFQEEDALL Jequence 4 LOQFQEEDL 0.245 3526.75 50.00
43 DRE1#03:01 TEQLOQFQKEDAALT Sequence g FQEEDAALT 0.292 2114,52 50.00
44 DRE1#03:01 KQLOQFQKEDLALTI Sequence 8 FQEEDALLT 0.331 1391.67 50.00
45 DRE1#03:01 QLOOFQKEDALLTIY Sequence 4 FQEEDALLT 0.380 ga1.80 3z.00
46 DRE1#03:01 LOQFQEEDALLTIYE Sequence 3 FQEEDALLT 0.390 736,35 32,00
47 DRE1#03:01 QOFQKEDAALTIVEN Sequence ) FQEEDALLT 0.361 1008.13  32.00
48 DRB1#03:01 QFQKEDAALTIVENL SeCuence ] QKEDALLTI 0.321 1546.65 50.00
49 DRB1#03:01 FOKEDAALTITENLQ SeCuence ] FQEEDARLT 0.251 3291.83 50.00
50 DRB1#03:01 QEEDAALTIYEMLON SeCuence ] QKEDALLTI 0.203 5549.96 50.00
51 DRB1#03:01 EEDAALTIVENLONI SeCuence f TIYENLONI 0.213 4981.29 50.00
52 DRB1#03:01 EDALALTIVEMLCNIF SeCuence 8 TIYENLONI 0.238 jg1z.68 50,00
53 DRB1#03:01 DEALTIYEMLONIFA Jequence 4 TIYENLQNI 0.253 3226.77 50.00
54 DRB1#03:01 LRLTIYEMLONIFAT Jequence 3 TITENLQNI 0.272 2636.56 50,00
55 DRB1#03:01 ALTIVENLONIFAIF Jequence 2 TITENLQNI 0.264 2319.42 50.00
56 DRB1#03:01 LTIVENLONIFAIFR Jequence f LONIFAIFR 0.305 1836.81 50.00
57 DRB1#03:01 TIYEMLONIFAIFRQ Jequence 5 LONIFAIFR 0.308 1775.19  50.00
58 DRB1#03:01 IYEMLGNIFAIFRQD Jequence 4 LONIFAIFR 0.303 1894.19 50.00
58 DRB1#03:01 TEMLQNIFAIFRQDS Jequence f IFAIFRQDS 0.338 1274.38 32.00
60 DRB1#03:01 EMLONIFAIFRQDES Jequence 8 IFAIFRQDS 0.344 1208.85 32.00
[ DRB1#03:01 NLGNIFAIFRODIES Jequence 4 IFAIFRQDS 0.363 982,63 32.00
62 DRB1#03:01 LONIFAIFRQDSSST Jequence 3 IFAIFRQDS 0.401 §52.89 32.00
63 DRB1#03:01 QNIFAIFRQDISSTG Jequence 2 IFAIFRQDS 0.413 574.61 32.00
64 DRE1#03:01 NIFAIFRQDISSTGY Sequence 8 FRODESITG 0.428 485,19 15.00 <=UB
63 DRE1#03:01 IFAIFRODSISTCUN Sequence 4 FRODESITG 0.448 393.65 15.00 <=UB
66 DRE1#03:01 FAIFRQDSSSTGINE Sequence 3 FRODESITG 0.429 482,66 15.00 <=UB
67 DRE1#03:01 LIFRODSSSTGUNET Sequence ) FRODESITG 0.380 822.27 32.00
68 DRE1#03:01 IFRODESSTGUNETI Sequence 1 FRODISITG 0.322 1528.21 50.00

