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ABSTRACT

Vibrio alginolyticus, a bacterial pathogen in fish and humans, expsessgoe Il
secretion system (T3SS) that is critical for pa#togvirulence and disease
development. However, little is known about theoatsed effectors (T3SEs) and
their physiological role. In this study, the T3S&nghopPmaJ (hop) was cloned from
V. alginolyticus wild-type strain HY9901 and the mutant strain HY99bibp was
constructed by the in-frame deletion method. Theulte showed that the deduced
amino acid sequence &f .alginolyticus HopPmaJ shared 78-98% homology with
other Vibrio spp. In addition, the HY99&hop mutant showed an attenuated
swarming phenotype and a 2600-fold decrease iwithkence to grouper. However,
the HY990Ahop mutant showed no difference in morphology, growbigfilm
formation and ECPase activity. Finally, grouper oraated via intraperitoneal (IP)
injection with HY990Ahop induced a high antibody titer with a relative parc
survival (RPS) value of 84% after challenging wtitle wild-type HY9901.Real-time
PCR assays showed that vaccination with HY29@p enhanced the expression of
immune-related genes, including MH@-I MHC-lla, IgM, and IL-13 after
vaccination, indicating that it is able to inducenioral and cell-mediated immune
response in grouper. These results demonstrat¢éhnatY 990 Ahop mutant could be
used as an effective live vaccine to conNda ginolyticus in grouper.
Key words: Mibrio alginolyticus; T3SS; hopPmaJ; live attenuated vaccine;

Epinephelus coioides
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1. Introduction

Vibrio alginolyticus, a Gram-negative motile rod bacterium, is the cawusat
agent of Vibriosis which is a devastating fish désegrevailing in worldwide
aguaculture industries and leads to extensive dosse a diverse array of
commercially important fish including orange-spotteduper Epinephelus coioides),
large yellow croakerLl@rimichthys crocea), sea breamSparus aurata L), Kuruma
prawn Penaeus japonicus) and causes symptoms of septicemia, hemorrhadang,
skin, and ulcers on the skin surface [1-4].Morep\tbis pathogen has also been
reported to cause diarrhea, otitis, and wound tides in humans [5-6]. Therefore, it
is important to understand the pathogenesid/ dadlginolyticus and to develop an
efficacious vaccine to prevent Vibriosis.

The type lll secretion system (T3SS) is a highiynsarved apparatus among
several Gram-negative bacteriguch asyersinia spp.,Salmonella spp. andshigella
spp [7-9], which delivers bacterial proteins, knoameffectors, directly into host cells
[10]. Many of these effectors are virulence factihiet can trigger host-cell death and
manipulate the innate and adaptive immune systetrl?].Although the T3SS
machinery is often conserved among Gram-negatitieogans, the effectors differ
widely in their function. Comparative genome analyss demonstrated that T3SS of
V. alginolyticus is similar to T3SS1 o¥. parahaemolyticus [13], but little is known
about the effectors of. alginolyticus. Therefore functional characterization of T3SS
effectors is necessary.

In a previous study, we identified \& alginolyticus effector HopPmaJ[14],
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which was homologue to the T3SHdopPmaJ of Chryseobacterium gleum
[15].However, its role inV. alginolyticus is still unknown. To better understand the
function of HopPmaJ in the T3SS frovh alginolyticus, we first constructed hop
gene mutant, then investigated the physiology aattiqgenicity of theAhop strain.
Furthermore, we evaluated the immunoprotective riteof Ahop, and found that
the Ahop mutant could be used as an effective live vactineombatV.al ginolyticus

in grouper.

2. Materials and methods
2.1 Bacterial strains and culture conditions

The bacterial strains, plasmids and cell line useithis work are listed in Table
1V. alginolyticus wild-type strain HY9901 was isolated froniutjanus
erythopterug[16] and was utilized as the parent strain for tamtsing the deletion
mutantAhop. V. alginolyticus was cultured on trypticase soy broth (TSB, Huaidai
Ltd., Guangzhou, China) or on 1.5% TSB agar pl@I&A) at 28C. Escherichia coli
strains were cultured in Luria-Bertani (LB, Huank2o Ltd., Guangzhou, China) or
on LB agar at 3T . When required, the appropriate antibiotics weldea: ampicillin
(Amp, 10QigmLY); kanamycin (Km, 50g mL™); chloramphenicol (Cm, 26 mL?).
2.2 Orange-spotted Grouper

E. coioides (average weight 20.0 £2.0g) were obtained fronomroercial fish
farm in Zhanjiang, China, and kept in seawater @ireulation system at 26-2Z7 for

two weeks before experiment. Prior to the experimsara were taken randomly from



89 three fish and tested by slide agglutination agaifsmalin-inactivated V.

