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ABSTRACT
The role of immersive 3D visualization in aspects beyond recre-
ational usage includes digitization of biological data in scientific
applications. This paper analyzes the abilities of a molecular vi-
sualization application in providing both scientifically accurate
and visually pleasing illustrations. The Visual Molecular Dynamics
(VMD) software was used in illustrating proteins and molecules
associated with the PVT1 locus of the human chromosome 8p24.
Three proteins (Aurora Kinase A, Human Neuro-specific Enolase A
and Notch Homolog 2 N-Terminal-Like Protein A) were illustrated
using different graphical representations, coloring schemes and
extensions on VMD. These illustrations were then displayed on a
Virtual Reality headset. VMD offers numerous beneficial features
in scientific visualization, especially tools for visualizing proteins.
Expanding these tools to allow easy illustration of non-protein
molecules, such as microRNA, will be advantageous to the field of
biological visualization.

KEYWORDS
MicroRNA, miRNA-1205, biological visualization, scientific visu-
alization, immersive, 3D modeling, three-dimensional visualiza-
tion, Visual Molecular Dynamics, VMD, Paraview, Virtual Reality,
Prostate Cancer
ACM Reference Format:
Olubusayo Oluwagbamila, Oyewole Oyekoya, and Olorunseun Ogunwobi.
2018. Immersive 3D Biological Visualization of Proteins and microRNA
Using VMD . In Proceedings of July 29, 2022 (VR-REU 2022). ACM, New York,
NY, USA, 3 pages. https://doi.org/XXXXXXX.XXXXXXX

1 INTRODUCTION
Located in the cells and bloodstream, microRNA (miRNA) is a mol-
ecule used in regulating gene expression. It shares similarities with
transfer RNA (tRNA) and ribosomal RNA (rRNA) in that it is a
non-protein-coding, regulatory RNA. It functions by binding to the
3’ untranslated region (UTR) of a post-transcriptional messenger
RNA (mRNA) strand, thus inhibiting its translation by the ribo-
some. Rather than become translated into a protein, the mRNA is
either destroyed and recycled, or preserved for later translation.
When microRNA levels are abnormally high, translation occurs
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less frequently than normal, and, in turn, the associated protein is
underexpressed. The inverse is also true - abnormally low levels of
miRNA lead to more frequent translation and overexpression of the
associated protein. Due to the critical role protein expression plays
in cell development and function, anomalous miRNA function has
dangerous implications, some of which include cancer and other
disorders. The overall aim of this study is to digitise the process of
a biological lab which conducted research on microRNA molecules.

2 RELATEDWORK
The roles of microRNA can be seen in a Genome-Wide Associa-
tion Study (GWAS) which examined the deficiency of genes on the
MYC locus of the 8q24 chromosomal region and its strong correla-
tion with various cancers [1]. This led to the discovery of single-
nucleotide polymorphisms (SNPs) in this locus, as well as in other
loci on the 8q24 chromosome. Although regions with these SNPs
lacked protein-coding genes, they contained multiple microRNAs
and other long non-coding RNAs. One such region - PVT1, located
downstream of MYC - has been shown to contain long non-coding
RNA, which are overexpressed and oncogenic in many cancers [3].
PYT1 has also been shown to encode six microRNAs, microRNA-
1204, -1205, -1206, -1207-3p, -1207-5p, and -1208, although the func-
tions of most of these microRNAs in cancers are still largely undis-
covered. Another study further investigated these PVT1-encoded
microRNAs and observed unique mechanisms. microRNA-1204
was found to be overexpressed in certain cancers (glioma, ovarina,
lung, liver cancers), and microRNA-1207-3p to be underexpressed
in prostate cancer. This discovery suggests that these microRNAs
may have different microRNA signatures in cancer. A recent study
examined the molecular mechanisms of microRNA-1205 in prostate
cancer, and discovered that miRNA-1205 is also underexpressed in
prostate cancer [2]. These findings formed the context of our study.

In this paper, we explore the creation of 3D visualizations of
molecules associated with microRNA-1205. While many visualiza-
tion projects exist, very few, if any, of them focus on immersive
visualizations of microRNA behavior. Even fewer, if any, involve the
use of Visual Molecular Dynamics (VMD) in visualizing microRNA-
related molecule.s The aim of this research is to digitise the findings
of a biological lab, with the ultimate goal of inspiring future three
dimensional immersive visualization efforts in the biological field.

3 METHODOLOGY
For this study, we focused on the Visual Molecular Dynamics (VMD)
software, an open-source molecular visualization tool. Over an
eight-week period, we examined the visualization features available
on VMD. We began this study by examining the findings related to
microRNA 1205 and determining which aspect of the findings to
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visualize. We settled on three proteins associated with microRNA-
1205 and prostate cancer: Aurora Kinase A and its mutant, Human
Neuro-specific Enolase A and Notch Homolog 2 N-Terminal-Like
Protein A. Following this, we visited the RCSB Protein Data Bank
and downloaded files for each of the four proteins in the pdb format.
We followed this by loading each file unto VMD and visualizing
them using various display methods. We utilized VMD’s "Render"
feature to export 3D models of each protein in the Wavefront file
format. Finally, we deployed these models unto Google Cardboard
VR headsets.

