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Abstract

cific primers was designed based on the trxB gene sequence of V. alginolyticus for PCR cloning of its full-length sequence. Systematic bioinformatics analyses were

[ Objectives | This study was conducted to investigate the functional characteristics of the trxB gene in Vibrio alginolyticus. [ Methods] A pair of spe-

conducted to predict the physicochemical properties, secondary structure, and tertiary structure of the encoded protein. [ Results| The trxB gene is 960 bp in
length, encoding 319 amino acid residues. The deduced protein has a predicted molecular weight of 34.32 kDa and an isoelectric point (pl) of 4.77. Analysis of
the amino acid sequence revealed a distinct signal peptide cleavage site at the N-terminus, with no transmembrane domains. The functional sites are as follows:
1 N-glycosylation site, 1 ¢cAMP- and ¢cGMP-dependent protein kinase phosphorylation site,, 4 protein kinase C phosphorylation sites, 7 casein kinase II phosphoryla-
tion sites, 1 tyrosine kinase phosphorylation site, 11 N-myristoylation sites, 1 prenyl group binding site, 3 microbody C-terminal targeting signal sites, and 1 xan-
thine nucleotide-disulfide oxidoreductase class Il active site. Subcellular localization prediction indicated the highest probability (44.4% ) for endoplasmic reticu-
lum localization. The TrxB amino acid sequence of V. alginolyticus shares 97.2% —98.4% homology with other Vibrio species, and they were clustered within the
same subgroup. Secondary structure prediction showed proportions of random coils (31.97% ) , alpha-helices (31.66% ) , extended strands (25.08% ), and beta
turns (11.29% ). The tertiary structure model exhibited 88.68% similarity to template 5vt3. 1. A. [ Conclusions ] This study elucidated the characterization of the

TrxB protein in V. alginolyticus, laying a theoretical foundation for the development of outer membrane protein subunit vaccines against this pathogen.
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Vibrio alginolyticus , belonging to Vibrio in Vibrionaceae, is a
Gram-negative, anaerobic short rod-shaped bacterium. This non-
capsulated and non-spore-forming pathogen possesses both polar
and lateral flagella, serving as one of the major opportunistic
pathogens causing vibriosis in marine aquaculture speciesﬂ . Asa
zoonotic pathogen, V. alginolyticus threatens human health
through direct invasion or consumption of contaminated seafood,
potentially causing diarrhea, septicemia, otitis media, and food-

borne illnesses® .

Therefore, in-depth investigation of this
bacterium’s pathogenic mechanisms is of significant economic val-
ue and social importance to preventing and controlling its associat-
ed infections and disease transmission. Current research indicates
that the pathogenicity of V. alginolyticus is closely associated with
various virulence factors, including well-studied extracellular pro-
teases, biofilms, adhesins ( encompassing outer membrane pro-
teins and lipopolysaccharides ), and iron acquisition systems™’

while few studies have been conducted on its thioredoxin ( Trx)
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system.

The Trx system consists of Trx, thioredoxin reductase
(TrxR), and reduced nicotinamide adenine dinucleotide phos-
phate (NADPH), playing crucial roles in cellular proliferation,
survival regulation, and redox balance and antioxidant defense in
organisms. In addition to sustaining redox homeostasis and regula-
ting signal transduction, this system participates in redox reac-
tions, nucleic acid metabolism, cellular growth and functional reg-
ulation, and has even been closely linked to tumorigenesis” ™’
Furthermore , the Trx system can activate NF-kB and its associated
signaling pathways'® ™', Studies have revealed that E. coli strain
AD494 | carrying a mutation in the thioredoxin reductase (irxB)
gene, promotes intracellular disulfide bond formation, thereby fa-
cilitating proper protein folding and ultimately generating biologi-

cally active functional proteins .

These findings fully confirm
the important position of Trx system in organisms.

In this study, in order to investigate the function of the trxB
gene in V. alginolyticus, systematic bioinformatics analysis was
conducted on the cloned gene sequence, including its physico-
chemical properties, secondary structure, and tertiary structure,
and the characterization features of the TrxB protein in V. algino-
lyticus were preliminarily elucidated, laying a theoretical founda-
tion for subsequent development of outer membrane protein subunit

vaccines against V. alginolyticus'""” .

