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Introduction

ABSTRACT

Objective: The major purpose of the present study was to predict the structure of
Radical s-adenosyl-L-methionine Domain 2 (RSAD?2), the most targeted protein of
the Zika virus using comparative modeling, to validate the models that were generated
and molecular dynamics (MD) simulations were performed.

Methods: The secondary structure of RSAD2 was estimated using the Garnier-
Osguthorpe-Robson, Self-Optimized Prediction method with Alignment, and Position-
Specific Iterative-Blast based secondary structure prediction algorithms. The best of
them were preferred based on their DOPE score, then three-dimensional structure
identification using SWISS-MODEL and the Protein Homology/Analogy Recognition
Engine (Phyre2) server. SAVES 6.0 was used to validate the models, and the preferred
model was then energetically stabilized. The model with least energy minimization
was used for MD simulations using iMODS.

Results: The model predicted using SWISS-MODEL was determined as the best among
the predicted models. In the Ramachandran plot, there were 238 residues (90.8%)
in favored regions, 23 residues (8.8%) in allowed regions, and 1 residue (0.4%) in
generously allowed regions. Energy minimization was calculated using Swiss PDB
viewer, reporting the SWISS-MODEL with the lowest energy (E =—18439.475 KJ/mol)
and it represented a stable structure conformation at three-dimensional level when
analyzed by MD simulations.

Conclusion: A large amount of sequence and structural data is now available, for
tertiary protein structure prediction, hence implying a computational approach in all
the aspects becomes an opportunistic strategy. The best three-dimensional structure of
RSAD?2 was built and was confirmed with energy minimization, secondary structure
validation and torsional angles stabilization. This modeled protein is predicted to play
arole in the development of drugs against Zika virus infection.

Keywords: Comparative modeling, energy minimization, molecular dynamics,
protein homology/analogy recognition engine, saves 6.0, SWISS-MODEL

RSAD?2 is involved in the cellular antiviral response as well
as innate immune signaling. In the Zika virus, this protein has

Zika virus is an emerging virus reported by the World Health
Organization as a serious global biological threat.!!! The Zika
virus was initially discovered by Alexander John Haddow (an
entomologist). The Zika virus is a mosquito-borne flavivirus
that has been related to serious birth problems in newborns,
including microcephaly, and is linked to Guillain-Barre
syndrome.™ Radical s-adenosyl-L-methionine Domain 2
(RSAD?2) proteins have recently been investigated for their
possible role in the Zika virus. The interferon-inducible
antiviral protein RSAD2 encoded by this gene belongs to the
S-Adenosyl-L-Methionine (SAM) super family of enzymes.

International Journal of Health Sciences

been discovered to block both DNA and RNA.F!

The radical SAM activity of RSAD2(Viperin) reduces the
NAD" -dependent activity of enzymes that control metabolism.
It catalyzes the conversion of Cytidine Triphosphate (CTP)
to its analogue 3’-deoxy-3’, 4’-didehydro-CTP, which was
recently found (ddhctp). This metabolite’s biological function
is still unknown. RSAD?2 expression decreased the level of NS3
(nonstructural) protein and the stability of the other interacting
viral protein, only when NS3 was present. The Zika virus
proved susceptible toward RSAD2’s antiviral action. This

Vol. 17, Issue 1 (January - February 2023)



Rangisetty, ef al.: RSAD2: Target protein study for Zika virus

sensitivity was linked to RSAD2’s ability to degrade NS3 in
a proteasome-dependent manner.) When NS3 was removed,
Zika was entirely rescued, indicating that the viral NS3 is the
RSAD?2 protein’s particular target. RSAD2, a host protein
produced in response to infection, effectively prevents
several Flaviviruses from replicating.®! In the present work,
comparative protein structure modeling and its characterization
with Ramachandran plot is been performed for the RSAD2.
Moreover, energy minimization and molecular dynamics (MD)
simulations were performed for the modeled and validated
protein for stable confirmations. The outcomes of this study
offer a plausible common mechanism, according to which
the RSAD2 protein may be further explored at active site and
molecular docking level, an alternative strategy for medical
research in Zika virus infection.

