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RNA-ligand docking is a part of computational biology, which is currently lowly
recognized compared to the protein-ligand docking procedure commonly applied
for drug discovery. This in silico study aims to create a simplified protocol for
RNA-ligand docking, which is applicable to RNA-targeting small molecular drug
screening. Four alkaloids (berberine, colchicine, nicotine, and tomatine) were
subjected to this study and contended against the SARS-CoV-2 genomic RNA
-1 PRF component targeting control drug, merafloxacin, including two known
intercalator berberine and colchicine, a small alkaloid nicotine and a large alkaloid
tomatine. The alkaloids were screened for drug-likeness properties (Lipinski’s
Rules of 5 or LRoS5), bioavailability indexes, and synthetic accessibility values
using SwissADME before docking. The docking used PyRx — Autodock Vina and
re-scored for RNA-ligand scoring using AnnapuRNA. The docking results have
the interactions mapped using fingeRNAt and visualized using Discovery Studio.
Molecular dynamics using CHARMM36 and AMBER forcefields were simulated
in NAMD. The molecular dynamics 1 ns simulation results showed that the ligand
interaction over time did not cause much interference with the RNA, indicated
by the low number of RMSD changes between RNA itself and the RNA-ligand
complex. Additionally, CHARMMS36 forcefield provided more stable fluctuation
compared to AMBER. The results indicated that tomatine disobeyed LRo5 and
had a low bioavailability index and bad synthetic accessibility value, while the
rest alkaloids passed. In the end, berberine has an even higher docking score
than the control drug. The study also shows that this protocol can be useful for
future RNA-ligand computational studies.
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1. Introduction RNA using RNA-dependent RNA polymerase (RARP)

(Koonin et al. 1989). Fascinatingly, the programmed

Ribonucleic acid (RNA) serves as structural and
functional macromolecules of a biological organism.
Virus, for instance, uses RNA as their main genetic
storage and blueprint molecules, specifically for
viruses classified under class III, IV, V and VI of the
Baltimore classification system (Baltimore 1971).
The RNA viruses transfer their genomic RNA to the
host cells, where the genetic information is later
translated to virus-constructing proteins using the
host ribosomes or replicated to produce more viral
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ribosomal frameshifting (PRF) component is an
RNA component commonly found in viruses that
allows the ribosome to slip during translation
by specific amounts of nucleobases forward or
backward, causing the diversity of the translated
viral proteins by codon reading frameshift (Atkins
et al. 2016). The PRF comprises a frameshift element
(FE) with slippery-inducing structures that induce
the frameshift, either by ribosomal interacting
signal elements or mRNA interacting trans-acting
elements (Napthine et al. 2017). Typically, the
frameshift is by 1 nucleotide backward (hence,
-1 PRF) (e.g., in coronaviruses) (Kelly et al. 2020).
Rarely, there are also 1 nucleotide forwards (+1
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PRF) (e.g., in Escherichia coli and Saccharomyces
cerevisiae) (Craigen and Caskey 1986; Dinman
2012) and 2 nucleotides backward (-2 PRF) (e.g., in
Arteriviridae order Nidovirales) (Snijder et al. 2013;
Napthine et al. 2016). These RNA structural and
functional versatility are not only limited by virus-
bound RNA but there are more, e.g., RNA cleaving
hammerhead ribozyme (Stage-Zimmermann and
Uhlenbeck 1998), plant viroid (Ding and Itaya
2007), to gene silencing microRNA or miRNA (Jonas
and Izaurralde 2015).

To control viral infection, drugs are classified
to their specific mechanisms. Many drugs are
used to target and inhibit the viral protein. For
instance, some drugs target the RNA-replicating
RARP enzyme, e.g., molnupiravir (Hashemian et al.
2022) and remdesivir (Zhang and Zhou 2020) that
block RdARP in severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2). The other drugs target
the surface protein, like oseltamivir which inhibits
neuraminidase in the influenza A virus (McNicholl
and McNicholl 2001). The rest of many drugs
target the other viral functional proteins that play
roles in viral structural assembly (Saxena 2020).
There is only a very limited type of drug or drug
candidates which are targeting the viral RNA to
inhibit the RNA-specific processes. The example
is merafloxacin, originally an antibacterial drug,
which could block the RNA pseudoknot formation
in the PRF component (Sun et al. 2021). Supposedly,
there should be more drugs out there that possess
this ability, thus adding more to the drug diversity.
Screening for drug candidates by computer-assisted
method will be an important step to make the
process more efficient. However, the computer-
assisted drug design (CADD) and screening process,
e.g., molecular docking and molecular dynamics, are
mainly performed on protein/enzyme-inhibiting
drug candidates. The study CADD to screen the
potential RNA-targeting drug candidates using
molecular docking of RNA receptors is still limited,
despite the number of potential drugs and natural,
biological origin metabolite compounds to screen.

