Journal of Applicd Life
Scienees Tnternational

Journal of Applied Life Sciences International

24(7): 26-35, 2021; Article no.JALSI.74719
e o ISSN: 2394-1103

In silico Structural and Functional Annotation of
Tomato Chocolate spot Virus

Ftepti B. Jelani *

@ Department of Biotechnology, School of Life Sciences, Modibbo Adama University of Technology,
P. M. B 1079, Yola, Nigeria.

Author’s contribution
The sole author designed, analyzed, interpreted and prepared the manuscript.

Article Information

DOI: 10.9734/JALSI/2021/v24i730249

Editor(s):

(1) Dr. J. Rodolfo Rendon Villalobos, National Polytechnic Institute, México.
Reviewers:

(1) Ali Abdel-hadi Mahoud Alsudani, University of Al-Qadisiyah, Iraq.

(2) S. Priyadharshini, The American College, India.

Complete Peer review History: https://www.sdiarticle4.com/review-history/74719

Received 01 August 2021

Original Research Article Accepted 04 October 2021
Published 17 November 2021

ABSTRACT

Aims: The study aims to predict in-silico the structural and functional annotation of Tomato
Chocolate Spot Virus (TCSV) retrieved from Uniprotkb with the accession number C7TEXM3.

Study design: To use the In-silico approach for the structural and functional annotation of the
Tomato Chocolate Spot Virus.

Place and Duration of Study: The research was conducted at the Bioinformatics Unit, Chevron
Biotechnology Centre, Modibbo Adama University Yola, Nigeria. Between August 2021 to
September 2021.

Methodology: The sequence of the Tomato Chocolate Spot Virus was retrieved from Uniprotkb
with accession number C7EXMS3, Physicochemical characteristics were computed using the
ProtParam tool. The sever SOPMA was used for secondary structure analysis (Helix, Sheets and
Coils). The tool CELLO v2.5 was used to predict the subcellular localization of the protein. Four
different Homology Modelling tools (trRosetta, Lomet, RaptorX and IntFOLD5) were used to predict
the 3D structure of the protein, the quality of the predicted proteins was assessed used
PROCHECK. Three tools (InterProScan, NCBI conserved domains and Phobius) were used to get
the possible function(s) of the protein.

Results: ProtParam tool computed various Physical and Chemical properties such as Molecular
weight (MW) 20396.96 Daltons, isoelectric point (pl) of 6.92. Instability Index 41.94, and Grand
Average Hydropathy (GRAVY) -0.503. SOPMA was used for calculating the secondary structure
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parameters of the protein as Helices (Hh) 43.48%, Extended strands (Ee) 18.48%, Random coils
(Cc) 38.04%. CELLO v2.5 was used for subcellular localization of the protein, it predicted that the
protein can be both Nuclear and Cytoplasmic with the reliability of 1.653 and 1.504 respectively.
Different Homology modelling tools were used to obtain the best 3D structure of the protein.
Furthermore, PROCHECK was used to assess the quality of the models obtained. Model from
trRosetta was found to be the best because of the quality of the Ramachandran Plot obtained from
PROCHECK which has more than 90% of amino acid in the most favourable regions. NCBI-CDD
and interproScan predicted that protein is a DNA double-strand break repair Rad50 ATPase, which
is involved in the early steps of DNA double-strand break (DSB) repair. Furthermore, the Phobius
server predicted the protein to be non-cytoplasmic in its domain, which means they help target
proteins to their final destinations.

Conclusion: The study has helped in obtaining the 3D structure of the protein Tomato Chocolate

Spot Virus from different Modelling tools, as well as the possible function of the protein.

Keywords: Functional annotation; Protein structure prediction; Homology modeling;

chocolate spot virus.
1. INTRODUCTION

Tomato chocolate spot virus is a new member of
torradovirus species in the family Secoviridae [1].
A chocolate-spot virus is a novel group of
picorna-like viruses inciting necrosis-related
diseases of tomatoes in Mexico [tomato apex
necrosis virus (ToANV) and tomato marchitez
virus (ToMarV)] and Spain [tomato torrado virus
(ToTV)] [2]. Nucleic Acids analysis of virions of
the chocolate-spot associated virus showed the
genome consist of two single-stranded RNAs of
~7.5 and ~5.1 kb which corresponds to the
torradovirus RNA1 and RNA2 [3].