Materials and Methods

MethodsThere are a series of steps in the comparative modeling
of protein. First, the target must be identified, and then the
target and template sequences must be aligned. Steric clashes
and stability must be discovered, once the template sequence
alignment is accomplished [Figure 1].

Secondary structure prediction of protein

The Universal Protein Resourcel® database was used to
extract the sequence of the protein RSAD2 (Accession
number: Q8WXGI1(RSAD2 Human)) and kept for the
secondary structure analysis using Garnier-Osguthorpe-
Robson (GOR),[" Self-Optimized Prediction method with
Alignment (SOPMA),"® and Position-Specific Iterative-Blast
based secondary structure prediction (PSIPRED).”!

Modeling of protein structure

SWISS-MODEL!M% and Protein Homology/Analogy
Recognition Engine (Phyre2)!'!! servers were used to estimate
the 3D-structure of the protein of interest, RSAD2. SWISS-
MODEL is a server for automated three-dimensional protein
structure comparison modeling. Its objective is to make
protein modeling accessible and thus assisting all life science
researchers of different domains across the world. The
Phyre2 server is used to predict protein structure, function,
and mutations. It’s a web-based service for predicting protein
structure. Sequence template alignments are generated by
them. Using the template structures, a good number of models
were created, and the finest model was chosen by comparing
their Z scores. A comprehensive search of the protein data bank
(PDB) was conducted to pick out the potentially correlated
sequences for which experimentally determined structures
are previously known.

Validation of structures

Ramachandran plots were generated using the SAVES
6.002] software to validate predicted protein structures using

parameters such as favored regions, allowed areas, and
generously allowed regions of amino acid residues.!"! The
PDB files of the best models of the target genes predicted by
SWISS-MODEL and Phyre2 servers were uploaded to the
SAVES 6.0 server to develop Ramachandran plots. They were
made for predicted models, and the plots were compared to see
which model was the most effective and stable.

Energy minimization of predicted structure

SPBDV (Swiss PDB viewer)!'# was used for energy
minimization to achieve the lowest energy conformation for
predicted and evaluated structures.!

MD simulation

The model with lowest energy was considered for MD
simulations. iMODS was used to understand the best model
stability in terms of the torsion angles between molecules.!'"!

Results

Prediction of protein secondary structure

Tools such as GOR, SOPMA, and PSIPRED were used to
estimate the secondary structure of RSAD2. They provided
information on secondary structures such as a-helix, -strand,
and coils for target RSAD2. The GOR method is a secondary
structure prediction methodology based on information theory.
It is based on empirical studies of known protein tertiary
constructions solved by X-ray crystallography. RSAD2 had
142 alpha helices, 74 extended strands, and 145 random
coils, according to GOR analysis. SOPMA is a server that
predicts protein structure, using consensus prediction from
many alignments, the server led to significant advancements
in protein secondary structure. RSAD2 had 146 alpha helices,
80 extended strands, 19 beta turns, and 116 random coils,
according to SOPMA analysis.l'? PSIPRED is a protein
structure forecasting system that allows users to enter a protein

Protein secondary structure prediction by GOR, SOPMA and PSIPRED tools

l

Templates identification by PDB Blast

|

Protein tertiary structure prediction by SWISSS MODEL and Phyre2

|

Predicted structure validation by SAVES 6.0 server

|

Energy minimization by SPDBV

|

Normal mode analysis (NMA) of predicted protein using iMODS

Figure 1: Molecular modeling Flow chart
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sequence, perform a prediction and receive the results in
graphic form. PSIPRED analysis revealed that RSAD2 had
154 a- helices and 162 coils and 145 extended strands.

Template identification

identificationFor RSAD2 comparative homology modeling, a
PDB blast was performed to find out the template structures.!'”?
The templates were compared, and the following are the final
parameters [Table 2].

