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Spodoptera litura control is genuinely expected to replace the deadly compound
pesticides; the disadvantages of the invention pesticides are issues, an effect on human and
animals, environmental pollution and killing the non-target insect and highly resistance
response to an insect pest. This situation used as ecologically agreeable, moved nearer to the
bio pesticide. In this study, four strains were isolated from the zebra fish gut, among the two
strains the highest bacterial growth was observed in ZBF-2 Bacillus subtilis, ZBF-4 Bacillus
cereus. In view of biochemical, physiological and molecular characterization the isolated zebra
fish gut was distinguished as having a place with Bacillaceae family. Phylogenetic investigation
of the 16S rDNA sequence of zebra fish gut bacteria are ZBF-2 Bacillus subtilis, ZBF-4 Bacillus
cereus. In Danio rerio gut bacterial optimal growth conditions were tested with different media
optimal growth level with ZBF-2 and ZBF-4 showed the highest growth rates under optimized
conditions, including glucose as the key carbon source, peptone as the nitrogen source, pH
levels of 4 to 7 and a temperature of 35°C at 72hrs .The two strains, ZBF-2Bacillus subtilis and
ZBF-4Bacillus cereus, were selected for 16S rRNA sequencing, and the resulting sequences
identified as and get the accession number of Bacillus subtilis (PV297978) and Bacillus cereus
(PV300533). These optimized conditions fostered the growth of gut microbes that are important
for the secondary metabolites enhance for the bioactive compounds may be responsible for the
insecticidal properties. And we further tested, with the isolated bacterial cell free supernatant
of ZBF-2 and ZBF-4 produced 76-80% mortality at 48hrs in Spodopteralitura larvae. This study
shows that, the symbiotic bacteria ZBF-2 Bacillus subtilis, ZBF-4 Bacillus cereus are virulent,
and their secondary metabolites are also toxic and can be utilized in pest control programs.

Keywords: Bacillus cereus; Bacillus subtilis;Gut bacteria; Larval morality;
Optimization; Secondary metabolites.

Trillions of bacteria make up the vertebrate
gut microbiome, which is essential for digestion,
energy acquisition, nutrient absorption, and host
health.! Fish development, reproduction, and
ecological interactions are all greatly impacted by gut
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microbes.? Since fish larvae are initially sterile and
pick up microorganisms from their surroundings,
the microbiome is especially crucial during the early
stages of development.®* Environmental factors
such as salinity and temperature largely shape gut
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microbial communities.* Additionally, variations
in gut microbiota among individuals of the same
species often reflect differences in environmental
conditions.’ Exploring microbiome changes in
wild hosts can provide insights into ecological
adaptability. Fish gut microflora includes aerobic,
facultative anaerobic and obligate anaerobic
bacteria. Similar to humans, microbial composition
changes with age, nutrition, and environmental
conditions.® Bacterial colonization occurs on the
skin, gills, and intestine with zebrafish (Danio
rerio) actively ingesting water as early as four
days post-fertilization (dpf), allowing microbes to
enter their digestive tract.’By adulthood, zebrafish
gut microbiomes are well-established, with high
bacterial abundance. Zebrafish, a freshwater
omnivorous teleost fish native to South Asia,
has become a widely used model organism in
biomedical research.® Bacillus species are known to
produce a wide range of bioactive compounds with
potential applications in medicine, agriculture, and
industry. Bacillus megaterium produces megacin,
a bacteriocin with activity against Gram-positive
bacteria °. Bacillus cereus produces cereulide, a
toxin that can cause food poisoning,'’bacilysin,
an antibiotic with activity against Gram-positive
bacteria."

Bacillus subtilis produce’s bacitracin,
an antibiotic with activity against Gram-positive
bacteria '2and surfactin, a lipopeptide with
antimicrobial and antiviral activities". Bacillus
spp. Produced by bacillomycin, a lipopeptide
with antimicrobial and antifungal activities of
bacillus sps**and fengycin, a lipopeptide with
antimicrobial and antifungal activities '>. These
bioactive compounds have potential applications
in various fields, including medicine, agriculture,
and industry. Only a minor fraction of bacterial
populations can grow on standardlaboratory
media,’ In fish, skin microbiota is estimated
to have less than 0.01% culturable bacteria.'
Similar discrepancies have been observed in
human gut microbiota, where cultural methods
overestimated to bacteria populations.!” Despite
extensive studies on fish gut microbiota, research
has predominantly relied on culturable bacteria,
limiting the understanding of total microbial
diversity.'® Traditional microbial identification
methods based on phenotypic and biochemical
characteristics are time-consuming and may
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not accurately reflect the actual composition of
microbial communities."

