
Vol.:(0123456789)

Journal of Mathematical Chemistry
https://doi.org/10.1007/s10910-023-01512-5

1 3

ORIGINAL PAPER

Computational modelling studies on in silico missenses 
in COVID‑19 proteins and their effects on ligand–protein 
interactions

Laxmi Sule1 · Swagata Gupta2 · Nilanjana Jain3 · Nitin S. Sapre4 

Received: 15 May 2023 / Accepted: 19 August 2023 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract
The paper presents the incorporation of in silico missenses and studies the effect of 
missenses to understand its effect on the ligand–protein interactions, of COVID-19 
protein. In silico protein–ligand interaction, studies are being used to understand and 
investigate the drug-likeness of various molecules. 19 novel COVID-19 proteins are 
designed by inducing in silico missenses by mutating N691 amino acid residue in 
7bv2 protein, the only residue forming H-bond with the ligand molecule in the par-
ent protein. The work illustrates the effects of in silico-induced mutation on various 
interactions such as H-Bond, VDW, π-alkyl interactions, and changes in the number 
and type of surrounding amino acid residues. The results have suggested a common 
pattern of behaviour on mutation with T, V, W, and Y. Further, it is observed that the 
number and type of amino acid residues increase on mutation, suggesting the effect 
of mutation on the ligand–protein binding.
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1  Introduction

A recent pandemic, which erupted in 2019, caused by Corona Virus affecting the 
respiratory system, causing severe acute respiratory syndrome (SARS) has caused 
havoc in the world [1–8].

It primarily affected the lungs as in pneumonia. The earlier nomenclature of the 
virus was done as “Wuhan Virus” and “2019 n-CoV” which was later renamed as 
SARS-CoV-2 due to its resemblance to the SARS-CoV RNA genome [6, 9–11]. 
Belonging to the Coronaviridae family and Orthocoronavirinae, the virus has four 
genera [6, 9, 12–15]

The spread of the virus was unprecedented and was like wildfire. As of today, 
there is no medication available to treat the disease effectively [16, 17].

Remdesivir which is used in treatment, is a derivative of adenosine and inhib-
its RNA-dependent RNA polymerase enzyme (RsRp) [18–21]. Immunity booster 
vaccines such as Covishield, Covaxin, and Sputnik have been used as a possible 
defence against infection [2, 22–25]

Mutation in species (protein or genetic material), usually results in a reduction 
or change in the effect of the drug. Some of the reasons causing this are mode of 
attachment, change in binding affinity, and hydrophobic interactions to list a few 
[26–29].

Alterations occurring in the genetic material or the character are the causes 
of the mutation [30]. Mutation can be heritable or non-heritable depending on 
the tissue of the origin. When mutation effects are observed in the next genera-
tion they are referred to as the germinal mutation while, when no such changes 
are observed in the next generation, then it is classified as the somatic mutation. 
The term mutant is used to represent the organism in which changes are observed 
while mutation-causing agents are referred to as mutagen [31–33].

Mutation(s) can occur in chromosomes, genes, or proteins. Mutations of all 
three types are lethal, but the chromosomal mutation is more lethal compared to 
the other two.

2 � Protein mutations

Synonymous and non-synonymous mutations refer to the replacement of an 
amino acid residue by another and a change in the amino acid sequence respec-
tively. Non-synonymous mutation can lead to a change in the structure of the pro-
tein or premature termination of the protein. Protein mutation can occur naturally 
or can be induced in vitro or in silico [34–36].

In this work single point non-synonymous mutations are performed on the 
COVID-19 protein, 7BV2 [37]. Docking of remdesivir was performed with the 
parent and designed proteins in which missenses were introduced, to understand 
various interactions and the effect of mutations on these interactions [38–40].
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3 � Methods

The present work deals with the inducing in silico missenses in COVID-19 followed 
by interaction studies of remdesivir with COVID-19 (7Bv2) and the designed pro-
teins obtained by such in silico-induced single-point mutation.

