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Abstract: COVID-19 pandemic has no immediate ending in sight, and any significant
increasing cases were observed worldwide. Currently, there are only two main strategies
for developing COVID-19 drugs that predominantly use a proteomics-based approach,
which are drug repurposing and herbal medicine strategies. However, a third strategy has
existed, called small interfering RNA or siRNA, which is based on the transcriptomics
approach. In the case of SARS-CoV-2 infection, it is expected to perform by silencing the
viral gene, which brings the surface glycoprotein (S) gene responsible for SARS-CoV-2
viral attachment to the ACE2 receptor on the human host cell. This third approach applies
a molecular simulation method comprising data retrieval, multiple sequence alignment,
phylogenetic tree depiction, 2D/3D structure prediction, and RNA-RNA molecular
docking. The expected results are the prediction of 2D and 3D structures of both siRNA
and mRNA silenced S genes along with a complex as the result of a docking method
formed by those silenced genes. An Insilco chemical interaction study was performed in
testing siRNA and mRNA complex’s stability with the confirmation result of a stable
complex which is expected to be formed before mRNA reaches the ribosome for the
translation process. Thus, siRNA from the S gene could be considered a candidate for the
COVID-19 therapeutic agent.
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= INTRODUCTION

Furthermore, the SARS-CoV-2 genome is
considered larger compared to any other RNA virus,

COVID-19 is an upper respiratory tract disease
caused by the SARS-CoV-2 virus [1-2]. COVID-19
pandemic has contributed to almost 520 million cases and
more than 6 million mortalities to date (per 12 of May
2022). However, WHO has yet made any endorsement for
anti-SARS-CoV-2 drugs. Any previously supported
drugs, such as redeliver and hydroxychloroquine, are
paused for further review [3]. In contrast, endorsement of
interleukin blockers and dexamethasone as COVID-19
drugs are given only for severe or critical patients. Even
though these drugs are not directly stated as antiviral, they
ameliorate the overreaction of the immune system post-
SARS-CoV-2 infection [4-5]. In this regard, there is room
for improvement in designing anti-SARS-CoV-2 therapy.

such as influenza and HIV [6]. Hence, it draws a
complicated repertoire of protein-protein interactions
encompassing various viral activities such as host
attachment, infection, and replications [7]. Then, one of
the focal points for COVID-19 drug design is by
blocking the virulence of its viral particle [8]. SARS-
CoV-2 virus’ infectivity or virulence is mainly delivered
by its spike protein located on the viral surface [9]. It
plays an important role in viral penetration to the host
cell by facilitating the attachment to ACE2 receptors
[10]. Thus, it is logical in the sense of rational drug
design that SARS-CoV-2 spike protein should be
inhibited to ward off viral infection [11]. However,
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although it is considered the primary paradigm for drug
design, the proteomics-based approach currently does not
confer any significant number of COVID-19 WHO-
endorsed drugs [2-4,12]. In fact, until recently, there was
no significant breakthrough in COVID-19 drug design
studies. Even worse, the pandemic ravaged to the new
escalation as the SARS-CoV-2 delta variant appeared
(Pango Lineage: B.1.617.2) as the variant of concern
(VOC) with much higher infection and hospitalization
rate ever worldwide [13-15]. Furthermore, it is also
known that the SARS-CoV-2 delta variant has 1000 times
more viral loads than the original SARS-CoV-2 strain
[16]. In this regard, the transcriptomics-based pipeline
could be [17]. The
transcriptomics-based drug works by leveraging RNA as

considered a breakthrough

a therapeutic agent [18]. Mainly, siRNA was deployed for
deterring other upper respiratory tract viral infections,
such as influenza and MERS, and SARS, as proven in the
wet laboratory setting [19-23]. The very principle of
siRNA deployment is so-called ‘preemptive striking’,
which blocks the viral genes before upregulating the
protein expression [24].

