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SUMMARY

Acute Hepatopancreatic Necrosis Disease (AHPND) is a widespread disease targeting cultured shrimps,

which results in heavy losses in many regions around the world including Vietnam. The causative agent of the
disease is Vibrio paraheamolyticus which is a Gram-negative bacterium present ubiquitously in marine
environment. However, this normal floral organism once acquired a plasmid containing Pir- toxin encoding
gene (AHPND plasmid) can transform into a highly toxic strain (AHPND strain) with the ability to kill a large
number of cultured shrimps in a short period. To understand more on the virulence of V. parahaemolyticus, 17
different V. parahaemolyticus isolates collected from different locations in Southern Vietnam have been
analyzed for the presence of AHPND plasmid using PCR method and their extracellular enzyme profile using
agar- based method. Seven enzymes which are known to be important virulence factors of the bacterium were
studied including caseinase, gelatinase, lecithinase, hemolysin, elastase, lipase and chitinase. Results showed
that among 17 studied isolates, six were detected to have AHPND plasmid. Enzymatic activity was observed
for caseinase, gelatinase and lecithinase while undetectable for others. The ability to produce these three
enzymes varied among different V. parahaemolyticus isolates. Lecithinase appeared in all isolates while the
presence of caseinase and gelatinase varied. This indicated that lecithinase seems to be core enzyme of V.
paraheamolyticus and the extracellular enzymes do not correlate with the presence of AHPND plasmid. In
conclusion, our data suggested that the virulence of Vibrio parahaemolyticus mostly depends on the presence

of AHPND plasmid other than extracellular enzymes.
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INTRODUCTION
Vibrio parahaemolyticusis a curved, rod-

shaped, Gram-negative halophilic bacterium, which
can be found as a natural inhabitant of the marine
environment (Fujino, 1974; Broberg et al., 2011). V.
parahaemolyticus commonly appears on the samples
isolated from different marine organisms such as
crab, fish, mussels, shrimp, oyster, or even parasites
of the marine organisms (Das et al, 2009). The
bacterium has been reported as a major food-borne
causative agent that causes food poisoning in
humans after the consumption of raw or
undercooked seafood, especially bivalve mollusks
(Wang et al., 2015).

Disease,

caseinase, gelatinase, lecithinase Vibrio

V. parahaemolyticus is recently known to be the
major causative agent of Early Mortality Syndrome
(EMS) or Acute Hepatopancreatic Necrosis Disease
(AHPND) affecting penaeid shrimp, causing
abnormal growth and death in prawns as early as 10
days post stocking. This disease has seriously
damaged the shrimp aquaculture industry in various
regions such as China, Vietnam, Malaysia, Thailand
and Mexico (Flegel, 2012; Mooney, 2012; Lightner
et al. 2013; The Global Aquaculture Alliance, 2013;
Tran et al, 2013). It is widely accepted that a
particular toxin (Pir toxin) in V. parahaemolyticus is
directly involved in the AHPND pathogenesis (Lee
et al., 2015). However, whether other toxins may
also take part in the disease has yet to be confirmed.
There is evidence that V. parahaemolyticus harbors
other extracellular enzymes that would contribute to
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its virulence (Kadokura et al., 2007; Costa et al.,

2013). Various extracellular factors including
enterotoxin,  hemolysin, cytotoxin, protease,
collagenase, phospholipase, siderophore, and

hemagglutinin are known to be produced by
pathogenic Vibrios (Janda et al., 1988; Costa et al.,
2013; Bunpa et al., 2015). Among them, the most
common virulence types are extracellular enzymes to
attack cell membrane (Vergis et al., 2003).

Studies on production of extracellular enzymes of
Vibrio species such as Vibrio cholera, Vibrio
vulnificus and V. parahaemolyticus have been
carried out (Oliver et al, 1986; Vermelho et al.,
1996; Fiore et al, 1997, Kadokura et al., 2007,
Costa et al., 2013). However, in Vietnam, there has
not been any similar project on V. parahaemolyticus
until now. This study aimed to investigate the
presence of different extracellular enzymes in
correlation with the presence of AHPND plasmid on
V. parahaemolyticus strains isolated from shrimp
farms in various regions of Vietnam. Obtained data
would provide necessary information on the virulence
of V. parahaemolyticus isolates particularly of
AHPND ones.