Spodoptera litura, commonly known
as the tobacco caterpillar or armyworm, is a
significant agricultural pest that causes substantial
damage to various crops, including tobacco, cotton,
and vegetables.?® This polyphagous pest is widely
distributed across Asia, Africa, and Australia,
and its management is a major challenge due to
its rapid adaptation to insecticides and resistant
crop varieties.?! The larvae of S. litura feed on
plant leaves, causing defoliation and reducing
crop yields.? Effective management of S. litura
requires an integrated approach, including cultural,
biological, and chemical controls. Chemical
insecticides, such as pyrethroids, organophosphates,
and carbamates, have been widely used to control
S. litura populations ' However, the excessive and
indiscriminate use of these insecticides has led
to the development of resistance, environmental
pollution, and harm to human health.”? Some of
the chemical insecticides commonly used against
S. liturainclude Cypermethrin, Chlorpyrifos,
Carbofuran. S litura, is a devastating agricultural
pest that causes significant damage to various
crops, including tobacco, cotton and vegetables.
To manage this pest, chemical insecticides have
been widely used, providing quick and effective
control. However, the excessive and indiscriminate
use of chemical insecticides has raised concerns
about their environmental impact, human health
risks, and the development of pesticide-resistant
to S. liturapopulations. In recent years, researchers
have explored alternative approaches, including
the use of beneficial microorganisms, such as gut
bacteria from zebrafish (Danio rerio), to control
insect pests. Studies have shown that zebrafish gut
bacteria, including Bacillus megaterium, Bacillus
cereus, Bacillus subtilis, and other Bacillus
species, possess insecticidal properties against
various insect pests, including S. /itura.*These
bacteria produce bioactive compounds, such
as lipopeptides, bacteriocins, and enzymes,
which can be used to control insect pests.?
Injecting S. litura with these beneficial bacteria
or their bioactive compounds offers a promising
alternative to chemical insecticides. This approach
has been shown to be effective in controlling S.
litura populations while minimizing harm to the
environment and human health.?Therefore, the
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full investigation and exploitation of gut bacteria
can be significant for biological control of insect
pests. The present study focuses on the isolation,
identification and culturing of two strains of gut
bacteria from Danio rerio againstinsecticidal
efficacy on S. litura larvae.

MATERIALS AND METHOD

Sample Collection, Isolation of gut microbes
Zebrafish (Danio rerio) were collected
from Edward Aquarium lies on the latitude of
11.6607636°, and longitude of 78.1504985°
Salem, and acclimated for 24 hours before sample
collection. They were anesthetized using tricaine
methane sulfonate (MS-222) and humanely
sacrificed. The gastrointestinal tract (GIT) was
carefully dissected, and gut samples were stored
at -80°C for further analysis. Gut microbes were
isolated by serial dilution in sterile double-distilled
water and cultured on Nutrient Agar at 28 °C for
24-48 hours. Pure cultures were obtained using the
streak-plate method and stored at -80 °C. Further,
these colonies were collected and sub-cultured
in10ml of Nutrient broth. Description of samples
used in this study as shown in (Table.1).
Morphological analysis of gut microbes
Bacterial isolates were sub-cultured on
nutrient agar plates. After 24 hrs of incubation, the
characteristic gut bacterial isolates were screened.
Selected bacterial colonies were identified as Gram
negative or Gram-positive microscopes organisms
and biochemical characteristics of four gut
bacteria were performed using KB001- HiIMViC
biochemical test kit.
Phylogenetic analysis of Bacterial isolates
Genomic DNA was isolated from the
bacterial sample using PAR Life science and
research bacterial genomic DNA isolation kit
(PAR Life science and research PVT Ltd. Trichy
India). 16S rRNA primers used in PCR reaction.
PCR mixture containing 1ul DNA, 400 ng forward
primer, 400ng reverse primer, 4ul dNTPs, 10pl 10X
Taq DNA polymerase assay buffer, 1ul Tag DNA
polymerase enzyme and distilled water. The total
reaction volume was 100 pl. PCR amplification
was carried out under following conditions step-I
initial denaturing for Smins at 94*'C, denaturing
at 94%°C for the 30sec, step-ii annealing at 55UC
for 30s and step-iii. extension at 72UC for 40 sec
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for 35 cycles. PCR product was obtained and gel
was eluted using agarose gel extraction kit. After
elution, the PCR products were sequenced using
ABI sequencing machine (ABI 3500 XL Genetic
Analyzer). 10ul of sequencing mixture contains
4ul Big Dye Terminator Ready Reaction Mix,
1ul Template (100 ng/pl), 2ul primer (10pmol/€)
and 3pl Milli Q water. PCR amplification of
sequencing mixture was carried out with the
following conditions. 25 cycles of amplification
were started after initial denaturing at 96UC for
Imin, denaturing at 96UC for 10sec, extension at
50UC for 5sec and elongation at 60UC for 4mins.
DNA concentration can be determined by both
UV spectrophotometer and quantitative analysis
on Agarose gel. The gel documentation system
with UV- light and images were captured. Data
analysis was performed by sequencing Analysis_
version 5.4 software. Phylogenetic tree was
constructed using MEGA 6 software, according
to the Neighbour-joining tree method.
Growth of symbiotic bacteria at various culture
media

