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Abstract
In India, during the second wave of the COVID-19 pandemic, the breakthrough infections were mainly caused by the SARS-
COV-2 delta variant (B.1.617.2). It was reported that, among majority of the infections due to the delta variant, only 9.8% 
percent cases required hospitalization, whereas only 0.4% fatality was observed. Sudden dropdown in COVID-19 infections 
cases were observed within a short timeframe, suggesting better host adaptation with evolved delta variant. Downregulation 
of host immune response against SARS-CoV-2 by ORF8 induced MHC-I degradation has been reported earlier. The Delta 
variant carried mutations (deletion) at Asp119 and Phe120 amino acids which are critical for ORF8 dimerization. The dele-
tions of amino acids Asp119 and Phe120 in ORF8 of delta variant resulted in structural instability of ORF8 dimer caused by 
disruption of hydrogen bonds and salt bridges as revealed by structural analysis and MD simulation studies. Further, flexible 
docking of wild type and mutant ORF8 dimer revealed reduced interaction of mutant ORF8 dimer with MHC-I as compared 
to wild-type ORF8 dimer with MHC-1, thus implicating its possible role in MHC-I expression and host immune response 
against SARS-CoV-2. We thus propose that mutant ORF8 of SARS-CoV-2 delta variant may not be hindering the MHC-I 
expression thereby resulting in a better immune response against the SARS-CoV-2 delta variant, which partly explains the 
possible reason for sudden drop of SARS-CoV-2 infection rate in the second wave of SARS-CoV-2 predominated by delta 
variant in India.
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Introduction

Until 3 February 2022, the SARS-CoV-2 pandemic has 
infected over 380million people worldwide, resulting 
in almost 5.6 million deaths. There are many mutations 
occurs by chance in SARS-CoV-2 resulting in higher or 
lower transmissibility. Several research organizations used 
high throughput sequencing approaches to investigate the 
variations of SARS-CoV-2 and their influence on the host. 
With so many variants, the US government's SARS-CoV-2 
Interagency Group (SIG) developed a variant classifica-
tion method that divides SARS-CoV-2 variants into three 
categories: 1) VOI, 2) VOC, and 3) VOHC. During the 

second wave of infection in India, the delta variation of 
the VOCs group had experienced a rise in infection. This 
delta variant is seeming to be highly contagious due to 
mutations in spike as well as other regions of viral pro-
tein. Several other mutations like D614G in modulating 
higher spike infectivity and density, E484K for decreased 
antibody neutralization, N501Y and K417N for alter-
ing spike interacting with ACE receptor and antibodies 
derived from humans were reported [13, 17, 42]. There 
are several mutations which favors the host for example 
C241T, where viral replication efficiency with respect to 
host replication factors in decreased [8]. Recent reports 
suggest that NTD (N-Terminal Domain) is known to be 
supersite for antibody-mediated binding [10, 25, 33]. 
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Reports on rigidization in NTD of spike had led to the 
antibody escape mechanism in this delta variant [9]. These 
studies are enough to display how lethal that this delta 
variant is in terms of transmittance, infectivity, and evad-
ing host immune responses.

In India, the second wave of Covid-19 was persisted 
from the middle of the March 2021, till June 2021 [40]. 
The preliminary focus of the current study lies in find-
ing the possible reasons of the sudden drop down of the 
second wave of SARS-CoV-2 in the halved period as com-
pared to the first wave with increased seroprevalence. India 
have 0.75% of seroprevalence in March 2021 during first 
wave which was drastically increased to 75–80% during 
second wave [26]. The virus genome is extensively studied 
and possible mutations favoring the host were identified 
using protein dynamics approach, among them ORF8 car-
rying mutations ∆119Asp and ∆120Phe had grabbed our 
attention due to their direct involvement in dimerization 
of ORF8 by forming hydrogen bonds and salt bridges [12]. 
The crystal structure of ORF8 was taken as a reference 
protein structure to study the effect of mutations/deletions 
using molecular modeling and simulation approach [12]. 
ORF8 is known to be an important protein for SARS-
CoV-2 mediated infection by downregulation MHC-I mol-
ecule in ER (endoplasmic reticulum pathway) mediated 
protein trafficking pathway [44]. Involvement of ORF8 in 
endoplasmic reticulum mediated stress and antagonizing 
IF-beta (interferon beta) for immune evasion has also been 
studied [28]. Deletion of ORF8 leads to decreased severity 
of infection as reported [27, 46]. ORF8 is also involved 
in suppression antiviral proteins from INFγ [14]. SARS-
CoV-2 drug or vaccines were using spike protein as an 
important target [20, 37, 38, 41], but ORF8 can be also 
targeted for producing therapeutic approaches. These stud-
ies shows that ORF8 is involved in modulating the host 
immune response and majorly by downregulating MHC-
I. The exact interface of MHC-I binding with ORF8 is 
not known yet. In the current study, effect of ∆119Asp 
and ∆120Phe deletions concerning ORF8 dimerization 
has been studied extensively. ICMR report was also to 
correlating our findings for ORF8 function with second 
wave seroprevalence data. As previously discussed, ORF8 
physically binds to the MHC-1 complex (confirmed using 
confocal microscopy), preventing its trafficking and mem-
brane expression. ORF8 with ∆119Asp and ∆120Phe 
mutations loses its ability to form dimers because Asp 
and Phe are the major amino acids that are involved in the 
formation of hydrogen bonds between ORF8 dimers. If 
ORF8 becomes weak, it is no longer able to block MHC-1, 
and thus, normal ORF expression may occur in the host. 
Using a molecular dynamics approach, we investigated 
the possible reasons for loss of dimerization. Flexible 
induced docking was also performed to study the ORF8 

