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Abstract

[ Objectives ] To clone the sucC gene of Vibrio alginolyticus strain HY9901 and conduct the bioinformatics analysis. [ Methods ]

Based on the sucC gene of V. alginolyticus strain HY9901 , specific primers were designed to amplify the full length sequence by PCR and make
further analysis. [ Results] The theoretical molecular weight of SucC protein was about 41 528.45 Da, and the full length was 1 167 bp, enco-

ding 388 amino acids. It has no signal peptide and transmembrane region, and has a variety of functional sites. It is predicted that it is mainly

located in the cytoplasm, and the ubiquitin and lactate modification sites overlap, and it has high gene homology with Vibrio parahaemolyticus.

The a-helix, random coil and extended strand are the main secondary structures. The similarity between the constructed three-level structure

model and the template is high. [ Conclusions ] This study reveals the structural characteristics and functional potential of SucC protein, and

provides a theoretical basis for the study of drug resistance mechanism and prevention strategies.
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1 Introduction

Vibrio alginolyticus, belonging to the genus Vibrio in the fam-
ily Vibrionaceae, is a short-rod-shaped bacterium. V. alginolytic-
us is an important zoonotic pathogen. As a main opportunistic
pathogen of vibriosis, it endangers many mariculture animals. An-
tibiotics play a central role in prevention and treatment, but drug
resistance appears, and sucC gene plays a significant role in drug
resistance. V. alginolyticus is a Gram-negative bacterium with me-
sophilic characteristics. Its pathogenic season is mostly warm sum-
mer, but it is not prone to get sick in winter''’. In this experi-
ment, it was found that the highest activity was obtained at pH
7.2, temperature 28 C, and culture time 18 h. V. alginolyticus
is widely distributed in bays, estuaries and marine animals, it can
cause diseases of fishes, shrimps and other marine animals, and
can also infect humans, causing human diarrhea, post-traumatic

[2-3]

infection, otitis media and other diseases For example, V.

alginolyticus can cause vibriosis of marine animals such as Lates
o . [4] . .
calcarifer, Pagrus ma]or[ " and Epinephelus akaara, Epinephelus

[5-6]

fario, Lutjanus sanguineus , and accordingly causing economic

losses. Antibiotics are the main means to prevent and control
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vibriosis in aquaculture production, and play a huge role in the

7. However, with the wide-

prevention and control of vibriosis
spread use of antibiotics, bacteria gradually develop resistance to
drugs, which not only weakens the effect of drug prevention and
control, but also brings some hidden dangers to the environment
and food safety. In view of the increasingly serious drug resistance
of V. alginolyticus, the mechanism of drug resistance has become
a hot issue in academic circle. At present, the known drug resist-
ance mechanisms of V. alginolyticus can be summarized as cell
membrane permeability change, target protein modification, bio-
film formation, active drug transport system and bypass metabolic

BT but the specific mode of action of

compensation pathway
these drug resistance mechanisms remains to be further studied.
During the development of drug resistance in V. alginolytic-
us, except for some resistance-related proteins (such as OmpC,
OmpF and TolC, etc. ), the expression of some key metabolic
pathway-related proteins and enzyme activities will decrease signif-
icantly, such as isocitrate dehydrogenase (ICD), succinyl-Coa
synthetase ( SucC, SucD) and pyruvate dehydrogenase complex
El (Odpl). These proteins are involved in the TCA cycle, pyru-
vate metabolism, and glycolysis, suggesting that in addition to
common resistance mechanisms, bacteria can also affect key meta-

bolic pathways to develop antibiotic resistance through down-regu-
10-11]

lating central carbon and energy generation® Among them,

Succinyl coenzyme A synthetase (SCS) is the key enzyme that
catalyzes the only substrate-level phosphorylation step in the TCA

cycle'™ . Fraser et al. '™ found that when succinyl-Coa syn-
thetase of Pseudomonas fluorescens was overexpressed, it could

form a fine metabolic balance, which made P. fluorescens resistant
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to environmental toxins. Zeng Fuyuan'"' previously studied the
protein succinylation modification of wild strains and drug-resistant
strains of V. alginolyticus, and found that sucC was involved in
the drug-resistant process of V. alginolyticus, suggesting that
PTMs of the protein were involved in the drug-resistant regulation
of V. alginolyticus, which laid a foundation for the study of the
drug-resistant function of the protein. Although the role of sucC in
bacteria has been studied, there are relatively few studies on the
specific regulatory mechanism of sucC involved in V. alginolytic-
us, and the specific role of SucC protein in mediating drug resist-
ance in V. alginolyticus is not clear. In this study, the sucC gene
of V. alginolyticus strain HY9901 was cloned and bioinformatics
analysis was carried out, which has a certain reference signifi-

cance for further study of its function in bacterial resistance.