The growth conditions of recovered
isolates four bacteria strains were determined
at different culture media: nutrient broth, LB
broth, Tryptic soy broth, Muller Hinton broth and
MacConkey broth. A single primary colony was
innoculated in 150 ml conical flask containing
100ml of various culture media and incubated
between 0 and 96 hrs. After incubation, the growth
of the bacterial culture was determined at optical
density (OD) of 600 nm %",
Growth of symbiotic bacteria at various pH

The growth conditions of recovered
isolates four bacterial strains were determined
at different pH. A single primary colony was
inoculated in 100 ml conical flask containing 50ml
of nutrient broth and incubated at the pH range of
5.0, 6.0, 7.0, 8.0 and 9.0 from 0 to 96 hrs. After
incubation, the growth of the bacterial culture was
determined at optical density of 600 nm 7.
Growth of symbiotic bacteria at various
Temperatures

The growth conditions of recovered
isolates four bacterial strainswere determined at
different temperatures. A single primary colony
was innoculated in 100 ml conical flask containing
50ml of nutrient broth and incubated at the
temperature 10 °C, 20 °C, 25°C, 30 °C, 35°C and
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40°C for 48 hrs. After incubation, the growth of the
bacterial culture was determined by optical density
at 600 nm .
Growth of symbiotic bacteria at various Carbon
source

The growth conditions of recovered
isolates four bacterial strains were determined
at different carbon source: Glucose, Sucrose,
Lactose, Starch and Fructose. As for the control,
the commercialized media were used. A single
primary colony was inoculated in 150 ml conical
flask containing 100ml of nutrient broth. To the
nutrient broth, 0.5g of above-mentioned carbon
source was added separately and incubated from
0 to 96 hrs. After incubation, the growth of the
bacterial culture was determined by optical density
at 600 nm.
Growth of symbiotic bacteria at various
Nitrogen source

The growth conditions of recovered
isolates four bacterial strainswere determined at
different nitrogen source: beef extract, peptone,
yeast extract, soyabean and potassium nitrate. A
single primary colony was inoculated in 150 ml
conical flask containing 100ml of nutrient broth.
To the nutrient broth, 0.5g of above-mentioned
nitrogen source were added and incubated between
0 to 96 hrs. After incubation, the growth of the
bacterial culture was determined by optical density
at 600 nm.
Extraction of secondary metabolites from
bacterial supernatant

The grown cultures were centrifuged at
10,000 rpm for 15 min after incubation, and the
collected supernatants were filtered through 0.22 m
membrane filter to remove the debris from pellets.
The extract was concentrated, suspended in DMSO
(Dimethyl sulfoxide), and stored at -20°C .
Larval bioassay using crude bacterial metabolite
of ZBF-2 and ZBF-4

From the broth culture, the bacterial
culture of Bacillus subtilis (ZBF-2) and Bacillus
cereus (ZBF-4)1 mg of secondary metabolite
were extracted and dissolved in 1 ml of (DMSO)
dimethyl sulfoxide (1mg/ml). The bacterial
secondary metabolites were diluted to various
concentrations like as 10, 10~ and 10 ranging
from 5, 10, and 20 pl/mL were injected into proleg
of S. litura larvae. PBS (Phosphate Buffer Saline)
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were used as control. Mortality was recorded after
24 hrs of infection®.
Percentage of larval motility = Number of dead
larvae / Number of total larvae x 100
Statistical Analysis

Statistical analysis was performed by
using GraphPad Prism (version 5.1 San Diego,
CA). The data are expressed as Mean + SD. The
significant difference between the Mean replicates
was determined using Two-Way ANOVA.

