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Abstract: Temperature is crucial for the interaction between pathogens and hosts,
especially for ectotherms, which is closely related to the occurrence of disease.
Chinese soft-shelled turtle (Pelodiscus sinensis, P. sinensis), as an economically
valuable aquatic species, is also an ectothermic animal. Its aquaculture industry is
severely affected by pathogens. Therein, Aeromonas hydrophila (A. hydrophila) is
one of the main pathogens causing bacterial diseases in P. sinensis. Here, we found
that temperature is essential for the pathogenicity of A. hydrophila to P. sinensis.
What's more, a temperature-dependent virulence factor LasB, which mediated
pyroptosis of intestinal fibroblast-like cells of P. sinensis was identified. Through
expression detection at different temperatures, it was found that the expression level
of LasB was highest at 35°C. Moreover, after knockout of lasB, the toxicity of the
bacteria to intestinal fibroblast-like cells of P. sinensis was decreased, with reduced
cell damage and lower LDH release rate associated with pyroptosis. Transcriptomic
analysis revealed that LasB knockout significantly attenuated the upregulation of
pyroptosis-related genes (GSDMA, NLRP3, IL-1f, and IL-18) and inflammatory
pathways in infected cells. After knockout of lasB, the pathogenicity of 4. hydrophila
to P. sinensis is significantly reduced, especially at 35°C. These results indicated that
LasB played an important role in the pathogenicity of 4. hydrophila, and its virulence

is closely related to temperature.

Keywords: Aeromonas hydrophila, Pelodiscus sinensis, LasB, temperature, intestinal

fibroblast-like cell, pyroptosis
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1 Introduction

Environmental factors play a pivotal role in mediating the interactions between
pathogens and their hosts. Among them, temperature may influence physiological
state and immune function, thereby altering their susceptibility to pathogens. In
endothermic species, the thermal optimum for bacterial pathogens is aligned with the
host's internal body temperature (Cascarano et al., 2021). In other ectothermic hosts,
mainly in aquatic animals, drastic temperature fluctuations frequently inflict heavy
losses on the aquaculture industry. For instance, from 2018 to 2023, the cumulative
incidence rate of diseases in large yellow croaker (Larimichthys crocea) farming in
Zhejiang Province has increased annually. The peak disease periods are in January to
April and June to October, when temperature changes are significant. This leads to
infections and large-scale fish deaths, resulting in severe economic losses for farmers
(He et al., 2025). Temperature-regulated type II grass carp reovirus (GCRV-II) is the
primary pathogen causing grass carp hemorrhagic disease, with mortality rates
reaching up to 80% and exhibiting obvious seasonality (prevalent at 25-28°C in
summer). Among these factors, temperature serves as the key environmental factor
regulating GCRV-II latent infection and reactivation. Low temperatures shift the virus
from multi-tissue distribution to latency exclusively in brain tissue, while temperature
elevation can activate latent virus, leading to disease recurrence (Jiang et al., 2023).
For pathogens, virulence gene expression is directly tied to ambient temperature due
to their varying body temperature. Temperature directly regulates growth, survival,
and transmission efficiency. Notably, certain pathogens, such as A. hydrophila,
exhibit venhanced expression of virulence genes within specific temperature ranges
(Abdella et al., 2024). A number of Aeromonas virulence genes, such as those for
aerolysin (aer), cytotoxic enterotoxin (act), and the type III secretion system (T3SS),
have been shown to be temperature-dependent (Pattanayak et al., 2020). Therefore,
temperature serves as a critical factor in aquaculture. Reasonably controlling and
utilizing temperature, in combination with other management measures, can
effectively prevent and control the occurrence of aquatic diseases and improve the

efficiency of aquaculture.
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77 The Chinese soft-shelled turtle P. sinensis is an amphibious oviparous reptile and
78  a species of soft-shelled freshwater turtle in the genus Pelodiscus (Wu et al., 2024).
79  The P. sinensis is an important and high-quality aquaculture species in China. In 2024,
80 the breeding output reached 498,000 tons, with a value of over 20 billion yuan (Xiang
81 et al, 2025; Li et al., 2025). The development of P. sinensis breeding is rapid, with
82 increasing levels of scale and intensification. As a poikilothermic animal, its growth is
83  significantly influenced by water temperature. The optimal growth temperature range
84 1s 25-35°C, with the most suitable temperature being 28-30°C (Chen et al., 2020).
85  Abrupt fluctuations in water temperature often lead to disease outbreaks in P. sinensis.
86  For example, a rapid rise in temperature during the transition from spring to summer,
87 combined with intensive aquaculture practices, frequently results in large-scale
88  mortality of P. sinensis.
89 The common bacterial diseases in P. sinensis are closely related to 4. hydrophila.
90  A. hydrophila is a Gram-negative opportunistic pathogen and is one of the main
91  pathogens causing a variety of diseases (Abdella et al., 2023). For example, red neck
92 disease (Lin et al., 2005), branchial gland inflammation (Dai et al., 2025), and
93  ulcerative dermatitis (Chen et al., 2017) all caused by A. hydrophila alone or in
94  combination with other bacteria. These diseases caused symptoms such as redness,
95 swelling, ulcers, and necrosis in P. sinensis, seriously affecting their growth and
96 health. In 4. hydrophila, virulence factors such as enterotoxins (De Silva LADS et al.,
97  2021), hemolysins (Awna et al., 2018), aerolysin (Fikrif et al., 2022), Shiga toxin
98 (Thomas et al., 2020) and extracellular enzymes (Fernandez-Bravo et al., 2020) have
99  been identified. However, the association between diseases in the P. sinensis and the
100  virulence factors of A. hydrophila remains unknown, and the role of temperature is
101  also unclear. Our previous work showed that the primary colonization site of A.
102 hydrophila in infected turtles is the intestine, where it elicits intestinal inflammation
103  and pyroptosis of fibroblast-like cells (Dai et al., 2026). However, virulence factors of
104  A. hydrophila responsible for these immune responses remains unclear. Previous
105  studies have found that, the elastase LasB in Pseudomonas aeruginosa could directly

106 cleave and activate IL-1B, enhancing the recruitment of neutrophils and the
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107  inflammatory response, leading to the destruction and damage of lung tissue (Sun et al,
108  2020). What’s more, the cysteine protease SpeB in Streptococcus could induce
109  pyroptosis by cleaving GSDMA, indirectly activating the host's immune system,
110  promoting the inflammatory response, and helping the host resist bacterial infections
111 (Deng et al., 2022). The above studies indicated that, bacterial proteases play an
112 extremely important role in the physiological functions and pathogenic processes of
113 bacteria. They can destroy the tissues and cells of the host, promote bacterial invasion
114  and spread, or regulate the infection process by activating or inhibiting the host's
115  immune response.

