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Molecular Cloning of clpX Gene from Vibrio alginolyticus HY9901

and Its Bioinformatics Analysis
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Abstract According to the clpX gene sequence of Vibrio alginolyticus HY9901, a pair of specific primers were designed, and the full length
was cloned by PCR and subjected to bioinformatics analysis. The results showed that the clpX gene was 1 281 bp in length and encoded 426
amino acids. Its molecular structure formula was Cj g, Hg 405 N; 261 O, 5055560, With a theoretical protein molecular weight of approximately 1 044
473.4 kDa and a theoretical pl value of 5.04. The cIpX gene was predominantly situated within the cytoplasm, exhibiting unstable and hydro-
philic protein characteristics. It possessed a signal peptide cleavage site, lacked a transmembrane region, and was not associated with any
KEGG metabolic pathway. Additionally, it possessed 2 glycine phosphorylation sites, a CAMP-dependent protein kinase phosphorylation site,
a C-terminal amidation modification site, 6 protein kinase C phosphorylation sites, 7 microbody C-terminal target signal sites, and an ATP/
GTP site. The clpX phylogenetic tree was constructed using the MEGA 5.0 software via the neighbor-joining method. The results demonstrated
that the clpX of V. alginolyticus exhibited up to 100% affinity with the clpX of Vibrio spp. The single subunit 3D structure model of the ClpX
protein was obtained using the SWISS-MODEL program. A structural and functional analysis of the protein revealed the presence of three dis-
tinct ClpX structural and functional domains. In the prediction of secondary structure, the proportions of a-helix, random coil, B-sheet and ex-
tended strand were 40.38% , 37.09% , 5.40% and 17.14% , respectively. The analysis of the ClpX protein through the STRING database re-
vealed that the proteins interacting with the ClpX protein were Tig, Atpd, Hflb, Msrh-2, Rpod, Clpp, Clpa, Lon-1, Hfq, and ANP63951.1.
A computational analysis of the ClpX protein identified a number of post-translational modification sites, including phosphorylation, acetyla-
tion, ubiquitination, glycosylation, methylation, S-palmitoylation, and lactylation. The significance of this study is to analyze the function of
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the clpX gene and establish a robust foundation for subsequent investigations into the mechanism of the clpX gene in Vibrio alginolyticus.
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1 Introduction

Vibrio alginolyticus, a member of the genus Vibrio and family
Vibrionaceae, is a gram-negative anaerobic bacterium with a ter-
minal flagellum and motile characteristics. It is a common patho-
gen in the process of mariculture. V. alginolyticus is one of the
most prevalent bacterial diseases''' | with a wide distribution in
marine and estuarine environments and other water bodies. It has
a significant impact on marine organisms. In the temperature range
of 25 -35 °C, V. alginolyticus is a significant contributor to the
development of serious vibriosis in fish, shrimp, shellfish, and
other economically valuable aquatic animals™ . V. alginolyticus
has been associated with a range of human diseases, including di-

arrhea, otitis media, enteritis, and others. The pathogenicity of
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V. alginolyticus is contingent upon its interaction with the host.
The invasive and proliferative processes of V. alginolyticus on the
host cause damage to the host cell’s tissues and disrupt the host
cell’s metabolism. A variety of virulence factors have been demon-
strated to be associated with the pathogenicity of V. alginolyticus,
including lipopolysaccharides | extracellular products™’ | bio-

¢ the ferric uptake system' ', the

, and the type III secretion system'*’ .

films”’, adhesion factors
group sensing system'®’

ClpX is an AAA ATPase that is responsible for distinguishing
potential substrates. This is achieved by recognizing short motifs at
the C-terminus of proteins and delivering the substrate to the ClpP
protease for degradation. Among the Clp ATPases, ClpX is the
smallest and simplest of the ATPases, consisting of an ATPase
hexamer ( ClpX) and 2 peptidase heptamers (ClpP) """, ClpX is
approximately 45 kDa in size and contains a highly conserved zinc-
binding structural domain at the N-terminus, an AAA + ATPase
structural domain with Walker A and B motifs in the middle, and
a tripeptide IGF motif that is necessary for interaction with ClpP.
The biochemical functions of ClpX include the binding of sub-
strates, junctions, and ClpP, as well as protein unfolding and
peptide translocation. The unfolding and translocation of substrates
necessitate the binding and hydrolysis of ATP, which drive confor-
mational changes in the enzymes that drive these mechanical

processes. In gram-positive bacteria, the Clp complex plays a cen-
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tral role in regulating the production of virulence factors. In con-
trast, in gram-negative bacteria, conserved proteases typically
contribute to pathogenesis by influencing biological processes with-
in the bacterial envelope.

