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Abstract

This study was carried out to determine the protective efficacy of inactivated recombinant cell vaccine expressing OmpTs
(37 kDa) and OmpW (22 kDa) of Aeromonas hydrophila against the virulent strain of A. hydrophila strain Ahlsa5 in
African catfish and to observe the presence of GALT in fish after vaccinated with the recombinant protein vaccine
compared to control and placebo vaccine groups. Two hundred and forty African catfish were divided into five major
groups. Three groups were vaccinated intraperitoneally (IP) with inactivated recombinant cells concentration of 1 x 107
CFU/ml and one group that was vaccinated with recombinant cell alone without insert and the last group was an
unvaccinated group. Vaccines were injected on day 0 and booster dose given on day 14. On day 28 challenge test were
done where all fish from all groups were IP injected with virulence bacteria, A. hydrophila strain Ah1sa5 inoculums with
concentration of 4.0 x 108 CFU/ml. During the course of study, fish were collected randomly from all groups and guts
were collected for histological examination to observe the aggregation of GALTs. All of the vaccinated groups had a
significantly higher protection (P < 0.05) than placebo vaccine and control groups. This level of protection may be due to
high antibody responses as demonstrated by aggregation of GALTSs following vaccination. These results suggest that the
recombinant cell vaccines OmpTs and OmpW could effectively stimulate both specific and non-specific immune
responses and protect against A. hydrophila infection. Therefore, OmpTs and OmpW may be developed as potential
vaccine candidates against A. hydrophila infection.
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Introduction bacterium [1] and it has been reported to cause mass
mortalities in several species of cultured and wild fish

Aeromonas species is an important pathogen in living in fresh, brackish and marine water environments
aquaculture systems, and millions of dollars are estimated including African catfish [2], Nile tilapia [3], gilthead
to be lost per annum due to diseases caused by this seabream [4] and ornamental fish such as Dwarf Gourami,
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Discus Cichlids, and Tiger Barb [5]. Motile Aeromonas
Septicemia (MAS) infection has been identified as a
problem in Pangasius sp. culture in Malaysia causing up to
40% mortality which occurring mostly during dry season
where study from 2008 till 2014 revealed Aeromonas
hydrophila as the main culprit causing the outbreak [6].
While, surveillance studies reported the A. hydrophila
infection occurred in cage culture red tilapia farm in
Pahang and Terengganu [7] and in some of ornamental
fish in retail pet shop in Terengganu [5]. It also caused
infection in the African catfish farms in West Java,
Indonesia [8,9] and aquaculture pond along Cross River,
Nigeria [10] that caused high losses to the farmers. A
study in Mekong Delta, Vietnam revealed Aeromonas spp.
infection in 15 Vietnamese intensive catfish aquafarms
and they also investigated and proved that Aeromonas
spp. been highly resistance to antibiotic that were applied
in multiple drugs in order to cure diseases [11].

Application of antibiotics to control disease outbreaks is
no longer effective where only several types of antibiotics
are allowed to be used and furthermore the pathogens
fast development by emergence of drug resistance strains
making the application of antibiotics ineffective towards
diseases management plus its negative effect of
immunosuppressive in  fish  [12].  Alternatively,
vaccination widely applied in aquaculture to prevent
disease outbreak [13,14]. In aquaculture sector, vaccines
mainly work as an enhancer towards fish immune system
by activating the immune system combating the specific
pathogen based on the mode of action [15]. Anuradha, et
al. (2010) [16] used two modes of vaccination which are
intraperitoneally and orally fed with live recombinant
aerolysin genes of Lactocoocus lactis in tilapia [16]. Hence,
both modes of vaccination gave highest level of protection
against Aeromonas hydrophila by eliciting the antibody
production.

Research on recombinant subunit DNA recently become
trending among scientists in developing the most effective
way to combat pathogenic bacteria by building immune
defense in host [17]. A number of virulence factors may
contribute to the overall virulence of this bacterium.
Outer membrane protein (OMP) that characterized by f3-
barrel structures maintain the connectivity and selective
permeability of bacterial cell surface [18]. Besides, OMP
also develop resistance on antimicrobial peptide,
multidrug, bile salt and serum, it also involved in bacterial
adaptive responses such as iron uptake [19]. A study by
Mao, et al. (2007) revealed that OmpW, OmpV, OmpK, and
OmpU are immunogenic and might be used for protection
against Vibrio parahaemolyticus because these antigens
can stimulate cell mediated immunity of large yellow
croaker [20].

The fish immune system comprised of numerous distinct
and interdependent immune components [21]. The
gastro-intestinal tract serves as the route of infection of
most bacterial pathogens in fish plus, the immune
response genes in the gut produce substances that
provide an initial defense during pathogen invasion [22].
Mucosal immunity or mucosa-associated lymphoid tissue
(MALT) of fish constitute of the first line defense from
infection [23]. Gut-associated lymphoid tissue (GALT) is
the most important part in MALT due to its
multifunctionality, antigen load and the endogenous
microflora besides, the study of the GALT has intensified
in recent years [24]. This study was carried out to
determine the effects of inactivated recombinant cell
vaccine expressing OmpTs and OmpW of Aeromonas
hydrophila against the virulent strain of A. hydrophila
Ah1lsa5 in African catfish on survival rate and to observe
the presence of GALT in fish after vaccinated with the
recombinant cell vaccine.

Materials and Methods

Bacterial Strain, Plasmid and Culture Condition

Aeromonas hydrophila strain Ahlsa5 was cultured on
Tryptic Soy Agar (TSA) plates incubated at 37°C and
maintained in Tryptic Soy Broth (TSB) with 20% glycerol
at -80°C until used. A non-expression host, One Shot
TOP10 Chemically Competent Cells E. coli (Invitrogen,
California, USA) and expression host, BL21 Star (DE3) One
Shot Chemically Competent E. coli cells (Invitrogen,
California, USA) were used as host for cloning and
expression. The E. coli cells were grown on Luria Bertani
(LB) agar at 37°C incubation while when grown on LB
broth agitation of 250 rpm was needed and after
transformation process both were supplemented with 50
pg/ml ampicillin for growth. Competent cells E. coli
stocked were stored at -80°C until used. The expression
vector, pET102/D-TOPO was obtained from Invitrogen,
California, USA and stored at -20°C until used.

PCR Amplification of the Outer Membrane
Proteins (OMPs) Genes

DNA template was extracted from Aeromonas hydrophila
strain Ah1sa5. In order to detect and isolate the genes of
interest which are OmpTs and OmpW genes, two set of
primers were designed based on the published sequences
AF276639 [25] and HMO063438 [1] respectively. The
designated forward and reverse primer sequences were
as in Table 1. PCR amplification was run using
proofreading polymerase, Pfu DNA Polymerase (Thermo
Scientific, Massachusetts, USA) was used to produce
blunt-end PCR products. PCR was carried out in 50 pl
volumes containing 5 pl 10x Buffer with 25 mM MgSO.
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solution, 0.5 ul 20 mM dNTPs, 1 pl 20 uM forward primer,
1 pl 20 pM reverse primer, 1 pl 50 ng template DNA, 41 pl
sterile deionized water and 0.5 pl Pfu DNA Polymerase.
PCR amplification was run in a programmable
thermocycler (Eppendorf, Hamburg, Germany) having an
initial denaturation at 95°C for three min and a final
extension at 72°C for 10 min followed by 35 cycles of
denaturation at 95°C for 30 sec, annealing at 53°C for 30

sec followed by extension at 72°C for two min and hold at
4°C. PCR amplification for both OmpTs and OmpW genes
used the same setting. After amplification, 7 pl samples
were mixed with 3 pl of loading dye (Thermo Scientific,
Massachusetts, USA) and subjected to electrophoresis in a
1% agarose gel at 90 V for 60 min and visualized using
Alpha Imager HP (Alpha Innotech, California, USA).

Primer Oligonucleotide Sequence (5’- 3')* PCR size (bp) Protein size (kDa)
OmpTsF CACC GCA GTG GTT TAT GAC AAAGAC G

OmpTsR TTA GAA GTT GTA TTG CAG GGC 1090 37
OmpWF CACCATG AAAAAGATCCTT CCTCT 600 22
OmpWR TCA GAA GCG ATA GCC GAC AC

Table 1: List of primer pairs and the oligonucleotide sequences of OmpTs and OmpW genes.
*Underlined nucleotides are necessary for directional cloning in order the gene of interest were optimally expressed and
fused in frame with any epitope tags following requirement by Champion™ pET Expression System (Invitrogen,

California, USA).

Plasmid Construction

The Champion™ pET Directional TOPO® Expression Kits
(Invitrogen, California, USA) was used to directionally
cloned a blunt-end PCR product into selected vector
which is pET102/D-TOPO® (Invitrogen, California, USA).
The insert was ligated into the vector according to the
manufacturer protocol. One Shot® TOP10 Chemically
Competent E. coli (Invitrogen, California, USA) was used
to transform the recombinant vectors and plated
overnight at 37°C on LB agar supplemented with 50
png/ml ampicillin. The selected colonies were directly
screened using PCR amplification where the same
designated forward and reverse primers were used
accordingly for both OmpTs and OmpW recombinants.
Purified plasmids were isolated according to the protocol
by EZ-10 Spin Column Plasmid DNA Kit (Bio Basic Inc,,
Markham ON, Canada) for further DNA sequencing and
the positive plasmids containing the insert were than
transformed into expression host, Shot® E. coli BL21
Star™ (DE3) (Invitrogen, California, USA). The positive
clones known as pET102/D-OmpTs and pET102/D-
OmpW were stored as glycerol stock in LB broth
supplemented with 50 pg/ml ampicillin at - 80°C.

