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Abstract

Background and purpose: The Vibrio spp. are indigenous bacteria in
the marine environment and usually constitute the majority in normal
microflora of farmed and wild penaeid shrimp. They are one of the most
diverse and vital shrimp pathogens that cause heavy mortalities in aquacul-
ture facilities worldwide. The present study aimed to isolate and character-
ize the causative agent of mass mortality in Peneaus vannamei collected
[from the shrimp farms of Amlapuram, Andhra Pradesh, India, and the
salinity-pathogenicity interaction in the shrimp.

Materials and methods: 10 isolate and characterize the pathogenic
bacteria from the hepatopancreatic tissue of moribund, P. vannamei per-
Jformed morphology, physiology, biochemical tests, and molecular analysis.
Three virulence genes, namely ompK, toxR, and collagenase, were tested
using PCR. In addition to that virulence gene study, bacterial pathogenic-
ity with different salinity and antibacterial activity of the ethanol and the
crude stem juice extract of Tinospora cordifolia against Vibrio alginolyti-
cus were tested.

Results: Bacterial isolates were phenotypically and genotypically identi-
fied as Vibrio alginolyticus strain AMLAOI (GenBank accession number:
KY494863.1). The strain is positive for three virulence genes: ompK, toxR,
and collagenase. The study concerning the interaction of bacterial pathoge-
nicity with different salinity 0, 5, 10, 15, 20, and 25 ppt showed that 5 ppt
to 20 ppt showed maximum resistance against bacterial infection in P. van-
namei with higher CEUshrimp value. In the case of O ppt and 25 ppt, the
salinity CFU/shrimp value decreases, and bacterial pathogenicity increases.
The antibacterial activity of both the ethanol and the crude stem juice ex-
tracts of T. cordifolia, exhibited antibacterial activity against V. algino-
lyticus.

Conclusions: The cause for the mass mortality of juvenile shrimp P.
vannamei in Amlapuram, Andhra Pradesh, India, was Vibrio alginolyti-
cus strain AMLAOIL. Further work is necessary to isolate and purify the
active constituents in stem extracts and examine the absorption pattern of
the active ingredients of these plants, which will allow the scientific com-
munity to recommend their utilization as an accessible alternative to syn-
thetic antibiotics.

INTRODUCTION

Penaeus vannamei, Pacific whiteleg shrimp, is a worldwide suitable
species for aquaculture development, with an annual production of
5.8 million tons (1). The output is expected to increase at an annual
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growth rate of 2.7% by 2030 (2). The Indian shrimp mar-
ket attained a volume of 0.93 million tons in 2023. The
market is further expected to grow at a CAGR of 9.60%
in the forecast period 0f 2024-2032, reaching a volume of
approximately 2.12 million tons by 2032. Andhra Pradesh
is the leading shrimp producer, accounting for over 50%
of the total output (3). The potential area available for
brackish water aquaculture in Andhra Pradesh is about
150,000 ha, with a network of 172 brackish water bodies
in 9 coastal districts (4). This accounts for 12.6% of the
total potential area in the country (1.2 million ha). Out
of the total potential area in Andhra Pradesh, 84,951 ha
(56.6%) has been developed for shrimp farming (5). In
India, as the area affected by inland saline water is increas-
ing P. vannamei are being cultured in different salinities
ranging from 0-35 ppt. In different salinity, the physio-
logical response and the protective mechanism of P. van-
namei against the pathogenic organism may vary. Simi-
larly, the pathogenicity of the pathogen may also vary
with salinity variation.

The higher growth of P. vannamei farming operations
and infirmity in management practices become a possible
cause of the incidence of diseases of both infectious and
non-infectious origin (6). The disease has become a severe
restraint to aquaculture, leading to a subsequent increase
in the cost of production year by year (7). The Vibrio spp.
are rich bacteria in the marine environment and usually
constitute the majority in normal microflora of farmed
and wild penaeid shrimp, and are one of the most diverse
and important shrimp pathogens that cause heavy mor-
talities in aquaculture facilities worldwide (8). Heretofore,
from different penaeid shrimps, multiple pathogenic Vi-
brio strains viz. Vibrio nigripulchritudo, V. alginolyticus,
V. campbellii, V. parahaemolyticus, V. penacicida, V. har-
veyi, V. splendidus have been isolated and characterized
(9). In the Indian context, particularly in Andhra Pradesh
districts, namely Nellore, Prakasam, Guntur, Krishna,
West Godavari, East Godavari P. vannamei aquaculture
industry faced a serious problem related to bacterial dis-
eases (10). Which results in this dumping of antibiotics
and other chemicals in the shrimp culture ponds results
in the emergence of antibiotic-resistant pathogens, and
the rejection of shrimp consignment due to the detection
of antibiotic residues in shrimp tissues by various import-
ing countries has led to a need for alternatives to antibiot-
ics in shrimp farming. Herbal drugs are primarily knuck-
led down as an alternative source against manifestations
caused by various micro-organisms due to the abuse of
antimicrobial drugs, pesticides, and disinfectants in aq-
uaculture disease prevention and growth promotion,
which has led to the progression of resistant strains of
bacteria and questions of safeness (11).