Materials and Methods
Materials

Bacterial strain  Virulent V. alginolyticus strain HY9901 was
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isolated from diseased Luijanus sanguineus in coastal waters of
Zhanjiang City, Guangdong Province and preserved in our
laboratory.
Main reagents ExTaq DNA polymerase was purchased from
Takara. Bacterial genomic DNA extraction kit and DNA gel recov-
ery kit were obtained from Tiangen. All other reagents were ana-
lytically pure, from domestic or international suppliers. PCR
primer synthesis and sequencing were performed by Sangon Bio-
tech (Shanghai). Ampicillin (Ap) was applied at a concentration
of 100 pg/ml.

Methods

Extraction of total DNA from V. alginolyticus HY9901 The
HY9901 strain was streaked onto TSA plates, and single colonies
were picked and inoculated into TSB (5% NaCl) medium, fol-
lowed by shaking culture at 28 “C for over 12 h. Bacteria were
collected by centrifugation at 10 000 rpm for 1 min, and genomic
DNA was extracted according to the kit instructions and stored at
—-20 C for further use.
Cloning of trxB gene
of V. alginolyticus was designed; forward primer P1 (ATGAGCG-
ACGTAAAACACTGTAAAT) and reverse primer P2 ( TTATTT-
GTCACCAAGTGAGTCTAAG). PCR amplification was performed

using the extracted HY9901 genomic DNA as template under fol-

A pair of primers targeting the trxB gene

lowing conditions ; initial denaturation at 94 °C for 5 min, 35 cy-
cles of 94 °C for 30 s, 53 °C for 30 s and 72 °C for 40 s, and final
extension at 72 °C for 10 min. The PCR product was analyzed by
1.5% agarose gel electrophoresis, purified using a DNA gel ex-
traction kit, and cloned into the pMD18-T vector to construct a re-
combinant plasmid, designated pMD-trxB.
Bioinformatics analysis of trxB from V. alginolyticus HY9901
Bioinformatics analysis was performed following the method de-
scribed by Liang et al. ™' using bioinformatics websites. Sequence
homology and similarity were analyzed using NCBI BLAST
(http://blast. ncbi. nlm. nih. gov/Blast. cgi). Amino acid homol-
ogy alignment was conducted using DNAMAN Version 6.0 ( Lyn-
non Biosoft ). ORF Finder ( http://www. ncbi. nlm. nih. gov/
gorf/gorf. html ) and ExPASy Proteomics Server ( http://ca. ex-
pasy. org) were employed to deduce the amino acid sequence,
identify open reading frames ( ORFs), and predict molecular
weight (Mw) and theoretical isoelectric point (pl). Signal pep-
tide sequences were predicted using SignalP 5.0 Server (https://
services. healthtech. dtu. dk/service. php? SignalP-5. 0). Trans-
membrane domains were predicted with TMHMM Server 2.0
(http://www. cbs. dtu. dk/services/ TMHMM). Functional sites
in the amino acid sequence were predicted using SoftBerry-Psite
(http://linux]. softberry. com/berry. phtml? topic = psite&group
= programs&subgroup = proloc). Protein structural domains were
analyzed using InterProScan Sequence Search (http;//www. ebi.
ac. uk/Tools/InterProScan ). Subcellular localization was predic-
ted with PSORT 1II Prediction ( http://psort. hge. jp/form2. ht-
ml). A phylogenetic tree was constructed using the neighbor-join-

ing method with Clustal 2. 0 and MEGA 5. 0 softiware. Modeling

was performed using SWISS-MODEL ( hitp://www. swissmodel.
expasy. org/ ) on the ExPASy server, and the resulting model was

analyzed using 3D structural analysis software PyMOL Viewer.

Results and Analysis
Amplification of frxB gene

A specific band of approximately 960 bp was successfully ob-
tained by PCR (Fig. 1). The gene encodes 319 amino acids.
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M. DI2000DNA molecular weight standard; Lane 1 — 4. trxB PCR
products.