RESULTS

Sample Collection, Isolation of gut microbes
In order to isolate the bacillus species,
four different cultures were isolated from the gut
of danio rerio (Zebra fish) as shown in (Figure.1).
These sample of gut region of Danio rerio are
crushed using sterile motor and pestle and then
serial dilution should be performed and then
streaked on nutrient agar medium (NA). The
different types of bacterial colonies on nutrient
agar medium should be streaked on another plate to
isolate pure colonies of bacillus species (Table.1).
Identification of gut microbes
The bacterial isolates on nutrient agar
medium (NA)are suspected as bacillus species
and these were identified according to their
morphological and cultural characteristics and
bio-chemical test
Morphological and cultural characteristics
Gut Bacterial isolates from Danio rerio
(zebra fish) such as ZBF-1Bacillus megatorium,
ZBF-2 Bacillus subtilis, ZBF-3Bacillus sps, ZBF-
4Bacillus cereus strains were isolated from nutrient
agar plate and their morphology and characteristics
should be identified by their color, odor, Growth
condition etc.
Identification of gut bacterial microbes
Bacteria were isolated from the gut of
Zebra Fish (Danio rerio) using NA plates and
bromothymol blue stain as an indicator. Four
strains, ZBF-1 Bacillus megatorium, ZBF-2
Bacillus subtilis, ZBF-3 Bacillus sps, ZBF-4
Bacillus cereus, were identified as Gram-positive
rod-shaped bacteria based on morphological as
shown in (Fig. 2, 3, 4,5). The gut bacterial isolates
of Danio rerio results that the isolates of bacterial
culture are gram positive bacillus. Colonies of these
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isolates are highly convex, yellow color colony,
Opaque, frosted glass appearance with either rough
or smooth surface. The phenotypic characteristics
of gut bacterial isolates were shown in (Table.2)
Biochemical identification

The bacterial isolates of gut bacteria of
four different strains, ZBF-1 Bacillus megatorium,
ZBF-2 Bacillus subtilis, ZBF-3 Bacillus spsand
ZBF-4 Bacillus cereus were examined for bio-
chemical characterization as shown in (Figure.6).
The results of gut bacteria of four different strains
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were showed as gram positive rod-shaped bacteria.
The results are shown in (Table.3).
Optimization of isolation of bacterial species
Carbon source

The growth of isolates ZBF-1, ZBF-2,
ZBF-3 and ZBF-4 was tested with various carbon
sources like as (glucose, sucrose, lactose, starch,
fructose) in nutrient broth. After incubation for
0 to 96 hours, glucose was found to be the most
effective carbon source, promoting the highest
bacterial growth levels at 72 hours compared to

Fig. 1. Sample collection and isolation of gut microbes form danio rerio (zebra fish)

Table 1. Description of samples used in this study

Sample Common or Environment Sample Site Water Collection

name host name habitat date

ZBF2 Zebrafish (Danio rerio, Conventional lab ~ Whole intestinal F 20-Jan-25
superorder Ostariophysi) aquaculture contents

ZBF4 Zebrafish (Danio rerio, Conventional lab ~ Whole intestinal F 20-Jan-25
superorder Ostariophysi) aquaculture contents

*F- Fresh WaterAbbreviations: F, freshwater
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A B

Fig. 2. The bacillus megaterium culture plate with yellow and round colonies (morphology) on Nutrient Agar
plate. (B) Colonies of gram-positive rod-shaped bacteria under a light microscope at 40 x magnification.

Fig. 3. (A) The Bacillus subtilis culture plate with yellow and round colonies (morphology) on Nutrient Agar
plate. (B) Colonies of gram-positive rod-shaped bacteria under a light microscope at 40 x magnification.

Fig. 4. (A) The Bacillus subtilis culture plate with yellow and round colonies (morphology) on Nutrient Agar
plate. (B) Colonies of gram-positive rod-shaped bacteria under a light microscope at 40 x magnification
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Fig. 5. (A) The bacillus cereus culture plate with white and round colonies (morphology) on Nutrient Agar plate.
(B) Colonies of gram-positive rod-shaped bacteria under a light microscope at 40 x magnification

ZBF-4

ZBF-1 ZBF-2 ZBF-3

Fig. 6. Biochemical Test Kit - KB001 Hi — HI media. The kit contains 12 wells with corresponding medium
and reagents for 12 biochemical tests and this kit is used to identify the biochemical characteristics of Bacillus
megaterium, Bacillus subtilis, Bacillus spsand Bacillus cereus bacterial species