4 RESULTS
We found the "Drawing Method" and "Coloring Method" VMD
representation features to be useful tools for analyzing protein
structures. These features enabled us to compare the structures of
Aurora Kinase A and its mutant, as in Figure 1. Additionally, we

Figure 1: Comparison of the secondary structures of Aurora
Kinase A and its mutant, using the "Secondary Structure"
coloring method and the "NewCartoon" drawing method

were able to visualize the difference in the number and placement
of alpha helices, beta sheets, angles, polarities and other structural
differences. In figure 2, we compare their alpha helices, and their
affinities for water in figure 3. In the latter, we isolated the hy-
drophobic parts of each of the two structures, highlighting the
differences in polarities and solubility.

Figure 2: Comparison of the alpha helices of Aurora Kinase
A and its mutant, using the "Secondary Structure" coloring
method and the "NewCartoon" drawing method

Using a different set of representations, we illustrated the Human
Neuro-specific Enolase A. The "Chain" coloring method and "Surf"
drawing method combination produced a thick, opaque, hollow fig-
ure, a huge contrast to the conventional representation of proteins
(figure 4.

Figure 3: Comparison of the hydrophobic sections of Aurora
Kinase A and its mutant, using the "Secondary Structure"
coloring method and the "NewCartoon" drawing method

Figure 4: Visual of the Human Neuro-specific Enolase A, us-
ing the "Chain" coloring method and the "Surf" drawing
method

This representation, we reasoned, would be beneficial for im-
mersive experiences. With this representation, users can virtually
immerse themselves into a protein; they can "enter" a protein, view-
ing its peptide bonds and protein backbone from an intimate per-
spective. For this reason, we employed this representation in our
virtual reality visualization video. We loaded two figures of the
same Aurora Kinase A protein and gave them different graphi-
cal representations. This resulted in an aesthetic blend of the two
figures. (figure 5. As the video slowly zoomed in, the user was grad-
ually immersed into a cave-like protein structure, where they could
closely observe its bonds.

With the Notch Homolog 2 N-Terminal-Like Protein A, we ex-
plored the ability to isolate molecules from a protein structure.
Figure 6 shows this protein in its complete form, while figure 7
displays the water molecules surrounding this protein structure.

5 DISCUSSION
We found the basic VMD features seamless and intuitive to use. They
provided accurate three dimensional models of proteins, along with
modifiable graphics for aesthetic appeal. Through this study, we
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Figure 5: Close-up view of the lending of two figures for an
immersive experience

Figure 6: Model of all molecules in the Notch Homolog 2
N-Terminal-Like Protein A

Figure 7: Model of water molecules in the Notch Homolog 2
N-Terminal-Like Protein A

have determined that the visualization applications of VMD range
wide, from analyzing intricate bonds to creating immersive protein
experiences. These are undoubtedly useful in scientific analysis, as
well as fields relating to scientific education and communication

This study faced many challenges. Our initial goal was to digitize
the process of gene expression and the activities of microRNA-1205
on messanger RNA. On the scientific side, mircoRNA-1205 and

most of its associated proteins are widely understudied. As a result,
there is currently a lack of microRNA-1205 visualization resources
available. We encountered additional challenges whenwe requested
data from a biological research lab for their work on microRNA-
1205. They generously supplied us with 6,500 files containing their
research data. We spent a significant amount of time sifting through
each file and determining its compatibility with VMD. Out of the
6,500 files, only about 100 of them were in compatible formats.
However, we eventually discovered these files were in fact not
compatible with VMD; while they were in compatible formats, their
contents could not be loaded or previewed. This process of trial and
error took place over about two weeks, after which we decided to
search for open-source molecular banks akin to the RCSB Protein
Data Bank. We soon faced another challenge - the absence of data
banks with our desired molecules (microRNA-1205) or anything
similar.

For this reason, we could not complete the microRNA visual-
ization process. By the fourth week, we contemplated building
our desired molecules from scratch, either with VMD or another
molecular visualization software. Although this was a promising
direction, we doubted its feasibility, as it would require more that
the four remaining weeks of the allotted research period. As a result,
we opted to focus on the visualization of a few proteins associated
with microRNA-1205.

Despite these challenges, we found this study to be a fulfilling
exposure to the remarkable features of VMD and, by extension, bi-
ological visualization as a whole. Future research directions would
involve using VMD to visualize gene expression or the microRNA
regulatory process. We are also interested in exploring the immer-
sive visualization of other mechanisms of microRNA-1205, such as
its role in cell lineage plasticity. Overall, we are enthusiastic about
the future of biological visualization.
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