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Molecular Cloning of sodB Gene from Vibrio alginolyticus HY9901
and Its Bioinformatics Analysis
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Abstract  Vibrio alginolyticus is a zoonotic bacterium. A pair of specific primers was designed using the sodB gene sequence of Vibrio algino-
Iyticus HY9901 in order to amplify the full length of the gene by PCR. The results indicated that the total length of the sodB gene was 585 bp
and that it could encode 194 amino acids. The predicted amino acid sequence derivation indicated that the molecular weight of the protein was
approximately 21.56 kDa, with an isoelectric point of 4.95. Upon prediction of the N-terminal signal peptide structure of the protein, no sig-
nificant signal peptide cleavage site was observed, indicating that the protein lacked both a signal peptide and a transmembrane region. The
amino acid sequence contained an N-glycosylation site, a casein kinase II phosphorylation site, a microsomal C-terminal target signal site, and
a manganese and iron superoxide dismutase signal site. The probability of intracytoplasmic localization of the SodB protein was 56.5% , which
was analyzed according to the subcellular localization of the protein. The amino acid sequence of the sodB gene of V. alginolyticus exhibited
98% —100% homology to other Vibrio species, clustering into the same subfamily with V. parahaem, indicating a relatively close relationship
between them. In the prediction of protein structure, the proportions of a-helix, random coil, B-sheet, and extended strand were 48.45% ,
30.41% , 5.67% , and 15.46% , respectively. The similarity to template 1dt0. 1. A reached 71.58% . A PTM site analysis revealed the pres-
ence of phosphorylation, glycosylation, ubiquitination, sumoylation, acetylation, and methylation modification sites, as well as the absence of

lactylation modification sites.
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1 Introduction

Vibrio alginolyticus is a facultative anaerobic bacterium. It is
a short rod-shaped bacterium, with a length of approximately
1.4 -2.6 wm and a width of 0.5 —0.8 pum. It is devoid of spores
and capsules, yet it is equipped with polar and lateral flagella.
The optimal growth temperature is 28 °C, the optimal pH is 7.2,
and the highest level of activity is observed when the culture is
maintained for 18 h"' ', A number of studies have indicated that
V. alginolyticus can infect a range of animals and humans in the o-
cean, resulting in a variety of diseases. The pathogen is most like-
ly to cause epidemics when the water temperature is 25 =35 °C. It
primarily affects marine animals such as shrimp, shellfish, and
fish, causing symptoms such as epidermal ulcers, hemorrhages,
and black spots, causing significant challenges for the aquaculture

industry in the warm waters of the southern part of China™'.
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V. alginolyticus is a bacterium that is frequently associated with
food poisoning and diarrhea in humans. It also causes a range of
other diseases, including otitis media and septicemia” ™' V. alg-
inolyticus is responsible for a wide range of hazards, including
vibriosis associated with farmed hybrid grouper in Malaysia™
mussels and oysters in the Netherlands®', and Epinephelus
akaara, Litopenaeus vannamei, and Lutjanus sanguineus farmed in
the southern coastal provinces of China. Consequently, a compre-
hensive investigation of the pathogenic principles affecting aquatic
animals is of paramount importance for the advancement of eco-
nomic and social development.

Reactive oxygen species ( ROS) can be produced not only
during the metabolism of microorganisms, but also during the
host’s immune response to pathogens'®'. It is often observed that
inflammation induced by V. alginolyticus contributes to the pro-
duction of large amounts of ROS. V. alginolyticus demonstrates
the capacity to survive and colonize in the gastrointestinal tract,
indicating that it has an effective adaptation to oxidative stress de-
spite being stimulated by higher levels of ROS™". The regulation
of ROS is influenced by antioxidant enzymes and small molecule
antioxidants. Superoxide dismutase (SOD) plays a pivotal role in
the removal of ROS'"'. The classification of SOD into three dis-
tinct types is dependent upon the presence of specific prosthetic

metal cofactors, including manganese superoxide dismutase, iron
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superoxide dismutase, and copper-zinc superoxide dismutase.
These cofactors are encoded by the sodA, sodB, and sodC genes,

