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Drug Discovery today are  facing a serious 
challenge because of the increased cost and

enormous amount of time taken to discover a 
new drug, and also because of rigorous 

competition amongst different pharmaceutical 
companies.



Drug Discovery & Development
Identify disease

Isolate protein
involved in 
disease (2-5 years)

Find a drug effective
against disease protein
(2-5 years)

Preclinical testing
(1-3 years)

Formulation

Human clinical trials
(2-10 years)

Scale-up

FDA approval
(2-3 years)
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Technology is impacting this process

Identify disease

Isolate protein

Find drug

Preclinical testing

GENOMICS, PROTEOMICS & BIOPHARM.

HIGH THROUGHPUT SCREENING

MOLECULAR MODELING

VIRTUAL SCREENING

COMBINATORIAL CHEMISTRY

IN VITRO & IN SILICO ADME MODELS

Potentially producing many more targets
and “personalized” targets

Screening up to 100,000 compounds a
day for activity against a target protein

Using a computer to
predict activity

Rapidly producing vast numbers
of compounds

Computer graphics & models help improve activity

Tissue and computer models begin to replace animal testing



◦ To examine, evaluate and compare complex 
molecular structure
◦ To modify structure and assess geometric and 

energetic consequences of such modifications
◦ To perform conformational analysis
◦ To build macromolecules

CADD methods (COMPUTER AIDED DRUG DESIGN)



◦ To dock small molecules into macromolecules
◦ To observe the dynamics between the ligands and the 

macromolecules
◦ To map pharmacophore group or ligands
◦ To analyze relationship between chemical structure and 

biological activity
◦ To predict activity of compounds/analogues before the 

synthesis

CADD Methods …



MOTIVASI

• Berdasarkan Teori Dogma Sentral, Protein 
adalah regulator terpenting.

• Berarti, hanya sekitar 5% dari Genome 
Manusia yang penting, sisanya adalah
‘sampah’

• Skema ini tidak dapat atasi tantangan
biomedis termutakhir



John Mattick’s Scheme

Aliran Informasi Genetik menurut John Mattick



‘Dunia RNA’

• Aliran Informasi Mattick menunjukkan
berbagai tipe RNA berperan dalam regulasi
gen

• Mereka adalah: snoRNA, longNCRNA, miRNA, 
dll

• 'last universal common ancestor' 
(LUCA) adalah virus-like dengan inti RNA

• Non Coding RNA (ncRNA) berperan dalam
regulasi gen walau tidak ditranslasi ke protein



Contoh Struktur 2D RNA

(Durbin et al, 1998)



INFORMATION PLOT RNA

(Durbin et al, 1998)



PERHITUNGAN ENERGI BEBAS RNA

(Durbin et al, 1998)



miRNA BiogenesismiRNA genes are transcribed to long primary miRNA
by RNA polymerase II or III. The pri-miRNAs are then
processed further within the nucleus to form one or a

series of small hairpin miRNA precursors, or precursor
miRNAs (pre-miRNAs), that are generally 60 to 100 nt
long and fold into a stem-loop structure. The protein that

miRNA and major depressive disorder - Dwivedi Dialogues in Clinical Neuroscience - Vol 16 . No. 1 . 2014
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Figure 1. miRNA biogenesis. microRNAs (miRNAs) are encoded in the genome (inter or intragenis) and transcribed by RNA polymerase II (RNA pol II) to
generate primary microRNA (pri-miRNA). These pri-miRNAs are taken up by the RNA II enzyme Drosha/DiGeorge syndrome critical region 8
(DGCR8) protein, which catalyzes the formation of precursor miRNA (pre-miRNA). Pre-miRNA is then exported to cytoplasm by Exportin5 in
conjunction with Ras-related nuclear protein, RanGTP. In the cytoplasm, pre-miRNA is cleaved into miRNA:miRNA* duplex by the Rnase III
enzyme Dicer/Tar RNA-binding protein (TRBP) or PKR activating protein (PACT). One of these miRNA/miRNA* duplexes is discarded and the
other one is loaded onto an Argonaute (Ago) homologue protein (isoforms of eukaryotic translation initiation factor [eIF] 2c) to generate
the effector complex, known as RNA-induced silencing complex (RISC). The RISC complex directs miRNA to specific “short-seed” sequences
located predominantly within the 3’ UTR region of the target messenger RNA (mRNA). This leads to degradation or translational inhibition.
nt, nucleotides

pri-miRNA
(100-1000nt)