2 Materials and methods

2.1 Experimental materials

2.1.1 Strain. The virulent strain HY9901 of V. alginolyticus
was obtained by our laboratory from the diseased Lutjanus erythrop-
terus in the sea area of Zhanjiang, Guangdong Province'"™

2.1.2 Main reagents. ExTaq DNA polymerase and pmMDI8-T
vector were obtained from Takara Company; DNA extraction kit
and gel recovery kit were purchased from TIANGEN Biotech
(Beijing) Co. , Ltd. ; PCR primer synthesis and sequencing were
obtained from Sangon Biotech Company. The concentration of an-
tibiotics was ampicillin (Amp) 100 pg/mL.

2.2 Experimental methods

2.2. 1 Extraction of total DNA of V. alginolyticus strain
HY9901. A single colony of V. alginolyticus strain HY9901 was
inoculated into TSB (5% NaCl) medium and cultured at 28 °C
with shaking for more than 12 h, then centrifuged and thalli were
collected. Genomic DNA of V. alginolyticus strain HY9901 was
extracted in accordance with the instructions of DNA extraction
kit, and stored in a refrigerator at —20 °C for later use.

2.2.2 Cloning of sucC gene. A pair of primers is designed ac-
cording to the sequence of the sucC gene of the V. alginolyticus,
the upstream primer S1 was ATGAATTTGCATGAATACCA, and
the downstream primer S2 was TTATTTAGCCTCCGCAG. The to-
tal DNA of V. alginolyticus strain HY9901 was extracted as tem-
plate, and the PCR reaction conditions were as follows: 94 °C pre-
denaturation for 5 min; 94 °C for 30 sec; 50 “C for 30 sec; 72 °C
for 40 sec; a total of 35 cycles, followed by 72 “C extension for
10 min. The PCR products were detected by agarose gel electro-
phoresis, and then were recovered according to the instructions of
DNA recovery kit. The recovered fragments were cloned into
pMD18-T vector, named pMD-sucC.

2.2.3 Bioinformatics analysis of sucC gene of Vibrio alginolyticus
strain HY9901. Sequence homology analysis was performed using
the NCBI website'™® ; amino acid alignment analysis was per-
formed using DNAMAN Version 6. 0 ( Lynnon Biosoft ) ; ORF
Finder and ExPASy Proteomics Server (http://ca. expasy. org)

were used to deduce the amino acid sequence, and the physical

and chemical properties such as molecular formula, total number
of atoms, calculated molecular weight (Mw) and theoretical isoe-
lectric point (pl) were analyzed"” ; signal peptide sequence was
predicted by online analysis software SignalP 4.0 Server " ;
transmembrane domain was predicted by TMHMM Server 2.0 ;
SoftBerry-Psite was used to predict the distribution of functional
sites of amino acids by sequence and structure analysis; the pro-
tein post-translational modification sites were predicted using
MusitDeepmJ
FSL-Kla™"'; protein structural functional domains were analyzed
using SMART program; the PRABI-GERLand website was used
for secondary structure prediction, and Clastal 2.0 and MEGA 5.0
software were used to make phylogenetic trees by neighbor-joining
method ', 3D modeling was performed and analyzed by the
SWISS-MODEL"™ program of ExPASy; protein network interac-
tions were studied using the STRING database ( hitps://cn.
string-db. org/ ) **'.