Meanwhile, structural bioinformatics, as the
application of computational chemistry in the field of
molecular biology, has played a pivotal role in the pipeline
development for siRNA studies [25-28]. The basics of this
approach are the chemical thermodynamics and kinetics
theory working under the classical mechanic paradigm
[29-32]. The occurring spontaneous reaction is the
foundation of molecular docking and dynamics
simulations, which become the pillars of drug design [33-
35]. Molecular simulation methods which are commonly
deployed in proteomics research, have been proven to be
successfully applied for any RNA-RNA and/or RNA-
Protein simulations with some adjustments [36-37].
Finally, RNA-based molecular simulation is applicable as
well for the purpose of designing the COVID-19 drug.
The objective of this research was to examine the chemical
interaction of siRNA in silencing SARS-CoV-2 S gene
mRNA. Lastly, this research would induce a siRNA
design, the docking analysis of the siRNA-mRNA
complex, and it would be concluded with the result of

chemical interaction analysis.
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m EXPERIMENTAL SECTION
Computer Hardware

The research was carried out with a Macbook Pro
Retina® computer with 8 GB RAM, Intel® Core™ i5, Intel
graphics processor 1.5 GB VRAM, and 256 GB SSD. The
deployed software was based on MacOSX 10.4.6 Mojave
operating system.

Techniques

The procedure was inspired by the previously
developed pipeline for RNA-RNA molecular simulation
[38-39]. Specific parameters were added, as mentioned
in the subsections below, if necessary. The procedure of
subsections below should be followed consecutively for
the consistency of the whole pipeline.

Data Retrieval

The NCBI virus website was accessed from
https://www.ncbi.nlm.nih.gov/labs/virus/ [40]. Then, a
Tabular view was selected, and the nucleotide tab was
clicked. The following search criteria for the data
annotation were applied: Virus (SARS-CoV-2, taxid:
2697049); Sequence length (100-1000 bp); Nucleotide
completeness (partial); Proteins (Surface glycoprotein);
Geographic region (Africa, Asia, and South America);
Collection date (Nov 16, 2020, to May 18, 2021); Host
(Homo sapiens, TaxId: 9605); and Sequence type
(GenBank). Other parameters are left at default values.

MSA and Phylogenetic Tree

The default MSA (multiple sequence alignment)
and phylogenetic tree of NCBI virus applets were
deployed. The NCBI virus MSA method was built on the
MUSCLE algorithm and previously deployed parameters
[39]. ClustalX was employed for NCBI virus downloaded
data for MSA annotation. The utilized parameters were
Gap Opening: 15; Gap Extension 6.66; Delay Divergent
Sequences (%): 30; DNA Transition Weight: 0.5; Use
Negative Matrix: Off; Protein Weight Matrix: Gonnet
series; and DNA Weight Matrix: IUB. The MSA
conserved region was extracted with the default text
editor. The parameters used for phylogenetic tree were:
Bootstrap NJ tree annotation with Random number
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generator seed 111 and number of bootstrap trials 1000.Ph
format. The data was then saved as phylip tree format.

RNAxs Application of siRNA Design for Repressing
the S Gene mRNA

RNAxs software was accessed through this link:
http://rna.tbi.univie.ac.at/cgi-bin/RNAxs/RNAxs.cgi [41].
The conserved region of the MSA section was applied in
this pipeline. The utilized parameters were set as follows:
8nt Accessibility Threshold: 0.01157; 16nt Accessibility
Threshold: 0.001002; Self Folding Energy: 0.9022;
Sequence Asymmetry: 0.5; Energy Asymmetry: 0.4655;
Free End: 0.625; Custom Rules:
NNNNNNNNNNNNNNNNNNN; and the maximal
number of siRNAs: 3.

Sequence

Locating siRNA Target's Conserved Region in MSA
Results

The .aln file of the MSA result was forwarded to
Jalview 2.11 to determine the siRNA target [42].