116 This study employed a strain of 4. hydrophila (PS-1), previously isolated by our
117  team from the intestines of diseased P. simemsis, to investigate the influence of
118  temperature on pathogen-host interactions. We demonstrated that the LasB protease
119  of A. hydrophila was a temperature-dependent virulence factor that was involved in
120 inflammatory intestinal diseases in P. sinensis by inducing pyroptosis in intestinal
121 fibroblast-like cells.

122

123 2 Materials and methods

124 2.1 Bacterial strains, culture conditions and chemicals

125 The A. hydrophila strain PS-1 used in this study was isolated from diseased P.
126  sinensis. PS-1 was cultured at 28°Cin Luria-Bertani (LB) medium consisting 10 g/L
127  tryptone, 5 g/L yeast extract, and 10 g/ NaCl in sterile water. Escherichia coli
128 DH5a, S17An and BL21 (DE3) were purchased from Cowin Biotech (China) and
129  cultured in LB medium at 37°C. The plasmid vectors utilized in this experiment were
130 mainly pMDI9-T (Taraka Corporation, Japan), pET-28a (preserved in our
131  laboratory), and pDM4 (preserved in our laboratory). The antibiotics used in this
132 study include ampicillin (Amp), kanamycin (Kana), and chloramphenicol (Cm),
133  which were purchased from Shanghai Sangon Biotech.

134 2.2 DNA manipulation and plasmid construction

135 2.2.1 Construct the expression strain BL21/pET-28a-LasB

136 Using PS-1 genomic DNA as the template, the lasB gene was amplified with
137  primers LasB-F (5'-cagcaaatgggtcgcggatccATGTCCAGACCGATCCCCTC-3") and
138  LasB-R (5'-ctcgagtgcggecgcaagcttTCAGTCAATCCCGTTGTTGTAGAG-3"). The
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139  PCR product was cloned into the pMDI19-T vector and transformed into E. coli
140 DH5a competent cells. The positive construct was sequenced by Sangon Biotech Co.,
141 Ltd, and the corresponding strain was preserved.

142 Plasmids were extracted from DHS5a/pMD19-T-LasB and DH50/pET-28a, then
143 double-digested with BamH 1 and Hind 111 at 37°C for 3 h. The digested lasB
144  fragment and pET-28a vector were gel-purified and ligated at 16°C overnight. The
145  ligation product was transformed into DHS5a competent cells, and positive clones
146  were screened by colony PCR using LasB-F/LasB-R primers and confirmed by
147  sequencing. The verified plasmid was extracted and transformed into E. coli BL21
148  (DE3) competent cells to construct the expression strain BL21/pET-28a-LasB .

149 2.2.2 Knockout of lasB

150 Primers UpF, UpR, LowF, and LowR were designed for the lasB gene of PS-1
151  and were named as follows: ALasB UpF
152 (5’-GTCATCTAGATGGCCATCCTCAGTCGTG-3’), ALasB UpR
153 (5’-TGGTAGACAGGTTTCGTAGTAATCCCTG-3’), ALasB LowF

154  (5’-CGATCTGCACGACTCTGGCTCTACAACC-3), and ALasB LowR
155  (5’GTCAGTCGACCAGATCGCCAAACAGCTT-3’). Through PCR reactions, the
156  ALasB Up and ALasB Low fragments were constructed separately. The purified and
157  recovered Up and Low fragments were used as templates, and overlapping PCR was
158  performed using the same method with primers UpF/LowR. Subsequently, agarose
159  gel electrophoresis was conducted. The overlapping PCR products of the desired
160  fragment size were purified and recovered for later use. The ALasB fragment was
161  double-digested with the restriction enzymes Xba I and Sal/ 1. Simultaneously, the
162  pDM4 suicide plasmid was also double-digested with the same restriction enzymes.
163  After purification and recovery of the digestion reaction mixtures, ligation was
164  performed, and the product was transformed into E. coli S17An by heat shock. The
165  transformants were spread on LB (Cm, 30 pg/mL) plates. Single colonies were
166  subjected to PCR detection to obtain S17An/pDM4-ALasB.

167 The donor strain was prepared by inoculating S17An/pDM4-ALasB into 5 mL of
168  liquid LB (Cm, 30 pg/mL) medium and culturing at 28°C for 12 h. The recipient strain
169  was prepared by inoculating PS-1 into 5 mL of liquid LB (Km, 30 pg/mL) medium
170  and culturing at 28°C for 12 h. The donor and recipient strains were mixed at the radio

171 of 1:1, and spotted to the LB agar medium. After 48 h, the bacterial plaques were
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172 harvested, serially diluted, and spread onto LB plates containing 30 pg/mL Km and
173 300 pg/mL Cm. The successful single crossover strains were detected by PCR. The
174  suspension of the successfully obtained single crossover strains was then inoculated
175  into 5 mL of fresh LB medium without antibiotics and cultured overnight. The culture
176  was then serially diluted, and 10!, 102, 103, and 10 dilutions were spread on LBS
177  (containing 12% sucrose) (Km, 30 pg/mL) solid plates. Single colonies that grew
178  were detected by PCR to screen for mutant strains ALasB with the desired fragment
179  size. Finally, the constructed mutant strain ALasB was confirmed to be correct by
180  resistance testing and sequencing.

181 2.3 Expression and purification of recombinant LasB

182 Overnight culture of E. coli BL21/pET28a-LasB was inoculated into 100 mL LB
183 medium with Km and cultured at 37°C until the ODgy reached 0.5.
184  Isopropyl-p-D-thiogalactopyranoside was added into the culture at a working
185  concentration of 0.4 mM to induce the expression of LasB and the induction process
186  lasted for 6 h at 28°C. Then, the cells were harvested by centrifuging at 8000xg for 10
187 min. Cells were precipitated and used for the purification of recombinant protein.
188  Recombinant His-tagged LasB was purified using Ni-NTA Sepharose column (Roche,
189  Shanghai). The recombinant protein was determined by 12% SDS polyacrylamide gel
190  electrophoresis (SDS-PAGE) and the concentration of recombinant protein was
191  measured using the BCA Protein Assay Kit (Sangon, China).

192 2.4 Antibody preparation

193 Purified recombinant LasB protein was used as the immunogen to immunize
194  healthy 3-month-old rabbits. For the primary immunization, 200 pg of purified LasB
195 protein was thoroughly emulsified with an equal volume of Complete Freund's
196  Adjuvant (CFA) to form a water-in-oil emulsion, which was then administered via
197  multipoint subcutaneous injection on the back. On day 7 after the initial
198  immunization, a booster immunization was performed: 200 pg of purified LasB
199  protein was thoroughly mixed with an equal volume of IFA, and administered using
200 the same multipoint subcutaneous injection method on the back. After an interval of 7
201 days, the booster immunization protocol was repeated once more. Seven to ten days
202  after the final immunization, blood was collected from the rabbit marginal ear vein.
203 The serum was separated, and crude IgG was purified by Protein A/G affinity
204  chromatography to obtain the LasB polyclonal antibody. The prepared antibody

@ & =f Zoological Research



205 samples were aliquoted and stored at -80°C in an ultra-low temperature freezer to
206  avoid repeated freeze-thaw cycles, for subsequent experimental use.