Table 2. Phenotypic characteristics of isolated bacteria

Characteristics ZBF1 ZBF2 ZBF3 ZBF4
(bacillus (Bacillus (bacillussps) (Bacillus
megaterium) subtilis) Cereus)
Morphology G (+) rods G (+) rods G (+) rods G (+) rods
Bioluminescence - - - -
Bacterial pathogenicity + + + +
Growth on 28! + + + +
Growth on 37 + + + +
Absorption of + + + +
bromothymol blue
Catalase + + + +
Spore Formation + + + +

Colony Morphology Yellow-colour Yellow-colour Yellow-colour White-colony
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the control. Glucose was identified as the key
component for enhancing secondary metabolite
production in these gut bacteria. Effect of various
carbon sources on the growth condition of gut
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bacterial culture shown in (Figure.7)

Nitrogen source

The growth of isolates ZBF-1, ZBF-
2, ZBF-3, and ZBF-4 was tested with different
nitrogen sourceslike (beef extract, peptone, yeast
extract, and soybean) in nutrient broth. After
incubation for 0 to 96 hours, promoting the highest

Table 3. Biochemical tests for the bacterial strains of ZBF1, ZBF2, ZBF3 and ZBF4

S.No. Biochemical test ZBF1 ZBF2 ZBF3 ZBF4
1. Indole test - - + +
2. Methyel red _ _ _ _
3. Vogousproskarus _ _ _ _
4. L-arabitol _ _ _ _
5. D-Cellobiose _ _ _ _
6. Beta-Galactosidase _ _ _ _
7. H2S Production _ _ _ _
8. D- methyl -D- Glycosides - - - -
9. Glutamyl ArylamidasepNa + + _ +
10. D-Glucose + _ + _
11. Dextrose + + - -
12. Glucose + _ + _
13. Beta-Glucosidase + _ + _
14. D-Maltose _ _ _ _
15. D-Mannitol _ _ _ _
16. D-Mannose _ _
17. Beta-Xylosidase B _ _ _
18. Alpha- Methyl-D- Glycosides _ _ _ _
19. L-Proline Aryl amidase + + + +
23. Urease + _ + _
24. D-Sorbitol + _ + _
25. Sucrose _ + + _
27. D-Trehalose _ _ _ _
28. Citrate-sodium - _ - _
29. Malonate _ _ + +
30. Alpha-Glucosidase + - -
31. Succinate Alkalisation + _ + _
32. L- Arabinose - - - -
33, Galactosaminidase + _ _
34. Alpha-Galactosidase _ + _ +
35. Phosphatase + _ + _
36. Glycine Aryl amidase + + _ _
37. Ornithine Decarboxylase + + _ _
38. Lysine Decarboxylase B _ _ _
39. L-Histidine assimilation _ + +
40. Esculin _ + _ +
41. Beta-Glucuronidase + _ + _
42. Rhamnose - _ - _
43, Adonitol + + - -
44, Salicin _ + + _
46. L-Lactate assimilation + + + -

‘4’ positive and ‘- ‘negative
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bacterial growth at 72 hours compared to the
control. peptone showed the highest growth in the
gut bacterial cultures ZBF-2, ZBF-4 as determined
by optical density at 600 nm, making it the most
effective nitrogen source for enhancing bacterial
growth. Effect of various nitrogen source on the
growth condition of gut bacteria culture as shown
in (Figure.8)
Growth of gut bacteria at various Temperature
The growth of gut bacteria from isolates
ZBF1, ZBF2, ZBF3 and ZBF4 was assessed at
different temperatures (10°C, 20°C, 25°C, 30°C,
35°C and 40°C) using nutrient broth. After 24-48
hours of incubation, optical density at 600 nm
was measured, with the highest growth observed
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at 35°C, indicating it as the optimal temperature
for maximum growth ZBF and ZBF4 . Effect of
various temperature on the growth condition of gut
bacteria culture shown in (Figure.9)
Growth of gut bacteria at various pH