RNAalifold for Conserved Structure of S Gene's
mRNA

RNAalifold software was accessed through the
following link: http://rna.tbi.univie.ac.at/cgi-bin/RNA
WebSuite/RNAalifold.cgi [43]. The conserved region of
the MSA section was applied in this pipeline. The utilized
parameters were as follows: RNAalifold version: new
RNAalifold with RIBOSUM scoring; Fold algorithms and
basic options: minimum free energy (MFE) and partition
function; and avoiding any isolated base pairs.

RNAfold for both siRNA and mRNA’s 2D Structures

RNAfold software was accessed from this link:
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.
cgi [44]. The conserved region of the MSA section was
applied in this pipeline. The employed parameters were as
follows: Fold algorithms and basic options: minimum free
energy (MFE) and partition function; and avoiding any
isolated base pairs.

Barrier Server for Determining siRNA and mRNA 2D
Structure Diversity

The barrier Server software was accessed at this link:
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/barriers.
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cgi [45-46]. The Vienna dot-bracket annotation of 2D
data annotation was applied in this pipeline. The utilized
parameters were as follow: the maximal number of
lowest local minima: 50; considered only minima with a
barrier higher than: 0.1; avoiding any isolated base pairs;
declining energies on both sides of a helix in any case;
RNA parameters with Turner model; and rescaling the
energy parameters to given temperature (C): 37.

iFOIdRNA Iteration for both siRNA and mRNA’s
Sequences and 2D Structure

An iFoldRNA software was accessed from this link:
https://dokhlab.med.psu.edu/ifoldrna/ [47-48]. The
Vienna dot-bracket annotation of 2D data annotation
and FASTA format was applied in this pipeline. The
employed parameters were as follow: simulation time
20000; Replica 1 Temperature (DMD Units) 0.2; Replica
2 Temperature (DMD Units) 0.225; Replica 3
Temperature (DMD Units) 0.25; Replica 4 Temperature
(DMD Units) 0.27; Replica 5 Temperature (DMD Units)
0.3; Replica 6 Temperature (DMD Units) 0.333; Replica
7 Temperature (DMD Units) 0.367; Replica 8
Temperature (DMD Units) 0.4; Replica Exchange
Interval (DMD units): 1000; Heat Exchange Coefticient
(Berendsen Thermostat, DMD Units): 0.1.

Validation of 3D RNA Structures

Molprobity server in http://molprobity.biochem.
duke.edu/index.php was used in validating 3D RNA
[49]. The
designated parameters for RNA structure validation

structures with parametric thresholds

were all-atom contacts, nucleic acid geometry, and
additional validations.

3D Structures’ Energy Protonation and
Minimization of mRNA and siRNA using AVOGADRO

AVOGADRO molecular editor software was
downloaded from: https://avogadro.cc/ [50-51]. RNA
data in PDB format was applied in this pipeline. The
employed parameters were as follows: Select the ‘add
hydrogen’ option. The tapping of the ‘minimize energy’
button was performed using the following parameters:
force field: UFF; steps per update: 4; and algorithm:
Steepest Descent Algorithm.
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RNA-RNA Molecular Docking of siRNA and mRNA
using HNADOCK

HNADOCK nucleic acid docking software was
accessed here: http://huanglab.phys.hust.edu.cn/hnadock/
[52]. RNA data are optimized PDB format was applied in
this pipeline. The utilized parameters were RNA
secondary structure prediction method: RNAfold; RNA-
RNA interaction prediction method: ab initio; and
refining the top 10 complex models: yes (Longer
molecular dynamic simulation would be provided).

Chemical Interaction Prediction of siRNA and
mRNA Complex with IntaRNA

An IntaRNA software was accessed from the
following link: http://rna.informatik.uni-freiburg.de/Inta
RNA/Input.jsp [53-55]. The Vienna dot-bracket
annotations from 2D data annotation and FASTA format
were applied in this pipeline. The employed parameters
were a number of interactions per RNA pair: 1;
suboptimal interaction overlap: an overlap in query; no
lonely base pairs; no GU at helix ends; minimum number
of base pairs in seed: 7; and ignoring seeds with GU ends.

