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E-mail: epitopes which are present in the structural, regulatory and accessory

amol.kanampalliwar@gmail.com proteins encoded by Clad HIV-1 genome were predicted using

epitope prediction servers (RANKPEP) available in the public
domains. Homology motiag approach was used to determine the 3D
structures of these predicted epitopes. In addition to these studies,
modes of binding of these epitopes to broadly neutralizing antibodies
2G12, B12, 4E10 and PG9 were also investigated by docking studies

INTRO DUCTION: Acquired immunodeficiency Human immunodeficiency virus (HIV) is
syndrome (AIDS) was first described 30 years agasponsible for the cause of acquired
in a report from the US Centers for Diseasémmunodeficiency syndrome (AIDS) * which is
Control. Two years later, it was found that virusharacterizé by depletion of the immune cells
responsible for it was Human immunodeficiencymainly T helper cells’. According to the annual
Virus (HIV) . HIV spread throughout the world; it report of the Joint United Nations Program on HIV
had already killed half of the 60 million people thand AIDS (UNAIDS), it was reckoned that
had been infected so far. As of now, there are aboBdmillion people were infected with AIDS at the
2 million new HIV infections each year and anend of 2011. The percentage of plkowith AIDS

equal number ofehaths due to AIDS, has also substantially increased (~ 19%) from what
QUICK RESPONSE COI _ it was in the year 2001. According to the UNAIDS
10_13040,UPSR%(;Q%Z_%)_ZGBZ% report, about 1.7 million [1.5 millidrL.9 million]

people died due AlD$elated causes worldwide in
Article can be accessed online on: 2011showing decrease in AlBrBlated morlity

www.ijpsr.com compared with 2005 by 24% (when 2.3 million [2.1
millioni 2.6 million] deaths occurred)
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HIV can infect multiple cells like brain cells, but itsdevelop an effective M vaccine and meet the
main target is the CD4+ lymphocytes, also calledhallenge of new and #®merging pathogens. This
T-cells. When HIV infects CD4+ cells, the viruscan be easily achieved with the help of reverse
goes tihough multiple steps to reproduce itself andiaccinology that uses the whole genome of the
produce more virus particles. HIV is quitepathogen for the prediction of the surface proteins
genetically diverse, despite of its small genome. ltise. epitopes. The surface proteinsliwacts as
genome is composed of nine genes, but only twoandidate vaccines. Epitopes play an important role
gag and env, are reliable genes for vaccinein development of a candidate vaccine. The major
development, since thieare less affected by therole played in immune system is by B and T
high mutation rates of HIV lymphocyte. B cells are important in recognizing
the epitopes of the antigens that can be identified
The 160 kD Env (gp160) is expressed from mRNAy the paratopes of antibody. In some cases, T cells
which is singly spliced. Env firstly synthesized inplay a role in cell mediated immunity as the
the endoplasmic reticulum thenmiigrates to Golgi processed antigenic peptides interact with the T cell
complex where it undergoes glycosylation with thgvhen they are presented in context of T cell. So the
additon of 25 to 30 complex -Nhked prediction of the epitopes of T and B cell plays an
carbohydrate side chains that are added ghportant role in determination of the candidate
asparagine re5|dues Env glycosylation is requiraghccine. The epitope prediction plays an important
for infectivity . A cellular protease cleaves gp16QGole in designing of epitope based vaccine.
to generate gp4l and gpl20. The gp4l moeity
contains the Env transmembrane domain; gp120 The development of a highly effective AIDS
located on the infected cell surface and of theaccine will likely to depend on the success of
virion through noncovalent interactions with gp4ldesigning immunogethat will elicit response to
Trimer of Env exists on the surface of infected cellbroadly neutralizing antibodies to naturally
and virions®. Interactions between HIV and thecirculating strains of HIV can be done by reverse
virion receptor, are mediated through specifizaccinology. Reverse vaccinology is a good
domains of gp12¢’°. approach for provoking the broadly neutralizing
antibody response by identifying the peular
Although no single immunogen has generategpecific epitopes i.e. surface proteins.
antibodies that can neutralize diverse isolates,
progress has been made in understantfing MATERIALS AND METHODS: In fulfilling the
objectives of the project wiyfollowing steps were
a. The structure of the HAL envelope pursued:;
glycoprotein, which is targeted by neutralizing

antibodies, 1. Selection of proteins from HAL genome
_ database
b. How HIV-1 gets entry into host cells, 2. Epitope prediction and selection

o 3. Homology modeling
c. How HIV-1 evade antibodies made by an 4 pocking

infected host, and
o _ 1. Retrieval of target sequences:Selection of
d. How rae monoclonal antibodies can exhibit  nroteins from HIV1 genome databasé®
broadly neutralizing activity. Complete genome sequences of HIMvere
downloaded from NCBI database. All proteins