13 . . . .
%) In Pseudomonas aeruginosa, iron superoxide dis-

respectively
mutase plays a more critical role than manganese superoxide dis-
mutase in an oxygen-adequate environment, in its ability to com-
bat the herbicide paraquat and in the synthesis of ceruloplas-
min""*". The sodB-deficient mutant displays an exceptionally sen-
sitive response to oxidative stress and a reduced virulence'"'.
Nevertheless, there are numerous avenues for further investigation
into the role of sodB in V. alginolyticus that remain unexplored.
Although sodB has been demonstrated to be crucial for bacterial
persistence and virulence during host infection, only a limited number
of studies have been conducted on the role of sodB in V. alginolyticus.
In the present study, the molecular cloning technique was employed to
obtain the sodB gene of V. alginolyticus HY9901, which was then ana-

lyzed by bioinformatics tools in order to provide a certain reference ba-

sis for in-depth investigation of its function.

2 Materials and methods

2.1 Materials

2.1.1 Strains. The virulent strain HY9901 of V. alginolyticus
was preserved by the Guangdong Provincial Key Laboratory of
Aquatic Animal Disease Control and Healthy Culture'™.

2.1.2 Reagents. The ExTag DNA polymerase was procured from
Takara Biotechnology (Dalian) Co. , Ltd. The bacterial genomic
DNA extraction kit and DNA gel recovery kit were purchased from
Beijing TransGen Biotech Co. , Ltd. The remaining reagents were
imported or domestically produced and were of an analytically pure
quality. The PCR primers were synthesized and sequenced by In-
vitrogen Shanghai Trading Co., Ltd. The antibiotics were pro-
cured from Sigma.

2.2 Methods

2.2.1 Extraction of total DNA from V. alginolyticus HY9901.
One milliliter of V. alginolyticus, which had been cultured over-
night, was centrifuged at 12 000 rpm/min, after which the super-
natant was removed. Next, 20 pL of Proteinase K and 100 pL of
LB11 were added, and the solution was repeatedly blown with a
pipette until the bacteria were thoroughly suspended. The solution
was then incubated at 55 °C for 15 min until it became clear. A
precise 20 pL of RNase A was added and thoroughly mixed, and
the mixture was then allowed to stand for 2 min. Subsequently,
400 pL of BBI1 was added and vortexed for 30 sec. It is possible
that transparent gels or white flocs might be produced, but these
did not affect the extraction of DNA. The entire solution was
transferred to a centrifuge column and subjected to centrifugation
at 12 000 rpm for 30 sec. The waste solution was then discarded.
Next, 400 L of CBI1 was added, and the mixture was centri-
fuged at 12 000 rpm for 30 sec. The resulting waste solution was
discarded, and the procedure was repeated twice. The solution
was subjected to centrifugation at 12 000 rpm for 2 min in order to
completely remove WB11. The column was placed in a clean cen-

trifuge tube and left at room temperature for 5 min. It was then

added to a preheated (65 C) EB solution and left to stand for 2
min before centrifugation at 12 000 rpm for 2 min to elute the
DNA. The eluted DNA can be utilized directly for the subsequent
experiment or stored at a temperature of —20 C.

2.2.2 Cloning of sodB gene. A pair of primers was designed ac-
cording to the sequence of sodB gene from V. alginolyticus. The
upstream primer, designated P1, was ATGGCATTTGAACTAC-
CAGC, while the downstream primer, designated P2, was
TTACTTCGCTAGGTTCTCAG. A polymerase
(PCR) was conducted using the total DNA extracted from V. algi-

chain reaction
nolyticus HY9901 as the template. The reaction was conducted un-
der the following conditions; pre-denaturation at 94 °C for 5 min;
denaturation at 94 °C for 30 sec, annealing at 58 °C for 30 sec,
and extension at 72 C for 40 sec, 33 cycles; and extension at
72 °C for 10 min. Following the examination of the PCR products
by 1% agarose gel electrophoresis, the gel was cut and recovered
using a gel-cutting kit. The recovered fragments were then cloned
into the pMD18-T vector, which was named pMD-sodB.