Prediction of siRNA-mRNA Complex’s 3D Chemical
Interactions using PLIP

PLIP software was accessed from this website:
https://plip-tool.biotec.tu-dresden.de [56]. siRNA-mRNA

complex in PDB file format was applied in this pipeline.
The employed parameters for detecting macromolecule-
ligand interactions were used by treating nucleic acid as
a receptor and detecting interactions for 1 model.
However, the detection of interactions between the rest
of the macromolecule and chain(s) was also
accomplished by treating nucleic acid as a receptor and
detecting interactions for 1 model.

Data Analysis and Complex Visualization

The data annotation of the siRNA-mRNA complex
was visualized with UCSF chimera software version 1.15
[57]. The visualization was focused on observing the
chemical structure’s integrity and feasibility.

m  RESULTS AND DISCUSSION

S gene entry in GenBank was dominated by DNA
sequences from India, possibly due to the shifting
COVID-19 pandemic epicenter at that time. Currently
(per June 2021), even though with a declining tendency,
India has the highest daily cases in the world [58]. Table
1 clearly presents that the delta variant started to
dominate S gene annotations from the South Asia region
and this condition was in line with the increased
transmission of the variant. It also started to replace
alpha variants as well in the recently annotated S gene
data.

Table 1. The SARS-CoV-2 S gene nucleotide sequences retrieved from GenBank (https://www.ncbi.nlm.nih.gov/labs/

virus/vssi)
. . SARS-CoV-2 variant Collection
No. Accession Geo location . .
(Pango lineage/WHO naming) date
1 MZ149959 India: Assam B.1.617.2/Delta 23/04/21
2 MZ149960 India: Assam B.1.617.2/Delta 25/04/21
3 MZ149961 India: Assam B.1.617.2/Delta 23/04/21
4 MZ149962 India: Assam B.1.617.2/Delta 22/04/21
5 MZ149963 India: Assam B.1.617.2/Delta 23/04/21
6 MZ149964 India: Assam B.1.617.2/Delta 24/04/21
7 MZ149965 India: Assam B.1.617.2/Delta 23/04/21
8 MZ149966 India: Assam B.1.617.2/Delta 23/04/21
9 MZ149967 India: Assam B.1.617.2/Delta 23/04/21
10 MZ149968 India: Assam B.1.617.2/Delta 23/04/21
11 MZ149973 India: Assam B.1.617.2/Delta 23/04/21
12 MZ149974 India: Assam B.1.617 01/05/21
13 MZ149975 India: Assam B.1.617 16/04/21
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No. Accession Geo location

SARS-CoV-2 variant Collection

(Pango lineage/WHO naming) date

14 MZ149976 India: Assam B.1.617 16/04/21
15 MW897354 Iraq NA 10/02/21
16 MW897355 Iraq NA 23/03/21
17 MW897356 Iraq NA 23/03/21
18 MW3835152  Uzbekistan: Tashkent, M. Ulugbek district NA 10/02/21
19 MW835153  Uzbekistan: Tashkent, M. Ulugbek district NA 10/02/21
20 MWS835154  Uzbekistan: Tashkent, Ynusabad district NA 10/02/21
21 MW835155 Uzbekistan: Tashkent, Ynusabad district NA 10/02/21
22 MW839583  Uzbekistan: Tashkent, Yunisabad district NA 11/02/21
23 MW839584  Uzbekistan: Tashkent, Yunisabad district NA 11/02/21
24 MW828609 Uzbekistan: Tashkent almazar district NA 13/03/21
25 MW828610 Uzbekistan: Tashkent almazar district NA 13/03/21
26 MW828611 Uzbekistan: Tashkent almazar district NA 13/03/21
27 MW828612 Uzbekistan: Tashkent almazar district NA 13/03/21
28 MW699627 India: Assam B.1.1.7/Alpha 18/02/21
29 MW699628 India: Assam B.1.1.7/Alpha 18/02/21
30 MW699629 India: Assam B.1.1.7/Alpha 24/02/21
31 MW699630 India: Assam B.1.1.7/Alpha 18/02/21
32 MW648379 India: Assam B.1.1.7/Alpha 29/01/21
33 MW648380 India: Assam B.1.1.7/Alpha 29/01/21
34 MW648381 India: Assam B.1.1.7/Alpha 10/02/21
35 MW646466 Pakistan NA 02/12/20
36 MW642506 Pakistan NA 02/12/20
37 MW644688 Pakistan NA 02/12/20
38 MW644689 Pakistan NA 02/12/20
39 MW644690 Pakistan NA 02/12/20
40 MW617293 Pakistan NA 25/01/21
41 MW617298 Pakistan NA 25/01/21
42 MW617306 Pakistan NA 08/02/21
43 MW617312 Pakistan NA 26/01/21
44 MW617321 Pakistan NA 26/01/21
45 MW617324 Pakistan NA 08/02/21
46 MW617325 Pakistan NA 08/02/21