A P. vannamei farm in Amlapuram, Andhra Pradesh,
India, succumbed to mass mortality, it was believed that
the main pathogenic agent was from Vibrio sp., and sus-
pected pathogenic bacteria V. alginolyticus was isolated
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from diseased shrimp. In a previous study, the V. algino-
lyticus infection was confirmed in Lates calcarifer (12),
tiger prawns (Penaeus monodon) (13), white leg shrimp
(Litopenaeus vannamei) (14, 15). But, the pathogenicity
study concerning different salinity, virulence genes, and
herbal drug treatment is scanty and scattered. Therefore,
in the present experiment, cause of illness of P. vannamei
was thoroughly investigated. We studied the phenotypic
characteristics of the isolated bacteria, their main bio-
logical characteristics, extracellular enzymes produced,
the interaction of bacterial pathogenicity with different
salinity, their 16S rRNA gene sequence, phylogenetic
analysis, detected antibacterial sensitivity against herbal
plant Tinospora cordifolia extract. This study also describes
the pathogenicity of V. alginolyticus in terms of salinity
variation and the presence of virulence genes, which can
be a basis for the prevention and control of disease epide-
miology.

MATERIALS AND METHODS

Experimental Animal

The moribund Pacific white shrimp P. vannamei sam-
ples were collected from the shrimp farms of Amala-
puram, Andhra Pradesh, which were concerned with
mass illness due to bacterial infection. The moribund
shrimps were aseptically transported to the molecular
biology laboratory of ICAR-CIFE, Kakinada centre,
within two hours in sterile water using a plastic drum
with an aeration facility at the water temperature of
28+3°C. The Physico-chemical parameters, including
salinity, dissolved oxygen (DO), pH, alkalinity, hardness,
and ammonia, were analyzed during sampling in the in-
fected pond. The water quality parameters were analyzed
following the standard protocols (76). Animals were
handled as per the Institute Animal Ethical Committee
and Institutional Biosafety Committee (IBSC) guide-
lines.

Bacterial isolation

The microbiological analysis was carried out following
Sharma ez al. (17), by randomly picking ten numbers of
shrimp from each pond, a total of 30 shrimp from three
ponds, including moribund and normal. A known weight
of tissue samples, viz. muscle and hepatopancreas of the
infected shrimp, were collected aseptically by dissecting
the shrimp. Tissues were homogenized in phosphate-
buffered saline (PBS) and serially diluted in the same buf-
fer for up to 107 dilutions. Triplicate samples were plated
on thiosulfate citrate bile salt sucrose (TCBS) agar (Hi-
media, India) supplemented with 2.5% NaCl. The culture
plates were incubated aerobically for 24 h at 37°C and
further observed up to 48 h, 72 h, and 96 h at 35°C for
any slow-growing bacterial colony and the color of the
colonies formed.
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Phenotypic identification

The isolated bacterial microbiota was selected for phe-
notypic identification based on the higher virulence. The
identification protocols include morphology, biochemical,
and physiological confirmative tests based on the meth-
odologies described by Bergey’s Manual of Systematic
Bacteriology (18) and the HIIMVIC biochemical test kit
(Himedia India). Cell morphology was observed by using
microscopy. The identification test includes gram stain-
ing, motility, colony color, the size of TCBS, oxidase,
catalase, production of indole, H,S, NO, production,
hydrolysis of starch, growth in 0,1,3,5,10% NaCl, growth
at 4°C, 30°C, 37°C, 40°C, Voges Proskauer, arginine
dihydrolase, lysine decarboxylase, ONPG, citrate utiliza-
tion, ornithine decarboxylase, inositol, mannitol, arabi-
nose, sucrose, glucose, salicin, cellobiose, melibiose, sor-
bitol, etc. Growth at different NaCl concentrations (0%,
1%, 3%, 5%, and 10% (w/v)) was determined in peptone
water (10 g peptone per liter). Each isolate was grown in
tryptic soy broth (TSB, Himedia, India) supplemented
with 2.5% NaCl at 35°C for 24 h, before being stored with
20% (v/v) sterile glycerol at -20°C.