Drosha

Ran-GTP

pre-miRNA
(60-100nt)

Mature miRNA-miRNA* duplex

RISC complex

miRNA miRNA*

DiscardedUnwinding

RNA
Pol II

Nucleus

Cytoplasm

mRNA degradation,
translational inhibition,
mRNA stability

Inter- o
r in

tra
genic 

miRNA

7mG 5’ 3’

3’ 5’

3’5’

DGCR8

Exportin 5

TRBP

Dicer

TRBP

Dicer

Ago 2

3’5’

Ago 2

3’3’AAA
Target mRNA

5’
5’

14_CH_8004_BA_INTERIEUR.qxd:DCNS#55  3/03/14  18:04  Page 45



Komputasi RNA

• ‘Big Data’ ncRNA seyogyanya diolah oleh praktisi
bioinformatika. 

• Tools Bioinformatika dapat digunakan untuk itu
• RNA Vienna Package adalah paket komputasi

ncRNA
• Mengapa harus RNA Vienna? Karena sudah

banyak dipublish pada jurnal internasional
bereputasi, digunakan sebagai benchmark 
protokol komputasi



DYNAMIC PROGRAMMING (1)

http://michaeljflynn.net/tag/dyna
mic-programming/



DYNAMIC PROGRAMMING (2)

• https://www.nature.com/articles/nbt1104-1457

https://www.nature.com/articles/nbt1104-1457


DYNAMIC PROGRAMMING (3)

• https://ul.qucosa.de/api/qucosa%3A32602/attachment/ATT-0/

https://ul.qucosa.de/api/qucosa%3A32602/attachment/ATT-0/


NUSSINOV ALGORITHM (1)



NUSSINOV ALGORITHM (2)



Representasi Struktur 2D RNA



HOMOLOGY MODELING

• https://www.researchgate.net/publication/49808088_A_quality_
metric_for_homology_modeling_The_H-
factor/figures?lo=1&utm_source=google&utm_medium=organic

https://www.researchgate.net/publication/49808088_A_quality_metric_for_homology_modeling_The_H-factor/figures?lo=1&utm_source=google&utm_medium=organic


Vienna RNA Package

• Developed by Ivo Hofacker et al from 
University of Vienna, Austria, and Peter 
Stadler et al from University of Leipzig, 
Germany.

• Easy to use, and has web interface
• Offline tools is available in Linux platform -> 

It's cheap!



Vienna RNA Package Interface

Figure 6: Vienna RNA Package Interface (http://rna.tbi.univie.ac.at/)

http://rna.tbi.univie.ac.at/


Ifold RNA
2.1 HRP constraints
If HRP data are available, an additional force field, effectively bias-

ing RNA towards the correct structure, is applied. The structures

selected for clustering are also required to have high structure-

reactivity correlations (Ding et al., 2012).

2.2 All-atom reconstruction
Conversion to an all-atom representation is performed by replacing

each 3-bead nucleotide by randomly selected rotamers of corres-

ponding nucleotides in an all-atom representation. The initial all-

atom structure is run through a short DMD simulation to connect

bonds and remove clashes. This simulation is performed with a high

heat exchange coefficient, which allows for rapid dissipation of ex-

cess heat generated. A user is allowed to change the values of tem-

peratures used to run replica exchange simulations and the number

of DMD time steps.

Simulations are performed on the Kure computational cluster at

the University of North Carolina at Chapel Hill, which consist of

122 blade servers, each with 8-cores 2.80 GHz processors running

RHEL 5.6 operating system. The users are able to check the status

of submissions through the server interface and are notified by email

of job completion.

3 Results

The iFoldRNA v2 webserver generates accurate predictions of RNA

tertiary structure using DMD. Predicted structures are typically

within 10–20 Å RMSD from crystal structures for 200 nt RNA. The

average processing time for an RNA of this size is !1 day. We dem-

onstrate how the inclusion of constraints increases the performance

of the server on the example of M-box riboswitch (161 nt). The

structure of RNA of this size is challenging to predict de novo.