3.1 � Protein preparation

The structure of the protein (PDB ID-7bv2) is procured from the RCSB-protein data 
bank in the PDB file format. Single point mutation was induced in the parent pro-
tein molecule on Asparagine-691(N691) using Molegro Virtual Docker (MVD) to 
design nineteen (19) new protein molecules [41]. The newly designed proteins are 
exported as pdb files. The reason for taking N691 residue to perform mutation was 
that it was the only amino acid residue exhibiting H-bond with the ligand in the par-
ent protein in the 6 Å vicinity.

The Secondary structure of the protein (pdb: 7bv2) is presented in Fig. 1.
The ligand and protein are used for performing the docking process and all the 

files (Ligand and Protein) were converted to pdbqt file format, where ‘q’ and ‘t’ are 
the charges and the type of atoms respectively.

Fig. 1   Structure of 7bv2 protein (cartoon form) with different chains
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3.2 � Ligand preparation

The 2-D structure of remdesivir was drawn in ChemBioDraw ultra 14.0 and geom-
etry optimization was done using MM2 force field in Chem3D pro-14. The mol file 
of the ligand was converted into pdbqt file format using Open Babel [42] This was 
then imported into AutoDock4.2 for further use [43].

The 2D and 3D structures of remdesivir are presented in Figs. 2A and B.

3.3 � Docking

Remdesivir was docked with the 7bv2 protein as well as with the 19 mutated protein 
structures using AutoDock.

4 � Results and discussion

Comparative analyses of the effect of mutation of amino acid residues (AARs) on 
docking results were studied considering the surrounding amino acids residues 
(SAARs), number of H-bonds, AARs exhibiting H-bonds in all the proteins, and AA 
residues exhibiting Van der Waals interactions.

The details of results obtained from the docking of Remdesivir with the parent 
and the 19 designed (mutated) protein molecules are discussed herewith.

4.1 � Surrounding amino acid residues (SAARs)

The SAARs are the AA residues which are identified as those in the vicinity of 6 Å 
from the centre of the ligand (remdesivir) obtained after redocking in the parent 

Fig. 2   A and B: 2D and 3D Structures of Remdesivir
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protein (PP) and docking in the designed proteins. Table 1 presents the parent pro-
tein (PP), the mutation of N691 by specific AAs, numbers, and single alphabet code 
(with their positions) of SAARs observed within 6 Å vicinity of remdesivir.

Table 1 presents the list containing, the parent protein (PP) and all the proteins 
which are obtained on mutation with a specific amino acid. The column 2 depicts 
the AARs used for mutating N691, representing the designed protein (mutated). The 
column 3 depicts the number of AARs surrounding the ligand that are in the vicinity 
of 6 Å from the ligand. The last column details the AARs which are observed sur-
rounding the ligand molecule and are in the vicinity of 6 Å.

From Table 1, it is observed that the 14 SAARs are observed in the parent protein 
molecule. Further, it is observed that a higher number of SAARs, 19, 20, 20, and 
18, is obtained in designed proteins when N691 (chain A) is mutated with T, V, W, 
and Y. This may be due to increased ligand–protein intermolecular attractive inter-
actions. Further, the orientation of protein might be occurring in such a way that 
the intermolecular attractive forces are overpowering the repulsive forces. In other 
cases, the number of SAARs obtained is lesser than compared to 7BV2.

Table 2 presents all the SAARs which are observed in the vicinity of 6 Å and the 
number of proteins in which they are observed including parent and the designed.

Table 2 further presents the number of designed proteins in which a specific AAR 
is present in the 6 Å vicinity of the ligand, i.e. the table gives details of the occur-
rence of amino acid which is in 6 Å vicinity of the ligand.

From Table 2 it can be observed that only 41 of the total 951 AARs of chain-
A are observed in this vicinity of 6  Å. The number of SAARs conserved in the 
designed proteins and the mutation-causing AA residues are presented in Table 3.

Out of these 41 SAARs, ten of the AARs are present in more than 10 designed 
proteins. R555 AAR is present in all the designed proteins, R545 is present in 18 
designed proteins, whereas A547, I548, K551, R553 each in 15, A554, S549 in 14 
and N552, S814 in 11 designed proteins. The rest of the AARs occurrence is less 
than 10 in the remaining designed proteins. From the Table 2, it can be observed 
that R555 never moved away from the ligand and is even present in the parent pro-
tein. This suggests that R555 has more affinity for the ligand than the other SAARs.