Humoral and T celbased vaccine approaches each that are encoded by whole genome of HIV

have their own clauses, the recent successful were selected for further studies and their

findings is the identification and production of amino acid sequences were downloaded and

12 : :
_bNAbs , New generation viral vectors, and _the saved in FASTA format. The followingble 1
immunotechnology to detect highly specific  yonicts the attributes of selected proteins.
responses, have facilitated the understanding in

vaccinology that will ultimately be required to
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Name Accession Start Stop Geneld Locus Locus Tag Protein Product Length
Envelope surface

glycoprotein NC_001802.1 5771 8341 155971 env HIV1gp8 NP_057856.1 856
gpl160, precursor

2. Epitope prediction and selection: For the Amino acid sequence alignment of target and
prediction of epitopes form the selectedemplate proteins was derived using Modeller 9.10,
proteins web based program RANKPEP waa freely available tool for modeling. 8tture
used. The following steps of itppe prediction refinement and model validation was done by
were based on the studies related to RANKPERNergy minimization which was done by Swiss

PDBViewer and Ramachandran plot which was
i. Home page of RANKPEP was operedplotted using online server

http://tools.immuneepitope.org/mhc. http://dicsoftl.physics.iisc.ernet.in/rp/

Selection of home page depends on the predictian Docking: Molecular docking is the term used

of the epitopes against MHC class | and MHC class for computational schemes in which two

1. molecules i.e. receptor and ligand, fit together
in 3D space. lis initiatedfrom folded protein

i.  The amino acid sequemcof the proteins  chains and ligand conformations. There are
which were selected from above step then nree key ingredients in the docking:

pasted in the query window of RANKPEP.

Selection of parameters likeIHC source 1. Representation of the system
species, prediction method, and allele
length was done. 2. Conformationhspace search

iii. Then the query was submitted to the 3. Ranking of potential solution.
RANKPEP database.
Docking can be achieved by probing the formation

iv.  After this the result page was generated thaif intermolecular complexes using various
contains different epitopes which werecomputational methods. Generally classical
categorized on the basis of the percentilenechanics based force field methods are used in
rank. molecular docking. Monte Carlo and Molecular

dynamics methods have also been employed to

v. Epitopes having highest percentile rankpredict the best structural fit betweeroggin and
were selected for further studies. ligand molecules®. Molecular docking can also be

_ ) used to test possible hypotheses before conducting

3. Homology modeling: The ultimate goal of ¢ostly laboratory experiments. The development of
protein modelig is to predict a structure from 5 yaccine would be facilitated by knowing what
its sequence with an accuracy that igype of immune response is likely to be protective
comparable to the best results achieveggainst infection and/origkase. Both IgG and IgA
experimentally. In addition, protein modeling isare protective at mucous membranes and protection
the only way to obtain structural information ifcan pe achieved using relatively modest doses of
experimental techniques fail. Many proteins ar@ aps that yield circulating levels achievable by
simply too large for NMR analysis and cannofctive vaccination. Hence the broadly neutralizing
be crystallized for Xray diffraction. For this antipodies which were isolatedom HIV patients

purpose, homology modeling of each predictedere used for docking with predicted epitopes;
epitopes were done by MODELLER versionsejected on their properties s

9.10. Modeller is a computer program that
models threalimensional structuresf proteins
and their assemblies by satisfaction of spatial
restraints ",

2G12 (PDB ID: 10M3)?
B12 (PDB ID: 2NY7)*
4E10 (PDB ID: 2FX7)%
PG9 (PDB ID: 3U2S)*

= = =4 =4
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RESULTS AND DISCUSSION: envelope glycoproteins (Env) and the ability of
humans to make these resporféed
Vaccine design approachTwo essential elements

required for preparation of an efficient vaccineEpitope prediction by RANKPEP and modeling

design: of selected epitopesServer RANKPEP predicts
and gives number of epitopes for selected protein
1 The virus but only those epitopes have been selected that
have highest score value which was found to be

f Host immune system. above the predicted threshold. Follogi tables

' . . shows the list of the selected epitopes on the basis
The field has jumped from an early start usingf highest percentile rank.