12



Reddy and Pinnelli; BJI, 16(3): 1-23, 2016; Article no.BBJ.29184

67 ALFRODSSSTGUNET Sequence z FRODSSSTGE U380 BzZZ. 27 32.00
68 IFRODIIFTGUNETI Sequence 1 FRQDIZITG 0.322 1525.21 50.00
69 FRODSSSTGUNETIV Sequence [z} FRQDSSSTG 0.171 7843.78  50.00
70 RODESSTGUNETIVE Sequence 6 TGUNETIVE 0.074 22392.35 50.00
71 QDSSSTGWNETIVEN Sequence 5 TGUNETIVE 0.081 20801.97 50.00
7z DSSSTGVMET IVENL Sequence 3 WHETIVENL 0.116 14328.83  50.00
73 S5STGUNETIVENLL Sequence 5 UNETIVENL 0.147 10208.10 50.00
74 SSTGUNETIVENLLA Sequence 4 UNETIVENL 0.1638 §131.10 50.00
s STGWNETIVENLL AN Secuence [ TIVENLLAN 0.213 5002.36 50.00
6 TGUNET IVENLL ANV Sequence 3 TVENLLANYV 0.295 2053.33 50.00
7 GUNETIVENLLANVY Secuence 5 IVENLLANV 0.336 1321.05 32.00
8 UHE TIVEMLL ANV YH Sequence 4 TVENLLANYV 0.364 972.22 32.00
73 HETIVENLLANVYHQ Sequence ) TVENLL ANV 0.377 &42.56 32.00
80 ETIVENLLANVYHOI Sequence 6 LLANVYHQT 0.390 736.29 32.00
81 TIVENLL ANV YHQIN Sequence 5 LLANVYHQT 0.387 755.77 32.00
H IVENLLANVYHQINH Sequence 4 LLANVYHQI 0.394 703,74 3z2.00
83 VENLLANVYHQINHL Sequence 3 LLANVYHQT 0.411 585.00 32.00
g4 ENLLANVYHQINHLK Sequence 2 LLANVYHQI 0.427 493.20 15.00 <=VEB
85 NLLANVYHQINHLET Sequence 1 LLANVYHQT 0.430 478.00 15.00 <=WE
g6 LLANVYHOINHLETV Secuence 4 VYHQINHLE 0.450 354.35 15.00 <=WB
87 LANVYHQINHLETVL Sequence 3 VYHQINHLE 0.468 314.68 10.00 <=WB
a8 ANVYHQINHLETVLE Secuence 2 VYHQINHLE 0.442 416.59 15.00 <=WEB
89 HVYHQINHLETVLEE Sequence 1 VYHQINHLE 0.412 579.75 32.00
30 VYHQINHLETVLEEK Sequence [z} VYHQINHLE 0.392 720.74  32.00
91 THQINHLKTVLEEEL Seguence 3 INHLKTVLE 0.356 1057.52  32.00
3z HQINHLKTVLEEKLE Sequence 2 INHLKTVLE 0.314 1676.81 50.00
93 QINHLKTVLEEKLEK Sequence 1 INHLKTVLE 0.313 1695.35 50.00
94 INHLETVLEEKLEKE Sequence 3 LETVLEEKL 0.286 2256.81 50.00
L] MHLETVLEEKLEKED Sequence 4 TYLEEKLEK 0.254 3199.24 50.00
96 HLKTVLEEKLEREDF Sequence 3 TYLEEKLER 0.273 2614.41 50.00
57 LETVLEEKLEKEDFT Secuence 2 TVLEEKLEK 0.253 3239.868 50.00
98 RTVLEEKLEREDF TR Sequence 1 TYLEEKLER 0.212 5060.39  50.00
EE] TVLEEKLEKEDFTRG Secuence a TVLEEKLEK 0.189 €457.45 50.00
100 VLEERELEKEDFTRGK Sequence [z} VLEEKLEKE 0.176 7469.64 50.00
101 LEEKLEKEDFTRGKL Sequence 3 KLEKEDFTR 0.183 £492.48 50.00
102 EEKLEKEDFTRGKLH Sequence 3 LEKEDFTRG 0.206 5397.82 50.00
103 ERLEKEDFTRGELNS Sequence H LEKEDFTRG 0.210 5181.50 50.00
104 KLEKEDF TRGELMSS Sequence [ FTRGKLHMSS 0.223 4487.04  50.00