MATERIALS AND METHODS

Vibrio parahaemolyticus isolation and identity
confirmation

Seventeen V. parahaemolyticus isolates from
shrimp samples of various regions in Vietnam were
used in the study (Table 1).

The V. parahaemolyticus isolates were selected
based on 3 criteria: 1) Appearance on TCBS agar
(HiMedia Company, India): blue-green color colony;
2) Appearance on chromagar (CHROMagar
Company, India): mauve color colony; 3) Gram stain
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characteristics: Gram negative with curved- rod
shape. The identity of V. paraheamolyticus was
further confirmed using PCR method with specific
primers (Table 2).

The DNA of V. parahaemolyticus was
extracted by using the phenol - chloroform method
(Nishiguchi et al., 2002). In brief, 1 mL overnight
cell culture of each isolate was transferred to 1.5
mL eppendorf and centrifuged at 15,000 rpm, 4°C
for 2 min. The supernatant was discarded and
500ul of cell lysis solution (0.2 M Tris HCIL, 0.5 M
NaCl, 0.01 M EDTA, 1% SDS, 0.1 M sodium
acetate, 5% glycerol) is added and pipetted to
mix. Next, 500 pL of phenol-chloroform was
added and vortexed. After centrifugation at 15,000
rpm, 4°C for 5 min, the aqueous phase was
carefully taken out and DNA was precipitated in
300 pL cold absolute ethanol and washed with 70
% ethanol. Then, the sample was centrifuged at
15,000 rpm, 4°C for 10 min, supernatant was
removed and the pellet was left air-dried. The DNA
was re-suspended in distilled water and ready to be
used as a template for PCR with specific primers
for V. paraheamolyticus (Table 2). PCR was carried
out with following cycling conditions:  pre-
denaturation at 94°C for 2 min, denaturation at
94°C for 30 s, annealing at 51°C for 30 s, and
extension at 72°C for 30 s, with a final extension at
72°C for 10 min at the end of 40 cycles. The PCR
products were run on 1.5% agarose gel with 10 - 20
ul PCR products loaded into sample wells. The
gel then was stained in ethidium bromide,
visualized and  photographed under UV
transilluminator (VersaDoclmaging System Model
4000 — BIORAD, USA). After the confirmation of
bacteria identity, bacteria were stored in brain heart
infusion medium (BHI, HiMedia, India) with 1%
NaCl and 30% glycerol at -80°C.

Table 1. Origin of V. paraheamolyticus isolates used in the study.

Strain

Isolation source

V2, V3, v8, BLO3

P10, P12, P13, P15, P16, P17, P18, P20, P21
TVT1.R, TVT.2R

XN9

VP902

Xuyen Moc, Vung Tau

Nong Lam University, Ho Chi Minh City
Can Tho

Nha Trang University, Khanh Hoa
Khanh Hoa
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Table 2. Primers used in the study.

Primer Sequence (5’ - 3’) Amplicon Reference

VP-1F CGGCGTGGGTGTTTCGGTAGT a 285-bp fragment of gyrB gene specific ~ Luan et al. , 2007
for V. parahaemolyticus.

VP-1R TCCGCTTCGCGCTCATCAATA

VPP1 ATGAGTAACAATATAAAACATGAAAC  336-bp fragment of gene encoding for Sirikharin et al.,
Pir toxi 2014

VPP2 GTGGTAATAGATTGTACAGAA iroxin

Virulence enzyme tests for V. parahaemolyticus
Caseinase test

Ten pL  suspension of different V.
parahaemolyticus isolates was dropped into the
surface of brain heart infusion (BHI) agar plates
containing 1.5% (w/v) skim milk, pH 7.0. After
inoculation, the plates were incubated at 30°C for 24
h. With the colony growth, the first visible change
was the opacity around the colonies as the result of
casein precipitation. In the presence of protease
activity, the precipitation of casein was followed by
its lysis and clear halos are observed around the
colonies. The degree of enzymatic activity was
measured via the size of the clear halos (mm) around
the colonies and graded as follows: (—) when no
visible halo is present, (+) when visible proteolysis is
limited to 1-2 mm around the colony, and (++) when
the zone of proteolysis is more than 2 mm from the
margin of the colony. Caseinase assay was
triplicated for each strain (Vermelho et al., 1996).
Positive control for this test was Vibrio cholera
VCTC2012.