; lactate modification sites were predicted using

3 Results and analysis

3.1 Cloning of sucC gene A specific band of about 1 167 bp
was successfully amplified by PCR (Fig. 1), and the gene en-
codes 388 amino acids. The accession number in GenBank is

PP477066. 1.
bp
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NOTE M. DI2000 DNA molecular weight standard; lanes 14: SucC
PCR products.
Fig.1 Amplification of sucC gene

3.2 Physical and chemical properties of SucC protein Ex-
PASy software was used to analyze the physical and chemical prop-
erties of SucC protein of V. alginolyticus strain HY9901. The re-
sults showed that the molecular structure of SucC protein is
C, 57 Hs 017 Nugo 0566514, and the total number of atoms is 5 863.
The theoretical molecular weight is 41 528. 45 Da and the theoret-
ical isoelectric point is 4.90. The instability coefficient was
26.52, the fat coefficient is 98. 56, and the average hydrophilicity
is —0.024. The protein contains no selenocysteine ( Sec) and
pyrrolysine (Pyl), and exhibits a molar extinction coefficient of
23 170 (L/mol
amino acids (Asp + Glu) and 37 basic amino acids (Arg + Lys) ,

- cm) at 280 nm. The protein contains 55 acidic

and its N-terminal is methionine (Met). The half-life of expres-
sion in yeast was more than 20 h, in Escherichia coli, the half-life
of expression was more than 10 h, and in mammalian reticulocytes
was 30 h. These results indicate that SucC protein is a relatively
stable hydrophilic protein, which can also have good physical and
chemical properties under adverse conditions.
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3.3 Sequence analysis of SucC protein The N-terminal sig-
nal peptide, cleavage site and transmembrane domain of SucC
amino acid sequence were predicted by SignalP 5.0 Server pro-
gram and TMHMM Server 2. 0 program, and it was found that
there was no signal peptide and no transmembrane domain. Soft-
Berry-Psite predicted that the amino acid sequence contained 8
N-terminal myristoylation sites, 6 casein kinase II phosphorylation
sites, 5 microbody C-terminal target signal sited, one protein ki-
nase C phosphorylation site, one pentenyl binding site, and one
endoplasmic reticulum signal peptide site (Fig.2). The results of
protein subcellular localization prediction showed that SucC was
most likely to be located in the cytoplasm (60.9% ), followed by
the nucleus and mitochondria (17.4% and 13. 0% , respective-
ly), while only 4.3% of SucC was located in vacuoles and vesi-
cles. These results indicate that SucC protein is a non-secretory
and non-transmembrane protein, and it may play a major biologi-
cal function in the cytoplasm. This will lay a theoretical foundation
for further study of SucC protein function.
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Terminators are indicated by #* ; blue background represents
N-terminal myristoylation sites; red underlined represents case-
in kinase II phosphorylation sites; yellow background represents
protein kinase C phosphorylation sites; red background repre-
sents pentenyl binding sites; black underlined represents micro-
body C-terminal localization signal sites; green background re-
present that signal peptide site of the endoplasmic reticulum.
Fig.2 Nucleotide sequence of sucC gene and amino acid sequence
encode by it

MusiteDeep is a deep learning framework for predicting gen-
eral and kinase-specific phosphorylation sites, and it has outstand-
ing advantages in PTM site prediction'’, and FSL-Kla is a multi-
feature hybrid system for predicting lactate modification sites.
Through prediction by MusiteDeep and FSL-Kla, the amino acid
sequences have modification sites of ubiquitination, acetylation,
methylation and lactylation. Among them, four ubiquitination
modification sites overlapped with lactate modification sites, indi-

cating that there may be crosstalk between them, which together

affect some biological functions of SucC protein, but the mecha-
nism of their interaction needs further study.

3.4 Homology and evolution analysis of SucC  Through
BLAST analysis, it was found that there was high homology be-
tween SucC of V. alginolyticus and other Vibrio, strains, among
which the homology with Vibrio parahaemolyticus reached 99% ,
and the multiple sequence similarity comparison showed that SucC

in Vibrio was highly conserved (Fig.3).

Vibrio_alginolyt II:SIIﬂXh; M 5 1821
Vibrio_parahaemo IIL N 2060
Vibrio_diabolicu IIL N 5 M 1618
Vibrio_maerlii.t IIL N M 1555
Vibrio_harveyi.t 1555
Consensus

Vibrio_alginolyt 1861
Vibrio_parahaemo 2100
Vibrio_diabolicu 1658
Vibrio maerlii.t 1594
Vibrio_harveyi.t 1594
Consensus

Identity

Vibrio_alginolyt 100% 1901
Vibrio_parahaemo 99% 2140
Vibrio_diabolicu 99% 1698
Vibrio maerlii.t 98% 1634
Vibrio_harveyi.t VLVNIF CDMIAEGIIGAV 98% 1634

SIvnitggivrcaNTaegiTaavrevay
NOTE Vibrio alginolyticus (WP_225473936.1) ; Vibrio parahaemolyti-
cus (WP_005455468. 1) ; Vibrio diabolicus ( WP_258676161.
1) ; Vibrio maerlii (WP_117233380. 1) ; Vibrio harveyi ( WP_
085320100.1).