Without constraints the quality of the predicted structure is poor.

RMSD between the predicted and the crystal structures calculated

through phosphate atoms is 32 Å. The interaction network fidelity

(INF) is 0.363 (Parisien et al., 2009). The inclusion of the base-

pairing constraints improves the prediction (RMSD¼25 Å,

INF¼0.692). The resulting structure has correct base pairing while

most of the higher order tertiary contacts are missing. The addition

of HRP data significantly increases the quality of the prediction

(RMSD¼7.7 Å, INF¼0.725) (Fig. 1). We observe formation of the

correct secondary and tertiary structures. Closer examination of the

predicted structure using MC Annotate (Gendron et al., 2001)

reveals that it has 39 out of 46 canonical base pairs (AU or CG; A-

adenine, U - uracil, C - cytosine, G-guanine) and 5 out of 6 non-

canonical UG base pairs as compared with the crystal structure. As a

benchmark we used two other servers RNAComposer (Popenda

et al., 2012) and 3dRNA (Zhao et al., 2012). The structure

predicted by RNAComposer (RMSD¼25.8 Å, INF¼0.792) has

correct base pairing; however, most of the higher order tertiary con-

tacts are missing. The structure predicted by 3dRNA

(RMSD¼22.4 Å, INF¼0.621) only partially reproduces correct

base pairing and does not recapitulate most of the higher order ter-

tiary contacts.

4 Conclusions

The iFoldRNA v2 webserver offers a platform that combines experi-

mental data and molecular dynamics simulations to predict tertiary

structures of RNA as long as a few hundred nucleotides with atomic

level detail. The comparison with other servers demonstrates the

superior performance of iFoldRNA v2 for predicting the structure of

long RNA molecules, provided HRP data is available. Currently, the

server operates on two types of experimental constraints that in-

clude base-pairing information and reactivities derived from HRP

experiments. However, there is growing number of approaches used

to translate data from chemical probing experiments to constraints

on RNA structure. For example, the recently proposed RING-MaP

technique (Homan et al., 2014) uses chemical probing, massive par-

allel sequencing and correlation analysis to find nucleotides located

close in space. To keep pace with experimental innovations we plan

to introduce a new interface that allows users to set up constraints

between any two nucleotides of their choice. The iFoldRNA v2 web-

server is freely accessible at http://iFoldRNA.dokhlab.org for aca-

demic and non-profit users.
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Fig. 1. The structure of M-box riboswitch predicted by iFoldRNA v2 (sand

color) is superimposed on the top of the crystal structure (PDB ID: 3pdr)

(blue). RMSD between the predicted and the crystal structures is 7.7 Å. P-

value, showing statistical significance of the prediction (Hajdin et al., 2010), is

less than 10#6. RMSD was calculated using phosphate atoms only.

INF¼ 0.725 (Parisien et al., 2009). Experimental HRP data and base-pairing

information were used (Ding et al., 2012) (Color version of this figure is avail-

able at Bioinformatics online.)
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HNADOCK

W40 Nucleic Acids Research, 2019, Vol. 47, Web Server issue

50 residues. For each cluster, the medoid of the decoys was
considered as its representative.

Figure 3 shows the success rate of SimRNA as a function
of the number of top predictions. It can be seen from the !g-
ure that SimRNA surprisingly achieved a signi!cantly bet-
ter performance than HNADOCK server for sequence in-
put without including bound RNA templates, and gave a
success rate of 56.7% and 58.3% for top 1 and 10 predic-
tions. The good performance of SimRNA is attributed to its
two advantages: real "exibility and RNA–RNA constraints,
compared to ab initio rigid docking. Namely, the MC sim-
ulation is able to accommodate the RNA conformational
changes upon binding, and the inter-RNA base-pairing in-
formation from RNA–RNA interaction prediction can dra-
matically reduce the sampling space during the simulation,
thus enhancing the modeling accuracy. The bene!ts from
RNA–RNA constraints can also be demonstrated by in-
cluding the similar information into HNADOCK server. As
shown in Figure 3, including the inter-RNA base-paring in-
formation from RNAup considerably improved the docking
performances of HNADOCK and obtained a signi!cantly
higher success rate with 80% and 86.7% for sequence in-
put, 56.7% and 68.3% for structure input, and 48.3% and
58.3% for sequence input without including bound RNA
templates when the top 1 and 10 predictions were consid-
ered, compared to those of ab initio docking. It should
also be noted that the present SimRNA results are for the
cases where the secondary structure or 3D restraints are
not supplied by us, but computed by the SimRNA itself.
In addition, the secondary structure and 3D restraints used
for HNADOCK were predicted by the third-party pro-
grams, RNAfold and RNAup. Therefore, the results for
both SimRNA and HNADOCK may be further improved
with more accurate RNA secondary structure or interaction
predictions. The HNADOCK models may also be further
optimized by using NA re!nement tools like QRNAS (49)
or RNA!tme (50) to correct the errors introduced by low
resolution modeling and/or rigid docking methods.