NOTE: NA, information is not available in the GenBank database

As exhibited in the table, the phylogenetic trees are
categorized into three main clusters. Two clusters are
dominated by Indian samples, while the others are
dominated by Uzbek and Pakistani samples (Fig. 1(a)).
Then, in Fig. 1(b), the radiated tree clearly depicts an S
gene sample from Pakistan, which has formed an outlier
from the clusters. However, the outlier seemed to be
evolutionarily closer to the Indian cluster than the
Pakistan one. This phenomenon might happen due to the

extensive people exchange between the two countries
causing both clusters to be closer.

Consequently, mRNA’s conserved sequence has
served as a siRNA target. Moreover, Fig. 2 illustrates
both mRNA and siRNA sequences in the rightmost area
of the box. Moreover, this box also displays siRNA as the
best-annotated one in the database. Table 2 shows
FASTA-formatted sequences for easier process and
further annotation efforts.

Arli Aditya Parikesit et al.



1168

oyt MIIDU6T 1 wudie Avearn
\Z140904 1k Avrarn
ST 149060 Ynie Assarm
AT 49967 Yk At
TS -
s 140075 vt Avsarn
2140074 1t Aviarn
[t —
AEA8379 Y A
ATNOARISY 1t
e ANEAB380. ks Assa
P ATWED0627 | ke Asesm

(a)

-

-

o 90430 Ve Avna

S o279 Vit Aveam

- tsseiqoann

 wen7308 e

B wsiiaon towtimin

S Arrsssesn ki
nreves7384 e

areiasas i,

GAIWELL680 1 Dat mtan
GINEIEIS Y Usbebistan Tasrient
o ONMWEISIEE 1 Urbebintan Teshhent
e ——
a ) PATNB20600 WU rbebint
QUAMWEISISI N Urtebntan Teshbert

Joprenn20000 vcortrUrmesivtan Tavrannt
AW 828012 WU betiatan Tasrbant
AIWE 28611 LU rbebatan Tasrment
GPAWEIOEED 1 Urtrebinten Tashbent
GHATWEITIZN 1 Pabintan
[ SoArW817308. 19wk iwtan
L FAWEATI08 1 Pubiatan
T GBIV 11U et mten Tasthent Vininabed
GBAIWEITINT | Pakisten
2o [EWOI7I08 1P srmten
GALABI 7203 21 Pebinten
|| oparme17325 uPsaten
GHIWE1 7324 1 Pkt

TIT00 T A
T340 Yot Avsarn
7149008 Yt Avsan
ATAD06R Yk Avsarn

- ’:ul\lmll e Assars
At —"

Fig 1. Phylogenetic tree of annotated SARS-CoV-2 S gene from South

Radiation tree
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Table 2. Annotated ncRNA sequences from RNAxs run of SARS-CoV-2 S gene

Indicator Value

Rank 33

Position 187

Chosen the best target seq from RNAxs ACUUUCCUUUACAAUCAUA

Chosen the best siRNA seq from RNAxs

UAUGAUUGUAAAGGAAAGU

Based on the target sequence from RNAxs output
above, it is aligned with the consensus sequence of MSA
results in Fig. 3. It triggers a significant coverage of
consensus regions and exhibits a possibility of siRNA
binding in the highlighted region. The consensus region

would serve as a foundation for conducting a docking
analysis toward the target sequence.