105 DRB1703:01 LEKEDF TRGELMSSL Sequence 5 FTRGELMSS 0.222 4521.35 50.00

106 DRE1#03:01 EREDFTRGELUISLH Sequence 4 FTRGELN33 0.231 4089.33 50.00

107 DRE1703:01 KEDFTRGELMS5LHL Jequence 3 FTRGELMSS 0.283 2895.33 50.00

108 DRE1#03:01 EDFTRGKLUSSLHLE Sequence [ ELMSSLHLK 0.312 1714.83 50.00

103 DRE1#03:01 DFTRGELESSLHLER Hequence 6 LUS5LHLER 0.630 54.81 0.80 <=UVB

110 DRB1#05:01 FTRGELU3SLHLERY Sequence 5 LUSSLHLER 0.672 34.78  0.30 <=3B

111 DRE1#03:01 TRGELUISLHLKRTY Hequence 4 LUS3LHLER 0.705 24,23 0.12 <=3B

112 DRB1703:01 RGKLUSSLHLERTTG Sequence 3 LUSSLHLER 0.695 27.17  0.15 <=5B

113 DRE1#03:01 GKLNSSLHLERYYGR Sequence 2 LU33LHLER 0.642 48.13  0.80 <=3B

114 DRE1#03:01 FLMSSLHLERYYGRI Hequence 1 LUS5LHLER 0.607 70.46  1.30 <=UB

115 DRE1#03:01 LM3SLELERYYGRIL Sequence 0 LU3SLHLER 0.528 164.30  5.00 <=UB

116 DRE1#03:01 W3SLHLKRYYGRILH Hequence 3 LHLKRTTGR 0.389 44,32 32.00

117 DRB1703:01 SSLHLERYYGRILHY Sequence 5 KRYYGRILH 0.391 729.64 32.00

118 DRE1#03:01 HLHLERYYGRILHYL Hequence 4 ERYTYGRILE 0.411 588.76 32.00

119 DRB1703:01 LHLERYYGRILHYLE Sequence 3 ERYYGRILH 0.435 453.27 15.00 <=WB

120 DRE1#03:01 HLERTYGRILHYLEL Sequence 2 ERYTYGRILE 0.414 564.34 32.00

121 DRE1#03:01 LERYTGRILHYLELK Hequence 4 TGRILHTLE 0.420 532.80 16.00

122 DRE1#03:01 FRVYGRILHYLKAKE Sequence [ ILHYLEARE 0.443 412.87 15.00 <=WB

123 DRE1#03:01 RYVGRILHYLEAKEY Hequence 5 ILHYLEAKE 0.438 435.18 15.00 <=WB

124 DRB1703:01 TYGRILHYLEAKETS Sequence 4 ILHYLEAKE 0.456

125 DRE1#03:01 TGRILHYLRARETSH Hequence 3 ILHYLEARE 0.434 265.86 8.00 <=WB

126 DRE1703:01 GRILHYLEAREYSHC Jequence 2 ILHYLEARE 0.456 361.22 15.00 <=WB

127 DRE1#03:01 RILHYLKAREYSHCL Sequence 1 ILHYLEARE 0.431 472.85 15.00 <=WB

128 DRE1#03:01 ILHYLRAKETSHCAD Hequence 0 ILHYLEAKE 0.37 §41.65 32.00

129 DRB1#05:01 LHYLEAREYSHCANT Sequence 2 TLEARETSH 0.250 3338.24 50.00

130 DRE1#03:01 HYLKARETSHCAUTI Hequence 1 TLEAKETSH 0.138 5885.48 50.00

131 DRB1703:01 FLERKEVSHCRWTIV Sequence 0 FLERRETSH 0.183 6935.97 50.00

132 DRE1#03:01 LEAREYSHCAUTIVR Sequence 1 SHCAUTIVR 0.178 7320.11 50.00

133 DRE1703:01 RAKETSHCAUTIVEV Jequence 5 SHCRUTIVR 0.202 5596.09  50.00

134 DRE1#03:01 AREYSHCAUTIVRVE Sequence 4 SHCAUTIVR 0.zi2 5038.75 50.00

135 DRE1#03:01 KEVSHCAUTIVRVEI Hequence 3 SHCRUTIVR 0.230 4167.13 50.00

136 DRB1#05:01 EYSHCAWTIVRVEIL Sequence 6 UTIVRYEIL 0.246 3474.86 50.00

105 DRB1#03:01 LEEEDFTRGKLUSSL Sequence 5 FTRGKLUSS 0.222 4521.35 50.00

106 DRE1703:01 EKEDFTRGEKLUSSLE 4 FTRGELIL 0.231 4089.33 50,00

107 DRB1#03:01 KEDF TRGRLUSSLHL Sequence 3 FTRGKLUSS 0.263 2895.33  50.00

103 DRE1*03:01 EDFTRGELUSSLELE Sequence [ FLMSSLHLE 0.312 1714.83 50.00

103 DRB1703:01 DFTRGKLUSSLELKR Sequence 6 LHSSLHLER 0.630 54.81 0.80 <=UB

110 DRE1*03:01 FTRGKLUISLHLKRT Hequence 3 LM3SLHLER 0.672 34.78  0.30 <=3B

111 DRE1703:01 TRGELHSSLHLERYY Zequence 4 LHSSLHLER 0.705 24.23  0.12 <=3B

112 DRB1#03:01 RGELM3SLHLERVYG Sequence 3 LHSSLHLER 0.695 27.17  0.15 <=5B

113 DRE1703:01 GRLUSSLHLKRYVGR Zequence 2 LHSSLHLER 0.642 48.13  0.80 <=3B

114 DRB1#03:01 KLMSSLHLERYYGRT Sequence 1 LHSSLHLER 0.607 70.46  1.50 <=WB

115 DRE1*03:01 LM33LHLERYYGRIL Zequence 0 LHM3SLHLER 0.528 164.30  5.00 <=WB

116 DRB1703:01 USSLHLERYYGRILE Sequence 3 LHLKRYTGR 0.389 744.32 32.00

117 DRE1*03:01 SHLHLERTTGRILHY Hequence 3 KRYYGRILH 0.391 728.64 32.00

113 DRE1703:01 SLHLKRYYGRILHYL Zequence 4 ERVYGRILE 0.411 588.76 32.00

113 DRB1#03:01 LHLERYYGRILHVLE Sequence 3 KRYYGRILH 0.435 453.27 15.00 <=VB

120 DRE1703:01 HLERYVGRILHYLKL Zequence 2 ERVYGRILE 0.414 564.3%4 32.00

121 DRB1#03:01 LERYYGRILHYLKAK Sequence 4 TGRILHTLE 0.420 532.80 16.00

122 DRE1*03:01 KRYYGRILHYLEAKE [3 ILHYLKARE 0.443 412.97 15.00 <=WEB

123 DRB1703:01 RYYGRILHYLEAKEY Sequence 5 ILHYLEARE 0.438 435.19 15.00 <=VB

124 DRE1*03:01 TYGRILHYLKAREYS Hequence 4 ILHYLKARE 0.456 361.55 15.00 <=VB

125 DRE1703:01 TGRILHYLEAKEVSH 3 ILHYLKAKE 0.484 265.86 B8.00 <=WEB

126 DRB1#03:01 GRILHYLEAKEYSHC Sequence 2 TLHYLKAKE 0.456 361.22 15.00 <=VB

127 DRE1703:01 RILHYLEKAKEYSHCA 1 ILHYLKAKE 0.431 472,85 15.00 <=WEB