The disease Tomato chocolate spot virus is
defined by unique necrotic spots on stems,
leaves and petioles that finally enlarge and result
in a dieback of apical tissues. This virus is
transmissible through sap and graft and causes
disease symptoms in a variety of solonaceous
plants [2]. The purified virions are icosahedral
(~28-30 nm) and composed of two single
stranded RNAs genome similar to the described
torradoviruses [4]. Thus, the name tomato
chocolate spot virus (ToCSV) is proposed.

Determination of ToCSV coat protein three-
dimensional structure is vital for understanding
its function. However, Experimental
determination for structural elucidation of the
virus coat protein structure through Nuclear
Magnetic resonance (NMR) spectroscopy or X-
ray crystallography is expensive and time
consuming [5]. Therefore, viable alternatives
through computational techniques for building
structural models is very paramount. Protein
Data Bank (PDB) is a repository for three-
dimensional structural data of large biomolecules
deposited by Scientists from across the world.
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These structures provide an excellent foundation
for the functional analysis of experimentally
derived crystal structures. Thus, help in
understanding the protein structure function [6].

There are three types of computational modelling
for predicting structural protein models:
homology modelling/comparative modelling, by
threading and by ab initio/De novo. Among
computational modelling techniques, homology
modelling is a renowned silico tool for obtaining
protein structure models [7]. Homology modelling
is on the basis that the three-dimensional
structure of a protein is more conserved than its
primary structure. Hence, changes in the
sequence do not always change the structural
domains of a protein, therefore maintaining its
original function. It is based on the premise that
proteins from the same functional family maintain
their structural domains, which allows for
comparative modelling by homology [6]. Being
homologous means that the proteins belong to
the same genetic and functional family, and
hypothetically, have the same structural motifs. If
a specific protein does not have an elucidated
three-dimensional structure but is homologous to
a protein with a solved structure, a 3-D structure
for the sequence can be built using the known
structure as a template [8].

The present study is focused on Insilico
Structural and Functional Annotation of the
Tomato Chocolate spot Virus.

2. MATERIALS AND METHODS
2.1 Sequence Retrieval

The Amino acids sequence of Tomato Chocolate
Spot Virus (TCSV) was retrieved from uniprotkb



(https://www.uniprot.org/uniprot/C7TEXM3)  with

the accession number C7TEXM3
2.2 Physicochemical Analysis

The Physicochemical characteristics of the
Tomato Chocolate Spot Virus (TCSV) such as
the Molecular weight, atomic composition, amino
acid composition, theoretical pl, instability index,
extinction coefficient and grand average of
hydropathicity was determined using Protparam
tool (https://web.expasy.org/cgi-
bin/protparam/protparam [9].

2.3 Secondary Structure Analysis

The server Sopma was used for secondary
structure prediction (helix, sheets and coils) of
the protein (https://npsa-prabi.ibcp.fr/cgi-
bin/secpred_sopma.pl) [10].

2.4 Subcellular Localization Prediction

Prediction of Subcellular Localization was carried
out using CELLO v2.5
(http://cello.life.nctu.edu.tw/cgi/main.cgi).[11].

2.5 Homology Modelling and Quality
Assessment

The 3D structure of the hypothetical protein
Tomato Chocolate Spot Virus was obtained
using servers such as trRosetta [12], Lomet [13],
RaptorX [14], IntFold5 [15]. The Ramachandran
plots were checked using PROCHECK server
[16] and visualized using pymol tool.
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2.6 Functional Annotation

TCSV hypothetical protein C7EXM3 was
analysed for the function. Three bioinformatics
tools and databases including InterProScan [17],
NCBI Conserved Domains Database (NCBI-
CDD) [18] and Phobius server [19] were utilized
for this reason.

3. RESULTS
3.1 Sequence Retrieval

The sequence of the hypothetical protein Tomato
Chocolate Spot Virus (TCSV) was retrieved from
Uniprotkb with accession number C7EXMS3.