Fig. 4 displays the annotated 2-Dimensional
structure of both siRNA’s targeted mRNA and its
conserved S gene mRNA. Fig. 4(a) is annotated from the
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CCTTGTAATGGTGTTCAAGGTTTTAATTGCT
CCYTCTAATCCTCTTCAACCTTITTAATTCTTR
CCTTCTAATCCTCTTCAAGCTTTTAATTCT TR
CCTYTCTAATCCTCTTCAACGCTTTTAATTCT TR
CCTYTCTAATCCTCTTCAACGCTTTTAATTCT TR
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CTCCTGTTTATTACCC
GTGCTGTTTATTACCC
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1169

Fig 3. A conserved region of siRNA target in MSA result is highlighted in black. It corresponds to the consensus logo

below, and it is the output of JALVIEW 2.11 software

(a) (b)

(d)

[ TR |

e

I

Fig 4. SARS-CoV-2 2D structures prediction (a) S gene
mRNA from RNAfold, (b) S gene siRNA from RNAfold,
(c) S gene mRNA conserved structure from RNAlifold,
(d) A conservation legend, 0 means not conserved, 1
means the most conserved

targeted mRNA gene in Fig. 2. Notably, the minimum free
energy prediction of the targeted mRNA is 0.00 kcal/mol;
thus, the structure is not considered as spontaneously
occurring (Fig. 4(a)). However, siRNA minimum energy
is —0.06 kcal/mol indicating a spontaneous structure (Fig.
4(b)). Significantly, the conserved structure minimum
energy of S gene mRNA is indicated at —18.62 kcal/mol
(Fig. 4(c)). Although it is feasible in a structural manner,
the structure has formed an overstretched bulge which
is not intuitively feasible in a stereochemical manner.
This kind of structure could only exist in a chemical
reaction transition state.

Conclusively, it is known from our data that
mRNA’s structure is singular, not diverse. Thus, the
animated structural transition is not feasible to be
depicted. The structure of siRNA is more diverse and
annotated with three possible conformations, as
exhibited in Fig. 5. The very limited number of structural
transitions might occur due to the possible steric effects
arising from RNA’s stereochemical conformation.
the barrier server only illustrates the
transitional structure in a 2D trajectory, thereby limiting

Moreover,

the conformational flexibility compared to the 3-
dimensional one.

Arli Aditya Parikesit et al.



1170

Fig 5. Barrier Server illustration of siRNA 2D

conformations

Furthermore, the 3D de novo modeling method has
obtained structures of both SARS-CoV-2 S gene
conserved mRNA and siRNA (Fig. 6). It displays that both
structures differ in their respective conformations. The
structure of mRNA clearly expresses a solid loop
conformation; therefore, its strand bind to each other
(Fig. 6(a)). In contrast, siRNA structure shows a much
loose loop conformation because some parts of its strand
are not binding to each other (Fig. 6(b)). Regarding 3D
structure validation, although they are considered in the
warning threshold, both structures produce a near-
optimal model that mostly still lies below the quality
control threshold of 10% deviation standard from the
standard plot (Table 3) [59]. Therefore, it is decided to still
proceed with the docking protocol.

Fig. 7 presents the docking results of both mRNA

Indones. J. Chem., 2022, 22 (5), 1163 - 1176

and siRNA structures which have successfully formed a
complex. However, the complex visualization using the
HNADOCK built-in visualizer is not vivid enough to

Fig 6. SARS-CoV-2 S gene 3D visualization (a) mRNA,
(b) siRNA. Both are illustrated from the result of
iFOLDRNA modelling

@
Fig 7. Docking result of SARS-CoV-2 S gene mRNA and
siRNA complex (a) Complex visualization using
HNADOCK, (b) Complex visualization using UCSF
Chimera

