Accepted Manuscript

Fish &sShellfish |

Generation of a novel Streptococcus agalactiae ghost vaccine and examination of its
immunogenicity against virulent challenge in tilapia

Qishuo Wang, Xuepeng Wang, Xuemei Wang, Ruijuan Feng, Qian Luo, Jinjing
Huang

PII: S1050-4648(18)30396-6
DOI: 10.1016/j.fsi.2018.06.055
Reference: YFSIM 5398

To appearin:  Fish and Shellfish Immunology

Received Date: 19 April 2018
Revised Date: 20 June 2018
Accepted Date: 30 June 2018

Please cite this article as: Wang Q, Wang X, Wang X, Feng R, Luo Q, Huang J, Generation of a
novel Streptococcus agalactiae ghost vaccine and examination of its immunogenicity against virulent
challenge in tilapia, Fish and Shellfish Immunology (2018), doi: 10.1016/j.fsi.2018.06.055.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.fsi.2018.06.055

11

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Title Page

Generation of a Novel Streptococcus agalactiae Ghost Vaccine and Examination of

[ts Immunogenicity against Virulent Challengein Tilapia

Qishuo Wand®, Xuepeng Warftf*, Xuemei Wan§, Ruijuan Fen§ Qian Lué,
Jinjing Huang

a Shandong Provincial Key Laboratory of Animal Biotedbgyg and Disease Control
and Prevention & Shandong Provincial Engineering TelolgyoResearch Center of
Animal Disease Control and Prevention, Shandong AgricultUaversity, Taian,
271018, P.R. China

b Institute of Hydrobiology, Chinese Academy of Scienwéghan, 430072, P.R. China
c Laboratory for Marine Fisheries Science and Fooodirttion Processes, Qingdao
National Laboratory for Marine Science and Technold&gyngdao, 272000, P.R. China

d Shandong Yisheng Livestock Veterinary Science instid@4000, Yantai, P.R. China

e Jiangsu Tianshen Co., Ltd., 224000, Huai’'an, Pl

Article Type: Original Research Paper

First author: Qishuo Wang

* Corresponding Author: Xuepeng Wang
Tel.: + 86-538-8242478,;

Fax: + 86-538-82414109.

E-mail addresses: xpwang@sdau.edu.cn (X.P. Wang)




28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Abstract

Sreptococcus agalactiae (S. agalactiae) is a gram-positive pathogen that causes a
wide range of infections in fish and other animals includiignans. Bacterial ghosts
(BGs) are nonliving, empty cell envelopes and are wellesmted as novel vaccine
candidates. In this study, we examined the immunogeniodypaotective efficacy ob
agalactiae ghosts (SAG) against a virulent challenge in tilapia. Nonliv8A&G was
generated by a culture with Penicillin and Streptolysid, then treated with the MIC of
sodium hydroxide. The formation of a transmembrane tysigel structure in SAG was
visualized by electron microscopy. To investigate the 8@ vaccine candidate, fish
were divided into three groups, A (SAG immunized), B [Faliminactivated S
agalactiae (FSA) immunized] and C (phosphate-buffered saline, -#B8unized
control). The IgM antibody responses were significastipnger in the SAG-immunized
group than in FSA-immunized group, which was higher thaithe non-immunized
control group (P<0.05). Moreover, phagocytic activiter@ent phagocytes, PP) was
significantly higher (p<0.05) in the SAG-immunized grotimn in FSA-immunized
group, which was higher than in the non-immunized cogimaup (P<0.05). In addition,
non-specific immune immunity, such as lysozyme anésagide dismutase activities, in
the SAG-immunized fish showed significantly higher activitiean FSA-immunized fish
and the control group fish (P<0.05). Also, fish immunizath SAG and FSA showed
significantly higher (p<0.05) gene expression of f,-INF-u, IFN-y and TGF in the
head kidney and spleen than fish treated with PBS duragvtiole observed period. In
addition, fish immunized with SAG showed significantly higgene expression of L1
TNF-a, and TGFB in the spleen than in the FSA- immunized fish. Althotiggre was no
significant (P>0.05) difference of survival rate (S#t)relative percent survival (RPS)
between SAG and FSA immunized groups, they were atlifgigntly more protected
against theS agalactiae challenge (SR: 86.67%, RPS: 76.395) and (SR: 80.0(P8,; R
67.50%) respectively, compared to the PBS-treated g(B&> 33.33%). These results
suggest that immunization with SAG induces immune regsoand provides protection
against a virulens agalactiae challenge.
Keywords. Streptococcus agalactiae; Bacterial ghosts; Humoral immunity; Cellular
immunity; RPS