90 alginolyticus. Internal organs (spleen, liver, and kidney) obugper were also
91 collected and tested by bacteriological recovesysteFish that were negative in the
92 sera agglutination and bacterial analysis were us#us study.

93 2.3 Cloning and sequencing of thep gene fromV. alginolyticus HY9901

94 A pair of primers hopl and hop2 was designed awstion Table 2 according to
95 the V. alginolyticus gene sequence (GenBank Number: NZ_AAPS000000R P
96 was performed in a Thermocycler (Bio-Rad, CA, USé)der the following
97 optimized amplification conditions: an initial deation at 94Cfor 4 min, followed

98 by 35 cycles of 94C for 30 s, 41C for 30 s and 72C for 30 s. 5uL of each

99 amplicon was examined on 1% agarose gels, staiitbcethidium bromide. The PCR
100 product was recovered from the agarose gel todigab the pMD18-T vector and
101 transformed intcE. coli DH5a (Table 1). The inserted fragment was sequenced by
102 Sangon Biological Engineering Technology & Servi€ss, Ltd. (Shanghai, China).
103  Similarity analyses of the determined nucleotidguemces and deduced amino acid

104 sequences were performed by BLAST programs (Hitpst.ncbi.nlm.nih.gov/

105 Blast.cqgi) and aligned using the program Clustalv&rsion 1.81). Protein analysis
106 was conducted with ExXPASYy tools (http://expasytoas/). Location of the domain

107 was predicted using the InterProScan program (httww.ebi.ac.uk/Tools

108 /pfaliprscan/).
109 2.4 Construction of in-frame deletion mutanhop gene

110 Overlap extension PCR was applied to generate -&nanme deletion of théop
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gene on theV. alginolyticus wild-type HY9901 chromosome [17]. The in-frame
deletion ofhop in the V. alginolyticus was generated according to the method of
Rubireset.al [18].For the construction okhop, two PCR fragments were generated
from HY9901 genomic DNA. The first fragment was difigd using primers hop-for

(contains &Kpnl site at the 5’-endd and hop-int-rey whereas primers hop-int-for
and hop-rev(contains aSmal site at the 5-end) were used to amplify the second
fragment. Both fragments containing a 20bp oveilagppsequence and used as
templates for the subsequent PCR procedure, wisieti primers hop-for and hop-rev.
The resulting PCR product, containing a deletiamframino acid (aa) 46-342 bp,
was ligated into suicide vector pRE112[19] (¢no generate pREhop. This
recombinant suicide plasmid was transformed iBtocoli MC106Lpir [18] and
subsequently S174pir[20]. The single crossover mutants were obtaineddnjugal
transfer of the resulting plasmid int alginolyticus HY9901. Deletion mutants were
screened on 10% sucrose TSA plates. Its presensesm@sequently confirmed by
PCR and sequencing using primers hop-up and hoprdow
2.5 Characterization of th&hop

The Ahop phenotype was characterized by cell morphologywtroability,

extracellular protease (ECPase) activity, biofilornfiation, swarming motility, and
fifty percent lethal dose (L£3). Briefly, the wild-type HY9901 strain and thehop
were cultured in TSB for 18 h, and cell morphologgis observed by scanning
electron microscopy. To measure the growth levebafteria in TSB, overnight

cultures of the wild-type HY9901 strain anthop mutant were inoculated into TSB
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with an initial ODQyoo of 0.01, respectively. Samples were removed etenyand the
optical density was measured at 600 nm. Extraeellplotease (ECPase) activity was
performed according to the method of Windle andiéfadr [21]. Biofilm formation
was assayed using the crystal violet stain methedcrtbed previously [22].
Swarming motility was assayed using the method rdest by Mathewet al. [23];
swarming diameter was measured after 24h incubafitve cell adherence was
performed as previously described [24-25]. Conftueonolayers of fathead minnow
epithelial cell line (FHM) (Table 1) [26] grown i24-well plates were infected with
HY9901Ahop and HY9901, respectively.