Bioinformatics Analysis

The BioEdit software was wused to analyze the
arrangement of the OMPs gene in vector sequence and
compared with other published sequences of A.
hydrophila available in GenBank.

Preparation of Rabbit Polyclonal Antibody of
Anti Whole Cells of Aeromonas Hydrophila

Rabbit antiserum against A. hydrophila was used to detect
the OMP proteins in A. hydrophila. A white rabbit was
immunized by one ml of the formalin-killed whole cells of
4.0 x 108 CFU/ml A. hydrophila strain Ahlsa5, emulsified
with Freud’s complete adjuvant (Sigma, Missouri, USA) at
ratio 7:3. Booster doses of one ml FKC in Freud’s
incomplete adjuvant (Sigma, Missouri, USA) at ratio 7:3
respectively were given on day 14 and day 21. On day 28,
the rabbit’s blood was collected, clotted at room
temperature for one hour, and stored at 4°C overnight.
The blood was then centrifuged to separate and obtain the
rabbit antiserum against A. hydrophila, and stored at -
20°C.

Pilot Expression

Overnight cultures of recombinant E. coli cells were used
for pilot expression where four ml culture was inoculated
with 500 ml LB with 50 pg/ml ampicillin and incubated at
37 °C for three hours 15 min with 200 rpm until ODego 0.5
- 0.8 was achieved. Next, to induce the protein expression,
1 mM IPTG was added to the cultures and incubation was
continued with the same setting for another four hours.
Cultures were then centrifuged at 10 000 rpm for 10 min
and stored at -20°C until further used. Pellet cells were
subjected to Bugbuster lysis buffer (Novagen Inc., WI,
USA) to determine the expressed protein.
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Western Immunoblotting

The supernatant, which contained soluble cytoplasmic
fractions, was preceded with protein analysis by SDS
PAGE and detection of the expressed protein by using
rabbit polyclonal antibody of anti-whole cells of A.
hydrophila as primary antibody.

Preparation of Inactivated Recombinant Cells
Vaccine

Following induction with IPTG as described previously,
cultures of the recombinant E. coli BL21 Star™ (DE3)
expressing pET102/D-OmpTs, pET102/D-OmpW and
pET102/D-TOPO without insert were harvested and
killed in 4% formalin in phosphate buffered saline (PBS)
overnight at 4°C. This was followed by washing three
times in sterile PBS by centrifugation (5000 rpm) at 4°C
for 10 min to ensure that formalin was completely
removed. Finally, the inactivated recombinant cells were
resuspended in sterile PBS as stock vaccine seed. For
preparation of vaccine, the stock vaccine seed was added
into adequate amount of sterile PBS to give a final
concentration of 1 x 107 CFU/ml using McFarland method.
The sterility of the inactivated recombinant vaccines was
tested by inoculating 0.1 ml of the vaccine onto the TSA
followed by incubation at 37°C for 24 hours. The vaccines
were considered sterile when no growth appeared on TSA
[26].

Preparation of Live Bacterial Inoculums for
Challenge

Aeromonas hydrophila strain Ahlsa5 was used in
preparation of live bacteria inoculums for challenge. The
bacteria were subcultured onto TSA and incubated at
37°C for 24 hours before five colonies were selected and
inoculated into 100 ml of TSB for 24 hours at 37°C with
shaking at 250 rpm. Following incubation, one ml of the
broth was injected intraperitoneal (IP) into a 100 g
African catfish to enhance bacterial virulence. The
infected fish was killed at 24 hours post challenged for
reisolation of A. hydrophila before it was subcultured onto
TSA and incubated at 37°C for 24 hours. Following the
incubation, five colonies were selected and inoculated
into 100 ml of TSB and incubated for 24 hours at 37°C
with shaking at 250 rpm. A serial dilution and standard
plate count techniques were used in order to determine
the bacteria concentration. Ten folds of dilutions
prepared from highest dilution (101) to lowest dilution
(10°) where one ml of cultured broth A. hydrophila was
serially added into nine ml of PBS respectively. Then one
ml from the highest dilution was continuously diluted into
another dilution till the lowest dilution. About 0.1 ml of
each dilution was poured and spread onto the TSA and
incubated in normal incubator at 37°C for 24 hours.

Growth with 25 - 250 colonies were counted before the
concentration was expressed as colony forming unit per
milliliter (CFU/ml). The last concentration of live A.
hydrophila was recorded. The challenge dose was 4.0 x
108 CFU/ml of live A. hydrophila and used immediately.

Animals

A total of 240 healthy African catfish (Clarias gariepinus)
with mean weight 30+10 g was used. The fish were
bought from a local commercial farm in Puchong,
Selangor with no history from any infections. Fish were
fed ad libitum daily with local commercial pellet diet
during the acclimatization and the experimental period.
Prior to experiment commence, fish were randomly killed
and screened to ensure they were free from any bacterial
infection.

Experimental Design

Acclimatized fish were divided into five groups with
triplicate (Table 2). All groups were IP injected on day 0
(week 0) and booster dose given on day 14 in the amount
of 1 ml/ 100 g per fish containing concentration of 1 x 107
CFU/ml. On day 28 challenge test were done where all fish
from all groups were IP injected with virulence bacteria,
Aeromonas hydrophila strain Ahlsa5 inoculums with the
amount of 1 ml/ 100 g per fish with concentration of 4.0 x
108 CFU/ml.

Sampling was done prior vaccination every week where
as three fish from each group was sacrificed for their gut.
Following the post infection on day 28, all fish were
monitored daily for 14 days and observation was done in-
term of clinical signs, abnormal behavior, and mortality.

Group Vaccine

OmpTs Inactivated recombinant cells pET102/D-
OmpTs

OmpW Inactivated recombinant cells pET102/D-
OmpW

OmpTs+ Combination of inactivated recombinant

OmpW pETlOZ/D-Omst andlpET102/D-OmpW

cells with ration of 1:1

Placebo | Inactivated recombinant pET102/D-TOPO

vaccine vector cells without insert protein

Control Unvaccinated

Table 2: Five groups of African catfish designed for in-vivo
test.

Bacterial Isolation

All dead fish were post mortem by isolating the bacteria
from the internal organs (kidney, liver and spleen) and
were inoculated on TSA and selective Aeromonas Agar
Base (RYAN) (CONDA, Madrid, Spain) and incubated at
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37°C for 24 hours. The plates were then examined for
bacterial growth. The suspected Aeromonas sp. colony
obtained were confirmed with colony PCR screening
using A. hydrophila genes specific primers to ensure fish
death were died due to infection by Aeromonas sp.
Mortalities were considered to be due to A. hydrophila if
the challenged strains were isolated as pure culture from
internal organs and grow on selective agar with similar
morphology as described by the manufacturer.

Relative Percentage Survival (RPS)

The mortality of the fish, clinical signs and the abnormal
behavior were observed and recorded over 14 days post
infection. The presence of A. hydrophila in the tissues was
determined by bacterial culture in selective Aeromonas
agar Base (RYAN) (CONDA, Madrid, Spain). The mortality
data from all treatment groups and control group with
Aeromonas hydrophila strain Ahlsa5 were used to
calculate and determine the vaccine efficacy by relative
percentage survival (RPS) as:

(Mortality of vaccinated fish)

RPS=1- - - —x
Mortality of unvaccinated control fish

The mean * standard deviation for survival and mortality
rate were calculated. The mean values were compared by
one way ANOVA followed by Duncan’s multiple range
tests to determine significant difference at 5 % (P < 0.05)
level.

Histopathology

Histological analysis was carried out to investigate for the
presence of Gut-Associate Lymphoid Tissues (GALTSs) in

fish gut after vaccination. Fish were randomly sacrificed
from each group for their guts from week 0 until week 5.
The guts were fixed in 4% buffered formalin and
histological process and examination was carried out at
Histopathology Laboratory at Faculty of Veterinary,
Universiti Putra Malaysia. Aggregations of GALTs were
then observed under microscope (Leica Microsystem,
Wetzlar, Germany).

Results and Discussion

Construction of Recombinant Vaccine Plasmids
Expressing OmpTs and OmpW

The PCR products were purified and successfully cloned
into pET102/D-TOPO® expression vector. The positive
clones that grew on LB agar supplemented with ampicillin
were screened by colony PCR using specific gene primers
followed by sequencing analysis which revealed 795 bp
and 612 bp full length ORF of OmpTs and OmpW genes
were obtained respectively (Figure 1a). The restriction
enzyme analysis of purified plasmids with Sacl (Figure
1b) successfully cleaved the recombinants plasmids to
produce a single band for each recombinant plasmid
consist of combination vector (6315 bp) with insert
(OmpTs; ~1000 bp or OmpW; ~600 bp) showed products
of 7315 bp and 6915 bp respectively which are the
correct size of successful cloning according to the
manufacturer’s protocol (Champion™ pET Directional
TOPO® Expression Kits). From sequencing analysis,
purified plasmids of pET102/D-OmpTs and pET102/D-
OmpW proved that the genes in correct orientation in the
plasmid.

OmpTs ~1000 bp

1000

750 OmpW ~600 by

500 - S—

OmpW.