ACCEPTED MANUSCRIPT

59



60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

1. Introduction
Although Tilapia Oreochromis niloticus) are endemic to Africa, their tremendous

aquaculture potential has led to nearly worldwide distributighimvthe past 30 years [1].
With the rapid development of tilapia aquaculture, a sefigissease problems have been
caused by a number of bacterial pathogens, most semifyc by Streptococcus
agalactiae (S. agalactiae). This has led to high world-wide morbidity and mortality and
huge economic losses [2,3% agalactiae is a gram-positive bacterial strain that is
commonly found in seawater and fresh water fish [2His bacterium is widely
distributed in aquatic environments and is infectious to atyasfespecies including fish,
reptiles, amphibians, birds, mammals and humans [5].edexy they mostly infect fish,
such as tilapia, grouper, golden pomfret, barcoo grurded zebrafish [4]. This
organism's versatility with respect to the broad-randwosts highlight the importance of
developing strategies for the protection of both animals angahs fromS agalactiae
infections. In recent years, chemotherapy has beehaifetively in controlling fish and
other animal infections. However, there is significanhason regarding food safety
following chemotherapeutic interventions in addition to thegea of selecting for
antibiotic-resistans. agalactiae isolates which have been reported worldwide [6]. These
concerns have prompted the development of novel vamminstrategies for the control
of S agalactiae infections.

Over the last decade, vaccination has become an impgtawention strategy
against numerous infectious agents affecting humangaamdanimals including fish [7].
Although the development @& agalactiae vaccines has been attempted, their efficacy
against challenges has been inconsistent [8-10]. The eaciah vaccines presently
available consist of heat- or formalin-inactivated vaccinadyusit vaccines and
attenuated formulations, etc. However, these strategiesa@zempanied by some
drawbacks such as attenuated vaccine virulence revessibanit vaccines need of an
immune adjuvant, and inactivated vaccines affect on theigblemical/structural
properties of surface antigens, thereby negatively taffgthe development of protective
immunity [12].

Bacterial ghosts (BGs) are empty cell envelopes thatraduped, for example, by
the controlled expression of thehiX174 lysis geneE in gram-negative bacteria.

Expression of lysis gen& leads to the formation of trans-membrane tunnels which
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consequently leads to the loss of cytoplasmic contentd H@wever, the major
drawback of the protein E-induced inactivation method id thais restricted to
gram-negative bacteria only [13]. InterestingBreptococcus. iniae ghosts produced by
E gene-mediated lysis were suggested as a potent@heacandidate [14]. However, a
number of studies have demonstrated that the lysis efficiehggnetically inactivated
BGs was 99.9% [12], suggesting a potential risk of therassa vaccine. Alternatively,
the new approach used to generate BGs induction with Ne&dfaster than the protein
E-mediated lysis system [15].

The bacterial envelope & agalactiae is composed of peptidoglycan, teichoic acid,
and proteins. Several studies have suggestedtlaghlactiae envelope components are
potential vaccine candidates in animal models [8-10]. RBceimmunization with
peptidoglycan of gram-positive bacteria suchSasureus has been found to induce
protective immunity to a lethal challenge in experimentaiats [16]. Several reported
thatS agalactiae vaccine orsubunit protein factors can be used as a vaccine eadhlb
to induce both humoral and cell-mediated immunity [8-10fodether, these whole-cell
envelope components 8f agalactiae represent an attractive vaccine candidate.

In the present study, we developed a new method to gensraelS agalactiae
ghosts (SAG) by using Penicillin and Streptolysin with MIC of NaOH. Additionally,
we demonstrated that immunization with SAG vaccine via the eritapeal route could
induce both humoral and cellular immune responses in dilapurthermore, these
Immune responses provided protective immunity to a amgdlewith virulent S
agalactiae.