mediated MHC-I binding. Mutations were correlated with 
a timeline of second wave and available cohort study on 
seroprevalence.

Results

Effect of deletions on the binding affinity of MUT_
ORF8 dimer

WT_ORF8 protein consists of two monomeric chains exist-
ing as a dimeric structure, tightly packed with the help of 
various electrostatic interactions and H-bonds (Supplemen-
tary figure S1). The key residues involved in the packing 
of WT_ORF8 dimers are Lys53, Arg115, Asp119, Phe120, 
and Ile121. Other residues involved in intrachain bonds 
between dimers of WT_ORF8 are Gln18, Ser24, Ala51, 
Arg52, and Ser54 (Fig. 1A). These dimers are closely held 
together with four salt bridges formed between A: Asp119-
B: Arg115, A: Arg115-B: Glu92, B: Asp119-A: Arg115, 
and B: Arg115-A: Glu92. Other interactions are several 
other H-bonds formed between Phe120 and Lys53, Lys53 
and Ser24, Gln18-Lue22, Arg52, and Ile121 (Fig. 1A). In 
WT_ORF8, amino acids Asp119 and Phe120 are predomi-
nantly involved in the formation of salt bridges as well as 
hydrogen bonds (Supplementary figure S1: C & D). The 
detailed analysis of MUT_ORF8 dimer protein showed 
that its monomer units are attached with only 1 salt bridge 
between C: Arg15-D: Glu92. Other six H-bonds are formed 
between amino acids C: Gln18-D: Ser24 (one H-bond), C: 
Arg115-D: Leu118 (two H-bonds), and C: Ile119-D: Ala51 
(three H-bonds) (Supplementary figure S1: C & D). Pro-
tein structural interaction network analysis shows reduced 
nodes (amino acids) and bonds (edges). WT_ORF has 722 
edges while Mut_ORF8 has only 714 (Fig. 1B). Decreased 
edges correlated with reduced protein–protein interactions 
(here in the case of monomers). These decreased monomeric 
interactions in MUT_ORF8 might leads to less stable dimer 
formation of ORF8. Ramachandran plot for both variants of 
simulated energy minimized dimers of ORF8 is shown in 
Fig. 1C. WT_ORF8 possesses the majority of amino acids 
in the highly preferred region (green) with no questionable 
interactions, while mutant ORF8 possess one questionable 
angles for amino acid C: E-64 (shown in red dots), depicting 
a decrease in protein stability of MUT_ORF8 (Fig. 1C). For 
WT_ORF8 amino acids falling in highly preferred region 
(green) while MUT_ORF8 have higher number of amino 
acids falling into moderate region (Fig. 1C). Contact plot 
generated for inter and intramolecular interactions within 
ORF8 dimers where WT_ORF8 possesses higher inter-intra-
molecular interactions compared to MUT_ORF8 and leads 
to more stable dimer (Fig. 1D). Circle highlighting higher 
interactions in WT_ORF8 is significantly higher compare to 
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MUT_ORF with lower interactions. Overall structural stud-
ies of ORF8 proteins suggesting that WT-ORF8 is a sta-
ble dimeric structure as compared to MUT_ORF8 through 
strong molecular interactions like hydrogen bonds and salt 
bridges between its monomeric units. These observations 
were further also confirmed using the molecular dynamics 
approach.