recombinant soluble antigen base@nphe surface
envelope glycoprotein (Env) gpl20 to elicitTable 1shows the list of selected epitopes for ENV
antibody response, to focus on cytotoxic T celproteins of HIV1 which targeted against MHC
(CTL)-based vaccine desigri> % However, class | molecule showing epitope sequence, MHC
progress in two areas has galvanized the -HIV class and percentikank of respective epitope.
vaccine field into an unprecedented sense of
purpose and activity. The isolation of a series ofable 2shows the list of selected epitopes for ENV
monoclonal antibodies (mAbs) that potentlyproteins of HIV\1 which targeted against MHC
neutralize a broad spectrum oirculating HIV-1  class Il molecule showing epitope sequence, MHC
strains, termed broadly neutralizing mAbsclass and percentile rank of respective epitope.
(bNmADb). Their existence testifies to the presencEollowing table shows the list giredicted epitopes
of highly conserved epitopes on the HIV against MHC class | for Envelope surface
glycoprotein gp160, precursor

TABLE 2: SHOWS THE LIST OF SELECTED EPITOPES FOR ENV PROTEINS

Sr. No. Epitope Sequence MHC Class MHC allele Percentile Rank
1 PCVKLTPLCV I HLA-A*02:01, 32.40
2 NWLWYIKLFI I HLA-A*24:02, 31.04
3 QLTVWGIKQL I HLA-B*27:05, 29.55
4 HLLQLTVWGI I HLA-A*11:01, 26.76
5 AVGIGAL I HLA-B*40:02, 25.97
6 SLKPCVKLT I HLA-A*32:01 22.76
7 LWNWENITNW I HLA-A*29:02, 48.36
8 QQHLLQLTVW I HLA-B*08:01, 17.69
9 KRRVVQREKR I HLA-A*68:02, 22.74
10 TQNFNMWKN I HLA-B*07:02, 12.78
11 MEWDREINNY I HLA-C*01:02, 15.53
12 MRDNWSERLY I HLA-G*01:04, 13.37
13 REINNYTSL I HLA-A*30:01 15.02

Following table 3 shows the list of predicted A*30:01, HLA-A*68:02, HLA-A*24:02,HLA -
epitopes against MHC class Il for Eglope surface B*27:05, HLA-A*11:01, HLA -B*40:02, HLA-
glycoprotein gp160, precursor A*32:01,while in case of MHC II; the targeted
alleles were fouth to beHLA -DRB4*01:01, HLA-
The tables giveibelowshows the selected epitopesDPA1*01:03/DPB1*02:01, HLA-DRB1*01:04,
which were targeted against MHC class | and MHGLA -DQA1*03:01/ DQB1* 03:02, HLA-
class Il. DQA1*05:01/DQB1*03:01, HLA-DRB1*01:06,

_ _ HLA -DRB1*01:16, HLA-DRB1*01:04, HLA-
From the above resultg could be interpreted that prg1*01:17, HLA-DRB1*01:19, HLA-DRB1*

selected epitopes were restricted by these MHC0I3:11, HLA-DRB1*03:35, HLA-DRB1* 04:71
alleles HLA-A*02:01 HLA-A*29:02, HLA- HLA -DRB1*07:17.

B*27:05, HLA-B*08:01, HLA-A*68:02, HLA-
B*07:02, HLA-C*01:02, HLA-G*01:04, HLA-
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TABLE 3: SHOWS THE LIST OF PREDICTED EPITOPES AGAINST MHC CLASS I

. MHC Percentile
Sr. No. Epitope Sequence Class MHC allele Rank
1 LAEEEVVIR I 33.33
HLA-DRB4*01:01,
2 MHEDIISLW ! HLA-DPA1*01:03/DPB1*02:01, 29.60
3 LLRAIEAQQ I HLA-DRB1*01:04, 26.37
HLA-
© ARERINIENY l DQA1*03:01/DQB1*03:02, g
5 NWFNITNWL I HLA-DQA1*05:01/DQB1*03:01, 31.27
6 LGAAGSTMG I eIzl SHOPR0, Ll 32.54
7 YKYKVVKIE I DRB1*01:16, HLA 64.70
8 FAILKCNNK I DRB1%01:04, 29.24
9 TTWMEWDRE I HLA-DRBL*01:17, 24.31
10 PISGQIRCS I HLA-DRBL*01:19, HLA 27.89
11 PIHYCAPAG I DRB1%03:11, 25.44
12 VGIGALFLG I e 23.67
14 YAPPISGQI I 33.18