2.2.3 Bioinformatics analysis of sodB gene of V. alginolyticus
HY9901. A similarity analysis and homology comparison service
for DNA or protein sequences was conducted using the NCBI web-
site (http://blast. ncbi. nlm. nih. gov/Blast. cgi). The DNAMAN
6.0 software was employed for amino acid homology comparison.
The ExPASy Proteomics Server (http://ca. expasy. org) was uti-
lized to calculate protein molecular weight (Mw) and make theo-
retical isoelectric point (pl) predictions. The signal peptide se-
quences were predicted by online analysis software SignalP 4.0
Server (http://www. cbs. dtu. dk/services/SignalP). The trans-
membrane structural domains were predicted by TMHMM Server
2.0 (http://www. cbs. dtu. dk/services/ TMHMM). The distribu-
tion of functional sites in amino acid sequences was predicted by
SoftBerry — Psite ( http://linuxl. softberry. com/berry. phtml?
topic = psite&group = programs&subgroup = proloc). The protein
structure-function domains were analyzed using InterProScan Se-
quence Search ( http://www. ebi. ac. uk/Tools/InterProScan ) ,
while the subcellular localization was predicted using PSORT II
Prediction (http://psort. hge. jp/form2. html). A Phylogenetic
tree was constructed using the neighbor-joining method with the
Clastal 2.0 and MEGA 5.0 software. A modeling analysis was
conducted using the SWISS-MODEL program (http ://www. swiss-
model. expasy. org/ ).

3 Results and analysis

3.1 Amplification of sodB gene A specific band of approxi-
mately 585 bp was successfully obtained by PCR (Fig. 1), which
encoded 194 amino acids (AGV17070.1).

3.2 Physicochemical properties of SodB The SodB protein of
V. alginolytici HY9901 was analyzed using the ExPASy software.
The results indicate that the protein has a total of 2 981 atoms,
with a molecular structure formula of Cyg, H, 5, Nyyo O, S5, a theo-
retical molecular weight of 21.557 05 kDa, a theoretical pl value
of 4.95, an instability coefficient of 28.52 (stable), a fat coeffi-
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cient of 77.06, a total average hydrophilicity of —0.238, and that
the protein is hydrophobic in general. The protein in question does
not contain selenocysteine (Sec) , pyrrole lysine (Pyl), and has a
molar extinction coefficient of 50 420 mol/cm at 280 nm. The total
number of acidic amino acids (Asp + Glu) is 24, and the total
number of basic amino acids (Arg + Lys) is 12, with methionine
(Met) at the N-terminus. The half-life of expression in yeast and
E. coli is greater than 20 and 10 h, respectively, while the half-
life of expression in mammalian reticulocytes in in vitro culture is

found to be 30 h.

2 000

750

NOTE 1. DNA marker DI2000; 2. PCR products of sodB gene.
Fig.1 Amplification of sodB gene

3.3 Sequence analysis of SodB Upon analysis of the SodB
amino acid sequence using the SignalP 4.0 Server, it was deter-
mined that the N-terminal signal peptide structure was not pres-
ent, indicating that the signal peptide is not present in the se-
quence. The TMHMM Server 2.0 program predicted that the pro-
tein would not cross the region of the cell membrane. The SoftBer-
ry — Psite program identified a binding site for manganese and iron
superoxide dismutase signals (158 — 165 aa), a casein kinase II
phosphorylation site (46 —49 aa) , an N-glycosylation site (73 —
76 aa), and a microsomal C-terminal target signaling site (109 —
111 aa) (Fig.2). The predicted subcellular localization of the
protein, based on the available evidence, indicated that SodB was
most likely to be located in the cytoplasm with a likelihood of
56.5% . This was followed by the nucleus with a likelihood of
30.4% , the mitochondria with a likelihood of 8.7% , and finally
the Golgi complex with a likelihood of 4.3% .

3.4 Homology and evolutionary analysis of sodB A BLAST
analysis revealed that the sodB gene of V. alginolyticus exhibited
high homology with the sodB gene of other Vibrio species. Among
these, it exhibited the highest homology with the amino acid se-
quence of the sodB gene of V. parahaemolyticus (99% ). Further-
more, multiple sequence similarity comparisons indicated that the
sodB gene in Vibrio is highly conserved (Fig.3).

The deduced amino acid sequences of SodB protein were em-
ployed to construct a phylogenetic tree with other microorganisms
using the neighbor-joining method with MEGA 5.0 software. The
results demonstrated that the SodB proteins of V. alginolyticus
HY9901 clustered into the same subfamily with V. parahaemolytic-
us, indicating a closer kinship (Fig.4). This finding corroborates
the results of the traditional classification of morphologic and bio-
chemical characteristics.

