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ABSTRACT. Because of our limited understanding of the mechanisms governing Vibrio species
persistence and spread in the face of global warming, finding ways to control the increasing spread of
pathogenic vibrios is challenging. To determine whether the persistence of Vibrio harveyi is associated with
physiological and gene expression patterns, it is important to do research on several proteins in its genome
which are classified as hypothetical proteins (HPs). As a result, the current work sought to elucidate the
roles of a HP found in the genome of V.harveyi. To determine the structure, function and homologous
model of this protein, quality bioinformatics methods were used to predict and confirm the function as well
as secondary and tertiary structure. Additionally, the active site and interacting proteins were examined
using CASTp and the STRING server. An important biological activity of the HP is that it contains single
functional domains that may be act as DNA binding site. Further, protein-protein interactions within
selected HP revealed several functional partners that are essential for bacterial survival with different
functional activity. In addition, molecular docking and simulation results showed stable bonding between
HP and ExbD/ToIR family protein which might be of significant relevance to future bacterial genetics
research.

Keywords: Hypothetical protein, molecular docking, ExbD/ToIR protein, DNA, V. Harveyi.

INTRODUCTION

The marine bacterium Vibrio harveyi is a heterotrophic Gram-negative luminous
bacterium that inhabits temperate and tropical waters. Vibrio spp. can be found connected
to biotic or abiotic surfaces in their natural environments, both free-living and in
symbiotic or host-pathogen associations with other species, occasionally causing
infections or even death of the affected animals [1, 2]. During the era of global warming
(GW), there has been a gradual increase in sea surface temperature as a result of
pathogenic vibrios spreading more widely [3]. The increase in cholera or/and
gastroenteritis outbreaks has coincided with the above trends [4], which seem to be due
to the consumption of water contaminated with pathogenic vibrios. In Asian countries,
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Vibrio-related diseases are more prevalent as the water temperature increases towards the
equator.

There have also been reports of some highly virulent strains of V. harveyi able to cause
mass mortality in both marine invertebrates [5] and various fishes [6] which are associated
with the overall increase in the occurrence of Vibrio-associated diseases. In addition to
its widespread occurrence in aquaculture farms and its effects on the seafood industry, V.
harveyi is notorious for being an important pathogen of cultured penaeid shrimp. This is
particularly true in tropical countries, where temperatures tend to be higher [7]. GW is
anticipated to have even greater impacts on the ocean in the coming years, which could
likely result in the spread of Vibrio-associated infections, as the forecast is not
encouraging.

Nevertheless, many of this V. harveyi proteins are classified as HPs since their
structures and biological activities are unknown. Such proteins can be extremely useful,
and their annotation can lead to new insights into their structures, routes, and activities.
Consequently, bioinformatics approaches can be utilized to predict and analyze various
forms of structure of those HPs, their biological functions, and their interactions with
other proteins.

It got simpler to attribute function to a HP utilizing numerous bioinformatic methods
as in-silico study progressed. We aimed to develop a better understanding of the protein
and further drug targets through the assignment of structural and biological functions to
hypothetical protein QFQ78833.1 of V. harveyi. Protein-protein interaction was
investigated and subcellular distribution, secondary structure, and active site were
predicted. In addition, homology modeling techniques were used to attempt to produce a
good quality model of the QFQ78833.1.

MATERIALS AND METHODS
Identification of similarity and retrieval of sequences

The NCBI database was used to obtain the sequence information for the hypothetical
protein (HP) (QFQ78833.1). After that, the sequence was saved as a FASTA format and
submitted to multiple prediction servers for in-silico analysis. A similarity search was
conducted with the NCBI protein database to provide a first prediction regarding the
function of the targeted HP against non-redundant [8] database to use the BLASTp tool
to search proteins that may have similar characteristics to the HP [9].

Phylogeny analysis and multiple sequence alignment

Multiple sequence alignments were performed using the BioEdit biological sequence
alignment editor between the HP and proteins with similar structural characteristics to the
HP [10]. The phylogenetic analysis was performed using an older version of Molecular
Evolutionary Genetic Study (MEGA) (https://megasoftware.net/).