The main objective of epitoperediction is to out of which best one is selectedi ¢he basis
design a molecule that can replace an antigen in tRércentage identity and number of residues
process of either antibody production or antibodjnatching the template.

detection *2. Identification of B cell and T ckl ) )
epitope within protein antigens would aid in thef@ble 3 shows list of predicted model for selected

rational development of an HIV subunit vaccfile €Pitopes showing PDB ID of model that present in
Ideally, such epitopes would be recognized b{DB data bank; percentage identity value and their
individuals with a variety of genetic backgroundenergy value. The model oéspective epitope was

and would stimulate both T helper and cytotoxic F€lected on the basis of lower energy value, highest
cell responses. percentage identity and depending on the number

of amino acid matches the template.
The major histocompatibility complex (MHC), a ) o o
large genetic complex with multiple loci, is locateg®nd their respective figure is given below the table
on the short arm of chromosome 6. It has highi§iving the structure of model. Figure shovhe
polymorphic human leucocyte antigen (HLA)Structure pf model; position of amino a_C|ds Wl_th
genes. Loci within the MHC encode two majorth€ir position number, name of amino acid,

classesof membrane bound glycoproteins: class flifferent color shows different groups present in
and class 1l HLA molecules. side chain of amino acid residue. Their respective

Ramachandran plot is given showing that amino

HLA class | molecules bind to endogenougcid presen in allowed region which is most

antigenic epitopes and present them to CD8+ important for selection of epitope.

lymphocytes, while HLA class Il molecules present _ _

antigenic peptides to CD4+ T lymphocyt8s Ramachandran plot shows different colors which
shows different regions for allowed and disallowed

Homology Modeling: Modeler 9.10 was used for regions.

modeling of selected epitopes; every selected _ )

Modeler gave 5 best matches for selected epitofdV €Pitopes is given in the folling table 4 and
their corresponding figures given below table
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TABLE 4. PREDICTED MODELS OF RANKPEP MHCI ENV EPITOPES

Epitope Epitope PDB ID of Position of Percentage
=1 N No. Sequence Epitope Model Amino Acid Identity =elle
1 Egpl PCVKLTPLCV 3DNL 118124 100% 3.04E15
2 Egp2 NWLWYIKLFI 3G9R 17-23 96% 5.59E9
3 Egp3 QLTVWGIKQL 2CMR 26-35 100% 6.82E15
4 Egp4 HLLQLTVWGI 1AIK 564571 100% 1.29E13
5 Egp5 AVGIGAL 2ARI 1-7 100% 5.59E9
6 Egp6 SLKPCVKLT 2QAD 115123 97% 2.59E14
7 Egp7 LWNWFENITNW 2PV6 8-17 100% 9.54E9
8 Egp8 QQHLLQLTVW 27271 562571 97% 4.14E12
9 Egp9 KRRVVQREKR 1IMEQ 1523 100% 1.68E5
10 Egpl0 TONFNMWKN 2QAD 90-98 97% 2.59E14
11 Egpll MEWDREINNY 1AIK 630-639 100% 1.29E13
12 Egpl2 MRDNWSERLY 3DNL 475482 100% 3.06E15
13 Egpl3 REINNYTSL 1AIK 633641 100% 1.29E13
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Fully altowed region
Addrtionally allowed region
Generously allowed region

4 Olycine residuse
4 Proline residue

Other residue

Residue L-Helix Sheet R-Helix FAR AAR GAR Outside Total
CYS 0 0 0 0 1 0 0 1
LEU 0 1 0 1 0 0 0 1
LYS 0 0 0 0 1 0 0 1
THR 0 1 0 1 0 0 0 1
VAL 0 1 0 1 0 0 0 1
Total 0 3 0 3 2 0 0 5
Fully Allowed Region ( 3 residues) : 60.00 %
Additionally Allowed Region { 2 residues) : 40.00 %

