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Abstract

responses and gene expression in Litopenaeus vannamei.

INTRODUCTION

The commercial shrimp farming is largely based on
culturing tiger shrimp (Penaeus monodon) kuruma shrimp
(Marsupenaeusjaponicus) and white shrimp (Litopenaeus
vannamei) and this has been predominantly affected by
infectious pathogens, such as bacteria and viruses [1]. In general,
crustaceans have not acquired immunity, as an alternative they
have an innate immune system, which comprises of melanisation
by activation of the prophenoloxidase activating system (pro
PO system), a clotting process, phagocytosis, encapsulation of
foreign material, antimicrobial action, and cell agglutination [2].

The immune stimulatory role of polysaccharides have
been broadly studied and reviewed in fin fishes and shellfish
[3]. The alginates extracted from brown seaweeds plays a role
in enhancing the oxygen transference through the cellular
membrane of fish lymphocytes and macrophages, so increasing
the metabolic activity, resulting in improved disease resistance
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This study assessed the stimulatory role of supplementation of low viscous sodium
alginate extracted from Turbinaria decurrens (Phaeophyta) on the immune response
of the white shrimp Litopenaeus vannamei. The total haemocytes count, phenoloxidase
activity, respiratory burst and lysozyme activity of shrimp fed with diets containing
sodium alginate was significantly higher than that of control (without sodium alginate).
An increase in resistance against V. parahaemolyticus was observed in shrimps under
laboratory conditions. An enhanced activity of BGBP, PE, proPO, cyt-SOD, PA-5 and
SWDP mRNA transcriptions was observed in shrimps when fed with sodium alginate. In
addition to that, expression fold of PE, pro PO and SWDP was higher with low viscous
sodium alginate when compared to higher viscous sodium alginate. Our results suggest
that low viscous sodium alginate supplementation plays a significant role in the immune

[4-10]. The hot-water extract of brown sea weed Sargassum
duplicatum enhanced the immune resistance of white shrimp
Litopenaeus vannamei against V. alginolyticus infections [11].
Sodium alginate has been reported to increase the resistance of
Cyprinuscarpio against Edwarsiellatarda infection [12], and the
non-specific defense system of C. carpio [6].

However, the immune genes transcription of shrimp
consequent to immunostimulators administration is yet to be
explained [13], has reported that the proPO system in haemocytes
of the white shrimp Litopenaeus vannamei serves an important
function in non-self-recognition and host immune reactions.
There is a significant similarities in the primary structures of
proPO, peroxinectin and clotting protein (CP) from shrimp and
crayfish. Also, it has been demonstrated that the immune genes
and immune defense are likely to be very similar and hence much
knowledge can be learned from studies on crustaceans in general
[14].
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The present study was aimed at assessing the immune factors
and immune gene expression in white shrimp Litopenaeus
vannamei, after feeding the shrimps with diets containing low and
high viscosity sodium alginate extracted from brown seaweed.

MATERIALS AND METHODS

Preparation of test diets

The sodium alginate was extracted from Turbinaria decurrens
(brown alga) by the method described by [15,16]. The extract
was mixed with commercially available artificial pellet feed.
The four types of formulated diet are Type (1)-control (without
alginate); Type (2)-standard (sodium alginate-Sigma product);
Type (3)-1% and Type (4)-2 %) was prepared using the extract.
For the present study the viscosity of alginate was taken into
consideration for preparing the pellet feed. The viscosity of
alginate obtained from Turbinaria decurrens was low (14 mPa-s)
whereas the standard alginate (Sigma product) used was high (38
mPa-s). For coating, the feed pellets was mixed with the extract
solution and incubated at room temperature for 7 days. After
the absorption of the extract, it was coated with the binding gel
to prevent dispersion of the extract in water. The feed was then
dried and stored at room temperature until given to shrimp [17].

Collection and maintenance of experimental shrimp

Litopenaeus vannamai (white shrimp) were collected from
culture pond near Sirkali (Lat. 11°29” N and Long. 79°46” E), Tamil
Nadu, south east coast of India. Shrimp length ranged from 7.3 to
9.0 cm and weight 8 to 9.5 g. Shrimps (n=150) were cultured in
circular tank (150 L) and acclimated to the laboratory conditions
for 15 days before the experiment. During acclimation period, the
shrimps were fed twice daily with commercial pellet feed. In the
tank, aeration was provided at regular interval and 50% of water
was exchanged daily to maintain the water quality. During the
culture periods, water temperature, 29.0+0.5°C; pH, 7.5+1.3 and
salinity, 32+3.1% was maintained.