Physiochemical properties analysis

ExXPASY's ProtParam (http://web.expasy.org/protparam/) tool was used to determine
physical and chemical parameters such as molecular weight, amino acid composition,
theoretical pl, instability index, extinction coefficient, atomic composition, estimated
half-life, total number of positively charged residues (Arg + Lys), total number of
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negatively charged residues (Asp + Glu), aliphatic index, and grand average of
hydropathicity (GRAVY) [11].

Subcellular localization analysis

CELLO anticipated subcellular localization [12]. The results were also compared to
PSORTb subcellular localization predictions [13], PSLpred [14], and SOSUIGramN.
TMHMM [15], HMMTOP [16], and CCTOP [17] were used for the topology prediction.

Identification of conserved domains, motifs, folds, families, and superfamilies

A search was conducted on the database of conserved domains (CDD, available at
NCBI)[18], for conserved domain. The Motif (Genome Net) server was used to find
protein motifs [19]. The evolutionary connections of the protein were assigned using
Pfam [20] and SuperFamily [21] database. For the functional analysis of the protein, the
protein sequence analysis and classification software InterProScan [22] was used. The
PFP-FunD SeqE server [23] was used to recognize protein folding patterns.

Prediction of secondary structure

The secondary structure of proteins was predicted using PSI-blast based secondary
structure prediction (PSIPRED) [24]. Its algorithm employs artificial neural networks and
machine learning techniques. It is indeed a server-side application with a front-end
website that can predict a protein's secondary structure (beta sheets, alpha helixes, and
coils) based on its primary sequence

3D structure prediction, Refinement, and Validation

The three-dimensional structure of the target protein was predicted using the Raptorx
server (http://raptorx.uchicago.edu/) [25]. The protein's 3D structure was refined using
GalaxyWeb. In homology modeling, which is based on empirically proven 3D protein
structures, the structure's validity is a vital step. The suggested protein model was
submitted to ProSA-web for basic confirmation [26]. The z-score, which represents the
overall character of the model, was predicted by the server. If the z-scores of the predicted
model are outside the scale of the property for local proteins, the structure is incorrect
[26]. A Ramachandran plot analysis was performed utilizing the Ramachandran Plot
Server to establish the overall quality of the protein (https://zlab.umassmed.edu/bu/rama/)
[27].

Assessment of model quality

Subsequently, the predicted three-dimensional structure was evaluated using
PROCHECK and Verify3D Structure Evaluation server. PROCHECK was used to
visualize the backbone dihedral angles y against ¢ of amino acid residues in the HP
structure [28]. The aim of PROCHECK is to assess how normal, or conversely how
unusual, the geometry of the residues in a given protein structure is, as compared with
stereochemical parameters derived from well-refined, high-resolution structures [29].
Verify3D Determines the compatibility of an atomic model (3D) with its own amino acid
sequence (1D) by assigning a structural class based on its location and environment [30].
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Protein-Protein Interaction Analysis

Protein functions are determined by interactions between their residues. The STRING
database (http://string-db.org/) was employed in this investigation, which analyzes
physical and functional correlations to discover known and expected protein interactions.
Genomic context, high-throughput investigations, (Conserved) Co-expression, and prior
knowledge were used to make this decision. This database quantitatively incorporates
interaction data from the following sources [31].

Protein disulfide bonds

The formation of disulfide bonds between cysteine residues in a protein is critical for
its folding into a functional and stable shape. To gain insight into the experimental
structure determination and stability of a hypothetical protein, CYSPRED and DIANA
were used to predict disulfide bonds within the protein. CYSPRED evaluates whether
your query protein's cysteine residues form disulfide bridges/bonds. CYSPRED is a
neural network-based predictor that has been taught to accurately discriminate the
bonding states of cysteine in proteins, beginning with the non-binding state of the residue
chain [32]. DIANA was also employed since it aids in the prediction of disulfide
connections in a protein sequence input. Understanding the function of a hypothetical
protein and tertiary prediction techniques rely heavily on the ability to accurately estimate
disulfide bridges [33]. We will be able to identify docking sites for hypothetical proteins
based on their tertiary structure, moving one step closer to creating drugs that target
diseases caused by mutations in the hypothetical gene.