100.00 %

FIGURE 1: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp1l (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acidspiegenare
found to be present in allowed region).
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1

o
phi(*)

Fully allowed region
= Additienally allowed region
= Generously allowed regton

4 Clycine residus

4 Proline residus

= Other residues

Residue L-Helix Sheet R-Helix FAR AAR GAR Outside Total
ILE 0 0 0 0 1 0 0 1
LEV 0 0 1 1 0 0 0 1
LYS 0 0 1 1 0 0 0 1
TRP 0 0 2 2 0 0 0 2
TYR 0 0 1 1 0 0 0 1
Total 0 0 5 5 1 0 0 6
Fully Allowed Region ( 5 xesidues) : 83.33 &
Additionally Allowed Region ( 1 residues) : 16.67 %

100.00 %

FIGURE 2: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp2 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that taeidsypnesent in epitope are
found to be present in allowed region).

1

L]
phi(t)

Fully allowed region
u Addmtionally aliowed reglon
= Cenerously allowed region

A Olycine residus
& Proline residue

= Other residus

Residue L-Helix Sheet R-Helix FAR
GLN 0 0 1

GAR Outside Total

Lo I
[ — I — T — I — I — B — I ]

OOOOOQQOCE

3

Total

FIGURE 3: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp3 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shthesatmitio acids present in epitope are
found to be present in allowed region).

o
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pr\u )

Fully aliowed region
= Additionally allowed reglon
B Genercusly alowed reglon

4 Oiycine residues
O Proline residue

* Other residus

Residue L-Helix Sheet R-Helix FAR AAR GAR Outside Total
GLH 0 0 1 1 1] 1] 0 1
GLY 1] 0 1 1 0 0 0 1
LEU 0 0 3 3 0 0 0 3
THR 0 0 1 1 0 0 0 1
TRP 0 0 1 1 0 1] 0 1
VAL 0 0 1 1 0 0 0 1
Total 1] 0 8 8 1] 0 0 8

FIGURE 4: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp4 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected shdwgethat the amino acids present in epitope are
found to be present in allowed region).

1

°
Pt

Fusly allowed reglon
N Additionally allowed region
W Genercusly alowed region

A Ciyoine residue
& Proline residue

* Other residus

Residue L-Helix Sheet R-Helix FAR ABR GAR Outside Total
ASH 0 1 0 1 1 0 0 2
PHE 0 1 0 1 1] 1] 1] 1
Total 0 2 0 2 1 0 0 3
Fully Allowed Region ( 2 residues) 3 66.67 %
Additionally Allowed Region ( 1 residues) : 33.33 %

100.00 %

FIGURE 5: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp5 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of thateskeégmtope shows that the amino acids present in epitope are
found to be present in allowed region).
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- | |

- 180
ph(t)

Fully allowed region
Aadmionalty allowed region
Cenerousty allowed region

Clycine residue

& Proline residue

Other residue

Residdae L-Helix Sheet R-Helix FAR ARR AR Dutside Total
AP o o 1] L1 L1] 1 o 1
GLH 1] o o o o 1 o 1
LEW o o 1 1 L1] 1 1] F
LYE 1] 1 o 1 o o o 1
EER o o 1 1 1 o 1) F
TRF L) o 1 1 L1 o o 1
Total [1] 1 3 a 1 3 1] L]
Fully Allowed BRegion | 4 zesidass) (] 50.00 %
Additionally Allowed Region 1 residuass) : 1Z.50 %
Genexrously Allowed Regiom 3 reaidues) ] 3T7T.50 %

100,00 %

Figure 6: Predicted model and Ramachandran plot of Egp6 (Figure shows the model of predicted structure of selected epitop
and Ramachandran plot thfat selected epitope shows that the amino acids present in epitope are found to be present in allowed
region).

phi (*)
Fully allowed region

Additionally allowed region
Generously allowed region

Glycine residue

& Proline residue

Other residue

Residue L-Melix Sheet R-Melix FAR AAR GAR Outside Total
CYS 0 0 1 1 0 0 0 1
LEU o 0 0 o0 1 1 0 2
LYS o 2 1] 2 0 0 0 2
PRO 0 1 0 1 0 0 0 1
VAL 0 0 0 0 0 1 0 1
Total o 3 1 4 1 2 0 7
Fully Allowed Region ( 4 xesidues) 2 57.14 %
Additionally Allowed Region ( 1 residues) : 14.29 =
Genexously Allowed Region ( 2 xesidues) : 28.57 =

