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Abstract

Hepatitis C Virus (HCV) has become a very prevalent disease
affecting over 200million people worldwide. HCV amongst its
various mechanisms of intrusion, enters the human cells by
interaction with human CD81. The tetraspanin membrane protein
CD8I1 interacts with envelope protein E2 of HCV. This helps viral
entry into the host and facilitates further proliferation of the virus.
Targeting this interaction could prove fruitful in eradicating the
proliferation of the virus. We have insilicostudied the interaction of
E2 and CD8I1. Seventeen different sequences of E2 protein were
homology modelled using 2ZCH_P - Chain P, Crystal Structure of
Human Prostate Specific Antigen, as a template and using modeller
9v8 software. CD81 — E2 protein interaction was studied using
Vakser Lab - GRAMM-X Protein-Protein Docking Web Server
v.1.2.0. 170 models were generated, 10 each of a particular
sequence. In almost all 17 protein models, residues cystine (2-6),
Threonine (5-9) and Arginine (5-19) were found to be active in
interactions with CD81.
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Introduction

Hepatitis C is an infectious disease affecting the liver. It is caused
by Hepatitis C Virus, belonging to the family of flaviviridae(Choo et
al, 1989). HCV is an enveloped protein with a single stranded RNA
genome. The exact mechanism(s) by which HCV enters and
establishes in the body is not completely known. It is shown that
HCV Envelope E2 protein interacts with CD81 (Pileri et al, 1998),
which is believed to be the mode of viral entry into the cell. CD81 is
considered to be the receptor for HCV (Cormier et al, 2004).

Different E2 protein sequences have been reported in NCBI. This
shows that the virus has mutated itself over the period of evolution.
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In spite of its evolutionary changes, the virus must have retained its
structurally and functionally important amino acid residues which
are responsible for its interactions with CD81 receptor.

Sequence Retrieval

The FASTA sequences of 18 different HCV E2 proteins reported in
India, have been retrieved from NCBI with the following accession
IDs (Table 1)

Table 1: Retrieved E2 proteins with their NCBI accession ID and the ID used
in the rest of the paper

E2 protein Accession ID ID (used in rest of the paper)

ABA08212.1 1
ABA08215.1 2
ABA08216.1 3
ABA08217.1 4
ABA08198.1 5
ABA08199.1 6
ABA08200.1 7
ABA08201.1 8
ABA08202.1 9
ABA08203.1 10
ABA08211.1 11
ABA08205.1 12
ABA08206.1 13
ABA08207.1 14
ABA08208.1 15
ABA08209.1 16
ABA08213.1 17

3D Modelling using Modeller9v8

The MODELLER software (Sali et al, 1993); a program for
comparative protein structure modeling optimally satisfying spatial
restraints derived from the alignment and expressed as probability
density functions (pdfs) for the features restrained. The pdfs restrain
C"-C“ distances, main-chain N-O distances, main-chain and side-
chain dihedral angles. The 3D model of a protein is obtained by
optimization of the molecular pdf such that the model violates the
input restraints as little as possible. The molecular pdf is derived as
a combination of pdfs restraining individual spatial features of the
whole molecule. The optimization procedure is a variable target
function method that applies the conjugate gradients algorithm to
positions of all non-hydrogen atoms.
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The query sequence from Homo sapiens was searched to find out a
template by the BLAST (Basic Local Alignment Search Tool)
(Altschul et al, 1997) program against PDB (Protein Databank)
(Bernstein et al, 1977). Sequences that showed maximum similarity
with high score and less E-value were aligned and were used as a
reference structure to build a 3D model for E2 proteins. The co-
ordinates for the structurally conserved regions (SCRs) for E2
protein were assigned from the template using multiple sequence
alignment, based on the Needleman-Wunsch algorithm (Needleman
et al, 1970). The various options used for generating the model are
discussed in table 2. 100 models were generated of which the least
energy model was picked.

Table 2: parameters used in running modeller software
Include the predefined TOP

INCLUDE # routines.