Table 3. Molprobity Validation results for RNA 3D Structures. Green is good, yellow is cautious, and red is a warning

sign [60]
Indicators  Parameters siRNA 3D model mRNA 3D model Notes
All-atom  Clashscore, all 0% percentile’
contacts atoms: (N = 1784, all resolutions)

Clashscore is the number of serious steric overlaps (> 0.4 A) per 1000 atoms

Nucleic acid Probably wrong
sugar puckers:
Bad bonds:

Bad angles:

geometry

Additional  Chiral volume

validations

0/95

outliers
Waters with

0/0 0.00%
clashes °

0.00% Goal: 0

Goal: 0%
Goal: < 0.1%

* The 100™ percentile is the best among structures of comparable resolution; the 0" percentile is the worst
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() 1 19
| |
5'=
Target ACUUUCCUUUACAAUCAUA
LECEEEETETTETETT T
Query UGAAAGGAAAUGUUAGUAU
i i
| |
19 1
(b)
Sequence  : ACUUUCCUUUACAAUCAUA&UAUGAUUGUAAAGGAAAGU

Structure : ((((CCCCCCCCCCCCCC(&)))))NNNNIIIIIIID)

Fig 8. IntaRNA result of SARS-CoV-2 S gene siRNA
(Query)-mRNA (Target) complex (a) 2D interactions, (b)
Rendition of sequence in FASTA format and structure in

Vienna dot-bracket format

observe the conformation (Fig. 7(a)). Thus, the UCSF

Chimera visualizer was employed, and a vivid
visualization was obtained accordingly (Fig. 7(b)).

The docking visualization has its own limitation in
narrating the binding nature because there is no detailed
explanation of the involved chemical interactions.
Engaging common 2D chemical interactions visualizer
such as ligplot+ and leview is not feasible due to their
protein-specific scoring function [61-62]. Therefore, Fig.
8expresses the predicted hydrogen bonds between mRNA
and siRNA in a 2D fashion. The rendition of IntaRNA
software toward the siRNA-mRNA complex could
predict the hydrogen bonding of the pairs. However, the

notable absence is other types of interactions, such as Van
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der Waals and hydrophobic ones.

As IntaRNA could only provide a general
repertoire of siRNA-mRNA chemical interactions,
another software was employed to provide a fine-
grained resolution of the bindings. PLIP, a package that
is normally utilized for protein-ligand interactions, was
applied for this matter. Therefore, as seen in Fig. 9, a
higher resolution image of the complex’s 3D chemical
interactions is exposed accordingly. In the interface of
siRNA-mRNA interaction, as seen in Fig. 9, a more
specific interaction between Adenosine Triphosphate
(ATP) and magnesium ion (Mg**) appears. In the blue
box of Fig. 9, it portrays nine hydrogen bonds and n
stacking interactions exposing the resonance between
two phenyl groups also exist. These interactions, namely
hydrogen bond, metal interaction, and n stacking, are
the underlying path for siRNA-mRNA complex integrity.

m CONCLUSION

It is concluded that based on the current S gene
data annotation in the GenBank, the delta variant of
SARS-CoV-2 has already gained ground throughout the
South Asia region. As this variant has already become a
dominant feature worldwide, it would serve as a useful
blueprint for drug design. Then, this siRNA for SARS-
CoV-2 S gene mRNA was designed from the conserved
region annotated with significant numbers of delta
variant sequences. Both siRNA and mRNA prediction

Fig 9. Illustrations of siRNA-mRNA complex with intermolecular siRNA-mRNA interaction, the blue box portray

ATP-Mg’* interaction along with the enlarged ATP-Mg*" interactions inside the square. The green ball represents

magnesium ions. The red ball represents magnesium ion, while the dashed line represents m-stack, and the straight

connecting lines are hydrogen bonding
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mechanisms have provided models that could be tested in
docking and chemical interaction studies. The chemical
interaction studies also produced a high possibility of
solid siRNA-mRNA complex integrity. Finally, siRNA
design should be elicited in the wet laboratory setting for
further validation.
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