Screening for other important pathogens

Initially, the shrimps were screened for WSSV to con-
firm the presence of WSSV following a single-tube WSSV
detection kit (Bangalore Genei, India). The genomic DNA
was initially extracted from tissue samples following the
manufacturer’s protocol. Single-tube PCR amplification
was performed from the genomic DNA template per the
manufacturer’s protocol (19). Triplicate samples from each
sampling area were analyzed for the diagnostic PCR. Apart
from WSSV, Shrimps were also tested and screened for
other pathogens, such as Infectious Myonecrosis Virus
(IMNV) (20) and Enterocytozoon hepatopenaei (EHP) (21).

Genotypic identifications

The culture isolate was subjected to molecular analyses
to compare and test the phenotypic determination. Ac-
cording to the manufacturer's protocol, the genomic
DNA was extracted from the isolated bacteria using a
Uniflex DNA isolation kit (Himedia, India). The 16S
rRNA gene was amplified by PCR using universal prim-

Table 1. PCR primers, targets, amplicon sizes used in the study.

ers (22) 27F, 5' AGA GTT TGA TCM TGG CTC AG
3’and 1492R, 5' TAC GGY TACCTT GTT ACG ACT
T 3" The nucleotides of the 16S rRNA sequence were
matched with the other microbes in the National Centre
for Biotechnology Information (NCBI) database using
the program Basic Local Alignment Search Tool
(BLAST). The evolutionary history was inferred using the
Neighbor-Joining method. The evolutionary distances
were computed using the Maximum Composite Likeli-
hood method. The analysis involved 11 nucleotide se-
quences. All positions containing gaps and missing data
were eliminated. There were a total of 1353 positions in
the final dataset. Evolutionary analyses were conducted

using MEGA?7 software.

Virulence gene assay

The genomic DNA was extracted from the pure cul-
tures of the isolated bacteria using a uniflex DNA isola-
tion kit following the manufacturer's instructions (Hime-
dia, India). Three virulence factor genes encoding the
outer membrane protein (ompK), toxR gene, collagenase
gene were respectively amplified by PCR using specific
gene primers as described in Table 1. PCR amplification
was performed for collagenase in a final volume of 25 uL
and ompK and toxR genes 50 pl using a Hi-PCR Kit (Hi-
media, India). For amplification of the collagenase gene
(23), the reaction mixtures consisted of 2x Tag PCR mas-
ter mix 12.5 pL, 0.5 pL forward and 0.5 pL reverse prim-
ers, respectively, 9.5 pL. ddH,O and 2 pL. DNA as a tem-
plate. The thermal cycling conditions were optimized as
an initial denaturation at 95°C for 5 min followed by a
total of 35 cycles of denaturation at 95°C for 30 sec, an-
nealing at 57°C for 30 sec, and extension at 72°C for 50
sec. While for other genes, toxR gene (24) and outer mem-
brane protein (ompK) (25) the PCR was carried out using
1 pl of DNA template, 25 pl of 2x Tag PCR master mix,
1ul of each forward and reverse primers and sterile dis-
tilled water. The thermal cycling conditions were opti-
mized as an initial denaturation at 94°C for 4 min fol-
lowed by a total of 35 cycles of denaturation at 94°C for
1 min, annealing at 54°C for 1 min, and extension at
72°C for 1 min. The final extension was done at 72°C for
2 min. A reagent blank except for template DNA, for
which sterile distilled water was used. The PCR products

Name of gene Primer sequence (5™-3’) Product size (bp) Length (bp)
Collagenase f:CGAGTACAGTCACTTGAAAGCC 737 22
r:CACAACAGAACTCGCGTTACC 21
ToxR f:GATTAGGAAGCAACGAAAG 658 19
r:GCAATCACTTCCACTGGTAAC 21
Ompk f:GGCGGTCGCTCTGGTATT 319 18
' TTGCCATCGTAAGTGCTGTA 20
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were electrophoresed on 1.5% agarose gel stained with
ethidium bromide (1 mg mL") and visualized through
ultraviolet trans-illumination. A 50-bp DNA ladder was
used as the size standard.