Hemolysin test

Ten pL conidial suspension were dropped on
blood sheep agar (Nam Khoa Biotech Company,
Vietnam), incubated at 30°C and observed daily for 3
days. The observation of a clear zone around the
colonies indicates the production of hemolytic
enzyme. The degree of enzymatic activity is
measured on day 1 and 3 via the size of the clear
halo (mm) around the colony and graded as follows:
(-) when no visible halo is present, (+) when visible
hemolysis is limited to 1 — 2 mm around the colony,
and (++) when the zone of hemolysis is more than 2
mm from the margin of the colony. Hemolysin assay
was triplicated for each strain (Vermelho et al,
1996). Positive control for this test was V. cholera
VCTC2012.

Lipase test

The isolates were screened for lipase production

on tributyrin agar as described previously (Vermelho
et al., 1996). The fully prepared tributyrin medium
contains 20 g/L of tributyrin agar (Fluka, USA) and
10 mL/L tributyrin (Fluka, USA) with final pH 7.5.
Each plate was inoculated with 10 pL conidial
suspension and incubated at 30°C for 48 h. The
presence of a clear zone around the inoculation
indicates lipase activity. The diameter of the colony
and the size of the halo of lipase lysis around the
colony were measured in the following day. The
degree of enzymatic activity was graded following
the sizes of the clear halos (mm) around the colonies
as follows: (—) when no visible halo is present, (+)
when visible lipase is limited to 1-2 mm around the
colony, (++) when the zone of lipase is more than 2
mm from the margin of the colony. Lipase assay
was triplicated for each strain (Vermelho et al,
1996). Positive control for this test was
Staphylococcus aureus ATCC 29213.

Elastase test

For the elastase assay, 1 mL of bacteria cell
suspension was taken and mixed with 20 mg of
elastin-congo red (ECR, Sigma-Aldrich) in 1 mL of
10 mM Tris HCI1 (pH 7.4)/130 mM NaCl and 1 mL
of distilled water. It was then vortexed and incubated
at 30°C in 1 h with mixing every 20 min. Then,
insoluble ECR and cellular debris were separated by
centrifuging at 10.000 x g for 10 min before passing
supernatant through a 0.45 - pm filter. Finally,
resultant fluid was measured at 495 nm of
wavelength (Janda et al., 1999). Pseudomonas
aeruginosa ATCC 9027 was used as positive control
for this test.

Lecithinase test

Ten pL conidial suspension inoculated in the
center of the BHI plates containing 1 mL of egg yolk
emulsion per 20 - mL plate, final pH 7.0. After
inoculation, the plates were incubated at 30°C for
48h. The degree of enzymatic activity was measured
via the size of the precipitate (mm) around the
colonies and graded as follows: (—) when no visible
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halo was present, (+) when visible proteolysis was
limited to 1-2mm around the colony, and (++) when
the zone of proteolysis was more than 2 mm from
the margin of the colony (Fiore et al., 1997). V.
cholera VCTC2012 was used as positive control for
this test.

Gelatinase test

Ten pL  suspension of different V.
parahaemolyticus isolates were innoculated into the
surface of the BHI agar plates containing 2% (w/v)
gelatin, pH 7.0. After inoculation, the plates were
incubated at 30°C for 24h. The growth of the
bacterial colony will form a precipitation halo in the
clear background of the medium. The degree of
enzymatic activity was measured by the size of the
clear halos (mm) around the colonies and graded as
follows: (=) when no visible halo is present, (+)
when visible halo is limited to 1-2 mm around the
colony, and (++) when the zone of precipitation is
more than 2 mm from the margin of the colony. The
test for each strain were triplicated and positive
control for this test was V. cholera VCTC2012.
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Chitinase test

Colloidal chitin was prepared according the modified
method described previously (Kuddus, Ahmad,
2013). BHI agar plates containing colloidial chitin
0.4 % (w/v) were applied for testing. Each plate was
inoculated with a triplicate of 10 pL conidial
suspension and incubated at 30°C for 48 h. The
presence of a clear zone around the colony indicates
chitinase activity. V. cholera VCTC2012 was used as
positive control for this test.