~7315bp
~8915bp

pET102/D
-OmpTs

pET102/D
-OmpW

| 1 TR -

Figure 1: (a) Polymerase chain reaction (PCR) amplification of OmpW and OmpTs genes in Aeromonas hydrophila
strain Ah1sa5. Lane 1, molecular weight marker (1 kb ladder); lanes 2-3, OmpW genes; lanes 4-5, OmpTs genes. (b)
Restriction enzyme (Sac I) analysis of purified recombinant plasmids of OmpTs and OmpW. Lane 1, molecular weight
marker (1 kb ladder); lanes 2-3, purified plasmids of pET102/D-OmpTs; lane 4, purified plasmids of pET102/D-
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Bioinformatics Analysis Figure 2 and Figure 3 shows the full length of the OMP
sequence, nBLAST analysis and antigenic site.

>pET102/D-0mpTs

1 FCR GIG GIT TAT GAC RRR GRC GGT ACC TCT TTT GAT ATC TAT GGC 45
1 AV OV Y D 4 D G T 5 F D I ¥ & 15
46 CET GIT CRR GCC RAC TAC TAC GGT GRAR CAC GAC GAT ACC GAC GCT 90
16 E W @ A N Y ¥ G E H D oD T o 2 30
91 GRR CTE GIT GET TCC TCC COGFT CIG GEC TGz TCC GECORRR GIC GEC 135
3l E L ¥ &G 3 5 E L G W 5 z K V G 43
136 CIG ARC ARAC ACC TGG TCC GGT ATC GCC ARG ACC GAG TGG CAR GIA 180
4g L N N T W 5 c I L K T E W Qv &0
131 TCC GCC GRR RRC TCT GAC RAC RnG TTC RAC TCC CGT CAC GTRA TAC 223
6l 5 E E H 5 D N K F N 5 B H WV ¥ 73
226  GIC GGC CTG GRC GGT RACC CAG TAC GGC ARG ATC ATC TTIC GGC CRAG 270
76 Vv & L D G T [ | G K I I F G Q 90
271  RCC GARC ACC GOG TIC TAC GAC GIG CTG GAG CCG ACC GAT ATC TIC 315
91 T oD T B F ¥ D vV L E B T ©D I F 105
ile  RAC GRA TGG GGT GARC GTA GGT ARRC TIC TAC GRAC GGET CGT CARL GRA 360
106 N E W G D Vv G N F ¥ D G R Q E 120
3el  GGC CAG ATC ATC TAC TCC RARC ACC TIC GGT GGC TIC ARG GGC AR 403
121 G Q I I ¥ 5 H T F G G F K G_ K 135
406 GIG TCC TAC CAG ACC ARC GAT GAC GTA GCOC GIC ARG GIT ACT GAC 430
136 Vv _ 5 ¥ Q T N D Db Vv A W K W T D 150
431 ATC GGT CRR GGEC ATC ARG GARL ACC GAC GIC TAC GGT CCG anC GIC 435
151 I G Q G I K E T D v ¥ G F H v 165
496 ARG COGC ARC TAC GGC TAC GCOC GCT GCT GCT GGC TAC Gac TIC Gac 540
la6 KE B N ¥ G ¥ A B B B ¥ D F D 130
541 TIC G&T CIG GEC CTG RRC GCC GGT TAC GCT TAC TCC GAC CTG GRA 583
13 F G L G L N E G ¥ A ¥ 3 D L E 1535
5836  AGC ACC GIC AGC ACC GCT TCT GGC GAC AAG AR AT TGG GCC CIG 630
196 3 T W 3 T B 3 G D K K N W B L 210
631 GGC GCA CAC TAC GCC ATC RAC GGT TTIC TAC TIC GCC GGT ATG TaC 673
211 G A H ¥ Iy I N & F ¥ F E G M ¥ 223
876  RCC CRAG GGG GGEA CCT GRAG CTR CCOG ACR CCC CAC CCRh AGG GRARL CRR 720
226 T 0 6 G F E L F T P H P R E @ 2410
721 CARR GGA CRR GGG CIG TGG CTA Chh ACT TGG TIG CTT CCT ACR ACG 763
241 o & Q G L W L Q T W L L P T T 255
766 TIG ARC GCC TGG ARC CTT CCT TGG COGG GIT Taa 793

256 L B A W N L F W R WV *

Figure 2: Nucleotides and predicted amino acid sequences of OmpTs protein of A. hydrophila strain Ahlsa5.
Underlined amino acids are antigenic sites and 11 antigenic sites were recognized. The stop codon is represented by
an asterisk.
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»pET102/D-0OmpW

ATC GCA GCC GCT TTIT GCT TCC 45

31 = L B F V 5 E

1 ATG Afnd ARG ATC CTT CCT CIG TTA
1 M E K I L F L
46 CCC GIC GCC ATG GCa& CAT CAG GCC
1a E WV i M A H Q

GGT GaAC ATC CIG GIC CGT GGT 30

81 GGC CIG GCG TTIT GTIC TICT CCC CAG

46 G T G E L E I

136 GGG ACG GGC GAG CIG GAG ATC GAC
181 ACC CTIC TCC TAC ATG TIG ACG GAC

228 GCC GCG ACC CCC TIC TCC CAC TCG

ACC AGC AGT GAC AAC GIG CIG 135

AGC aaC ATG CAG CTIT GGC CIG 130
5 1) M Q L G L 6l

AAC TGG GGT GTIC GAG CIG CIG 225
L L T3

=
=
[y ]
B
=1

GTG TCG ACT GCC GGC CIG GGT 270
W 5 T A G L G 80

E
=1
<
i
=
=
=
m

271 GAG GIC GCC ARG GIC ARD CAC CIG

CCG CCG RCC CIG ATG GCG CAG 315
P E T L M A Q 105

106 Y Y F G D B H

121 A ] I 1) Y T T

136 A L A G T D V

316 TAC TAC TTC GGT GAT GCC RAC AGC
Jel GCC GGT ATC &ARAC TAC ACC ACC TIC

406 GCC CIG GCC GGG ACG GAT GIG AGC

ARG GIG CGC CCC TAT GIG GGG 3a0
K v 131 F Y v G 120

ITTC GAC GAG GAA GGG CGC GGT 405
135

L]
=
=1
=1
[y ]
i
[y ]

GIG GAC TCC TCC TGG GGG ATG 430
V D 5 5 W G M 150

151 A G Q v G L 0

166 v 2] A 5 A W L

451 GCG GGT CAG GIG GGC CIG GAC ATG

496 GIC &aaC GCC TCC GCC TGG CTIC ATC

GCG ATC RAT GAC CGC TGGE TTC 455
A I H D 24 W F 165

GAC ATC GAT ACC GAT GIG CAT 540
D I D T D W H 130

181 T B ki G T I H

1386 M F ] WV ] ¥ 24

asterisk.

541 ACC GCC GIG GGC ACC ATC RAC ACC

586 ATG TTC GGT GIC GGC TAT CGC TIC

Figure 3: Nucleotides and predicted amino acid sequences of OmpW protein of A. hydrophila strain Ahlsa5.
Underlined amino acids are antigenic sites and 9 antigenic sites were recognized. The stop codon is represented by an

TCC ATC GAT CCG GIG GCC TIC 285
5 I D E W B F 135

ARG Tad 6l
= *

Expression and Western Blots Analysis of
Recombinant Protein

The pET102/D-OmpTs and pET102/D-OmpW
recombinant plasmids were successfully transformed into
expression host, E. coli BL21 Star™ (DE3) cells which was
verified by colony PCR. The recombinant proteins
pET102/D-OmpTs and pET102/D-OmpW were expressed

after four hours post induction with 1 mM IPTG. The
expression of pET102/D-OmpTs and pET102/D-OmpW
recombinant proteins were visualized by SDS PAGE
analysis that showed prominent bands of 60 kDa and 45
kDa compared to control empty host E. coli alone. The
Western blot analysis using rabbit polyclonal antibody of
anti whole cells of A. hydrophila detected the presence of
60 kDa and 45 kDa molecular mass of recombinant
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proteins bands respectively, corresponded to the
recombinant fusion tag, of 23 kDa protein containing 37
kDa predicted size corresponded to recombinant proteins

of OmpTs and 22 kDa predicted size corresponded to
recombinant proteins of OmpW (Figure 4).

(DE3) expressing pET102/D-OmpW.

(b)

T0kDa

55kDa

45kDa

35kDa

Figure 4: Western immunoblot analysis of the soluble fusion protein of the recombinant OmpTs and OmpW after
expression in E. coli BL21 Star™ (DE3) using rabbit polyclonal antibody of anti whole cells of A. hydrophila as primary
antibody, (a) fusion protein of the recombinant OmpTs. Lane 1, standard molecular weight marker; lane 2-3, the
soluble cell protein of E. coli BL21 Star™ (DE3) expressing pET102/D-OmpTs. (b) fusion protein of the recombinant
OmpW. Lane 1, standard molecular weight weight marker; lane 2-3, the soluble cell protein of E. coli BL21 Star™

Relative Percentage Survival

To confirm the effectiveness of the recombinant OMPs as
vaccine candidates, naive African catfish were immunized
with three different recombinant cells of vaccine as
mentioned earlier. On day 28, they were challenged with
A. hydrophila bacterial strain Ah1sa5. The post challenged
results were summarized in Table 3. Results obtained
showed RPS values of 100% in all African catfish groups
vaccinated with the three recombinant cell vaccines

series, as compared with the placebo vaccine group with
29.42% RPS (Figure 5). The vaccinated groups had a
significantly higher protection (P < 0.05) following
challenged with 4.0 x 108 CFU/ml live Aeromonas
hydrophila than placebo vaccine and control groups.
These data suggested that the recombinant cell vaccines
expressing OmpTs and OmpW induced protection in
African catfish against A. hydrophila infection.