From Table 3 it is observed that R555 residue is the most conserved SAAR i.e., 
in 18 designed proteins except the one mutated with ‘Y’, while K545 is conserved in 
17 proteins except those mutated with ‘R’ and ‘S’.

From Table 3 it is further observed that out of the 14 SAARs in the parent pro-
tein, nine SAARs namely K545(in 17), A547(in 14), R555 (in 18), V557(in 4), 
C662(in 3), D623(in 2), T680(in 4), S681(in 4), and S682(in 4) are conserved, while 
T687, A688, N691, S759, D760 are not conserved in any of the designed protein.

Further, it is observed that SAAR numbers Y545, V557, T680, S681, and S682 
are common in parents as well as the de novo-designed proteins which showed a 
higher number of SAARs than the parent protein.

A total of 250 SAARs are observed in the vicinity of 6 Å from the centre of the 
ligand (remdesivir) in all the 20 proteins (1 parent and 19 mutated) and these are 
presented in Table 4.

From Table 4, it is evident that 14 of the 20 AARs are showing a total of 250 
SAARs. It is further observed that ‘A’, ‘K’ and ‘R’ (at varied positions) are the 



	 Journal of Mathematical Chemistry

1 3

Ta
bl

e 
1  

P
ar

en
t p

ro
te

in
 (7

bv
2)

, m
ut

at
ed

 p
ro

te
in

s, 
an

d 
su

rr
ou

nd
in

g 
am

in
o 

ac
id

 re
si

du
es

 (S
A

A
R

s)

S.
N

o
A

A
R

​
N

um
be

r o
f S

A
A

R
s

Po
si

tio
n 

of
 su

rr
ou

nd
in

g 
am

in
o 

ac
id

 re
si

du
es

 (S
A

A
R

s)