Computational ef!ciency

Figure 4 shows the running times of HNADOCK for an
RNA–RNA docking job over the 60 test cases in the bench-
mark. For comparison, the !gure also lists the correspond-
ing results of SimRNA for modeling an RNA–RNA com-
plex structure on the same benchmark. It can be seen from
the !gure that HNADOCK is computationally ef!cient and
can !nish a docking job within 10 min for most of the test
cases, giving an average of 3.5 min per docking job. In addi-
tion, as the !rst RNA molecular is !xed, the running time
of HNADOCK is highly proportional to the length of the
second RNA, as expected, and on average consumes about
1.5 min for docking an RNA of 10 nt. As a comparison,
SimRNA consumes an average of 7366 min for modeling an
RNA–RNA complex structure, which is more than three or-
ders of the time by HNADOCK. The expensive cost of Sim-
RNA can be understood because it runs a lengthy MC sim-
ulation to search for the optimal complex structure between
two RNAs. It may also explain why the running time of Sim-
RNA is highly correlated with the lengths of both RNAs.

Figure 4. The running times of HNADOCK server and SimRNA for mod-
eling an RNA–RNA complex structure on a single Intel(R) Xeon(R) CPU
E5-2690 v4 @ 2.60GHz core over the 60 test cases of the RNA–RNA dock-
ing benchmark.

Figure 5. Comparison between the crystal structure (blue and red) and
HNADOCK server prediction (green and yellow) for two RNA–RNA
docking examples: (A) structure input (target code: 1KD5; ranked #1,
IRMSD = 1.98 Å); (B) sequence input (target code: 1KIS; ranked #4,
IRMSD = 2.39 Å),

On average, SimRNA consumes ∼3000 min for modeling a
complex structure between two RNAs of 10 nt.

Examples

Figure 5 show two examples of RNA–RNA complex struc-
tures built by our HNADOCK server. One is for struc-
ture input (Figure 5A), where the two unbound structures
of target 1KD5 were submitted to the server as input and
no binding site information was provided. It can be seen
from Figure 5A that the top predicted binding mode by

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article-abstract/47/W

1/W
35/5494754 by guest on 04 July 2019

HNADDOCK is a web 
server that 
implement specific 
DNA/RNA –
DNA/RNA 
interaction function 
to its docking 
method



Pipeline Predictor Short ncRNA



Clusters of Complex Structure



Motivation: the World’s Pandemic Time Cohort

https://www.sciencedirect.com/science/article/pii/S2319417020300445
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• COVID-19 disease is caused by SARS CoV-2 
• The designated ‘ground zero’ is Wuhan, China.
• Current standing of COVID-19 pandemic is 

more than 481 millions Infected patients , and 
more than 6 million death. Mostly in the US. 
Significant infection and death in Indonesia 
(per 1th of April 2022, WHO COVID-19 
Dashboard). 

BACKGROUND



SARS-COV2 is...

• RNA virus, generally it will have faster 
mutation rate than DNA virus or bacteria

• The capability of zoonotic infection make it 
easier to mutate as well

• Zoonotic? Meaning they are transmitted 
between animals and people.