Fig. 1 Amplification of rxB gene

Physicochemical properties of trxB

Analysis of the V. alginolyticus HY9901 TrxB protein using
ExPASy software revealed a total of 4 769 atoms, with a molecular
formula of C| g H, 165 N,;;0,45,S,5. The theoretical molecular weight
is 34 317.56 Da, and the theoretical pl is 4.77. The instability
index is 31.29, and the aliphatic index is 85.02. The average of
hydropathicity (GRAVY) is —0. 166, indicating the protein is
hydrophobic overall. The protein contains no selenocysteine ( Sec)
or pyrrolysine (Pyl). Assuming all Cys residues are reduced, the
molar extinction coefficient at 280 nm is 17 420 M™' em™'. The
total number of acidic amino acids (Asp + Glu) is 47, while the
number of basic amino acids (Arg + Lys) is 28. The N-terminus
is methionine (Met). The half-life was predicted to be >20 h in
yeast, >10 h in Escherichia coli, and 30 h in mammalian reticu-
locytes (in vitro).
Sequence analysis of trxB

The SignalP 5. 0 Server predicted a clear signal peptide
cleavage site in the N-terminal region of the TrxB amino acid se-
quence, indicating the presence of a signal peptide. TMHMM
Server 2. 0 analysis revealed no transmembrane domains in the
protein. Using SoftBerry-Psite, following functional sites were pre-
dicted; 1 N-glycosylation site (272 — 275 aa), 1 cAMP- and
c¢GMP-dependent protein kinase phosphorylation site (177 — 180
aa) , 4 protein kinase C phosphorylation sites (91 =93 aa, 116 —
118 aa, 180 — 182 aa, 204 —206 aa) , 7 casein kinase II phospho-
rylation sites (46 —49 aa, 48 —51 aa, 157 — 160 aa, 207 — 210
aa, 267 =270 aa, 276 —=279 aa, 315 =318 aa), 1 tyrosine kinase
phosphorylation site (96 — 104 aa), 11 N — myristoylation sites
(13 -18 aa, 37 —42 aa, 41 —46 aa, 42 —47 aa, 132 — 137 aa,
153 - 158 aa, 154 - 159 aa, 238 —243 aa, 268 —273 aa, 280 —
285 aa, 302 —307 aa), 1 prenyl group binding site (7 =10 aa),
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3 microbody C-terminal targeting signals (7 —9 aa, 26 — 28 aa,

117 =119 aa) , and 1 xanthine nucleotide-disulfide oxidoreductase
class II active site (136 — 156 aa) (Fig. 2). Subcellular localiza-
tion prediction suggested that irxB is most likely localized in the

endoplasmic reticulum (44.4% ), followed by the plasma mem-

brane (33.3% ), with lower probabilities in the Golgi apparatus
(8.7% ) and vacuole (8.7% ).
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ATGAGCGACGTAAAACACTGTAAATTATTAATTCTTGGTTCTGGTOCTGC AGGATACACA
MS DV KHGIKNENE I L G S GP A G YT

GCTGCCGTCTACGCAGCGOGTGCAAACTTAAACCCTGTGCTTGTGACGGGAATGCAACAA
A AVYAARANLNPVILVT G MQ Q

GGTGGTCAGCTAACCACCACAACTGAAGTTGAAAACTGGCCAGGCGATGCTGAGGGACTG
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ACAGGTCCAGCATTGATGGATCGCATGAAAGAACACGOCGAGCGTTTTGAAACTGAAATC
T G PA LMDRMKTEMHATERTFETE!I