1
PP

* 
(N

)
14

K
54

5,
 A

54
7,

 R
55

5,
 V

55
7,

 C
62

2,
 D

62
3,

 T
68

0,
 S

68
1,

 S
68

2,
 T

68
7,

 A
68

8,
 N

69
1,

 S
75

9,
 D

76
0

2
A

9
K

54
5,

 A
54

7,
 I5

48
, S

54
9,

 K
55

1,
 N

55
2,

 A
55

4,
 R

55
3,

 R
55

5
3

C
9

K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 K

55
1,

 A
55

4,
 R

55
5,

 S
81

4,
 R

83
6

4
D

10
K

54
5,

 I5
48

, S
54

9,
 K

55
1,

 N
55

2,
 R

55
3,

 A
55

4,
 R

55
5,

 S
81

4,
 R

83
6

5
E

13
F4

42
, Q

44
4,

 K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 A

55
0,

 K
55

1,
 N

55
2,

 R
55

3,
 A

55
4,

 R
55

5,
 S

81
4

6
F

11
K

54
5,

 A
54

7,
 I5

48
, S

54
9,

 A
55

0,
 K

55
1,

 N
55

2,
 R

55
3,

 A
55

4,
 R

55
5,

 R
83

6
7

G
10

K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 A

55
0,

 K
55

1,
 R

55
3,

 R
55

5,
 S

81
4,

 R
83

6
8

H
13

F4
42

, Q
44

4,
 K

54
5,

 A
54

7,
 I5

48
, S

54
9,

 A
55

0,
 K

55
1,

 N
55

2,
 R

55
3,

 A
55

4,
 R

55
5,

 S
81

4
9

I
9

K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 K

55
1,

 R
55

3,
 A

55
4,

 R
55

5,
 S

81
4

10
K

9
K

54
5,

 Y
54

6,
 A

54
7,

 I5
48

, K
55

1,
 R

55
3,

 A
55

4,
 R

55
5,

 S
81

4
11

L
12

F4
42

, K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 A

55
0,

 K
55

1,
 N

55
2,

 R
55

3,
 A

55
4,

 R
55

5,
 R

83
6

12
M

12
F4

41
, K

54
5,

 A
54

7,
 I5

48
, S

54
9,

 K
55

1,
 N

55
2,

 R
55

3,
 A

55
4,

 R
55

5,
 S

81
4,

 R
83

6
13

P
11

F4
42

, K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 K

55
1,

 N
55

2,
 R

55
3,

 A
55

4,
 R

55
5,

 R
83

6
14

Q
9

K
54

5,
 A

54
7,

 I5
48

, S
54

9,
 K

55
1,

 A
55

4,
 R

55
5,

 S
81

4,
 R

83
6

15
R

11
F4

42
, A

54
7,

 I5
48

, S
54

9,
 A

55
0,

 K
55

1,
 N

55
2,

 R
55

3,
 A

55
4,

 R
55

5,
 S

81
4

16
S

11
F4

42
, Q

44
4,

 A
54

7,
 I5

48
, S

54
9,

 K
55

1,
 N

55
2,

 R
55

3,
 A

55
4,

 R
55

5,
 S

81
4

17
T

19
Y

45
3,

 Y
45

5,
 Y

45
6,

 T
54

0,
 K

54
5,

 R
55

5,
 T

55
6,

 V
55

7,
 A

55
8,

 K
62

1,
 C

62
2,

 D
62

3,
 R

62
4,

 V
66

7,
 K

67
6,

 
T6

80
, S

68
1,

 S
68

2,
 G

68
3

18
V

20
Y

45
5,

 Y
45

6,
 T

54
0,

 M
54

2,
 Y

54
3,

 K
54

5,
 R

55
3,

 R
55

5,
 T

55
6,

 V
55

7,
 A

55
8,

 K
62

1,
 C

62
2,

 R
62

4,
 V

66
7,

 
K

67
6,

 T
68

0,
 S

68
1,

 G
68

3,
 S

68
2

19
W

20
Y

45
3,

 Y
45

5,
 Y

45
6,

 T
54

0,
 K

54
5,

 R
55

3,
 R

55
5,

 T
55

6,
 V

55
7,

 A
55

8,
 K

62
1,

 C
62

2,
 D

62
3,

 R
62

4,
 V

66
7,

 
K

67
6,

 T
68

0,
 S

68
1,

 S
68

2,
 G

68
3

20
Y

18
Y

45
3,

 T
45

5,
 Y

45
6,

 T
54

0,
 M

54
2,

 K
54

5,
 N

55
2,

 T
55

6,
 V

55
7,

 A
55

8,
 K

62
1,

 R
62

4,
 V

66
7,

 K
67

6,
 T

68
0,

 
S6

81
, S

68
2,

 G
68

3



1 3

Journal of Mathematical Chemistry	

Table 2   Surrounding amino 
acid residues (SAARs)

S.No SAAR​ Number of 
proteins

1 R555 19
2 K545 18
3 A547 15
4 I548 15
5 K551 15
6 R553 15
7 A554 14
8 S549 14
9 N552 11
10 S814 11
11 R836 8
12 A550 6
13 F442 6
14 S681 5
15 S682 5
16 T680 5
17 V557 5
18 A558 4
19 C622 4
20 G683 4
21 K621 4
22 K676 4
23 R624 4
24 T540 4
25 T556 4
26 V667 4
27 Y456 4
28 D623 3
29 Q444 3
30 Y453 3
31 Y455 3
32 M542 2
33 A688 1
34 D760 1
35 F441 1
36 N691 1
37 S759 1
38 T455 1
39 T687 1
40 Y543 1
41 Y546 1



	 Journal of Mathematical Chemistry

1 3

three SAARs which are observed the most. ‘Q’ is observed only in 3, while ‘C’, 
‘C’, and ‘G’ (varied positions) are the SAARs observed in the vicinity of 6 Å 
from the centre of the ligand.

Figures  3a and b depict the bar diagram of the number of times a specific 
SAAR, presented in Table  3, is conserved and in designed proteins and the 
SAARs causing mutation as observed in all the proteins respectively. From the 
table it is evident that Fig. 3b depicts the number of times Surrounding Amino 
Acid Residues (SAAR) are observed in the designed proteins.