128 DRB1#03:01 TLHYLKAKETSHCAT Sequence 0 TLHYLKAKE 0.377 641.65 32.00

123 DRE1*03:01 LHYLKAREYSHCANT Zequence 2 TLEAKEYSH 0.250 3333.24 50.00

130 DRB1%03:01 HYLEAKEYSHCAWTI Sequence 1 TLKAKETSH 0.198 5885.48 50.00

131 DRE1*03:01 TLEARETSHCAUTIV Sequence 0 TLEKLKETSH 0.183 6935.37 50.00

132 DRE1703:01 LEAREVSHCAUTIVR Zequence [ SHCAUTIVR 0.178 7320.11 50.00

133 DRB1#03:01 KAREYSHCAUTIVRY Sequence 5 SHCAWTIVR 0.202 5596.09 50.00

134 DRE1703:01 AREYSHCAWTIVRVE Zequence 4 SHCAUTIVR 0.212 5033.75 50.00

135 DRB1#03:01 KEYSHCAUTIVRVET Sequence 3 SHCAWTIVR 0.230 4167.13  50.00

[ WTIVEVEIL 0.2486 3474.86 50.00

136 DRE1*03:01 ETSHCAUTIVRVEIL Sequence
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137 DRB1*03:01 VSHCAUTIVRVEILR  Sequence 6
118 DRE1*03:01 SHCAUTIVRVEILRN  Sequence  §
133 DRE1*03:01 HCAWTIVRVEILRNF  Sequence 5
140 DRE1#03:01 CAWTIVRVEILRNFY  Secuence 4
141 DRB1#03:01 IWTIVEVEILRNFYF  Seuence 3
142 DRB1*03:01 UTIVEVEILRNFYFI  Seuence 3
143 DRE1*03:01 TIVRVEILENFYFIN ~ Sequence 2
144 DRE1*03:01 IVRVEILENFYFINR  Sequence 1
145 DRE1#03:01 VRVEILRNFYFINRL ~ Sequence O
146 DRB1#03:01 RVEILENFYFINRLT  Sequence 3
147 DRE1*03:01 VEILRNFYFINRLTG  Sequence 6
148 DRE1*03:01 EILRNFYFINRLTGY — Sequence 3
143 DRE1#03:01 ILRNFYFINRLTGVL — Sequence 4
150 DRE1#03:01 LRNFYFINRLTGYLR  Sequence 6
151 DRB1*03:01 RNFYFINRLTGYLEN  Sequence 5
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TIVRVEILR
IVRVEILEN
IVRVEILR
IVRVEILRN
IVRVEILRN
VRVEILRNF
VRVEILRNF
VRVEILRNF
VRVEILRNF
ILRNFYFIN
TYFINRLTG
TYFINRLTG
FYFINRLTG
INRLTGYLR
INRLTGYLR

Fig. 4.Text output after imputing the sequence into

DRB1*01:01, DRB3*01:01. Here 15mer peptide predicti

then it is weak binder, if the affinity is < 50nm t

3.5 IEDB-AR Predicted Results

Predicted results are same as results obtained
from the server because |IEDB-AR server takes
9mer amino acids analysis to predict the T-cell
epitopes and the predicted results are based on
the percentile ranks, lower the percentile rank
higher the binding and hence the predicted
results are same as Table 4.

3.6 Proped Predicted Results

Proped is another server to predict the epitopes
of T cells. In this study we adopted pan specific
method used 51 human leukocyte antigen-DR
alleles for the prediction of T-cell epitopes for
interferon-beta -1a.lt is predicted that 40 patterns
are identified. The potential MHCclass I
immunogenic sequence of 50 amino acids
“TRGKLMSSLHLKRYYGRILHYLKAKEYSHCAW
TIVRVEILRNFYFINRLTG” with IFN-B-1a
(position 111-161) was identified.

3.7 Confirming the Results of the IEDB
and PROPED by Performing
Comparative Analysis

Comparative analysis done for the results
obtained from the IEDB-AR and proped.After the
comparative analysis 40 different overlapping of
peptides were identified. The potential MHC
class Il immunogenic sequence of 50 amino
acids“TRGKLMSSLHLKRYYGRILHYLKAKEYS
HCAWTIVRVEILRNFYFINRLTG” with IFN-B-1a
(position 111-161) were identified. Since the
overlapping region is found the same it is
confirmed that this is the potential T-cell epitope
region.

hen it is strong binder.
to the extended SMM align method including direct e
penalties for longer peptides and short amino termi
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0.315 1658.03  50.00
0,394 704,33 32.00
0.466 324,20 10,00 <=TE
0.513 193.49  6.00 <=WE
0.539 147,25 4.00 <=UE
0.541 143,46 4.00 <=UE
0,517 185.62 6,00 <=WE
0.473 300,79 9.00 <=TE
0.417 546,05 16.00
0.368 931,33 32.00
0,330 1414,36 50.00
0,356 1059.50 32.00
0.334 700,50 32.00
0.488 255,76 8.00 <=TE
0.497 230,05 7.00 <=TE

the NETMHCIIpan-3.0 of particular alleles

ons were chosen. If the affinity < 500nm
NetMHCII method refers
ncoding of peptide flanking residues and
nal peptide flanking residues

3.8 Epitope Mapping

T-cell epitope mapping is performed for the
predicted epitopes identified from IEDB-AR,
proped, NetMHClIpan-3.0 using MIMOX2 server
using mimitope. Mimitopes are often peptides
which mimics the structure of epitope. MIMOX2
server has an interface for both input and output.
The output is shown is shown below.