LDso of the wild-type andAhop were evaluated ift. coioides. Briefly, twenty
grouperwere injected intraperitoneally with 100 HY9901 or Ahop suspended in
sterile phosphate buffered saline (PBS) contaidiégL0°cfu mL™ with an injection
of 10QuL sterile PBS serving as a negative control, retbpelyg. The fish were
monitored for 14 days, and any fish that died wesmoved for bacteriological
examination. The experiment was performed twiced #me LDy, values were
calculated by the statistical approach of ReedMuednch [27].

2.6 Preparation of formalin-killed cell (FKC) susigens

TheV. alginolyticus FKC suspensions were produced as described by &labu
[28]. Briefly, V. alginolyticus strain HY9901 was grown in TSB for 18 h. The cells
were harvested by centrifugation at 5000xg for 10 amd suspended in 0.85% saline
solution to 1x18&fu mL™. Formaldehyde was then added at a final concémiraf 1%

to inactivate the bacteria for 3 days. The killegtteria were washed three times and
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resuspended in PBS to 1¥tfu mL™. Confirmation of bacterial death was confirmed
by incubating a culture for 48 h at Z8 on TSA, and stored at ‘4 until use.
2.7E. coioides vaccination

E. coioides were randomly divided into three groups with 8ghfiper group.
Prior to vaccination, the fish were anaesthetizgdrbmersion in a 20 mgt solution
of tricainemethanesulfonate (MS-222, Sigma). Fislthe HY990Ahop group were
injected intraperitoneally with 1¢Q 1x1Ccfu mL*Ahop. Fish in the FKC group
were injected intraperitoneally with 100 1x1C°cfu mL' FKC as previously
described[28] .Control fish were injected intrapmreally with 100 pL sterile PBS.
All of fish were maintained at 26-28. The experiment was repeated three times.
2.8 Investigation of the livability of HY99®hop in vivo post vaccination

The fish injected intraperitoneally with 380 1x1Ccfu mL*HY9901Ahop
extended to 7 days post vaccination. The organsdmgy spleen and head-kidney
were aseptically collected from day 1 to day 7. thik samples were weighadd
homogenized in 1 ml PBS. The homogenates werellgedduted and plated in
triplicate onto TCBS plates and incubated at28or 18 h. The bacteria counts were
calculated by dividing the weights of the tissued #om the mean of three samples.
2.9 Analysis of antibody levels

During the experimental period from one to eightelse post-vaccinatiork:.
coioides serum-pools (from 3 fish) of each group were ctdie¢dn order to measure
antibody levels using ELISA as previously descrifi2e].Microtiter plate wells were

coated with 100 pL oV. alginolyticus FKC by overnight incubation at'@.Excess
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cells were discarded, and wells were blocked wild uL of PBS containing 2%
bovine serum albumin (BSA) for 3 h at'22 After removing the blocking solution
and washing three times with PBS added with 0.050€€h-20 (PBST), the wells
were incubated for 3 h at 22 with 100 pL of serially dilutedE. coioides serum.
Antibody binding to the antigen was detected udigoioides IgM monoclonal
antibody (1:10000) which was produced accordingi tet al. [30], followed by rabbit
anti-mouse 1gG-HRP (Wuhan Boster, Wuhan, Chind): 20000 dilution, and colour
was developed with a chromogenic reagent TMB (te¢x#hylbenzidine) (Amresco,
Ltd,MA, USA) for 20 min with the reaction being pjwed by the addition of 2.0 M
H,SO,. The plates were then read at 450 nm with a miatepreader (Bio-Rad,
Hercules, CA, USA). Sera were considered positireahtiV. alginolyticus specific
antibodies if the absorbance was at least douhtleeo€ontrol sera, and antibody titers
were scored as the highest positive dilution. .
2.10Immune-related gene expression analysis

Kidney and spleen samples were taken from three ffisln each group
respectivetly at 1 day before challenge. Immunateel genes expression levels were
detected with real-time PCR. Primers for MHG-MHC-llo, IgM, and IL-13 are
shown in Table F-actin was used as internal reference. The proesdaf RNA
extraction, cDNA synthesis, real-time PCR for asayof immune gene expression
were described by lgt al. [31].
2.11 Challenge experiment.

