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Abstract

The novel coronavirus (SARS-CoV-2) reported from Wuhan, China, that spread rapidly and cause severe acute respiratory syndrome. The disease
associated with infection of SARS-CoV-2 that is referred as COVID-19 (Coronavirus Disease 2019). In the present study, the surface glycoprotein
[QHD43416] of SARS-CoV-2 was characterized for structure analysis and validation to provide information about its three-dimensional structure by

using in silico tools and techniques.

The surface glycoprotein [QHD43416] sequence of SARS-CoV-2 was retrieved from NCBI and its PDB file was designed by using phyre? server.
The RAMPAGE and UCLA-DOE (Verify 3D) was used for analysis and validation of structure model of protein. The model quality estimation based
on the ProSA.

Alignment of surface glycoprotein [QHD43416], revealed homology (72% identity) with spike protein of bat coronavirus [BM48-31/BGR/2008]. The
model corresponding to probability conformation with 90.5% residue of core section, 9.1 % of allowed section and 0.4 % residue of outer section in
@-y plot, that specifies accuracy of prediction model. The Verify 3D results shows that 59.53% residues have average 3D-1D score >= 0.2 this

determines compatibility of 3D model with its amino acid sequence (1D). ProSA Z-score -11.19 represents the good quality of the model.

The structure and function of coronavirus surface glycoprotein could be predicted by in silico modeling studies. The protein model will be further used

for designing of vaccine / drug development against coronavirus infection.
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INTRODUCTION Dashboard of India till dated 30 April 2020. The recovery
reported in 9,65,197 patients globally and estimated mortality

e oo
The first SARS case was reported from China in 2002 [1]. The risk is ~2%.

Coronaviridae family viruses identified as the causative agent of ) o .
disease and nominated as the SARS-associated coronavirus | 1€ genome sequencing result of SARS-CoV indicates that it

(SARS-CoV) [2,3]. The novel coronavirus (SARS-CoV-2) has polyadenylgted RNA of 2_9.7_kb [4]. Du_ring clinical _trial, gfter
reported from Wuhan, China, that spread rapidly and cause treatment with ritonavir / Iopmqwr, no or little coronavirus titers
severe acute respiratory syndrome. The disease associated with ~ Were detected in infected patient [5]. Chloroguine phosphate
infection of SARS-CoV-2, is referred as COVID-19 (Coronavirus ~ llustrations apparent efficacy against COVID-19 associated
Disease 2019). The COVID-19 reported from 213 countries ~ Pneumonia in multicenter clinical trials [6].

around the world and territories. Till 29 April, according to WHO,

confirmed cases were 32,21,617 and more than 2,28,260

deaths reported worldwide. In India the active cases were

23,651 and 1074 death were reported according to COVID-19
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The analysis of sequence, algorithm design and biological data
management is possible by in-silico methods [7,8,9,10]. In
present study, the surface glycoprotein [QHD43416] of SARS-
CoV-2 was characterized for structure analysis and validation to
provide information about its three-dimensional structure by
using in silico tools and techniques.

MATERIALS AND METHODS

Homology modeling: The surface glycoprotein [QHD43416]
sequence of SARS-CoV-2 was retrieved from NCBI. The phyre?
[Protein Homology/AnalogY Recognition Engine] server used to
generate PDB of surface glycoprotein [QHD43416]. In phyre?
analysis, 82% of sequence was exhibited with 100 % assurance
by single uppermost recording template. Simulated annealing
protocol used for energy minimization of model. A perfect model
of protein domain could be created by sequence alignment
between sequence of surface glycoprotein [QHD43416] and
database sequence.

Model reputation: The UCLA-DOE server provides quality
analysis of protein crystal structure and it requires structure in
PDB format [11]. PROCHECK server used for validation of
structure model [12,13] and its results suggesting reliability of
model [14]. The overall G-factor, residue positions in @-y plot
regions and WHATIF analysis was used

for the selection of suitable model [15,16] and QMEAN
(https://swissmodel.expasy.org/gmean/version 3.1.0) [17,18]
and ProSA [19]. The protein stability analysed by using ProSA
and QMEAN Z-score.

RESULTS

Protein Model Building: The alignment between target and
template was performed by using homology modeling [20]. The
sequence alignment of surface glycoprotein [QHD43416],
revealed sequence homology (72% identity) with spike protein
of bat coronavirus [BM48-31/BGR/2008]. Alignment results
correlate  origin of SARS-CoV-2 surface glycoprotein
[QHD43416] with spike protein of bat coronavirus. The ribbon
model of surface glycoprotein [QHD43416] was generated by
using RaptorX structure prediction server (Fig. 1).