This study is focused on molecular docking and
dynamics of viral -1 PRF RNA, which serves as an
example of how the RNA-targeting drug screening
working pipeline could be done. The alkaloids
were specifically chosen for this study as the drug
candidates because some are already characterized
as potential DNA intercalating agents and thus

assumed to also interfere with RNA structure.
Despite the reductionist concept of this study, just
like the CADD in protein-targeting drugs, the work
results could serve as the preliminary methods that
later will be optimized by more in vitro bioassays,
including the optimization to improve the drug
delivery to the target RNA system.

2. Materials and Methods

2.1. RNA and Alkaloids In Silico Preparations

The RNA macromolecule used in the study is
a 29-kDA frameshift element motif located at the
ORF1la 3’ end of the SARS-CoV-2 RNA sequence of
-1 PRF, composed of 88 nucleotides (PDB ID: 6XRZ)
(Figure 1A and Table 1) (Zhang et al. 2021). To set
the RNA into macromolecule receptor in Autodock
Vina (on PyRx v0.8), the PDB file of the RNA was
converted with Open Babel v2.3.1 (O'Boyle et al.
2011) to the PDBQT format. The control ligands and
the subjected alkaloids ligands were obtained from
Human Metabolome Database (HMDB) (https://
hmdb.ca) in three-dimensional PDB format. The
control, merafloxacin (HMDB0254459) (Figure 1B),
was contended against the intercalator alkaloids
(Abookleeshetal. 2022), berberine (HMDB0003409)
(Figure 1C) and colchicine (HMDB0015466) (Figure
1D). Additionally, two alkaloids that with unknown
intercalating ability consisted of a small alkaloid,
nicotine (HMDB0001934) (Figure 1E) and large
alkaloid, tomatine (HMDBO0034103) (Figure 1F)
were also tested for docking. The details, including
SMILES codes of each molecule, are available in Table
A.1l. All alkaloids were submitted to SwissADME
(http://www.swissadme.ch/index.php) (Daina et al.
2017) to obtain the molecular weight, drug-likeness
of Lipinski’s Rules of 5 (LRo5), bioavailability and
synthetic accessibility.

2.2. Molecular Docking and Observation of
Molecular Interaction

To perform molecular docking, an RNA-
ligand docking protocol using Autodock Vina and
validated by AnnapuRNA was used (Stefaniak and
Bujnicki 2021). Autodock Vina (Trott and Olson
2009) in PyRx v0.8 selective docking procedure
was chosen on the space centered surrounding the
slippery sequence of -1 PRF (X: 87.68, Y: 77.49 and
Y: 58.53) with Vina search space dimension of 25
Aonall X, Y, and Z axes. After docking, the docked
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Figure 1. Elements of this in silico experiment: 88 nucleotides long frameshift element component of -1 PRF in SARS-CoV-2
RNA genome with the schematics and docking area (A), the control drug merafloxacin (B) and the alkaloids,
consist of berberine (C), colchicine (D), nicotine (E) and tomatine (F)

Table 1. Chemical properties, drug-likeness on Lipinski’s Rules of 5 (LRo5), bioavailability and synthetic accessibilities

acquired using SwissADME

Metabolites Plant source Average Obey lipinski rule ~ Bioavailability Synthetic
molecular weight of five? score accessibility
(g/mol)
Merafloxacin - 3794 Yes (0) 0.55 333
Berberine Berberis vulgaris L. 336.361 Yes (0) 0.55 3.14
Colchicine Colchicum autumnale L. 399.437 Yes (0) 0.55 3.87
Nicotine Nicotiana tabacum L. 162.232 Yes (0) 0.55 2.05
Tomatine Solanum lycopersicum L. 1034.188 No (3) 0.17 10.00

ligand with new docked coordinates was saved in
PDB format from PyRx and converted to SDF format
using Discovery Studio 2021 (Dassani Systems).
RNA-ligand interaction sites were analyzed using
fingeRNAt (Szulc et al. 2022). A three-dimensional
general view and bonds contributing nucleotides of
the docked system were visualized using Discovery
Studio 2021 (Dassani Systems). Both AnnapuRNA
and fingeRNAt were executed under Windows
Subsystem for Linux (WSL) Ubuntu v20.04.4 LTS
(GNU/Linux 4.4.0-22000 Microsoft x86_64).