Four weeks post immunizatiorg. coioides (n=30) were anesthetized and
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challenged separately by IP inoculation of @l0dx1Gcfu mL* of V. alginolyticus
HY9901 [28]. The relative percent survival (RPS)pafst-challgenged fishes were
measured per day in a 14-days time frame as prelyioescribed [32].
2.12 Statistical Analysis

Statistical analyses were performed using SPSS(EPS8S Inc., USA)The data
obtained from analyses of bacterial counts, swagndiameter, biofilm formation,
cell adherence, and agglutination titers were shasnX+SD, and the statistical
significance of differences between the wild-tygeaia and Ahop mutant, were
determined using the Student's t-test. Group @iffees were determined by Duncan’s
test. Data was considered statistically signific&henp<0.05 .
3. Results
3.1 Cloning and mutagenesistap in V. alginolyticus HY9901

The hop gene consisted of an open reading frame of 34bpding 114 amino
acids with a predicted molecular mass of 12.78 &ba a theoretical isoelectric point
of 4.45. The nucleotide sequence of HY9®0pPmMaJ was deposited in the GenBank
database under the accession number KX245315. Bfadeduced amino acid of
HopPmaJ indicated that it has 78-98% identity vaither Vibrio spp. And it shared
the highest homology to HopPmaJ\wibrio parahemolyticus (98%), which located in
T3SS2. However, the role of HopPmaMnparahaemolyticus has not been reported
(Fig. 1).

To understand possible roles of HopPma¥Y.imlginolyticus, an unmarkedhop

deletion mutant was constructed by using overlaR B@d a double-selection strategy.
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The mutant was confirmed by inability to grow on ATSupplemented with

chloramphenicol, and verified by PCR by genera#iritagment of approximately 655
bp (Fig.2).

3.2 Morphology, growth, activity of ECPase, biofililormation, swarming maotility,

and the L3oof HY9901Ahop

Morphology was assessed by scanning electron naopys HY990XAhop
showed no discernible morphological difference fidivi9901 when cultured in TSB
(Fig.3). HY990Mhop showed similar growth as the wild-type strain wiceftured in
TSB medium (Fig.4).

Biofilm formation is a multicellular behavior by witi bacteria colonize surface
of host tissue, leading to resistance to antibsodiod host immune-killing [33-34].
However, in the investigation of biofilm formationge found there was no difference
between the HY99Qthop and wild-type strain HY9901 during the incubatidrne
results indicated thdiop gene may not have a role in the biofilm developnoénit
alginolyticus (Table 3).

ECP is a crucial virulence factor, and the activity ECPase showed no
difference between HY99@hop and the wild-type strainp$0.05). HY990Ahop
showed a smaller swarming diameter than HY998D.01) (Table 3).

The adherence rate (0.88%) of the HY98KBdp was 2 fold lower than that of
the HY9901 (1.77% p<0.01).This result indicates that th®pPmaJ gene may
regulate the transcription of genes encoding agflase components involved in the

adhesion oW. alginolyticus to epithelial cells (Table 3).
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LDso levels of HY990Ahop were 3 logs higher than that of HY99(G#k (0.01).
All of the dead fish exhibited the clinical symptoofsvibriosis such as ulcers on the
skin, hemorrhagic and swelling in the liver andnag. Bacteria were re-isolated from
the ulcers of the skin, liver and kidney of theuer and identified ag alginolyticus
by 16S rDNA sequencingNo disease signs or mortalities were detected mwithi
weeks following challenge of the fish with dosesslethan 1&fu mL' of
HY9901Ahop. HY9901Ahop has almost no side effects in terms of growth
performance irE. coioides, when doses less than®tfi mL™. These results indicated
that thehop gene contributes to the pathogenesis.@&lginolyticus (Table 3).
3.3 Investigation of the livability of HY99&hop in vivo

HY9901Ahop was able to disseminate into but survive trankiem fish
head-kidney and spleen then was gradually elimihftem the host body (Fig. 5).
The highest bacterial number was detected in spteerday 3, followed by the
head-kidney.
3.4 Analysis of antibody levels

Grouper E. coioides) were immunized with two different types of.
alginolyticus vaccines, HY9904Ahop and FKC. The immune response of grouper was
assessed by ELISA at week 1, 2, 3, 4, 5, 6, 7 anfteB vaccination (Fig. 6). The
result indicated that the specific antibody titefsfish immunized with FKC and
HY9901Ahop were markedly higher than those of in the congrolup ¢ < 0.05). In
the immunized group the antibody titer reachedhiigbest level at week <€ 0.01).