2. Materials and methods
2.1. Bacterial strainsand growth conditions

S agalactiae (16S ribosomal RNA gene, GenBank accession numbe31K02)
was isolated in 2012 from different moribund Nile tilapiaidgra streptococcus outbreak
on a farm in China. This isolate was grown on brain haérsion (BHI, HuanKai, China)
plates for 24 h at 28 °C. Then, a single clon& aigalactiae was cultured BHI broth at
28 °C in a shaking incubator at 200 rpm. Growth and lyates were measured
spectrophotometrically by determination of optical densitgQft nm (ORocnm). When

required, penicillin and Streptolysin were added to the ailitithe final concentration at
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50pg/ml and 25ug/ml, respectiveltaphylococcus aureus was cultured in tryptic soy
broth (TSB; Difco) at 37°C in a shaking incubator at 208.rp
2.2. Determination of MIC

Determination of the MIC of NaOH fd& agalactiae was performed by the 2-fold
broth dilution method as described previously [15], witime modifications. Briefly, a
virulent culture ofS agalactiae was grown in BHI and adjusted to 1¥0FU/mI. The
initial concentration of NaOH was 60 mg/ml. Two-fold dituts of NaOH were added to
samples of the virulent bacterial culture, and they werebeted at 28°C for 24 h. After
incubation, the turbidity of each individual tube was sssgvisually, and the MIC was
determined as the lowest concentration of NaOH that complkidd the bacterial
growth. Further, to determine viability, the culture that slbwe visible bacterial
growth was verified by spreading 100 pL of the culturéooBHI agar plates and
incubating them at 28°C for 36 h. The MIC was deteeaiinn three independent
experiments.
2.3. Production of vaccine and I dentification

SAG were produced by using the Penicillin and Streptolystim the MIC of NaOH
as described previously [15], with some modifications.bhef, S. agalactiae was
inoculated into 300 mL BHI broth and incubated at 283C & h, then Penicillin and
Streptolysin was added at the final concentration at 5Qpayich 25ug/ml and cultured
until 24h, the biomass of 24-h-olf agalactiae cells was collected by centrifugation
(10,000%g for 10 min at 4°C) and washed three times phibsphate-buffered saline
(PBS). One milliliter of the MIC of NaOH was added to 2 oflthe bacterial suspension
(1x1¢ CFU/ml) and incubated at 28°C for 60 min. To determirelysis rate, samples
of cells treated with the MIC of NaOH and control cells weddlected at 15-min
intervals (15, 30, 45, and 60 min) after treatment andasbonto BHI plates. After
incubation at 28°C for 24 h, viable colonies were enuradratnd results were expressed
in numbers of CFU/ml. At the end of the lysis processGSwere harvested by
centrifugation (10,000xg for 10 min at 4°C) and washeéethimes with PBS. The final
pellet was suspended in sterile PBS and stored at 4°C wtiiéf use.

Morphological features of SAG anfl agalactiae were examined by scanning

electron microscopy (Hitachi S-2400) and transmission electnicroscopy (7650;
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Hitachi) as previously described [12]

For formalin-inactivated. agalactiae (FSA) preparation, formalin was added to 24
h cultures of the bacterium to a final concentration of 0 Affer a 24 h incubation, cells
were washed three times with PBS and resuspended nm_L1®BS and the suspensions
were plated on BHI agar plates to confirm inactivatiorA Mi&s stored at 4°C until use.
2.5. Immunization protocol and challenge infection

The tilapias were purchased from Taian Tilapia AquacultanenFThe fish were
supplied with flow-through dechlorinated city water hedietiveen 2% and 28°C at a
rate of 0.5 L/min. Fish were divided into three immunizatgpoups (A-C, n=60 for each
group), and fish from groups A and B fish were immadion dO and d14 with either
SAG or FSA. Group C fish were immunized with PBS (negationtrol) at similar times.
For group A immunizations, the dose of SAG (correspanttin1x10 dead BGs) in 50
pL of PBS were vaccinated intraperitoneally and grousBwere immunized with FSA
(1x10' CFU dead bacterial) in the same fashion. Three fish lig¢ridy anesthetized with
methoxyflurane and serum was collected from the tail aeith7, d14, d21, d28 and d35
for the analysis of ants: agalactiae antibody responseafter, the fish were dissected for
kidney and spleen collection which be used for gPCR tes