Homology comparison of deduced amino acid sequences of

Consensus

Fig.3
sucC gene

With the aid of MEGA 5. 0, the deduced amino acid se-
quence of SucC was compared with other Vibrio strains based on
the Neighbor — Joining method. The results showed that the SucC
protein of V. alginolyticus HY9901 and V. parahaemolyticus were
clustered into the same subfamily (Fig.4), indicating that they
had a close relationship and a certain degree of similarity in bio-

logical function.

i': Vibrio alginolyticus WP_225473936. 1
68 Vibrio parahaemolyticus WP-005455468. 1
Vibrio diabolicus WP_117233380. 1

Vibrio harveyi WP_-085320100. 1
Vibrio maerlii WP_-117233380. 1

0. 001
Fig.4 SucC amino acid phylogenetic tree constructed based on
Neighbor — Joining method

3.5 Functional domain, secondary and tertiary structure
prediction of SucC The prediction results of the SMART pro-
gram showed that the functional domains of the three SucCs were
1218 AA, 2-203 AA, and 262-382 AA (Fig.5-6). In the sec-
ondary structure prediction, SucC protein was composed of
46.65% of an a-helix, 22.42% of random coil, and 20. 10% of
extended strand ( Fig.7), indicating that SucC protein is mainly
composed of an a-helix structure and it may play an important role

in the hydrolysis of ATP and the synthesis of macromolecules.



Yingzhu WEI et al. Molecular Cloning and Bioinformatics Analysis of sucC Gene of Vibrio alginolyticus Strain HY9901 35

rasp 5 se_CoA

0 100 200 300 400
Fig.5 Functional domain 1 of SucC
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NOTE Blue: a-helix; purple: random coil; red: extended strand.
Fig.7 Secondary structure prediction of SucC

The SucC protein structure was predicted by homology model-
ing. SucC amino acid sequence was uploaded in SWISS-MODEL
program, and homologous protein with high similarity was selected
as template (template; Q7MMN3. 1. A) and compared to obtain
SucC tertiary structure model with 96. 91% similarity (Fig. 8),
indicating that the protein structure predicted by this method was
more accurate and could be used as a theoretical basis for subse-
quent experiments.

. SdhA
EN frdA_2

NOTE Template: Q7MMN3. 1. A; similarity: 96.91%.
Fig.8 Tertiary structure prediction of SucC

Fig.9 PPI of SucC

0 100 200 300 400
Fig.6 Functional domain 2 of SucC

R

3.6 SucC protein-protein interaction (PPI) In the PPI, the
proteins adjacent to SucC protein are SucA, SucB, SucD, SdhD,
SdhB, SdhA, SdhC, AceF, FfdA-2 and FfdB (Fig.9), indica-
ting that there may be potential interactions between them.

4 Conclusions and discussion

4.1 Conclusions The sucC gene of Vibrio alginolyticus
HY9901 was 1 167 bp in length, encoding 389 amino acids, which
were stable and non-hydrophilic. The theoretical pl value was
4.90, and the predicted molecular weight was 41 528. 45 Da.
There was no signal peptide and transmembrane domain. The sub-
cellular localization prediction showed that the protein might be lo-
cated in the cytoplasm. The amino acid sequence contained sever-
al sites, of which there were 8 N-terminal myristoylation sites, 6
casein kinase Il phosphorylation sites, 5 microbody C-terminal tar-
get signal sites, one protein kinase C phosphorylation site, one
pentenyl binding site and one endoplasmic reticulum signal pep-
tide site; there were multiple modification sites, wherein 4 lactic
acid modification sites were overlapped with ubiquitination modifi-
cation sites. Besides, there were three functional domains in Pfam
SucC, and its secondary structure was mainly composed of a-he-
lix, random coil and a small amount of extended strands. The sim-
ilarity of its tertiary structure model to the template Q7MMN3. 1. a
was 96.91% . The amino acid sequence of SucC of V. alginolytic-
us and V. parahaemolyticus has the highest homology of 99% , in-
dicating that they are the closest in evolutionary relationship. In
the PPI, SucA, SucB, SucD, SdhD, SdhB, SdhA, SdhC, AceF,
FrdA-2, and FrdB were adjacent to the SucC protein. The results
of this study will lay a foundation for the study of drug resistance
mechanism of V. alginolyticus.