The growth of recovered isolates ZBF1,
ZBF2,7BF3, and ZBF4 was evaluated at different
pH levels (5.0, 6.0, 7.0, 8.0, and 9.0) in nutrient
broth. After incubating for 0 to 96 hours, the growth
was measured by optical density at 600 nm. The
highest growth was observed at pH 7, indicating it
as the optimal pH for maximum bacterial growth.
Effect of various pH on the growth condition of
gut bacteria culture shown as (Figure.10)

optimization o fearbon source (ZFB-2)
207
EH Control
EA Glucos:
Tl B3 Socrose
= Lactoss
0 B Surch
=
= 054
0. -==
optimization of carbon source (ZFB-4)
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15 B Gueoes
E 3 Sucroes
= EA Lactoss
=10 Serch
=
DM_

g

Fig. 7. Effect of various carbon source on the growth condition of gut bacterial culture (Values are expressed by
mean £ SD)
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Growth of gut bacteria at various culture media

The growth conditions of isolates ZBF1,
7ZBF2, ZBF3, and ZBF4 were tested in different
culture media: nutrient broth, LB broth, Tryptic soy
broth, Muller Hinton broth, and MacConkey broth.
After incubating for 0 to 96 hours, the growth was
measured by optical density at 600 nm. The highest
growth was observed in nutrient broth, indicating
it as the optimal medium for maximum bacterial
growth. Gut bacterial growth on various media at
different time intervals shown in (Figure.11)
Cell free supernatant extraction of ZBF-2 &
ZBF-4 of gut bacteria

The cell-free supernatants from Bacillus
subtilis ZBF-2 and Bacillus cereus ZBF-4, grown in
nutrient broth, were extracted after centrifugation
and sterile filtration. Bioactivity tests showed
that Bacillus subtilis ZBF-2 exhibited strong

Optimiziation of Nitrogen sources{ZBF-1)
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antimicrobial activity against both Gram-positive
and Gram-negative bacteria, while Bacillus cereus
ZBF-4 showed moderate antibacterial effects,
though less potent. Summarizing the cell-free
supernatant extraction of Bacillus subtilis ZBF-2
and Bacillus cereus ZBF-4 (gut bacteria strains)
and their biological activities as shown in (Table.4)
16S rRNA Sequencing Identification

Genomic DNA of two isolated gut
bacterial strains was used for PCR amplification
with 16S rDNA primers. The amplified fragments
(1260-1500 bp) were analyzed on an agarose
gel as shown in (Figure.12). BLAST analysis
revealed 98% sequence similarity with Bacillus
subtilis for ZBF-2 and Bacillus cereus for ZBF-
4. A phylogenetic tree was constructed using the
Neighbour-Joining method in Mega 6 software
as shown in (Figure.13A, B). The 16S rDNA

Optimiziation of Nitrogen sources (£BF-2)
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Fig. 8. Effect of various nitrogen source on the growth condition of gut bacteria (Values are expressed by mean +
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Fig. 11. Gut bacterial growth on various media at different time intervals.

sequences were submitted to GenBank, with
accession numbers PV297978 (Bacillus subtilis)
and PV300533 (Bacillus cereus).
Secondary Metabolites from gut bacteria and
larval toxicity

Virulence of gut bacteria Bacillus subtilis
(ZBF-2) and Bacillus cereus (ZBF-4) and larval
toxicity. From the broth culture, the extracted
secondary metabolite of Bacillus subtilis (ZBF-2)
and Bacillus cereus (ZBF-4) 1mg was dissolved in
1 ml of (DMSO)dimethyl sulfoxide(1 mg/ml). The
larvicidal efficacy of secondary metabolite on S.
litura was studied based on various concentration of
secondary metabolite. After 24hrs of treatment the
highest mortality was recorded in 10 concentration
in all treatments. Mortality of S. /ifura depends on
the concentration of secondary metabolites injected

into larvae remaining concentration low levels
mortality was observed (Figure.14,15).

DISCUSSION

Ray et al. ** study reported that explored
the influence of enzymatic activity and gut
microbiota on fish digestion, emphasizing the role
of factors like food type, digestive enzyme function,
and exposure time. Their research highlighted that
gut microbiota, including genera such as Bacillus,
Enterobacteriaceae, and Acinetobacter, positively
affects digestion by producing enzymes that aid in
food breakdown. However, the varying digestive
tract composition across fish species complicates
determining the exact impact of this microbiota. In
our study, we identified several Bacillus species,
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Table 4. Summarizing the cell-free supernatant extraction of Bacillus subtilis ZBF-2 and
Bacillus cereus ZBF-4 (gut bacteria strains) and their biological activities