Group Total fish Mortality (%) Survival (%)? RPSP
ompTs 10 0.00+0.00 100.00+0.00% 100.00%
ompW 10 0.00+0.00 100.00+0.00% 100.00%
ompTs+ompW 10 0.00+0.00 100.00+0.00% 100.00%
placebo vaccine 10 40.00+10.00 60.00+10.00v¥ 29.42y
control 10 56.67+11.54 43.33+11.54~ N/A

Table 3: Relative Percentage Survival of African catfish after 2 weeks post challenged with virulent strain Aeromonas

hydrophila Ah1sa5.

aSignificant differences (P < 0.05) among vaccination groups were determined according to Duncan and are indicated in

the table by different letters.

bRelative percent survival = 1 - (% mortality vaccinated fish / % mortality control fish) x 100.
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Figure 5: Relative percentage survival (%) in five
African catfish groups post challenged by IP injection
with 4.0 x 108 CFU/ml live Aeromonas hydrophila. Five
groups which were OmpTs (vaccinated with
inactivated recombinant pET102/D-OmpTs), OmpW
(vaccinated with inactivated recombinant pET102/D-
OmpW), OmpTs+ompW (vaccinated with the
combination of both inactivated recombinant
pET102/D-OmpTs + pET102/D-OmpW), placebo
vaccine (vaccinated with inactivated pET102/D-TOPO
vector without insert protein) and control group
(unvaccinated).

Clinical Observation

Following infection by IP injection with 4.0 x 108 CFU/ml
live A. hydrophila, the clinical signs became apparent
between the control and placebo groups as early as 16
hours post infection. The infected African catfish showed
symptoms of lethargy, skin lesions, fin rot, hemorrhagic
ulcer, red eyes and hemorrhages on the base of the fins
and vent (Figures 6a-6c¢). In the other hand, none of the
clinical findings and mortality was observed in all of the
vaccinated groups and fish were in normal healthy
condition.

Post mortem examination of the dead African catfish was
performed and the lesion correlated with the clinical
findings. The lesion observed were pale liver,
enlargement of liver, spleen and kidney (Figure 6d).
Suspected Aeromonas sp. was successfully isolated from
the liver, kidney and spleen from all dead fish of control
and placebo vaccine groups on specific Aeromonas agar
(Figure 6e). Moreover, colony PCR screening confirmed
the isolates as Aeromonas hydrophila based on specific
band of 600 bp by using gene specific primer, OmpW.

Figure 6: Clinical findings and post mortem analysis from control group 24 hours post challenged with IP injection
with 4.0 x 108 CFU/ml live Aeromonas hydrophila. Black arrow showed (a) ulceration; (b) exophthalmia; (c)
hemorrhage on fin and (d) enlargement of gall bladder fill with emerald green secretion, patchy liver, rotten muscle
and friable kidney. (e) Suspected Aeromonas sp. was successfully isolated from the liver of dead fish on specific

Aeromonas agar.
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Histological Analysis

Histological analysis on the gut of African catfish revealed
the existence of GALTs in all vaccinated groups.

Vaccination by recombinant cells vaccines pET102/D-
OmpTs, pET102/D-OmpW and combination of both
successfully

pET102/D-OmpTs + pET102/D-OmpW

stimulated the aggregations of lymphoid cells within the
lamina propria (Figures 7a-7c) and scattered lymphoid
cells in the epithelium as early as week 2 post vaccination.
There was no lymphoid cells aggregation found in the gut
of African catfish of the placebo vaccine and control
(unvaccinated) groups (Figures 7d & 7e).

Figure 7: Cross sections of African catfish gut 2 weeks after booster dose given. Arrows show aggregation of lymphoid
tissues (GALTs) in lamina propria of vaccinated groups with recombinant OmpTs (a); recombinant OmpW (b);
recombinant OmpTs+OmpW (c); no GALTs were present in the lamina propria of African catfish in placebo vaccine

group (d); and control group (e) under microscope (40x).

Discussion

Since OMPs are conserved in nature and highly
immunogenic due to their exposed epitopes on the cell
surface, the OMPs from Aeromonas spp. have been
identified as suitable candidates for vaccine development
in fish [27-29]. In present studies, two antigenic genes
from the same species, OmpTs and OmpW were chosen to
represent different pathogenic epitopes of Aeromonas
hydrophila that served as antigens. In this study, the
OmpTs gene exhibit homology with other known OMP
genes detected in Aeromonas sp. isolates such as OmpTs
and major adhesion protein (MAH) from A. hydrophila and
A. sobria. While OmpW gene exhibit the homology with
other published OmpW gene detected in A. hydrophila
strains with 88 % - 84 % similarity. In Gram-negative
pathogenic bacteria, the OMPs is very crucial acting as the
bridge to the hosts which make their components

communicate with the host immune system [30].
Conserved regions are important in structural roles, side-
chain chemistry, solvent accessibility, and location in the
molecule that act as conserved functions such as binding
site [31]. Antigenic sites are the protein antigen regions
that function in the antibodies binding sites which also
known as epitopes [32]. In present study, the antigenic
sites were determined. A total of 11 and 9 antigenic sites
were identified in OmpTs and OmpW genes, respectively
(Figures 2 & 3). The presence of OmpTs and OmpW genes
in the outer membrane region of the bacterial cells may
be the reason of the large number of exposed epitopes
determined [33]. It is proved by study by Maiti, et al.
(2009), OmpW was highly recommended in vaccine
development due to it is very immunogenic [1]. Signal
peptides exist at N-terminal of the amino acid chain,
consisting of short amino acids where it directs the
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protein to the secretory pathway and cleaved at the
cleavage site after completing the translocation [34-36].

The construction of recombinant expression system was
achieved by inserting the OmpTs and OmpW genes coding
sequences into pET102/D-TOPO®. Results demonstrated
that the recombinant fusion genes were properly
constructed which were proved and verified by DNA
sequencing where the correct orientation showed that the
genes were well constructed and kept in frame in the
plasmid. In this study, the recombinant proteins were
expressed in E. coli BL21 cells under the control of the
elements from bacteriophage T7 promoter where
induction by IPTG induced basal transcription of the gene
of interest in E. coli BL21 cells [37]. During the
investigation, the expression level of OmpTs and OmpW
fusion proteins could not be visualized by SDS-PAGE alone
therefore, Western immunoblotting using rabbit
polyclonal antibody of anti whole cells of A. hydrophila to
detect and confirm the desired proteins. Immunoblotting
of recombinant proteins pET102/D-OmpTs and
pET102/D-OmpW revealed the presence of 60 kDa and 45
kDa protein bands respectively after four hours post
induction with IPTG that corresponding to the inserted
protein. This concluded that both recombinant proteins
were successfully expressed with similar to the
hypothetical calculation of the recombinant proteins
together with fusion tags (Figure 4). Zhu and Wu (2008)
used Anti-His monoclonal antibody as primary antibody
to detect the expressed recombinant protein expressing
OmpR gene revealed 17 kDa of protein band [38].

Some other successful cloning and expression studies
involving OMPs were OmpR of rickettsia-like organism
with molecular weight of 19.76 kDa applied as vaccine in
oysters [38], Esal (87.1 kDa) of Edwardsiella tarda as
vaccine candidate for Japanese flounder [39]. In the other
report, a 40 kDa OmpF from A. hydrophila was
successfully cloned and expressed and showed good
immune protections in murine model [40]. Besides, the
conserved OmpW works as effective vaccine candidate
against V. alginolyticus infections in yellow croakers [41].
The presence of iron and osmotic stress influences the
expression for OmpW gene and these findings lead to
successful cloning and expression of OmpW (22 kDa)
isolated from A. hydrophila by using rabbit hyper immune
sera (1). Therefore, OmpW gene from this study could be
an effective vaccine candidate as well as OmpTs (37 kDa)
which is known to be highly immunogenic proteins that
can produce and induce immunogenicity in Indian major
carp [27,35] when challenged with virulence A.
hydrophila.

To date, many researchers focus on development of
recombinant vaccine as new vaccine strategy harmless

effect to induce immune response against pathogen with
[42]. Outer membrane protein (OMP) is one of the subunit
parts that is highly immunogenic in bacteria [43]. Guo, et
al. (2013) developed recombinant bivalent vaccine for
American eels expressing OMP of porin II of A. hydrophila
and OmpS2 of Edwardsiella tarda that positively affect
specific and non-specific immune parameters that give
protection against those two pathogens [44]. The
intention in this study was to justify and determine the
protective efficacy of inactivated recombinant cell
vaccines expressing OmpTs and OmpW in African catfish
when challenged with virulent strain A. hydrophila
Ahlsa5. In these experiment trials, five groups were
designed as listed in Table 2. The vaccinated groups
consisted of two monovalent vaccines (OmpTs and
OmpW) and one bivalent vaccine (OmpTs+OmpW).
During the trials, vaccine was given intraperitoneally (IP)
injection in the amount of 1 ml/ 100 g containing 1 x 107
CFU/ml of the recombinant cells. Vaccine was given twice
during the study period, first immunization on day 0
followed by second dose as booster on day 14. Booster
dose of vaccine is necessary as a strategy to induce
adequate and efficient immune response against infection.