Ligand binding site prediction

In order to anticipate protein—ligand binding sites in hypothetical proteins, the Galaxy
server was employed. GalaxySite predicts the ligand binding site of a query protein based
on its tertiary structure by protein-ligand docking. The structure may be either an
experimental structure (with or without ligand) or a model structure. If a protein sequence
is provided, GalaxySite predicts the structure by using the GalaxyTBM method without
refinement step. The binding ligands are predicted from the complex structures of similar
proteins detected by HHsearch. The protein-ligand complex structures are then predicted
by a ligand docking method called LigDockCSA [34].

Detecting active sites

The active site of this protein was determined using Computed Atlas of Surface
Topography of Proteins (CASTp), available at http://sts.bioengr.uic.edu/castp/ [35]. It is
a web-based tool for identifying, defining, and quantifying concave surface areas on
3D protein structures.

Studies on molecular docking and simulation

The molecular docking and simulation studies were carried out using ClusPro v2.0
server. The algorithm running behind ClusPro v2.0 server is very robust and does not
require any prior information regarding either template or binding site between the
protein-protein. The online server can be accessed at (https://cluspro.bu.edu/). ClusPro
provides a user-friendly interface for understanding flexible docking between protein-
protein interactions [36]. A detailed insight into docking procedure is provided by the
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server whilst providing complete flexibility to the peptide sequence as well as providing
permissible flexibility to the protein receptor sequence. Finally, the docking prediction
result, clustering details and interaction models generated by ClusPro were analyzed. The
final docked protein-protein complex was visualized in Discovery studio. Further, the
amino acid interactions occurring between protein-protein complex were tabulated using
PDBsum [37]. HawkDock server (http://cadd.zju.edu.cn/hawkdock/) was used to
calculate the binding energy of a protein-protein complex [38]. To estimate interaction
free energies between diverse protein-protein complexes, the service uses molecular
mechanics Poisson—Boltzmann surface area (MM-PBSA) [38].

RESULTS AND DISCUSSION
Similarity identification, Multiple sequence alignment and phylogeny analysis

The results of BLASTp against a non-redundant database revealed similarity with
other flagellum proteins (Table 1). The FASTA sequences of the hypothetical protein
(HP) (QFQ78833.1) and homologous identified proteins were aligned using multiple
sequence alignment (Supplementary Fig. 1). To corroborate homology assessments of
proteins at the complex and subunit levels, phylogenetic analysis was used. The alignment
and BLAST results were used to create a phylogenetic tree, which offers a comparable
idea about the protein (Fig. 1). The distances between branches are also taken into
consideration.

Table 1. Non-redundant sequencing yielded a protein with similar properties.

Protein ID Accession No. QFQ78833.1
Organism Protein Name Identity e value
(%)
WP_005430084.1 Vibrio campbellii hypothetical protein 100 0.00

WP_017817185.1 Vibrio harveyi hypothetical protein  99.75 0.00
WP _045456090.1 Vibrio campbellii hypothetical protein  99.75 0.00

WP_041057284.1 Vibrio owensii hypothetical protein  99.26 0.00
WP_175546361.1 Vibrio vulnificus  hypothetical protein  99.26 0.00

0.00

WP 017817185.1 hypothetical protein Vibrio harveyi

0.00

WP 045456090.1 hypothetical protein Vibrio campbellii

0.16 WP 041057284.1 hypothetical protein Vibrio owensii

WP 005430084 .1 hypothetical protein Vibrio campbellii

QFQ788332.1 hypothetical protein FO277 16085 Vibrio harveyi

WP 175546361.1 hypothetical protein Vibrio vulnificus

Fig 1. Multiple sequence phylogenetic tree
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Physicochemical features

The protein consists of 404 amino acids, among the most abundant was Ala 51
followed by, Leu 45, Lys 42, Ser 31, GIn 31, Glu 27, Tyr 24, Thr 21, Val 20, Met 18, Asp
14, lle 14, Pro 13, Arg 13, Asn 13, Phe 11, Gly 9, Trp 5 and His 2. The computed
molecular weight was 45969.20 Da, with a theoretical pl of 9.39, indicating a positively
charged protein. The total number of positively charged (Arg + Lys) and negatively
charged (Asp + Glu) residues were discovered to be 55 and 41, respectively. The protein
was classified as unstable by the computed instability index of 38.26. The aliphatic index
was 83.94, indicating that proteins are stable across a wide temperature range. The
GRAVY value was -0.374. GRAVY with a negative value implies that the protein is
nonpolar. Mammalian reticulocytes (in vitro) were found to have a half-life of 30 hours,
yeast, > 20 hours, and Escherichia coli, > 10 hours. And the molecular formula of protein
was identified as C2067H3292N5380607S1s.