SET ALNFILE = ‘alignment.ali'
SET KNOWNS = 2F30

SET SEQUENCE = 'labc'

SET HETATM_IO = Off

SET WATR_10 = Off

SET HYDROGEN = Off

SET STARTING_MODEL = 1

SET ENDING_MODEL = 100

Structure assessment

The generated models were assessed for quality. The models were
checked for ¢ and v torsion angles of Ramchandran plots with the
help of PROCHECK (Laskoswki et al, 1993). The ramachandran
plot is studied for residues in most favoured regions, additional
allowed regions, generously allowed regions and disallowed
regions. On obtaining a quality model, it is used for interaction
studies with CD81 (PDB ID:1G8Q).

Protein — Protein interactions studies

Protein protein interactions were studied between E2 protein models
generated, with Human CD81 individually. Vasker Lab- GrammX
Protein — Protein Docking Web Server v.1.2.0 (Tovchigrechko et al,
2006) is used for studying the protein protein interaction studies.

Active site residues

The active site residues were studied using Swiss PDB Viewer
(Guex et al, 1997). Using the various options available in spdbv, the
residues sharing hydrogen bond interactions between CD81 and E2
protein are studied.

Results and Discussion

The sequences were retrieved from NCBI and blasted for template
search.2ZCH_P - Chain P, Crystal Structure of Human Prostate
Specific Antigen Complexed with an Activating Antibody was
found to be the template for all the 17 different models. The
percentage of similarity varied which is shown in table 3.

Tertiary Structures of proteins

The proteins were homology modelled using the modeller software
(Sali et al, 1993). The models were tested for quality using procheck
(Laskoswki et al, 1993). The number of Helixes, Strands and Turns
of the 17 models are shown in table 4.

Table 3: The template and similarity percent with respective E2 proteins.

ID Template Similarity (%)
1 2ZCH_P 93
2 2ZCH_P 96
3 2ZCH_P 88
5 2ZCH_P 96
6 2ZCH_P 96
7 2ZCH_P 93
8 2ZCH_P 91
9 2ZCH_P 96

10 27ZCH_P 96

11 2ZCH_P 96

12 2ZCH_P 95

13 2ZCH_P 94

14 2ZCH_P 93

15 2ZCH_P 85

16 2ZCH_P 93

17 2ZCH P 91

Table 4: The number of helixes, strands and turns for the 17 different E2
proteins
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The ramachandran plots of the 17 proteins were obtained. The
residues in most favoured regions, additional allowed regions,
generously allowed regions and disallowed regions of each protein
is shown in table 5.

The 3 dimensional views of the 17 proteins are shown in the below
figure 1. All proteins look structurally intact with minor changes.

The protein - protein interactions provided 170 models, 10 models
each of a particular E2 protein interacting with CD81. The active
site residues of all the 17 E2 proteins were studied. One
suchinteraction of ABA08198.1 with CD81 is shown in the Figure
2. The active site residues are highlighted in the clustalW
(Thompson et al, 1994) analysis shown below.

Even though various amino acids are evolutionarily conserved, only
few are functionally significant. It can be observed from the above
clustal W image that rtesiduesCystine (2-6), Threonine (5-9) and
Arginine (5-19) are the predominant residues. These residues are
conserved over the years and could be playing a crucial role in
interacting with CD81. The other conserved residues could be of
structural significance.

Mutation based studies of these amino acid residues could reveal
noteworthy results. These residues, if found important can be
potential drug targets.
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Table 5: Ramachandran plot analysis of the different 17 E2 proteins.

ID  Residues Residues in  Residues Residues in
in  most additional generously disallowed
favoured allowed allowed regions
regions regions regions

1 81.5 14.8 3.7 0
2 85.7 12.2 2.0 0
3 87.5 12.5 0 0
4 87.5 10.4 2.1 0
5 74.5 234 2.1 0
6 86.0 14.0 0 0
7 85.7 14.3 0 0
8 80.4 19.6 0 0
9 86.3 11.8 2 0

10 89.1 10.9 0 0

11 74.0 26.0 0 0

12 91.3 6.5 22 0

13 84.4 15.6 0 0

14 76.4 20.0 3.6 0

15 81.6 18.4 0 0

16 89.6 10.4 0 0

17 89.6 10.4 0 0

17

Figure 1: 17 different E2 protein models generated using modeller 9v8, with
2ZCH_P - Chain P, Crystal Structure of Human Prostate Specific Antigen as
template.