3.9 Visualization of MHC Binding Motifs

Once MHC binding PBpatterns are identified
visualization helps us to define and represent the
specific regions of the structure and to classify
them to which group they belong to: Acidic,
Basic, Hydrophilic and hydrophobicity.

T —cell epitope predication plays vital role in
vaccine designing, vaccines are mostly based on
the B cell immunity but at present it has been
encouraged as the host can generate a strong
immune response by CD8+ T cell against the
infected cell [19]. It is also found that with time,
due to antigenic drift, any foreign particle can
escape the antibody memory response; however
the T cell immune response often provides long-
lasting immunity [20]. Therefore, in the present
study T cell epitopes were designed using in
silico computational approaches. In order to
predict a peptide that can be used in vaccine
development to prevent viral entry or its
interaction with host cell, this study focused on
interferon Beta -1a protein. In this study multiple
prediction methods were applied to determine a
potential T-cell epitope considering several
criteria like percentile rank, binding affinity and
differentiating predicted epitopes into strong and



weak binders. Binding studies show that HLAs
are the most polymorphic human genes known
[21] and each HLA allele recognizes a restricted
set of peptide [22].For instance, vaccine
candidates have a tendency to have more
binding peptides with low conservation scores
and/or lower total conservation scores and/or
average stronger binding affinities than non-
vaccine candidates [23]. Due to lack of a
consensus mapping protocol with
immunoinformatics tools, a combined prediction
method was applied according to the hypothesis
of Trost et al [24] who proposed that greater
prediction accuracy can be achieved by
combining the predictions from several
algorithms rather than relying on just one. For T
cell epitope prediction, plenty of algorithms are
freely available and in this study we employed
IEDB,PROPED,NETMHC analysis tool which is
possibly the most wide-ranging database
offering several B cell and T cell epitope-related
analysis and prediction tools as well as provides
both intrinsic biochemical and extrinsic context
dependent information about them [25]. The
ultimate goal of epitope prediction is to aid the
design of molecules that can mimic the structure
and function of a genuine epitope and replace it

Table 3. Predicted patterns from the proped results
different patterns were identified with their varyi
comparison analysis with the other epitopes from th
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in vaccine design [26] we have developed the
model that can be successfully applied as a
generic protocol for easy Insilco identification of
HLA-DR binding peptides. By examining the
output it was predicted that
“TRGKLMSSLHLKRYYGRILHYLKAKEYSHCAW
TIVRVEILRNFYFINRLTG” these four epitopes
would be the best epitope candidates. Thus it is
believed that these suggested that T cell
epitopes will definitely reduce time, cost and
labor during in vivo and in vitro studies to be
carried out for developing a vaccine against
Interferon —beta 1a Design and development of
vaccine against T cell epitope is much more
promising due to the evoke of long lasting
immune response and antigenic drift where
antigen can easily escape the antibody memory
response The above findings are the result of
analyzing the deposited data on various immune
databases. The results suggest that, these
epitopes may play a highly informative role in
antidote production against interferon beta -la
that can trigger an effective immune response in
vivo. Along with in silico study, both in vivo and
in vitro experiments are required to prove
the effectiveness of mounting an immune
response.

with their positions of varying length.40
ng their length and this is used for
e other servers

Sl. no Predicted binders Binding region
1 NLLGFLQR 4-11
2 LQRSSNFQ 9-16
3 QRSSNFQC 10-17
4 LGFLQRSS 6-13
5 QCQKLL 16-21
6 QCQKLLWQ 16-23
7 QLNGRLEY 23-30
8 QLNGRLE 23-29
9 CKLDR 31-35
10 KDRMNF 33-38
11 KDRMNFDI 33-40
12 NFDIPEEI 37-44
13 QQFQKEDA 48-55
14 KQLQQFQK 45-52
15 QKEDAALT 51-58
16 EMLQNIFA 61-68
17 TIYEMLQN 58-65
18 QNIFAIFR 64-71
19 FAIFRQDS 67-74
20 RQDSSTG 71-77
21 NETIVENL 80-87

15



Reddy and Pinnelli; BJI, 16(3): 1-23, 2016; Article no.BBJ.29184

Sl. no Predicted binders Binding region
22 ENLLANVY 85-92
23 YHQINHLK 91-98
24 NHLKTVLE 96-103
25 HQINHLKT 94-101
26 TRGKLMSS 111-118
27 KRYYGR 122-127
28 KRYYGRIL 122-129
29 GRILHYLK 127-134
30 LHYLKAKKE 129-136
31 HYLKAKEY 130-137
32 VRVEILRN 145-152
33 RVEILRN 146-152
34 TIVRVEIL 143-150
35 EILRNFYF 148-155
36 FINRLTG 155-161
37 YFINRLTG 154-161
38 NRLTGYLR 158-165
39 INRLTGY 157-163
40 EFAI 67-70

