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Abstract:

Vibrio parahaemolyticus is the main causative agent of acute hepatopancreatic necrosis disease (AHPND) in shrimp. This
study aimed to investigate how shrimp extracts affect the growth and virulence of an AHPND-causative strain known as V.
parahaemolyticus XN9. To this end, the bacteria was cultured in media containing 3% extract of each of five shrimp types
and their growth kinetics were compared against that from bacteria grown in brain-heart infusion (BHI) media. Eight-hour
growth curves were constructed using the plate-counting method. The activity of five extracellular enzymes that contribute
to bacterial virulence was examined using the agar-based method. The results showed that V. parahaemolyticus XN9’s growth
was strongly enhanced in all five shrimp extract media with the highest increase (25% greater than the BHI medium) found
in the giant tiger prawn extract. Additionally, all the shrimp extracts boosted the extracellular enzymatic activity of V.
parahaemolyticus XN9, although to different extents. In summary, the shrimp extracts, particularly that from the prawns, not

only promoted the viability and growth of V. parahaemolyticus XN9 but also its extracellular enzymatic activities.
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Introduction

Vibrio parahaemolyticus is a Gram-negative, halophilic, non-
spore-forming, curved, rod-shaped marine bacterium [1]. This
bacterium is versatile in its ability to live as a free organism or as
a parasite of marine or fresh-water zooplankton, fish, shellfish,
and shrimp [2]. It has been reported as the leading food-born
gastroenteritis causative agent in humans [3]. In addition, V.
parahaemolyticus was also identified as the pathogen of AHPND,
previously named the early mortality syndrome (EMS), which
has caused serious damage to the global shrimp production in
the last decade [4]. The disease was first identified in China in
2009 where it quickly spread to Vietnam in 2010, followed by
Malaysia in 2011, Thailand in 2012, and finally expanded to the
Western hemisphere after that [5]. A Vietnamese study in 2018
showed that this bacterium is highly ubiquitous in water samples
(78.1%) and seafood (86.2%) from the Mekong delta [6]. In
the region of Hanoi, V. parahaemolyticus was also found to be
dominantly present in shrimp samples (>90%) [7]. Fortunately,
not all of the V. parahaemolyticus strains are pathogenic. It has
been proven that only a specific set of V. parahaemolyticus,
those that produce the PirA"/PirB" toxin, can cause AHPND
[4, 8]. The ability to generate this binary toxin is determined
by the genes located in a large plasmid residing within the
bacterial cells. Genotyping analysis of the plasmid revealed
the close relationship of Vietnamese AHPND isolates with the
ones from China and Thailand [9]. However, the ability of V.
parahaemolyticus to cause disease may also have contributions

“Corresponding author: Email: ntthoai@hcmiu.edu.vn

£ Vietnam Journal of Science,

#Technology and Engineering

from other virulence factors [5]. Previous data indicated that
extracellular enzymes are an important part of the bacterium’s
virulence [10-13]. Unfortunately, the study of the expression and
activity of these enzymes is limited as the experimental outcome
is greatly affected by the culture conditions. Many studies
have shown that taking V. parahaemolyticus out of its inherent
natural environment, specifically a shrimp or oyster body, would
significantly affect its physiology, growth and virulence when
stored or grown in nutrient media [14-18]. Therefore, in this
study, we used the extracts of different shrimps that are potential
hosts of V. parahaemolyticus to investigate the impact of these
extracts on the growth and extracellular enzymatic activity of
V. parahaemolyticus. Five shrimp types were used in the study,
including white-leg shrimp (Litopenaeus vannamei or formerly
called Penaeus vannamei), red-leg shrimp (a variety of Penaeus
vannamei), giant tiger prawn (Penaeus monodon), giant river
prawn (Macrobrachium rosenbergii), and greasyback shrimp
(Metapenaeus ensis), which are AHPND-affected and major
cultured shrimp. The results of this study would assist virulence
research of V. paraheamolyticus.

Materials and methods
Materials

V. parahaemolyticus XN9 was generously provided by Nha
Trang University, Khanh Hoa, Vietnam. The bacterial identity and
association to AHPND was confirmed in the previous study [19].
Five kinds of shrimp including white-leg shrimp (Litopenaeus
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vannamei), red-leg shrimp (a variety of Litopenaeus vannamei),
greasyback shrimp (Metapenaeus ensis), giant river prawn
(Macrobrachium rosenbergii), and giant tiger prawn (Penaeus
monodon) were purchased fresh from the Binh Dien market, Ho
Chi Minh city, Vietnam in 2018.

Preparation of shrimp-extract containing media

The preparation of the shrimp extract media was adapted
from the chopped meat culture protocol with modifications
[20]. In brief, the shrimp were washed in distilled water, then
grounded into a paste using blender and cooked at 60°C for 1 h.
The obtained shrimp pastes were dried at 80°C and ground again
to achieve shrimp extract powders. The drying time was adjusted
to be around 3 h so that the net weight of the achieved shrimp
extract powder was about 30% of the initial fresh shrimps’
weight. The powders were then stored at 4°C for later use. The
media was prepared with 3% shrimp extracts and 2.5% NaCl.
The control medium to be used was BHI (Himedia, India) with
2.5% NaCl supplemented. All the media were adjusted to pH 7.0.