Molecular dynamics reveals breakdown/dissociation 
of ORF8 dimer in delta variant

After execution of the classical molecular dynamics simu-
lations for 200 ns, the root mean square deviation (RMSD) 
of the trajectories were monitored, to identify the region 
of WT_ORF8 and MUT_ORF8 dimers showing deviations 
concerning the initial structure. Monitoring trajectories of 
ORF8 proteins would provide a better understanding of 
conformational aspects of ORF8 dimers. The RMSD plot 
showed that the conformational stability of WT_ORF8 is 

greater as compared to MUT_ORF8 (Fig. 2C). The RMSD 
of the MUT_ORF8 dimer is higher side throughout the 
simulation run time as compared to its initial conforma-
tions. The RMSD of WT_ORF8 has fluctuations between 
1.733 ± 0.29 to 4.663 ± 0.29 Å throughout the simulation 
runtime of 0-200 ns. Whereas RMSD of the MUT_ORF8 
is fluctuating from 1.88 ± 0.21 Å to 13.532 ± 0.17 Å dur-
ing 0-200 ns. These increase in RMSD showing highly 
disordered behavior of MUT_ORF8 dimer in the system. 
The number of H-bonds were plotted for the duration of 
0-200 ns simulation time (Fig. 2D). H-bond plot showed 
that WT_ORF8 has large number of H-bonds between 3–22 
throughout the simulation. The maximum number of bonds 
is 22, formed at 102 ns simulation time in WT_ORF8. The 
number of H-bonds were also calculated for MUT_ORF8, 
varying from 0 to 15. The radius of gyration were studied 
to see the compactness of the protein structure of WT_
ORF8 and MUT_ORF8. ∆119Asp and ∆120Phe were not 
favoring dimer formation in ORF8 which is seen during 

Fig. 1   Change in bond formation within WT_ORF8 and MUT_ORF8 
due to 119Asp and 120F deletion: A: Superimposition of WT_ORF8 
shown in saffron color and MUT_ORF8 shown in purple color. 
Hydrogen bond formation within two monomeric units of ORF8 is 
illustrated that using Pymol were red and yellow bonds represent-
ing bond formation within WT_ORF8 and MUT_ORF8. B: A net-
work analysis of protein structures using NASP sever, where B1 
and B2 represent network between dots as a node (amino acids) and 
inter and intramolecular bonds as an edge (yellow) for WT_ORF8 
and MUT_ORF8, respectively. WT_ORF8 possesses 203 nodes and 
722 edges while MUT_ORF8 possesses 202 nodes and 714 edges. 

C: Ramachandran plot for WT_ORF8 and MUT_ORF8. Green dots 
represent highly preferred observations, yellow dots represent pre-
ferred observations, and red dots represent questionable observations. 
MUT_ORF8 possesses two questionable observations which are C: 
E-64 and D: S-67, while WT_ORF8 possess no such kind of observa-
tions. D: Contact plot showing amino-acids contacts between mono-
meric units of WT_ORF8 and MUT_ORF8. Blue color shows main 
chain-side chain interactions, Saffron color shows main chain-main 
chain interactions, and brown color shows side chain-side chain inter-
actions within monomeric subunits
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simulation, Supplementary video 2 shows the dissociation/
breakdown of ORF8 monomers in mutant ORF8. In wild-
type ORF8, such breakdown was not observed (Supple-
mentary video 1). The highest radius of gyration of MUT_
ORF8 throughout the simulation time, suggesting a less 
tight packing of MUT_ORF8 as compared to WT_ORF8 
(Fig. 2E). The value of the radius of gyration is ranging from 
16.175 ± 0.237–24.275 ± 0.147 Å in WT_ORF8 whereas, 
from 19.242 ± 0.243 to 22.175 ± 0.737-in MUT_ORF8. To 
investigate the effect of mutation on the dynamics of the 
backbone atoms, RMSF values for each dimer were calcu-
lated at each time point of the trajectories. Root mean square 
fluctuation (RMSF) values of WT_ORF8 are shifting from 
0.831 ± 0.047 to 14.56 ± 0.071 Å. Only Residues 67, 68, 
69, and 70 of WT_ORF8 are having a high RMSF values 