Immune parameters of L. vannamei

Haemolymph collection: Haemolymph (100 pl) was
collected from the ventral sinus of each shrimp into a 1 ml sterile
syringe (25 gauge) and 0.9 ml of anticoagulant solution (0.45
M sodium chloride, 0.1 M glucose; 30 mM sodium citrate, 26
mM citric acid, 10 mM EDTA, pH 7.5 and an osmolality of 780
mOsm kg?). The remaining haemolymph mixture was used for
subsequent tests.

Total haemocytes count: A drop of the anticoagulant-
haemolymph mixture was placed on a haemocytometer to
measure total haemocytes count (THC). The haemocytometer
was observed under light microscope (Magnius MLX) and a
countin all 4 squares was done using routine method. Haemocyte
count=NxD/A x 10 x 103 cells ml? (where, N=total number of
cells counted; D = dilution of haemolymph; A = total area counted
(in mm?); 10 = factor to convert area to volume (ul), assuming a
chamber of 0.1 mm depth; 103 = factor to convert count per pl to
count per milliliter).

Total phenoloxidase (PO) activity: Total phenoloxidase
activity was determined by using L-Dihydroxyphenylalanine
(L-DOPA) [18]. Briefly, 100 pl of centrifuged haemolymph was

mixed with 50 pl phosphate buffered saline (PBS) solution and 50
ul of enzyme inducer trypsin (Hi Media. 1 mg ml?) and incubated
for 15 min at 25°C in 96-microliter plates (flat bottomed).
In controls, trypsin and serum were replaced by PBS. After
incubation, 100 pl of a L-DOPA solution (10 mg 1ml*') was added
to that mixture and incubated for 10 min at 25°C. Then the sample
were read at 490 nm using a VERSA maxtunable microplate
reader (Associates of Cape Cod Incorporated, East Falmouth, MA,
USA) [19].

Reduction of NBT by haemocytes: To determine the amount
of superoxide anion, the reduction of nitrobluetetrazolium (NBT)
by haemocytes was measured. Haemolymph (100 pl) was placed
in a microplate and incubated for 30 min at room measured. The
supernatant was discarded and 50 pl of 0.3% NBT were added
and incubated for 2 h at room temperature. The supernatant was
again discarded, and the haemocytes were fixed with 200 ul of
absolute ethanol. Haemocytes were washed twice with 200 pl
70% methanol and was allowed to dry. The formazan deposits
generated were dissolved in 120 pl 2 M KOH and 140 pl dimethyl
sulfoxide (DMSO) and optical density at 620 nm was recorded
using a microliter plate reader [20].

Lysozyme activity: Lysozyme activity was measured by the
modified method of Minagawa [21]. In this turbidometric assay,
0.03% lyophilized Micrococcus lysodeikticus in PBS was used as
substrate. Ten microliters of haemolymph was added to 250 pl
of bacterial suspension in duplicate wells of a microliter plate
and the reduction in absorbance of 490 nm was determined
after every minutes (1,2,3,4 and 5) of incubation at 22°C using a
microliter plate reader. One unit of lysozyme activity was defined
as areduction in absorbance of 0.001 per min.

Challenge with Vibrio parahaemolyticus: In the present
study, the bacterial pathogen Vibrio parahaemolyticus was used
as a test organism. Lyophilized strain was used in this study.
The bacterial strain was sub cultured and centrifuged at 10000g
for 10 minutes at 4°C. The supernatant were discarded and the
bacterial pellet was washed three times and resuspended in PBS
at pH 7.4. The OD of the solution was adjusted to 0.5 at 456 nm
which corresponded to 1x 107 cells ml. After sodium alginate
treatment, shrimp were injected (50 pl) with V. parahaemolyticus
(1x107 cells ml™") were observed for three weeks.

Immune gene expression: Haemolymph (0.50 ml) was
collected from the ventral sinus cavity of each shrimp into a
1ml sterile syringe (with 25 gauge needle) containing 0.5 ml of
precooled (4°C) anticoagulant solution (0.45 M sodium chloride,
0.1 M glucose, 30 mM sodium citrate, 26 mM citric acid, 10 mM
EDTA, at pH 7.5 and with an osmolality of 780 mOsm kg?). The
diluted haemolymph was centrifuged at 500 x gand 4°C for 20min,
and the haemocyte pellet was washed once with cacodylate
buffer (10 mM sodium cacodylate, 0.45 M sodium chloride, 20
mM calcium chloride; pH 7.0).The resulting haemocyte pellet was
then used for the total RNA isolation.