Protein structure modeling with SWISS-MODEL

MODELThe structures of the protein RSAD2 were modeled
using the SWISS-MODEL program. For the RSAD2, 30
templates were produced using the SWISS-MODEL. The best
two models are 6q2p [Figure 2a] and Svsl [Figure 2b] based
on alignment coverage and Z score.

Protein structure modeling using Phyre2 server

serverThe three-dimensional models and ligand binding sites
were predicted using the Phyre2 server. Through Phyre2 server
we got 114 templates in which 20 are with models and remaining
are not modeled. Based on the maximum coverage, the best
templates with models obtained are 6q2p [Figure 2¢] and 5vsl
[Figure 2d].

Structure validation

validationThe best predicted model of RSAD2 by SWISS-
MODEL and Phyre2 was submitted to the online database
SAVES 6.0, which generated the Ramachandran plot, to
investigate the predicted models.!**! The amino acids (residues)
were distributed in three zones. The three unique regions were
favored regions, allowed regions, and generously allowed
regions [Figure 3 and Table 3].

Figure 2: Best predicted models for SWISS-MODEL (a and b) and
Phyre2 (c and d)
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Energy minimization

SPBDVP! software carried out the energy minimization
of the projected models. To determine the best projected
models, the energy minimization values were compared. The
least energetic model was represented by SWISS-MODEL
(E=-18439.475KJ/mol) [Table 4].

MD simulation

After comparing the energy minimization outcomes, we
can see that the best predicted protein model (Swiss-Model)
has the lowest value for minimization.'”) As a result, the
SWISS-MODEL was further interpreted for MD simulation
to examine the stability and physical activities utilizing the
iMODS webserver’s normal mode analysis (NMA)."! Even
with significantly large macromolecules, iMODS enabled the
exploration of such modes and produced plausible transition
paths between two homologous structures.?!! The unique internal
coordinate formulation increases NMA’s efficiency and broadens
its applicability while maintaining stereochemistry implicitly.

The motion stiffness is expressed by the eigenvalue linked with
each normal mode. The energy that is required to distort the
structure determines its value.['* The easier the deformation,
the lower the eigenvalue. The calculated Eigen value for
the predicted 3-D structure was 8.454¢-04 [Figure 4a]. The
eigenvalue is inversely proportional to the variation associated
with each normal mode. Colored bars show the individual (red)
and cumulative (green) variances [Figure 4b]. The covariance

Table 1: Representation of secondary structure information by
different servers

Sequence (€[0) 2% SOPMA PSIPRED
position

1-20 a-helix a-helix o-helix
2040 a-helix a-helix o-helix
40-60 {B-strand Coils o-helix
60-80 B-strand Coils Coils
80-100 {-strand Coils Coils
100-120 a-helix a-helix a-helix
120-140 o-helix a-helix Coils
140-160 {-strand a-helix=extended strands  c-helix
160180 a-helix a-helix o-helix
180-200 a-helix Coils o-helix=coils
200-220 a-helix o-helix o-helix
220-240 a-helix a-helix o-helix
240-260 a-helix Coils Coils
260-280 a-helix o-helix o-helix
280-300 a-helix o-helix Coils
300-320 a-helix Coils Coils
320-340 a-helix a-helix o-helix
340-361 a-helix Extended strands Coils
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Figure 4: In silico simulation of SWISS-MODEL predicted 3-D structure of RASD2. (a) Eigenvalue (b) Variance (c¢) Covariance matrix

(d) Elastic network

Table 2: BLAST parameters of secondary structures

Query cover E-value Identity Accession
100% 0.0 100.0% NP_542388
100% 0.0 99.72% AAH17969.1

matrix shows how correlated (red), uncorrelated (white), or
anti-correlated (blue) movements are experienced by pairs of
residues [Figure 4¢]. An elastic network model was built to
depict the set of atoms connected by springs.”! Each dot in
the graph symbolizes a spring between the associated pair of
atoms, with stiffer springs symbolized by darker grey dots and
vice versa.? All above-mentioned points denote the higher
stability of the complex [Figure 4d].