Clinical findings on infected African catfish was observed
for two weeks post challenged and observation on day 28
revealed there were different clinical signs among each of
the fish. In control and placebo groups, from 16 hours
post challenged, some of the fish display one clinical sign
while some others showed more than one clinical signs
including ulcers, inflammation, with focal hemorrhage,
dermal lesions, and hyperemia of the fin bases. A bleeding
wound appear on skin, exophthalmia in both or only one
eye with eventual bristle of the orbit, swollen with friable
kidney and spleen, gall bladder containing emerald green
bile, abdominal distention as a result of an edema with
dark green pustules on the liver with yellowish foci on the
surface, also an accumulation of fluid mix with blood in
the scale pockets where blood drained from organs such
as liver, kidney and spleen. This post mortem results are
in concordance with Janda and Abbott (2010) where they
reported that A. hydrophila causes hemorrhages sepsis,
distinguished by small superficial cuts and localized
bleeding which transform to epidermal cuts in fish such as
perch, catfish, carp and salmon [45]. The most apparent
clinical signs included opaqueness in both or one side of
the eyes, coexist with exophthalmia and may end up with
bristle of the orbit [16-48].

Skin lesions with inflammation and focal hemorrhage may
be imparted to Aeromonas hydrophila infections
associated with ulcerative skin and may be on the surface
of organ or deep within tissue [49]. The present study
discloses hemorrhages of the dorsal, pectoral, anal and
caudal fins had been seen in the diseased fish. These
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results were relatively equivalent to the previous study
revealed that the hemorrhage of the fins is protuberant
[50]. Findings gathered were also similar by Cipriano, et
al. (2001) who stated that the chronic infections of A.
hydrophila led to dermal ulceration lesions with focal
haemorrhages and inflammation [47]. The present study
shows that infected African catfish having damaged and
showing deteriorated of kidney which is the same to the
report by Suprapto, et al. (2005) who proclaimed that
kidney attacked by bacterial toxins resulting kidney cells
to lose their structural integrity [50]. This is confirmed
with the presence of A. hydrophila in the tissues of lesion,
liver and kidney of control and placebo groups after 16
hours post infection. However, the bacteria were not
present in all vaccinated groups after 11 days post
infection and the disappearance of the pathogenic
bacteria could be due to the development of effective
immunity [8]. In this experiment, inflammation can be
observed within 24 hours post infection in control and
placebo groups and fish began to die at 16 hours post
infection. The study also showed that at the level of
macroscopic and microscopic examinations, no parasites
were observed.

The present study showed that the RPS in the African
catfish vaccinated with recombinant cell vaccines (100 %)
were significantly higher (P<0.05) than the placebo
vaccine group (29.42 %). The recombinant cell vaccines
could produce 100 % protective effect in African catfish
against A. hydrophila challenge as compared to African
catfish without vaccine immunization. Both the
recombinant cells of bivalent and monovalent vaccines
give same level protection in term of survival rate
therefore, further study in immune response level is
needed to further explain the vaccine efficacy in inducing
immunity. The study was explained by Shoemaker, et al.
(2012) [51] where antibody response of tilapia vaccinated
with bivalent vaccine of Streptococcus iniae and Vibrio
vulnificus showed significance differences to monovalent
vaccine [51]. This indicated that the developed
recombinant cell vaccines could at least provide the same
magnitude of protection as the other native major
adhesion. All these findings suggest that these
recombinant cell vaccines have the potential to be
developed into an effective vaccine in fish against A
hydrophila.

Early review by Hart and friends (1988) showed that
presence of GALTSs as indicator of immunity level increase
as positive result and significance of vaccination in
protection of fish against infectious disease [52]. Study by
Firdaus-Nawi, et al. (2011) previously showed
aggregations of GALTs were observed in lamina propria of
the tilapia gut when orally vaccinated with formalin killed
Streptococcus agalactiae [53]. Moreover, significant

different of GALTs numbers observed between fish
vaccinated once per week and five times per week and
there were no GALTs observed in control fish, fed with
only commercial feed. This is in agreement with our study
where the presence of GALTs appeared in all vaccinated
groups but not in control and placebo groups. This level of
protection may be due to high antibody responses which
increase the number of GALTs in vaccinated groups [54].
In future, study on evaluating these inactivated
recombinant vaccines effectiveness and antibody
responses produced after vaccination are necessary in
order to develop and produce a good potential vaccine. In
addition, dosage determination, application of adjuvant
and administration method is also necessary to produce
less cost and affordable vaccine for farmers.

Conclusion

We successfully cloned and expressed recombinant fusion
protein pET102/D-OmpTs and pET102/D-OmpW. These
potential genes were used as vaccine antigen to prevent
bacterial infection in African catfish in the form of
recombinant cell vaccines and as bivalent vaccine
candidate. The high survival of fish and the presence of
GALTs showed that our recombinant cell vaccines could
be used in future aquaculture practice for freshwater fish.

Acknowledgement

This work was supported by the grants provided by
Ministry of Education, Malaysia (formerly known as
Ministry of Higher Institution) via Higher Institution
Centre of Excellence (HICoE) and Animal Vaccines and
Therapeutic Program (Vote no: 6369100).

References

1. Maiti B, Shetty M, Shekar M, Karunasagar I,
Karunasagar [ (2012) Evaluation of two outer
membrane proteins, Aha 1 and OmpW of Aeromonas
hydrophila as vaccine candidate for common carp. Vet
Immunol Immunopathol 149(3-4): 298-301.

2. Anyanwu MU, Chah KF, Shoyinka VS (2014)
Antibiogram of aerobic bacteria isolated from skin
lesions of African catfish cultured in Southeast,
Nigeria. International Journal of Fisheries and Aquatic
Studies 2(1): 134-141.

3. Lukkana M, Wongtavatchai J, Chuanchuen R (2012)
Class 1 Integrons in Aeromonas hydrophila Isolates
from Farmed Nile Tilapia (Oreochromis nilotica). ] Vet
Med Sci 74(4): 435-440.

https://chembiopublishers.com/PAFMB/

Submit Manuscript @ https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/PAFMB/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/22917476
https://www.ncbi.nlm.nih.gov/pubmed/22917476
https://www.ncbi.nlm.nih.gov/pubmed/22917476
https://www.ncbi.nlm.nih.gov/pubmed/22917476
https://www.ncbi.nlm.nih.gov/pubmed/22917476
http://www.fisheriesjournal.com/vol2issue1/43.1.html
http://www.fisheriesjournal.com/vol2issue1/43.1.html
http://www.fisheriesjournal.com/vol2issue1/43.1.html
http://www.fisheriesjournal.com/vol2issue1/43.1.html
http://www.fisheriesjournal.com/vol2issue1/43.1.html
https://www.ncbi.nlm.nih.gov/pubmed/22123307
https://www.ncbi.nlm.nih.gov/pubmed/22123307
https://www.ncbi.nlm.nih.gov/pubmed/22123307
https://www.ncbi.nlm.nih.gov/pubmed/22123307

Progress in Aqua Farming and Marine Biology

10.

11.

12.

13.

Reyes-Becerril M, Lopez-Medina T, Ascencio-Valle F,
Esteban MA (2011) Immune response of gilthead
seabream (Sparus aurata) following experimental
infection with Aeromonas hydrophila. Fish & Shellfish
Immunology 31(4): 564-570.

Musa N, Shaharom F, Wei LS, Wee W (2008)
Surveillance of bacteria species in diseased
freshwater ornamental fish from aquarium shop.
World Applied Sciences Journal 3(6): 903-905.

Siti-Hawa M, Siti-Zahrah A, Nik-Haiha NY, Zamri-Saad
M, Baihaqgi O, et al. (2016) Lab Determination of
Different Piper betle Extract Concentrations as
Alternative Treatment Against Motile Aeromonas
Septicemia (MAS) Infection in Pangasius sp. Asian-
Pacific Aquaculture 2016-Meeting Abstract,
Indonesia.

Marcel G, Sabri MY, Siti-Zahrah A, Emikpe BO (2013)
Water condition and identification of potential
pathogenic bacteria from red tilapia reared in cage-
cultured system in two different water bodies in
Malaysia. African Journal of Microbiology Research
7(47): 5330-5337.

Angka SL, Lam TJ, Sin YM (1995) Some virulence
characteristics of Aeromonas hydrophila in walking
catfish (Clarias gariepinus). Aquaculture 130(2-3):
103-112.

Supriyadi H (1990) Characterization and virulence
studies of motile aeromonads isolated from Clarias
batrachus and C. gariepinus and their immunization
potential. Unpublished degree of Master Science
dissertation, Universiti Putra Malaysia, Malaysia.

Ikpi G, Offem B (2011) Bacterial infection of mudfish
Clarias gariepinus (Siluriformes: Clariidae) fingerlings
in tropical nursery ponds. Revista de Biologia
Tropical 59(2): 751-759.

Nguyen HN, Van TT, Nguyen HT, Smooker PM,
Shimeta ], et al. (2014) Molecular characterization of
antibiotic resistance in Pseudomonas and Aeromonas
isolates from catfish of the Mekong Delta, Vietnam.
Vet Microbiol 171(3-4): 397-405.