On d28 post primary immunization fish from all groupsevierrther divided into six
subgroups (1-6, n=5 for each subgroup) and were p@titaneally challenged with
2.0x10 CFUffish (100 pL). Fish which died were necropsied divér samples
homogenized and plated onto a BHI agar plate.
2.6. Antibody response assessment

The presence of specific immunoglobulin M antibodies agathsagalactiae
following immunization was determined by an enzyme-linkeununosorbent assay
(ELISA) with the same method as our earlier reseafdtj. [Briefly, the sera from
immunized and control fish were titrated through a ten-fliligtion series. Added to the
plates, then incubated at 37°C for 1 h and washed&stimith PBS-T, then probed with
100 pL self-made rabbit anti-tilapia-lgM antibody incubate@872C for 1 h, and washed
3 times with PBS-T, horseradish peroxidase-conjuggted anti-rabbit IgG was added
for 1 h at 37°C. Plates were washed four times with PE® binding visualized by
adding TMB (Tiangen, Beijing, China) according to the nfacturer’s instructions (100
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puL/well). The plates were incubated at room temperatore20 min and the reaction
stopped with 100 pL of 2 M $0O, and the absorbance read at 450 nm.
2.7. Phagocytic activity

S aureus was inoculated into common broth agar slants for 24 ktivaded by 0.5%
formaldehyde for 24 h, washed with sterile saline 3 tiradfysted to 1.0xf0CFU/mI
and stored in ®. The phagocytosis was used as the phagocytic activigu&ocytes,
which was determined using the same method as ourreadearch [18]. We took 100
pL of anticoagulant and added 1QQ of S aureus. Then shook it and put it into the
water at 28C for 60min, shaking once every 10 min. After this, thetare was drawn
with a pipette on the slides, dried and fixed with methanolL@min, and then Giemsa
stained for 1 h. Finally, slides were washed and driedbserve with oil microscope. The
phagocytic percentage (PP) was calculated according toltbwing equation (1).

_ Thenumbeiof cellsinvolvedin phagocytosin onehundrecphagocyte§
10C

2.8. Non-specific immune parameter s assay
Acid phosphatase (ACP), alkaline phosphatase (AKPgrexmle dismutase (SOD),
and lysozyme (LZM) activity were determined at d7, dd2], d28 and d35 using the

PP

1006 (1)

detection kits (Nanjing Jiancheng Bioengineering Instituthin&® according to the
manufacturer's protocols. One ACP and AKP activity unaswexpressed as the
production of 1 mg phenol by reaction between every 106f reerum and substance in
30 min.
2.9. Deter mination of immune-related genes expression in tilapia

Total RNA of kidney and spleen was extracted as destabeve using total RNA
isolation system. The primers for cytokines (Ig-1FN-y, TNF-o and TGFB) used are
shown in Table 1. The qRT-PCR was carried out in an ABIO real-time detection
system by using an SYBR ExScript qRT-PCR kit (as destrdtmve) [19]. Each assay
was performed withB-actin as a control. The 2" method was used to analyze
the mRNA level. All data were given in terms of relative miiees of MRNA expressed
as the means plus or minus standard errors from skeyggrate experiments [20].
2.10. Statistical analysis.

Statistical significance was determined by ANOVA analysis.felDehces were
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considered significant &<0.01 orP<0.05.
3. Results
3.1. Production and characterization of bacterial ghosts

To produce SAG, we first determined the MIC of NaOH $o agalactiae strain
KU311702 by the 2-fold broth dilution method. The MIC ofO¥4 for S agalactiae was
7.0 mg/ml, and this specific concentration was used to psodBAG. Electron
microscopic analysis of NaOH-lys&l agalactiae cells revealed no gross alterations in
cellular morphology compared to unlysed cells (Fig. TAexcept for the lysis pore (Fig.
1B, D). The morphology of the cell, including all celifaice structures, were unaffected
by lysis. Pores ranging from 100 to 300 nm in di@netere observed in SAG by
scanning electron and transmission microscopy (Fig.)B,The loss of cytoplasmic
material and structural integrity were observed SAG by transmission electron
microscopy (Fig. 1D).