Scheme of SARS-CoV-2 Infection Cycle

https://www.oatext.com/pharmacological-approaches-to-the-treatment-of-covid-19-
patients.php#gsc.tab=0



SARS-CoV-2 Genomics Sequences from 
Indonesian Patients



SARS-CoV-2 Genome

The SARS-CoV-2 has a ~29.9 kilobase positive-sense RNA genome that contains as many as 
29 open reading frames. Though the exact number of functional proteins remains to be 
established, there are at least 16 nonstructural proteins (nsp), four structural proteins, and 
at least six or seven accessory proteins. 
https://www.genetex.com/MarketingMaterial/Index/SARS-CoV-
2_Genome_and_Proteome

https://www.genetex.com/MarketingMaterial/Index/SARS-CoV-2_Genome_and_Proteome


S Gene

• Infectivity or virulence of SARS-CoV-2 virus is 
mainly catered by its spike protein in the viral 
surface 

• It plays important role for viral penetration to the 
host cell, by facilitating attachment to the ACE2 
receptor 

• Thus, it is logical in the sense of rational drug 
design that the SARS-CoV-2 spike protein should 
be inhibited to ward off the viral infection 



Objective of this research

• In this regard, combining transcriptomics and 
CADD approaches could be a viable solution to 
design SARS-CoV-2 drug, especially to provide 
anti-sense inhibitor to the mRNA expression 
of a gene. Thus, the objective of this research 
is to design transcriptomics-based drug 
candidate with bioinformatics pipeline to 
block the expression the mRNA of the SARS-
CoV-2 S gene with siRNA. 



2D dan 3D RNA PREDICTION METHOD
• The seach for S gene sequences from various localities was 

conducted with NCBI website: 
https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/sars-cov-2

• The multiple sequence alignment using MUSCLE algorithms was 
applied to extract the sequence of the conserve  region. All the S 
gene sequences were employed for constructing the phylogenetic 
tree with MEGAX 

• The ncRNA or mRNA FASTA data were uploaded to the Vienna RNA 
package at http://rna.tbi.univie.ac.at. The respective tools were 
employed sequentially: RNAfold, Barrier server, RNAup dan RNAxs. 
They are useful to analyze the 2D annotation within the 
thermodynamics and kinetics sphere, and to determine the 
structure and the function of the ncRNA/mRNA. 

https://www.ncbi.nlm.nih.gov/labs/virus/vssi/
http://rna.tbi.univie.ac.at


2D dan 3D RNA PREDICTION METHOD

• The iFOLDRNA version 2 server 
(https://dokhlab.med.psu.edu/ ifoldrna/ ) was 
utilized as well for de novo 3D structure 
prediction. In order to observe the chemical 
interaction of the siRNA and the mRNA, the 
HNAdock application for transcriptomics lead was 
employed. (http:// 
huanglab.phys.hust.edu.cn/hnadock/). Lastly, the 
docking result was visualized using the UCSF 
Chimera software (https:// 
www.cgl.ucsf.edu/chimera/)



Result of the siRNA design annotation

Figure 2: The RNAxs output for the S
gene SARS-CoV-2 siRNA



The 2D structures of the conserved S 
gene and the siRNA

Figure 3. The 2D structures
prediction of the SARS-CoV-2
a) S gene mRNA from RNAfold
b) S gene siRNA from RNAfold
c) S gene mRNA conserved
structure from RNAlifold d) the
conservation legend, 0 means
not conserved, 1 means the
most conserved.

a) b)

c)

The picture can't be displayed.The picture can't be displayed.The picture can't be displayed.The picture 
can't be 
displayed.

The picture can't be displayed.The picture can't be displayed.



The 3D structures of the conserved 
mRNA S gene and the siRNA

Figure 5: the 3D visualization of the S gene SARS-CoV-2 a) mRNA b) siRNA

a) b)



The 
Molecular 
Docking 

Visualization 
of the mRNA 
and siRNA of 

the S gene

a)

b)

Figure 6: The docking result of the SARS-CoV-2 S gene mRNA and siRNA complex a)
Complex visualization with HNADOCK b) Complex visualization with UCSF Chimera



Transcriptomics-based Drugs (Then)

(Burnet and Rossi, 2012)



Transcriptomics-based Drugs (Now)

(Bajan and Hutvagner, 2020)
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AntagomiRs are used to suppress the function of a specific miRNA that is overexpressed and
has a function in disease development/progression [161,162]. These are synthetic RNA molecules that
will bind to and sequester the endogenous miRNA, preventing it from binding to and regulating the
expression of its mRNA target.