Table 2. Physiochemical features of hypothetical protein from different tools and server

ProtParam tool EMBOSS Pepstats
Sequence ID QFQ78833.1 Charge 15.0
Family (Pfam) No hit Improbability of expression in inclusion 0.661
bodies
Domain Tetratrico Average residue weight 113.785
(ScanProsite) peptide
repeat
profile
Hits 8 A280 extinction coefficients 1 mgml-1  1.376
(ScanProsite)
Length/Max. 71-321, A280 molar extinction coefficients 63260
Score 18.423
Bit score 10.446 Tiny(A+C+G+S+T) 112
E value 33x 10" Smal(A+B+C+D+G+N+P+S 172
+T+V)
Number of AA 404 Aliphatic (A+1+L+V) 130
MW 45969.20 Da Aromatic (F+H +W +Y) 42
pl 9.39 Non-polar ( A+C+F+G+1+L+M+ 210
P+V+W+Y)
Extinction 42985 Polar(D+E+H+K+N+Q+R+S+ 194
coefficients T+2)
Instability index 38.26 Charged(B+D+E+H+K+R+Z) 98
Aliphatic index  83.94 Basic (H+ K+ R) 57
GRAVY -0.374 Acidic (B + D + E + 2) 41

Hypothetical protein functional annotation

This potential protein sequence was discovered to have only a domain using the
conserved domain search tool which is PEP_TPR_lipo super family (accession No.
cl37187). The PEP-CTERM/exosortase system occurs strictly in Gram-negative bacterial
species with the LPXTG/sortase system common to Gram-positive bacteria, analogous to
the PEP-CTERM/exosortase system. The occurrence of this protein is dependent upon
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the presence of DNA-binding response regulator (TIGR02915) and transmembrane
histidine kinase (TIGR02916) in a species. As many of the PEP-CTERM proteins in these
genomes are preceded by a proposed recognition site for response regulators, the presence
of tetratricopeptide repeats (TPR) suggests protein-protein interactions may be important
for regulating the expression of those proteins. Two further domain search tools,
InterProScan and Pfam, were used to verify the result but both servers predicted no
domain family.

Nature of subcellular localization

CELLO predicted subcellular localization analysis, which was confirmed by PSORTDb,
SOSUIGramN, and PSLpred. The HP’s subcellular location was anticipated to be
Periplasmic (Table 3). In contrast to THMM and HMMTOP, the periplasmic protein is
predicted nothing to contain transmembrane helices. The query protein was also predicted
not to be a transmembrane protein by the CCTOP server. All of these findings point to
the protein being Periplasmic.

Table 3. Sub-cellular localization of hypothetical protein predicting from different

servers
No. Analysis Result

1. CELLO 2.5 Periplasmic

2. PSORTb Periplasmic

3. PSLpred Periplasmic Protein

4, SOSUIGramN Peripalsmic

5. TMHMM 2.0 No transmembrane helices present

6. HMMTOP One transmembrane helices present (6-23)
7. CCTOP No Transmembrane protein

Secondary structure analysis

The secondary structures play important roles in protein structure and protein folding.
PROTEUS is a web server designed to support comprehensive protein structure
prediction and structure-based annotation. The PROTEUS Structure Prediction Server 2.0
predicted the proportions of alpha helix, beta sheet content, coil content, and overall
confidence value were 78%, 2%, 31 percent, 19%, and 84.2%, respectively of the
hypothetical protein.