Discussion

In humans, the RSAD2 gene codes for a protein called radical
s-adenosylmethionine. It is an interferon-inducible antiviral
protein that is important in the antiviral state of the cell.
Radical-SAM enzymes catalyze a variety of processes in nearly
every area of cellular functioning. RSAD2 is an excellent
illustration of an uncharacterized radical-SAM enzyme, and
chemists and biologists have been trying to figure out what
its substrates and biochemical processes are for nearly two
decades. Studies on RSAD2’s antiviral action have led to a
multifunctionality perspective since its discovery. RSAD2
inhibits virus reproduction by a variety of ways, including its
radical-SAM catalytic activity or interactions with various viral
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Table 3: Comparison of Ramachandran plots for different models
of RSAD2

Properties SWISS-MODEL Phyre2
Favored regions 238 (90.8%) 235 (89.0%)
Allowed regions 23 (8.8%) 29 (11%)
Generously allowed 1 (0.4%) 0 (0%)
Number of disallowed regions 0 (0.0%) 0 (0.0%)
Number of non-glycine and 262 264
non-proline residues

Number of end residues (excl. 4 1
Gly and Pro)

Number of Glycine residues 20 20
Number of Proline Residues 8 8
Total number of Residues 294 293

Table 4: Energy minimization values for different models
SWISS-MODEL Phyre2
—18439.475 —16930.795

Property

Energy (KJ/mol)

or host proteins.*" Since the 3D structure for the complete
human RSAD?2 is not available in the PDB, the complete
RSAD?2 protein structure needs to be modeled using different
tools based on homology modeling. Homology modeling is
one of the fundamental discoveries that precipitated a quick
paradigm shift in computational biology. It obtains the three-
dimensional structure of a target protein based on the similarity
between template and target sequences. This method is useful
for studying viral proteins that are difficult to crystallize,
also it provides a deeper understanding of receptor-ligand
interaction.”® The structure of RSAD2 was predicted using the
SWISS-MODEL and Phyre2 servers. The validation plays an
important role in any study; therefore, the foremost model was
validated by implying Ramachandran Plot which represented
98.8 % of stable amino acids in helices and Beta sheets as
allowed regions. Finally, the optimal model was determined
using energy minimization. One can interpret the stability of
model based on the energy minimization, lower the energy;
more stable the model reference, thus, model with the lowest
energy was used further which was from SWISS-MODEL. It
had an energy of —18439.475KJ/mol. Further MD simulations
were done for the results of SWISS-MODEL and it was noted
that it shows higher stability of the complex. Further studies
can be progressed for looking an active site in the target protein
and molecular modeling research to identify the appropriate
substrate for RSAD2.

Conclusion

Using various in silico methods and approaches, the present
preliminary inquiry aimed to comprehend the primary,
secondary, and tertiary structures of the RSAD2 structural
protein. The SWISS-MODEL outperformed the two anticipated
models (Phyre2 and SWISS-MODEL) in Ramachandran plot
validation. 238 residues (90.8%) were detected in the favored
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zone, 23 residues (8.8%) in the allowed region, and 1 residue
(0.4%) in the generously allowed region during Ramachandran
plot validation. The two models when subjected to energy
minimization calculations using SPBDV, the SWISS-MODEL
represented the lowest energy (E = —18439.75KJ/mol).
Further the minimized structure was also subjected with MD
simulations which represented a stable conformation. This
study provided molecular insight for future investigations
to identify the structural and functional features of RSAD2
protein to discover or build novel antiviral medicines against
Zika virus using a structure-based drug design strategy.

Recommendations

Based on homology structure confirmation, validation, and
dynamics, the RSAD2 three-dimensional structure was
built. The suggested model could be relevant in researching
RSAD?2’s pathophysiological role in Zika virus infection.
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