Aly SM, Albutti A (2014) Antimicrobials Use in
Aquaculture and their Public Health Impact. ] Aquac
Res Development 5: 247.

Subasinghe R (2015) Advances in fish health for
better food and nutrition security. Plenary Lecture,
National Seminar on Advances in Fish Health,
Selangor, Malaysia.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Khushiramani RM, Maiti B, Shekar M, Girisha SK,
Akash N, et al. (2012) Immune response against
Aeromonas hydrophila and Edwardsiella tarda.
Research in Microbiology 163(4): 286-291.

Reneshwary C, Rajalakshmi M, Marimuthu K, Xavier R
(2011) Dietary administration of  Bacillus
thuringiensis on the cellular innate immune response
of African catfish (Clarias gariepinus) against
Aeromonas hydrophila. Eur Rev Med Pharmacol Sci
15(1): 53-60.

Anuradha K, Foo HL, Mariana NS, Loh TC, Yusoff K, et
al. (2010) Live recombinant Lactococcus lactis
vaccine expressing aerolysin genes D1 and D4 for
protection against Aeromonas hydrophila in tilapia
(Oreochromis niloticus). Journal of Applied
Microbiology 109(5): 1632-1642.

Brudeseth BE, Wiulsrgd R, Fredriksen BN, Lindmo K,
Lgkling KE, et al. (2013) Status and future
perspectives of vaccines for industrialized fin-fish
farming. Fish and Shellfish Immunology 35(6): 1759-
1768.

Lang H (2000) Outer membrane proteins as a surface
display systems. Int ] Med Microbiol 290(7): 579-585.

Maiti B, Raghunath P, Karunasagar I, Karunasagar I
(2009) Cloning and expression of an outer membrane
protein OmpW of Aeromonas hydrophila and study of
its distribution in Aeromonas spp. Journal of Applied
Microbiology 107(4): 1157-1167.

Mao Z, Yu L, You Z, Wei Y, Liu Y (2007) Cloning,
expression and immunogenicity analysis of five outer
membrane proteins of Vibrio parahaemolyticus
zj2003. Fish and Shellfish Immunology 23: 567-575.

Esteban MA (2012) An
immunological defenses in
Immnumology 2012: 853470.

the
ISRN

overview of
fish  skin.

Caipang CMA (2013) Expression of genes involved in
the early immune response at the distal segment of
the gut in Atlantic cod, Gadus morhua L. after
vaccination with bacterial antigen. Aquaculture
International 21(3): 591-603.

Rombout JH, Yang G, Kiron V (2014) Adaptive
immune responses at mucosal surfaces of teleost fish.
Fish and Shellfish Immunology 40(2): 634-643.

Niklasson L (2013) Intestinal mucosal immunology of
salmonids: Response to stress and infection and
crosstalk with the physical barrier. Unpublished

https://chembiopublishers.com/PAFMB/

Submit Manuscript @ https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/PAFMB/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/21767651
https://www.ncbi.nlm.nih.gov/pubmed/21767651
https://www.ncbi.nlm.nih.gov/pubmed/21767651
https://www.ncbi.nlm.nih.gov/pubmed/21767651
https://www.ncbi.nlm.nih.gov/pubmed/21767651
http://www.idosi.org/wasj/wasj3%286%29/6.pdf
http://www.idosi.org/wasj/wasj3%286%29/6.pdf
http://www.idosi.org/wasj/wasj3%286%29/6.pdf
http://www.idosi.org/wasj/wasj3%286%29/6.pdf
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://www.was.org/Meetings/ShowAbstract.aspx?Id=43244
https://academicjournals.org/journal/AJMR/article-abstract/BC6307C41824
https://academicjournals.org/journal/AJMR/article-abstract/BC6307C41824
https://academicjournals.org/journal/AJMR/article-abstract/BC6307C41824
https://academicjournals.org/journal/AJMR/article-abstract/BC6307C41824
https://academicjournals.org/journal/AJMR/article-abstract/BC6307C41824
https://academicjournals.org/journal/AJMR/article-abstract/BC6307C41824
https://www.sciencedirect.com/science/article/abs/pii/004484869400216B
https://www.sciencedirect.com/science/article/abs/pii/004484869400216B
https://www.sciencedirect.com/science/article/abs/pii/004484869400216B
https://www.sciencedirect.com/science/article/abs/pii/004484869400216B
http://psasir.upm.edu.my/id/eprint/11754/
http://psasir.upm.edu.my/id/eprint/11754/
http://psasir.upm.edu.my/id/eprint/11754/
http://psasir.upm.edu.my/id/eprint/11754/
http://psasir.upm.edu.my/id/eprint/11754/
https://www.ncbi.nlm.nih.gov/pubmed/21717856
https://www.ncbi.nlm.nih.gov/pubmed/21717856
https://www.ncbi.nlm.nih.gov/pubmed/21717856
https://www.ncbi.nlm.nih.gov/pubmed/21717856
https://www.ncbi.nlm.nih.gov/pubmed/24629778
https://www.ncbi.nlm.nih.gov/pubmed/24629778
https://www.ncbi.nlm.nih.gov/pubmed/24629778
https://www.ncbi.nlm.nih.gov/pubmed/24629778
https://www.ncbi.nlm.nih.gov/pubmed/24629778
https://www.omicsonline.org/open-access/antimicrobials-use-in-aquaculture-and-their-public-health-impact-2155-9546.1000247.php?aid=28002
https://www.omicsonline.org/open-access/antimicrobials-use-in-aquaculture-and-their-public-health-impact-2155-9546.1000247.php?aid=28002
https://www.omicsonline.org/open-access/antimicrobials-use-in-aquaculture-and-their-public-health-impact-2155-9546.1000247.php?aid=28002
http://www.fao.org/3/a-i4504e.pdf
http://www.fao.org/3/a-i4504e.pdf
http://www.fao.org/3/a-i4504e.pdf
http://www.fao.org/3/a-i4504e.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22564558
https://www.ncbi.nlm.nih.gov/pubmed/22564558
https://www.ncbi.nlm.nih.gov/pubmed/22564558
https://www.ncbi.nlm.nih.gov/pubmed/22564558
https://www.ncbi.nlm.nih.gov/pubmed/21381499
https://www.ncbi.nlm.nih.gov/pubmed/21381499
https://www.ncbi.nlm.nih.gov/pubmed/21381499
https://www.ncbi.nlm.nih.gov/pubmed/21381499
https://www.ncbi.nlm.nih.gov/pubmed/21381499
https://www.ncbi.nlm.nih.gov/pubmed/21381499
https://www.ncbi.nlm.nih.gov/pubmed/20602654
https://www.ncbi.nlm.nih.gov/pubmed/20602654
https://www.ncbi.nlm.nih.gov/pubmed/20602654
https://www.ncbi.nlm.nih.gov/pubmed/20602654
https://www.ncbi.nlm.nih.gov/pubmed/20602654
https://www.ncbi.nlm.nih.gov/pubmed/20602654
https://www.ncbi.nlm.nih.gov/pubmed/23769873
https://www.ncbi.nlm.nih.gov/pubmed/23769873
https://www.ncbi.nlm.nih.gov/pubmed/23769873
https://www.ncbi.nlm.nih.gov/pubmed/23769873
https://www.ncbi.nlm.nih.gov/pubmed/23769873
https://www.ncbi.nlm.nih.gov/pubmed/11200539
https://www.ncbi.nlm.nih.gov/pubmed/11200539
https://www.ncbi.nlm.nih.gov/pubmed/19426281
https://www.ncbi.nlm.nih.gov/pubmed/19426281
https://www.ncbi.nlm.nih.gov/pubmed/19426281
https://www.ncbi.nlm.nih.gov/pubmed/19426281
https://www.ncbi.nlm.nih.gov/pubmed/19426281
https://www.ncbi.nlm.nih.gov/pubmed/17451968
https://www.ncbi.nlm.nih.gov/pubmed/17451968
https://www.ncbi.nlm.nih.gov/pubmed/17451968
https://www.ncbi.nlm.nih.gov/pubmed/17451968
https://www.hindawi.com/journals/isrn/2012/853470/
https://www.hindawi.com/journals/isrn/2012/853470/
https://www.hindawi.com/journals/isrn/2012/853470/
https://link.springer.com/article/10.1007/s10499-012-9591-8
https://link.springer.com/article/10.1007/s10499-012-9591-8
https://link.springer.com/article/10.1007/s10499-012-9591-8
https://link.springer.com/article/10.1007/s10499-012-9591-8
https://link.springer.com/article/10.1007/s10499-012-9591-8
https://www.ncbi.nlm.nih.gov/pubmed/25150451
https://www.ncbi.nlm.nih.gov/pubmed/25150451
https://www.ncbi.nlm.nih.gov/pubmed/25150451
https://www.semanticscholar.org/paper/Intestinal-Mucosal-Immunology-of-Salmonids-Response-Niklasson-Liljesand/4346bfd2fa2a48c4d58e6e8aec5e902a9eacfa4a?navId=references
https://www.semanticscholar.org/paper/Intestinal-Mucosal-Immunology-of-Salmonids-Response-Niklasson-Liljesand/4346bfd2fa2a48c4d58e6e8aec5e902a9eacfa4a?navId=references
https://www.semanticscholar.org/paper/Intestinal-Mucosal-Immunology-of-Salmonids-Response-Niklasson-Liljesand/4346bfd2fa2a48c4d58e6e8aec5e902a9eacfa4a?navId=references

Progress in Aqua Farming and Marine Biology

25.