RESULTS AND DISCUSSION

All seventeenth isolates were confirmed as V.
paraheamolyticus via PCR methods with 11 non -
AHPND and 6 AHPND isolates (Representative data
was shown in Figure 1). Figure 2 showed
representative images of extracellular enzyme agar -
based testing results while the extracellular enzyme
production  ability of 17  different V.
parahaemolyticus isolates is graded, recorded and
summarized in table 3.

Table 3. Ability of extracellular enzyme production of seventeen Vibrio parahaemolyticus isolates.

Isolates gaseinas I‘;ecithinas Hemolysin Lipase Elastase Gelatinase Chitinase = AHPND
V2 - + - - - - - Yes
V3 - ++ - - - - - Yes
\%:] - ++ - - - + - Yes
BL0O3 ++ ++ - - - ++ - Yes
XN9 + ++ - - - + - Yes
VP902 + ++ - - - ++ - Yes
VP10 + ++ - - - + - No
VP12 + + - - - - - No
VP13 - ++ - - - ++ - No
VP15 - ++ - - - ++ - No
VP16 - ++ - - - - - No
VP17 - ++ - - - - - No
VP18 - ++ - - - - - No
VP20 - + - - - ++ - No
VP21 - ++ - - - - - No
VTV.1R + + - - - + - No
VTV.2R + + - - R -+ _ No
Control Vibrio Vibrio Vibrio Staphylococ aP Sse“d"’"o” Vibrio Vibrio

cholerae cholerae cholerae cus aureus aeruginosa cholerae cholerae
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Ladder VCTC VP21

V2 V3 V8

XN9

Figure 1. Confirmation of Vibrio parahaemolyticus identity and detection of isolates with AHPND factor using PCR method.

Four isolates including V2, V3, V8 and XN9 were confirmed as AHPND isolates.

VP21 was a non- AHPND V.

paraheamolyticus . VCTC was a Vibrio cholerae VCTC2012, used as a negative control. A 100- bp DNA ladder was used.

Control

Control

A

Figure 2. Representative agar - based enzyme detection results. Three colonies of the same V. parahaemolyticus strain
were dropped on the same disc served as triplicate with positive control in the center. A: Caseinase test using skim milk
agar; B: Lipase test using yributyrin agar; C: Lecithinase test using egg yolk agar; D: Hemolysin test using sheep blood agar;

E: Chitinase test using chitin colloidal agar; F: Gelatinase test using gelatin agar.

The result indicated that seven isolates of which
four are AHPND isolates possess extracellular
caseinase activity (41.1%); 10 isolates (58.8%) of
which four are AHPND isolates secrete gelatinase.
In the both tests, statistical comparison between
AHPND and non - AHPND groups showed no
significant difference (p > 0.05). Even though

caseinase and gelatinase are both protease, in our
study, we observed that the ability to hydrolyze
casein and gelatin was varied among isolates.
Four/17 isolates have only gelatinase activity, 1/17
isolates with only caseinase activity, and 6/17
isolates with both caseinase and gelatinase activity.
The appearance of protease activity in this bacterium
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indicates its ability to attack host cell by degrading
the membrane proteins and has been considered as
one of the basic virulence pathway (Furumura et al.,
2006). Our study again confirms the importance of
this extracellular type of enzyme in V.
paraheamolyticus with its dominance presence
(11/17 or 64.7 % tested isolates).

Lecithinase was detected in all 17 tested V.
parahaemolyticus isolates (Table 3). Among them,
five isolates (29.4%) had weak lecithinase activity,
others showed relatively strong activity on egg yolk
agar. The statistical analysis also showed no
significant difference between non AHPND - causing
and AHPND - causing isolates (p > 0.05) in the
activity of the enzyme. Lecithinase is a type of
phospholipase enzyme, which degrades lecithin, a
group of phospholipid commonly found in the animal
and plant tissues. It has been characterized as an
important virulence factor that contributes strongly to
enterotoxigenicity and distributes widely among
Vibrios (Beleneva et al., 2004; Zhang et al., 2014).

Four tests of elastase, lipase, hemolysin and
chitinase showed no activity for 100% of collected
isolates both AHPND and non - AHPND ones. For
elastase and lipase, it is somewhat in agreement with
previous study, which did not detect elastase but
lipase (80%) in V. paraheamolyticus (Costa et al.,
2013). The variation of lipase expression in the two
studies may due to the origin of V. paraheamolyticus
isolates, one from Coptodisca rhizophorae oyster
from Brazil, the other from Penaeus monodon
shrimp (Costa et al., 2013).

