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INTRODUCTION

There are 6 strains of novel coronavirus with a high muta-
tion rate and therefore development of vaccine painstaking. 
The studies conducted to explore the structure of SARS-
CoV-2 have revealed that the virus contains two polyproteins 
ORF1a and ORF1ab4 structural proteins, Spike, Envelope, 
Membrane, Nucleocapsid, and 8 accessory proteins1. The 
majority of researches done on coronavirus have targeted 
spike protein and proteases. But accessory proteins of co-
rona are yet to open accounts for studies as key players in 
disease control and drug design2. Moreover, with the reali-
zation that it’s the native immune system that will finally 

ensure recovery of the individual as well as stoppage of viral 
spread, it has become very necessary to study the mutational 
changes in the accessory proteins of coronavirus so that the 
one responsible for weakening the interactions between host 
immune system and the pathogen can be identified and fur-
ther worked upon3.

One such host protein is tetherin or bone marrow stromal 
antigen 2 (BST-2) that has been studied to have the ability to 
restrict SARS-CoV-2. Coronavirus genome in turn encodes 
potential modulators of tetherin protein by ORF7a4. ORF7a 
protein is a SARS-CoV-2 genome-encoded accessory pro-
tein that is composed of a type I transmembrane protein that 
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localizes primarily to the Golgi apparatus but can be found 
on the cell surface. The interactions as depicted between sev-
eral host and viral proteins in the Interactome of ViralZone 
Expasy suggest that ORF7a gene product of SARS-CoV-2 
counteracts the antiviral activity of tetherin protein4-5. Susan 
Weiss, a microbiologist who studies coronaviruses at the 
University of Pennsylvania highlighted the importance of the 
study the effect of accessory proteins on the pathogenicity of 
SARS-CoV-26.

Realizing the importance of interaction study to unravel 
novel drug targets an effort has been made in this paper to 
understand the interactions, between human tetherin and vi-
ral ORF7a encoded protein and also deleterious mutations 
introduced in viral protein on host tetherin interactions using 
in-silico approaches.

MATERIALS AND METHODS

1. Variable and conserved residues of ORF7a with PDB 
ID: 6W37 were identified using Consurf server7-9. 

2. Protein-Protein docking was performed to identify 
binding pockets and interacting residues using the 
HawkDock server. It integrates the ATTRACT dock-
ing algorithm, the HawkRank scoring function, and 
the MM/GBSA free energy decomposition analysis 
for binding free energy calculations10.

3. Active sites and ligand binding sites were predicted 
using CastP and 3DLigand Site servers11-12. 3DLigand-
Site uses predicted protein structures and the ligands 
present in homologous structures to predict ligand-
binding sites. 

4. To analyze and predict protein stability changes upon 
mutation various servers used are following.

 a.  DUET server predicts change in protein stability 
with a single mutation using two algorithms SDM 
(statistical potential function energy) and mCSM 
(structural pattern mining)13.

 b.  Dynamut server was further used since it calcu-
lates mutational stability analysis from 3 sources 
namely Bio3D, ENCoM, and DUET14.

RESULTS

ORF7a product is an accessory protein of coronavirus that 
may not be required for the replication of SARS-CoV but 
is responsible for invasion into the host innate immune sys-
tem15. It interacts with host tetherin protein thereby prevent-
ing its immune-regulation activity as indicated in Viral Zone 
– ExPASy5. In this research work, the HawkDock server has 
been used to predict protein-protein interaction between teth-
erin protein with PDB ID 3NWH and Coronavirus ORF 7a 
protein with PDB ID 6W3710,16-18. The interacting residues 
contributing to free energy of binding are tabulted from the 

HawkDock server shown in Table 1. Only the top-scoring 
residues are tabulated. The interacting residues of both re-
ceptor and ligand are shown with red color in Figure 1.

The docking energies of top 05 models of wild type tetherin 
and SARS-CoV-2 7a protein as calculated by the HawkDock 
server are given in Table 2. These binding free energies are 
calculated as the sum total of contribution from various weak 
bonds mentioned in Table 1. The difference of 337.58914 
(kcal/mol) is observed for the best model highlighting the 
disappearance of many bonds that contributed towards form-
ing a stable association in wild type tetherin and ORF7a pro-
tein of the virus. 