3D structure prediction, model quality refinement and assessment

The three-dimensional structure of the target protein was predicted using the Raptorx
server (http://raptorx.uchicago.edu/) and protein model 1 was chosen. The RaptorX
program predicts 3D structures for protein sequences that have no close homologs in the
Protein Data Bank (PDB) developed by the Xu group. RaptorX predicts secondary and
tertiary structures, solvent accessibility, disordered regions, and solvent accessibility
based on sequence input [39]. The Galaxy Refine server was used to refine the protein's
projected tertiary structure, yielding five refined models and increasing the amount of
amino acid residues in the favored location. When compared to the other models, the
scores listed above indicate the improved model's caliber. Tertiary model and refine
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model 1 were chosen and visualized in Discovery Studio (Figure 2A and B). Through a
Ramachandran plot analysis, PROCHECK evaluated the scalability of the galaxy server
refined model, where the distribution of ¢ and y angles according to the model limits are
depicted in Fig. 2C. A valid model covers 89.5 % of the residues in the most preferred
regions. A 3D structure model of the target sequence was validated by Verify3D and
ERRAT, and then compared against the established model. On the Verify3D graph,
92.57% of residues have an average 3D-1D score of > 0.2, showing that the model has an
excellent environmental profile, and the overall quality factor of 99.2405 in ERRAT
indicates that the model is good. The YASARA energy minimization server later
modified the 3D structure. Before energy minimization, the computed energy was —
71,120.4 kJ/mol, but after energy minimization (by three rounds of steepest descent
approach), it was reduced to —224,539.5 kJ/mol, making the modeled structure more
stable. In addition, ProSA web server analysis resulted Z score of -8.83 which indicate
the model validation (Figure 2D).

Ramachandran Plot
saves

Residues in most favored regions: 89.5% Z Score:-8.83
Residues in additional allowed regions: 8.1%
Residues in disallowed regions: 1.0%

Fig 2. (A) Predicted tertiary structure of the hypothetical protein, (B) Refine model of
the hypothetical protein from Galaxy refine server, (C) Ramachandran plot analysis of
the refine model and (D) Z-score results of the refine model from ProSA server.
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Analysis of protein-protein interactions

We used the STRING 10.0 algorithm to make a prediction regarding the protein's
possible functional interactions [31]. The identified functional partners with scores were;
Biopolymer transport ExbD/TolR family protein (0.873), TonB family C-terminal
domain protein (0.836), DUF3450 domain-containing protein (0.777), MotA/TolQ/ExbB
proton channel family protein (0.756), nanE (0.589), MotA/TolQ/ExbB proton channel
family protein (0.693), Uncharacterized protein (0.636), DUF3450 domain-containing
protein (0.609), Periplasmic protein TonB (0.574), MotA/TolQ/ExbB proton channel
family protein (.491) and Extracellular lipase, Pla-1/cef family protein (0.486). Of them,
biopolymer transport ExbD/ToIR family protein (AMF98084.1) is a naturally occuring
biopolymers which can enable vibrios to successfully strive in marine ecosystems (fig-
3).

AMG00766.1

A

AMG01257.1

P~

AMG00082.1

Fig 3. String (Protein-protein interactions) analysis of hypothetical protein

Table 4. CYSPRED and DIANA predict cysteine residues important in disulphide

bonding
CYSPRED DIANA
Cysteine Prediction Reliability Distance Bonded cysteine
CYS 12 Bonding State 8 56 QEWKECPDYVS-

AGENSCYFNSS
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Ligand binding interactions

To predict the binding sites of ligands on Galaxy servers, we compared target models
and the PDB file of the best predicted domain A model. Different ligands were predicted
by the galaxy server for three models. Galaxy server also combines the results into three
parts such as Predicted ligand-binding residues, Predicted binding poses of model and
Templates for protein-ligand complex (Table 5). The details of the protein-ligand
interaction analysis were given in Table 5.