100.00 %
Alpha helical Region ( 1 xesidues) s 25.00 %
Beta sheet Region ( 3 xesidues) = 75.00 =
3-10 helical Region ( 0 xesidues) ] 0.00 =

100.00 #

FIGURE 7: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp7 (Figure shows the model of predicted structure of
selected epitope and Ramachamdplot of that selected epitope shows that the amino acids present in epitope are found to be present
in allowed region).
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o
phi(t)

Fully altlowed region
u Adaionalty aiowed regien
B Cenarousty aMiowaed regien

4 Clyaine residue
4 Preline residus

= Othar residue

Residue L-Helix Sheet R-Helix FAR ABAR GAR Outside Total
ASH 0 0 3 3 0 0 0 3
ILE 0 0 1 1 0 0 0 1
PHE 0 0 1 1 0 0 0 1
THR 1] 0 1 1 0 0 0 1
TRP 0 0 2 2 1] 0 0 2
Total 0 0 8 8 0 0 0 8

Figure 8: Predicted model and Ramachandran plot of Egp8 (Figure shows the model of predicted structure of selected epitop
andRamachandran plot of that selected epitope shows that the amino acids present in epitope are found to be present in allowe
region).

Pty

Fully allowed regilon
N Additionally allowed reglon
= Generously allowed reglon

4 Olysine residus

4O Proline residue

= Other residue

Residue L-Helix Sheet R-Helix FAR

AAR GAR Outside Total

ASN 0 1 1 0 0 1
ILE 0 0 0 0 1 0 0 1
LEU 0 0 1 1 0 0 0 1
TRP 0 0 2 2 0 0 0 2
TYR 0 0 1 1 0 0 0 1
Total 0 0 5 5 1 0 0 6
Fully Allowed Region ( 5 residues) : 83.33 &
Additionally Allowed Region ( 1 xesidues) : 16.67 %

100.00 %

FIGURE 9: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp9 (Figure shows the model of predicted
structure of selectedpdope and Ramachandran plot of that selected epitope shows that the amino acids present in epitope are
found to be present in allowed region).
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Fully allowed region
Additionally allowed region
B Generously allowed region

4 Glycine residue
4 Proline residue

= Other residue

Residue L-Helix Sheet R-Helix FAR GAR utside Total

ARR
GLH 0 0 2 2 0 0 0 2
HIS 0 0 1 1 0 0 0 1
LEU 1] 1] 3 3 o 1] 1] 3
THR 0 0 1 1 0 0 0 1
VAL 1] 1] 1 1 ] 1] 1] 1
Total 0 0 ;] L 0 0 0 a8

FIGURE 10: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egpl0 (Figure shows the model of predicted
structureof selected epitope and Ramachandran plot of that selected epitope shows that the amino acids present in epitope a
found to be present in allowed region).

o
phi (")
Fully altowed region
Addetionally allowed region
Generousty allowed region

Clycine residue

& Proline residue

Other residue

Residue L-Melix Sheet R-Melix FAR

ARR GAR Outside Total

ARG 0 0 2 2 1 0 0
GLN 0 0 1 1 0 0 0 1
GLY 0 0 1 1 o 0 0 1
LYS 0 1 0 1 0 0 0 1
VAL 0 0 2 2 0 0 0 2
Total 0 1 6 7 1 0 0 8
Fully Allowed Region ( 7 xesidues) : 87.50 %
Additionally Allowed Region ( 1 residues) : 12.50 =

i60.00 +
Alpha helical Region ( 6 xesidues) B 85.71 %
Beta sheet Region ( 1 xesidues) H 14.29 %
3-10 helical Region ( 0 residues) 2 0.00 %

100.00 %

FIGURE 11: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egpl1 (Figure shows the model of predidte
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope :
found to be present in allowed region).
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Fully allowed region
u Adgdittonally allowed region
W Qenercusly allowed region

& Olycine residue
4 Profne residue
- Other residus

Residuoe L-Helix Sheet P=Helix FRAR AR GAR Outaside Total
ARG o o 2 2 1 a o 3
GLH o o 1 1 L] i} o 1
GLU L1} o 1 1 o 1] o 1
LYS o 1 o 1 1] 1] o 1
WAL 1] o 2 2 1] 1] o 2
Total 1] 1 6 T 1 1] o 8
Fully Allowed Region ( 7 residaes) ' 87.50 %
Ridditionally Allowed Region | 1 residues) : 12.50 %