In recent years, there has been a proliferation of studies on
the clpX gene in a number of bacterial species, including Staphy-

[11 - - [12
lococcus aureus'" | Mycobacterium tuberculosis'™

[13]

, Streptococcus

mutans'? | and Chlamydia trachomatis™'. However, there has
been a paucity of research on the ¢clpX gene in V. alginolyticus. In
order to further elucidate the mechanism of action of the clpX gene
in V. alginolyticus, this study cloned the clpX gene of V. algino-
lyticus and conducted a bioinformatic analysis of its sequence.
This lays the foundation for the subsequent study on the mecha-

nism of virulence regulation of its protein in V. alginolyticus.

2 Materials and methods

2.1 Materials

2.1.1 Strains and vectors. The virulent strain of V. alginolyticus
HY9901"’ was preserved by the Guangdong Provincial Key Labo-
ratory of Aquatic Animal Disease Control and Healthy Culture.
The Escherichia coli DHSa competence was maintained by the
same laboratory. The cloning vector pMD18-T was procured from
Takara Biotechnology (Dalian) Co. , Ltd.

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.
The methodology proposed by Zeng Fuyuan''® was employed, with
genomic DNA extracted in accordance with the instructions provid-
ed by the kit and stored at a temperature of —20 °C.

2.2.2 Cloning of ¢lpX gene. A pair of primers was designed ac-
cording to the sequence of the clpX gene from V. alginolyticus.
The upstream primer, designated P1, was ATGACAGATAAAAG-
CAAAGAAAGT, while the downstream primer, designated P2,
was TTACTCTGCTCCAGCTGCCT. A polymerase chain reaction
(PCR) was conducted using the total DNA extracted from V. algi-
nolyticus HY9901 as the template. The reaction was conducted un-
der the following conditions; pre-denaturation at 98 °C for 3 min;
denaturation at 98 °C for 30 sec, annealing at 54 °C for 30 sec, and
extension at 72 °C for 40 sec, 33 cycles; and extension at 72 °C for
5 min. The gel was cut and recovered using a gel-cutting kit.
2.2.3 Sequencing of PCR products. The PCR product was liga-
ted to the pMDI8-T vector and subsequently transformed into
DH5a receptor cells in accordance with the procedure outlined in
the manual, to promote its entry and stable presence in these

cells. The colonies were coated on LB plates containing Kna™ re-

sistance in order to select those that had successfully undergone
transformation and carried the target plasmid. Subsequently, the
colonies were dispatched to Guangzhou Sangon Biotech Co. , Ltd.
for analysis.

2.2.4 Bioinformatics analysis of clpX gene from V. alginolyticus
HY9901. The methodology employed in this experiment was in ac-
cordance with that proposed by Pang Huanying!”'. Sequence ho-
mology comparison and similarity analysis were conducted via the
NCBI website. Physicochemical properties were analyzed using the
ExPASy Proteomics Server. Nucleic acid homology comparison
analysis was performed using DNAMAN Version 6.0. Open read-
ing frames were determined using ORF Finder. The signal peptide
sequences were predicted by online analysis software SignalP 5.0
Server. The functional site distribution in amino acid sequences
was predicted by SoftBerry-Psite. The transmembrane structural
domains were predicted by using TMHMM Server 2.0. The lacta-
tion modification site was predicted by using the Kla website. The
protein structure and functional domains were analyzed using the
SMART website. The subcellular localization was predicted using
the Gneg-PLoc software. Phylogenetic trees were constructed using
the Clastal 2. 0 and MEGA 5. O software. The protein modeling
was carried out using the SWISS-MODEL program of the ExPASy
server. The metabolic pathways were searched using the KEGG
website. The protein-protein network interactions were searched in
the STRING database. Finally, the PTM modification sites were

predicted using the musite website.