2.3. Molecular Dynamics

The molecular dynamics were tested under two
different forcefields known to support RNA, and
the docked systems were solvated and had the
forcefield set using CHARMM-GUI online server
(https://charmm-gui.org) (Lee et al. 2016). The first
one is CHARMM36 forcefield, an optimized version
of CHARMM27 forcefield (Hart et al. 2012; Xu et al.
2016). The second one is AMBER forcefield, with
OL3 and GAFF parameters set for RNA and ligand,
respectively. AMBER OL3 parameter is the most
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suitable RNA forcefield (Zgarbova et al. 2011). These
two forcefield settings were used to select the most
stable forcefield for RNA-ligand systems. Typically, to
measure the total energy within the forcefield (U),
bond stretch (K, is the force constant, while b-b, is
the change in bond distance), angle changes (K, is
the force constant, while 6-6, is the atomic angular
change) and dihedral torsion (K is the force constant,
n refers to diversity, and p-¢, is the torsional change)
are counted for intramolecular energy. In contrast,
van der Waals non-charged molecular interactions
(¢ for the potential energy, R for atomic radius, r
for interatomic distance, while i and j represent
two different molecules) and Coulomb electrostatic
energy (q for molecular charges, ¢, for electric
constant, r for intermolecular distance, while i and j
representing two different molecules) are measured
for intermolecular energy. These calculations were
used in the forcefield settings of OPLS (Jorgensen
et al. 1996) and AMBER (Cornell et al. 1995), see Eq.
1. However, the CHARMM forcefield settings added
improper torsion (K, is the force constant, while &-
@, is the out-of-plane angle) calculations, which is
similar to GROMOS forcefield (Petrov et al. 2013) and
Urey-Bradley potentials (K, is the force constant,
while S-S, is the change of the distance of non-
bonded atoms of the same molecule, or 1-3 bonded
atom), see Eq. 2 or simplified to Eq 3.

UAMBER (r) = zbondst (b - bo)z + Zangles Ke (9'60)2 + Zdihedrals
Kx (1 +Cos (n(ﬂ - ¢0 )) + Z:non—bonded((("ij [(Rmin,ij)12 - 2

() 2} 99y "

T 4me,, T

UCHARMM (r) = Z:bonds I(b (b - bO)2 + Zangles I<9 (0 - 00)2 + Zdil"zedrals
K (1+cos(ng-¢))+) K

Urey-Bradley ~ “UB (S - SO)2 + Zimpropers
K¢ (¢ - ¢0)2 + Z:non—bonded (81'1' [Rmin,ij)12 -2 (Rmin,ij)ﬁ]-l- q,‘ qj
T oy 4e, T,

UCHARMM (T) = UAMBER (r) + ZUrey—Bradley I<UB (S - S0)2 +
Limpropers K¢ (8 - o) (3)

The separated docked systems (RNA receptor and
ligands, in PDB format) were merged using PyMol
v2.5.1 (Schrodinger LLC). PDB complex preparation
with CHARMM-GUI (two different forcefield types:
CHARMM36 and AMBER, octahedral water box with
NaCl ion added with Monte-Carlo placement method
for charge neutralization, NPT ensemble, and default
ambient temperature of 303.15 K) for Nanoscale

(2)

Molecular Dynamics (NAMD) input. Using the
output of CHARMM-GUI, the molecular dynamics
were performed using NAMD v2.1.4 (Phillips et al.
2005) (operated using Windows PowerShell) for
1 ns. Visualization of complex root-mean-squared
deviation (RMSD) and hydrogen bonds in Visual
Molecular Dynamics (VMD) v1.9.4 (Humphrey et al.
1996).

