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Abstract
India is well known for its resources of medicinal plants and their application in different diseases. 
Though costly, herbal drugs may be used in addition with synthetic drugs to increase the effectivity 
of the therapy. In 21st century the world had experienced the pandemic of SARS-CoV-2. The battle is 
still on against this deadly virus as more variants are yet to come. Though we have developed some 
immunity, still researches are going on to combat the viruses with newer combinations of drugs with 
less side effects. Moreover, targeting a conserved essential protein of the virus with a drug is more 
acceptable to the community of medical practitioners, as it will minimize the range of drugs to be 
administered against SARS-CoV-2. In this study, we have selected the delta variant of the virus due to 
its most detrimental record on human health. We have tried to establish the structural similarity of RNA 
dependent RNA polymerase of SARS-CoV-2 delta variant with the wild type one and then established 
the in silico interaction of bioactives from ginger on the ligand binding pockets of concerned protein, 
as a first step to design herbal drugs against this deadly virus. 
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INTRODUCTION

 SARS-CoV-2 has a zoonotic origin and 
there are evidences of both human-to-human and 
human-to-animal transmission with an ongoing 
evolution that can be tracked through GISAID.1,2 

On 10th Jan 2020, its very first genome sequence 
(WH-Human_1) was announced by China. On 23rd 
Feb, Wuhan, declared the news of an emerging 
novel coronavirus all over the world.3 The global 
pandemic of SARS-CoV-2 infection increased its 
mortality rate during the outburst of its delta 
variant and the real cause of panic among the 
people was the lack of treatment throughout the 
world. Though the target of vaccine and most of 
the drug development was attached to target the 
S protein,4 which is essential in host interaction 
and viral fusion,5 but the RNA dependent RNA 
Polymerase (RNA dependent RNA polymerase) 
of the virus, is another major target for drug 
development against SARS-CoV-2. RNA dependent 
RNA polymerase is the key protein required for 
viral genome multiplication and if blocked, the 
propagation of virus have discontinued.6

 The RNA dependent RNA polymerase 
of SARS-CoV-2 is a product of viral ORF1ab gene 
that codes for around sixteen non-structural viral 
replicase polyprotein (nsp),7,8 which undergoes 
post-translational cleavage to give functional 
RNA dependent RNA polymerase (nsp 12) by 3C 
like protease (nsp 5) and Papain like protease 
(nsp 3).9,10 Screening of RNA dependent RNA 
polymerase from various RNA virus family have 
shown that the molecular weight of the protein 
ranges from 240-450 Dalton with structural 
similarity with human right hand having a clear 
palm, finger and thumb domain.11,12

 The sequential identity and structural 
similarity between the RNA dependent RNA 
polymerase of SARS-CoV and SARS-CoV-2 is well 
documented.13 Keeping faith on the structural 
homology, RNA dependent RNA polymerase 
inhibitor antiviral drugs administered against 
SARS-CoV-2 have gained their importance to the 
medical practitioners for treating the SARS-CoV-2 
patients also.14 Different synthetic nucleoside 
analogues namely Sofosbuvir, Remdisivir, Ribavirin 
etc have been documented for their successful 
binding with the active site of RNA dependent 
RNA Polymerase of SARS-CoV-2,15 however, for the 

recent pandemic, only one RNA dependent RNA 
polymerase inhibitor antiviral drug, Remdesivir, 
has been sanctioned by United States Food and 
Drug Administration authority for using to the 
patients having severe SARS-CoV-2 infection.15 
Remdesivir is injected intravenously to the  
SARS-CoV-2 infected patients with age ≥12 years 
and body weight ≥40 kgs, depending upon the 
severity of the symptoms. However, due to scarcity 
of supply and high cost of Remdesivir during the 
outbreak of delta variant of SARS-CoV-2 in India, 
it became unaffordable to many people. 
 India, being a land of Ayurveda, people 
here are well acquainted with the use of different 
plant extract for treating different diseases, 
specifically the seasonal infections. For treating 
common cold, sore-throat like symptoms, use 
of extracts from Ginger, Garlic, Tulsi is largely 
accepted.16 Effect of different Himalayan medicinal 
plant extracts and their binding potential with 
RNA dependent RNA polymerase of SARS-CoV-2 
has been reported earlier.17 However, there 
exact mode of actions against SARS-CoV-2 has 
not been reported earlier. However, different 
phytochemicals from Himalayan medicinal plants 
have been docked successfully with SARS-CoV-2 
RNA dependent RNA polymerase protein. In a 
very recent study, 271 phytochemicals from 25 
Himalayan plants have been successfully screened 
against 9 SARS-CoV-2 proteins like RNA dependent 
RNA polymerase, viral protease, helicase, envelop 
and capsid protein.18 In this background, we have 
done an in silico analysis to determine whether the 
biomolecules present in the common medicinal 
plants like ginger can successfully bind with the 
RNA dependent RNA polymerase of SARS-CoV-2 
delta variant or not.