miRNA function can also be repressed by introducing competitive binding sites for the miRNA.
These binding sites can be designed into short, single-stranded, synthetic ASOs [29]. These ASOs contain
chemical modifications to the backbone and sugar rings of the nucleotides increasing their resistance
to nuclease degradation, its binding to plasma proteins to maintain stable serum concentrations, its
complementarity to target RNAs and its ability to activate the innate immune system. The ASOs
can be designed to contain high-a�nity miRNA binding sites, to which the endogenous miRNA will
preferably bind, and, therefore, sequesters the miRNA machinery away from the physiologically
relevant targets. Furthermore, the ASO is specifically designed to prevent high turnover by the miRNA
machinery. Such miRNA target decoys or sponges, could provide a more cost e↵ective method of
reducing activity of a specific, or set, of targeted miRNAs [178,179].

5.4. Leading the miRNA Therapeutic Field

No miRNA-based therapies have broken through the translation barrier and been FDA approved
as yet. However, several potential therapies have reached phase I and phase II clinical trials (Table 1),
with many more in clinical development. Many biotech companies are exclusively working on
miRNA-based drugs such as Miragen, Synlogic and Regulus Therapeutics.

Table 1. miRNA-based therapeutics in clinical trials.

miRNA-Based Therapeutics

Company Name Therapeutic
Agent Delivery System Target Disease Stage in Drug

Development Pipeline

Santaris
Pharma/Roche Miravirsen AntimiR-122 LNA antagomiR Hepatitis C;

Chronic hepatitis C

Phase II clinical trials
(NCT02452814;
NCT2508090)

Regulus
Therapeutics

RG-101 AntimiR-122 GaLNAc-conjugated
antagomiR Chronic hepatitis C Phase II clinical trials

(discontinued)

RG-125 AntimiR-103/107 GaLNAc-conjugated
antagomiR

Diabetic
non-alcoholic steatohepatitis Phase II (discontinued)

RG-012 AntimiR-21 NA Hereditary nephritis Phase II (NCT02855268)

RGLS4326 AntimiR-17 NA Autosomal dominant
polycystic kidney disease Phase I (on hold)

miRagen
Therapeutics

MRG-106 AntimiR-155 LNA-modified
antisense inhibitor

CTCL mycosis fungoides
subtype;

CLL; DLBCL; ATLL

Phase II (NCT03713320;
NCT03837457);

Phase I (NCT02580552)

MRG-107 AntimiR-155 NA ALS; cardiac disorders;
retinal disorders Pre-Clinical

MRG-110 AntimiR-92 LNA antagomiR Wounds Phase I (NCT03603431)

MRG-201 miR-29 mimic Cholesterol-conjugated
miRNA duplex

Keloid;
fibrosis

Phase II (NCT03601052);
Phase I (NCT02603224)

EnGeneIC MesomiR-1 miR-16 mimic EnGeneIC Dream
Vector

Malignant pleural
mesothelioma;

non-small-cell lung cancer
Phase I (NCT02369198)

Mirna
Therapeutics

Inc.
MRX-34 miR-34 mimic dsRNA liposomal

nanoparticle

Solid tumours;
haematological
malignancies

Phase 1 (terminated)

LNA: locked nucleic acid; GaLNAc: N-acetylgalactosamine; CTCL: cutaneous T cell lymphoma; ATLL: adult T-cell
leukaemia lymphoma; CLL: chronic lymphocytic leukaemia; DLBCL: di↵use large B-cell lymphoma [activated B-cell
(ABC) subtype]; ALS: amyloid lateral sclerosis.

Miravirsen (Roche/Santaris Pharma) is a phosphorothioate-modified LNA antagomiR, which
targets miR-122 to repress hepatitis C viral (HCV) infections [180]. This drug entered phase 2 clinical
trials in 2017. The miRNA regulatory mechanisms are vulnerable to attack from invading pathogens.



Conclusion

• It is concluded that the both 2D and 3D 
designs of the siRNA lead and mRNA 
biomarker for S gene could be elucidated with 
in silico-based approach. Thus, the docking 
result indicates that there is a possibility that 
the docking between both the siRNA and 
mRNA biomarkers could happen in the 
computational manner. 
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