Compared to the FKC group, HY99%op vaccinated group had significantly greater
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titer of E. coioides specific serum antibodies from week 3 p¥ 0.01).
3.5 Immune gene expressionEncoioides following vaccination with HY990Ahop
gRT-PCR was carried out to analyze the transcnplévels of genes encoding
MHC-la, MHC-lla, IgM and IL-183. The results showed that compared to FKC
injection, vaccination with HY99Q%hop significantly increased the expression of
IL-13, MHC lo, MHC lla and IgM genes in the spleen and head kidmey 0.01)
(Fig. 7). MHC-k and MHC-Ib. are respectively responsible for humoral and llu
mediated immunity. As proinflammatory factor, IB¢n induce the inflammatory
response. Taken together, all of the above resulggested that HY99@hop can
effectively elicit protective immune responsedgircoioides.
3.6 Immune protective effects of HY99%op in E. coioides
E. coioides were vaccinated with FKC and HY99%op by intraperitoneal
injection, and challenged with the wild type HY99BQ days pv. As shown in Fig. 8,
mortality in the control group administered PBS wé&s.5%; whereas grouper
vaccinated with the HY99@&hop had low cumulative mortality of 12.5 %with a RPS

of 84 % p < 0.05), and fish vaccinated with FKC had a RP 3166.

4. Discussion

Although the T3SS d¥. alginolyticus is similar to T3SS1 o¥. parahaemolyticus
with respect to gene synteny [13], it is uncleathé same regulatory mechanism is
employed byV. alginolyticus. As one of the T3SE, th@pPmaJ could play a crucial

role required for efficient attack in the host. §istudy included a characterization of
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the physiology and pathogenicity of the T3SE gaoPmaJ in V. alginolyticus.

Production of extracellular products (ECP) maimigluding protease, hemolysin
and siderophore, are thought to be characterigticghe virulent strain ofV.
alginolyticug16,35]. Biofilm formation is a multicellular behaviby which bacteria
colonize the surface of host tissue, leading tastasce to antibiotics and host
immune responses [33-34]. Nevertheless, our resodteated that there was no
significant difference between HY9901 and HY980dp in morphology, growth,
biofilm, and ECP. Therefordnop may not be responsible for these characteristics i
V.alginolyticus.

The flagella contributing to the swarming motilgtieould help bacteria access an
appropriate niche inside the host aféorio infection [36]. Quite a few studies have
shown that flagellin is essential for virulencegikllum forming, normal motility and
symbiotic competence during initial squid light angcolonization oMbrio [37]. In
the present study, th®p mutant ofV. alginolyticus had suppressed swarming motility.
The results suggested thadp is a positive contributor to swarming motility v
alginolyticus, and might function indirectly through regulatitige expression level of
fla, however this needs further investigation.

The first step of the bacterial infection is thénaaence of bacteria to the surface
of host epithelial cells, which facilitates coloaion on or penetration of the cells [38]
In the current study, we testedvfalginolyticus hop contributes to bacterial adhesion
to FHM cells. The data from this work showed tlnat adherence rate (0.88%) of the

HY9901Ahop was significantly lower than that of the HY990174%) (<0.01),
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indicatinghop is required for adhesion to FHM cells.

Several similar studies have demonstrated that mtaitaith deletion of T3SS
effectors encoding genes display decreased viralencmice, poultry, pigs, and
humans [32, 39]. Furthermore a number of studieg Ishown that mutants deficient
in the production of T3SE could induce high leveidong lasting protection against
pathogeny [40-41]. In the current study, thesg.Df HY9901Ahop was 3 logs higher
than that of wild-type HY9901 and showed low or lethality virulence inE.
coioides when administered via i.p. injection (Table 3 aladia not shown). Moreover
our findings also show that HY99Qhop has almost no side effects in terms of
growth performance itk. coioides. We evaluated the efficacy of HY998lop as a
live attenuated vaccine (LAV) by injection routean E. coioides model, resulting in
a RPS of 84% 4-week post vaccination. The signifigggnhanced specific antibody
confirmed the immune responsedircoioides.

It has already been confirmed that live attenuateztines can induce a more
robust humoral and cell-mediated immune responaa tilled bacteria [42]. The
increase of MHCI expression in the spleens was also found in gojs@npano
vaccinated with &treptococcus agalactiae phoB mutant[43].MHC Il is displayed on
surface of antigen presenting cells (APC) to attivehelp cells to regulate immune
network[44]. IL-18, an important pro-inflammatory cytokine, can indutte
inflammatory response by regulating the expressioatiwer cytokines. Xiaat al.
[40]. IgM gene expression can be induced by intiiggeeal injection withYersinia

ruckeri in rainbow trout [45].In this study, the eleva&xpression of immune-related
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genes (MHC+d, MHC-Ila, IgM, and IL-18), confirmed the stimulation of innate and
acquired immune responseskEncoioides. Future work using immunohistochemical
methods or flow cytometry sorting rather than qRRR@Il further provide a deeper
understanding of the protective immune mechanisht$Y®901Ahop in E. coioides
or other fish.