Figure 2: a) Protein protein interaction studies using spdbv (Guex et al,
1997). White ribbon protein — CD81 interacting with red ribbon protein — E2
protein. b) closeup of interacting aminoacids Thr167 and cys6, along with
hydrogen bond (green dotted lines)

Conclusion

HCYV virus has undergone conformational changes over the years for
its existence. Different E2 proteins have been reported with varied
sequences. From our study, we conclude that three amino acids
cystine, thrionine and arginine, could be of prime importance for the
virus to interact with the host. The other parts of the sequence have
undergone changes over the period of evolution. This might affect
the virus structurally but not functionally.
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ABADBZ16.1 -—--AACNWTRGERCDLEDRDRSELSPLLLSTTQWOVLPCSFTTLPALSTGLIHLHOQNIGTCKSD- 61
ABAOBZ08.1 --FAACNWTRGERCDOLEDRDRSELSPLLLSTTQWQVLPCSFTTLPALSTGLIHLHONIGTCKSDP 63
ABAOBZ205.1 -——-ACHMWTRGERCDLEDRDRSELSPLLLTTTOWQILPCSFTTLPALSTGLIHLHQNIGTCK--- 58
ABADBZ207.1 -—--ACNWTRGERCMNLEDRDRSELSPLLLSTTEWIILPCSFTTLPALSTGLIHLHOQNIGTCK--- 58
ABAOB199.1 --FAACHNWTRGERCNLEDRDRSEMSPLLLSTTEWOILPCSFTTLFALSTGLIHLHO----—---—~ 54
ABAOEBZ01.1 --FAACNWTRGERCHMLEDRDRSEMSPLLLSTTEWQILPCSFTTLPALSTGLIHLHQNIVDWVQI-- &1
ABADBZ06.1 -—---ACNWTRGERCDLDDRDRAELSPLLLSTTEWQVLPCSFTPLPALSTGLIHLHQNIVDVO--- 58
ABAOBZ214.1 -——-ACNWTRGERCDLDDRDRSELSPLLLETTQWQVLPCSFTTLPALSTGLIHLHQNIVDVQSD- &0
ABAOEBZ203.1 -—-FAACNWTRGERCOLDDRDRSELSPLLLSTTOWQVLPCSFTTLPALSTGLIHLHQNIVDVOITS 63
ABADBZ12.1 -RFAACNWTRGERCDLDDRDRSELSPLLLSTTOWQVLPCSFTTLPALSTGLIHLHQNIVDVO--- B1
ABAOBZ215.1 FREAACNWTRGERCDLEDRDRSELSPLLLSTTOQWQVLPCSFTTLPALSTGLIHLHQNIVDVG--- 62
ABAOBZ202.1 -——AACNWTRGEPCGLEHRDRADLSPLLLSTTOWQVLPCSFTTLPALSTGLIHLHQNIVDV---- 58
ABADBZ11.1 -—-AACHWTRGEPCGLEHRDRADLSPLLLSTTOQWOVLPCSFTTLPALSTGLIHLHQNIVDVH-~-- 59
ABAOB200.1 --FAACHNWTRGEPCGLEHRDRADLSPLLLSTTQWQVLPCSFTTLPALSTGLIHLHQNIVDVQITS 63
ABAOEZ213.1 ACNWTRGEPCGLEHRDRTELSPLLHSTTAWAVLPCSFTTLPALSTGLIHLHQNIVDVQI-- &1
ABADBZ209.1 --FAACNWTRGERCDLEDRDRSELSPLLLTTTQWOILPCSFTTLPALSTGLIHLHONIVDVO--- &0
ABAOB19E.1 --FAACNWTRGERCDLEDRDRSELOPLLHSTTELAILPCSFTPMPALSTGLIHLHQNIVDVOI-- 61

ERAREERAER 5::_ £ . wEE L wEE H R H HE R L
Figure 3: Clustal W (Thompson et al, 1994) analysis of 17 E2 proteins. Proteins observed to be involved in protein protein interactions have been
highlighted. The residues highlighted in red are expected to be significant as they are active in all the proteins

Further, if these amino acids are mutated and the virus is allowed to
interact with the host, it can be found and confirmed that these
amino acids are the functional amino acids which are helping the
viral entry and growth. Drug targets can be created on these
particular amino acids.
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