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Abstract: The Triple Negative Breast Cancer (TNBC) is considered as
the most difficult Breast Cancer type to be medicated. So far, the
acceptable medication and diagnostics measure are based upon the
proteomics-world view, especially with utilizing the natural products and
their derivatives as drug candidates. However, as the transcriptomics-
studies are getting more advanced, the research on non-coding (nc)RNA
is being considered as a more feasible approach to deal with the TNBC.
The miR-31, as the ncRNA that play part in the molecular mechanism of the
TNBC, is extensively studied mainly for providing the biomarker and drug
candidate. However, the molecular interaction and structures are mainly
unknown and it is subject of investigation of this research. This research is
utilizing the interplay of pipelines that consist of the Vienna RNA package
for 2D RNA structure prediction and the simRNA/modeRNA packages for
3D RNA structure prediction. The result is a blueprint that satifactionary
illustrates the RNA structure in a fine-grained manner. The miR-31 and its
respective silencing (si)RNA are indeed could be useful to be biomarkers and
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Introduction

Breast cancer, especially the Triple Negative subtype
(TNBC), has been designated as one of the cause of
death for women (WHO, 2016). The difficult challenge
in dealing with the TNBC is its tendency to not responsive
towards the endocrine-based therapy and other standard
therapeutics agents (Hudis and Gianni, 2011). The
diagnostics and medication for the TNBC still mainly
focused on proteomics-based approach (Cleator et al.,
2007; Lehmann et al., 2011; Widodo et al., 2014).
However, as transcriptomics research is getting more
advanced, this particular approach is currently under
consideration as well to treat breast cancer. miRNA-451,
as short strand non-coding RNA, has been found to act
as a biomarker in breast cancer (Kovalchuk ez al., 2008).
Meanwhile, the miRNA-155 has been found as TNBC
biomarker, as well as the interplay of the microRNAs
that upregulated in the cells (Radojicic et al., 2011;
Kong et al., 2014). The molecular mechanism of the
TNBC was studied with the application of silencing
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blue-print for the drug design of the TNBC.
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(si)RNA that blocks the expression of the drug-
resistance gene (Deng et al., 2013).

However, special attention should be given to the miR-
31 TNBC biomarker, as it has influence on the occurrence
of the hypermethylation of its host gene, the LOC554202
promoter-associated CpG island (Augoff et al., 2012). In
this respect, the miR-31 exerts extensive epigenetics
properties as well. Moreover, the miR-31 also influences
suppressor of the Wnt signaling antagonist to expand the
breast tumorigenesis (Lv et al., 2017). Special care is
advised as the miR-31 also shows expression in the
hormone-based breast cancer (Lu ef al., 2012).

Based upon the molecular simulation method, the
availability of the 2D and 3D model of drug candidates
and biomarkers are very important to create a solid blue
print of the drug design (Kinjo and Nishikawa, 2005;
Arnold et al., 2006; Sripakdeevong et al., 2012). This
theory could be applied for the transcriptomics-based
drug design and biomarkers study as well. The file
format that utilized for the 3D structure of RNA still uses
the Protein Data Bank (PDB) one. Two 3D RNA
databases are available; they are RCSB (rcsb.org) and
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NDB (http://ndbserver.rutgers.edu). The objective of this
research is to predict the 2D and 3D model of miR-31
and its respective siRNA.

Material and Methods
Material

The established pipelines were utilized to construct
the 2D and 3D models of the RNAs (Parikesit et al.,
2016; Parikesit and Anurogo, 2016; 2018; Parikesit and
Nurdiansyah, 2018). Both the 2D and 3D model
pipelines were employed to ensure the vivid resolution
of the graphics. The utilized software and hardware were
the standard Windows 10 based-notebook with a
broadband Internet connection.

Sequence Alignment

The primary genome database of NCBI was
employed in in https://www.ncbi.nlm.nih.gov/, in order
to search for the miR-31 sequences. The representative
samples from the mammalian kingdoms were taken for
comparative study, although the main focus would be on
the Human (Homo sapiens) data. The FASTA format file
were downloaded and curated with notepad++ text editor
(https://notepad-plus-plus.org).

Two-Dimensional Modeling

The 2D structure and interactions data between the
miR-31 and siRNA were generated with the Vienna
RNA Package with the online version in here:
http://rna.tbi.univie.ac.at/ (Gruber et al., 2015). The
FASTA-based sequences were provided as input to the
web application (TBI, 2016). Computation process was
conducted only with the default parameters. These
respective Vienna RNA Package-based applications
will be utilized for generating the 2D data: RNAfold
(Gruber et al., 2008; Lorenz et al., 2011), RNAalifold
(Hofacker et al., 2002; Bernhart et al., 2008; Gruber ef al.,
2008), RNAup (Muckstein et al., 2006; Gruber et al.,
2008), Barriers (Flamm et al., 2002; Wolfinger et al.,
2004) and RNAxs (Tafer et al., 2008).