MATERIALS AND METHODS

Retrieval of RNA dependent RNA polymerase 
protein sequence of SARS-CoV-2 wild type and 
delta variant and Alignment for comparison
 The sequence of wild type and delta 
(B.1.617.2) variants of SARS-CoV-2 have been 
obtained from NCBI GenBank against the 
accession numbers NC_045512.2 and MZ208926 
respectively.19 The RNA dependent RNA 
polymerase gene sequence was retrieved from the 
whole genome sequences with aforesaid accession 
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number and converted to protein using tBLASTx.20 
Both the RNA dependent RNA polymerase protein 
sequences were aligned with Clustal Omega21 to 
determine position specific changes in amino 
acids.

Prediction of secondary structure of RNA 
dependent RNA polymerase protein sequence of 
SARS-CoV-2 wild type and delta variant
 Secondary structures of both the RNA 
dependent RNA polymerase proteins were 
predicted using PSIPRED workbench22 in PSIPRED 
server23 and their relative comparison was done. 
Disorder prediction within the structures was done 
using DISOPRED3 server,24 TM topology and Helix 
packing was established with MEMPACK server25 
and the domain folds were recognised using 
pDomTHREADER.26,27 Probable domains present 
in the structures were predicted using DomPred.28

Homology modelling
 Homology modelling was performed to 
determine the quaternary structure using SWISS 
MODEL,29 IntFOLD and RaptorX server.
 SWISS MODEL is a web-based application 
used for automated homology modelling, 
accessible through ExPasy web server. The 
sequences of interest, both the wild type and 
Delta variant RNA dependent RNA polymerase 
were subjected to 3D structure analysis. Using 
protein 7krn.1A as template from SWISS MODEL 
repository,30 both the protein structures were 
modelled with the help of pairwise alignment. The 
quality of the model was assessed by calculating 
the reliability of the resulting models based on the 
GMQE and QMEAN score.31 GMQE score is used to 
find out the most suitable template as it denotes 
the most likely structural similarity between the 
template and the query.32 The QMEAN score 
measures the degree of nativeness between the 
template and the query and is being normalized on 
the number of interactions.33 The relative stability 
of the model was assigned through Ramachandran 
plot. The predicted model was further validated 
using RaptorX.34

 More intrinsic study regarding the 
structure prediction was performed using IntFOLD35 
where model quality assessment was done using 
ModFOLD5, intrinsic disorders were predicted 

using DISOclust3, total number of different 
domains along with their individual position 
were predicted using DomFOLD3, available and 
probable function and ligand binding sites were 
determined FunFOLD3. Model quality with 
respect to optimized hydrogen atom placement 
and atomic contact analysis was assessed using 
MolProbity score.36

Prediction of active site residues of RNA 
dependent RNA polymerase of SARS-CoV-2 
delta variant
 The server PROSITE37 is the first annotated 
collection of motif descriptors for the recognition 
of protein families and domains. SARS-CoV-2 delta 
variant RNA dependent RNA polymerase sequence 
(MZ208926) was submitted as input sequence in 
PROSITE to find out the active site domain and 
more specifically the residues involved in substrate 
binding. 

Determination of available ligand binding pocket 
in RNA dependent RNA polymerase of SARS-
CoV-2 delta variant
 DoGSiteScorer38 webserver was used 
to predict the available ligand binding pockets 
present on the RNA dependent RNA polymerase 
protein of SARS-CoV-2 Delta variant. It is an easy-
to-use webserver to predict pockets and sub-
pockets of a protein structure of interest. 