Pathogenicity study

To study the pathogenicity of the causative bacterial
pathogen, bath challenges were made against healthy P.
vannamei juveniles using the isolated bacteria from the
infected shrimps (77). Healthy juveniles (tested negative
for WSSV, IMNV and EHP) weighing approximately 7 g
were acclimatized for one week in 10 ppt seawater. Ani-
mals were fed twice daily (09:00 to 17:00) with a com-
mercial feed. Shrimps were distributed in a 50 L FRP tank
with 20 animals, each with constant aeration. The domi-
nant isolates were incubated in TSB (Himedia, India)
supplemented with 2.5% NaCl and incubated at 35°C for
18 h, allowing each to reach the late exponential growth
phase. Shrimps in triplicates were challenged with 2.0x
107, 2.0x10°, 2.0x107, 2.0x10%, 2.0x10%, 2.0x10?, 2.0x10"
CFU mL™ concentration of dominants bacterial isolates.
Controls were used with the same number of larvae in
filtered seawater without bacterial inoculation. Dead
animals were collected immediately after death, and a
bacterial investigation was performed. Pathogenicity of
the isolated strains was analyzed by studying the mortal-
ity rate of the larvae, and average values were taken to
calculate percentage mortality (9). The experiment was
continued for 96 h.

LDso value determination

The LDy, tests, with batches of ten prawns per dose (in
duplicate), were conducted by intramuscular (i.m.) injec-
tion of 0.1 ml bacterial suspension (10°, 10°, 10, 10> CFU/
ml) into the shrimp at the site between 4th and 5th ab-
dominal segments (26, 27). Deaths of the tested animals
were recorded daily for 7 days post i.m. injection. Re-iso-
lation and identification of the bacteria from hepatopan-
creas or hemolymph of moribund shrimp post-bacterial
challenge was conducted with TSA and TCBS plates. The
bacterial count was done twice on isolates selected for chal-
lenging bioassays in P. vannamei. Isolates were grown in
TSB supplemented with 2.5% NaCl and incubated at 35°C
for 18 h. Samples were centrifuged at 2400x g for 20 min,
and the cell pellet was suspended in 1 mL of sterile saline
solution (2.5% NaCl). The bacterial solution was adjusted
spectrophotometrically to an optical density of 1 at 580
nm. The bacterial count was done using the serial dilution
method using plates with TSA supplemented with 2.5%
NaCl and incubated at 35°C for 24 h.

Pathogenicity study in terms of salinity
variation

A challenge study was conducted using the bath chal-
lenge method to determine the LD, of the isolated strain
(17). To study the pathogenicity, healthy juveniles weigh-
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ing approximately 7 g were acclimatized for fifteen days
in different 0, 5, 15, 20, 25 ppt saline water tanks. Shrimps
in triplicates were challenged with 2.0x107, 2.0x10°,
2.0x10°, 2.0x10%, 2.0x10°, 2.0x10?, 2.0x10' CFU mL"!
concentration of dominants bacterial isolates with respect
to each salinity. The assays were performed for 4 days. The
experimental doses were done according to the previous
bacterial count. Values of pH, salinity, dissolved oxygen,
and temperature were monitored daily. During each bio-
assay, mortality was recorded two times a day, and dead
shrimp were removed. During the assay period, no clean-
ing of the tanks was done, and the temperature was main-
tained between 28-30°C to promote vibrio infection.

Preparation of extract and antibacterial
sensitivity test

'The plants of Tinospora cordifolia were collected from
trees growing on the Balabhadrapuram farm, ICAR-
CIFE, Kakinada Centre. The collected plant stems were
thoroughly washed with water to remove dirt and made
into small pieces using a cutter. They were then shade-
dried and ground well using a mixer grinder and sieved.
For solvent extraction, the sieved powder was soaked with
equal ethanol (1:1) for 48 h with continuous shaking (28).
The slurry was then filtered and washed to remove non-
soluble fractions. The extracts were then taken to dryness
in front of the fan. The filtered substance was then cen-
trifuged (20,000 g for 30 min). After the centrifugation,
the extracts were condensed at 35°C to evaporate the sol-
vent residue. These extracts were re-suspended in ethanol
to yield 50, 100, 150, 200, 250 mg residue mL" solvent.
Another portion of the fresh stems was blended to get the
juice of the stems and was mixed with distilled water to
make different concentrations of 10, 25, 50, 75, and
100%. Similarly, a negative control disc was prepared
with sterile distilled water. The antibacterial activity of the
stem extracts was tested iz vitro using a disc diffusion
assay (29). The inoculum size of the bacterial culture was
standardized (30). A single colony from the bacteria spe-
cies was selected and suspended in sterile saline until tur-
bidity was comparable or adjusted to 0.5 McFarland
units. Prepared 1000 mL of Mueller-Hinton agar with
3% NaCl and TCBS agar as per the manufacturer's in-
struction. The final inoculum size was standardized to 10°
CFU mL" with the help of a turbidimeter. A diluted (0.2
mL) bacterial culture was poured into sterile 10 cm Petri
plates containing 15 mL of Mueller-Hinton and TCBS
agar medium and spread over agar plates using a sterile
glass rod; 0.1 mL of each extract was applied per filter
paper disc (Whatman no. 1, 5 mm diameter) and was
allowed to dry before being placed on to the top layer of
the agar plates. Similarly, two control discs (positive and
negative) were prepared in addition to the extract-treated
disc where ethanol was added in the positive control disc
and sterile distilled water was used in the negative control