Model reputation: The overall G-factor -0.62 indicates good
stereo chemical property of model and represents that model
geometry resembles to conformation with 90.5% residues in
core section of -y plot [21]. Resulted percentage of residues in
allowed and outer section was 9.1% and 0.4% respectively (Fig.
2a, b). The above results indicate reliability of protein model [21].

The compatibility and score profile of (3D) amino acid atomic
model illustrated by verify 3D graph [22]. The high score of 0.75
indicates good quality of model (Fig. 3). Profile score beyond
zero of verify 3D indicates acceptable model output [23].

The 59.53% of graph residues displayed an average 3D-1D
rating > = 0.2 and less than 80% scored > = 0.2.

Fig. 1: Surface glycoprotein [QHD43416] ribbon model
generated using RaptorX structure prediction server.

Validation of Model: ProSA was used to figure out potential
errors in 3D model of surface glycoprotein [QHD43416]. The
archived ProSA Z-score score -11.19 indicates two aspects:
overall model quality and energy deviation of surface
glycoprotein [QHD43416] (Fig. 4). The values of Z-score thus
predicted indicates less erroneous structures [24]. Reliability of
projected model based on scoring function of QMEAN that
stated as ‘Z-score’ (Fig. 5) [25].
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Fig 2a. @-y plot of surface glycoprotein [QHD43416]. Total
number of residues were

953 (90.5%) in favoured [A, B, L], 96 (9.1%) in allowed [a,b,l,p]
and, 4 (0.4%) in outlier regions.
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Fig. 2b: The non-glycine and non-proline residue regions of @-y plot
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Fig. 3: The Verified 3D graph of surface glycoprotein [QHD43416]. 59.53% of graph residues displayed an average 3D-1D rating > =
0.2 and less than 80% scored > = 0.2.
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Fig. 4: ProSA service examination of surface glycoprotein [QHD43416] overall model quality (a) and local model quality (b)

www.cjmronline.com| Chinese Journal of Medical Research | April- June 2020

34



Comparison with Non-redundant Set of PDB Structures
1.5 ' | ' | '

o

Q

%

. 1.0

=

=

L

=

-

=

(5]

N

= 0-5- 1
£

o

=

|Z-score|>2 e 1<|Z-score|<2 e|Z-score|<l “Ykmodel
0.0 100 200 300 400 500
Protein Size (Residues)

Fig 5: QMEAN scores for biological unit reference set. Plot showing Z-score.

The Local Distance Difference Test (IDDT) was performed
[http://swissmodel.expasy.org/lddt] for evaluating local accuracy
and stereochemical plausibility of models. The QMEAN Z-score
-3.67, which was very close to 0 and its illustrations acceptable
value [26].

Assessed validity of model predictable among 0 and 1, that

could be concluded from the density plot locus set for QMEAN
score. Figure 5 illustrations QMEAN scores for biological unit
reference set that used as a tool for oligomeric protein
assessment. The QMEAN value (-3.67) comparison with the
non-redundant protein collection revealed different set of Z-
values for different parameters. The diversion of total energy of
surface glycoprotein [QHD43416] was measured by using Z-
score [27].

Fig. 6: Local IDDT score of surface glycoprotein [QHD43416]

The Z-score also tests variance of total structural energy with
respect to the energy dispersal resulting from random
conformation. Local Distance Difference Test (IDDT) score
0.9387 indicates a highly reliable structure (Fig. 6). The IDDT
evaluates validation of stereochemical plausibility and local
distance variances of atoms in model [28].

DISCUSSION

The surface glycoprotein [QHD43416], revealed homology (72%
identity) with spike protein of bat coronavirus [BM48-
31/BGR/2008]. Model configuration resembles 90.5% residue
conformation of probability in the core section of @-y plot. It
shoes the reliability of projected model. ProSA Z-score -11.19

represents the good quality of model. QMEAN Z-score shows

absolute quality of theoretical model and measure experimental
structures with significant errors.

The Z-score also tests total structural energy variance in relation
to a spectrum of energy derived from arbitrary conformations.
The scores showed a very stable structure found in proteins of
similar size.

The energy plot suggested model utility in function of the location
of amino acid sequence. The IDDT score used to evaluat protein
structure models with respect to a reference structure and to
evaluate the consistency of the model in context of domain
movements.
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CONCLUSION

The functional characteristics of surface glycoprotein
[QHD43416] could be predicted by the generated mode. The
structure, function and mechanism of proteins action can be
studied through in silico modeling techniques. Methods ProSA,
QMEAN, and PROCHECK build model reliability. The research
findings useful for vaccine development as well as understand
the infection mechanism of SARS-CoV-2.
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