The inhibition of the miR-31 and its respective
siRNA will be computed with those tools based on the

Table 1: The miR-31 genes in Genbank/NCBI database

biochemical thermodynamics and kinetics properties. In
order to annotate the functional features of the miR-31
biomarkers in the cell, the 2D and 3D structural
determination is essential. The Vienna format data files
are the outputs of those procedures (Smit et al., 2008).

Three-Dimensional Modeling

The software of both simRNA
(https://genesilico.pl/SimRNAweb/) and modeRNA
(http://iimcb.genesilico.pl/modernaserver/) were

forwarded with the 2D data in order to annotate the
respective 3D structure (Rother et al., 2011; Magnus et al.,
2016). The Protein Data Bank (PDB) files were created
for further visualization and analysis.

Data Analysis

The 2D and 3D files were visualized to observe their
structural conservation. Additional information from the
PDB website (https://www.rcsb.org) was employed to
interpret the function of the RNA in the cells.

Results

The following miR-31 sequences in Table 1 were
found in the Genbank/NCBI database. They consisted of
the 9 different mammals, from the different families as
well. Those sequences were retrieved for the
comparative studies within this research, especially for
the functional and structural annotations of the RNA.

RNAalifold Conserved Structural Alignment

In order to comprehend the structural variations of
miR-31 within the mammalian kingdom, RNAalifold
was employed to search for the 2D structural
conservation. Hence, the structure was elucidated in Fig.
la. In this respect, the color of the annotations clearly
shows that the structure was highly conserved in the
mammalian kingdom. It could be seen in the 2D
structure of human miR-31, which is closely resembles
the conserved structure (Fig. 1b). This homology is
clearly a sign that the miR-31 2D structure of the
mammalian kingdom in general was derived from a
single structure, as if that is not the case, the conserved
structure could not be able to be generated accordingly.

No. Accession code

Description

2i[387763215|reflNR_049716.1|
gi[270132979]refINR_032004.1|
2i[731442466]refNR_049225.1|
gi[270132836]refINR_032994.1|
gi[262205650]refINR_029747.1|
2i[262205714]ref]NR_029505.1|
gi[296923669]refINR_031845.1|
gi[731441896]refINR_128414.1|
2i[563318615]refNR_106227.1|

O XA N RN =

Bos taurus microRNA 31 (MIR31), microRNA

Pan troglodytes microRNA 31 (MIR31), microRNA
Canis lupus familiaris microRNA 31 (MIR31), microRNA
Equus caballus microRNA 31 (MIR31), microRNA

Mus musculus microRNA 31 (Mir31), microRNA

Homo sapiens microRNA 31 (MIR31), microRNA

Rattus norvegicus microRNA 31 (Mir31), microRNA

Sus scrofa microRNA 31 (MIR31), microRNA

Gorilla gorilla microRNA 31 (MIR31), microRNA
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Fig. 1: Structure of miR-31: (a) RNAlifold conserved structure (b) RNAfold Homo sapiens (c) The scale of base pair probability, 0
refers to the improbable structure and/or sequence, while 1 refers to the most probable ones.

Based on the RNAalifold calculation, the conserved
2D structure is having minimum predicted free energy of
- 53.28 kcal/mol. While the 2D structure of miR-31
Homo sapiens is -36.80 kcal/mol. Both structures
provided spontaneous values and this is a strong
indication that those structures indeed exist. However,
the half time of those chemical species could be very
short, in the fraction of nanoseconds.

Barriers Server

The biochemical reaction transition could only be
able to visualize clearly in a computational environment.
The barriers application was utilized to predict the
trajectory of the RNA molecules in a fine-grained manner.
In this respect, the transition state of the human miR-31
molecule was exposed in Fig. 2. Surprisingly, the barrier
server predicted 10,082,079 structures in an energy range of
30.2 kcal/mol above the minimum free energy. The extreme
diversity of the predicted transition structure is a clear
indication of the molecular dynamism of the molecule and a
sign of its possible variety of the functional features.

SIRNA Prediction

As they are various theories that exist concerning the
role of the miR-31 in the breast cancer, one feasible way is
to generate SiRNA to prevent its overexpression. The
RNAxs application was utilized to create the siRNA that
interacted with the miR-31 of the human (Fig. 3). Thus,
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based upon the execution of the RNAup program, the
interaction was shown to be feasible because of the
spontaneous reaction with free energy value of — 24.94
kcal/mol.