26.

27.

28.

29.

30.

31

32.

33.

doctoral dissertation, Department of Biological and
Environment Sciences, University of Gothenburg,
Sweden.

Xiao H, Qiaozhen Y, Jianguo H (2000) Aeromonas
hydrophila outer membrane protein (OmpTs) gene.
Unpublished, Genebank accession AF276639.

Mohd Yasin IS, Mohd Yusoff S, Mohd ZS, Abd Wahid
Mohd E (2011) Efficacy of an inactivated recombinant
vaccine encoding a fimbrial protein of Pasteurella
multocida B: 2 against hemorrhagic septicemia in
goats. Tropical Animal Health and Production 43(1):
179-187.

Khushiramani R, Girisha SK, Karunasagar |,
Karunasagar 1 (2007a) Protective efficacy of
recombinant OmpTs protein of Aeromonas

hydrophila in Indian Major Carp. Vaccine 25(7):
1157-1158.

Rahman MH, Kawai K (2000) Outer membrane
proteins of Aeromonas hydrophila induces protective
immunity in gold fish. Fish and Shellfish Immunology
10(4): 379-382.

Bricknell IR, King JA, Bowden TJ, Ellis AE (1999)
Duration of protective antibodies and the correlation
with protection in Atlantic salmon (Salmo salar L)
following vaccination with an Aeromonas salmonicida
vaccine containing iron regulated outer membranes
and secretary polysaccharide. Fish and Shellfish
Immunology 9(2): 139-151.

Ni XD, Wang N, Liu Y], Lu CP (2010)
Immunoproteomics of extracellular proteins of the
Aeromonas hydrophila China vaccine strain J-1 reveal
a highly immunoreactive outer membrane protein.
FEMS Immunol Med Microbiol 58: 363-373.

Beamer LJ, Carroll SF, Eisenberg D (1998) The
BPI/LBP family of proteins: A structural analysis of
conserved regions. Protein Science 7(4): 906-914.

Pellequer JL, Westhof E, Van Regenmortel MH (1993)
Correlation between the location of antigenic sites
and the prediction of turns in proteins. Immunology
Letters 36(1): 83-100.

Khushiramani R, Girisha SK, Karunasagar |,
Karunasagar 1 (2007b) Cloning and expression of an
outer membrane protein OmpTs of Aeromonas
hydrophila and study of immunogenicity in fish.
Protein Expression and Purification 51(2): 303-307.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Kall L, Krogh A, Sonnhammer EL (2004) A combined
transmembrane topology and signal peptide
prediction method. Journal of Molecular Biology
338(5): 1027-1036.

Zanta MA, Belguise-Valladier P, Behr JP (1999) Gene
delivery: A single nuclear localization signal peptide
is sufficient to carry DNA to the cell nucleus.
Biochemistry 96(1): 91-96.

Nielsen H, Engelbrecht ], Brunak S, von Heijne G
(1997) Identification of prokaryotic and eukaryotic
signal peptides and predication of their cleavage sites.
Protein Engineering 10(1): 1-6.

Singh V, Chaudhary DK, Mani I, Jain R, Mishra BN
(2013) Development of diagnostic and vaccine
markers through cloning, expression and regulation
of putative virulence-protein-encoding genes of
Aeromonas hydrophila. Journal of Microbiology
51(3): 275-282.

Zhu B, Wu X (2008) Identification of outer membrane
protein ompR from rickettsia-like organism and
induction of immune response in Crassostrea
ariakensis. Molecular Immunology 45(11): 3198-
3204.

Sun Y, Liu CS, Sun L (2010) Identification of an
Edwardsiella tarda surface antigen and analysis of its
immunoprotective  potential as a  purified
recombinant subunit vaccine and a surface-anchored
subunit vaccine expressed by a fish commensal strain.
Vaccine 28(40): 6603-6608.

Yadav SK, Sahoo PK, Dixit A (2014) Characterization
of immune response elicited by the recombinant
outer membrane protein OmpF of Aeromonas
hydrophila, a potential vaccine candidate in murine
model. Molecular Biology Reports 41(3): 1873-1848.

Qian R, Chu W, Mao Z, Zhang C, Wei Y (2007)
Expression, characterization and immunogenicity of a
major outer membrane protein from Vibrio
alginolyticus. Acta Biochimica et Biophysica Sinica
39(3): 194-200.

Nascimento IP, Leite LC (2012) Recombinant vaccines
and the development of new vaccine strategies. Braz ]
Med Biol Res 45(12): 1102-1340.

Wang N, Yang Z, Zang M, Liu Y, Lu C (2013)
Identification of Omp38 by immunoproteomic
analysis and evaluation as a potential vaccine antigen
against Aeromonas hydrophila in Chinese breams.
Fish and Shellfish Immunology 34(1): 74-81.

https://chembiopublishers.com/PAFMB/

Submit Manuscript @ https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/PAFMB/
https://chembiopublishers.com/submit-manuscript.php
https://www.semanticscholar.org/paper/Intestinal-Mucosal-Immunology-of-Salmonids-Response-Niklasson-Liljesand/4346bfd2fa2a48c4d58e6e8aec5e902a9eacfa4a?navId=references
https://www.semanticscholar.org/paper/Intestinal-Mucosal-Immunology-of-Salmonids-Response-Niklasson-Liljesand/4346bfd2fa2a48c4d58e6e8aec5e902a9eacfa4a?navId=references
https://www.semanticscholar.org/paper/Intestinal-Mucosal-Immunology-of-Salmonids-Response-Niklasson-Liljesand/4346bfd2fa2a48c4d58e6e8aec5e902a9eacfa4a?navId=references
https://www.ncbi.nlm.nih.gov/nuccore/AF276639
https://www.ncbi.nlm.nih.gov/nuccore/AF276639
https://www.ncbi.nlm.nih.gov/nuccore/AF276639
https://www.ncbi.nlm.nih.gov/pubmed/20697957
https://www.ncbi.nlm.nih.gov/pubmed/20697957
https://www.ncbi.nlm.nih.gov/pubmed/20697957
https://www.ncbi.nlm.nih.gov/pubmed/20697957
https://www.ncbi.nlm.nih.gov/pubmed/20697957
https://www.ncbi.nlm.nih.gov/pubmed/20697957
https://www.ncbi.nlm.nih.gov/pubmed/17113689
https://www.ncbi.nlm.nih.gov/pubmed/17113689
https://www.ncbi.nlm.nih.gov/pubmed/17113689
https://www.ncbi.nlm.nih.gov/pubmed/17113689
https://www.ncbi.nlm.nih.gov/pubmed/17113689
https://www.ncbi.nlm.nih.gov/pubmed/10938747
https://www.ncbi.nlm.nih.gov/pubmed/10938747
https://www.ncbi.nlm.nih.gov/pubmed/10938747
https://www.ncbi.nlm.nih.gov/pubmed/10938747
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.sciencedirect.com/science/article/abs/pii/S1050464898901838
https://www.ncbi.nlm.nih.gov/pubmed/20459508
https://www.ncbi.nlm.nih.gov/pubmed/20459508
https://www.ncbi.nlm.nih.gov/pubmed/20459508
https://www.ncbi.nlm.nih.gov/pubmed/20459508
https://www.ncbi.nlm.nih.gov/pubmed/20459508
https://www.ncbi.nlm.nih.gov/pubmed/9568897
https://www.ncbi.nlm.nih.gov/pubmed/9568897
https://www.ncbi.nlm.nih.gov/pubmed/9568897
https://www.ncbi.nlm.nih.gov/pubmed/7688347
https://www.ncbi.nlm.nih.gov/pubmed/7688347
https://www.ncbi.nlm.nih.gov/pubmed/7688347
https://www.ncbi.nlm.nih.gov/pubmed/7688347
https://www.ncbi.nlm.nih.gov/pubmed/16959494
https://www.ncbi.nlm.nih.gov/pubmed/16959494
https://www.ncbi.nlm.nih.gov/pubmed/16959494
https://www.ncbi.nlm.nih.gov/pubmed/16959494
https://www.ncbi.nlm.nih.gov/pubmed/16959494
https://www.ncbi.nlm.nih.gov/pubmed/15111065
https://www.ncbi.nlm.nih.gov/pubmed/15111065
https://www.ncbi.nlm.nih.gov/pubmed/15111065
https://www.ncbi.nlm.nih.gov/pubmed/15111065
https://www.ncbi.nlm.nih.gov/pubmed/9874777/
https://www.ncbi.nlm.nih.gov/pubmed/9874777/
https://www.ncbi.nlm.nih.gov/pubmed/9874777/
https://www.ncbi.nlm.nih.gov/pubmed/9874777/
https://www.ncbi.nlm.nih.gov/pubmed/9051728
https://www.ncbi.nlm.nih.gov/pubmed/9051728
https://www.ncbi.nlm.nih.gov/pubmed/9051728
https://www.ncbi.nlm.nih.gov/pubmed/9051728
https://www.ncbi.nlm.nih.gov/pubmed/23812806
https://www.ncbi.nlm.nih.gov/pubmed/23812806
https://www.ncbi.nlm.nih.gov/pubmed/23812806
https://www.ncbi.nlm.nih.gov/pubmed/23812806
https://www.ncbi.nlm.nih.gov/pubmed/23812806
https://www.ncbi.nlm.nih.gov/pubmed/23812806
https://www.ncbi.nlm.nih.gov/pubmed/18395262
https://www.ncbi.nlm.nih.gov/pubmed/18395262
https://www.ncbi.nlm.nih.gov/pubmed/18395262
https://www.ncbi.nlm.nih.gov/pubmed/18395262
https://www.ncbi.nlm.nih.gov/pubmed/18395262
https://www.ncbi.nlm.nih.gov/pubmed/20673823
https://www.ncbi.nlm.nih.gov/pubmed/20673823
https://www.ncbi.nlm.nih.gov/pubmed/20673823
https://www.ncbi.nlm.nih.gov/pubmed/20673823
https://www.ncbi.nlm.nih.gov/pubmed/20673823
https://www.ncbi.nlm.nih.gov/pubmed/20673823
https://www.ncbi.nlm.nih.gov/pubmed/24435974
https://www.ncbi.nlm.nih.gov/pubmed/24435974
https://www.ncbi.nlm.nih.gov/pubmed/24435974
https://www.ncbi.nlm.nih.gov/pubmed/24435974
https://www.ncbi.nlm.nih.gov/pubmed/24435974
https://www.ncbi.nlm.nih.gov/pubmed/17342258
https://www.ncbi.nlm.nih.gov/pubmed/17342258
https://www.ncbi.nlm.nih.gov/pubmed/17342258
https://www.ncbi.nlm.nih.gov/pubmed/17342258
https://www.ncbi.nlm.nih.gov/pubmed/17342258
https://www.ncbi.nlm.nih.gov/pubmed/22948379
https://www.ncbi.nlm.nih.gov/pubmed/22948379
https://www.ncbi.nlm.nih.gov/pubmed/22948379
https://www.ncbi.nlm.nih.gov/pubmed/23063539
https://www.ncbi.nlm.nih.gov/pubmed/23063539
https://www.ncbi.nlm.nih.gov/pubmed/23063539
https://www.ncbi.nlm.nih.gov/pubmed/23063539
https://www.ncbi.nlm.nih.gov/pubmed/23063539