Table 5. Predicted ligand-binding residues

No Ligand Ligand Binding  Interaction analysis
Name  Structure residues

1 GAL 53K 65Y
210W
219M
364l
368M

model_1

2 ARG 40T 421
I 43G 44G
’ 45G 122Q
M 168Q
S 169F 1721
H H 304A
T 308S

model_2
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Active Site Detection

As predicted by the CASTp v.3.0 algorithm, the protein modeled contains 39 unique
active sites (Figure 5). CASTp is a database server that can recognize regions on proteins,
determine their boundaries, compute the area of the areas, and calculate the dimensions
of the areas. Vacuums concealed within proteins and pockets on protein surfaces are also
involved. To define a pocket and volume spectrum or vacuum, surfaces of solvent
accessible molecules (Richard surface) and molecular surfaces (Connolly surface) are
employed. CASTp might be utilized to look at the operational zones and surface
properties of proteins. CASTp provides a dynamic, graphical user interface as well as on-
the-fly measuring of user-submitted constructs [40]. Based on the area of 1200.598 and
the volume of 3600.556, the top active sites of the model protein were identified (Figure
4). Figure 4 shows the protein's anticipated active site together with its amino acid
residues.

Fig 4. The hypothetical protein's active location. The red sphere represents the protein's
active site

Chain A
I I L -

MKLLKTLLASVALTMGVLSTPVVAKDSPQLSDKTFKVVNKVQELIATEKYSDATI

ERLNKALGKTSKKYDRAVLLQQMGFLYSMRDDYVKASKYFAEALSLDALPVPVA

-
QQVRYSLAQLYLAEEQFKKSVKTMEKWFAVAETTKEKPQAHAYITLASAYVQME

DYRKAIAPTKKAIAMTKNPSESWYMLLMASHYELGQMKSVASVLKILTTKYPQK

KRYWMQLSGTYMELNQDKNALSALEMAYKLGLFEEEKEYLRLVNFLAYQEIPYR

AAKILKDEMANGNTIETNQENLERLASFWQQSKELDNAIDTYQTAYQLAPKTKSAQ

LKIARLMIQAKQYQAASKFAATPASDASRSQAAELQYIRGMAFFELNQPTQALK

SMKKAAQSDSMRQVVSPWINYLESQG

Figure 5. Active location of the hypothetical protein. The active site of amino acid
residues (Blue color)
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Molecular docking and simulation studies between hypothetical protein and
chemotaxis protein

The docking prediction performed by Cluspro server result showed 10 models for the
docked complex. Model 1 (Figure 6 A) is considered to be the most probable model. After
selection of an appropriate model, a detailed investigation was done into the amino acid
sequences that interact between the protein Chemotaxis and amino acid sequence of
hypothetical protein. The amino acid interactions revealed that the complex is stabilized
by 4 hydrogen bonds (Figure 6B). Within the ExoD/TolR -hypothetical protein complex,
Ala 14, Glu 12, Met 20 and Ser 36 of ExbD/ToIR protein respectively interact with His
149, Trp 185, Ser 19 and Lys 49 of hypothetical protein through H-bonds (Figure 6B).
These H-bonds contribute towards the stability of the complex. The binding free energy
of protein complex was evaluated by HawkDock server and found to be — 50.82
(kcal/mol) proving that the complex is stable. Additionally, three different binding sites
of the protein complex was shown in Figure 6 (C, D, E).

A B
-n
e @
i @D D i
@
~ Hypothetical protein o D D
Chalalh - ielm & G
D @D
_— I
-
@ >
- = =
_—
-
4 vasr
=~ ExbD/TolR protein s D z....
Chain A g
e @D
e @D @D ™
s @D @D M
e @D @D <
@~
D @D o
@D

Koy: o=

beoges boexds Donds contacts

Figure 6. (A) ExbD/ToIR protein -hypothetical protein complex, (B) Interactions
between the protein-protein complex and (C, D, E) Three different binding sites of the
selected protein-protein complex.
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CONCLUSION

The hypothetical protein domain has a crucial role as a biopolymer metabolism,
according to the research. It was also discovered to be a soluble protein with single
exposed domain. The existence and distribution of this hypothetical protein domain
across a wide range of bacterial strain and interaction with, ExoD/TolIR protein suggests
that new antibacterial drugs as well as putative mechanisms of its persistence could be
revealed. More research is being done, such as protein-ligand docking studies, to identify
the representative amino acids involved for ligand binding. The molecular docking and
simulation studies between hypothetical protein and ExbD/TolR protein is found in a
stable interaction therefore it may be of interest to researchers to know more about the
biopolymer mechanisms of V. harveyi in the marine environment.
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