In conclusion, we have successfully constructednainrame deletion strain of
HY9901Ahop and investigated its physiology and pathogenickiY9901Ahop
exhibited a high level of protection against vinil&/. alginolyticus challenge, and
could elicit both humoral and cell-mediated immuasponses ift. coioides. These
results may provide further evidence for the imaoce of T3SE irV. alginolyticus
and serve as a reference for further investigaiiothis virulence factor
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Table 1 Bacterial strains, plasmids and cell lisedlin this study

Strains , plasmids , cell line Relevant charadiess Source or
references
V. alginolyticus HY9901 Wild type, isolated from diseaskedjanus [16]
sanguineus off the Southern China coast
Ahop HY9901 carrying an in-frame deletion of This study
hopa6-342
E. coli DH% SupE44AlacU169 80lacZDM15) hsdR17 Sangon
recAl gyrA96thi-1 relAl
MC1061 ¢pir) lacY1 galK2 ara-14 xyl-5 supE44 Apir [18]
pRE112 pGP704 suicide plasmyl; dependeniriT, [19]
oriV, sacB, Crl
S17-1 gpir) Tp' SnirecAthi prohsdR M RP4 :2Tc: Mu:  [20]
Km Tn7 Apir
MC1061-pREAhop MC1061 containing plasmid of pRERop, Cnl  This study
S17-1-pREAhop S17-1 containing plasmid of pR&op, Cnl This study
pMD18-T Cloning vector, Anip TakaRa
pRE-Ahop pRE112 containingop gene in-frame deletion This study
of codons 46-342, Cm
FHM fathead minnow epithelial cell; P&rStrey [26]
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512

513
514

515
516
517
518
519
520
521
522
523
524
525
526

Table 2 Sequences of primers used in this study.

Primer name  Primer sequence(5’-3’) references
Cloning

primers

hop TTATTT AGC GGT TAAA This study
hop ATG GAATTAAAATCG This study
Mutant

construction

hop-for GGGGTACCATGAACACGCGATGGKpn I) This study
hop-int-rev CTCTGGTGACGCTGCCAATACATCGTTTTCTGACTGGTGTTTA  This study
hop-int-for TATTGGCAGCGTCACCAGAGTAAACACCAGTCAGAAAACGATG This study
hop-rev CCCCCGGG TCGAGCAGCATGTAMa I) This study
hop-up TAAACTTCGTTGCTACCGCC This study
hop-down  AAACTTAATGCCTTCCCACC This study
gPCR

primers

MHC-laF GCCGCCACGCTACAGGTTTCTA This study
MHC-laR TCCATCGTGGTTGGGGATGATC This study
MHC-IllaF GGAGCCTCAGCCCAGCTTCA This study
MHC-lla R CCAGTGGGAGGTCCTTCATG This study
IgM F TACAGCCTCTGGATTAGACATTAG This study
IgM R CTGCTGTCTGCTGTTGTCTGTGGAG This study
IL-1B- F ACACGGCTTTGTCGTCTTTC This study
IL-1B8- R ACGCTGCTGGACCTTTATCG This study
B-actin F AAATCGCCGCACTGGTTG This study
B-actin R TCAGGATACCCCTCTTGCTCT This study




527

528 Table 3 Characteristics of HY998kop

Characteristics HY9901 HY99@hop

Activity of ECPase a
y (A2 0.08+0.01 0.11+0.01

Biofilm formatior?
0.32+0.06 0.36%0.15

Swarming (mm) 45+0.15 23+0.5**

Adherence rate (%)
1.77+£0.11 0.88+0.25**

LDso (cfu mL™h)® 25x16  6.5x10*

529 Values are mean * standard deviation for threéstrigignificant differences between

530 HY9901 and HY990Ahop indicated by asterisk. 1<0.01.

531 a Bacteria were incubated in TSB for 18 h &ti28

532 b Bacteria were incubated in 96-well polypropyl@fetes for 48 h at 28.