3.2. SAG and FSA immunizations and S. agalactiae challenge

After the first and the second intraperitoneal immunizatwitis SAG, FSA or PBS,
the fish behaved normally and did not exhibit any signnafss. Following a challenge
infection with S, agalactiae fish were monitored daily for 7 days post-challengeebée
manifestations appeared between days 2-4 post-chalemhencluded reduced activity,
lethargy, anorexia, convulsions and death. All fish werdhasuzed 14 days
post-challenge.

Survival rates of all groups after post-challenge a waek shown in Table 2.
SAG-immunized fish (group A) showed the highest surviketes (26/30, 86.67%
survival rate, RS) and FSA-immunized fish (group B04/8R, 80% RS) were
significantly better protected than PBS-treated controls (1(83.33% survival). The
relative percent survival (RPS) of groups A and B wa8% and 67.50%, respectively,
which were significantly higher than PBS-treated aalstr However there was no
significant (P>0.05) difference of SR or RPS between groups A ariduBing challenge
trials, dead fish showed typical clinical symptomsSofagalactiae infection, such as
hemorrhage and proptosis.

3.3. Antibody response analysis
Serum IgM antibodies were induced in fish after immatian and a challenge, as
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shown in Fig. 2. Specific an8-agalactiae IgM antibodies were detected in the serum of
fish immunized with either SAG or FSA. No antibody reacgiibuld be detected in the
serum collected from the control fish. Fish immunized twitth either SAG or FSA on
days 0 and 14 (groups A and B) had significantly é@rgintibody levels than the control
from days 7-35. Fish immunized with SAG showed signifiahigher IgM titers than
fish immunized with either FSA, and the FSA group showiggificantly higher IgM
titers than the PBS-treated group<Q.05), and fish immunized with SAG showed
significantly higher IgM titers than fish immunized witBA after the 2% day.
3.4. Effects on the phagocytic activity of leukocytes

The phagocytic activity of leukocytes in the blood of figiproved significantly
after immunization with SAG and FSA vaccines (Fig. 3feA7 days of immunization,
the PP in each group was significantly<{B.05) higher than in the control group and
maintained a higher level. In addition, the PP in eachumped group continued to
increase with time. At the 28th day after immunization, tigbdst PP values of groups A
and B were 51.33% and 45.17% respectively. To suramathe results showed a
statistical PP (p<0.05) increase in fish immunized with S&€@ FSA, which was
significantly higher (p<0.05) than fish treated with PB&imly the whole period. In
addition, the PP of fish immunized with SAG was significahtbjher (p<0.05) than fish
treated with FSA after the 2Hay after first immunization.
3.5. Change of non-specific immune parameter s assay

The AKP, ACP, LMZ and SOD activities were recorded amows in Fig 4. ACP
activity (ACPa) of fish in group A and B was significanttigher (p<0.05) than fish
treated with PBS on average throughout the study andfisplg on 7" day after first
immunization. However, the ACPa of fish in groups A @&did not show significant
differences during the whole perio8KP activity (AKPa) of serum in groups A and B
was significantly higher (p<0.05) than fish treated vifBS during the whole period or
on 7' day after first immunization. However, there was righificant differences of
AKPa in groups A and B during the whole peridglsozyme activity (LZMa) and the
SOD activity (SODa) of vaccinated groups (A and B) wasreased after being

vaccinated with SAG or FSAand both vaccine groups were significantly higher than

group C after 14 days (P<0.05), and reached the $tidgneel on the 28day.Meanwhile,
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the LZMa and SODa of group A was significantly increas®mpared to group B
averaged over the whole experiment.
3.6. Expression profile of cytokine genesin tilapia