207 2.5 Western blot analysis

208 A total of 30 pg of protein from each sample was separated through SDS-PAGE
209  then transferred to a 0.45 mm pore nitrocellulose membrane with an Enhanced
210  ChemiLuminescence (ECL) Semidry Blotter (Amersham Biosciences, USA). The
211  membrane was blocked with 5% skim milk in TBST (20 mM Tris-HCI, 150 mM
212 NaCl, and 0.05% Tween-20) at 37°C for 1 h. The membranes were then incubated
213 with polyclonal antibodies diluted to 1:400 in 5% skimmed milk at 4°C for 12 h. After
214  washing the membrane for three times with TBST for 10 min, the membrane was
215  subsequently incubated with diluted goat-anti mouse or goat-anti rabbit IgG (Sangon,
216  China) diluted to 1:3000 at room temperature for 1 h. The membrane was further
217  washed with TBST for three times and incubated in Western Lightning-ECL substrate
218  (Yamei, China) prior to exposure to a X-OMAT AR X-ray film (Eastman Kodak,
219 USA). Band density was analyzed with ImageJ, and protein expression levels were
220 normalized to that of RNAP control.

221 2.6 Sequence analysis

222 The sequences of /asB genes were analyzed using the BLAST algorithm at the
223 National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/blast).
224  The deduced amino acid sequences were analyzed using the Expert Protein Analysis
225  System (http://www.expasy.org/). The molecular mass (MM) and theoretical
226  isoelectric point(pl) were calculated by the Protparam tool
227  (http://www.expasy.ch/tools/protparam.html). Domains in the amino acid sequence
228  were detected using the simple modular architecture research tool (SMART) program
229  (http://www.smart.emblheidel bergde/). The neighborjoining phylogenetic tree was
230  constructed using Mega 4.0 program with 1000 bootstraps.

231 2.7 Real-time reverse transcription PCR (RT-PCR)

232 The expression of the /asB in PS-1 cultured at different temperatures was
233 detected by RT-PCR. Total RNA was extracted from the PS-1 using Bacterial RNA
234  Isolation kit (Omega, USA). RT-PCR was carried out in an ABI 7500 realtime
235  detection system (Applied Biosystems) by using the SYBR ExScript RT-PCR kit
236  (Takara, China). The primers used for RT-PCR of /lasB were RTLasBF

@ & E Zoological Research



237 (5-GGCCACCAACTACTACCACATGAGCG-3’) and RTLasBR
238 (5’-GCCTCGTTGCGGTTGCTGGCATA-3’). Each assay was performed in triplicate
239  with the 16S rDNA as a reference control. The primers used for the RT-PCR of 16S
240 rDNA were 933F (5-GCACAAGCGGTGGAGCATGTGG-3") and 16SRTRI1
241 (5-CGTGTGTAGCCCTGGTCGTA-3"). Dissociation analysis of the amplified
242 product was performed at the end of each PCR to confirm that only one PCR product
243 was amplified and detected. The method of 2-24CT was used to analyze the relative
244  mRNA level of the /asB.

245 2.8 Growth curve measurement

246 To determine whether the delection of /asB affected the growth of PS-1, the
247  ODgoo values of PS-1 and ALasB at different culture times were measured,
248  respectively. Briefly, a single colony of PS-1 and ALasB was picked and separately
249  grown in LB medium without any antibiotics at 28°C for 12 h. The cell density of
250  each culture was measured at 1 h interval at 600 nm by an UV-Vis spectrophotometer
251  (Beckman) and the experiment was repeated three times.

252 2.9 Primary culture of intestinal fibroblast-like cells in P. sinensis

253 The intestinal fibroblast-like cell culture protocol for P. sinensis was adapted
254  from our established methodology for cardiac cell line derivation in this species (Guo
255  H et al.,, 2016). Under the stereomicroscope, sterile dissection was performed on the
256  P. sinensis embryos at stage 20. After the intestinal tissue was completely removed, it
257  was washed three times with DPBS to remove other tissue impurities. The intestinal
258  tissue was minced with sterile surgical scissors and digested with 0.25%
259  trypsin-EDTA (1:3 w/v, 28°C, 30 min). Digestion was terminated by adding DMEM
260  complete medium (10% FBS). The digestate was filtered through 100-pm nylon mesh
261 and centrifuged (250 g, 8 min). Cell pellets were resuspended in complete medium,
262  followed by repeat centrifugation (200 g, 5 min) after gentle pipetting. The final
263 suspension was seeded into culture flasks and maintained at 30°C with 5 % CO,.

264  2.10 Cell infection pattern of PS-1

265 Primary fibroblast-like cells isolated from the intestine of P. sinensis were
266  seeded to reach 90 % confluency. PS-1 and ALasB was then inoculated into the cells
267 at a multiplicity of infection of 1 (MOI = 1). Cells were observed at designated
268  post-infection time points: 0 h (pre-infection control), 3 h, 6 h. After infection, the

269  cells were washed with DPBS for 10 min, then immersed in electron microscopy
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270  fixative. They were fixed in the dark at room temperature for 20 min and then
271 transferred to 4°C for storage and transportation to the company for scanning electron
272 microscopy imaging.

273 2.11 Infection experiment of P. sinensis

274 Activated PS-1 and ALasB were inoculated into LB medium and cultured to an
275  ODgoo of 1.0. After centrifugation, the bacterial pellets were resuspended in 2 L of
276  sterile physiological saline. Individual P. sinensis weighing 30-50 g were placed in
277  rectangular transparent plastic containers with a capacity of 5 L (3 individuals per
278  group) and immersed separately in 2 L of sterile physiological saline containing PS-1
279 and ALasB at a final bacterial concentration of 1.0 x 107 CFU/mL, with sterile
280 physiological saline as the control. Temperature treatments were conducted
281  simultaneously at 28°C and 35°C. Small intestine tissues of P. sinensis were collected
282 at 3 days post-infection for subsequent experiments.

283  2.12 Determination of mortality rate

284 Individual P. sinensis weighing 6-12 g were placed in rectangular transparent
285  plastic containers with a capacity of 5 L (40 individuals per group) and immersed
286  separately in 2 L of sterile physiological saline containing PS-1 and ALasB at a final
287  bacterial concentration of 1.0 x 107 CFU/mL, with sterile physiological saline as the
288  control. Temperature treatments were conducted simultaneously at 28°C and 35°C.
289  The survival numbers of P. sinensis in each group were recorded over 11 days to
290  quantify the mortality rate.