Determination of drug likeliness of selected 
bioactives from Ginger (Zingiber officinale)
 Information regarding the major 
bioactives present in Ginger was obtained 
from Arcusa et al.39 Major bioactives were 
selected based on their relative proportion in the 
corresponding extract. Structures (in SDF format) 
of these selected bioactives were derived from 
PubChem.40 Drug likeliness of the compounds 
were determined with reference to Lipinski’s rule 
of five using DruLiTo, developed and maintained 
by Department of Pharmacoinformatics, NIPER, 
India. Bioactives that fails at least one parameter as 
per Lipinski’s rule of five had not been considered 
for further analysis.41 Rest of the bioactives were 
analysed for refractivity and Number of atoms 
through CMC50 like rule and QED using DruLiTo.
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 Here also, Remdesivir was used as positive 
control. Those who qualified these parameters, are 
subjected to study for their ADMET properties by 
admetSAR.42

Docking of PubChem derived structures of 
selected bio actives of ginger with RNA Dependent 
RNA Polymerase of SARS-CoV-2 Delta variant
 Structures of bioactives those qualify 
the drug likeliness were first converted to PDB 
file by Online SMILES translator maintained 
by The CADD Group’s Chemoinformatics Tools 
and User Services. Bioactives that qualified 
through Lipinski’s rule, CMC 50 like rule, QED and 
have favorable ADMET properties were docked 
against the protein of interest variant by using 
the webserver PatchDock.43 PDB file of both the 
target protein (SARS-CoV-2 RNA dependent RNA 
polymerase) and the bioactive compounds were 
submitted as an input and analysed with clustering 
RMSD value of 1.5 and small ligand protein as its 
complex type.
 Out of all the docked structures the 
structures with minimum ACE values (lowest 10) 
were taken into considerations and corresponding 
PDB files were retrieved. The docked structure 
was viewed using UCSF ChimeraX (or simply 
ChimeraX)44,45 and the binding site was compared 
along with the data available from DoGSiteScorer 
analysis. The widely used drug Remdesivir was 
used as reference in docking analysis.

 The binding of Remdesivir has been 
further compared and confirmed with that of 
[6]-Dehydrogingerdione and Gingerenone A by 
analysis through AutoDock.46 Binding affinity of 
each docking results were analyzed and lowest 
binding affinity and RMSD value has been 
considered.

RESULTS

Detection of alteration in amino acid sequence in 
RNA dependent RNA polymerase of SARS-CoV-2 
delta variant with that of the wild type
 Clustal omega analysis of the two 
converted amino acid sequences retrieved from 
NCBI database showed that there is a difference 
in only three amino acids in the RNA dependent 
RNA polymerase of SARS-CoV-2 delta variant with 
compare to the wild type. In position 228 and 671 
Glycine of the wild type variant has been converted 
into Serine whereas in position 323, a Proline 
residue present in the wild type variant has been 
altered to Leucine (Supplementary Figure 1).

Prediction of secondary structure of RNA 
dependent RNA polymerase of SARS-CoV-2 wild 
type and delta variant
 PSIPRED prediction of secondary 
structure of the both 932 residue protein shows 
highly conserved secondary structural distribution 
throughout the whole protein. Both the protein 

Table 1. Analysis of drug likeliness of bioactives of Zingiber officinale through Lipinski’s rule

Bioactives Title MW logP HBA HBD

[6]-Dehydrogingerdione 22321203 290.15 3.193 4 2
6-Gingerol 442793 294.18 2.437 4 2
8-Gingerol 168114 322.21 3.575 4 2
10-Gingerol 168115 350.25 4.713 4 2
Alpha Curcumene 92139 202.17 5.761 0 0
Alpha Farnesene 5281516 204.19 6.136 0 0
Beta Bisabolene 10104370 204.19 5.551 0 0
Beta Sesquiphellandrene 519764 204.19 6.399 0 0
Gingerenone A 5281775 356.16 2.421 5 2
Paradol 94378 278.19 3.889 3 1
Shogaol 5281794 276.17 3.775 3 1
Zingerone 31211 194.09 0.791 3 1
Zingiberene 92776 204.19 6.354 0 0