Bacterial ~ Incubation Supernatant Bioactivity Larvicidal Feeding
Strain Time Collection Method Assay Activity Inhibition
ZBF-2 24-48 Centrifugation followed  Spodoptera litura 65-75% mortality Reduced
(Gut hours by sterile filtration larvicidal bioassay  at high concentration  feeding
Bacteria) (0.22 um filter) observed
ZBF-4 24-48 Centrifugation followed  Spodoptera litura 50-60% mortality Mild feeding
(Gut hours by sterile filtration larvicidal bioassay  at high concentration  inhibition
Bacteria) (0.22 pm filter)

a1

= ==

Fig. 12. PCR amplification of 16s rDNA fragment
from ZBF-1 and ZBF-4 strains. The size of PCR
amplified product is ~1500bp.

including Bacillus megaterium, Bacillus subtilis,
Bacillus spp., and Bacillus cereus, which aligns
with previous study of the * findings on the
significance of Bacillus in fish digestion. Despite
this, both studies face challenges in understanding
the interactions of these species within the complex
gut microbiota of different fish species. The gut
microbiota is producing varieties of bioactive
compounds such as proteins, enzymes, antibacterial
and antifungal compounds were more responsible
to the pharmaceutical and insecticidal agent of the
microbiota organisms.

Dhayalan et al. focused on
isolating Bacillus thuringiensis from the gut of
Systomussarana and optimizing culture parameters

31

for maximal protease enzyme production using
response surface methodology (RSM) and Box-
Behnken design (BBD). Their study emphasized
optimizing culture conditions to enhance enzyme
yield, with a focus on protease production and its
peptide profile. In contrast, our study evaluated
factors such as carbon and nitrogen sources,
temperature, pH, and different broth cultures to
optimize bacterial growth rate of the parameters.
The findings in our result suggest the main role of
carbon, nitrogen, minerals, vitamin, temperature
and pH source in promoting for the bacterial
growth, with optimal growth at room temperature
in especially in nutrient broth when compare to
other broth. Our study, offers a broader examination
of growth conditions. Despite the differences, both
studies underscore the significance of tailored
conditions for enhancing microbial activity, with
implications for fish nutrition and enzymatic
processes.

Mansooreh Jami et al. *? studied the
diversity of Actinobacteria in the gut microbiota of
two freshwater fish species, Schizothoraxzarudnyi
and Schizocyprisaltidorsalis. They cultured
277 isolates using three different agar media,
identifying a range of Actinobacteria, primarily
from the Streptomycetaceae family, along with
other genera such as Saccharomonospora,
Micromonospora, Nocardiopsis, and Arthrobacter.
Their focus was on the diversity of secondary-
metabolite biosynthetic genes (e.g., PKS I, NRPS,
PhzE) and their antimicrobial activity against
human and fish pathogens. In contrast, our study
investigates the bacterial genus Bacillus, using
PCR-based 16S rRNA gene sequencing and partial
sequencing, which differs in both the bacterial
genus and the methodological approach to the
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sequencing were identified and similarity to the
BLAST tool alignment base pair of the nucleotide.

In present study, the identification of
Bacillus subtilis and Bacillus cereus through
16S rRNA gene sequencing aligns with the
method used by Jami et al.’* for taxonomic
identification. However, previous study, focuses
more specifically on Bacillus species, known for
their antimicrobial properties and insecticidal
activity. Whereas, Jami et al.*? explored the broader
diversity of Actinobacteria. Both studies highlight

MAITHILI et al., Biosci., Biotech. Res. Asia, Vol. 22(4), 1755-1772 (2025)

the potential of freshwater fish gut microbiota
as a source of bacteria with antimicrobial and
bioactive compound-producing capabilities of
these organisms. While Jami et al. 3¥examined
a wide array of Actinobacteria with potential for
secondary metabolite production, our study’s
submission to the GenBank further supports the
genetic characterization and global sharing of
Bacillus isolates. In conclusion, while both studies
focus on microbiota from freshwater fish, your
research is more narrowly focused on Bacillus

{ LC178546.1 Bacillus subtilis

LCE506466.1 Bacillus subtilis

LC804382.1 Bacillus subtilis

——

ZFB4 PV300533.1 Bacillus subtilis
1 Bacillus subtilis

LNS999780.1 Bacillus subtilis
LC802086.1 Bacillus subtilis
LC535007.1 Bacillus subtilis

LC802085.1 Bacillus subtilis

LC557811.1 Bacillus subtilis

{ LC770388.1 Bacillus subtilis
LCE5T7814.1 Bacillus subtilis

LCE37519.1 Bacillus subtilis

— LT745969.1 Bacillus subtilis

LT546428.1 Bacillus subtilis

LC557810.1 Bacillus subtilis

{ LC814577.1 Bacillus subtilis

LC7E68706.1 Bacillus subtilis

Fig.13. (A) gut bacteria isolated organisms identified and phylogentic tree was construction by mega 6 software