disc. The plates were incubated at 37°C for 24 h. The
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experiments were carried out in triplicate, and the anti-
bacterial activity of the test material was observed through
the zone of inhibition by measuring the diameter of the
disc, including the diameter in mm. The inhibition diam-
eter from the negative control was subtracted from that
in the herbal extract test dishes, and the remaining area
was calculated as the inhibition zone. The average diam-
eter of the zone of inhibitions was recorded, and the re-
sults were expressed as mean + standard deviation.

Data analysis

One-way ANOVA was carried out using the SPSS
statistics data package, and the mean was compared at a

0.05 % level.

RESULTS AND DISCUSSION

Pathology, Bacterial isolation, and
Screening for other pathogens

The disease outbreak was in the semi-intensive 7. van-
namei farm of Amlapuram, Andra Pradesh, India. The
average body weight of the affected shrimp ranged from
5.0 to 6.0 g on the day of sampling. The affected P. van-
namei shrimps were pale HP with discoloration, erratic
swimming, lethargy, loss of appetite, pale white muscles,
pale red shells, and appendages breaking off the antenna.
The range of Physico-chemical parameters of all the three
pond water viz. temperature (28-30°C), pH (8.0- 8.5),
dissolved oxygen (5.2-5.7 mg/L), alkalinity (170.2-180.5),
salinity (12.2-14.5 ppt), hardness (5870-6000 ppm) and
ammonia (1.02-1.4 ppm) were reported. After 24 h of
incubation at 37°C under aerobic conditions, bacterial
colonies appeared as short rods with a curved shapes, 2-5
mm diameter, opaque, yellow on TCBS agar. After 48 h
incubation at 37°C, only one type of dominant colony
was observed in all the plates. All the colonies were tested
by Gram’s staining method and viewed under a micro-
scope and the same type of gram-negative curved-rod
shape) bacteria were isolated from the diseased fish. PCR
amplification was performed using the single tube WSSV
detection kit (Bangalore Genei, India) from the genomic
DNA of infected P. vannamei, which revealed that no
positive PCR signals were observed in the tested shrimps.
Shrimps were also found negative for other pathogens,
such as Infectious Myonecrosis Virus (IMNYV), Enterocy-
tozoon hepatopenaei (EHP).

Bacterial identification and virulence
test

The phenotypic identification protocol revealed that
the strain was positive for Oxidase test, Catalase test, pro-
duction of Indole, NO,, hydrolysis of starch, gelatin,
Voges-Proskauer test, citrate utilization, Mannitol, Glu-
cose, Sucrose, sorbitol, growth on 1%, 3%, 5% NaCl and
30°C, 37°C, 40°C temperature. The strain was negative
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for H,S production, Arginine dihydrolase, Oxidation of
ONPG, Lysine decarboxylase, Inositol, Ornithine decar-
boxylase, Arabinose, Salicin, Cellobiose, Melibiose
growth on 0%, 10% NaCl and at 4°C temperature (Table
2). Regarding genotypic identification, the NCBI blast
search analysis confirmed that the isolated bacteria were
Vibrio alginolyticus strain AMLAOL. The PCR products
of 16S rRNA were about 1500 bp after an Agarose gel
electrophoresis was run, and it was demonstrated that the

Table 2. Phenotypic characteristics of Vibrio alginolyticus strain
AMLAOI

Characteristic AMLAOLI strain
Cell shape Short rod with curve shaped
Size of colonies in TCBS 3-5 mm diameter
Colony colour in TCBS agar Yellow
Gram Staining =
Mortility +
Oxidase +
Catalase +
Hydrolysis of
Starch +
Gelatin +

Production of

H,S -
Indole +
NO, +
Growth in NaCl [%(w/v)]

0 -
1 +
3 +
5 +
10 -
Growth at 4°C -
Growth at 30°C +
Growth at 37°C +
Growth at 40°C +
Vogesproskauer +
Arginine dihydrolase -
Lysine decarboxylase -
ONPG -
Citrate utilization +

Ornithine decarboxylase -
Inositol -
Mannitol +
Arabinose -
Sucrose +
Glucose +
Salicin -
Cellobiose -
Sorbitol +
Melibiose -

47



Arun Sharma et al.