Table 4. Patterns obtained after comparative analys is of the patterns from the servers IEDB-AR
and proped to confirm the patterns

Sl. no Allele Overlapping Overalpping regions of IE DB and
PROPED

1 HLA-DRB1*01:01 TIYEMLQN 58-65
TIYEMLQN 58-65
TIYEMLQN 58-65

2 HLA-DRB1*03:01 RGKLMSS 112-118
TRGKLMSS 111-118
DRMNFDI 34-40

3 HLA-DRB1*04:01 QNIFAIFR 64-71
NIFAIFR 65-71
FAIFRQDS 67-71

4 HLA-DRB1*07:01 TIVRVEIL 143-150
TIVRVEIL 143-150
TIVRVEIL 143-150

5 HLA-DRB1*08:01 KRYYGRIL 122-129
RYYGRIL 123-129
GRILYLK 127-134

6 HLA-DRB1*09:01 TRGKLMSS 111-118
TRGKLMSS 111-118
NLLANVY 86-97

7 HLA-DRB1*10:01 TIYEMLQN 58-65
TIYEMLQN 58-65
YFINRLTG 154-161
YFINRLTG 154-161

8 HLA-DRB1*11:01 YFINRLTG 154-161
YFINRLTG 154-161
YFINRLTG 154-161

9 HLA-DRB1*12:01 YFINRLTG 154-161
YFINRLTG 154-161
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Sl. no Allele Overlapping Overalpping regions of IE DB and
PROPED
YFINRLTG 154-161
10 HLA-DRB1*13:01 NLLGFLQR 4-11
NLLGFLQR 4-11
NLLGFLQR 4-11
11 HLA-DRB1*14:01 TRGKLMSS 111-118
RGKLMSS 111-118
YFINRLTG 154-161
12 HLA-DRB1*15:01 KRYYGRIL 122-129
KRYYGRIL 122-129
KRYYGRIL 122-129
13 HLA-DRB1*16:01 KRYYGRIL 122-129
KRYYGRIL 122-129
KRYYGRIL 122-129
A
No.1] Sequence Information::Center Residue::I:PHE-66 Score: 0.843887285553952 View|

I: L20 L24 Q60 N61 F63 L64 F66 R67 N68 N69 F70 T73 W75 E77 179 VB0 V81 R82 L84 D85 E86 HB8
Y121 Q125 Y133 R142

No.2| Sequence Information::Center Residue::I:MET-139 Score: 0.84342632675966 View|

I: L24 N25 G26 K27 128 N29 L30 T31 Y32 R33 A34 F70 S72 T73 G74 W75 M131 Y133 N134 5135 Y136
M139 V140 R142 A143 E144 F146

No.3| Sequence Information::Center Residue::I:LEU-24 Score: 0.841309924643258 View|

I: Q18 E19 L20 E22 Q23 L24 N25 G26 K27 128 F66 F70 T73 G74 W75 N76 E77 T78 179 V80 V81 R82
5135 M139 R142 A143 F146

detailed information

Fig. 5. Screenshots of the Partial output predicted mimitopes from the MIMOX2 server which
have highest score. Screenshots representing which patch have an high possibility to be an
epitope and indicated by red color. We can view the 3D structure of all the mimitopes

Mo |ir Sequence Information:Center ResidueI:lPHE-66 Score: 0.843887285553952 view|

B 1 FYFINR 1LL20L24 NG61 FG3 LG54 F66 RGT NG8 NGO F70 I79 VB0 VE1 RE82 L84 D85 Y121 Y132 R142 %
2 | RYYGRI I:L20L24 F63 L64 F66 RG67 F70 IT9 VB0 V81 RS2 L84 Y121 Y133 R142 £
3 LTG IIL20L24 L64 T73 179 L84 £

4 | TRGKLM I:L20 L24 L64 R67 T73 I79 R82 L84 R142 (3

5 | SSLHLK I:L20 L24 Q60 NG61 L64 R67 M6S NG9 T73 179 R82 L84 H88 Q125 R142 5
6 | AWTIVR I: L20 L24 FG3 L64 F66 R67 F70 T73 W75 I79 W80 W81 RS2 L84 R142 5