LIGAND BINDING SITE PREDICTION
Ligand binding sites were predicted using Server 3DLi-
gandSite and CastP servers. The predicted binding site for 
Coronavirus ORF7a encoded protein from 3DLigandSite is 
shown in Figure 2. Also, the 3D picture with labeled atoms 
is shown in Figure 3.

Whereas for human tetherin or BST2 protein with PDB ID: 
3NWH no ligand-binding site was predicted due to insuffi-
cient homologous structures with bound ligands. 

With the CastP server the two best ligand-binding pockets 
predicted are shown by cartoon representation in Figure 4a 
for human tetherin protein and Figure 4b for ORF7a corona-
virus protein.

The predicted pockets of human tetherin protein and ORF7a 
coronavirus protein with area and volume are shown in Table 
3.

In Table 4 the various residues of the 4 peptide chains form-
ing the two binding pockets viz. pocket 1 and pocket 2 are 
listed. The same is shown in Figure 5a for human tetherin 
protein PDB ID: 3NWH and 5b for ORF7a protein of Coro-
navirus PDB ID: 6W37.

For protein encoded by ORF7a of Coronavirus, two binding 
pockets with maximum area and volume were selected for 
further study as shown in Figure 4. The dimensions of pock-
ets predicted in ORF7a protein of Coronavirus are shown 
in Table 3. Also, the amino acids involved in forming the 
pockets are enlisted in Table 5.

The prediction of conserved residues in ORF7a protein with 
PDB ID: 6W37 has been made with the Consurf server. The 
conserved and non-conserved residues with color codes are 
shown for human tetherin in Figure 6a and for Coronavirus 
in 6b.

As can be seen in Figure 6b, the most conserved residues 
for coronavirus ORF7a protein are Histidine (H) at position 
4, Threonine (T) at position 12 and position 13, Valine (V) 
at 14, Threonine (T) at 24, Asparagine (N) at 28, Serine (S) 
at 29, and Asparagine (N) at 37. The results are obtained on 
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the basis of conserved residue predicted through multiple 
sequence alignment of homologous sequences. The predic-
tion of conserved residues for Human tetherin protein with 
PDBID 2NWH is shown in Figure 6a. Since the number of 
sequences homologous to human tetherin is large therefore 
only color-coded conserved residues for tetherin are shown 
in Figure 5b.

From Figure 6b the most conserved residues in human 
tetherin protein were found to be Serine (S-10 position), 
Cysteine (C-13 pos), Alanine (A-19 pos), Threonine (T-27 
pos), Leucine (L-34 pos), Threonine (T-54), Leucine (L-62 
and 87 pos).

Prediction of effects of the mutation on select-
ed proteins
The residues have been selected for analysis on the basis of 
consensus obtained in results of servers for prediction of 1) 
Sequence conservation using Consurf 2) Protein interaction 
prediction using HawkDock server 3) Mutation effect pre-
diction using DUET server and Dynamut server.

The following amino acids have been found to be consensus 
residues. 

1. Threonine at position 24 and Histidine at position 4 
have been found making ligand-binding pockets us-
ing the castP server. They are also the most conserved 
residue as predicted by Consurf server

2. Lysine at position 57 and Leucine at position 16 in 
Coronavirus ORF7a protein with PDB ID 6W37 have 
been chosen since are predicted to be making ligand-
binding pockets, using the castP server. They are also 
involved in protein interaction prediction using the 
HawkDock server 

According to DUET and DynaMut server, the most destabi-
lizing interactions are shown with negative (-) or change in 
folding free energy on the introduction of mutation desig-
nated as ΔΔG in kcal/mol and are tabulated in Table 6.

After the introduction of these mutated residues in the wild 
protein encoded by ORF7a, protein interaction analysis was 
again performed with the HawkDock server to observe the 
change in interaction and interaction stability upon muta-
tion. The change in binding free energy for interaction be-
tween wild type receptor and ligand and the mutated ligand 
is shown in Table2.