To qualify, MW (molecular weight) should be < = 500 Dalton, HBA (Hydrogen bond acceptor) < = 10, HBD (Hydrogen bond donor) 
< = 5 and LogP <= 5 for respective bioactives
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consists of 38 alpha helixes and 30 beta strands 
distributed throughout the whole protein including 
one putative domain boundary almost at the same 
position (at position 370 in case of the wild type 
RNA dependent RNA polymerase and at position 
367 in case of the Delta variant RNA dependent 
RNA polymerase). Rest part of both the proteins 
are composed of random coil which suggests 
same type of overall folding in both the proteins 
(Supplementary Table 1).
 As per PSIPRED prediction, it was also 
evident that around 22.75% hydrophobic residues 

are distributed throughout both the entire wild 
type and delta variant RNA dependent RNA 
polymerase protein without any large hydrophobic 
patches, suggests that there is no membrane 
spanning region in the protein. This observation 
is also supported by the secondary structure 
analysis data from PSIPRED that shows absence 
of any transmembrane helix, region of membrane 
interaction and any membrane directed signal 
peptides (Supplementary Figure 2).

Table 2. Analysis of drug likeliness of bioactives of Zingiber officinale through CMC-50 like rule

Bioactives AMR nAtom MW LogP

[6]-Dehydrogingerdione 84.68 43 290.15 3.193
6-Gingerol 80.8 47 294.18 2.437
8-Gingerol 86.63 53 322.21 3.575
10-Gingerol 92.45 59 350.25 4.713
Gingerenone A 110.29 50 356.16 2.421
Paradol 77.75 46 278.19 3.889
Shogaol 82.07 44 276.17 3.775
Zingerone 58.17 28 194.09 0.791
Alpha Curcumene 71.56 37 202.17 5.761
Alpha Farnesene 73.63 39 204.19 6.136
Beta Bisabolene 69.93 39 204.19 5.551
Beta Sesquiphellandrene 68.91 39 204.19 6.399
Zingiberene 70.13 39 204.19 6.354

To qualify, AMR (Atomic refractivity) must be present in between 70 to 110, nAtom or atom count 30 to 55, LogP must fall in 
between 1.3 to 4.1 and their respective MW should be present in between 230 to 390

Table 3. Analysis of drug likeliness of bioactives of Zingiber officinale through weighed and unweighed QED

Bioactives TPSA nRB SAlerts nAroma uwQED wQED
    Ring

[6]-Dehydrogingerdione 66.76 8 4 1 0.597 0.425
6-Gingerol 66.76 10 1 1 0.693 0.643
8-Gingerol 66.76 12 1 1 0.59 0.537
10-Gingerol 66.76 14 1 1 0.486 0.431
Gingerenone A 75.99 9 1 2 0.794 0.753
Paradol 46.53 10 1 1 0.718 0.67
Shogaol 46.53 9 2 1 0.756 0.675
Zingerone 46.53 4 0 1 0.834 0.801
Alpha Curcumene 0.0 4 1 1 0.307 0.494
Alpha Farnesene 0.0 6 2 0 0.233 0.355
Beta Bisabolene 0.0 4 1 0 0.323 0.517
Beta Sesquiphellandrene 0.0 4 1 0 0.336 0.538
Zingiberene 0.0 4 1 0 0.325 0.521

To qualify, unQED must be > = 0.5 and wQED must be > = 0.5 for respective bioactives
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Homology modelling with SWISS MODEL, IntFold 
and RaptorX
 SWISS MODEL analysis of both the protein 
against 7krn.1A shows around 99.68% sequence 
identity with 100% coverage during homology 
modelling. As both the proteins are present as 

monomer, so QSQE score was not detected. The 
GMQE score of 0.91 for the wild type protein with 
QMEANDisCo score 0.89 ± 0.05 and GMQE 0.90 
with QMEANDisCo score 0.88 ± 0.05 for the delta 
type variant confirms the overall improved model 
quality. When Ramachandran plot was analysed 

Figure 1. Ramachandran Plot shows the Ф and Ж distributions of non-glycine, non-proline residues and 
give residues distribution. The Ф and Ж angles originated were plotted against each other to differentiate 
the favourable and non-favourable regions. These angles were used to evaluate the quality of regions.
(a) Denotes glycine at 228 and 671 and proline at 323 of SARS-CoV-2 wild type and (b) Represents 
sequence diversion of SARS-CoV-2 delta variant from wild type i.e., Serine, leucine, serine

(a)

(b)
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Figure 2. 2D structures from IntFOLD. (a) SARS-CoV-2 wild type and (b) SARS-CoV-2 delta variant

Figure 3. Docked structures of lowest ACE valued structure (a). [6]-Dehydrogingerdione and (b). 
Gingerenone A with RNA dependent RNA polymerase of SARS-CoV-2 delta variant through PatchDock