3. Results

3.1. Alkaloid Ligands Chemical and Drug-
Likeness Properties

Screened using SwissADME, it appears that
almost all of the alkaloids, even including the control
drug (merafloxacin), obey LRo5, possessing tolerable
bioavailability values (almost entirely 0.55) and
synthetic accessibility values (almost all less than
3.5) except for tomatine (Table 1). Tomatine has a
very high molecular weight compared to the rest
(1034.188 g/mol), very low bioavailability (0.17) and
synthetic accessibility at the end of the hardness
spectrum (10). Additionally, tomatine deviates
from LRo5 as its molecular weight is higher than
500 g/mol, hydrogen acceptors are more than 10
and hydrogen donors are more than 5. Making it
possesses low quality of drug-likeness properties. All
the known intercalators, berberine and colchicine,
and even the small alkaloid nicotine, have properties
that are acceptable for drug-likeness that is similar to
merafloxacin.

3.2. Interactions of -1 PRF RNA and Alkaloid
Ligands

The alkaloids were docked on different positions
of the same site (slippery site near the 5’ end of the
RNA) on the RNA band (Figure 2). The control drugs
merafloxacin, berberine and tomatine are docked
between the loop, consisting of a strand of 5’ terminus
with the strand with the slippery site sequence (see
Figure 2A, B, and E). Distinctively, colchicine and
nicotine interact more externally (not between the
strand but instead, located farther away probably
interacting with more sequences in the nearby strand;
see Figure 2C and D). Scored using AnnapuRNA, the
top three docked molecules are tomatine, berberine,
and merafloxacin, in order from the most negative to
the more positive docking scores of the three (Table
2; see total docking scores). Judging from the total
number of bonds detected by fingeRNAt (Table 2; see
total bonds), the top three are tomatine, merafloxacin,
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Figure 2. The RNA-alkaloid ligand docking complexes, revealing the variations of ligand positions in the slippery site of the
-1 PRF RNA (in 5’ terminus, indicated in blue; referring to the schematics in Figure 1A). Ligands: merafloxacin-
the control drug (A), berberine (B), colchicine (C), nicotine (D) and tomatine (E)

and colchicine, in order from the highest to the lowest
of the three. Nicotine is the most consistent in term
of the weakest for the docking scores and total bonds
formed during docking. However, like nicotine,
berberine has the lowest bond values, but berberine
has the second strongest docking score that even
surpassed the control drug, merafloxacin.

3.3. Molecular Dynamics

The result of molecular dynamics simulations
revealed distinctive characteristics of the RMSD
graphs for both CHARMMS36 forcefield and AMBER
forcefield (Figure 3; Table A.2 for CHARMM36; Table
A.3 for AMBER). However, there were problems with
tomatine before and after the simulation. In the pre-
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Table 2. Docking scores of RNA-alkaloid complexes and the bond-contributing nucleotides of the RNA chain

Metabolites Total docking Hydrogen bonds- Lipophilic bonds- Other bonds- Total bonds
score (kcal/mol) contributing contributing contributing
nucleotides nucleotides nucleotides
Merafloxacin -143.764 0,2,12,13,15, 16 2,16 1 (Halogen) 9
Berberine -157.078 16 2,16 - 3
Colchicine -64.043 0,12,45 0,1,12,45 - 7
Nicotine -74.402 1,12 12,45 - 3
Tomatine -371.454 0,1,2,3,12,13,14 0,1,2,3,13,14,16 - 14
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Figure 3. Molecular dynamics of RNA (on each simulation with the specified ligand), ligands, and RNA-ligand complex,
showing the differences in root-mean-squared deviation (RMSD) pattern per time of simulation (1 ns of simulation
run): The RNA in CHARMMS36 forcefield (A1) and AMBER forcefield (A2). The ligands (all 5) in CHARMM?36 (B1), show
the great fluctuation in tomatine indicated by high RMSD values. The ligands (excluding tomatine) in CHARMM36

§C2
orcefield

(BZ; and AMBER (B3). The RNA-ligands in CHARMM?36 for all 5 complexes (C1), excluding tomatine in CHARMM?36
and in AMBER (C3). The RNA-tomatine complex was unable to be processed in CHARMM-GUI for AMBER
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simulation problem, the RNA-tomatine complex was
unable to be processed in CHARM-GUI for AMBER
forcefield preparation for molecular dynamics, as the
tomatine was identified as glycan molecule but later,
the structure was unprocessable as the molecules
is detected as modified glycan and causing error.
Hence tomatine was excluded on AMBER simulation.
The post-simulation problem is, tomatine is highly
fluctuating as the ligand itself (Figure 3B1) and even as
a complex with RNA (Figure 3C1). It is hard to observe
and compare with the rest of the alkaloids. Therefore,
in many results, tomatine-excluded graphics for
CHARMM36 simulation are also provided (Figure 3B2
and C2).