3 Results and analysis

3.1 Gene amplification A specific band of approximately
1 281 bp was successfully obtained by PCR (Fig. 1), which enco-
ded 426 amino acids (NCBI accession No. ; PP526748.1).
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NOTE M. DI2000 DNA marker; 1 —4. Amplification results of clpX
gene.
Fig.1 Cloning of clpX gene

3.2 Physicochemical properties of clpX The results indicate
that the ¢/pX had a total of 13 386 atoms, with a molecular struc-
ture formula of Cj g, H 405N, 281 O, 508560 » @ theoretical protein mo-
lecular weight of 104 447.34 kDa, and a theoretical pl value of
5.04. The ClpX protein was composed exclusively of alanine
(Ala, 30.3% ), glycine (Gly, 24.7% ), cysteine (Cys, 20.3% ),
and threonine (Thr, 24.7% ), with no negatively charged resi-
dues (Asp + Glu) or positively charged residues ( Arg + Lys).
The protein had an extinction coefficient of 9 970 mol/cm at
280 nm. The half-life of expression in yeast and E. coli was grea-
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ter than 20 and 10 h, respectively, while that in mammalian retic-
ulocytes in in vitro culture was found to be 4.4 h. ClpX is a pro-
tein with a high degree of instability, as indicated by an instability
index (IT) of 40.50 and a lipid index of 30.29. The mean value
of hydrophilicity (GRAVY) was 0. 781, indicating that the pro-
tein is generally hydrophilic.

This evidence indicates that the HY9901 ClpX protein is a
relatively large, unstable hydrophilic protein composed of specific
amino acids with specific pl values, extinction coefficients, and
half-lives. The protein’s composition of only four amino acids sug-
gests the possibility of a unique biological function or structural
feature. The absence of charged residues may be indicative of the
protein having no significant role in charge regulation or ion bind-
ing. These properties may be closely related to the specific intra-
cellular functions of the protein, and further studies are needed to
reveal its specific mechanism of action.

3.3 Sequence analysis of clpX The N-terminal signal peptide
structure of the ¢/pX amino acid sequence was predicted using the

) ATGACAGATARAAGCARAGARAGTGGCAGCGGTARATTGCTGTACTGTTCTTTCTGCGGC
1 MTDEKSUEKEZ SGSGELLYCSTFCG
61 ARAAGTCAGCACGAAGTTCGCAAGCTAATCGCAGGTCCGTCAGTGTACATTTGCGACGAR
21 KS§ QHETVR LIAGPSVYYICTDETE
121 TGTGTCGACTTATGTARCGATATTATTCGCGAAGRRATCARGGATGTTCTCCCTAAGRAR
41 CVDLCNDIIREEIKDVLP-
181 GAATCTGAAGCGTTACCRACGCCRAAACAGATCCGTGAACACCTTGATGACTATGTGATC
61 !EALPTPKQIREHLDDYVI
241 GGGCAAGATTACGCGARRARRGTGCTCGCAGTTGCGGTATATAACCACTACRAGCGTTTA
81 GQDYARKEKVLAVAVYNEHYZEKRTL
301 CGCRATGGTGATACRACGAGCGRAGGTGTGGAGCTTGGTAAGAGTARCATCCTTCTARTT
101 RNGDTTSEGVETLGEKSNTITLTLTI
361 GGTCCTACAGGTAGCGGTARARCACTACTTGCGGAGACATTAGCTCGATTCTTGGATGTG
121 c P I 86 EKTLLAETLARTETLDTY
421 CCATTTACRATGGCAGACGCGACGACACTAACCGAAGCCGGTTACGTAGGTGAAGACGTT
141 PFTMADATTILTERZGYVGETDYV
481 GARRRCATCATCCARAAGCTTCTGCARRAATGTGATTACGATGTAGCTAARGCGGAACGC
16l ENITIQEKLLQERCDYDVAZRZAEETR
541 GGCATTGTTTACATTGATGAAATTGATARGATTTCACGCARAGCTGAARACCCATCTATT
181 GIVYIDETIUDEKTI® SREAENTPSTI
601 ACGCGTGACGTATCTGGTGARGGTGTTCAGCAGGCGCTACTARRRCTTATCGAAGGTACG
201 TRDVSGEGVQQALLEKLTIEGT