1 ATGGCATTTGAACTACCAGCTCTTCCTTACGOGAAAGACGCACTAGAACCACACATCTCA
1 M AFELPALPYAEKDALETPEHTIS
61 GCAGAGACTCTAGACTACCACCACGGTAAGCACCACAACACTTACGTTGTTAAGCTTAAC
21 AETLDYHHGEKHHNTYVVELN
121 GGTCTTATCCCTGGTACTGAGTTOGAAGGCAAAACTCTAGAAGAGATCATCAAGACTTCT
41 cL1pc DBMEE ¢ K TLEETIIEKTS
181 ACTGGTGGCGTATTCAACAACGCAGCGCAAATCTGGAACCACACGTTCTACTGGCACTGT
61 teeovinNAAsaaI v I vvoc
241 CTTGCTCCARATGCGGGCGGCGAGCCAACTGGCGCAGTTGCAGACGCAATCAACGCAGCA
81 LAPNAGGETPTGAV ADATINAA
301 TTCGGTTCTTTTGAAGAATTCAAAGCGAAGTTTACTGATTCAGCAATCAACAACTTCGGT
101 FGSFEETFEKAEKTFTDSAINNTFG
361 TCTTCATGGACTTGGCTTGTTAAGAAAGCTGACGGCTCTCTAGAGATCGTTAACACTTCT
121 SSV¥TVW¥LVEKEKADGSTLETLVNTS
421 AACGCTGCTACTCCTCTAACAGAAGAAGGTACAACACCACTTCTAACTGTTGACCTATGG
141 NAATPLTEEGTTPLLTYV JN
481 GAACACGOGTACTACATCGATTACCGCAACGTACGTCCTGATTACATGAACGGCTTCTGG
161 B : o c v vRPDYHNNGEF Y
541 GCTCTAGTAAACTGGGACTTCGTAGCTGAGAACCTAGCGAAGTAA

181 ALV NVYDFVAENTLAEK =*

NOTE Terminators are indicated by * ; green sections represent casein
kinase II phosphorylation sites; red sections represent N-glyco-
sylation sites; yellow sections represent microsomal C-terminal
target signaling sites; pink sections represent manganese and
iron superoxide dismutase signaling sites.

Fig.2 Nucleotides of the sodB gene and their encoded amino acid

sequences
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Fig.3 Homology comparison of amino acid sequences derived from
sodB gene
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Fig.4 SodB amino acid phylogenetic tree constructed based on the
NJ method

3.5 Functional domains, secondary and tertiary structure
prediction of SodB The SMART program revealed the existence

of two principal functional domains within SodB (Fig.5). In the
secondary structure prediction, the a-helix was identified with a
frequency of 48. 45% , while the random coil, extended strand,
and B-sheet were observed with the frequency of 30.41%,
15.46% , and 5.67% , respectively(Fig.6).

Fig.5 Functional domains of SodB
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NOTE Blue: a-helix; Purple: random coil; Red: extended strand; Green: B-sheet.

Fig.6 Secondary structure prediction of SodB

The Swiss-Model program employed an automated process for
generating three-dimensional structural models of proteins. This
process began with the input of the amino acid sequence of SodB.
The program then searched for homologous proteins that can be
used as templates, ultimately generating a three-dimensional struc-
tural model of the single subunit of SodB (Fig.7).

NOTE Template: 1di0. 1. A; Similarity: 71.58%.
Fig.7 Tertiary structure prediction of SodB

3.6 Protein-protein interaction (PPI) network of SodB Among
the PPI networks, it can be observed that the proteins adjacent to
the SodB protein included YbeY, Rnec, SucD, ANP67689. 1,
ANP64874. 1, ANP67214. 1, RpIM, RpsO, RpmG, and Rpsl
(Fig.8).

3.7 Analysis of SodB PTM modification sites

acid sequence of SodB was submitted to automatic analysis using

The amino

the programs Musite Deep (https://www. musite. net/) and FSL-
Kla (http://kla. zbiolab. cn/). This analysis revealed the pres-
ence of phosphorylation, glycosylation, ubiquitination, sumoyla-
tion, acetylation, and methylation modification sites, as well as

the absence of lactylation modification sites.

Fig.8 PPI network of SodB

4 Discussion

In this study, the amino acid sequence of the sodB gene of
V. alginolyticus HY9901 was utilized for a comprehensive and
comparative analysis. This analysis included a variety of parame-
ters, such as secondary structure, tertiary structure, transmem-
brane region, hydrophilicity, and protein-protein network interac-
tions. The structure of the N-terminal signal peptide of the amino
acid sequence of SodB was predicted. The results of this analysis
showed that no obvious signal peptide cleavage site existed and that
no signal peptide existed.