DISCUSSION

The mutational analysis previously has been done for SARS-
CoV-2 spike protein for studying its interaction with the hu-
man ACE2 receptor19. But mutational analysis of ORF7a 
protein has not been done yet. The following are the signifi-
cant findings from the study.

From Table 1, a decrease in interaction energy is quite evi-
dent. The highest shift in this energy is found in the inter-
action of R-A-VAL-13 from -0.33 to -0.19, R-A-VAL-316 
from -0.57 to -0.3. A new interaction has been found to 
have arisen after the incorporation of mutation namely R-A-
VAL-217 with interaction energy of -0.1. The appearance of 
newer interaction and lowering of interaction energy high-
lights the fact that many major changes have taken place in 
the binding site of coronavirus.

The significant decrease in interaction energy as revealed 
through the analysis of results obtained on docking with mu-
tated viral protein highlights the importance of amino acids 
mentioned in Table 7 viz. K57, H4, T24, and L16 in modu-
lating immune responses. The mentioned amino acids can 
prove significant drug targets since they are involved in pro-
tein-protein interaction with tetherin. Binding of designed 
ligands with these amino acids will result in loss of func-
tion therefore the viral protein will not be able to hinder the 
tetherin activity. Anti-viral peptides can be designed against 
ORF7a proteins, therefore, sequestering and preventing viral 
proteins from binding with host tetherin. 

In-silico techniques can aid in multifaceted analyses there-
fore the ability for launching multifarious attacks on path-
ogens is enhanced multifold. The only requirement is the 
availability of a laboratory testing facilities that can provide 
impetus to existing research on anti-microbial agents.

CONCLUSION 

The in-silico study of ORF7a protein has revealed many im-
portant amino acids that are required for the interaction of 
viruses with the host. Therefore targeting these residues can 
be an effective strategy for combat against any pathogen. 
Although researches throughout the globe are being done 
for improving protection and disinfection strategies against 
emerging viruses like Coronavirus20 still there is a require-
ment for more. The search for newer strategies has become 
imperative due to ever-mutating viral and bacterial forms. 
In-silico tools and techniques have provided quicker and less 
costly means of data analysis but the requirement of valida-
tion of results and establishing the authenticity of treatment 
modalities through laboratory experimentations still remains.
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Table 1: Interacting residues of Receptor (R), (human tetherin 3NWH) and Ligand (L), (ORF7a encoded Coro-
navirus protein 6W37). The yellow highlighted is the changed interaction energy after mutation
RESIDUE_ID VDW ELE GB SA TOTAL RESIDUE_ID VDW ELE GB SA TOTAL

R-A-ARG-11 -0.55 -14.83 11.63 -0.43 -4.18
-4.2

R-A-VAL-321 -1.19 -0.98 1.2 -0.02 -0.99
-1.00

R-A-ALA-12 -0.2 -0.02 -0.04 -0.01 -0.26
-0.24

R-A-HIE-323 -1.17 0.63 0.6 -0.21 -0.15
-0.23

R-A-VAL-13 -0.06 -6.29 6.02 0 -0.33
-0.19

R-A-LEU-324 -3.99 -2.14 2.97 -0.6 -3.76
-3.79

R-A-CYS-15 -0.14 -0.42 0.44 0 -0.12
-0.11

R-A-CYS-318 -0.21 -0.7 0.69 0 -0.22
-0.23

R-A-VAL-18 -1.21 0.77 -0.49 -0.08 -1.01
-0.94

R-A-ASN-320 -3.81 1.18 2.54 -0.64 -0.72
-0.66

R-A-VAL-217 -0.01 -5.95 5.86 0 -0.1 R-A-ALA-315 -0.38 -0.99 0.65 0 -0.72
-0.71

R-A-LEU-325 -0.23 -1.46 1.35 0 -0.33
-0.32

R-A-VAL-316 -0.54 -5.39 5.42 -0.06 -0.57
-0.3

R-A-GLN-327 -1.65 -9.37 9.02 -0.42 -2.42
-2.63
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Table 2: Interaction energy or binding free energy (kcal/mol) top 5 models (wild type and mutated) predicted 
by HawkDock server
Top 05 Models 
developed