533 ¢ Swarming diameters were measured after 24 tbatmn on TSA containing 0.3%
534 agar plates.

535 d Adherence rate were expressed as percentagesefveld CFU relative to the total
536 input bacteria.

537 e LDspwere evaluated in healtlty coioides with an average weight of 20.0 +2g.

538

539

540
541
542
543
544
545
546

547



548

549  Figurelegends

550 Figure 1 Homology comparison ®falginolyticus HY9901 T3SS Effector Protein HopPmaJ

551 ValginolyticusHY9901 T3SS Effector Protein HopPmaJalginolyticus NBRC 15630 = ATCC T3SS
552  Effector Protein HopPmaJ Accession NC_022359.1 VBB305560.1;V.parahaemolyticus serotype
553  03:K6 (strain RIMD 2210633) T3SS Effector Proteitharveyi CMCP6-E0666 T3SS Effector Protein;
554 V. genomosp.T3SS Effector Protein niRef90_UP1000474712G/ coralliilyticus T3SS Effector Protein
555 niRef90_UOESZ4V.vulnificus. T3SS Effector Protein HopPmaJ, UniRefo0_E8VU®%rienta T3SS
556  Effector Protein HopPmadJ, UniRef90 C9QFQ%lavobacterium T3SS Effector Protein,
557  UniRef90_UPI00047A9F35

558

559  Figure 2 Construction and confirmation of the kmmatkmutant strain HY99Qhop

560 M: DL2000 marker; Lane 1. The 313bp upstream fragraenplified from genomic DNAs of the

561  wild-type strain HY9901using primer pairs of hop-fdop-int-rev. Lane 2. The 342bp downstream
562 fragment amplified from genomic DNAs of the wildpty strain HY9901using primer pairs of

563  hop-int-for / hop-rev.Lane 3. The 655 bp fragmenpified from genomic DNAs of HY99(hop

564  using primer pairs of hop-for / hop-revLane 4. B bp fragment amplified from genomic DNAs of
565  the wild-type strain HY9901using primer pairs opkor / hop-rev.

566

567  Figure 3 Observation the morphological feature ¥9BI01(A) andHY9901Ahop (B)by SEM.

568

569  Figure 4 Growth features of HY9908hop andHY9901. Aliquots of cell culture were taken at wars
570 time points and measured for cell density at;§aD

571

572  Figure 5 Propagation of HY99@hop in grouper kidney (A) and spleen (B) following .i.imjection
573  with 10QuL 1x1C°cfu mL*Ahop. Control fish were i.p. injection with 100 pL sterPBS The number
574  of viable bacteria was shown as the mean = starafatdee samples.

575

576  Figure 6 Antibody titers in sera of grouper injett® with HY990WAhop, FKC and PBS. Sera
577  collected at week 1to 8 post-vaccination were astdy ELISA. Each column represents the mean of
578 log 2 antibody titer with standard deviation baro@s that do not share a letter are significantly
579 different (p < 0.01).

580

581 Figure 7.The head kidney and spleen of grouper warspled at 1 day before challenge, and total
582 RNA was extracted for gRT-PCR. The mRNA level ofleammune-related gene was normalized to
583 that off-actin. Bars represent the mean relative expressidiree biological replicates and error bars
584  represent standard deviation. Groups that do reoesh letter are significantly different (p < 0.01)

585
586  Figure 8 Percent survival in groups vaccinated wi¥t0901Ahop, FKC and PBS following challenge

587  with Vibrio alginolyticus HY9901.

588



589

590
591

592

593

594

595

596

597

V.alginolyticusHY9901
Vibrio alginolyticus NBRC 15630
V.parahaemolyticus
V.harveyi
Vibrio genomosp.
Vibrio coralliilyticus
Vibrio vulnificus
Vibrio orienta
Flavobacterium

V.alginolyticusHY9901
V.alginolyticusNBRC15630
V.parahaemolyticus
V.harveyi

V. genomosp.
V.coralliilyticus

V.wulnificus

V.orienta

Flavobacterium

V.alginolyticusHY9901
V.alginolyticusNBRC15630
V.parahaemolyticus
V.harveyi

V. genomosp.
V.coralliilyticus

V.vulnificus

V.orienta

Flavobacterium

Fig. 1

1 10 20 30

40

MELKSFLDLLAASPEQVEFEATMAVIEDNYTFEPTAFVN
MELKSFLDLLAASPEQVEFEATMAVIEDNYTFEPTAFVN
MELKSFLDLLAASPEQVEFEATMAVIEDNYTFEPTAFVN
MELKEFLDALAASPETVEFETTMAATEANYAFTPAAFVN
MDLNTFISQLKREPELTEFEQTMSVIDENFSETPTTETN
MELSVFIEQLNQSPATVQFEQSMAVIDANYEETPTAFIN
MSLKDLLAKLAETPEKVEFQEVIDVIDSHYVEVPAAFQN
MELNNFLATLSETPTEIQFEDTMAVIEANYEEVPTAFVN
MNIQTFLEKLKQTPEAITFEPETIEVIEANYDETPTAFQN