The RMSD shown in CHARMM36 forcefield
simulation results appear to be more consistent and
less fluctuating for all subjected ligands, compared
to AMBER (OL3 parameter) results especially after
the climbing stage (prior to 0.4 ns) ends (Figure 3A1
and A2 for CHARMM36 and AMBER, respectively).
The period of 0.4 ns is marked as the end of climbing
stage as the RMSD curves appear to be more
consistent and fluctuating in less steeper surges
toward the end of the simulation (1 ns). However, the
alkaloid ligands appear to be an orderly and stable
fluctuation of RMSD when simulated in AMBER
(GAFF parameter) compared to CHARMM36 (Fig. 3B2
and B3 for CHARMM?36 and AMBER, respectively). In
the RNA-alkaloid complexes, the graphs shown from
CHARMM36 (Figure 3C2) are more consistent than
those from AMBER (Figure 3C3), which are slightly
diverged. Indicating more stable fluctuation in the
CHARMM36 simulation.

8

From an overall perspective, the graph of plain
RNA simulation (Figure 3A1-2) versus RNA-alkaloid
complexes (Figure 3C2-3) appear just identical
unless looking at the data values by themselves
(see Table A.2 and Table A3) or measuring the
RMSD differences (ARMSD). The RMSD differences
between plain RNA and RNA-ligand complexes
reveal the details between CHARMM36 and AMBER
forcefield simulation of molecular dynamics (Figure
4; Table A.4). Once again, tomatine shows a massive
difference of RMSD in CHARMMS36 simulation
compared to the other specimen ligands (Figure
4A), which zoomed out the other ligand results. By
removing tomatine, the differences in other alkaloids
under CHARMM36 forcefield can be seen (Figure
4B). Although the difference of RMSD in nicotine
appears to be higher, the simulations in CHARMM36
forcefield appear to be relatively stable compared
to AMBER (Figure 4C), which reveals many negative
results (the RNA-ligand complex is less fluctuating
than RNA by itself). In CHARMM36 ARMSD graphic,
there are few negative values, but they are not higher
than -0.02 A (less than halfway to -0.05 A). As for the
hydrogen bond graphs (Figure 5; tomatine excluded),
all RNA-alkaloid hydrogen bonds are not higher than
1, rarely reaching the optimum of 2 bonds. However,
no bond is detected in the AMBER forcefield result on
nicotine.

Comparable to molecular docking results, which
point to berberine versus colchicine, both showed
to have a stable fluctuation of RMSD as seen in
both RNA-ligand complexes of CHARMM36 and
AMBER forcefields (Figure 3C2 and C3). Although
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Figure 4. Differences of RMSD value between RNA-ligand complexes and RNA-only simulations reveal the complexes'
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RMSD differences (A) under CHARMM36, while the rest of the complexes have differences of less than 0.5, for
both CHARMM36 (B) and AMBER (C) by excluding tomatine from the graphs
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Figure 5. Fluctuations in RNA-ligand complex hydrogen bond values per time of the simulation. Complex of RNA with
merafloxacin in CHARMM36 (A) and AMBER (B), berberine in CHARMM36 (C) and AMBER (D), colchicine in
CHARMMS36 (E) and AMBER (F), and nicotine in CHARMM36 (G) and AMBER (H). RNA-tomatine complex could
only be simulated in CHARMM?36 forcefield (see Supp. Data 2) in CHARMM-GUI, while AMBER was not
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CHARMM36 berberine provides higher fluctuation
of in ARMSD results (Figure 4B), both have a similar
profile in terms of hydrogen bonds (Figure 5C and E,
for berberine and colchicine, respectively). Thus both
are assumed to be equally stable during simulation.