Binding free energy (kcal/mol)
Interaction between wild type recep-

tor and ligand

Binding free energy (kcal/mol)
Interaction between wild type 
receptor and mutated ligand

Difference in binding 
energy

(kcal/mol)

1  4494.779140 -4157.19 337.58914

2  4289.967622 -3889.44 400.52

3  3930.096650 -3785.03 145.06665

4  3914.106540 -3781.63 132.47654

5  3864.791166 -3780.87 83.921166

Table 3: The dimension and volume of pockets predicted with CastP server for human tetherin protein with 
PDBID 3NWH and ORF7a protein of Coronavirus PDBID 6W37
Poc ID
3NWH

AREA VOLUME Poc ID
6W37

AREA VOLUME

1 235.769 193.067 1 235.769 193.067

2 255.134 110.897 2 255.134 110.897

Table 4: Amino acid residues of four (4) polypeptide chains involved in forming pocket 1 and pocket 2 of hu-
man tetherin protein with PDBID 3NWH
Poc ID Chain Seq ID AA Poc ID Chain Seq ID AA Poc ID Chain Seq ID AA

1 B 105 GLU 1 B 112 LYS 1 D 108 GLN

1 B 106 LYS 1 B 113 VAL 1 D 109 GLY

1 B 108 GLN 1 B 116 LEU 1 D 110 GLN

1 B 109 GLY 1 D 105 GLU 1 D 112 LYS

1 B 110 GLN 1 D 106 LYS 1 D 113 VAL

1 D 117 GLU 2 B 84 VAL 2 B 91 CYS

2 A 49 ASN 2 B 85 GLU 2 B 92 ASN

2 A 50 SER 2 B 87 GLN 2 C 49 ASN

2 A 52 ALA 2 B 88 ALA 2 C 50 SER

2 A 53 CYS 2 B 89 ALA 2 C 53 CYS

2 D 84 VAL 2 D 91 CYS 2 D 87 GLN

2 D 85 GLU 2 D 92 ASN 2 D 88 ALA

Table 5: The various amino acid residues of ORF7a protein of Coronavirus forming two (2) binding pockets 
PDBID 6W37

Poc ID Chain Seq ID AA Poc ID Chain Seq ID AA Poc ID Chain Seq ID AA

1 A 24 THR 1 A 51 ALA 2 A 6 GLN

1 A 26 GLU 1 A 57 LYS 2 A 16 LEU

1 A 49 ALA 2 A 4 HIS 2 A 48 PHE

1 A 50 PHE 2 A 5 TYR 2 A 60 TYR

2 A 60 TYR 2 A 61 GLN 2 A 62 LEU
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Table 6: Prediction of most destabilizing mutation using DUET and DynaMut server for target amino acids
Wild Residue Residue 

Position
Mutant 
Residue

mCSM pre-
dicted ΔΔG

SDM predict-
ed ΔΔG

DUET pre-
dicted ΔΔG

Total 
ΔΔG

Dynamut prediction
ΔΔG

K 57 S -1.553 -0.55 -1.422 -3.525 -0.793 kcal/mol 
(Destabilizing)

H 4 D -1.139 -1.21 -1.152 -3.501 -0.409 kcal/mol 
(Destabilizing)

T 24 P -0.232 -1.01 -0.23 -1.47 -0.069 kcal/mol 
(Destabilizing)

L 16 S -2.517 -1.2 -2.431 -6.418

Figure 1: Binding or interaction prediction using HawkDock 
server.

Figure 2: Binding site residues from 3DLigandSite server.

Figure 3: Binding site in Coronavirus ORF7a encoded protein 
with PDBID 6W37.

Figure 4: CastP server predicted two binding pockets of hu-
man tetherin protein (4a) and ORF7a protein (4b).
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Figure 5: The amino acid residues involved in forming pocket 1 and 2 in different polypeptide chains viz. A, B, C and D are high-
lighted in blue in tetherin protein PDBID 3NWH (5a) and pocket 1 and 2 in ORF7a protein PDBID 6W37 (5b).

Figure 6: Predicted conserved residues in human tetherin (6a), Coronavirus (6b).