Progress in Aqua Farming and Marine Biology

44,

45.

46.

47.

48.

49,

50.

Guo SL, Wang Y, Guan RZ, Feng J], Yang QH, et al.
(2013) Immune effects of a bivalent expressed outer
membrane protein to American eels (Anguilla
rostrota). Fish and Shellfish Immunology 35(2): 213-
220.

Janda JM, Abbott SL (2010) The genus Aeromonas:
Taxonomy, Pathogenicity and Infection. Clinical
Microbiology Reviews 23(1): 35-73.

Parker JL, Shaw JG (2011) Aeromonas spp. clinical
microbiology and disease. ] Infect 62(2): 109-118.

Cipriano RC (2001) Aeromonas hydrophila and Motile
Aeromonad Septicemias of fish. Fish Disease Leaflet.

Yambo AV (1998) Isolation of Aeromonas hydrophila
from Oreochromis niloticus during fish disease
outbreaks in the Philippines. Asian Fisheries Science
10(4): 347-354.

Laith AR, Najiah M (2013) Aeromonas hydrophila:
Antimicrobial susceptibility and histopathology of
isolates from diseased catfish, Clarias gariepinus
(Burchell). Journal Aquaculture Research and
Development 5: 215.

Suprapto H, Sumartiwi L, Prawesthirini S, Handiyanto
D, Azmijah A (2005) The isolation of Aeromonas

51.

52.

53.

54.

hydrophila and Escherichia coli from Lou ham
cichlasoma synsypilum and studies of their
histopathology changes. Berk Penel Hnyafi 10: 139-
141.

Shoemaker CA, LaFrentz BR, Klesius PH (2012)
Bivalent vaccination of sex reversed hybrid tilapia
against Streptococcus iniae and Vibrio vulnificus.
Aquaculture 354-355: 45-49.

Hart S, Wrathmell AB, Harris JE, Grayson TH (1988)
Gut immunology in fish: A review. Developmental and
Comparative Immunology 12(3): 453-480.

Firdaus-Nawi M, Noraini O, Sabri MY, Siti-Zahrah A,
Zamri-Saad M, et al. (2011) The effects of oral
vaccination of Streptococcus agalactiae on stimulating
gut-associated lymphoid tissues (GALTSs) in tilapia
(Oreochromis spp.). Pertanika Journal of Tropical
Agriculture Science 34(1): 137-143.

Firdaus-Nawi M, Yusoff SM, Yusof H, Abdullah SZ,
Zamri-Saad M (2013) Efficacy of feed-based adjuvant
vaccine against Streptococcus agalactiae in
Oreochromis spp. in Malaysia. Aquaculture Research
45:87-96.

https://chembiopublishers.com/PAFMB/

Submit Manuscript @ https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/PAFMB/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/23643876
https://www.ncbi.nlm.nih.gov/pubmed/23643876
https://www.ncbi.nlm.nih.gov/pubmed/23643876
https://www.ncbi.nlm.nih.gov/pubmed/23643876
https://www.ncbi.nlm.nih.gov/pubmed/23643876
https://cmr.asm.org/content/23/1/35
https://cmr.asm.org/content/23/1/35
https://cmr.asm.org/content/23/1/35
https://www.ncbi.nlm.nih.gov/pubmed/21163298
https://www.ncbi.nlm.nih.gov/pubmed/21163298
https://articles.extension.org/sites/default/files/w/1/1e/Aeromonas_hydrophila.pdf
https://articles.extension.org/sites/default/files/w/1/1e/Aeromonas_hydrophila.pdf
https://www.asianfisheriessociety.org/publication/downloadfile.php?id=269&file=Y0dSbUx6QTVOVE0zTVRJd01ERXpOVFU0TURNeU5qZ3VjR1Jt&dldname=Isolation%20of%20Aeromonas%20hydrophila%20from%20Oreochromis%20niloticus%20During%20Fish%20Disease%20Outbreaks%20in%20th
https://www.asianfisheriessociety.org/publication/downloadfile.php?id=269&file=Y0dSbUx6QTVOVE0zTVRJd01ERXpOVFU0TURNeU5qZ3VjR1Jt&dldname=Isolation%20of%20Aeromonas%20hydrophila%20from%20Oreochromis%20niloticus%20During%20Fish%20Disease%20Outbreaks%20in%20th
https://www.asianfisheriessociety.org/publication/downloadfile.php?id=269&file=Y0dSbUx6QTVOVE0zTVRJd01ERXpOVFU0TURNeU5qZ3VjR1Jt&dldname=Isolation%20of%20Aeromonas%20hydrophila%20from%20Oreochromis%20niloticus%20During%20Fish%20Disease%20Outbreaks%20in%20th
https://www.asianfisheriessociety.org/publication/downloadfile.php?id=269&file=Y0dSbUx6QTVOVE0zTVRJd01ERXpOVFU0TURNeU5qZ3VjR1Jt&dldname=Isolation%20of%20Aeromonas%20hydrophila%20from%20Oreochromis%20niloticus%20During%20Fish%20Disease%20Outbreaks%20in%20th
https://www.omicsonline.org/open-access/aeromonas-hydrophila-antimicrobial-susceptibility-and-histopathology-of-isolates-from-diseased-catfish-clarias-gariepinus-burchell-2155-9546.1000215.php?aid=25202
https://www.omicsonline.org/open-access/aeromonas-hydrophila-antimicrobial-susceptibility-and-histopathology-of-isolates-from-diseased-catfish-clarias-gariepinus-burchell-2155-9546.1000215.php?aid=25202
https://www.omicsonline.org/open-access/aeromonas-hydrophila-antimicrobial-susceptibility-and-histopathology-of-isolates-from-diseased-catfish-clarias-gariepinus-burchell-2155-9546.1000215.php?aid=25202
https://www.omicsonline.org/open-access/aeromonas-hydrophila-antimicrobial-susceptibility-and-histopathology-of-isolates-from-diseased-catfish-clarias-gariepinus-burchell-2155-9546.1000215.php?aid=25202
https://www.omicsonline.org/open-access/aeromonas-hydrophila-antimicrobial-susceptibility-and-histopathology-of-isolates-from-diseased-catfish-clarias-gariepinus-burchell-2155-9546.1000215.php?aid=25202
https://www.sciencedirect.com/science/article/abs/pii/S0044848612002724
https://www.sciencedirect.com/science/article/abs/pii/S0044848612002724
https://www.sciencedirect.com/science/article/abs/pii/S0044848612002724
https://www.sciencedirect.com/science/article/abs/pii/S0044848612002724
https://www.ncbi.nlm.nih.gov/pubmed/3139471
https://www.ncbi.nlm.nih.gov/pubmed/3139471
https://www.ncbi.nlm.nih.gov/pubmed/3139471
http://psasir.upm.edu.my/id/eprint/10839/
http://psasir.upm.edu.my/id/eprint/10839/
http://psasir.upm.edu.my/id/eprint/10839/
http://psasir.upm.edu.my/id/eprint/10839/
http://psasir.upm.edu.my/id/eprint/10839/
http://psasir.upm.edu.my/id/eprint/10839/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.2012.03207.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.2012.03207.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.2012.03207.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.2012.03207.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.2012.03207.x

	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Discussion
	Conclusion
	Acknowledgement
	References