Table 3   Number of SAARs, number of times conserved and mutating AAR​

*T687, A688, N691, S759, D760 are not conserved in any designed proteins

SAAR number Number of times Con-
served

Mutated by

K545 17 A, C, D, E, F, G, H, I, K, L, M, P, Q, T, V, W, Y
A547 14 A, C, E, F, G, H, I, K, L, M, P, Q, R, S
R555 18 A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W
V557 4 T, V, W, Y
C622 3 T, V, W
D623 2 T, W
T680 4 T, V, W, Y
S681 4 T, V, W, Y
S682 4 T, V, W, Y

Table 4   SAARs as observed for 
all the 20 proteins

S.No SAARs Number of 
SAARs

(1 A 40
2 C 4
3 D 4
4 F 7
5 G 4
6 I 15
7 K 41
8 N 14
9 Q 3
10 R 46
11 S 36
12 T 15
13 V 9
14 Y 12

Total 250
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4.2 � Hydrogen bond interactions

The number of hydrogen bonds observed between the ligand (remdesivir) and the 
parent protein (7bv2) and designed proteins is presented in Table  5. The table 
also presents the SAARs forming hydrogen bonds with the ligand moiety.

From Table  5, it can be noted that in the parent protein, only one ligand–pro-
tein H-bond is observed between N691 and remdesivir. It was surprising that in the 
designed proteins no H-bond was observed between N691 and the ligand, suggest-
ing drastic outward movement in protein to push N691 beyond 6 Å distance from the 
ligand. Further, it can be observed that in 13 designed proteins there is an increase in 
the number of H-bond interactions, while the remaining 6 showed only one H-bond.

Five of the designed proteins (obtained on mutation by M, T, V, W, and Y) 
showed a higher number of H-bonds than the parent protein. Out of these, four are 
the same ones which showed a higher number of SAARs (mutated by T, V, W, and 
Y). AARs Y456, R624, and S682 have been found to be common to all these four 
designed proteins suggesting their more attractive interactions with the ligand.

Five designed proteins showed 3 H-bonds, while three showed 2 H-bonds. Six 
designed proteins exhibiting one H-bond are the ones, wherein N691 is mutated 

Specific Surrounding Amino Acid Residues (SAARs) in designed proteins
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by A, C, I, K, P, and Q. Even though they exhibit the same number of H-bond as 
the parent protein, but with different AARs (R553 and R555).

The number of H-bonds exhibited by various AARs and all AARs with the ligand 
(Remdesivir) are presented in Tables 6 and 7 respectively.

Table 5   Number of H-bonds 
observed and the SAAR​

S.No Protein No. of 
H-bond

H-bond interactions

1 PP 1 N691
2 A 1 R553
3 C 1 R555
4 D 2 I548, R553
5 E 2 S549, R553
6 F 3 S549, R553, R555
7 G 3 I548, S549, R553
8 H 3 K551, R553, R555
9 I 1 R553
10 K 1 R553
11 L 3 S549, R553, R555
12 M 4 I548, S549, R553 R555
13 P 1 R553
14 Q 1 R555
15 R 3 K551, R553, R555
16 S 2 S549, R553
17 T 4 Y456, R555, R624, S682
18 V 6 Y456, R553, R555, A558, R624, S682
19 W 6 Y456, R553, R555, A558, R624, S682
20 Y 5 Y456, R552, A558, R624, S682

Table 6   Number of H-bonds 
formed by specific AARs

S.No AARs Number of 
H-bonds

1 Y456 4
2 I548 3
3 S549 6
4 K551 2
5 R552 1
6 R553 15
7 R555 10
8 A558 3
9 R624 4
10 S682 4
11 N691 1

Total 53
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Table 6 presents the number of H-bonds formed by specific AARs. R553 forms 
the maximum number of H-bonds (15), followed by R555 (10 H-bonds). R552 and 
N691 form just one H-bond.

None of the AARs exhibiting H-bond interaction in Table 6 are conserved in the 
mutated proteins suggesting a drastic change in the conformation of the protein on 
mutations.

Table  7 shows the total number of H-bonds formed by various AARs causing 
mutation.