GTATTTGATCACATCAATGAAGTAGAGCTATCACAACGCCCATTTOGTTTAAAAGGCGAC

v FDHINEVETLSQQ&RrR-'? F I

TCAGGTGAGTACACTTGTGATGOCTTAATCATATCTACCGGCGCATCAGCAAAATACCTT

I T ¢ DALII STGAS AKVYTL

GOCCTTGAGTCTGAAGAAGCATTTAAAGGTCGOGGOGTTTCTGCTTGTGCAACCTGTGAC

G LESEEAFEKGRGVS A NG

GGTTTCTTCTACCGTAATCAGAAAGTTGCAGTTGTGGGCGGTGGTAACACGGCTGTTGAA

GAAGCGCTATACCTATCTAACATTGCGTCAGAAGTTCATCTGATCCACOGCCGOGATTCA

EALYLSNT11As E vHL! & INEGE

TTCCOOGCAGAGAAGATCCTTGTGAAACGTCTGATGOGATAAAGTTGAAAGCGGTAATATC
EFERAEK ITLVEK RLMDIEKYESGNI

GITCTTCATACCGATOGCACTCTCGATGAAGTACTGGGTGACGATATGGGOGTAACGGGC

vLHT DR BEEE vVLG6DDMGVTG

GTCCGCATTAAAGACGTGAACAGCGGTGCGACAGAAGATATCGATGTAATGGGTGCATTC
VRIKDVNS GATETDTIDVMG AF

ATCGCAATTGGTCACCAGCCAAACACACAAATCTTTGAAGGCCAAGTAGACATGAAAGAT
I AI G HQPNTOQITFEGQVD MKTD

GGCTACATCATCGTTCAATCAGGTCTTGAAGGCAACGCAACACAAACTAGTATCGAAGGT
oYt 1 vo NGNS N AT QNSNS

GTATTTGCAGCTGGCGACGTAATGGACCACAACTACOGTCAAGCGATCACCTCTGCAGGT
VFEFAAGDVMDHNY RQAITITSAG

ACAGGTTGTATGOCTGCATTAGATGCTGAACGTTTCTTAGACTCACTTGO TGACAAATAA

Tg cMaalLDacer FLD (S

The terminator is represented by # ; the yellow part represents the N-gly-
cosylation site; the green part represents cAMP and cgmp dependent pro-
tein kinase phosphorylation sites; the black underline represents the pro-
tein kinase C phosphorylation site; the blue part represents the casein ki-
nase II phosphorylation site; the red part represents the tyrosine kinase
phosphorylation site; the black bottom line represents the n-terminal myr-

istoylation site; Gray represents isopentenyl binding sites; the red part re-

Homology and evolutionary analysis of TrxB

BLAST analysis revealed that the irxB gene of V. alginolytic-
us shares high homology with trxB from other Vibrio species, ex-
hibiting up to 98. 4% amino acid sequence homology. Multi-se-
quence similarity comparison demonstrated that ¢rxB is highly con-
served among Vibrio species (Fig. 3).

The deduced TrxB amino acid sequence and other microor-
ganisms were used to construct a phylogenetic tree by the Neigh-
bor-joining method in MEGA 5. 0 software. The results showed
that the ¢rxB protein of V. alginolyticus were clearly clustered
within the same subgroup as other Vibrio species, indicating a

close phylogenetic relationship among them (Fig. 4).
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Vibrio_campbelli 97.2% 362
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Vibrio_rotiferia 97.5% 318
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V. alginolyticus ( WP _258453976. 1 ); Vibrio campbellii ( WP _

047479081. 1) ; Vibrio harveyi group ( WP_182026273. 1) ; Vibrio harveyi

(WP_222325531. 1) ; Vibrio rouiferianus ( WP_143692652. 1) ; Vibrio

(WP_047008641.1).

Fig. 3 Comparison of derivable amino acid sequence homology of
trxB gene
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Fig. 2 Nucleotides of frxB gene and its encoded amino acid se-
quence
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Fig. 4 TrxB amino acid phylogenetic tree constructed based on NJ

method
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Prediction of functional domains and secondary and tertiary
structures for TrxB

Using the SMART program, a TrxB functional domain (43 —285
aa) was predicted (Fig. 5). Secondary structure prediction re-
vealed following composition; random coils (31.97% ), alpha-
helices (31.66% ), extended strands (25.08% ), and beta turns
(11.29% ) (Fig. 6).

The amino acid sequence of TrxB was submited to SWISS-

MODEL program, and homologous proteins were automatically
searched as templates to obtain the single-subunit tertiary structure

model of TrxB (Fig. 7).

oo st

Blue: Alpha helix; Purple: Random coil; Red: Extended strand; Green: Bate turn.