SignalP 50 Server program, which revealed the presence of a sig-
nal peptide cleavage site and the presence of a signal peptide. The
probability of the signal peptide being a Tat signal peptide was
47.72% , the probability of it being a Sec signal peptide was
43.91% , and there was also a probability of it being some other
signal peptide of 8. 15% . The protein was found to lack a trans-
membrane region, as predicted by the TMHMM Server 2. 0 pro-
gram. Subcellular localization was performed through the Gneg-
mPLoc server (URL; sjtu. edu. cn) , which predicted that the clpX
gene was located in the cytoplasm. The SoftBerry-Psite program
predicted the presence of 2 glycine sites (8-11 aa, 205-208 aa) ,
a CAMP-dependent protein kinase site (59-62 aa), 6 protein ki-
nase C functional sites (24 aa, 10-12 aa, 67-69 aa, 125-127 aa,
192-194 aa, 242-244 aa), a C-terminal amidation site (228-231
aa), 7 microsomal C-terminal target signaling sites (11-13 aa,
96-97 aa, 135-137 aa, 176-178 aa, 243-245 aa, 308-310 aa,
396-398 aa), and an ATP_GTP site (121-128 aa) in the amino
acid sequence (Fig.2).

661 GTTGCATCGETTCCACCTCARGETGGTCGTAAGCATCCTCAGCAAGRATTCCTACAAGTG
221 vasvoeroFNGRAME HPQQEFLOQY
721 GACACATCTAAGATCCTGTTCATCTGTGGTGGTGCTTTTGCTGGCTTAGACARAGTGATT
241 DTS EKEILFICGGAFAGLDE RYVTI
781 GAGCAGCGTGTTGCAACAGGTACAGGTATTGGTTTTGETGCTGARGTTCGTTCGARGRAT
261 EQRVATGTGIOGTPFGAETVRZSEN
841 GAATCGARGACAGTAGGTGAGCTATTTACTCAAGT TGAACCTGARGACTTAGTGAAGTAC
281 ESRKTVGELFTQVEZPEIDLTVEZ EKY
501 GGCCTCATTCCAGRATTCATTGETCGTCTACCTGTAACARCAACACTGACTGAGCTTGAT
301 GLIPEFI%E’VTTTLTELD
9561 GAAGAAGCGTTGATTCAGATCCTATGTGAACCGAAGAACGCACTGACCAAGCARTATGCR
321 EEALIQIULCETPERKNALTTE RO QYH? 2
1021 GCATTGTTTGAGCTAGARAACGCCGAACTTGAATTCCGTGARAGATGCGCTGCGCGCTATC
341 ALFELENAELETFREDALRATI

1081 GCGAARARAGCAATGGAGCGTAARACAGGTGCTCGTGGCTTACGCTCGATTCTTGARGGC
361 AKRKRKRAMEREKETGARGLRSIULESG

1141 GTGCTACTTGAARACCATGTACGAATTACCATCTGCARCAGACGTTAGTARAGTCGTGATT
381 VLLETMYELPSATDYVSEVVI

1201 GATGAGTCCGTCATTAATGGCGAGTCAGAGCCACTGCTTATTTACAGTAACGCAGACAAT
401 DESVINGESETPLLTIYSNADN
1261 CAGGCAGCTGGAGCAGAGTAR

421 QARGARAE™

NOTE Blue sections represent C-terminal amidation site; double underline indicates microsomal C-terminal target signaling site; wavy line indicates ATP-

GTP site; yellow sections represent protein kinase C site; green sections represent CAMP-dependent protein kinase phosphate site; and single under-

line indicates glycine site.