From Table 7 it is further observed that in 15 of the designed proteins R553 forms 
H-bond, while R555 forms 10, and out of these 7 are common to both. Other than 
these, S549 forms 6, Y456, R624, and S682 forms 4, I548 and A558 forms 3, K551 
forms 2, and R552 forms 1 H-bond. An increase in H-bonding could be considered 
for understanding ligand–protein complex stability.

Figures 4A and B show the number of H-bonds formed by specific and all AARs 
causing mutation, respectively with the ligand (Remdesivir).

4.3 � Van der Waals interactions

Van der Waals interactions between the ligand and protein are observed and pre-
sented in Table 8. The table presents the number and the AARs exhibiting van der 
Waals interactions.

From the Table 8, it is observed that proteins designed by mutating with T, V, 
W, and Y show a higher number of VDW interactions, suggesting the similarity in 
pattern as observed for SAARs and H-Bond. Proteins obtained by mutating with W 
showed equal numbers, i.e., 12, and those with T, V and Y though slightly less i.e., 
11, 11, and 10 VDW interactions respectively, than the parent protein. AARs K545 
and S681 are conserved in the parent as well as the four designed proteins (designed 
by mutating with T, V, W, and Y).

The number of VDW interactions exhibited by specific AARs causing mutation 
is presented in Table 9. The table demonstrates the number and positions of AARs 
exhibiting VDW interactions in the mutated proteins. Out of the 34 AARs, K545, 
I548, K551, N552, A554, S814 show more than 10 van der Waals interactions, 
whereas F441, Y543, V557, T680, S682, T687, A688, S759, and D760 have just 

Table 7   Number of H-bonds 
formed by AARs

S.No AAR​ Total H-bonds Positions of AARs

1 A 3 558
2 I 3 548
3 K 2 551
4 R 30 552, 553, 555, 624
5 S 10 549, 682
6 Y 4 456
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single van der Waals interaction. The higher number of van der Waal interactions 
are the parameter for stronger protein–ligand interaction.

The total number of VDW interactions exhibited by various mutations causing 
AARs are presented in Table  10. The table demonstrates the number and posi-
tions of AARs exhibiting VDW interactions in the mutated proteins.

From the Table 10, it is evident that 14 of the 20 AARs are showing a total of 
165, VDW interactions. It is observed that more than 50% of the contribution to 
VDW interactions is shown by Lysine (K-36), Alanine (A-25,) and Serine (S-23) 
located at various positions in the protein chain-A.

The highest number (15) of van der Walls interactions is shown by K545. 
A554, K551, I548, S814, and N552 are showing 14, 13, 12, 11, and 10 VDW 
interactions respectively. K545 in 14, R555 in 4, C622 in 3, D623 in 1, and S681 

 Specific AARs in designed proteins forming H-bond. 
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in 4 are conserved, while T680, S682, T687, A688, S759 and D760 are not con-
served in any mutated protein.

Figures  5A and B show the number of VDW interactions shown by specific 
AARs and the contribution of mutation-causing AARs, respectively, with the ligand 
(Remdesivir).

4.4 � π‑alkyl interactions

Number of π-alkyl interactions are presented in Table 11. Further, the positions of 
AARs forming π-alkyl interactions are also shown in the table.

From Table 11, it is evident that only one (A547) amino acid residue is showing 
interactions with the parent compound, which is conserved in 11 mutated proteins. 
Proteins mutated with C, D and S are not showing any π-alkyl interactions. While 
G, H, M, P, R, T and W are showing the same number of π-alkyl interactions as par-
ent proteins but in some cases with different amino acid residues (K551 and A558). 