7 | LHYLKA I: L20 L24 Q60 L64 RG7 179 RS2 L84 H88 ¥121 Q@125 Y133 R142 &

8 | VEILRN I: L20 L24 N61 F63 LG4 F66 RG7 NGE8 NG9 F70 E77 I79 W80 W81 RS2 L84 D85 ESG R142 3

o | KEYSHC I: @60 MG61 R67 MG6E M6 T72 ET7 RE82 ES6 HES Y121 Q135 Y133 R143 5
Union LL20 L24 Q60 NG1 FG2 LG54 FG6 RGT NG8 NGO FTO T72 V,:’?.’;ZE.’.’ ITO VS0 VE1 RE82 L84 D85 ES86 HE8 Y121 Q125 Y133 &

selected number of residues in the patch

tunber- of the selection

residues in the patch
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Mo Sequence Information :Center Residue: LMET-139 Score: 0.84342632675966 [View]
1| FYFINR I L24 N25 K27 128 N29 L30 ¥32 R33 F70 S72 Y133 N134 S135 Y136 V140 R142 F146 =
' 2 | RYYGRI 1124 G26 K27 128 L30 ¥32 R33 F70 G74 Y133 Y136 V140 R142 F146 =
= LTe I:L24 G26 128 L30 T31 S72 T73 G74 S135 =
4 | TRGKLM I L24 G26 K27 128 L30 T31 R33 S72 173 G74 M131 S135 M139 R142 =
5 | SSLHLK 11 L24 N25 K27 128 M29 L30 T31 R33 S72 773 N134 S135 R142 =
6 | AWTIVR 1124 K27 128 L20 T31 R33 A34 F70 S72 T73 W75 S135 V140 R142 A143 F146 =
7 | LHvika I L24 K27 128 L30 Y32 R33 A34 Y133 ¥ 136 R142 A143 =
2 | VEILRM 11 L24 N25 K27 128 N29 L30 R33 F70 S72 N134 S135 V140 R142 E144 F146 =
2 |KEYsSHC I N25 K27 M29 T31 Y32 R33 S72 T73 Y133 N134 S135 Y136 R142 E144 =
Union I:L24 N25 G26 K27 [28 N20 L30 T31 Y32 R33 A34 F70 S72 173 G74 W75 M131 Y133 N134 S135 Y136 M139 V140 R142 |
A143 E144 F146 =
selected number of residues in the patch
residues in the patch
ro Seguence NfoHnELon Cenler Residue VAL 140 Scoie. 0708 1329 1646625 (i
5| Eveme o128 M20 L350 was Res D5 F36 wis7 L1350 w135 MN154 S136 w136 V140 RA42 F146 Ra47 =
D 2z | myvor 1128 L30 v32 K33 F36 Y127 L130 Y133 Y136 V140 K142 F146 K147 -
5 (= I:i28 L30 731 772 L130 S136 -
4 | TRoKLM 1128 L30 T31 K33 T73 L130 M131 S135 M139 K142 K147 -
5 | sSsiaie I- 128 M20 L30 T31 R33 773 L1230 N134 S135 R142 R147 =
5 | AwTIvR 1128 L30 T31 R332 A34 F36 T73 L 130 5135 w140 R142 A143 F146 R147 -
E T 128 L30 w32 R332 A2 w127 L130 Y133 Y136 R142 A143 R147 =
s | vEnLRMN 1128 MNZ9 L30 R33 D35 F36 L130 M134 S135 V140 R142 E144 F146 K147 o
© |KEvsHc IEMN20 T21 w32 R33 T73 Y127 Y133 N134 S135 136 R143 E144 R147 -
Gnion | 128 M29 L30 T31 ¥32 R33 A34 D35 £36 T73 Y127 L130 M131 ¥133 N134 S135 ¥ 136 M139 V140 R142 A143 E144 F146 |
Riar E
sslected number of residuss in the patoh
=
=0
=
Peidues Eer b peloh

No Seguence Information:Center Residue: 1'LEU-20 Score: 0.67 1837421837422
E 1 FYFINR I:N13 R15 K16 L20 L24 F66 N76 I79 W80 V81 R82 L84 D85 R142 F146
2 | RYYGRI IR15 K16 L20 L24 F66 ITO V80 VE1 RE2 L84 R142 F146
El LTG L2024 T78I79 L84
4 | TRGKLM I R15 K16 L20 L24 T78 ITO RE2 L84 R142
5 | SSLHLK ILN13 R15 K16 Q18 L20 Q23 L24 N76 TT& I70 R82 L84 R142
6 | AWTIVR I R15 K16 L20 L24 F66 W75 T78 IT9 V80 W81 RE82 L84 R142 F146
7 | LHvLka ILR15 K16 Q18 L20 Q23 L24 170 R82 L84 R142 =
8 | VEILRN IIN13 R15 K16 E19 L20 E22 L24 F66 N76 I79 V80 V81 R82 L84 D85 E86 R142 F146 Fa
9 |KEVSHC IIN12 R15 K16 Q12 E10 E22 Q23 N76 T78 R82 E26 R142 =S
Union IN13 R15 K16 @18 E19 L20 E22 Q23 L24 F66 W75 N76 T78 79 W80 V81 R82 L84 D85 ES6 R142 F146 £

selected number of residuess in the patch

niber of the selection

residues in the patch

Fig. 6. Screenshots B,C,D,E which represents the de tailed information of mimitopes which
mimic the epitopes of PHE-66, MET-139, VAL-140, LEU -20 and amino acids which are similar to
each mimitope with their corresponding 3D structure . The union represents all the amino acids

which are appeared more than twice and denoted inr  ed. The histogram drawn between the
number of residues in the patch in the X-axis versu s with the number of amino acid residues in

the Y-axis which show the occurrence of individual aminoacids
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Mapping Candidate Cluster 10 back to 1WU3