3.2 Physicochemical Characteristics

The results presented in Fig. 2 below shows the
physicochemical properties of the Tomato
Chocolate Spot Virus amino acid sequence. The
Molecular weight (MW), the total number of
positively (+R), negative charged residues (-R),
theoretical isoelectric point (pl), extinction
coefficient (EC), aliphatic index (Al) and grand
average hydropathy (GRAVY) were computed.

3.3 Secondary Structure Analysis

The results presented in Fig. 3 shows the
SOPMA server which was used for the prediction
of the secondary structure such as Alpha helix,
310 helix, Pi helix, Beta bridge, Extended strand,
Beta turn, Bend region, Random coil, Ambiguous
states and other states.

18 20 20 40 50
MSFIGRLNTA EEEKAFHQQV ASSNWICSVD VG5GVINSNP TLDFKVIPPT
60 76 86 98 160
GGAVSVLTVS WENSTPQLVP GHYLLRSGTW PVKNVKLSGL LVHRSVRLET
116 128 138 148 158
TRKVLEQNKY SIAQQTENSV SDKGKTTETA WKFKEEIAHL MNAELERARKE
166 17@ 186
TAEKQSEISK LQLQLSNQPS NNDIFTGWSE DGPK

Fig. 1. Amino acids sequence of TCSV generated from uniprotkb
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Atomic composition:

Number of amino acids: 184
0 Carbaon % 899
Molecular weight: 20396.96 R e it Anse
N Nitrogen N 254
Theoretical pI: 6.92 G 5 a&s
Sulfur S 2
Amino acid composition: | CSV format
ala (a) 10 s.a% :_‘3:"“;1& Esee"‘l:aaf‘tlzsaozs;zzm
o s otal number of atoms:
Asn (N) 12 6. 5% Extinction coefficients:
Asp (D) 5 2.7%
Cys (O 1 .5% Extinction cosfficients are in units of M-l cm™l, at 280 nm measured in water.
6ln (Q) 10 5.4%
clu (E) 16 8.7% Ext. coefficient 28930
cly (6) 11 6.0% Abs 8.1% (=1 g/1) 1.421, assuming all pairs of Cys residues form cystines
His (H) 4 2.2%
Ile (I) 9 4.9%
Leu (1) 16 8.7% Ext. coefficient 28990
Lys (K) 14 7 6% Abs ©.1% (=1 g/1) 1.421, assuming all Cys residues are reduced
Met (M) 1 8.5% EoEEhsied RoEeiiTa,
el = S stimated half-life:
Pro (P) 8 4.3% The Niterminal of the Sequence considered 55 MI(MEE).
Ser (s) 20 10.9%
The (T) 13 7.1% The estimated half-life is: 3@ hours (mammalian reticulocytes, in vitro).
Trp (W) 5 2.7% >20 hours (yeast, in vivo).
Tyr (Y) 1 8.5% >10 hours (Escherichia coli, in wive).
val (V) 16 8.7%
Pyl (0) @ 0.0%
Sec (U) ° 0.0% Instability index:
(8) s 0.0% The instability index (II) is computed to be 41.94
. This classifies the protein as unstable
(z) e 8.0%
(x) @ 8.6%

Aliphatic index: 83.64

Total number of negatively charged residues (Asp + Glu): 21

Total number of positively charged residues (Arg + Lys): 21

Grand average of hydropathicity (GRAVY): -0.583

Fig. 2. Physicochemical Characteristics of TCSV generated from ProtParam tool
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MSFIGRLMNTAEEEKAFHQOWVASSMNWICSVYDWVGSGWINSMPTLDFKVIPPTGGAVSWVLTWVWSWENSTPQLWYP
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Seguence length 184

SOPMA
Alpha helix (HRh) 8@ is 43 .48%
31 helix (Gs) @ is e .2e%
Pi helix CITi) 2 is e.2a%
Beta bridge (Bb) 9 is 2. 202
Extended strand (Ee) 34 is 18 .48%
Beta turn (Tt) 8 is 2282
Bend region C b 8 is 2 _8a%
Random coil L4 - 7O is 38 .84%
Ambiguous states ((?) e is 2. ee%
Other states @ is e .06%

Fig. 3. Secondary structure prediction obtained from Sopma

3.4 Subcellular Localization

Fig. 4. showed the Subcellular localization of
TCSV was predicted using CELLO shows the
various percentage of protein distributions that
the protein could fall into.