Salinity-pathogenicity interaction of Vibrio alginolyticus in Penaeus vannamei shrimp

KX904708.1 Vibrio alginolyticus strain CAPL-B-VA1
KR347289.1 Vibrio alginolyticus strain CHB-32

KY366354.1 Vibrio alginolyticus strain HA-2

KR347257.1 Vibrio natriegens strain CZN-19
KY494863.1 vibrio alginolyticus strain AMLA 01
JN188404_1 Vibrio alginolyticus strain NSA1
KT986170.1 Vibrio alginolyticus strain Xmb044
EU581714.1 Vibrio sp. c52-2

KF933702.1 Vibrio sp. QD43

KC210813.1 Vibrio alginolyticus strain CD12

LNB67572.1 Vibrio sp. 3487

Figure 1. Nucleotides homology and phylogenetic analysis of the microbe Vibrio alginolyticus based on 16S rRNA gene sequence data compare

with other Vibrio sp. in the database.

16S rRNA PCR products were 1353 bp by sequencing.
Phylogenetic and evolutionary analysis of the 16S rRNA
sequence revealed that the V. alginolyticus strain AMLAO1
shared more than 99% similarities to other V. alginolyticus
strains (Figure 1). The sequence was deposited in the
NCBI database, and the strain name and gene bank ac-
cession number were V. alginolyticus strain AMLAOL;
KY494863.1. In the present study, the sequences of the
16S rRNA gene from the isolated bacterial strain V. algi-
nolyticus strain AMLAO1 showed high similarity with
other V. alginolyticus strains in the GenBank database
(NCBI) confirming V. alginolyticus strain AMLAO1 was
the responsible pathogen for mass mortality in . van-
namei samples collected from the shrimp farms of Amla-
puram East Godavari district in Andhra Pradesh, India.
Similarly, the V. alginolyticus infection was confirmed in
Lates calcarifer cultured in open sea cages by biochemical
and molecular methods (12). Vibrio alginolyticus were also
characterized and identified from tiger prawns (Penacus
monodon) (13). In Malaysia, Vibrio alginolyticus was also
isolated from farmed white leg shrimp (Litopenaeus van-
namei) (14). In Taiwanese culture ponds, Vibrio algino-
lyticus was isolated from diseased L. vannamei (15). This
resultalso signifies the fact that vibriosis is a major disease
problem in shrimp aquaculture and vibriosis due to V.
alginolyticus can devastate an entire shrimp farm causing
high mortality and severe economic loss as it can attack
various aquatic animals, such as tiger shrimp, the larvae
of the Catarina scallop, gilt-head sea bream, giant fresh-
water prawn, mantis shrimp, diseased seaweed, Gracilar-

ia changii (14).

Vibrios are important bacterial pathogens for animals
reared in aquaculture (31), and several virulence factors
are involved, viz. hemolysins and cytotoxins secretion,
exotoxin production, etc., in the potential pathogenic ca-
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Figure 2. (A): Lane-S: amplification of the 319 bp region of the
ompK gene from the template DNA, Lane-C: negative control and
Lane-L: 50 bp DNA ladder. (B): Lane-S: amplification of the 658
bp region of the roxR gene from the template DNA, Lane-C: nega-
tive control and Lane-L: 50 bp DNA ladder. (C) Lane-S: ampli-
fication of the 737bp region of the collagenase gene from the tem-
plate DNA, Lane-C: negative control and Lane-L: 50 bp DNA
ladder.

pacity of Vibrio species (32). In the present study, the
specific virulence gene outer membrane protein (ompK),
toxR gene, and collagenase gene fragments were obtained
with the V. alginolyticus strain AMLAOL using a pair of
ompK specific primers (319 bp region) and toxR gene-
specific primers (658 bp region), collagenase gene (737 bp
region), respectively (Figure 2). The presence of these
genes justifies the fact that V. alginolyticus is a reservoir of
potential virulence genes in the aquatic environment (33).