50 60 70

80

GETQNNAGENNGSCKIFAFGLLNNLDKEATLACFGREYREDVL
GETQNNAGENNGSCKIFAFGLLNNLDKEATLACFGREYREDVL
GETQNNAGENNGSCKIFAFGLLNNLDKEATLACFGRFYREDVL
GETQNNAGENNGSCKIFAFGQLNNLSKEATLACFGRFYREDVL
GKTLNQAGQNNGSCKIFALGALQQLSIEETLACFGRFYREDVL
GETKNEANQNNGSCKIFAFAQLNQLTEQDTLACFGREYREDVL
GDTHNEAGQNNGSCKIFSFAQLNELNEEQTLACEGRYYRHDVL
GDTSNEANQNNGSCKIFAFARLKELEQASTLACEGRFYREDVL
GNTHNAAGTNSGSCKLFAFAQLQNLSQDETLACFGSEYRDEVL

90 100 110

QHPENSDHQNIRNFMVTGWEGIKFEASALTAK:
QHPENSDHQNIRNFMVTGWEGIKFEASALTAK:
QHPENNDHQNIRNFMVTGWEGIKFEAPALTAK:
QHPENNDHQNIRNFMVTGWEGIKFEAPALTAK:
KHPEGDDHQNIRNFMVTGWEGVEFEAVALVKK:
QNPDGDDHANIRNFIKFGWQGIQFESDALVSK:
LHPENDDHQNIRNFIRFGWSGVQFDTAALTEK:
GNPDGDDHANIRNFIKYGWQGIKFEGDALVAK:
GEPEGTNHQNIRNEMVHGWSGIQFEGTALELK:

114
114
114
114
114
114
114
114
114

Ide ptit

100%
98%
96%
78%
76%
82%
78%
T4%



bp
2000—

1000 —
750 —
500 —
250 —
100 —

— 952
— 655
— 342
— 313

598
599 Fig. 2

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615



616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

3

Fig. 3

HY 9901

-—

HY 9901Ahop



639
640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

15 -

0OD600

Fig. 4

= HY9901
=i—HY9901Ahop

10
Time(Hour)

15

20



ACCEPTED MANUSCRIPT

>

—&—HY9901Ahop —E—PBS

Bacterial counts (log10/g)

0 o o o = = L '
Timé (Dayp 6 7 8

o
=
N
w

656

—&— HY9901Ahop —##—PBS

Bacterial counts (log10/g)

0 X X X i L i 1

Tirg;'\e ( Daz\‘/)
657

658

659

660 Fig. 5
661

662

663

664

665

666

667



668

669

670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687

Mean of antibody titer(log2)

12

10

Fig. 6

8

6

4
zl
Oﬂ

Time post vaccmatlon/week

OPBS

W HY9901Ahop



688

689
690

691
692
693
694
695

12

Relative transcription level

10

14

12

Relative transcription level

Fig. 7

10

0o

()}

I

N

-

MHC-I

MHC-I

b
I c
|| b||
I
S BN NS

b b
I I
a
a
ut =
MHC-II IgM
Spleen

H o

MHC-II IgM
Head Kidney

IL-1B

o

—

IL-1B

OPBS
FKC
W HY9901Ahop

OPBS
FKC
W HY9901Ahop



696
697
698

699

100
90
80
70
60
50
40
30
20
10

Survival rate (%)

Fig. 8

== PBS injection
==e=HY9901Ahop Injection
== FKC injection

3456 7 8 91011121314
Time after challenge(day)

12



The biologica functions of HopPmalJ in alginolyticus were investigated.

HY 9901Ahop suppressed swarming motility, adhesion and virulence.

The RPS of grouper vaccinated with HY 9901Ahop was 84 %.

HY 9901Ahop could stimulate innate and acquired immune responsesin E. coioides.