Fig.2 Nucleotides of clpX gene and their encoded amino acid sequences

This hypothesis posits that ClpX is a cytoplasmic protein that

may possess a signal peptide enabling its entry into the cytoplasm
via a specific secretion or localization mechanism. It lacks a trans-
membrane region, yet may function by interacting with other mem-
brane proteins or organelles. ClpX contains multiple functional
sites that may be involved in a variety of biological processes, in-
cluding protein stability, enzyme catalytic activity, and signal
transduction. The predicted ATP_GTP site provides further evi-
dence that ClpX functions as a subunit of the ATP-dependent pro-
tease complex. These predictions provide a preliminary under-

standing of the structure and function of ClpX proteins. However,
the specific mechanism of action requires further experimental
verification.

3.4 Homology and evolutionary analysis of cI[pX A compre-
hensive analysis conducted using BLAST software revealed a high
degree of homology in the clpX gene between V. alginolyticus and
other Vibrio species. It is particularly noteworthy that the amino
acid sequence homology with the clpX gene of V. harveyi was
99% , which demonstrated an extremely high degree of similarity.
Furthermore, additional results of multiple sequence similarity
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comparisons substantiated that the clpX gene in V. harveyi dis-
played a considerable degree of evolutionary conservation, which
is crucial for elucidating its biological function and the genetic re-
lationships among Vibrio spp. (Fig.3).
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Fig.3 Homology comparison of amino acid sequences derived from
clpX gene

The Neighbor-joining ( NT) method of MEGA 5.0 was em-
ployed to construct a phylogenetic tree using the amino acid se-
quences of the clpX gene in V. alginolyticus and those of other
Vibrio sp. Fig.4 demonstrated that V. alginolyticus and V. harveyi
were situated within the same subfamily, indicating a high degree

of homology between them.

59 Vibrio WP 005382345. 1
Vibrio diabolicus WP 258633312.1
Vibrio natriegens WP 176291173.1
Vibrio harveyi WP 045490421. 1
—

0. 001
Fig.4 Phylogenetic tree constructed based on the NJ method

3.5 Functional domains, secondary and tertiary structure
prediction of ClpX The SMART program identified the pres-
ence of three distinct functional domains within ClpX (Fig.5): a
ZF-C4_ClpX functional domain (13-52 aa), an AAA functional
domain (113-266 aa), and a ClpB functional domain (319-414
aa). In the secondary structure prediction, the a-helix was identi-
fied with a frequency of 40. 38% , while the B-sheet, random coil ,
and extended strand were observed with the frequency of 5.40% ,
37.09% , and 17.14% , respectively(Fig.6).

a
3 | AAA pB_D2-small

0 100 200 300 400
Fig.5 Functional domains of ClpX

Xdio

~—4

The zf-C4_ClpX functional domain may be involved in pro-
tein-protein interactions or substrate recognition. The AAA func-
tional domain suggests that ClpX is an ATP-dependent molecular
chaperone or protease, and these enzymes are often involved in a
variety of cellular activities, such as the maintenance of protein

homeostasis. The ClpB functional domain provides further
evidence of the relevance of ClpX to protein degradation and re-
folding processes. The findings indicate that the ClpX protein is a
multifunctional protein that may play a significant role in protein

homeostasis, degradation, folding, and the regulation of cellular

activities.
50 100 150 200 250 300 350 400

NOTE Blue: a-helix; Green: B-sheet; Purple: random coil; Red: ex-
tended strand.
Fig.6 Secondary structure prediction of ClpX

The ClpX amino acid sequence was submitted to the SWISS-
MODEL program, which employed an automated search for homol-
ogous proteins as templates to obtain a tertiary structure model of
the single subunit of ClpX (Fig.7). The template was 8¢91.1.D,
and the similarity between the ClpX tertiary structure model and
the template was 83.73% , indicating a high degree of structural
conservation between the ClpX protein and the template protein
(8e91.1.D). This conservation may be indicative of the function-
al similarity of these proteins, which may exhibit analogous biolog-
ical functions or participate in analogous biological processes.

£,

NOTE Template: 8¢91. 1. D; Similarity: 83.73%.
Fig.7 Tertiary structure prediction of ClpX

Fig.8 PPI network of ClpX
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3.6 Protein-protein interaction (PPI) network of ClpX Among
the PPI networks, it can be observed that the proteins adjacent to
the ClpX protein included Tig, AtpD, HfIB, MsrB-2, RpoD,
ClpP, ClpA, Lon-1, Hfq and ANP63951.1 (Fig.8).