SOD is a metalloenzyme that is widely distributed in living or-
ganisms. It catalyzes the disproportionation of superoxide anions,
specifically removing excess superoxide anions, and maintaining
the balance of oxygen free radicals®'. SOD activity is regarded as
a crucial indicator for evaluating antioxidant properties'” 7. A



46 Asian Agricultural Research 2024

number of studies have demonstrated that an increase in ROS stim-
ulates biofilm formation, while SOD plays a pivotal role in the re-
moval of ROS. In particular, it has been observed that mutation of
the bacterial sodB gene reduces the activity of the SOD enzyme and
diminishes the pathogenicity of the bacteria in mice'™’. Following
a series of comparative analyses, the sodB gene of Vibrio is identi-
fied as exhibiting a high degree of similarity to the amino acid se-
quences of other bacteria, with similarities ranging from 98% to
100% . The deletion of the sodB gene in V. alginolyticus has been
observed to result in a reduction in the organism’s resistance to free
radicals in the external environment. Conversely, an increase in
ROS has been shown to facilitate the formation of biofilms. The de-
letion of sodB in V. alginolyticus results in the inhibition of SOD
activity and an increase in biofilm formation. It is presumed that
the inhibition of SOD activity increases intracellular oxidative
stress of sodB, which in turn further enhances biofilm forma-

tion[ 15,20]

. The results of the bioinformatics analysis of the sodB
gene may provide support for exploring the role of sodB gene in the
physiology and pathogenicity of V. alginolyticus, as well as for the
development of vaccines.

PTMs play a pivotal role in regulating cellular processes. For
instance, phosphorylation is involved in signal transduction and
cell cycle regulation™’ | while acetylation is implicated in tran-

1

scriptional regulation and cell metabolism' >’ . Glycosylation, on

the other hand, is essential for cell adhesion and protein fold-
.3 . .
ing~. However, when a protein undergoes multiple post-transla-
tional modifications ( PTMs) simultaneously, these modifications
interact with each other, forming a complex called PTM co-modifi-

221 " Among the various modification processes, both re-

cation
versible protein phosphorylation and lysine acetylation represent
conserved and universal regulatory mechanisms in bacteria. The
disturbances of phosphorylation and lysine acetylation are transmit-

6] Acetylation is a process that re-

ted through direct interactions
duces the response of proteins to phosphorylation. It typically oc-
curs on proteins that are subject to covalent ubiquitination, which
regulates other protein-modifying enzymes and forms macromolecu-
lar complexes'™’. For instance, acetylation of K" on histone H2B

10 [26 -27 . .
L 1. Previous studies have demon-

inhibits phosphorylation of S
strated that phosphorylation exerts a pivotal influence on the subse-
quent ubiquitination process. The degree of phosphorylation of
ubiquitinated proteins is relatively stable, and a comparison of the
conservation of ubiquitination sites between phosphorylated and
non-phosphorylated proteins reveals no significant difference be-
tween them. The findings indicate a trend towards global crosstalk
with phosphorylation occurring more frequently prior to ubiquitina-
tion'®'. H,0,-induced ASK1 activity can be inhibited by PRMT5
methylation of ASK1 at the Arg-89 site, which in turn promotes the
interaction between ASK1 and Akt and increases phosphorylation

at the Ser-83 site, thereby inhibiting apoptosis™".
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Underpass bridge project

Trestle bridge project Trestle bridge project

No. Project "small trucks pass underneath, "small trucks rolling on ground, "large trucks rolling on ground,
large trucks pass above" large trucks rolling on bridge"  small trucks rolling on bridge"
1 Investment Bridge body 1500 1 500 2 250
(10 000 yuan) Bridge earthwork 367.0 0 0
Road reconstruction 31.5 257.3 190.0
Total 1.898.5 1757.3 2 440.0
2 Small truck efficiency change Higher Higher Higher
3 Small truck transportation cost change Lower Higher Lower
4 Construction period //d 90 40 40
5 Idling period //d 90 0 40
6 Degree of road congestion Mild Mild Mild
7 Difficulty level of vehicle scheduling Easy Easy Easy
8 Ranking by comparison 2 1 3
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