till 14.56 ± 0.071 Å, whereas other residues showing less 
RMSF value (Fig. 3A). RMSF values for MUT_ORF8 dimer 
is 1.3 to 7.078 Å, it is on the higher side throughout simula-
tion as compared to WT_ORF8. Porcupine plots showing 
dynamics motions were also correlating with RMSF values. 
In Fig. 3B, section B1 box having higher dynamic motions 
with longer arrow length, while in section B2 both dis-
tance among MUT_ORF8 dimers seems to have increased 
compare to WT_ORF8. Distantly apart from geometry is 
showing possible case of dimer breakdown in MUT_ORF8. 
Dynamics cross-correlation matrix (DCCM) of WT_ORF8 
and MUT_ORF8 were also plotted (Fig. 3C, D) In DCCM 
WT_ORF8, holding higher intensity for blue color as com-
pared to MUT_ORF8. Positive Cij values signaling blue 
colors lead to improved interaction profile between residues.

Fig. 2   Molecular dynamics studies for both variants of ORF8 dimer. 
A Intramolecular interactions between WT_ORF8 monomeric 
subunits B Intramolecular interactions between MUT_ORF8 mono-
meric subunits. C RMSD (root mean square deviation) within WT-

ORF8(cyan) and MUT_ORF8 (orange) complex. D Hydrogen bonds 
formation within WT-ORF8(cyan) and MUT_ORF8 (orange) com-
plex. E: Radius of gyration for WT-ORF8(cyan) and MUT_ORF8 
(orange) complex
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The binding energy (MMGBSA) calculations were 
performed for both dimers WT_ORF8 and MUT_ORF8. 
From Fig. 4A, it is clearly seen that WT_ORF8_wt is more 
stable having higher negative free energy as compared to 
MUT_ORF8. The electrostatic energy of WT_ORF8 and 
MUT_ORF8 was -295.08 ± 0.98 and -97.27 ± 0.56, respec-
tively. A similar pattern has been observed for ΔG bind, 
Vander Waal energy, H-bond energy, lipophilic energy, 
covalent energy, and solvation energy for WT_ORF8 and 
MUT_ORF8 (Fig. 4A). It is evident that only three amino 
acids i.e., Arg115, Val117, and Ile121 are involved in 
dimerization of MUT_ORF8 as compared to WT_ORF8 
where Val114, Arg115, Val116, Val117, Lue118, Asp119, 
Phe120, and Ile121 are involved in the stabilization of the 
WT_ORF8 dimer (Fig. 4C). Electrostatic potential is major 
energies that were contributing in dimer formation. Energies 
were visualized in the ABPS module implemented in Pymol 
1.8. As shown in Fig. 4B, WT_ORF8 has a higher oppo-
site attraction (positive–negative) compare to MUT_ORF8. 
Box B1 and B2 show the region where these electrostatic 
potentials persist for both variants. Increased electrostatic 
potential among amino acids of WT_ORF8 shows favorable 

dimer formation compared to MUT_ORF8. Energy mini-
mized dimers obtained through MMGBSA were subjected 
to monomer interactions. From Fig. 4D, F, it is depicted 
that WT-ORF8 have 16 combined hydrogen bonds and salt 
bridges while MUT_ORF8 had only 8. Minimized dimeric 
structure of MUT_ORF8 showed, difference of twofold in 
bond formation. These results indicate that Mutant ORF 8 
is losing its dimer forming capacity which might affects the 
virus infectivity in the host.

Flexible docking between Variants of ORF8 
and MHC‑I complex

As the binding interface between ORF8 and MHC-I is not 
known yet, thus we used flexible docking to study the molec-
ular interactions between ORF8 and MHC-I using PIPER. 
As shown in Fig. 5A, the superimposed structure of docked 
pose of ORF8 and MHC-I was shown. Maximum possess 
were generated, showing binding of ORF8 between beta 
macroglobulin chain and alpha 3 domain of MHC-I, where 
both dimers of ORF8 can easily accommodate. Pivotal 
interactions among WT_ORF8 concerning MHC-I complex 