291  2.13 Histological analysis

292 Small intestine tissues of P. sinensis were collected, fixed in 4%
293  paraformaldehyde, embedded in paraffin, cut into sections, and placed on adhesion
294  microscope slides. Sections were subjected to H&E according to standard procedures.
295  Stained tissue sections were imaged by light microscopy (Olympus BX53) with
296  CellSens software.

297  2.14 Determination of lactate dehydrogenase (LDH) release rate

298 The supernatants from the cell treatments in section 2.11 were collected and
299  incubated with the LDH detection working solution from the Lactate Dehydrogenase
300 Cytotoxicity Assay Kit (Beyotime, China) at room temperature (25°C) in the dark for
301 30 min. The absorbance was then measured at 490 nm.

302 2.15 Determination of motility and hemolytic activity
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303 PS-1 and ALasB were streaked on LB agar plates, respectively. Single colonies
304  were picked and inoculated into LB medium without antibiotics and incubated in a
305  shaker at 28°C until the ODgq value reached 0.5. Five microliters of each culture was
306 spotted onto LB plates containing 0.3% agar and 5% sheep blood agar plates,
307  respectively, and incubated in an incubator at 28°C for more than 48 h.

308  2.16 Immunofluorescence

309 Paraffin sections were deparaffinized and rehydrated (xylene, 30 min; xylene:
310 ethanol 1:1, 10 min; ethanol, 3 min; 90% cthanol, 3 min; 70% ecthanol, 3 min; 50%
311  ethanol, 3 min; water, 3 min) before immersion in 10 mM sodium citrate buffer for 20
312 min at 95°C for antigen retrieval. After blocking for 1 h in blocking solution (10%
313  normal donkey serum, 3% bovine serum albumin, and 0.3% Triton X-100) at room
314  temperature, sections were incubated overnight at 4°C with primary antibodies. The
315 primary antibodies used in this analysis included rabbit anti-Caspase-1 (1:300) and
316  rabbit anti-GSDMA (1:300). The sections were then washed 3 times (10 min each
317  time) with PBST, followed by incubation with secondary antibody IgG-488 (1:250,
318  Invitrogen) for 2 h at room temperature in a dark environment, and further washing.
319  Nuclei were stained with 4',6-diamidino-2-phenylindole. Fluorescent imaging was
320 conducted via NIS-Elements AR 4.20.00 software under 10 x magnification in a laser
321  scanning confocal microscope (A1Plus, Nikon). Acquired images were manipulated
322 using the rotation, crop, and brightness in only a linear manner.

323 2.1.7 RNA-seq and DEG analysis

324 P. sinensis intestinal fibroblast-like cells were infected with A. hydrophila
325  wild-type strain PS-1 (WT) or the ALasB mutant strain (KOL) at a multiplicity of
326 infection (MOI) of 1. Cells were collected at 3 h and 6 h post-infection, with
327 uninfected cells serving as the negative control (NC). Total RNA was extracted from
328 the collected samples, and libraries were constructed by Novegene (China).
329  Paired-end sequencing (150 bp) was performed using the Novaseq-PE150 (China).
330 Raw RNA sequencing (RNA-seq) reads were quality-checked and filtered using
331 fastp (v.0.23.2) (Chen et al., 2018). Expression quantification was conducted using
332 the new Tuxedo pipeline (Pertea et al., 2016): reads were aligned to the P. sinensis
333  reference genome using HISAT2 (v.2.2.1) (Kim et al., 2015), and transcript
334  quantification was performed using StringTie (v.2.2.1) (Pertea et al., 2015).

335  Gene-level expression values were calculated using tximport (v.1.28.0) (Soneson et
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336 al., 2016). To account for variations across samples, fragments per kilobase of
337  transcript per million mapped reads (FPKM) were normalized using a scaling method
338  based on the trimmed mean of M values (TMM), under the assumption that most
339  genes maintain consistent expression across samples.

340 Differentially expressed genes (DEGs) were identified using thresholds of |log2
341 fold change (FC)| > 0.5 and p-value < 0.05. Gene ontology (GO) and Kyoto
342 encyclopedia of genes and genomes (KEGG) enrichment analyses of DEGs were
343 performed to identify significantly enriched biological processes and pathways.
344  Heatmaps were generated to visualize the expression patterns of the top 50 DEGs and
345  pyroptosis-related genes across all groups.

346 2.18 Statistical analyses

347 Statistical analyses were performed by using GraphPad Prism (GraphPad
348  Software). Standard deviation was used to reflect the dispersion of multiple
349  independent variables relative to the mean. Unpaired two-tailed Student’s t-tests were
350 conducted for the single comparison of two groups. Two-way analysis of variance
351 (ANOVA) was used for analysis of experiments with multiple groups and multiple
352 independent variables, and one-way ANOVA was used for analysis of multiple
353  groups with a single independent variable. All data are representative of at least three
354  independent experiments and presented as the mean + SD. Statistical significance was
355  defined as p > 0.05, not significant (n.s.); *p < 0.05; **p <0.01; and ***p < 0.001.
356

357 3 Results

358 3.1 Sequence analysis of LasB

359 A comprehensive analysis of the LasB protease from PS-1 was conducted to
360 elucidate its evolutionary relationships and structural characteristics in comparison to
361  homologs from other clinically and environmentally significant bacterial pathogens.
362  Multiple sequence alignment of the PS-1 LasB protein with LasB sequences from
363  various bacterial genera, including Shewanella denitificans (WP_011497052.1),
364  Pseudomonas aeruginosa (WP_058135975.1), Bowanella denitificans
365 (WP _102797951.1), Aeromonas salmonicida (HGY1009356.1), Aeromonas sp.
366 (S41-2, WP _270810851.1; BCl14, WAF95052.1),  Photobacterium  sp.
367 (WP _330961119.1), Vibrio cholerae (WP_161418048.1), Bacterioplanes sanyensis
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368 (WP _189387869.1), Thalassomonas haliotis (WP_274050184.1), Saccharospirillum
369  salsuginis (WP_229805478.1), revealed several key findings. Among these, the
370  sequence conservation within the M23 peptidase domain (241-340 aa) reached 70%,
371 while the sequence similarity in other regions was relatively low, which underscored
372 their indispensable role in the enzymatic mechanism (Fig. 1A and 1B). A
373  phylogenetic tree was constructed based on the aligned LasB protein sequences using
374  the Maximum Likelihood method. The resulting tree clearly delineated distinct clades
375  corresponding to bacterial classes and families. As expected, the PS-1 LasB sequence
376  robustly formed a well-supported clade with other Aeromonas species (Fig. 1C).
377  Furthermore, structural prediction of the above sequences using AlphaFold3 revealed
378  that the LasB proteins maintain a similar overall conformation. Particularly, the M23
379  peptidase domain formed a highly aligned and superimposed structure, which is a
380 typical structural characteristic of the M23 peptidase family (Fig. 1D). Sequence
381  analysis demonstrated that while the PS-1 LasB protease shared a conserved catalytic
382  core with its homologs, it possessed unique sequence and structural features that
383  likely underlie its specific functional role in the biology and pathogenicity of