Table 8   Vander Waal interactions in 7bv2 and designed proteins

S.No Protein No. of VWI AARs showing VWI

1 PP 12 K545, R555, V557, C622, D623, T680, S681, S682, T687, A688, S759, 
D760

2 A 4 I548, K551, N552, A554
3 C 8 K545, A547, I548, S549, K551, A554, S814, R836
4 D 8 K545, S549, K551, N552, A554, R555, S814, R836
5 E 9 F442, Q444, I548, A550, K551, N552, A554, R555, S814
6 F 7 K545, I548, A550, K551, N552, A554, R836
7 G 6 K545, A550, K551, R555, S814, R836
8 H 9 F442, Q444, K545, I548, S549, A550, N552, A554, S814
9 I 5 K545, I548, K551, A554, S814
10 K 5 Y546, I548, K551, A554, S814
11 L 8 F442, K545, I548, A550, K551, N552, A554, R836
12 M 7 F441, K545, K551, N552, A554, S814, R836
13 P 9 F442, K545, I548, S549, K551, N552, A554, R555, R836
14 Q 8 K545, A547, I548, S549, K551, A554, S814, R836,
15 R 7 F442, A547, I548, A550, N552, A554, S814
16 S 9 F442, Q444, A547, I548, K551, N552, A554, S814, R836
17 T 11 Y453, Y455, T540, K545, T556, K621, C622, V667, K676, S681, G683
18 V 11 Y455, T540, Y543, K545, T556, K621, C622, V667, K676, S681, G683
19 W 12 Y453, Y455, T540, K545, T556, K621, C622, D623, V667, K676, S681, 

G683
20 Y 10 Y453, Y455, T540, K545, T556, K621, V667, K676, S681, G683
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Other than these 9 such mutated proteins (A, E, F, I, K, M, Q, V and Y) are there 
which are showing a higher number of interactions than the parent protein.

M542 is showing 2 ligand protein interactions (V and Y), K545 in E and Q, K551 
in R, R555 in A, F, I, K and L, and A558 in T, V, W and Y, while the highest 

Table 9   Number of VDW 
interactions exhibited by 
specific AARs

S.No AARs Number of 
VDW Interac-
tions

1 F441 1
2 F442 6
3 Q444 3
4 Y453 3
5 Y455 4
6 T540 4
7 Y543 1
8 K545 15
9 Y546 1
10 A547 4
11 I548 12
12 S549 5
13 A550 6
14 K551 13
15 N552 10
16 A554 14
17 R555 5
18 T556 4
19 V557 1
20 K621 4
21 C622 4
22 D623 2
23 V667 4
24 K676 4
25 T680 1
26 S681 5
27 S682 1
28 G683 4
29 T687 1
30 A688 1
31 S759 1
32 D760 1
33 S814 11
34 R836 9

Total 165
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Table 10   AARs, number of 
VDW interactions, and positions 
of AARs

S.No AARs No. of VDW 
interactions

Positions of AARs

1 A 25 547, 550, 554, 688
2 C 4 622
3 D 3 623, 760
4 F 7 441, 442
5 G 4 683
6 I 12 548
7 K 36 545, 551, 621, 676
8 N 10 552
9 Q 3 444
10 R 14 555, 836
11 S 23 549, 681, 682, 759, 814
12 T 10 540, 556, 680
13 V 5 667
14 Y 9 453, 455, 543, 546

 Bar chart showing the specific AARs exhibiting van der Waal interactions. 
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number of interactions are shown by A547 in 11 mutated proteins (A, E, F, G, H, I, 
K, L, M, P and Q) and 1 with parent compound.

The total number of π-alkyl interactions exhibited by various mutation-causing 
AARs is presented in Table 12. The table demonstrates the number and positions of 
AARs exhibiting VDW interactions in the mutated proteins.

The graphical representations contribution of specific and mutation-causing amino 
acids in π-alkyl interactions are presented in Figs. 6A and B respectively. A547 shows 
the maximum number of π-alkyl interactions.

Table 11   π-alkyl interactions 
table

S.No Protein No. of π-alkyl-π-
alkyl interactions

Positions of AARs

1 PP 1 A547
2 A 2 A547 R555
3 C – –
4 D – - π-alkyl interactions between 

the ligand and protein 
molecule

5 E 2 K545 A547
6 F 2 A547 R555
7 G 1 A547
8 H 1 A547
9 I 2 A547 R555
10 K 2 A547 R555
11 L 2 A547 R555
12 M 1 A547
13 P 1 A547
14 Q 2 K545A547
15 R 1 K551
16 S – –
17 T 1 A558
18 V 2 M542 A558
19 W 1 A558
20 Y 2 M542 A558

Table 12   Mutation causing 
AARs, number of π-alkyl 
interactions and positions of 
AARs

S.No AARs No. of π-alkyl 
interactions

Positions of AARs

1 A 15 547 558
2 R 5 555
3 K 3 545, 551
4 M 2 542
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5 � Electrostatic interactions (Energy)

The proportion and distribution of polar and charged residues govern the electro-
static properties of a protein. The electrostatic properties in the protein are controlled 
by these residues by means of forming short-range interactions and by defining the 
overall electrostatic environment. The mechanisms of formation of protein–protein, 
molecular recognitions, conformational adaptabilities, protein movements, etc. are 
some of the properties in which electrostatics play an important role.