100.00 %
Alpha helical Region ( 6 residues) ] 85.7T1 &
Beta sheet Begion | 1 residues) 5 14.29 %
3-10 helical Region { 0 zesidues) £ 0.00 %

100.00 %

FIGURE 12: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egpl12 (Figure shows the modeif predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «
found to be present in allowed region).

|

o
Pt
Fully allowed region
u Additionally allowed region
= Generously allowed region

Residue L-Helix Sheet R-Helix FAR ABR GAR Outside Total
ARG 0 0 1 1 0 0 0 1
ASH 0 0 2 2 0 0 0 2
ASP 0 0 1 1 0 0 0 1
GLU 0 0 2 2 0 0 0 2
ILE 0 0 1 1 0 0 0 1
TRP 0 0 1 1 0 0 0 1
Total 0 0 8 8 0 0 0 8

FIGURE 13: FIGURE PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp13 (Figure shows the model of
predicted structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids present
epitope are found to be present in allowed region).
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Table 5 shows list of predicted model for selectedPercentage identity and depending on the number
epitopes showing PDB ID of model that present i®f aminoacid matches the template.

PDB data bank; percentage identity value and their . ] )
energy value. The model of respective epitope wade following table and figures shows the list of

selected on the basis of lower energy value, highé%rt?t‘jiCted models of RANKPEP MHCII Env
epitopes

TABLE 5: LIST OF PREDICTED MODELS OF RANKPEP MHCII Env EPITOPES

Epitope Epitope PDB ID of Postion Percentage
S (N2 No. Sequence Epitope Model  of Amino Acid Identity SRS
1 Egpl LAEEEVVIR 1G9M 265273 90% 1.08E15
2 Egp2 MHEDIISLW 3DNL 104112 100% 3.06E15
3 Egp3 LLRAIEAQQ 2CMR 14-22 100% 6.82E15
4 Egp4 AKWNNTLKQ 1G9M 33634 90% 1.08E15
5 Egp5 NWENITNWL 2PV6 10-18 100% 9.54E9
6 Egp6 LGAAGSTMG 2ARI 1321 100% 5.59E9
7 Egp7 YKYKVVKIE 1G9M 485492 90% 1.08E15
8 Egp8 FAILKCNNK 1G9M 223231 90% 1.08E15
9 Egp9 TTWMEWDRE 1ENV 49-57 71% 1.61E40
10 Egpl0 PISGQIRCS 1G9M 438446 99% 1.08E15
11 Egpll PIHYCAPAG 2NXY 214222 90% 2.41E151
12 Egpl2 VGIGALFLG 2ARI 311 99% 5.59E59
13 Egpl3 FFYCNSTQL 2NXY 382390 90% 2.41E151
14 Egpl4 YAPPISGQI 1G9M 435554 90% 1.08E15
R e
™ Addmionalty allowed region
= Generously aliowed region
A Glycine residue
Residue L-Helix Sheet R-Helix FAR AAR GAR Outside Total
ALA 0 1 0 1 0 0 0 1
GLU 0 0 0 1 2 0 3
ILE 0 1 0 1 0 0 0 1
VAL 0 2 0 2 0 0 0 2
Total 0 1 0 4 1 2 0 7
Fully Allowed Region ( 4 xesidues) : 57.14 %
Additionally Allowed Region ( 1 residues) : 14.29 %
Genexrously Allowed Region ( 2 residues) : 28.57 &
100.00 %

FIGURE 14: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egpl (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presenteén epitope

found to be present in allowed region).
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1

°
phi(*)

Fully allowed regton
N Addetionalty aliowed reglon
B CGenesrouslty allowad reglion

& Olycine residus
4 Proline residus
= Othar residue

Residue L-Helix Sheet R-Helix FAR ARR GRAR Outside Total
AsSP 0 0 1 1 0 0 0 1
GLU 0 0 1 1 0 0 0 1
HIS 0 0 0 0 1 0 0 1
ILE 0 0 2 2 0 0 0 2
LEU 0 0 1 1 0 0 0 1
SER 0 0 1 1 0 0 0 1
Total 0 0 6 6 1 0 0 7
Fully Allowed Region ( 6 residues) 2 85.71 %
Additionally Allowed Region ( 1 xresidues) : 14.29 %

100.00 %

FIGURE 15: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp2 (Figure shows the modeff predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «
found to be present in allowed region).