384  Aeromonas hydrophila.
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386  Fig. 1 Sequence analysis of LasB. A: Several sequence alignment of several bacteria LasB
387  proteins.  Shewanella  denitificans  (WP_011497052.1),  Pseudomonas  aeruginosa
388 (WP _058135975.1), Bowanella denitificans (WP_102797951.1), Aeromonas salmonicida
389  (HGY1009356.1), Aeromonas sp. S41-2, (WP_270810851.1), Aeromonas sp. BCl4
390 (WAF95052.1), Photobacterium sp. (WP_330961119.1), Vibrio cholerac (WP_161418048.1),
391  Bacterioplanes sanyensis (WP _189387869.1), Thalassomonas haliotis (WP_274050184.1),

392 Saccharospirillum salsuginis (WP_229805478.1). B: Domain of PS-1 LasB. C: Phylogenetic
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393  analysis of several bacteria LasB proteins. D: Structural modeling and alignment of several
394  bacteria LasB proteins.

395 3.2 LasB upregulated by P. sinensis intestinal protein induction

396 To explore the expression pattern of LasB in PS-1 under the induction of P.
397  sinensis intestinal protein, we inoculated 100 pL of PS-1 into 100 mL of fresh LB
398 medium and incubated it at a constant temperature of 28°C. After the ODgyy value
399  reached 0.5, we added 2 mL of P. sinensis intestinal protein for induction treatment.
400  We collected 6 mL of bacterial broth at 0 h, 1 h, 2 h, and 3 h post-induction to extract
401  bacterial secretions and total protein solutions for subsequent experiments. Following
402  the procedures outlined in section 2.6, western blot analysis was conducted on the
403  secretions and total protein solutions from each group to detect the expression of the
404  LasB, which is predicted to be 42.5 kDa in size. The results showed that in the total
405  protein, the expression of LasB gradually increased with the duration of intestinal
406  protein induction treatment, but there were no statistically significant differences (Fig.
407  2A). In the secretions, the LasB band appeared at 35 kDa, and its secretion increased
408  with the duration of intestinal protein induction treatment, reaching the highest level
409 after 3 h of induction, with statistically significant differences (Fig. 2B). This
410 indicated that LasB was a virulence factor for the P. sinensis and its expression was
411 upregulated under intestinal protein induction.

412 Due to the discrepancy in the size of the LasB between the total protein and the
413  secretions, we hypothesized that the LasB undergoed cleavage when secreted outside
414  the cell. To verify this hypothesis, we inoculated 100 pL of PS-1 into 30 mL of fresh
415 LB medium and incubated it at a constant temperature of 28°C until the ODgqy value
416  reached 0.5, then extracted bacterial secretions and total protein solutions for western
417  blot analysis. The results indicated that LasB was a secreted protein, detectable in
418  both total protein and secretions, but the protein band in the secretions was around 35
419  kDa (Fig. 2C). LC/MS analysis showed that two annotated sequences were aligned
420  with LasB. The peptide segment diagrams represented the two annotated sequences
421 “QQAPHLLPK” and “LVKANGFDNQLELMAR?” (Fig. 2D). This result confirmed

422  that the 35 kDa band was indeed the LasB, suggesting that LasB did undergo protein
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423 cleavage when secreted from PS-1. This finding provided direction for future

424  research, which can further verify the protein cleavage sites.
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426  Fig. 2 LasB was a host-inducible secreted protein. A: Protein expression levels of LasB in total
427  proteins of PS-1 treated with P. sinensis intestinal protein at different treatment times. B: Protein
428  expression levels of LasB in the secreted proteins of PS-1 treated with P. sinensis intestinal
429  protein at different treatment times. C: Western blot analysis of LasB in total and secreted proteins
430  of PS-1. D: Mass spectrometry of LasB cleavage fragments. RNAP, anti-E. coli RNA polymerase
431  antibody, used as the insider. OmpK, outer membrane protein K, used the control for secretory

432 proteins. 0.01 < **p < (0.05.

433 3.3 LasB was a temperature-dependent secreted protein

434 To further determine whether LasB was a temperature-dependent virulence
435  factor, we inoculated 100 pL PS-1 into 30 mL of fresh LB medium. Based on the
436  aquaculture water temperatures at which P. sinensis were prone to disease, the
437  following temperature gradients were set: 22°C, 28°C, 30°C, 32°C, 35°C, 37°C, and
438 39°C. After incubation for 9 h, 2 mL of bacterial suspension was collected from each
439  temperature, with three replicates, and bacterial RNA was extracted.The remaining
440  broth was used to extract bacterial secretions and total protein solutions for
441  subsequent experiments. According to the procedure in section 2.5, qPCR was used to
442  detect the mRNA expression of the /asB cultured at different temperatures. The
443  results revealed that lasB transcript levels rose markedly with temperature, reaching a
444  maximum at 35°C with 3.3-fold higher than 28°C, demonstrating that LasB was a

445  temperature-dependent factor (Fig. 3A). Following the procedures outlined in section
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446 2.6, we performed western blot analysis on the secretions and total protein solutions
447  from each group to detect the protein expression of the LasB. As the temperature
448  increased, the protein expression of LasB in the total proteins of PS-1 gradually
449  decreased, with statistically significant differences in protein expression among the
450 groups (Fig. 3B). In the secretions, the protein expression of LasB significantly
451  increased at 35°C, which was consistent with the mRNA level expression. The
452  secretion of LasB was significantly enhanced at 35°C (Fig. 3C). These results
453  demonstrated that LasB was a temperature-dependent virulence factor, with the

454  highest expression at 35°C.
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456  Fig. 3 LasB was a temperature-dependent secreted protein. A: The mRNA expression level of
457  lasB induced by temperature gradients. B: The protein expression level of LasB in total proteins of
458  PS-1 induced by temperature gradients. C: The protein expression level of LasB in the secreted
459  proteins of PS-1 induced by temperature gradients. *p <0.05.