Tig protein is a peptidyl proline cis-trans isomerase, which
belongs to the FKBP-type PPlase family. It catalyzes the cis/trans
isomerization of proline and acts as a regulatory switch in the fold-
ing, activation, and/or degradation of numerous proteins. Addi-
tionally, Tig’s protein interactions with ClpX suggest that ClpX
may play a role in regulating protein changes. The AtpD protein is
typically associated with ATP synthesis, which suggests that the
function of ClpX may be related to energy metabolism. HfIB pro-
teins play a role in protein quality control and may also be in-
volved in protein degradation and reuse, in collaboration with
ClpX. The MsrB-2 protein is a member of the Msr ( methionine
sulfoxide reductase ) family and is responsible for repairing
methionine damage caused by oxidative stress. The interactions
between ClpX and MsrB-2 suggest that ClpX plays a role in the
cellular response to oxidative stress. The RpoD protein is a sub-
unit of RNA polymerase that is associated with DNA transcription.
The interactions between ClpX and RpoD may imply a role for
ClpX in the regulation of gene expression. Two proteins, ClpP and
ClpA, are members of the same Clp protease family as ClpX and
are involved in protein degradation processes. Their interactions
serve to further confirm the central role of ClpX in protein degra-
dation. The Lon-1 protein is another protease that, in conjunction
with ClpX, is implicated in protein degradation and quality con-
trol. The Hfq protein is an RNA-binding protein that plays a role
in regulating RNA stability and translation. The interactions ob-
served between ClpX and Hfq may suggest that ClpX has a func-
tion in RNA metabolism or translation regulation. The precise
function of the ANP63951. 1 protein remains to be elucidated.
However, given its interaction with ClpX, it may represent a hith-
erto unidentified member of the ClpX functional network, warran-
ting further investigation.

3.7 Prediction analysis of PTM modification sites The ami-
no acid sequence of ClpX was submitted to automatic analysis
using the programs Musite Deep (https://www. musite. net/) and
FSL-Kla (http://kla. zbiolab. cn/). This analysis revealed the
presence of phosphorylation, acetylation, ubiquitination, glycosy-
lation, methylation, S-palmitoylation, and lactylation modification

sites.

4 Discussion and conclusions

4.1 Discussion The results of the bioinformatics analysis indi-
cate that the ClpX protein is composed of only four amino acids:
alanine, cysteine, glycine, and threonine. This suggests that the
protein is unstable, with a simple composition and an unstable
structure. While ClpX proteins have been linked to both the T3SS
and T6SS systems * ™' | research into protein modification meth-
ods involving alanine, cysteine, glycine, and threonine is limited.
Consequently, the impact of ClpX on virulence remains unclear.
Subcellular localization predictions indicates that ClpX is present

in the cytoplasm and absent from other cellular structures, sugges-

ting that ClpX, as a molecular chaperone of Clpp, likely influ-
ences the toxic effects of the type III and type VI secretion systems
through PPI with Clpp proteins. However, further specific studies
are necessary to investigate the histological components of ClpX
separately.

In the study of Bacillus anthracis, ClpX, in conjunction with
the protein homeostasis regulator DnaJ, regulated the maintenance
of B. anthracis signaling activity through a two-component system.
The deletion of ClpX had been observed to increase the suscepti-
bility to innate host defenses and to severely attenuate the viru-
lence of B. anthracis, even in fully pathogenic Ames strains'™”
These findings suggest that the role of ClpX is crucial for the path-
ogenesis of B. anthracis. In the study of Mycobacterium, it was
determined that ClpX was essential for the growth of this organism

O

and that ClpX played a role in the DNA replication process
studies related to S. aureus, it was demonstrated that the ClpX
protease was necessary for the inactivation of the CI master re-
pressor and the induction of phage replication'”. Additionally, a
deficiency in ClpX had been shown to result in a reduction in bio-

U4 The virulence effects of the wild-type, dele-

film formation
tion, and complemented strains of ClpX were examined in a mouse
skin abscess model. The results demonstrated that the virulence of
the ClpX deletion strain was significantly reduced.