Growth analysis of V. parahaemolyticus under different
shrimp extracts

The plate counting method was used to build the growth
curve of V. parahaemolyticus. The formula p=(log,, X-log,, X )/
tx2.303 was applied where p is the specific growth rate (SGR),
X is the cell number or cell mass at a certain time, X is the
initial cell number or cell mass, and t is the time [21]. In short,
an overnight culture at 30°C of V. parahaemolyticus XN9 in
BHI broth (Himedia, India) with 2.5% NaCl supplemented was
used to inoculate 50 ml in either BHI broth (Himedia, India)
with 2.5% NaCl supplemented or in the medium containing 3%
extract of either white-leg shrimp, red-leg shrimp, greasyback
shrimp, giant river prawn, or giant tiger prawn. The initial
OD was adjusted to an OD_  of 0.05. The culture was
incubated at 30°C under static conditions for 8 h. After each
hour, 100 pl of culture was taken out to be plated on BHI agar.

Extracellular  enzymatic  activity analysis of V.

parahaemolyticus under different shrimp extracts

Caseinase, hemolysin, lipase, gelatinase, and chitinase were
examined using the agar-based method [22, 23]. To achieve this,
V. parahaemolyticus XN9 was inoculated and cultured in either
BHI broth (Himedia, India) with 2.5% NaCl supplemented or in
a medium containing 3% extract of either white-leg shrimp, red-
leg shrimp, greasyback shrimp, giant river prawn, or giant tiger
prawn. The culture was incubated at 30°C, under static conditions
and overnight. After that, the overnight culture was diluted to
OD,,,,,=0.05 and 10 pl of this suspension was dropped onto
the surface of the BHI agar containing either 1.5% (w/v) skim
milk, 2.0% gelatin (w/v), sheep blood agar, tributyrin agar, or
5% colloidal chitin for caseinase, gelatinase, hemolysin, lipase,
and chitinase testing, respectively. The plates were incubated
at 30°C overnight for the caseinase and gelatinase testing and
for 48 h for the hemolysin, lipase, and chitinase testing. While
Vibrio cholerae VCTC2012 (obtained from Vietnam type culture
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collection, kindly provided by Namkhoa Ltd, Vietnam) was
used as a positive control for caseinase, gelatinase, hemolysin,
and chitinase testing, Staphylococcus aureus ATCC 29213
(purchased from Lan Oanh Ltd, Vietnam) was used for lipase
testing. After incubation, clear halos around the colonies were
observed, which indicated that the activity of the testing enzyme
was measurable. In the case of gelatinase, to observe the activity
of the enzyme, the agar surface was immersed in saturated
ammonium sulfate [(NH,),SO,] (JHD, China) that forms a
cloudy precipitate with the remaining gelatin and results in a
clear halo zone indicating where the gelatin was digested. The
experiments were performed in triplicate.

Data analysis

The enzymatic activity (EA) was calculated as EA=Z¢ in
which D is the diameter of both the bacterial drop and the zone
around the bacterial drop (mm) and d is the diameter of the
bacterial drop itself (mm). The EA is graded as follows: (—) when
no visible halo is present, (+) when the EA value is limited to 1-2
mm, and (++) when the EA value is greater than or equal to 2
mm [22]. Each test was performed in triplicate and the obtained
data were analysed using one-way ANOVA (Excel software,
Microsoft). The means were also analysed using t-tests (p<0.05)
to compare the variation between the extracellular enzymatic
activity of each test and the corresponding standard condition
(2.5% NaCl, pH 8.5, 120 rpm and 30°C).

Results

Growth kinetics of V. parahaemolyticus XN9 in BHI and in
media containing different shrimp extracts

The growth curves of V. parahaemolyticus XN9 in the
different tested media are constructed and presented in Fig. 1.
In all the tested media, V. parahaemolyticus reached a stationary
phase after 5h. After 8 h, V. parahaemolyticus XN9 reached a
much higher CFU in all the shrimp extract media compared to
the BHI medium (Fig. 1). The growth in BHI was monitored
further for more than 24 h in the optimizing step, but no particular
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Fig. 1. Growth of V. parahaemolyticus XN9 in different media.
V. parahaemolyticus XN9 was cultured in either BHI or a medium
containing either greasyback shrimp, white-leg shrimp, red-leg
shrimp, giant river prawn, or giant tiger prawn extract. The culture
was carried out at 30°C, under static conditions, and observed for 8 h.
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activity was observed after the bacteria reached its stationary
phase (data not shown).