Fig. 3   Highly fluctuating motions in ORF8 dimers and Dynamic 
cross-correlation matrix A RMSF (root mean square fluctuation) in 
WT-ORF8 (cyan) and MUT_ORF8 (orange) complex. B1 PCA1 
mode of WT-ORF8, length of the arrow is in a linear relation 
between protein dynamics/fluctuation during trajectories blue color 
shows highly dynamic regions, while red color shows fewer dynam-

ics regions. B2 PCA1 mode of MUT-ORF8. 3C and 2D Dynamics 
cross-correlation matrix obtained from trajectories of WT_ORF8 and 
MUT_ORF8 complexes, respectively. The Blue to red color repre-
sents the cij values between 1 to -1. No cross-correlation was shown 
by white color
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Fig. 4   Binding energy studies within dimers of ORF8. A Binding 
energy difference between WT_ORF8 and MUT_ORF8. Major ener-
gies involved in dimer formation are shown in different legends. B 
electrostatic interaction map drawn for 1st energy minimized dimer 
obtained from MMGBSA approach. Blue, white, and red colors rep-
resent positive, null, negative electrostatic potential, respectively, in 
form of surface representations. B1 & B2 represent potential between 
two monomeric subunits of WT-ORF8 and MUT-ORF8, respec-

tively. C Thermal decomposition among amino-acids residues within 
both dimers. WT_ORF8 (cyan) and MUT_ORF8 (Orange) showing 
decomposition energies for key residues involved in dimer forma-
tions. D , E Interactions among energy minimized dimers obtained 
through MMGBSA, legends for each type of bond is shown in under 
Fig. 3E. Yellow dashes were hydrogen bonds formation within amino 
acids ball and stick conformation between monomers of ORF8

Fig. 5   Flexible docking of MHC-I with ORF8 dimer. A Superim-
posed structure of WT_ORF8_MHC-I (saffron) and MUT_ORF8_
MHC-I (purple). B Pivotal interaction among WT_ORF8_MHC-I 
complex. C Pivotal interaction among MUT_ORF8_MHC-I complex. 

Saffron is wild-type ORF8, Purple is delta ORF8, and warm pink is 
MHC-1 complex. Hydrogen bonds between ORF8 and MHC-1 com-
plex are shown in yellow dashes
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are 18, and MUT_ORF8 concerning MHC-I were only 11 
(Fig. 5B, C). Based on docking results, we hypothesized that 
the unstable dimeric structure of ORF8 (MUT_ORF8) might 
not be able to bind efficiently to the MHC-I complex, hence 
not able to capture it tightly for autophagy. These correla-
tions further lead to enhance expression of MHC-I compared 
to wild-type virus infection.

Discussion

The molecular mechanism behind the severity and rapid 
spread of the Coronavirus disease is yet to be investigated. 
It is reported that ORF8 is a rapidly evolving dimeric protein 
that interferes with the immune responses in a host [12]. 
Some reports are showing that ORF8 is interacting with pro-
teins such as IL17RA of the MHC-I molecular pathway [21]. 
It was also reported that SARS-CoV-2 virus infection leads 
to downregulation of MHC-I through direct interactions 
with ORF8 and is selectively targeted toward lysosomal 
autophagy, consequently immune evasion [43]. The antigen 
presentation system of the host will also be impaired due 
to ORF8-MHC-I interactions. MHC-1 complex is majorly 
involved in expression of viral antigenic peptides using cyto-
toxic pathway to host immune system, resulting in better 
immunity. ORF8 interects with MHC-1 and hence block its 
antigen presentation, hence suppressed immune response. If 
dimer of ORF8 is weaken which can results normal expres-
sion of MHC-1, hence prolonged immune response. There-
fore, ORF8 has now become a prime target for the scientist 
to investigate the mechanism behind ORF8-MHC-I inter-
actions. During the second wave of Coronavirus disease, 
although the infection rate was very high, it was seen that 
hosts developed adaptability toward the COVID-19 infec-
tion [5]. Therefore, the study was planned with two objec-
tives firstly, exhaustive analysis of the molecular structures 
of ORF8 dimer of wild type and delta variant (WT_ORF8 
and MUT_ORF8) and secondly the interactions between 
WT_ORF8-MHC-I complex and MUT_ORF8-MHC-
I complex. The detailed analysis of dimeric structures of 
WT_ORF8 and MUT_ORF8 showed a significant difference 
in interaction patterns between the monomeric chains. In 
WT_ORF8, the key interaction is formed between Asp119 
and Phe120 (Fig.  1C). Whereas, due to the deletion of 
Asp119 and Phe120 amino acids in MUT_ORF8 the interac-
tions between MUT_ORF8 monomeric chains were diluted 
(Fig. 1A). Deletion of Asp119 and Phe120 in MUT_ORF8 
protein of SARS CoV2 delta variant caused loss of three salt 
bridges as well as H-bonds. The structural instability of the 
MUT_ORF8 can be witnessed through molecular dynam-
ics simulation studies. In MD studies, RMSD, RMSF and 
the radius of gyration of MUT_ORF8 are always toward 
the higher side as compared to WT_ORF8 (Fig. 2B, C and 