(a) (b)

(a)

(b)
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Table 5. Overlapped structures with lowest ACE value with respect to SARS-CoV-2 delta variant through Overlay 
Images Online-PineTools and their respective interactions with SARS-CoV-2 Delta Variant

Name of the bioactives ACE Binding Pockets
 value

[6]-Dehydrogingerdione -341.75 THR 324, SER 325, SER 384, PHE 326, GLY 327, PRO 328,  P_0
  LEU 329, VAL 330, VAL 398, VAL 341, MET 666, MET 380, 
  ALA 382, ALA 383, ALA 379, HIS 381
Gingerenone A -411.27 LEU 648, LEU 302, PHE 652, SER 649, ASN 300, VAL 299, P_0
  CYS 301, CYS 298, CYS 306, ASP 304, ASP 303, ILE 307, 
  ARG 651, ARG 305
Remdesivir  -586.5 VAL 341, VAL 330, VAL 398, ALA 379, ALA 399, ALA 382,   P_0
  ALA 383, PRO 378, PRO 328, LEU 329, LEU 323, LEU 388, 
  LEU 389, LEU 387, GLY 327, MET 666, PHE 326, PHE 396, 
  SER 325, SER 397, THR 324, ASP 390

Figure 4. Overlapping structures with respect to SARS-CoV-2 Delta variant. (a) [6]-Dehydrogingerdione 
overlapped with SARS-CoV-2 Delta Variant; (b) Gingerenone A overlapped with SARS-CoV-2 Delta Variant;
(c) Remdesivir overlapped with SARS-CoV-2 Delta Variant

(a) (b)

(c)
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for determining the stability of the structure, 
it shows that for both the protein around 94% 
residues lied in the favourable region and only 
around 4% are in the outliers. However, the more 
detailed analysis of the same shows that the serine 
in position 671 of the delta variant occupies almost 
outer boundary of Ramachandran formidable 
region that may questions the stability of this 
particular torsion angles. On the other hand, the 
other two mutations located at position 228 and 
323 are however lies in the same quadrant of the 
plot with slightly altered value of corresponding 

torsion angles, hence may not affect the stability 
of the protein (Figure 1).
 C - b e t a  d e v i a t i o n  v a l u e s  f r o m 
Ramachandran plot using RaptorX shows that 
both wild type and delta variant RNA dependent 
RNA polymerase shares almost same structural 
adaptation in all the C-beta deviation points, 
however, the mutant protein lacks an additional 
deviation point at position 377 (Supplementary 
Table 2). 
 The information regarding the binding 
of ligands with their probable binding site in the 

Figure 5. Docked structures of lowest ACE valued structure. (a) [6]-Dehydrogingerdione; (b) Gingerenone 
A; (c) Remdisivir with RNA dependent RNA polymerase of SARS-CoV-2 delta variant through PatchDock. 
[6]-Dehydrogingerdione can binds with the protein at possible two sites with different affinity. The green 
circle resembles the binding site for Remdesivir.

(c)

(a) (b)
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predicted 3D structure has been obtained from the 
sub components of IntFold analysis. The FunFOLD 
score was found as 0.64 in wild type protein 
and 0.53 in mutant one having equal number of 
binding sites in both the proteins. Not only the 
number but also the position of ligand bindings 
was same (at position 295, 301, 306, 310, 487, 
642, 645, 646), except one where position 209 of 
wild type protein has been replaced by position 
218 in mutant type. The disorder prediction curve 
from IntFold analysis also predicts a highly ordered 
structure from position 200 to 800 of both the 
protein (Supplementary Figure 3). The overall 
modelled structure for both the proteins are 
represented in Figure 2. No such overall distortion 
in the structure of the wild type protein has been 
observed due to the mutation and there is no 
significant structural differences between these 
two proteins.

Detection of active site residue and ligand binding 
pockets in RNA dependent RNA polymerase of 
SARS-CoV-2 delta variant
 The PROSITE data shows that both the 
protein has RNA dependent RNA polymerase 
activity and the pivotal active site residues lies 
within the region spanning from 759 to 761 which 
consists of one serine followed by two consecutive 
aspartic acids (Supplementary Figure 4).
 Total 44 ligand binding sub-pockets are 
distributed among 35 major pockets unequally, as 
found in DOGSITE scorer analysis (Supplementary 
Table 3). Among them pocket P_2 has the highest 
drugscore (0.81003) while P_25 has the lowest one 
(0.19103). Thus it can be said that binding of any 
ligand at P_2 increases its probability to act as a 
drug after further clinical trial.