Zulkifli ez al. (34) toxR functions as a regulator for the
expression of the virulence factor genes in other species of
Vibrio such as V. parahaemolyticus. In the present study,
isolates gave the amplification product for the toxR gene,

Period biol, Vol 126, No 1-2, 2024.
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Table 3. LD, value in bath and challenged study (n=10).

Isolate Methods Percentage of mortalities LD, value
Challenge doses (CFU/shrimp)
107 10° 10 10° 10° P. value
V. algino- Intramuscular injection ~ 20£0.176*  50+0.915° 80+1.23¢ 100£1.48¢  100+0.37¢  0.012  3.161 x 10°
yticus Bath challenge 0.0+0.00 20+0.11* 50+0.67°  100+£0.66°  100+2.56°  0.033  3.260 x 104

Data are presented as mean + SE and different superscripts a,b,c,d indicates significant difference (p<0.05) between the different CFU/shrimp. Total

number of 3 replicates for each concentration.

which suggested that the toxin can regulate the expression
of ompK. Thus, the role of the ompK gene in adaptation
to the external environment changes can be related to
toxR regulation. Collagenase plays a role in wound infec-
tion as the enzyme is capable of fastening the bacterial
dissemination through the protein components of the
extracellular matrix and causing hemorrhagic tissue dam-
age through the destruction of the basement membrane
by digestion of type IV collagen (35). ompK followed by
toxR and collagenase genes was isolated from diseased
shrimp Penaeus vannamei, which indicated that this viru-
lent factor could harm the shrimp.

Pathogenicity study

The results of the challenge experiment for P. vanna-
mei juveniles are given in Table 3. In the bath challenge,
the 10 CFU mL"! concentration and 10° CFU mL" con-
centration isolated strains caused 100% mortality of ju-
veniles within 24 h of exposure. The 104 CFU mL"! con-
centration caused 50% mortality of juveniles within 48 h
of exposure. In the 10° CFU mL™" concentrations, a
lower mortality of 20% was observed. In the case of in-
tramuscular injection, the 10° CFU mL™! concentrations
and 10° CFU mL" concentration isolated strains caused
100% mortality of juveniles within 24 h of exposure. The
10 CFU mL" concentrations caused 80% mortality of
juveniles within 48 h of exposure. In the 10> CFU mL™
concentrations, 50% mortality was observed. The bacte-
rial isolates challenged against the shrimp could effec-
tively kill the tested shrimp. The pathogenic capacity of
the strain has been verified by fulfillment of Koch’s pos-
tulates. The LD, values of V. alginolyticus strain AMLAO1
for P. vannamei are 3.161 x 10° CFU/shrimp (p<0.05)
(injection method) and 3.260 x 10* CFU/shrimp (p<0.05)
(bath challenge method). Similarly, in Asian seabass, The
LDy of V. alginolyticus was found to be 103.2 CFU/g fish
when injected intramuscularly (72). In P. monodon LD, ,
the values were 1.13x 10> CFU/g prawn body weight with
intramuscular (i.m.) injection (36). The calculated 96 h
LD, dose of the isolated strain of P. vannamei was
3.0x10° colony forming units (CFU)/ shrimp injected
into the ventral sinus of the cephalothorax (15).

A study on the interaction of bacterial pathogenicity
with different salinity showed that 5 ppt to 20 ppt showed
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maximum resistance against bacterial infection in P. van-
namei with higher CFU/shrimp value. Whereas in the
case of 0 ppt and 25 ppt, salinity CFU/shrimp value de-
creased and bacterial pathogenicity increased (Figure 3).
This result justified the fact that Vibrios are halophytic
bacteria, meaning they grow well in high-salinity aquatic
environments, and their growth is inhibited when they
are exposed to low-salinity water (37). However, the ex-
ception in 0 ppt salinity where bacterial pathogenicity
increases may be because, in 0 ppt, P. vannamei are not
getting their minimum requirement for optimum growth
as it can grow successfully at 5 to 35 ppt (38). The possible
biological mechanism of salinity stress and shrimp disease
susceptibility may be explained in two ways: one way is
to weaken the immune system of shrimp, making them
more susceptible to pathogen infection; the other way is
to cause dysbiosis in the gut microbiota, making it more
susceptible to the invasion of pathogens by promoting the
colonization of pathogenic bacteria (39). In the present
study, the 0 ppt salinity might have disrupted the stabil-
ity of the diversity of shrimp gut microbiota and led to a
shift in composition towards the dominance of opportu-
nistic pathogens, corresponding to the high infection
level of pathogenic bacteria (39). In the case of 25 ppt
salinity, bacterial pathogenicity increases may be because,
even though the Pacific white shrimp has a wide range of
salinity tolerance, the optimum salinity is around 20 ppt,

Salinity -Pathogenicity Interaction
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Figure 3. Salinity pathogenicity interaction of V. alginolyticus.
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so maybe in 25 ppt salinity shrimp has invested addi-
tional energy by altering various enzymes and transport-
er proteins, which may increase their susceptibility to
other stressors and diseases (40, 41). Further study may
be conducted regarding the increased pathogenicity of the
bacteria at 0 ppt in terms of biodiversity and toxic gene
expression.