Expression of immune-related genes was examined byPgHR-analysis of the
transcription of the genes encoding IB;1FN-y, TNF-0, and TGFB in the head kidney
and the spleen of fish (Fig. 5 and Fig. 6). Fish imimed with SAG and FSA showed
significantly higher (p<0.05) gene expression of [,-IFN-y, TNF-a, and TGFB in the
head kidney than fish treated with PBS throughout the wbloderved period, however
there was not significant differences (p>0.05) betwe&@ 8nd FSA immunized groups.
Fish immunized with SAG and FSA showed significantly kigh(p<0.05) gene
expression of IL-f, IFN-y, TNF-0, and TGF in the spleen than fish treated with PBS in
the whole observed period, in addition fish immunized B&G showed significantly
higher gene expression of 31 TNF«, and TGFB in the spleen than in the
FSA-immunized fish.
4. Discussion

Bacterial ghosts are a new type of vaccine candidateauBecof its bacterial
membrane containing intact membrane proteins and other umexstimulatory
components, these antigens can be discriminated by #t's related membrane receptor
of dendritic cells and macrophages and be swallowed to latienthe immune effects
[17]. Although one of the gram-positive bacteria ghoStaniae, was produced by E
gene-mediated lysis [14], there is the risk using vascmade with this method because
the lysis of inactivated BGs was not complete [12]. It &@l\wnown that NaOH has the
ability to create transmembrane lysis tunnels on the lalctetl surface, degrade DNA,
and turn bacteria into empty cell envelopes [15]. In additRenicillin works best on
gram-positive bacteria by inhibiting peptidoglycan prddut making the cell wall leaky
and fragile [21], and the Streptolysin damages the prate@mbrane [22]. So we
designed a new method to generate the gram-positiveribagh®sts by using Penicillin,
Streptolysin and NaOH. And the result of electron mioope (SEM and TEM) showed
this method can induce transmembrane lysis tunnels in $A@hermore, there was not
any cellular morphology damage except for the lysiepdhese data suggest that this

method would be sufficient to produce inactivagagalactiae bacteria. Generation of
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BGs fromS agalactiae has not been reported previously. Therefore, we thgsized this
method might successfully be used to produce BGs fn@m-positive bacteria.

Antibodies are commonly considered as one of the mostriemgdhumoral immune
responses to pathogen invasion in invertebrates. In thig, stedfound that the antibody
responses were significantly stronger in the SAG-imnedizgroup than in
FSA-immunized group, which was higher than in the momunized control group.
Most importantly, the RS and RPS of groups A and B veggaificantly higher than
control group fish. Recently, it has also been reportedtheaf iniae ghost vaccine
stimulated higher serum bactericidal antibody levels tharfdrmalin-killed vaccine and
protected experimental animals from a subsequent challeitgeS. iniae [14]. In
addition, it has also been reported that feaureus ghost vaccine, administered
subcutaneously, orally, and intravenously, could induE+ T cells to respond to
staphylococcal antigen during a virulence challendg. [An earlier report showed that
peptidoglycan induces strong bactericidal antibodies capdi#eadicating the bacterial
pathogen [23]. All these results suggest that the SAGin@aomould be used as an
effective vaccine candidate to induce humoral immune resgoand protect fish from
Streptococcus.

Phagocytosis is another important cellular immune reactigratitogen invasion in
invertebrates [24]. It has been reported that the plyagmis of tilapia is the most
important form of non-specific cellular immunity [25]. Inetlpresent study, the PP in
each immunized group was significantly higher than endbntrol group after 7 days of
immunization. In addition, the PP in each immunized grougioed to increase with
time. The highest PP values of groups A and B werg384.and 45.17% respectively on
the 28th day after immunization. Furthermore, the PP bfifemunized with SAG was
significantly higher than fish treated with FSA after ti&' gay after first immunization.
Compared with other inactivated vaccines, the main advarta@ vaccines is the
ability to preserve their surface antigenic componentsctwthemselves can provide
excellent natural intrinsic adjuvant properties [26]. More angntly, the empty cell
envelope of SAGs contains pathogen associated molepatterns (PAMPS) such as
peptidoglycan, lipoteichoic acid, and lipoproteins. A numkfestodies have suggested

that these PAMPs can be recognized by Toll-like reecepfdLRs), which induce an
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innate immune response [27,28]. In particular, the leyteodigesting pathogens can
retain the relevant antigen information and transmit thernmdtion to the relevant
lymphocytes, thereby inducing the humoral and cellulanumity in the host [29].