s and locations of the candidate cluster
20 #IL24 ¥ I-Q60

« I-F63

< I-R67

~ V80 “IIVE1
I [-L84 I I:DES
™ HE8S “I:Y121
Y133 “IR142

Protein context of the candidate cluster
Chain 1

Reset to Original Size and Position

B B Map candidate cluster back to 3D structure

Frelp

Mapping Candidate Cluster 10 back to 1WTU3

of the cluster

~ I:A113 “II-E114 < LF116

Protein context of the candidate cluster
Chain 1

Reset to Original Size and Position

Mapping Candidate Cluster 10 back to 1WTU3

cluster

IRS2 # I1:S135 & IMI139
IR142 I I-A143 # L-F146

JIRNARRRRER

Cliain 1

Reset to Original Size and Position

Mapping Candidate Cluster 1 back to 1WU3

Residues and locations of the candidate cluster
o] I-L24 I:N61

I:-L64 LF&s6

I'NGS I:NG9

1179 I-V8o

I:R82 I'L84

I-¥121 I-¥133

=
-
=l
=

Protein context of the candidate cluster
Chain I

Reset to Original Size and Position

Fig. 7. A,B,C,D Mapping done with all the predicted mimitopes for A) PHE-66 B) MET-139
C) VAL-140 D) LEU-20

19



Reddy and Pinnelli; BJI, 16(3): 1-23, 2016; Article no.BBJ.29184

Mapping of FYFINR peptides

™Mapping Candidare Cluster 1 back o 1WIT3

Residues and 1 ions of the candidate cluster
I LI20 W LL24 v I:N61
3 #TT64 #TF66

Pratein
Chain T

cluster

Reset to Original Size and Position

Mapping of RYYGRI

B Map candidate cluster back to 3D structure

Eetp

Mapping Candidate Clustes 4 back to IVWLE

B 3 joc £the condadare clhuses,
# IL20 = L1234 o LL&4
- IR6T I T73 = LI79
- RS2 o ILS4 = LR142
Protein comre: £ihe o = =
Chamn 1
Reset to Orginal Size and Fosition

Mapping of TRGKLM

B MNMap candidate cluster back to 31D structure

Mapping Candidate Cluster 10 back to 1WTLI3

Becidues and | of the didl
“ TL20 #IL24 & I-Q60

# IN61 #I:F63 # I-L64

¥ I.F66 ¥ IRG7 & IINGS

# IN69 I IL-F70 # I-T73

¥ W75 ELE7T7 21179

# I-VE0 I I:V81l I IRS2

¥ L84 & 1:DSS & IESS

“ LHER “LY121 #I.Q125

@ I1¥133 SELR143

cluster

Drotcin context of the cluster
Chain 1

[SLIIjEE:1.0E2 #7326 R

Reset to Original Size and Position

Fig. 8. Mapping candidates for the FYFINR, RYYGRI, TRGKLM, and unions set of all Il the
peptides of PHE-66, 3D view of epitopes have been m  apped using cartoon representation for
1WU3 (interferon-beta)molecule
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bits

B

Fig. 9. Seq logos of HLA-DRB1*01:01, HLA-DRB3*01:01

generated using MHC binding motif viewer. kullback
which tells us that x-axis indicates the number of
conserved nature of each amino acids using colour ¢

, HLA-DRB4*01:01, HLA-DRB5*01:01 are
—leibler representation has been fallowed
amino acids and Y-axis indicates the
odings. In HLA-DRB1*01:01, HLA-

DRB3*01:01, HLA-DRB4*01:01, (peptidel, peptide4, pe ptide6, peptide9) show the hydrophobic

amino acids, (p3, p7) are basic amino acids,(p2,p7)

are neutral amino acids and in HLA-

DRB3*0101 (p5) represents the acidic amino acids

4. CONCLUSION

The human major histocompatibility genomic
molecule region (HLA) is polymorphic comprising
several thousand alleles, many encoding
the entire distinct molecule. The potentially
unique  specificities remain  experimentally
uncharacterized for the majority of HLA
molecules thus predicting the T cell responses in
assessing the immunogenicity of the protein
therapeutics play vital role. Insilico predictions
are done using the prediction tools like IEDB-AR,
proped, and NETMHCII pan-3.0. We identified an
immunogenic sequence of 50 amino acids within

21

IFN-B molecule (position 111-166). After the
prediction of epitope, mapping is performed
using MIMOX2server. Insilco predictions are
advantageous in the pharmaceutical company for
designing the vaccines and also helpful in the
future invitro assessments. In conclusion
NetMHClIpan-3.0 method is an important step
forward in boosting MHC classll binding
predictions covering a large number of molecules
from different species and therefore reduces
experimental costs for the immunologists working
within the field of epitope -based vaccine design.
Next the seq2 logos were generated.
Comparative studies are performed between



IEDB-AR and proped to confirm the patterns and
then the influence of different HLA-DR alleles are
studied.

The Future scope of predicting

the T-cell

epitopes is that once we predict the potential T-
cell epitopes we can know which set of peptides
has major role and synthesize them using in vitro
technologies which will save the time and helps
in the vaccine development.
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