Determination of drug likeliness of selected 
bioactives Ginger (Zingiber officinale)
 As per Lipinski’s rule, the molecular 
weight of Remdesivir was found 602.23, the 
lipophilicity (log P) 0.336, H-bond donor 4, H-bond 
acceptor. The molecular weight of all the bioactives 
from Ginger were well within the permissible 
range of druggability (Table 1). Lipophilicity of all 
the bioactives from the Ginger is quite higher and 
five of them, namely Alpha Cucurmene (5.761), 
Alpha Farnesene (6.136), Beta Bisabolene (5.551), 
Beta Sesquiphellandrene (6.399) and Zingiberene 

(6.354) exceeds the permissible limit also  
(Table 1). Number of H bond donor and acceptor 
atom present in the bioactives of Ginger are less 
than five (Table 1).
 The bioactives that qualifies Lipinski's rule 
of five, were also able to qualify through CMC 50 
like rule except 10-Gingerol and Gingerone (Table 
2). Remdesivir, the widely used drug against SARS-
CoV-2 also does not qualify the CMC 50 like rule. All 
the bioactives except 10-Gingerol of Ginger have 
both weighted and unweighted QED value greater 
than 0.5 (Table 3). Bioactives from Ginger except 
shogaol qualifies for their ADMET properties  
(Table 4).

Docking of druggable bioactives with RNA 
dependent RNA polymerase of SARS-CoV-2 delta 
variant
 PatchDock software approaches a method 
to compute the atomic contact energy of ligand 
and receptor. Out of all, [6]-Dehydrogingerdione 
and Gingerenone A of Ginger are successfully 
screened through admetSAR, Lipinski’s Rule, CMC 
50 like rule and both weighted and unweighted 
QED values. Further they are docked against 
SARS-CoV-2 Delta variant by retrieving PDB 
structures from PubChem Database. It is seen 
that the lowest ACE values -341.75 and -411.27 
for [6]-Dehydrogingerdione and Gingerenone A, 
respectively, provide insight into the most stable 
docked conformations.
 Further visualizing their respective 
receptor-ligand interactions through Chimera X 
(Figure 3a and 3b) and overlapping (Figure 3a 
and 3b) them with respect to already discovered 
effective drug Remdesivir, to check whether the 
docking has happened in the same pocket for both 
cases through Overlay Images Online-PineTools. 
 Remdesivir binds with RNA dependent 
RNA polymerase protein of SARS-CoV-2 delta 
variant in the ligand binding pocket, P_0. It is 
observed that the screened bio-actives binds 
to that same ligand binding pocket, P_0 of RNA 
dependent RNA polymerase protein of SARS-CoV-2 
delta variant with certain interaction of amino 
acids (THR 324, SER 325, SER 384, PHE 326, GLY 
327, PRO 328, LEU 329, VAL 330, VAL 398, VAL 341, 
MET 666, MET 380, ALA 382, ALA 383, ALA 379, 
HIS 381) for [6]-Dehydrogingerdione and (LEU 648, 
LEU 302, PHE 652, SER 649, ASN 300, VAL 299, CYS 
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301, CYS 298, CYS 306, ASP 304, ASP 303, ILE 307, 
ARG 651, ARG 305) Gingerenone A respectively 
(Table 5, Figure 4).
 I n  d o c k i n g  w i t h  A u t o D o c k ,  
[6]-Dehydrogingerdione shows 9 binding site, 
where docking with highest binding affinity (Red 
circle in Figure 5a) does not corresponds to the 
binding site of Remdisivir, however, there also exist 
another binding site with comparatively lower 
affinity (Green circle in Figure 5a) that are same 
with that of Remdisivir. and also corresponds to 
Pocket P_0 of RNA dependent RNA polymerase. 
On the other hand, the best possible binding of 
Gingerenone A (Figure 5b) almost coincides with 
that of Remdisivir (Figure 5c) at Pocket P_0.