Antibacterial sensitivity test

The zones of inhibition in diameter (cm) recorded for
ethanol crude stem juice are depicted in Table 4. The
highest zone of inhibition was observed against V. algino-
lyticus with Tinospora cordifolia stem ethanol extract
14.6£0.43 cm (p<0.05) of the clear zone at 250 mg/ml
concentration in TCBS agar followed by 13.8+0.43 cm
(p<0.05) of the clear zone at 200 mg/ml concentration in
Mueller-Hinton agar were observed. In the case of crude
stem juice, 10.3+0.23cm (p<0.05) of the clear zone at 75
% concentration in Mueller-Hinton agar and 10.2+0.25cm
(p<0.05) of the clear zone at 100 % concentration in
TCBS agar were observed. The antibacterial sensitivity
test revealed that the ethanol extracts and the crude stem
juice exhibited antibacterial activity against V. alginolyti-
cus but the more significant activity resides in plants'
ethanol stem extracts than crude stem juice. This may be
due to the chemical constituents responsible for the anti-
bacterial activity being more soluble in ethanol extracts.
Similarly, the ethanol extract also demonstrated signifi-
cant antibacterial activity against Escherichia coli, Proteus
vulgaris, Enterobacter faecalis, Salmonella typhi, Staphylo-
coccus aureus, and Serratia marcesenses tested bacteria (42).
It can be interpreted that the antibacterial activity against
micro-organisms is due to any one or more alkaloids of

the plants (30).

CONCLUSIONS

In conclusion, we explored the reason for the mass
mortality of juvenile shrimp P. vannamei was Vibrio algi-
nolyticus strain AMLAO1 in Amlapuram, Andhra
Pradesh, India, which caused 100% mortality during
bath challenge in 10° CFU mL" and 10° CFU mL! con-
centrations in 24 h, were positive for three virulence gene
ompK, toxR, and collagenase. The study concerning the
interaction of bacterial pathogenicity with different salin-
ity 0, 5, 10, 15, 20, and 25 ppt showed that 5 ppt to 20
ppt showed maximum resistance against bacterial infec-
tion in P. vannamei with higher CFU/shrimp value.
Meanwhile, in the cases of 0 ppt and 25 ppt, salinity
CFU/shrimp value decreases, and bacterial pathogenicity
increases. The study revealed that the ethanol extracts and
the crude stem juice exhibited antibacterial activity
against the isolated bacteria. Further work is necessary to
isolate and purify the active constituents in 77nospora cor-
difolia stem extracts and observe the absorption pattern
of the active ingredients of this plant, which will allow the
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Table 4. Antimicrobial activity of crude stem juice and ethanol ex-
tract of Tinospora cordifolia.

Test Material Inhibition zone (mm)
organism
Ethanol extract Mueller- TCBS agar
(mg residue/ml solvent) -Hinton agar
50 6.7+0.12* 7.1+0.32*
100 8.2+0.32b 8.2+0.03"
150 8.1:0.21>  13.240.53¢
200 13.8£0.43°  13.5£0.92¢
250 13.4£0.23¢  14.6+0.43¢
-ve control 0+0.00 0+0.00
Vibrio +ve control 8.9+0.02° 8.3+0.02"
alginolyticus P value 0.002 <0.001
Crude stem juice (%)
10 6.7+0.02% 6.7+0.20?
25 7.3+0.27* 7.3£0.50*
50 7.2£0.56* 7.1£0.25°
75 10.3£0.23"  9.2+0.75
100 10.240.34>  10.2+0.25¢
-ve control 0.0+0.00 0.0£0.00
P value 0.027 0.036

Data are presented as mean + SE and Different superscripts a,b,c,d
indicates significant difference (p<0.05) between the different extract
doses (mg residue/ml solvent). Total number of 3 replicates for each
concentration.

scientific community to recommend their utilization as
an accessible alternative to synthetic antibiotics.
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