3.5 Homology Modelling

The results presented in Fig. 5 below, shows
different Homology Modelling results obtained
from different Modelling tools.
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Among the Models obtained from the different
tools, model 1 of trRosetta is considered the best
model due to the quality that was accessed using
the Ramachandran plot.

3.6 Functional Annotation

A systematic workflow consisting of several
Bioinformatics tools and databases was defined
and used to perform functional annotation of
TCSV i.e., NCBI-CDD, and InterProScan. It
suggested that TCSV is a DNA double-strand
break repair Rad50 ATPase. On a further study,



it was analysed that the protein is non-

cytoplasmic in its domain.
4. DISCUSSION

The present study is focused on structural and
functional annotation of Hypothetical protein
Tomato Chocolate Spot Virus by searching using
Uniprotkb server with accession number
C7EXM3. Fig. 1 shows the amino acids
sequence retrieved from uniprotkb.

ProtParam tools were used to analyze different
physicochemical characteristics  using the
amino acid sequence. The hypothetical protein
TCSV was analysed to have 184 amino
acids with a molecular weight of 20396.96
Daltons and an isoelectric point of 6.92. An
isoelectric point below 7 indicates a negatively
charged protein. The instability index was
predicted to be 41.94 which suggests an
unstable protein. The negative GRAVY index
of -0.503 indicates hydrophilic and soluble
protein [20]. The protein sequence was
found to be rich in amino acid serine which
suggests a preference for alpha-helices in 3D
structure [21].

Secondary  structure  characteristics  were
predicted using the Sopma server. The protein
was analysed to contain a high proportion of
Helices (Hh) at 43.48%, Extended strands (Ee)
at 18.48% and Random coils (Cc) at 38.04%.
The percentage of Helices (HhO in the structure
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makes the protein more flexible for folding, which
might increase protein interactions [22,23].

Subcellular localization is a very important
property of proteins. Cellular functions are often
localized in specific compartments. Therefore,
predicting the subcellular localization of unknown
proteins could be used to obtained useful
information about their functions as well as
understanding  disease = mechanisms  and
developing drugs (Wang, 2004). The cello tool
was used to determine the subcellular
localization of the hypothetical protein. It
suggests that the protein could both be a Nuclear
and Cytoplasmic protein [24].

The main goal of protein modelling is to predict a
3D structure from the protein’s sequence based
on templates with an accuracy that is
comparable to the best results achieved
experimentally. For this purpose, four (4)
different homology tools were used to predict the
3D structure which includes trRosetta, Lomet,
RaptorX and IntFOLD5. The quality of each
model was checked by the Ramachandran plot
obtained from PROCHECK [20]. For a model to
be considered as a good model, it must have at
least 90% of its residues in the most favourable
regions. Ramachandran plot for trRosetta
showed 92.6% of residues in the most favourable
region and 7.2% residues in additional allowed
regions. Suggesting the model of trRosetta is
the best among the models obtained. The final
model was deposited in PDMB and is available
under [.D: PM0084181.

CELTL.O RESUILITS

SeqlD: tr|C7EXM3

Analysis Report:

SVM LOCAILIZATION RELIABILITY
Amino Acid Comp. Nuclear 0.480
N-peptide Comp. Cytoplasmic 0.652
Partitioned seq. Comp. Nuclear 0533
Phyvsico-chemical Comp. Chloroplast 0.315
Neighboring seq. Comp. Cytoplasmie 0.457

CELLO Prediction:
Nuclear 1.635 *
Cytoplasmic 1.504 *
Mitochondrial 0.635
Chloroplast 0.615
Extracellular 0.204
PlasmaMembrane 0.108
Peroxisomal 0.093
Golgi 0.077
Wacuole 0.054
Cytoskeletal 0.029
ER 0.026
Lysosomal 0.019

Fig. 4. CELLO prediction of Subcellular Localization
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Rank:1 estimated RMSD(A): 6.9462

e e — -

(C) RaptorX model

Download Model 1

(b) Lomet model d) IntFOLD5 model

Fig. 5. Models obtained from different Modelling tools

Ramachandran Plot

saves
m..l. ? | i _J_- -
135 |‘ [| &
| = =
] TS r‘—'_‘ | SN [J ‘ ol
a5 r 3 -
l‘.||’*!.L
jg o [ ‘ | | = J

Download Model 1 {colored by rainbow from N to C terminus)
Estimated THscore; 0.403 @

Fig. 6. Model of trRosetta and Ramachandran Plot obtained using PROCHECK
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> NCBI Domains
HOME | SEARCH | GUIDE_ Newsearch | Structure Home ‘ 3D Macromolecular Structures Conserved Domains [ Pubchem | BioSystems |
Conserved domains on [tr|C7EXM3] View | Concise Results v| @
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Superfanilies

PRK0222¢
{

| Search for similar domain architectures | B | Refine search | @
List of domain hits .