°
p(*)
Fulty allowaed region
= Addiienally alowed regien
u Cenersusly allowaed region

4 Ciyeine residue

o Prohine residue

= Other residuse

Residue L-Helix Sheet R-Helix FAR ARR GAR Outside Total
ALA 0 0 2 2 0 0 0 2
ARG 0 0 1 1 0 0 0 1
GLN 0 0 1 1 0 0 0 1
GLU 0 0 1 1 0 0 0 1
ILE 0 0 1 1 0 0 0 1
LEU 0 0 1 1 0 0 0 1
Total 0 0 7 7 0 0 0 7

FIGURE 16: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp3 (Figure showghe model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presenteén epitope
found to be present in allowed region).
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Pt

Fully altowed regien
= Adavionasly allowed region
Cenerously allowed region

Clyoine residue
4 Preline residue

Other residuese

Residue L-Helix Sheet R-Helix FAR AAR GAR Outside Total
ASN 0 0 2 2 0 0 2
LEU 0 0 1 1 0 0 0 1
LYS 0 0 2 2 0 0 0 2
THR 0 0 1 1 0 0 0 1
TRP 0 0 1 1 0 0 0 1
Total 0 0 7 7 0 0 0 7

FIGURE 17: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp4 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «
found to be present in allowed region).

1

o
ph(*)

Fulty atiowad regien
" Addaicionally allowed region
= Cenercusly allowed region

4 Clycine residue
A Prolne residus
= Other residue

Residue L-Helix Sheet R-Helix FAR ARR GAR Outside Total
ASN 0 0 2 2 0 0 0 2
ILE 0 0 1 1 0 0 0 1
PHE 0 0 1 1 0 0 0 1
THR 0 0 1 1 0 0 0 1
TRP 0 0 2 2 0 0 0 2
Total 0 0 7 7 0 0 0 7

FIGURE 18: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp5 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presenteén epitope
found to be present in allowed region).

International Journal of Pharmaceutical Sciences and Research 2676



Kanampalliwaret al.,IJPSR, 204; Vol. 5(7): 26622686 E-ISSN: 09758232 P-ISSN: 23205148

"

1

k]
pht)
Fulty allowed region
= Additionally allowed region
N Genercusly allowed region

Residue L-Helix Sheet R-Helix FAR ARR GAR Outside Total
ALA 0 0 2 2 0 0 0 2
GLY 0 0 2 2 0 0 0 2
MET 0 0 1 1 0 0 0 1
SER 0 0 1 1 0 0 0 1
THR 0 0 1 1 0 0 0 1
Total 0 0 7 7 0 0 0 7

FIGURE 19: PREDICTED MODEL AND RAMAC HANDRAN PLOT OF Egp 6 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «
found to be present in allowed region).

1

o
phi (")

Fulty aliowed region
= Additionally allowed region
= Genercusly allowed region

A Qliycine residue
4 Proline residus
= Other reskiue

Residue L-Helix Sheet R-Helix FAR ARR GAR Outside Tot.
ILE 0 1 0 1 0 0 0 1
LYS 0 1 0 1 1 0 0 2
TYR 0 0 0 0 1 0 0 1
VAL 0 2 0 2 0 0 0 2
Total 0 4 0 4 2 0 0 6
Fully Allowed Region ( 4 residues) - 66.67 %
Additionally Allowed Region ( 2 residues) : 33.33 %

100.00 %

FIGURE 20: PREDICTED MO DEL AND RAMACHANDRAN PLOT OF Egp7 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «
found to be present in allowed region).
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o
phi ()

Fullty allowed region
= Additionalty allowed region
" Cenercusty aMlowed region

A Giycine residus

4 Proline residus

= Other residus

FIGURE 21: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp8 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «

found to be present in allowed region).

FIGURE 22: PREDICTED MODEL AND RAMACHANDRAN PLOT OF Egp9 (Figure shows the model of predicted
structure of selected epitope and Ramachandran plot of that selected epitope shows that the amino acids presentén epitope «

found to be present in allowed regj.
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