The electrostatic interactions observed in all the proteins (parent and mutated or 
designed) are presented in Table 13.

From Table 13 it can be observed that higher values are obtained for the proteins 
designed by mutating with T, V, W, and Y. A bar chart depicting electrostatic inter-
actions for 7bv2 and designed protein is presented in Fig. 7.

Fig. 8a–s, show the summary of all the types of interactions thus observed in the 
parent and the designed protein in a combined image table form

The colour coding of various interactions is given herewith.
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In Fig. 8a, the single H-bond between N691 and remdesivir is observed, while 
the highest number of H-bonds can be visualized in Fig. 8p–s. Maximum atoms 
of ligand structure are in bonding with the protein amino acids. From the fig-
ure it should be noted that O, H, and N of the ligand are participating in Hydro-
gen bonding. Various interactions are depicted using different colours. The 
details of all the interactions namely, van der Waals, π-alkyl interactions and all 

Table 13   Designed proteins and 
the electrostatic interactions

S.No AARs Electrostatic 
interactions [KJ/
Mol]

1 PP − 0.45
2 A − 0.5
3 C − 0.05
4 D − 0.45
5 E − 0.42
6 F − 0.49
7 G − 0.49
8 H − 0.48
9 I − 0.38
10 K − 0.24
11 L − 0.45
12 M − 0.41
13 P − 0.51
14 Q − 0.1
15 R − 0.34
16 S − 0.04
17 T − 0.94
18 V − 0.81
19 W − 0.87
20 Y − 1.09
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other relevant information, presented in Fig. 8a–s have already been depicted in 
Tables 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13.

6 � Conclusions

The present work discusses the effect of in silico-induced mutation on various 
interactions and the associated ligand–protein interactions. From the results thus 
obtained it can be concluded that:

The parent protein pdb (7bv2) showed only one H-bond suggesting weak binding 
of the ligand with the protein. The results are supported by the results obtained for 
SAARs and VDW interactions. On the other hand, the designed proteins obtained on 

Fig. 8   a–s: Combined images showing all interactions of parent and designed proteins with Remdesivir
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mutation with T, V, W, and Y show a similar trend in properties used in the present 
investigation. All of these have behaved in a common manner and have shown (a) a 
Higher number of SAARs than the parent protein, (b) a Higher number of H-Bonds 
than the parent protein, and (c) a Higher number of VDW interactions than the 
parent protein. The AARs A, R, K, and M are the common residues present in all 
the proteins designed by inducing mutation by T, V, W, and Y. The work suggests 
that theoretically induced mutations lead to some interesting results. The missense 
mutations using the interaction between drug & receptor, which is relatively, a new 
method, may help to design better compounds and leverage the mutant structures of 
viruses like Corona or HIV which change faster than others. It discusses the effect 
of in silico- induced mutation on various interactions and the associated ligand–pro-
tein interactions. These can be used for further investigation of other ligand–protein 
interaction studies and explore their behaviour to extract better binding and active 
molecules. Analyzing in silico missense mutations and their impact on Ligand–Pro-
tein interactions in COVID-19 protein can facilitate drug discovery for combating 
the virus. The study revealed that the binding of remdesivir with mutated proteins 
is notably stronger than with the parent protein. This suggests remdesivir’s poten-
tial efficacy against similar mutations which can be further investigated. These find-
ings hold significant importance for repurposing small molecules to combat COVID 
infection, serving as valuable insights for forthcoming experimental investigations.

As observed in a work binding of remdesivir with all the mutated protein is com-
paratively better than a parent protein. From this work we can predict that remdesi-
vir can be helpful if such types of mutations are observed.
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