RNA isolation and RT-PCR of samples: Total RNA
was isolated from TRIZOL- (Sigma, India) according to the
manufacturer’s instructions. Briefly, the sample in TRIZOL was
repeatedly pipetted to disrupt cells. The samples were incubated
for 5 min at room temperature to permit complete dissociation
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of nucleoprotein complexes, 0.25-ml portions of chloroform
were added, and the samples were centrifuged at 12,000 x
g for 15 min at 4°C. Upper aqueous phase was mixed with five
milligrams of RNase-free glycogen and 0.5 ml of isopropyl
alcohol were introduced to precipitate nucleic acids for 15 min
at room temperature, and the pellets were washed with 75 %
ethanol (in DEPC-treated water) (Invitrogen, U.S.A.)). Pellets
were resuspended in RNase free water, and DNase [ (Invitrogen)
treatment was performed according to the manufacturer’s
instructions. RT-PCR was performed in triplicate using Super
Script TM two Step RT-PCR with platinum® Taq kit according to
the manufacture’s recommendations (Invitrogen, Carlsbad, CA,
U.S.A) [22].

For cDNA systhesis, complementary DNA was synthesized
from 1 pg total RNA from each sample in 20 pL of reaction buffer
(contained 50 mMTris-HCI, pH 8.3, 75 mMKCI and 3 mM MgCl,)
using Super Script II reverse transcriptase enzyme (Genetech,
Rt-PCR mix- Germany) in a 20 pl volume reaction containing 10
mM dithiothreitol, 10 U RNase inhibitor (Promega, Madison, WI,
USA), 1 mMdNTPs and 2.5 pM random hexamers. Each sample
was incubated for 45 min at 45°C, followed by 1 min at 72°C in
Agilent amplicon system (AGILENT Biosystems), the prepared
cDNA was stored in -20°C for further use. The cDNA (1pul) was then
amplified in 20 pl of reaction buffer for 40 cycles of denaturation
(96°C for 30 s), annealing (56°C for 30s), and extension (72°C
for 30 s) using primers. The immune genes studied were- GBP
(b-1,3-glucan-binding protein), proPO (prophenoloxidase), PE
(peroxinectin), cyt-SOD (cytosolic SOD), PA-5 (penaeidin-5),
SWDP (domain protein) and b-actin [23].

Primer design: The specific primer pairs were designed
for each experimental gene’s mRNA sequence using primer
express software (Applied Biosystems, Foster City, CA, USA).
The description is shown below. BGBP forward primer,
5-CATGTCGAACTTCGCTTTCAGA-3’ and reverse primer, 5'-
CACCGCGTGGCATCTTG-3" (accession no.. AF368168); proPO
forward primer, 5’-CGACTCCTGGATGCCATACAT-3’ and reverse
primer, 5- CATCGCGAAGAG GAACTTTGT-3' (AF521948);
PE forward GTTTCGCGGGCACATCTC-3° (AF188840); cyt-
SOD forward primer, 5- GGCTGGTACAGTCAGTCCTCAGA-3’

and reverse primer, 5-CCTCACCCAATTCAGCATTGA-3’
(BI784454); PA-5 forward primer, 5-  GGCTAAG
CCTGTGGCATGA-3" (AY326471); SWDP forward primer,

5’- GCCAGACGGATTGGGA TTG-3' and reverse primer, 5'-
AGCCATTTATCAGGCAGCATATG-3" (BI784457); and b-actin
forward primer, 5’- CACCACCGCTGAACGAGAA-3’ and reverse
primer, 5’- AAGG GCGACATAGCAAAGT TTTC-3’ (AF100986).

RT-PCR was performed by monitoring the increase in
fluorescence intensity of the SYBR Green dye with a Rotor-Gene
3000 Real-time PCR apparatus (Corbett Research) according
to the manufacturer’s instructions. All measurements were
performed in triplicate. Real-time Rt-PCR data were represented
as Ct values, where Ct was defined as the threshold cycle of PCR
when amplified product was first detected. To minimize intra-
and inter-assay variability caused by differences in PCR efficiency,
the quantity of 5- tissue. The Ct or threshold value of the target
sequence is directly proportional to the absolute concentration
when compared with the threshold value for reference genes.

The relative expression level of target gene were plotted as fold
change compared to control and determined by the 2 method
[24], a relative quantification algorithm. The amount of the
changed gene can be calculated by factor X with the formula: X=2-
Aact. Where AAct= (Ct of target) control- (Ct, of target x b-actin)
sample.

RESULTS AND DISCUSSION

In recent years, there considerable number of works
emphasizing the potential benefits of immunostimulants to
enhance the immunocompetence and disease resistance of
cultured shrimp [25]. A 60-day feeding trial in beluga, Husohuso
juvenile indicated that diet 4 g/kg alginic acid had the best
response on the growth and immune system [26]. Similarly,
brown-marbled grouper Epinephelus fuscoguttatus fed with diets
containing sodium alginate and kappa carrageen an showed
100% survival for the fish that was fed with all diets after 14
weeks and no significant difference in growth was observed
among the diets.