The calculated SGR also showed that V. parahaemolyticus
XNO grew very well in all shrimp extract media compared to the
BHI medium (Table 1). While SGR in BHI was only 1.51+0.05
(h"), SGR in greasyback shrimp, white-leg shrimp, red-leg
shrimp, giant river prawn, and giant tiger prawn media were all
higher with SGR values of 1.61+0.01, 1.69+£0.04, 1.73+0.10,
1.81£0.03, and 1.89+0.04 (h'), respectively. Therefore, except
for greasyback shrimp, the SGR of V. parahaemolyticus XN9
in the other four tested shrimp extracts were significantly higher
when compared to the BHI medium (p<0.05). The giant tiger
prawn was the best medium, which brought about an increase of
SGR by 25% followed immediately by giant river prawn at 20%.

Table 1. Effect of different shrimp extracts on specific
growth rate (SGR) of V. parahaemolyticus XN9. The specific
growth rate was calculated after 5 h, just before reaching the
stationary phase. The values are expressed in mean + standard
deviation (SD).

Types of medium SGR (h)
BHI 1.51+0.05
White-leg shrimp 1.69+0.04
Red-leg shrimp 1.73+£0.10
Giant tiger prawn 1.89+0.04
Greasyback shrimp 1.61£0.01
Giant river prawn 1.81+0.03

Extracellular enzymatic activity of V. parahaemolyticus
XN9 in BHI and in media containing different shrimp extracts

The extracellular enzymatic activity of V. parahaemolyticus
(caseinase, gelatinase, lipase, hemolysis, and chitinase) in the
presence of 5 different shrimp extracts media were examined. As
a result, activity was observed in caseinase, gelatinase, and lipase
for all the tested media but no activity was observed in hemolysin
and chitinase (Fig. 2). While caseinase and gelatinase showed no
significant difference in activity between the BHI and other shrimp
extract media, the lipase activity, in contrast, was significantly
higher in all shrimp extracts compared to BHI (p<0.05). Besides,
the giant tiger prawn and giant river prawn, again, were the best
media to promote the activity of the extracellular enzymes in V.
parahaemolyticus (Fig. 2).
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Fig. 2. Extracellular enzymatic activity of V. parahaemolyticus
XN9 in different tested media. Hemolysin and chitinase did not

express activity in any media thus were not shown.
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Discussion

V. parahaemolyticus is ubiquitous in marine and estuarine
environments. It can colonize multiple aquatic animals and cause
disease in these animals and sometimes in humans, too. While the
human isolates can survive well with in vitro culturing conditions,
the strains that cause the disease in shrimp normally do not
and require different optimal culture conditions [14, 24]. Their
growth and viability are highly affected by culture conditions
like salinity, pH, temperature, and medium type [25, 26]. In this
study, we saw a significant improvement in the viability and
growth of V. parahaemolyticus XN9, a shrimp disease-causing
strain, when cultured in shrimp extract media compared to
the optimal artificial culture medium [14]. Especially, prawn
extracts including giant tiger and river prawn were the two
extracts that strongly promoted the growth rate of the bacterium.
The data suggests that the shrimp-adapted isolates should
be cultured and studied using host-extract containing media.

Regarding extracellular enzymatic activity, our results also
present strong activity of lipase, caseinase, and gelatinase when
V. parahaemolyticus was precultured in shrimp extract media. As
the number of bacteria was adjusted before the enzymatic testing,
the activity of the enzymes seemed to be due to the bacterial cells
themselves and not their quantity. The increase of lipase, caseinase,
and gelatinase can provide an explanation for the improved growth
and viability of V. parahaemolyticus when cultured in shrimp
extracts. Additionally, the observed increase also implicated
that the virulence of V. parahaemolyticus can be increased when
existing with its hosts. Lipase, for example, was a common
virulence factor of V. parahaemolyticus with about 80% of V.
parahaemolyticus having lipase [13], while proteases (caseinase,
gelatinase) were shown to be important to the pathogenesis of
Vibrio [11, 27]. The increase of the enzyme is associated with
the increased pathogenicity of the Vibrio species [11, 27].

On the other hand, no activity from hemolysin and chitinase
was observed in V. parahaemolyticus XN9 in our study.
Regarding hemolysin of V. parahaemolyticus, both thermostable
direct hemolysin (TDH) or TDH-related hemolysin (TRH) are
considered as major virulence factors of V. parahaemolyticus
because of their ability to effectively induce cell lysis [2].
However, not all pathogenic strains contained hemolysins and,
while 90% of human clinical isolates are hemolysin producers,
shrimp disease-causing isolates are not [6, 19, 28]. Chitinase, on
the other hand, was not investigated much as a virulence factor
in V. parahaemolyticus. It seems that the chitinase-encoding gene
lies on a prophage-like element and multiple genes are involved
in the chitin-degrading ability of V. parahaemolyticus [29, 30].
The chitinase activity requires proper conditions to be induced
[30] and thus it is understandable if it was not observed under our
study settings.

Conclusions

Insummary, our study showed that the media containing shrimp
extract not only enhanced the viability of V. parahaemolyticus
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XN9, but also improved its production of virulence factors,
especially the giant tiger prawn and giant river prawn extracts.
Therefore, it is suggested that shrimp extracts have the potential
to replace conventional nutrient ingredients in preparation media,
which assists the study of V. parahaemolyticus in laboratory
conditions.
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