For the inability of producing hemolysin, this result
confirmed previous data showing that V.
parahaemolyticus strains isolated from non-human
sources were normally not hemolytic (Chun ez al., 1975).

The absence of detected level of chitinase
known as a virulence factor of pathogenic bacteria
particularly in the related V. cholera, is recorded in
all tested V. paraheamolyticus strains of this study.
This enzyme helps to utilize chitin on the
exoskeleton of copepods as the carbon and nitrogen
source (Frederiksen et al, 2013; Mondal et al.,
2014). Although several studies have already
reported on the ability of V. parahaemolyticus to
degrade chitin (Kadokura et al., 2007), it is not
confirmed that the bacterium utilizes chitinase as an
important factor to attack the host cells like V.
cholerae and other pathogenic bacteria (Frederiksen
et al.,2013; Mondal et al., 2014).
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The analytical test for comparision between the
enzymatic profile of two V. parahaemolyticus groups
(AHPND and non - AHPND) showed no significant
difference. The AHPND - causing - factor appeared
to show little to no effect on the inherent
extracellular enzymes on the V. parahaemolyticus.
Although the effect of AHPND - causing factor on
V. parahaemolyticus itself has not yet been fully
understood, it seems that its extracellular enzyme
profile does not change when the bacterium is
transformed into an AHPND type.

CONCLUSIONS

The extracellular enzyme profile of seventeen
different V. parahaemolyticus isolates in Vietnam
was built in this study. Three over six tested
enzymes were detected including caseinase,
gelatinase and lecithinase. The bacterium V.
parahaemolyticus ability to produce these enzymes
is different among isolates, and may not connect to
the presence of AHPND factor. Further investigation
on the virulence of AHPND V. parahaemolyticus
should be carried out to understand deeply on the
mechanism how this bacterium invades its target
hosts.
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NGHIEN CUU SU SINH ENZYME NGOAI BAO O CAC CHUNG VIBRIO
PARAHAAEMOLYTICUS PHAN LAP TAI VIET NAM

Ngoé Nguyén Vi, Pham Thi Thu Hién, Lé Nguyén Minh Tién, P§ Ngoc Phiic Chiu, Hoang Tung,
Nguyén Thi Thu Hoai

Truong Pai hoc Quéc té, Pai hoc Quéc gia Thanh phé Hé Chi Minh
TOM TAT

Hoi chimg hoai tir gan tuy cdp tinh (AHPND) gy ra boi vi khudn Gram am Vibrio parahaemolyticus
thuong duoc phat hién trén cac loai tom nubi trdng & khu vuc Dong Nam A. V. parahaemolyticus hién dién
phd bién trong méi truong nude nhw mot loai vi khuin hoi sinh. Tuy nhién n6 c¢6 thé chuyén thanh dong doc
tinh cao c6 kha ning gy chét tdm hang loat khi nhén dugc mot loai plasmid mang gen chira doc t6 Pir
(plasmid AHPND). D& hiéu thém vé doc luc va kha ning gay bénh cia V. parahaemolyticus, 17 ching phan
lap tir cac ving khac nhau di duoc phén tich xac dinh sy hién dién cua plasmid AHPND béng phuong phap
PCR va hé enzyme ngoai bao bao g(‘A)m caseinase, gelatinase, lecithinase, hemolysin, eclastase, lipase va
chitinase bing phuong phap ciy trén dia thach chita co chat tvong vmg. Két qua cho thdy 6/17 ching mang
plasmid AHPND. Hoat tinh caseinase, gelatinase va lecithinase dugc phat hién trong d6 lecithinase xuét hién &
tat ca cac ching trong khi caseinase va gelatinase phan bd & ca nhom mang va khong mang plasmid AHPND.
Diéu nay chi ra ring lecithinase 1a enzyme quan trong ctia V. paraheamolyticus va sy hién dién ciia cic enzyme
ngoai bao khong lién quan tdi sy hién dién cta plasmid AHPND. Tém lai, nghién ctru cho thfiy doc luc cua V.
parahaemolyticus phu thudc chit yéu vao su hién dién cua plasmid AHPND.

Tir khéa: Caseinase, Gelatinase, Hoi chitng hoai tir gan tuy cdp tinh, Lecithinase, Vibrio paraheamolyticus
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