Earlier reports on E. fuscoguttatus which was fed with
diet containing sodium alginate and k-carrageenan enhanced
the innate immunity and increased the resistance from V.
alginolyticus infection [27]. The present study supported the
previous report where the supplementation of sodium alginate
significantly influenced the immune response in L. vannamei.

The Sargassum fusiforme polysaccharide extract was assessed
as a feed additive for juvenile shrimps of Fenneropenaeus
chinensis, against vibriosis and immune activity. In general, oral
administration of polysaccharide extract of 0.5 % and 1.0% for 14
days effectively improved vibriosis resistance and enhanced the
immune activity of the shrimp [28]. Similar observations were
recorded in the present study where diet with sodium alginate
highly increased resistance against V. parahaemolyticus (Figure
1).

However, no significant differences in the total haemocyte
count, SGCs, or GCs were observed in shrimp fed with sodium
alginate diet [29] whereas [30] showed significantly increased
SOD activity and decreased respiratory bursts. Also, in the present
study total haemocytes count, phenoloxidase activity, respiratory
burst and lysozyme activity of shrimp fed with diets containing
sodium alginate was significantly higher than that of shrimp fed
with control (without sodium alginate). Except total haemocytes
count (Figure 2), the total phenoloxidase activity (Figure 3), NBT
activity (Figure 4) and Lysozyme activity (Figure 5a & 5b) was
found to be high in shrimps fed with low viscous sodium alginate
diet. The diversity of PO activity and respiratory bursts induced
by sodium alginate may be related to the species studied [29].

Like, in the present study [30] reported significantly
increased BGBP and penaeidins gene expressions in shrimp fed
with a diet containing sodium alginate. Also, the results clearly
suggest that sodium alginate orally administered enhances the
activation and activity of the proPO system and mechanism of
phagocytosis which might result from BGBP and antibacterial
peptide gene transcriptions in shrimp (Figure 6 and 7). [30]
Indicated that P. monodon fed diets containing 1.0 and 2.0 g/
kg sodium alginate had approximately 2.3 and 13.1-fold higher
expressions of PE mRNA, respectively, than did shrimp fed the
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Figure 1 Cumulative survival rate of Litopenaeus vannamei fed with
different diets on 30th day.
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Figure 2 The total haemocytes count of Litopenaeus vannamei fed
with different diet on 30th day.
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Figure 3 Total Phenoloxidase activity of Litopenaeus vannamei fed
with different diet on 30th day.

control diet. Like in the previous study, the present work also
shows that shrimps fed with diet containing 1% and 2% sodium
alginate had approximately 5.03 and 4.6-fold higher expressions
of PE mRNA, respectively, than the control diet (Figure 8).
These results suggest that sodium alginate enhances the cellular

defence reaction by enhancing encapsulation and phagocytosis
resulting from activation of the proPO system in L. vannamei. The
expression fold of cyt-SOD (Figure 9) in L. vannamei was found
to be high, whereas PA-5 showed more or less similar results
(Figure 10) for both high and low viscous alginate diets. The
expression of SWDP in P. monodon was remarkably increased
with the sodium alginate containing diet [30] and more or
less similar observations were made in L. vannamei (Figure
11). These facts suggest that sodium alginate enhances serine
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Figure 4 NBT activity of Litopenaeus vannamei fed with different diet
on 30th day.
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Figure 5a Lysozyme activity of Litopenaeus vannamei fed with
different diets on 15th day.
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Figure 5b Lysozyme activity of Litopenaeus vannamei fed with
different diets on 30th day.
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Figure 6 Expression fold of BGBP in Litopenaeus vannamei fed with
different diets on 30th day.
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Figure 9 Expression fold of cyt-SOD in Litopenaeus vannamei fed with
different diets on 30th day.
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Figure 7 Expression fold of proPO in Litopenaeus vannamei fed with
different diets on 30th day.
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Figure 10 Expression fold of PA-5 in Litopenaeus vannamei fed with
different diets on 30th day.
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Figure 11 Expression fold of SWDP in Litopenaeus vannamei fed with
different diets on 30th day.
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proteinase inhibitors and antibacterial activity to help regulate
the immunity of shrimp.

Except few studies not much work has been done on immune
gene expressions of shrimp. In most of the studies the trial period
was longer whereas in the present study it was only for 30 days
but at the same time the stimulatory role of sodium alginate was
significant during this period.

CONCLUSION

The expression fold of BGBP and cyt-SOD was higher with high
viscous sodium alginate diet whereas for PE, proPO and SWDP it
was with low viscous sodium alginate diet. The expression fold of
PA-5 was more or less same in both high and low viscous sodium
alginate diets. Hence, this study clearly shows the stimulatory role
of low and high viscous sodium alginate on immune responses
and gene expression in Litopenaeus vannamei.
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