DISCUSSION

 The glycine to serine interconversion 
is a common biological phenomenon47 but the 
replacement of a non-polar residue (Glycine) 
with a polar (Serine) one may influence the 
functionality of an enzyme by modulating the 
binding and bending ability of the polypeptide 
chain. However, the conversion of an imino acid 
(Proline) to a non-polar aliphatic amino acid 
(Leucine) might definitely have some influence 
in formation of the secondary structure of the 
molecule. Though the effect of these changes 
over the functionality of the enzyme needs to be 
revealed.
 However, if protein folding machinery 
is concerned, random coil establishes the 
connections between the ordered secondary 
structure like helix and beta sheet, and themselves 
are highly disordered entity.48 If the site of 
mutations associated with the concerned proteins 
are taken into account, we have observed that all 
the changes in amino acid residues are present in 
the random coil part of the RNA dependent RNA 
polymerase of delta variant (according to PSIPRED 
result only). So, it can be assumed that in spite 
of having mutations, both the proteins do not 
have remarkable variation in folding pattern that 
supports the conservation of RNA dependent RNA 
polymerase structure, however, phenotypically it 
is proved that Delta variant of the virus has higher 
rate of replication and multiplication than the wild 
type.

 Hydrophobic amino acids are thought 
to be the initiator of protein folding and the 
distribution of hydrophobic amino acids guides 
the folding pattern of a protein.49 Presence of 
almost equal number of hydrophobic amino 
acids at almost same position in both the RNA 
dependent RNA polymerase variants supports 
their same type of folding with similar kind of 
activities, probably guided by same pathway. 
Moreover, the percentage and distribution of 
polar and non-polar residues within these two 
types of RNA dependent RNA polymerase are also 
almost equivalent. 33.36% polar residue in both 
the variant of RNA dependent RNA polymerase, 
whereas non polar residue in wild type and delta 
variant RNA dependent RNA polymerase is 27.14% 
and 27.03%, respectively. The slightly higher value 
of polar residue in the wild type is due to the 
conversion of two polar glycine of wild type RNA 
dependent RNA polymerase to non-polar serine 
residue in delta variant.
 Considering the overall conserved 
structure of RNA dependent RNA polymerase in 
different SARS-CoV-2 variants, it will it is more 
logical to design drugs against this deadly disease 
by targeting RNA dependent RNA polymerase. We 
may also propose that since RNA dependent RNA 
polymerase is more or less conserved in major 
Coronavirus lineages, a proper RNA dependent 
RNA polymerase inhibitor may allow us to 
strengthen our therapeutic repertoire against 
the emerging and re-emerging viral pathogens. 
Remdesivir, a well-known drug designed against 
viral RNA dependent RNA polymerase have 
several side effects,50 which may be fatal in few 
incidences. In spite of this, Remdisivir, along with 
other synthetic RNA dependent RNA Polymerase 
inhibitors have become the primary choice to the 
medical practitioners due to their more specific 
action and availability. Common herbal plants 
are well known for their medicinal activities 
against common cough and cold and symptomatic 
treatment with these is an age-old process. Most 
of the ingredients, if not all, present in a medicinal 
plant, have some beneficial role in combating 
different infections. Minimum side effects or 
toxicity has still been reported against any 
medicinal plants. Use of Ginger for relaxing from 
sore throat and other types of chest congestion 
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is a common practice in India.6 dehydrogingerone 
and Gingerenone A, two major phytochemicals 
from ginger extract have been documented for 
binding with 3C like protease of SARS-CoV-2.51 
In this study these two components have been 
proved to bound with a druggable pocket of RNA 
dependent RNA Polymerase of the same virus 
also. It can be hypothesised from this point of 
observation that imposing few modifications in the 
side chain of these two components by addition 
and/or deletion of small groups without changing 
their basic structure may alter the site of binding 
to a more druggable one. Successful binding of 
these two components with RNA dependent 
RNA polymerase of delta variant of SARS-CoV-2 
may enhance its probability to be considered 
as a druggable component against this disease. 
However, taking the universal identity of SARS-
CoV-2 RNA dependent RNA polymerase, it can also 
be tested against other upcoming variants of this 
deadly virus.

CONCLUSION

 This report has established the in silico 
binding of two major druggable components 
of Ginger, namely [6]-Dehydrogingerdione 
and Gingerenone A with RNA dependent RNA 
polymerase of SARS-CoV-2 delta variant. However, 
the results are preliminary and further extensive 
studies required to find out the feasibility of the 
result.
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