D). Reports are reported showing higher RMSD, RMSF, 
and Radius of gyration values leads to instability of com-
plexes [1, 11, 39]. It was also observed at many time points 
of simulation the number of hydrogen bonds tends to zero 
in MUT_ORF8 indicating that there was the loss of con-
nectivity between the monomeric chains of MUT_ORF8 
(Fig. 2D). But in WT_ORF8 there are constant interactions 
between the monomeric chains revealing the conformational 
stability of the dimeric structure. Higher RMSF values for 
MUT_ORF8 dimer throughout simulation indicate greater 
flexibility. Additionally, the radius of gyration was also cal-
culated for ORF8_WT and MUT_ORF8 dimers to study 
the compactness of these dimeric structures with protein 
folding and unfolding over thermodynamic principles dur-
ing the 200 ns of the molecular dynamics simulation. It is 
evident that only three amino acids i.e., In MUT_ORF8, 
amino acids Arg115, Ile119, Ala51, Ser24 are involved in 
bond formation between the dimers, whereas Phe120 and 
Lys53, Lys53 and Ser24, Gln18-Lue22, Arg52 and Ile121 in 
addition to A: Asp119-B: Arg115, A: ARG115-B: Glu92, B: 
Asp119-A: Arg115 and B: Arg115-A: Glu92 are involved in 
the stabilization of the WT_ORF8. Interestingly, in addition 
to these interaction two pi-Sulfur bonds were also observed 
between A: Phe120-B: Cys90 and A: Phe120-B: Cys25 in 
WT_ORF8, which is totally absent in MUT_ORF8 due to 
deletion of Phe120 amino acid. As Ala51 and Ser24 are 
major interacting amino acid in case of MUT_ORF8 its 
detail interaction map was built that surprisingly showed that 
it is these two amino acids are forming unfavorable bonds 
i.e., D: Ala51-D: Ser97 and C: Ser24-D: Lys53, which is 
also contributing toward instability of MUT_ORF8.

The stability of ORF8 dimers seems to be one of the 
major reasons contributing toward the host immune adapt-
ability because the stable dimeric protein WT_ORF8 can 
tightly accommodate on the surface of the MHC-I complex, 
whereas MUT_ORF8 is unable to firmly accommodate on 
the surface of the MHC-I complex causing escape of MHC-I 
complex toward lysosomal autophagy and contributing con-
sequently in an increased immune response.

The authors attempted to link the loss of ORF 8 dimeriza-
tion capacity to the host immune response in this study. As 
previously discussed, ORF-8 physically binds the MHC-1 
complex to block the ER-Golgi mediated membrane traf-
ficking pathway, resulting in MHC-1 downregulation in 
the host [43]. If ORF8 becomes weak, it will no longer be 
able to bind with MHC-1, and thus, MHC-1 expression will 
return to normal levels. The ICMR (Indian Council of Medi-
cal Research) conducted a nationwide population weighted 
study of seroprevalence from May to June 2020, revealing 
0.75 percent among 21 states (Fig. 5C) [29]. In August 
2020, a second seroprevalence study using an Abbott assay 
to detect IGg antibodies against SARS-CoV-2 nucleoprotein 
revealed an increase in seroprevalence to 6.6 percent (95 
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percent CI 58%–74%) [18]. Seroprevalence among adults in 
India increased by about tenfold, from 7% in May 2020 to 
71% in August 2020 [26]. Supplementary Fig. 3A, showing 
the number of SARS-CoV-2 cases reported in India dur-
ing the first and second waves. Third seroprevalence data 
show a percentage increase to 24.1% from December 2020 
to January 2021 (Supplementary Fig. 3B). Dropdown of 
50% cases SARS-CoV-2 cases during the second wave was 
double-quick time compared to the first wave (https://​times​
ofind​ia.​india​times.​com/​83074​542). During the first wave on 
17th September 2020, cases were 93,735, and cases were 
halved in 6 weeks, 30th October 2020 with 46,380 cases 
(Supplementary Fig. 3C). While in the second wave higher 
number of cases (3, 91,261) were decreased (1, 95,183) 
in half time compared to the first wave. ICMR 4th sero-
prevalence data show 70% of the Indian population (unvac-
cinated) showing IgG antibody titer against SARS-CoV-2 
cases [30, 35]. A drastic increase in seroprevalence after 
the second wave, from 0.75% to 70% is an unusual observa-
tion for a high transmittable delta variant. Delta variant has 
these D119, F120 deletions, which were disrupting ORF8, 
responsible for downregulating MHC-I and suppressing host 
immune response. Figure 5A and B shows SARS-CoV-2 
sequences submitted during 1st and 2nd wave. The red color 