460 3.4 Knockout of lasB

461 After confirming that LasB was a temperature-dependent virulence factor, we
462  constructed the lasB knockout strain ALasB according to the procedures in sections
463  2.2.2 and 2.7. Based on the open reading frame (ORF) of lasB and following the
464  overlap principle, we designed an in-frame complete knockout (Fig. 4A). The
465  successful knockout of the /asB was confirmed at both the nucleic acid and protein
466  levels by PCR (Fig. 4B) and WB (Fig. 4C), respectively. ALasB failed to amplify the
467  complete lasB segment and did not express the LasB protein, indicating that we
468  successfully knocked out the /asB in PS-1. We then further investigated whether the
469  lasB had any pleiotropic effects on the growth, motility, or virulence-related

470  phenotypes of PS-1. The growth curve showed that the growth rate of ALasB during
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471 the logarithmic phase was similiar with PS-1, reaching the same maximum biomass as
472 the wild type around 12 h, confirming that the knockout of the /asB did not hinder the
473 growth of PS-1 (Fig. 4D). There was no statistically significant difference in the
474  migration diameter between the PS-1 and ALasB, indicating that the motility of
475  ALasB was not impaired (Fig. S1). On the 5% sheep blood agar plates, a clear zone of
476  hemolysis surrounded the colonies of the PS-1, whereas the colonies of ALasB
477  showed significantly reduced hemolytic activity due to the absence of LasB elastase,
478  resulting in a less distinct hemolytic zone (Fig. S1). To assess pathogenicity,
479  individual P. sinensis weighing 6-12 g were placed in rectangular transparent plastic
480  containers with a capacity of 5 L (40 individuals per group) and immersed separately
481 in 2 L of sterile physiological saline containing PS-1 and ALasB at a final bacterial
482  concentration of 1.0 x 107 CFU/mL. To evaluate the temperature-dependent
483  pathogenicity of LasB, we monitored the survival rates of P. sinensis following
484  infection with PS-1 or ALasB at 28°C and 35°C (Fig. 4E). Both the NC and 28°C
485  ALasB-infected groups maintained a high survival rate of 97.5%, indicating minimal
486  pathogenicity of the mutant at this temperature. At 28°C, infection with PS-1 slightly
487  reduced the survival rate to 87.5%. However, the pathogenicity of PS-1 was
488  significantly exacerbated under high-temperature stress; the 35°C PS-1 group
489  exhibited the highest mortality, with the survival rate dropping to 77.5%. Importantly,
490  knocking out LasB partially attenuated this heat-exacerbated virulence, as the 35°C
491  ALasB group maintained a higher survival rate of 80%. Collectively, these survival
492  kinetics demonstrate that PS-1 pathogenicity is highly temperature-dependent and that

493  LasB serves as a crucial virulence factor contributing to lethality in P. sinensis.
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495  Fig. 4 Construction and characterization of ALasB. A: In-frame complete knockout of /asB. B:
496  PCR verification of lasB at the nucleic acid level between PS-1 and ALasB C: Western blot
497  verification of LasB at the protein level between PS-1 and ALasB. D: Growth curves of PS-1 and
498  ALasB. E: Assessment of the survival rate of P. Sinensis infected with PS-1 and ALasB at
499  different temperature.

500 3.5 Temperature-dependent pathogenicity of the LasB to P. sinensis

501 To evaluate the temperature-dependent pathogenicity of LasB, we performed
502 infection assays using the PS-1 and ALasB strains at 28°C and 35°C. At 3 days
503  post-infection, H&E staining were performed to assess tissue damage. The uninfected
504  temperature-control groups exhibited normal morphology, with intact intestinal
505 architecture and only mild plastron redness at 35°C. In stark contrast, PS-1 infection at
506 35°C triggered a severe inflammatory response. Macroscopically, P. sinensis
507 developed multiple ulcerative lesions and severe plastron erythema, accompanied by
508 marked intestinal atrophy. Histologically, PS-1 induced massive intestinal
509 inflammation, characterized by disrupted tissue structure, severe mucosal and
510 glandular edema, and detachment of the villous epithelium. Notably, these
511  pronounced inflammatory pathologies were significantly alleviated in the
512  ALasB-infected group. P. sinensis infected with the mutant strain exhibited only
513  slight superficial inflammation, and their intestinal tissues retained relatively intact
514  cellular morphology with a markedly reduced inflammatory response (Fig. 5SA and
515  5B). Together, these results demonstrate that LasB is a crucial temperature-dependent

516  virulence factor responsible for driving severe inflammatory damage in P. sinensis.
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517
518  Fig. 5 Pathogenicity of the LasB to P. sinensis. A and B: Histological observation of intestinal

519 tissues three days post-infection with PS-1 and ALasB to further confirm pathogenic effects. Scale
520  bar, 100 um.

521 3.6 LasB mediated pyroptosis of P. Sinensis intestinal fibroblast-like cell

522 After determining that the inflammation in the intestine of P. Sinensis infected
523  with ALasB would be reduced, we aimed to investigate the effect of LasB on the
524  intestinal fibroblast-like cells of P. Sinensis at the cellular level. In our previous work,
525  we have successfully established intestinal fibroblast-like cells from P. Sinensis. For
526  the cell infection, the intestinal fibroblast-like cells were cultured to a confluence of
527  90%, and then PS-1 was introduced at a bacterial to cell ratio (MOI) of 1:1. Samples
528 were collected at specific time points for observation under a regular optical
529 microscope and for scanning electron microscopy imaging. The results from the
530 regular optical microscope and scanning electron microscopy showed that after
531 infection with PS-1, a few cells exhibited changes in morphology as early as 3 h
532  post-infection, such as slight damage to the cell membrane or reduced cell-to-cell
533  contact. At 6 h post-infection, the changes in cell morphology were more pronounced,
534  with more cell damage observed, including cell membrane rupture, leakage of cell
535  contents, and cell aggregation or detachment. Although there might have been some
536  changes in cell morphology at 6 h post-infection, the degree of cell damage was
537  milder, and the integrity and distribution of the cells were relatively better compared
538  to the PS-1 group (Fig. 6A and 6B). Quantitative analysis of cell morphology revealed
539  that PS-1 induced rapid and severe cellular swelling thereafter. By 3 h, swollen cells
540 in the WT group reached 42.0%, and by 6 h, this proportion surged to 94.6%, leaving
541 only 5.3% of cells morphologically intact. Conversely, the ALasB elicited
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542  significantly weaker morphological damage. The ALasB-infected cells largely
543  retained normal morphology at 3 h (87.6%), and the swollen cell population was
544  restricted to merely 22.6% even at 6 h. We preliminarily tested the release of lactate
545  dehydrogenase (LDH), an indicator of cell membrane integrity that can serve as an
546  auxiliary detection marker for pyroptosis (Fig. 6C). PS-1 infection significantly
547  elevated LDH release to 0.89 = 0.01% at 3 h and 6 h compared to the control group
548  (0.74 £ 0.02%; p < 0.05). However, ALasB significantly attenuated this cellular
549  damage, with the ALasB group maintaining a reduced LDH release of 0.86 + 0.01% at
550  both time points (p < 0.05). These results further illustrated that ALasB exhibited a
551  significant reduction in its ability to induce cellular pyroptosis. These results indicated
552 that PS-1 induced a pyroptosis-like cell death phenotype in P. sinensis fibroblast-like

553  cells, and that LasB was closely associated with this pyroptotic phenotype.
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Fig. 6 LasB was associated with pyroptosis on the intestinal fibroblast-like cells of P.
Sinensis. A: Morphological changes of intestinal cells in P. sinensis treated with PS-1 and ALasB
(Light microscopy, 10X). Scale bar, 50 pm. B: Morphological changes of intestinal cells in P.
sinensis treated with PS-1 and ALasB (Electron microscopy). C: LDH release rate in intestinal
cells of P. sinensis treated with PS-1 and ALasB. Scale bar 30/10 um.
3.7 Transcriptomic analysis of P. sinensis intestinal fibroblast-like cells infected
with A. hydrophila PS-1 (WT) or ALasB (KOL) strain