Fig. 6 Secondary structure prediction of TrxB

Template: 5vt3.1. A; Similarity: 88.68%.
Fig. 7 Tertiary structure prediction of TrxB

Protein-protein interaction network of TrxB

In the protein-protein interaction network, proteins adjacent
to TrxB include trxA-2, tsaA-1, ahpC, trxC, ANP67598. 1,
ANP64013. 1, ANP67564. 1, ANP64424. 1, ANP65389. 1, and
hmp (Fig. 8).

ANPET598.1

Fig. 8 TrxB protein network interaction

Conclusions and Discussion

In this study, the trxB gene from V. alginolyticus HY9901
were successfully cloned and analyzed, revealing multiple bio-
chemical characteristics of its encoded protein. The TrxB protein
was predicted to have a molecular weight of 34. 32 kDa and an iso-
electric point of 4. 77, suggesting its specific stability and poten-
tial functions within cells. Bioinformatics analysis identified multi-
ple phosphorylation sites and a signal peptide, indicating its po-
tential roles in signal transduction and protein processing. Further-
more, the high probability of trxB localization in the endoplasmic
reticulum points to its possible importance in protein folding and
quality control. Homology analysis demonstrated high sequence
conservation with trxB from other Vibrio species, reflecting its evo-
lutionary conservation within the genus. These findings provide
new insights into understanding the role of rxB in the pathogenic
mechanisms of V. alginolyticus, laying a foundation for developing
targeted prevention and control strategies against the bacterium.

In V. alginolyticus, Trx is a part of immune defense, which
can promote the reduction of other proteins and act as an antioxi-
dant™’. Additionally, TrxR in V. harveyi can provide immuno-
protective effects, and its expression in E. coli may confer immune
protection in turbot ( Scophthalmus maximus)'™'. This protein is
also involved in selenium metabolic pathways. Microbial selenium
metabolism primarily includes selenium transport, reduction, oxi-
dation, assimilation, and methylation[m.

Overall, research on microbial selenium metabolism has
achieved relatively clear understanding regarding selenium assimi-
lation and reduction mechanisms. The assimilation pathways have
been elucidated in both fungi and bacteria ( including ar-

chaea)!""".

both Gram-negative and Gram-positive bacteria*" | though no spe-

Specific selenate reductases have been identified in

cific selenite reductase or other key selenite reduction genes have
been discovered to date. Selenium transport is associated with sul-
fate or phosphate transport systems and is also influenced by fac-
tors such as temperature, pH, carbon sources, and nitrogen

sources. Several key genes and enzymes involved in selenium
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methylation have also been identified. However, knowledge re-
mains limited regarding selenium-oxidizing microorganisms, and
systematic studies on microbial selenium oxidation mechanisms are
still lacking. Therefore, our research group will focus future inves-
tigations on the role of the TrxB protein in selenium oxidation
processes in V. alginolyticus.

In this study, the full-length trxB gene sequence was suc-
cessfully amplified from V. alginolyticus HY9901. The gene is 960
bp in length and encodes 319 amino acids. Bioinformatics analysis
revealed following characteristics of the protein;

(1) Physicochemical properties: The protein is unstable and
hydrophobic, with a theoretical isoelectric point (pl) of 4.77 and
a predicted molecular weight of 34.32 kDa.

(2) Structure and localization; No signal peptide or trans-
membrane domains were detected. Subcellular localization predic-
tion indicated predominant mitochondrial localization.

(3) Functional sites; The amino acid sequence contains mul-
tiple phosphorylation sites and targeting signal sites, and there is a
functional domain.

(4) Secondary and tertiary structures: The secondary struc-
ture consists mainly of random coils, alpha-helices, extended
strands, and a small proportion of beta turns. The tertiary struc-
ture model showed 88.68% similarity to the template 5vt3. 1. A.

(5) Homology analysis; The TrxB amino acid sequence of
V. alginolyticus exhibited the highest homology (98. 4% ) with
other Vibrio species, indicating their closest evolutionary
relationship.

Through preliminary bioinformatics analysis, basic informa-
tion and functional roles of the irxB gene in V. alginolyticus have
been clarified, providing theoretical guidance for the subsequent

development of new vaccines.
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