3D Model of the RNA

Based on the homology search on the modeRNA
database, it was found that the miR-31 is strikingly
homologous with the tRNA from Pyrococcus
horikoshii, an arachea that isolated from the
hydrothermal vent in Okinawa, Japan (Fig. 4). It is
interesting to see that the tRNA is in a complex with
the arginyl-tRNA synthetase protein. It is a one
example that Protein-RNA complex indeed exist in
the arachea cell. The computed data is in the PDB format
file. The 3D homology model of the siRNA miR-31 was
not found in the database. However, it was found that it
belongs to the RNA family of RF00275 in RFAM database.
This family acts as small nucleolar (sno)RNA U56, which
is a ncRNA that play part in snRNA biogenesis
(http://rfam.xfam.org/family/RF00275).

Both Jena3D (http:/jenalib.leibniz-fli.de/) and UCSF
Chimera were utilized to visualize the de novo model of
the miR-31 and siRNA mir 31 (Fig. 5). Both visualization
packages were chosen due to their compatibility with the
nucleic acid 3D structure file of PDB format. The de novo
models did not show any binding with other proteins
because the data input only restricted to the RNA.
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Fig. 2: Barrier server of the miR-31 Homo sapiens. The picture above shows the probability of forming the structure according to the
animation sequence. The left circle graph is the graph theory representation of each DNA sequence. The right-hand structure
shows the formation prediction structure, with its probability at each sequence
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Fig. 3: The RNAxs output of the miR-31 siRNA. The black plot refers to the accessibility of the target sequence and the red plot
refers to the accessibility of siRNA sequence. If approaching zero or touching the base of X-axis, the probability of
accessibility for the sequence is zero. If it farther from zero, the probability will be higher
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Fig. 4: The homology model of the miR-31 with modeRNA software. Crystal structure of Pyrococcus horikoshii arginyl-tRNA
synthetase complexed with tRNA(Arg) and an ATP analog (ANP) (PDB ID: 2ZUE, RFAM ID: RF00005)

(@

Fig. 5: Visualization by UCSF Chimera for de novo model of a) miR-31 b) siRNA miR-31

Discussion

The inability for the TNBC to provide significant
response toward the hormonal therapy only left the
viable option for diagnostics and medication in the
transcriptomics realm. The Human Genome Project
(HGP) that mainly constructed with the proteomics-
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world view, has ultimate goal to provide blue-print for
the diagnostics, prevention and therapy for all kind of
diseases, especially cancer as ‘the emperor of all
maladies’ (Teufel et al., 2006). However, the completion
of HGP still can’t cope with the challenge that posed by
the complexity of the molecular mechanism of diseases.
The interplay of genes, proteins and RNAs play part in
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the progression of cancer. In this respect, it is very
difficult to only inspect the aspect of disease with only
one provided insight. In order to supplement the HGP,
new database has been provided, namely the
RNAcentral (RNAcC, 2017). It provides insight that
missing in the proteomics study, mainly for TNBC that
unable to be resolved with proteomics-based approach.
The RNAcentral is integrated with the NCBI refseq in
order to provide coherent continuation with the HGP
initiative. This worldwide initiative is a manifestation
of the importance of the transcriptomics research,
especially in studying cancer.

As the set of tools that taking advantage of the
RNAcentral database, Vienna RNA package provided
solid approach for providing a fine-grained resolution
of the RNA 2D structure (Gruber et al., 2008). The
elucidation of the RNA 2D structure provided very
difficult as the RNA doesn’t have clearly-defined
functional unit like protein-domain. The RNA 2D
structure data in the ‘vienna dot bracket’ format was
indeed useful for further elucidation pipeline of a 3D
structure with the simRNA and modeRNA tools to
provide the PDB output file. The provided PDB output is
solid evidence that the molecular modeling of the TNBC
biomarkers and drug candidate is indeed feasible.

The notable challenge is the impossibility of leaving
behind the whole proteomics approach, especially for
studying TNBC. As the non-coding RNAs is mainly an
expression products of the proteins interplay, the protein-
RNA interactions studies are getting more important
(Murchison and Hannon, 2004; Gregory and Shiekhattar,
2005; Cheloufi et al., 2010). The modules and
applications to inspect the networks and docking of Protein-
RNA are developed extensively (Pérez-Cano et al., 2010;
Eargle and Luthey-Schulten, 2012; Li ef al., 2014). This
particular approach is an interesting option to proceed
for investigating the molecular mechanism of TNBC
further in the future. Thus, it should be supported with
the sufficient in-house GRID-based computational
resources, as relying on the external web-based
application is possibly insufficient due to the certain
computational limitation (Heru Suhartanto, 2012; van
Schaik et al., 2012; Jaber et al., 2013).

Conclusion

It was found that the 2D and 3D structures of the
miR-31 and its siRNA could be elucidated with a fine-
grained resolution using the molecular modeling
software and it could be useful as the TNBC biomarker
and drug candidate. However, the influence of the
protein molecular simulation is still very strong as the
utilities were created based on the PDB format file. The
future venue of this research would be utilizing deeper
molecular simulation perspective.
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