Although the specific immune mechanism of fish is the defayiea large number
of studies have proved that the non-specific immune syptays a more key role than
the specific immune system in the fish's anti-infectioheréfore, to defend against
pathogen invasion in fish, the non-specific immunity ereynecluding ACP, AKP, LMZ
and SOD are considered as the primary defense [30FB8]result found that ACP, AKP,
SOD, and LMZ activities were significantly increased inhbathnmunized groups.
Meanwhile, the LZMa and SODa of SAG-immunized group wagificantly more
increased than the FSA-immunized group. Specificalgemt studies suggest that a
multicomponent vaccine rather than a single-componentin@ccould trigger both
humoral and cellular immunity and induce protective imnmyuagainst staphylococcal
diseases [34,35]. Therefore, our novel strategy ofguSIAGs as a vaccine could be a
new way to preverfh agalactiae infections.

Cytokines are a group of cell-signaling molecules thataaca bridge linking the
innate and adaptive immune systems. They are produceseareted by T-lymphocytes
and mononuclear phagocytes of the specific and necHgpimmunity pathways [36]. In
fish, immune cells produce cytokines to initiate the defensehamesm of the immune
system against pathogens [37]. In this study, four immunzdbgenes of tilapia were
used to monitor the stages of fish immune response dthengmmunized period. The
result showed that fish immunized with SAG and FSA showgrdfieantly higher gene
expression of IL-f, IFN-y, TNF-0, and TGFB in the head kidney and the spleen than
fish treated with PBS in the whole observed period, intiatdiish immunized with SAG
showed significantly higher gene expression offfl.-INF-«, and TGFB in the spleen
than in the FSA-immunized fish. These pro-inflammatytpkines play a defensive role
against pathogenic bacteria and are considered an essent@nent of the host defense
mechanism.

In conclusion, non-living SAGs have been success-fudlyegated by using the new
method. Interestingly, the present strategy may opendbetd the production of BGs

from gram-positive bacteria. We have shown that immuioizawith SAGs induced

13



370 significant humoral and cellular immune responses andiged strong protection
371 against a virulent challenge in tilapia. Therefore, our pitefsedings could be useful in
372 the future development of vaccines agafhsigal actiae infections in aquaculture.
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484 Tables

485

Table 1 Primers for testing the gene expressiaytwkines in tilpia by Real time PC
Primer nam Primer sequence (-3')

IL-1B-F TGCACTGTCACTGACAGCCA/
IL-1B8-R ATGTTCAGGTGCACTATGCGC
IFN-y-F GAGCTGCAAATGGATGGATGA
IFN-y-R GGCGGTACAAGTGATTAGGG#
TNF-a-F CTTCCCATAGACTCTGAGTAGCC
TNF-0-R GAGGCCAACAAAATCATCATCCC
TGF--F TGCGGCACCCAATCACACAAC
TGF-B-R GTTAGCATAGTAACCCGTTGG(
Act-B-F GCTACTCCTTCACCACCACAC
Act-B-R CGTCAGGCAGCTCGTAACT(

486

487
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488

Table 2 Survival rates following vaccination ¢S agalactiae challeng®
Subgroups (n=¥

Groups 1 > 3 4 % 5 Survival rate (%) Relative percent survival (%)
A 1 0 1 o0 1 1 86.67 76.3¢
B 1 0o 2 1 1 1 80.0¢° 67.5C
C 4 3 3 5 2 3 33.3¢ P

! Fish were infected intraperitonea
2 Number of dead fish/subgroup post-challenge.
% Significant differences from the control group argicated by lowercase letter (P<0.05).
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Highlights

* SAG was generated by using Penicillin and Stigptio with the MIC of
NaOH.
* SAG could stimulate cellular and humoral immunityOreochromis niloticus.

* SAG can protedDreochromis niloticus from Streptococcus.