4.2 Discussion Based on the amino acid sequence of sucC
gene of V. alginolyticus strain HY9901, we predicted the physical
and chemical properties, functional domains, secondary and terti-
ary structures, homology, and sucC PPIs and analyzed the results,
and explained the possible role of SucC protein. At present, the
structure and function of sucC gene have been widely studied in
prokaryotes, especially in E. coli. In E. coli, succinyl-CoA syn-
thetase (SCS) is composed of two subunits, « and §, which form

a tetrameric quaternary structure encoding the E. coli sucD and
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sucC genes, respectively, and is part of the larger operon that
drives the transcription of multiple TCA ecycle proteins™ ', In
PPI prediction results, SucC and SucD were adjacent proteins,
which also confirmed this result. The sucC gene plays an important
role in the TCA cycle by promoting the conversion of succinyl-CoA
to succinate, which is a catalytic step coupled to substrate-level
phosphorylation of GDP or ADP alone™ ', Shruti Kashyap
et al. " believed that the downregulation of the sucC gene reflec-
ted reduced respiration, which may have reduced PMF and subse-
quently ATP production, leading to tobramycin-induced cell
death. Feng Xu et al. " also found that SucC protein is the B
subunit of succinyl-CoA synthetase, which can catalyze succinyl-
CoA to succinate. These results are consistent with our results in
the functional domain. Inactivation of succinyl-CoA synthetase
significantly triggers sharp changes in carbon metabolic flux,
thereby enhancing erythromycin production in E3A sucC. Camp-
bell et al. " found that sucC inhibited autolytic activity and in-
creased resistance of Staphylococcus aureus to B-lactam antibiotics
by disrupting cell wall phenotype, while mutations in sucC and
sucD led to the accumulation of succinyl-CoA, which in turn dis-
rupted lysine succinylation in the proteome, and then affect the
drug resistance of bacteria. Therefore, we speculate that SucC and
SucD, as neighboring proteins, may also affect bacterial resistance
by disrupting lysine succinylation. In addition, in E. coli, ubiF
and sucB deletion mutants have been shown to reduce the durable
survival of ampicillin and gentamicin and to increase susceptibility
to different antibiotics'™’. In the prediction results of PPI, SucC
and SucB, as neighboring proteins, may also have a certain rela-
tionship. Therefore, sucC may also act as an important gene in
V. alginolyticus to regulate bacterial resistance to different antibi-
otics. We can further study the role and mechanism of sucC gene
in transcriptional regulation by knocking out sucC gene in V. algi-
nolyticus and comparing with wild strains. Post-translational modi-
fications (PTMs) , such as phosphorylation, ubiquitination, meth-
ylation, ete. , play an important role in the physiological and bio-
chemical processes of various cells. When these modifications in-
teract or combine together, the effect is called post-translational
modification crosstalk'™ ', Extensive studies have shown that
different PTMs on proteins can interact or work together to perform
specific biological functions to initiate or inhibit downstream signa-
ling. Many crosstalks are classified primarily by two PTM interac-
tions, but there are actually three or more modifiers involved in
these processes **. In addition, the potential mechanism of PTM
crosstalk in protein interaction remains to be studied. In the pre-
diction of SucC amino acid sequence modification sites, we found
that there was overlap between its lactic acid modification and
ubiquitination modification sites, which may lead to crosstalk.
This may provide abundant promising targets for the prevention
and treatment of V. alginolyticus. In recent years, although the
biological effects of lactic acid modification and ubiquitination
modification have been studied, there are few studies on the

crosstalk and interaction between them, which need to be further

explored. Yao Rong et al. ") mentioned that some specific en-
zymes such as prolyl hydroxylase 2 (PDH2) can mediate the deg-
radation of ubiquitination modification, and lactic acid can partici-
pate in the regulation of tumor cell growth and related angiogenesis
by inhibiting this degradation process and inhibiting the activity of
PDH2. In V. alginolyticus, there may also be a relationship be-
tween lactic acid modification and ubiquitination modification, so
it is necessary to explore the potential mechanism between them in

the future.
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