Name Accession Description

I-IPRKO2224 superfamily 32023 DNAdoublestandbreak repar RaGSOATPase;
DNA double-strand break repair Rad50 ATPase;

Interval  E-value

The actual alignment was detected with superfamily member PRK02224

Pssm-ID: 179385 [Multi-domain] Cd Length: 880 Bit Score: 40.02 E-value: 4 16e-04

tr| CTEX3 97 RLETTRKVLEQNKVSIAQQTEN- - SVSDKGKTTET - AWK] AHLNAELERARKETAEKQSEISKLQLQL 165
Cdd: PRKB2224 322 RDEELRDRLEECRVAAQAHNEEaeSLREDADDLEErAEELREEAELESELEEAREAVEDRREETEELEEET 393

References:
A Marchler-Bauer A et al. (2017), "CDD/SPARCLE: functional classification of proteins via subfamily domain architectures.”, Nucleic Acids Res.45(D)200-3.
A Marchler-Bauer A et al. (2015), "CDD: NCBI's conserved domain database.”, Nucleic Acids Res.43(D)222-6.
B Marchler-Bauer A et al. (2011), "CDD: & Conserved Domain Datzbase for the functional annotation of proteins.”, Nucleic Acids Res,39(D)225-5.

(

If Marchler-Bauer A, Bryant SH (2004), "CD-Search: protein domain annotations on the fly.”, Nudleic Acids Res.32(W)327-331.

Help | Disclaimer | Write to the Help Desk
NCBI | NLM | NIH

InterProScan Search Result
. b

Title triCTEXM3 s

JobhiD@ prscan5-R20210908-232754-0448-61413549-p1m (B
Length 184 amino acids

Action [ 5!

Status v finished

Expires @ Thu Sep 16 2021

Protein family membership

None predicted
A - { e |
Entry matches to this protein @ kol =
2 4 & 80 100 120 o 160 180
Y

147

50 100
MSFIGRLNTAEEEKAFHQQVASSNWICSVDVGSGVINSNPTLOFKVIPPTEGAVSVLTVSHENSTPQLVPGHYLLRSGTHWPVKNVKLSGLLVHRSVRLETTRKVLEQMKVSIAQQTENSVSDKGKTTETANKFKEEIAHLNAELERAR

* Predictions
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mobidb-fite (3)
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CYTOPLASMIC.

Phobius posterior probabilities for UNNAMED

Posterior label probability
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The probability data used in the plot is found here and the gnuplot script is here.

Fig. 7. The potential function of TCSV

Currently, there is no known function of TCSV.
However, three web tools were utilized to to
search the conserved domains and potential
function of TCSV. Based on consensus
prediction made by NCBI-CDD and interproScan
(Fig 7a and 7b) suggested that TCSV is a DNA
double-strand break repair Rad50 ATPase,
which is involved in the early steps of DNA
double-strand break (DSB) repair [25]. The
complex may facilitate the opening of the
processed DNA ends to aid in the recruitment of
HerA and NurA [26]. Furthermore, the Phobius
server (Fig 7c) predicted the protein to be a non-
cytoplasmic in its domain, which means they help
target proteins to their final destinations, as they
contain a range of targeting signals that function
to direct them along a targeting pathway [27].

5. CONCLUSION

The study has helped in obtaining the 3D
structure of the protein from different Modelling
tools. Model from trRosetta was selected as the
best model based on the quality that assessed
using PROCHECK of having more than 90% of
amino acids in the most favourable region. It has
also helped in understanding the function of the
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protein as well as the main target of the protein.
In addition, the workflow described in this study
can be used for other Hypothetical proteins.
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