is narrating sequences from delta variant. Frequency of delta 
is started increasing from March 2021, hence seroprevalence 
also. Results of the study suggest that the dimerization of 
MUT_ORF8 is altered, which might be affecting the ORF8 
mediated MHC-I downregulation by autophagy in delta 
variant.

To support this nationwide study, state-wise seropreva-
lence was also studied in a region like Ahmedabad, Guja-
rat having a higher number of active cases of SARS-CoV-2 
infection. Figure 6A shows genome sequencing data of 
SARS-CoV-2 from all over the India. Fig. 6B shows the 
genome sequencing data of the Gujarat biotechnology 
research center during the second wave, where B.1.167.2 
(red) lineage (delta) was found to be 100% in samples col-
lected from patients [16]. Seroprevalence of nationwide 
study during delta virus is 69%, and state wide is 90%. 
Nationwide frequency of delta is lower than Gujrat state 
wide frequency. This correlation is again supporting that 
delta with orf8 mutation might lead to higher seropreva-
lence. 5th seroprevalence data of Ahmedabad city are shown 
in Supplementary figure S4B. Seroprevalence due to delta 
only was 81.93% (Ahemdabad Summary, 2021). We had 
hypothesized that altered dimer of ORF8 might not able 
to perform autophagy of MHC-I molecule compared to 

Fig. 6   Nationwide and statewide seroprevalence study: A: SARS-
CoV-2 sequences submitted to GAISAD database from India at 
different time scale with latest Pango lineage. B: SARS-CoV-2 
sequences submitted to GAISAD database from Gujarat at different 
time scale with latest Pango lineage. C: 5th Seroprevalence data from 

ICMR (Indian council of medical research). D: Table narrating fre-
quency of delta variant (B.1.617.2) during the second wave in India 
and Gujarat. E: 5th Seroprevalence data from Ahmedabad city, Guja-
rat

https://timesofindia.indiatimes.com/83074542
https://timesofindia.indiatimes.com/83074542
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wild-type ORF8, which might lead to favoring host immune 
responses. This can be one possible reason for the sudden 
drop down of cases during the second wave in India.

Materials and methods

Data retrieval

Crystal structure of ORF8 (PDB ID: 7JTL) protein of SARS-
CoV-2 (WT_ORF8) was retrieved from protein data bank 
[12]. Protein sequence ORF8_GBRC_NCD_370 of SARS-
CoV-2 delta variant (MUT_ORF8) was obtained from in-
house sequencing (Sequence submitted to GISAID with 
accession number EPI_ISL_2001211) and fasta sequence 
of MHC-I protein (Accession no: NP_005505.2) was down-
loaded from NCBI.

Protein structure modeling and molecular dynamics 
simulations studies

3-Dimensional structures of MUT_ORF8 protein as well as 
of MHC-I protein were built using a homology modeling 
panel under the Schrodinger suite release 2021–2 [23]. The 
fasta sequences of MUT_ORF8 and MHC-I protein were 
imported into the Schrodinger suite. Homology blast search 
resulted in the templates 7JTL and 6AT5 corresponding to 
MUT_ORF8 and MHC-I, respectively. Protein preparation 
wizard was then used for the refinement of above protein 
structures. Additionally, the PRIME module was also used 
to add missing residues, and pKa refinement of proteins was 
done using an epic module of the Schrodinger suite [32].