The PTM modification site prediction results indicated the ex-
istence of a multitude of modification sites on ClpX proteins, in-
cluding phosphorylation, acetylation, ubiquitination, glycosyla-
tion, methylation, S-palmitoylation, and lactylation modification
sites. It is possible that multiple types of post-translational modifi-
cations ( PTMs) may be closely related to each other, interde-
pendent and interacting with each other, and working together to
regulate the life activities of the organism through antagonistic or
synergistic modes of action. The phenomenon of cross-talking re-
fers to the interdependence or influence between multiple types of
PTMs"™"'. The PTM modification site prediction results for ClpX
also revealed the simultaneous existence of different modification
sites at the same site. These included lactylation and methylation
modification sites at the 4" site K; lactylation, methylation, and
ubiquitination modification sites at the 6" site K; phosphorylation
and glycosylation modification sites at the 67" site T; lactylation

and acetylation modification sites at the 177"

site K; lactylation,
acetylation and phosphorylation modification sites at the 190" site
K; and glycosylation and phosphorylation modification sites at the
205" site S, suggesting the phenomenon of cross-talking between
PTM modification sites. The precise manner in which the PTM
modification sites interact mutually remains to be the subject of
thorough investigation.

ClpX proteins have been observed to act at numerous func-
tional sites, including microsomes, protein kinase C, ATP, and
GTP. These observations suggest that ClpX plays a role in a di-
verse range of biological processes. It was demonstrated that the
expression of ClpX was diminished in HCC cancerous tissues >’
The aberrantly low expression of ClpX is influenced by a multitude
of pathways, and the precise mechanism of action remains to be
elucidated. In a specific knockout experiment of the clpX gene in

eukaryotic cells, it was discovered that the deletion of mitochon-
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drial ClpX resulted in altered metabolic pathways within the cell,
with notable effects on glycolytic processes ™. The process of gly-
colysis is a complex biochemical pathway involving numerous en-
zymes and intermediate metabolites. These components work in
concert within the cytoplasmic lysate to facilitate the conversion of
glucose to pyruvate, a process that ultimately results in the pro-
duction of ATP. ClpX plays a crucial role in recognizing and de-
grading misfolded or damaged proteins within mitochondria. How-
ever, further investigation is necessary to elucidate the precise
mechanisms and potential implications associated with the absence
of ClpX in this process. This will facilitate a more comprehensive
understanding of the role of mitochondria in cellular metabolism
and the maintenance of normal metabolic activity in cells in the
presence of mitochondrial dysfunction. The role of the clpX gene
in biological process is multifaceted, with a vast array of potential
mechanisms of participation. However, the specific mechanism of
participation by the clpX gene remains unclear, particularly in the
context of V. alginolyticus, which represents an avenue for further
investigation.

4.2 Conclusions The clpX gene is 1 281 bp in length and en-
codes 426 amino acids. Its molecular structure formula is
Cs 00 Hgu0s Ny 2510 5055560, With a theoretical protein  molecular
weight of approximately 1 044 473.4 kDa and a theoretical pl val-
ue of 5.04. The clpX gene is predominantly situated within the cy-
toplasm, exhibiting unstable and hydrophilic protein characteris-
tics. It possesses a signal peptide cleavage site, lacks a transmem-
brane region, and is not associated with any KEGG metabolic
pathway. The clpX gene displays the highest degree of homology
with that of V. harveyi, exhibiting three distinct structural and
functional domains. The proteins interacting with ClpX protein are
Tig, Atpd, Hflb, Msrb-2, Rpod, Clpp, Clpa, Lon-1, Hfq, and
ANP63951. 1. A computational analysis reveals the presence of
phosphorylation, acetylation, ubiquitination, glycosylation, meth-
ylation, S-palmitoylation, and lactylation modification sites.

The clpX gene plays a role in a multitude of metabolic path-
ways in eukaryotic cells, as well as in prokaryotic cells, where it
is involved in regulating a variety of substances. Nevertheless, the
precise manner in which the clpX gene exerts its influence remains
to be elucidated. Bioinformatics analysis may offer a theoretical
foundation for further investigation into the role of the clpX gene.
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