To investigate the role of LasB in host—pathogen interactions, P. sinensis
intestinal fibroblast-like cells were infected with 4. hydrophila wild-type strain
(WT/PS-1) or the ALasB strain (KOL), followed by transcriptomic analysis. At 3 h
post-infection, the volcano plot (Fig. 7A) showed a distinct transcriptional profile

between ALasB and PS-1 infected cells. Compared with WT, KOL infection resulted
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567 in a reduced number and magnitude of significantly upregulated genes, while a subset
568 of genes was downregulated, indicating that LasB contributes to early host
569  transcriptional activation. At 6 h post-infection, this difference became more
570 pronounced (Fig. 7C), with WT infection inducing a larger set of differentially
571  expressed genes (DEGs), particularly genes associated with inflammatory and stress
572  responses, whereas KOL infection elicited a comparatively attenuated response. Gene
573  Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
574  analysis of DEGs at 3 h post-infection revealed that WT-induced genes were mainly
575 enriched in biological processes related to immune response, inflammatory signaling,
576  cell death, and response to stimulus (Fig. 7B and S2). In contrast, KOL infection
577 showed weaker enrichment in these categories. At 6 h post-infection, DEGs were
578  significantly enriched in pathways associated with cytokine-mediated signaling,
579  regulation of programmed cell death, and innate immune responses, with WT-infected
580 cells again displaying stronger enrichment intensity than KOL-infected cells (Fig. 7D
581 and S2). These results suggest that LasB plays an important role in amplifying host
582  immune and cell death-related pathways during infection.

583 A heatmap of the top 50 DEGs across all groups (Fig. 7E) demonstrated clear
584  clustering according to infection type and time point. WT-infected samples showed
585  robust upregulation of a distinct gene set compared with KOL-infected samples, while
586 KOL infection maintained expression patterns closer to the control condition. This
587 global expression pattern further supports the notion that LasB significantly
588 modulates host transcriptional responses. In (Fig. 7F), we selected pyroptosis
589  pathway-related genes, including IL-18, NLRP3, GSDMA, IL1S8, GSDME, ASC,
590 GSDMD, and Caspase-1, for heatmap analysis. The results showed that the
591  expression of genes such as GSDMA and NLRP3 significantly decreased after LasB
592  knockout. To further validate the activation of the pyroptosis pathway, the mRNA
593  expression levels of key related genes were quantified via RT-qPCR. Consistent with
594  the heatmap analysis, wild-type PS-1 infection significantly upregulated the
595  expression of core pyroptosis executors and sensors, particularly GSDMA (1.42-fold)
596 and NLRP3 (1.61-fold), compared to NC group. Similar striking upregulations were
597  observed for downstream inflammatory cytokines including /L-1§ (1.65-fold) and
598  IL-18 (1.92-fold). Crucially, knocking out LasB largely reversed this transcriptional
599 activation. In the ALasB-infected group, the expression levels of GSDMA and NLRP3
600 were markedly reduced to 1.25-fold and 1.33-fold, respectively. A corresponding
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601  downregulation was also observed for IL-1f, IL-18, and Caspase-1, whereas the
602  expression of GSDME remained relatively stable across all treatments (Fig. S3).
603  These quantitative results robustly confirm that the PS-1-triggered upregulation of the
604  NLRP3/GSDMA pyroptosis axis is highly dependent on the virulence factor LasB.
605 To further validate the role of LasB in mediating pyroptosis in P. sinensis, we
606  performed immunohistochemistry (IHC) on intestinal sections using anti-GSDMA
607  and anti-Caspase-1 antibodies. The results revealed that both GSDMA and Caspase-1
608  were highly expressed in the intestinal tissues following wild-type PS-1 infection. In
609  contrast, infection with the ALasB mutant resulted in a significant downregulation of
610 GSDMA and Caspase-1 expression. Collectively, these findings demonstrate that
611 LasB drives GSDMA-dependent pyroptosis (Fig. S4). Collectively, these findings
612  elucidate the molecular mechanism underlying the observed intestinal tissue damage,
613  establishing LasB-dependent pyroptosis as a central pathogenic mechanism of
614  bacterial enteritis in P. sinensis.

615 To verify the direct effect of LasB protein on P.sinensis intestinal fibroblast-like
616  cells, concentration gradient treatment groups (1, 5, 10, and 20 ug) were established,
617 with NC (negative control) and PBS (solvent control) as controls, and cell
618  morphological changes were observed at 0 h, 3 h, and 6 h. The results showed that
619  compared with the NC and DPBS groups, all LasB protein treatment groups (1-20 pg)
620 showed no obvious morphological changes at 0 h, 3 h, and 6 h. Cells maintained
621 normal adherent status, and no characteristic pyroptosis changes such as obvious
622 membrane bubbling, swelling, content leakage, or cell detachment were observed.
623  Cell confluency remained essentially comparable to the control groups at all time
624  points (Fig. S5). Therefore, extracellular addition of recombinant LasB protein alone
625 cannot induce pyroptosis, suggesting that LasB may need to enter cells in a bacterial

626  secretion-dependent manner to exert cytotoxic effects.
627
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629  Fig. 7 Transcriptomic analysis of P. sinensis intestinal fibroblast-like cells infected with A.
630  hydrophila PS-1 or ALasB strain. A: Volcano plot showing DEGs between KOL- and
631  WT-infected cells at 3 h post-infection. Red and blue dots represent significantly upregulated and
632  downregulated genes, respectively, while gray dots indicate non-significant genes. B: GO
633  enrichment analysis of DEGs at 3 h post-infection, highlighting major biological processes
634  affected by WT and KOL infection. C: Volcano plot of DEGs between KOL- and WT-infected
635  cells at 6 h post-infection. D: GO enrichment analysis of DEGs at 6 h post-infection. E: Heatmap
636  of the top 50 DEGs across different infection groups and time points, illustrating global
637  transcriptional differences induced by WT and KOL strains. F: Heatmap of pyroptosis-related
638  genes showing that WT infection markedly upregulates pyroptosis-associated pathways, whereas
639  LasB knockout significantly attenuates this response, indicating that LasB is a key mediator of
640  host cell pyroptosis.