Conformational stability of WT_ORF8 and MUT_ORF8 
dimers were inspected using molecular dynamic simulations 
studies in detail using DESMOND module implemented in 
Schrodinger suite 2021–1 till 200 ns (ns)[48]. The OPLS4 
force field was applied to refine the WT_ORF8 and MUT_
ORF8 dimeric proteins, as well as H-bonds, were refilled 
using structure refinement panel implemented in Schrod-
inger suite [34, 47]. The particle mesh Ewald method was 
applied for the calculation of long-range electrostatic inter-
actions [36]. Also, at every 1.2 ps interval the trajectories 
were recorded for the analysis. The proteins WT_ORF8 and 
MUT_ORF8 were placed in the center of the dodecahedron 
water box of the TIP3P water model of size wild 353968 Å 
and 360038 Å, respectively [45]. The whole system was 
neutralized using 1.5 mM salt concentration. A coupling 
constant of 2.0 ps under the Martyna–Tuckerman–Klein 
chain-coupling scheme was used for pressure control, 
and the Nosé–Hoover chain-coupling scheme at 310.3 K 
was used for temperature control of the system [24]. The 
whole system was initially energy minimized by steepest 
descent minimization. Total negative charges on the protein 

structures of WT_ORF8 and MUT_ORF8 were balanced 
by an appropriate number of Na + ions to make the whole 
system neutral. All molecular dynamics simulations were 
performed in triplicates till 200 ns. The binding energy of 
the system was calculated for each of the protein structures, 
and stability of the complex was monitored by analyzing 
RMSD, RMSF, the radius of gyration, and H-bonds of each 
dimer throughout simulation run time. High-resolution 
images were generated using Pymol and biovia Discovery 
studio [4, 31]. Protein networking was studied into NASP 
server available online [6]. Ramachandran plots were gener-
ated into zlab Ramachandran plot server [2].

Binding energy (MMGBSA) calculation

The binding free energy of WT_ORF8 and MUT_ORF8 
dimers were calculated by Prime Molecular Mechanics-
Generalized Born Surface Area (MMGBSA) using thermal_
mmgbsa.py implemented under PRIME module of Schro-
dinger suite [3, 15, 22]. The binding free energy of each 
protein provides a summary of the biomolecular interactions 
between monomeric chains of protein dimer. OPLS4 force 
field and VSEB solvation models were used for MMGBSA 
calculation. The binding energy includes potential energy, 
as well as polar and non-polar solvation energies, were cal-
culated as following.

Principal component analysis (PCA) and dynamics 
cross‑correlation matrix (DCCM) calculation

To perform PCA, Primarily the covariance matrix C was 
calculated. The eigenvectors and eigenvalues were obtained 
for the covariance matrix C [19]. The elements Cij in the 
matrix C are defined as:

From Eq. 1, ri and rj are the instant coordinates of the ith 
or jth atom, ⟨ri⟩ and ⟨rj⟩ and mean the average coordinate of 
the ith or jth atom over the ensemble.

Correlative and anti-correlative motions are playing a key 
role in the recognition as well as binding in the biological-
complex system. These motions can be prevailed through 
molecular dynamics simulation trajectories by defining the 
covariance matrix about atomic fluctuation. The magnitude 
of correlative motions of two residues can be represented 
by the cross-correlation coefficient, Cij. It is defined by the 
following equation:

ΔG
Bind

= ΔG
SA

+ ΔG
Solv

+ ΔE
MM

(1)Cij = ⟨
�
ri − ⟨ri⟩

�
∗
�
rj − ⟨rj⟩

�
⟩
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Here i (j) is ith (jth) two residues (or two atoms/proteins), 
∆ri (∆rj) is the displacement vector corresponding to ith 
(jth) two residues (or two atoms/proteins), and  ⟨..⟩ is for 
the ensemble average. The value of Cij ranges from + 1 to 
-1. + Cij denotes positive correlation movement (same direc-
tion) shown in blue color, and -Cij denotes anti-correlation 
movement (opposite direction) shown in red color. The 
higher the absolute value of Cij is, the more correlated (or 
anti-correlated) the two residues (or two atoms or proteins). 
PCA and DCCM both were evaluated by using run trj_essen-
tial_dynamics.py, a python script under Desmond module of 
Schrodinger 2021–1 [7].

Conclusion

The frequency of delta variant during the second wave in 
India was persisted 9.6–76.5% in India while in Gujarat it 
was between 18.96 to 90% (Fig. 6D). 5th seroprevalence 
study by ICMR shows that 62.3% population have antibod-
ies due to virus infection, while in Gujarat there 81.93% 
seroprevalence was observed. These patterns lead to con-
clude that as the frequency of delta is increasing seroprev-
alence among the population had also increased (Fig. 6C, 
D). This seroprevalence study supports our hypothesis that 
loss in dimerization capacity of ORF8 (from delta variant) 
leads to an abrogation of ORF8 MHC-I interaction and 
overcome the suppression of adaptive immune response.
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