4. Discussion

The alkaloids used in this study are mostly
having good drug-likeness properties, except for
tomatine. The statement is based on how 4 out of
5 alkaloids obey LRo5 without a single violation,
moderate bioavailability, and relatively low synthetic
accessibility values. The low bioavailability index
(0.17) in tomatine indicates how the alkaloid is hard
to reach the systemic bloodstream and get into the
designated target. The bioavailability index is ranged
from O to 1, closer to 0 means the metabolite will
hardly reach the target, while closer to 1 indicates
otherwise (Shargel and Yu 2015). Bioavailability
index equal to 1 refers to the metabolite or drug
that is administered directly via intravenous
injection (Flynn 2007), hence instantly reaching the
systemic bloodstream. The synthetic accessibility
value is ranged from 1 to 10, with 1 being the
easiest to synthesize and 10 is the hardest, whereas
tomatine hits a perfect 10 for this value. This value
is determined by the complexity of a molecular
structure (Ertl and Schuffenhauer 2009). By the
results, the bioavailability indexes of merafloxacin
(control drug), berberine, colchicine and nicotine are
equally 0.55 and the synthetic accessibility values
are respectively, 3.33, 3.14, 3.87 and 2.05 (as nicotine
is the smallest and simplest molecule of all five). To
improve the bioavailability of the compounds, drug
delivery methods, e.g., lipid or chitosan nanoparticles
(Caietal. 2010), will be required to reach the specified
RNA target. If compared to synthetic accessibility,
berberine wins over colchicine.

The molecular docking scoring by AnnapuRNA
and bond visualization by Discovery Studio and
fingeRNAt revealed unique results. Tomatine has
the highest docking score and total bonds, which is
highly possible due to its large molecular structure.
However, excluding tomatine and comparing to
merafloxacin (control), berberine and colchicine
are the top candidates. Berberine docking score is
higher than merafloxacin (-157.078 kcal/mol versus
-143.764 kcal/mol), but the bond is much lower
than merafloxacin (9) and even colcichine (7) (but

identical to nicotine, 3 bonds). Colchicine has 7
bonds, still lower than merafloxacin but higher than
berberine and nicotine, but the docking score is low
(-63.043 kcal/mol). Even pre-scoring (results from
Autodock Vina at docking RMSD = 0 A; the results
are not used since Vina scoring is for protein-ligand
docking), the docking binding affinities are -6.6
kcal/mol, -6.5 kcal/mol, -5.9 kcal/mol, -4.4 Kkcal/
mol and -8.5 kcal/mol for merafloxacin, berberine,
colchicine, nicotine and tomatine, respectively. The
high docking score results in berberine are probably
to the molecule tendency to intercalate between the
RNA strands properly, thus creating stronger bonds
in the RNA cavity. Berberine is already known as a
potent metabolite for DNA intercalator and could
inhibit human cytomegalovirus (HCMV) (Luganini
et al. 2019) and herpes simplex virus (HSV) (Song
et al. 2014). Colchicine is referred by literature to
possess DNA-intercalating antiviral properties
against human immunodeficiency virus type 1 (HIV-
1) (Abookleesh et al. 2022). However, the literature
appears to mistakenly see Table 2 description in the
cited reference (Wink 2020), which has antiviral
compounds but to quote “For DNA-intercalating
alkaloids, see Table 3 (in Wink 2020)”. There is
berberine referred, but unfortunately, no colchicine
mentioned as one of the intercalating agents in the
paper by Wink (2020). Colchicine is addressed as a
DNA intercalator in older literature (Buszman et al.
1977). Nevertheless, further studies are required.
For molecular dynamics results in general,
CHARMM36 forcefield simulation results from
NAMD provided slightly superior results compared
to AMBER forcefield. The graphic or RNA and RNA-
alkaloid ligands in CHARMMS36 appear to be less
wildly fluctuating than AMBER (although the ligand
in AMBER is more stable). Therefore, this study shows
that simulation with CHARMM36 forcefield provides
better stability for RNA-ligand interaction than
AMBER. The results from this study can probably be
useful for future modification and upgrade for both
forcefields. In terms of results, both berberine and
colchicine are equally stable throughout simulations
with similar hydrogen bonds profile in CHARMM36
results. However, colchicine has more bonds in
AMBER results.

In conclusion from this study, berberine (obeying
LRo5, moderate bioavailability index and low
synthetic accessibility value, high docking score and
stable RMSD) is the most prospective as an RNA-
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targeting drug. This reductionist study requires
in vitro bioassays to improve the result data and
probably optimized RNA-targeting drug delivery
method to enhance the targeting method in a wide
biological system. However, the methodology in
this paper itself can be used for developing drugs or
natural-based compound drugs. Additionally, future
improvements for docking pipeline and molecular
dynamics forcefield adjustment will be required to
improve the accuracy of this protocol.
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