641

642 4 Discussion

643 In this study, we systematically characterized the LasB protease of A. hydrophila

644  PS-1 and demonstrated that it functioned as a temperature-dependent virulence
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645  determinant during infection of P. sinensis. We found that LasB expression peaked at
646  35°C, and that LasB was a host-induced secreted protein released extracellularly
647  predominantly in a cleaved form (35 kDa). By constructing a LasB deletion mutant
648 (ALasB) and assessing its phenotype in vivo and in vitro, we further confirmed that
649  LasB contributed substantially to bacterial pathogenicity. Specifically, LasB promoted
650 intestinal inflammation and was associated with a pronounced pyroptosis-like
651  phenotype in intestinal fibroblast-like cells, whereas deletion of LasB markedly
652  attenuated virulence, reduced tissue damage, and alleviated inflammatory injury.
653  Collectively, these findings supported the conclusion that LasB was a key effector
654  mediating the high-temperature pathogenicity of strain PS-1, providing a mechanistic
655  entry point for understanding temperature-driven outbreaks and identifying potential
656  targets for intervention.

657 A major observation in our fibroblast-like cell infection assays was that LasB
658  robustly correlated with pyroptosis-associated cellular outcomes, suggesting that
659  LasB may modulate inflammasome-related pathways in the host. At present, however,
660  this conclusion was primarily based on cellular phenotypes, and molecular validation
661  remains necessary. Previous work on P. aeruginosa had shown that its LasB could
662  directly activate IL-1PB, a pivotal cytokine linked to inflammasome signaling and
663  pyroptosis (Sun et al., 2020). In addition, Duan et al. (2023) reported that quorum
664  sensing-regulated LasB could cleave death domains of innate immune adaptor
665  proteins such as ASC and MyD88, thereby dampening host immune responses and
666  enhancing bacterial persistence. These studies collectively indicated that LasB-family
667  proteases may exert multifaceted immunomodulatory effects that depended on
668 infection context, host cell type, and bacterial regulatory state. Interestingly, such
669  immunomodulation could theoretically produce either suppression or enhancement of
670  pyroptosis depending on whether inflammasome assembly and upstream signaling
671  were inhibited, or whether inflammatory cytokines and danger signaling are
672  amplified. Therefore, although our data supported a strong association between LasB
673  and pyroptosis-like injury, the precise directionality and molecular route by which
674 PS-1 LasB influenced inflammasome activation require careful dissection.
675  Mechanistically, sequence analysis indicated that the LasB M23 domain was

676  conserved across diverse bacteria, consistent with the broader functional repertoire of
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677 M23 metalloproteases as both peptidoglycan remodelers and virulence-associated
678  factors. Members of the M23 family have been implicated not only in bacterial
679  physiology but also in immune evasion and tissue invasion (Everett et al., 2021). For
680  example, Staphylococcus aureus LytM was not only a “Gly-Gly bond” hydrolase but
681 also a dual-specificity endopeptidase that cleaved the “D-Ala-Gly cross-link bond”.
682  This function enabled it to play a central role in the maturation, remodeling of S.
683  aureus peptidoglycan, and resistance to exogenous PG hydrolase attacks (Antenucci
684 et al., 2024). Likewise, Enterococcus faecalis GelE had been shown to degrade fibrin,
685 alter biofilm structure, facilitate dissemination, and interfere with innate immune
686  responses such as neutrophil chemotaxis (Thurlow et al., 2010). Given these
687  precedents, it was plausible that PS-1 LasB might facilitate pathogenesis through (i)
688  direct tissue matrix and barrier disruption, (i) modulation of immune signaling
689 adaptors, and/or (iii) shaping inflammatory cytokine activation, ultimately
690  contributing to intestinal inflammation and pyroptosis-associated pathology. In future
691  work, targeted assays should be performed to assess inflammasome pathway
692  activation, including measurement of IL-1f3 maturation, caspase-1 activity, gasdermin
693 cleavage, and ASC speck formation, coupled with inhibitor- or knockdown-based
694  validation to establish causality.

695 Another notable finding was that LasB was secreted predominantly as a ~35 kDa
696 cleaved product, suggesting that PS-1 LasB undergoed extracellular maturation or
697  processing during secretion. To our knowledge, similar cleavage behavior has not
698 been systematically described for A. hydrophila LasB in the context of
699  temperature-regulated virulence, and this processing event might be linked to the
700 increased secretion observed at elevated temperature (Kessler et al., 1998). One
701  reasonable hypothesis was that a temperature-responsive bacterial protease (or a
702  secretion-associated processing mechanism) cleaves the LasB precursor, producing
703  the mature extracellular form with altered stability, activity, or substrate specificity.
704  To test this hypothesis, subsequent studies should (i) identify interacting partners and
705  candidate processing enzymes using co-immunoprecipitation or affinity purification
706  coupled with mass spectrometry, (ii)) map the cleavage site(s) by N-terminal
707  sequencing or proteomic peptide mapping, and (iii) determine whether cleavage was
708 required for enzymatic activity and virulence phenotypes by constructing
709  cleavage-site mutants. Establishing a temperature-dependent processing mechanism

710  would not only expand our understanding of LasB maturation, but also provide a
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711 broader framework for investigating how environmental cued modulate
712 protease-mediated virulence in Aeromonas.

713 The temperature-dependent expression and processing of LasB, which yields a
714 highly active ~35 kDa mature form at 35°C, not only elucidate the molecular basis of
715  high-temperature pathogenesis in A. Aydrophila but also present a promising target for
716  disease intervention in P. sinensis. Because the M23 metalloprotease domain is highly
717  conserved and serves as a core effector driving host pyroptosis and inflammatory
718  injury, mature LasB represents an ideal candidate for vaccine development (Konkel et
719  al., 2000). Traditional inactivated vaccines often exhibit reduced efficacy during peak
720  summer months due to the low abundance of such conditionally expressed virulence
721 factors. By developing targeted subunit or toxoid vaccines based on mature LasB,
722 robust neutralizing antibodies can be stimulated to specifically block its catalytic
723 activity  during infection. = Furthermore, taking advantage of this
724  temperature-dependent mechanism, vaccination programs can be strategically
725  scheduled during late spring (e.g., 25-28°C), enabling the host to establish optimal
726  immunity before the water temperature reaches the 35°C danger zone where LasB
727  expression surges. Ultimately, this targeted and temperature-guided immunization
728  strategy will offer a practical approach to preemptively intercepting severe summer

729  disease outbreaks in aquaculture.

730 Taken together, using 4. hydrophila PS-1 isolated from P. sinensis as a model,
731  we delineated a central role for LasB in temperature-dependent host—pathogen
732 interactions. We demonstrated that LasB was maximally expressed at 35°C, was
733 induced by host intestinal components, and was secreted as a ~35 kDa processed
734  form. Loss of LasB substantially reduced virulence in vivo, mitigated intestinal
735  inflammation, and diminished pyroptosis-like injury in intestinal fibroblast-like cells.
736 Importantly, our findings provided evidence that LasB acted as a
737  temperature-responsive effector contributing to bacterial enteritis in P. sinensis. This
738  work offers both fundamental insights and practical guidance for controlling

739  temperature-regulated disease outbreaks in aquaculture.

740
741
742
743
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