{ KU922225 1 Bacillus cereus (2)
KU922224 1 Bacillus cereus

ON510009.1Bacillus cereus

MTE79464 1 Bacillus cereus

LT548859 .1 Bacillus cereus
MT102951.1 Baciflus cereus
MK559557 .1 Bacillus cereus
MT102949. 1 Bacillus cereus

ORB65206.1 Bacillus cereus
KIU922225 1 Bacillus cereus

{M K559557.1 Bacillus cereus (2)

ZFEB4 PV300533.1 Bacillus cereus

Fig. 13. (B) gut bacteria isolated organisms identified and phylogentic tree was construction by mega 6 software
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species, whereas Jami et al.** emphasized a wider
range of Actinobacteria and their secondary
metabolite gene diversity.

Park et al.** study reported that X
hominickii isolated from S. monticolum caused
significant larval mortality when injected into
different larvae of S. exigua, P. xylostella, H.
assulta, P. brassicae, and D. melanogaster.
Vicente-Diez et al. * found that the symbiotic
bacterial supernatant from P. laumondii resulted in

1769

64% mortality in P. spumarius nymphs. Ngugi et
al.*® study observed that the bacterial supernatant
of Bacillus subtilis at a concentration of 3.6x10°
induced 68-88% larval mortality in Spodoptera
litura within 24 and 48 hours. In our present
study, the supernatant of isolated gut bacteria
Bacillus subtilis and Bacillus cereus, injected at
a concentration of 40 il/ml, produced 76-80%
mortality at 48 hours, confirming the pathogenicity
of the gut bacteria secondary metabolites.

Virulance of Bacteria (ZFB-2 )
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Fig. 14. Mortality in 3" instar S. /iturafollowing exposure to gut bacteria in different concentration. Treatments
were conducted in triplicates of 10 larvae. The values are expressed as mean + SD and analysed by One-Way
Analysis of Variance (ANOVA). Asterisk (**) (*) with indicates significant difference among respect to control
(p<0.05) (p<0.01).

Virulence of Bacteria (ZFB-4)
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Fig. 15. Mortality in 3" instar S. /iturafollowing exposure to gut bacteria in different concentration. Treatments
were conducted in triplicates of 10 larvae. The values are expressed as mean + SD and analysed by One-Way
Analysis of Variance (ANOVA). Asterisk (**) (*) with indicates significant difference among respect to control
(p<0.05) (p<0.01).
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This present study reported that, the
gut bacteria Bacillus subtilis ZBF-2 and Bacillus
cereus., ZBF-4 showed optimal growth levels
with the help of the added carbon (glucose) and
nitrogen (peptone) sources to commercialized
media. In addition, optimal temperature for
Bacillus subtilis and Bacillus cereus., was found
to be 30 and 35°C. Among the tested pH at 7.0
showed the best bacterial growth rate for the
bacterial species Bacillus subtilis and Bacillus
cereus., through enhancing for the secondary
metabolites production. Isolated gut bacterial cell
free supernatant shows the higher concentration
in Bacillus subtilis and Bacillus cereus., produced
76- 80% larval mortality at 48hrs. When compared
to the control groups.

CONCLUSION

In conclusion, this study reported that,
the zebrafish gut microbes ZBF-2 Bacillus subtilis,
ZBF-4 Bacillus cereus showed optimal growth
level supplemented with carbon (glucose) and
nitrogen (peptone) source to commercialized
media. In addition, optimal temperature for ZBF-
2 Bacillus subtilis, ZBF-4 Bacillus cereus was
found to be 30 and 35°C. Among the tested pH
at 7.0 showed the best bacterial growth for ZBF-2
Bacillus subtilis, ZBF-4 Bacillus cereus through
enhancing the secondary metabolites production of
the gut bacteria. Cell free supernatant of isolated gut
bacteria ZBF-2 Bacillus subtilis, ZBF-4 Bacillus
cereus with 10 pl/ml concentration produced
76- 80% larval mortality at 48hrs. The bioassays
revealed a dose- and time-dependent effect, with
higher concentrations causing larval mortality at 48
hours. This confirms the pathogenicity of ZBF-2
Bacillus subtilis, ZBF-4 Bacillus cereus strains.
Our studies suggest that the larvicidal activity from
the cell free supernatant extract could be used for
production of novel class of insecticides properties
in future.
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