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Abstract
Catfish farming has been increasingly threatened by outbreaks of diseases caused by
bacteria which are major problems for Indonesia’s catfish industry. This can lead to a
decrease in the food quality of freshwater fishery products, especially catfish. In
catfish farming, the occurrence of diseases can cause severe financial losses. This study
aimed to identify bacteria that infected catfish and discover new potential antibacterial
agents from Bacillus spp. isolated from a marine sponge to inhibit several bacteria from
the infected catfish. Catfish samples were obtained from catfish farming with clinical
observation of ulcerative lesions on the outside of the body. Several bacteria were
isolated from the catfish and used sponge-associated bacterium to inhibit them in which
using two methods namely spot assay and disc diffusion assay. Bacterial supernatant
and pellet were used to performed antibacterial assay using disc diffusion method.
These bacterial isolates were identified through their colony morphology, Gram staining,
biochemical assays, and 16S rRNA gene sequence. Bacterial identification based on the
16S rRNA gene sequence showed that GL1 was 99.92% closely related to Aeromonas
jandaei, HL1 was 100% closely to Bacillus amyloliquefaciens, and GL2 and HL2 was
closely related to Bacillus cereus. The results of antibacterial assay indicated that
sponge-associated Bacillus spp. successfully inhibited some bacteria that associated
with infected catfish. In addition, Bacillus velezensis APD10 exhibited the most potential
strain with antibacterial property which could inhibit all bacteria from the diseased
catfish.
Keywords: Catfish, bacteria, Bacillus, sponge, antibacterial

Introduction

Catfish is one of the cultured freshwater fish
commodities with a high consumption level and
production in Bengkulu City. Based on data from the
Bengkulu City Fisheries Service Statistics, the
production value of catfish increased significantly from
2,859 ton in 2017 to 11,578 ton in 2020, compared to
other freshwater fish (KKP, 2020). This proves the
potential of catfish culture for further development.
The demands of this fish encourage the farmers to
increase their productivity and apply an intensive
cultivation system as an effort to fulfill the requirement
for fish on the market in high quantities. High stocking

density of fish with rapidly changing water temperature
and the chemical composition in ponds cause fish
stress, resulting in a favorable condition for the disease
onset and distribution (Ran et al., 2012).

Furthermore, a disease outbreak in catfish is a
serious problem in several areas of Indonesia
(Purwaningsih et al., 2022). Motile Aeromonas
Septicemia (MAS) disease outbreaks in catfish in
Indonesia occurred in Banjar, South Kalimantan was
induced by Aeromonas sp. isolated from the kidney
(Olga et al., 2020). In Samarinda, East Kalimantan,
disease outbreaks were induced by Aeromonas sp.,
Pseudomonas sp., and Enterobacter sp. in tilapia
(Oreochromis niloticus) and channel catfish (Clarias
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batrachus) (Hardi et al., 2018). Meanwhile, a disease
outbreak in catfish caused by Bacillus spp. in Indonesia
still remains unreported at present, yet, there was a
disease outbreak of Clarias gariepinus caused by
Bacillus cereus in North Egypt (Abdelgayed et al.,
2021). The disease often occurs in catfish culture
activities due to bacterial infection outbreaks. Several
types of pathogenic bacteria could cause disease in
catfish and increase the mass mortality rate. Bacterial
infection in fish is one of the diseases that can cause
considerable loss and decreased fish quality. In a
Korean fish culture, a mass mortality case was caused
by Edwardsiella tarda, based on the isolate analysis
from the kidney and liver in Korean catfish (Yu et al.,
2009). Additionally, disease outbreaks that caused mass
mortality in many catfish also occurred in Vietnam,
which induced by Aeromonas veronii as pathogenic
bacteria in catfish culture (Hoai et al., 2019).

The use of antibiotics increased the existence of
antimicrobial resistant bacteria as well as drug residues
in the aquaculture commodities (Subharthi, 2015). The
use of biocontrol agents for aquaculture is increasing
with the demand for environmental beneficials, eco-
friendly alternative for sustainable aquaculture
productionIn poor water quality, fish will easily
experience stress. The combination of these conditions
and the presence of some opportunistic bacteria in the
water increases the potential risk of bacterial infection.
Unfortunately, a large number of antibiotics are used
in fish feeds for the purpose of preventing and treating
infections in aquaculture facilities worldwide (Sapkota
et al., 2008).

Our previous studies have succeeded in isolating
several bacteria associated with marine sponges, such
as Bacillus spp., with promising antimicrobial activity
(Wibowo et al., 2020). It has been noted that some
Bacillus can combat pathogenic bacteria from
freshwater environment. For example, Bacillus subtilis
from marine sponges can inhibit Motile Aeromonas
Septicemia (MAS) that infected Labeo rohita (Paul et
al., 2021). Another previous study indicated that
Bacillus sp. found in marine sponges Callyspongia
diffusa has abundant antibacterial compounds and can
survive in normal saline condition (Kiran et al., 2018).
This condition has been confirmed through an
antibacterial assay using the spot and disc methods.
Based on Li et al. (2021), Bacillus produced surfactin
as an antibacterial compound (Li et al., 2021). This
study aimed to isolate and identify bacteria from
diseased catfish, then evaluate the ability of several
sponge-associated Bacillus spp. to inhibit bacteria
originating from diseased catfish.

Materials and Methods

Sampling

Experimental fish, i.e. C. gariepinus (±80 – 121 g)
were obtained from catfish culture in Kandang Mas,
Bengkulu, Indonesia. Fish were acclimatized at 25 ±
1°C. Diseased fish were sterilized with an iodine solution
and dissected dorsoventrally with a sterile blade to
expose kidney and liver. Two methods were carried
out for bacterial isolation, namely the swab method
and the serial dilution method. Bacteria were then
isolated from the liver and kidney by swabbing and
cultured onto Trypticase Soy Agar  (Berati et al., 2023).
These isolates were incubated at 28 °C for 24 h. In the
serial dilution method, the catfish organ samples were
minced with mortar and pestle before serially diluting
at 10-1, 10-3, and 10-5. After dilution, 0.1 ml of the
dilution product was taken onto the TSA media and
distributed evenly with a drigalski spatula (Irianto and
Austin, 2002).

Morphological and Biochemical assay

Bacterial characterization was done through
conventional microbiological assay methods, including
Gram staining, catalase and oxidase production assays,
Gram KOH 3%, Urea assay, Simmon citrate assay,
gelatin assay, Triple Sugar Iron Agar assay, Lysin Iron
Agar assay, Motility Indole Ornithine assay, Oxidative-
Fermentative (OF) assay, Methyl Red assay, and
carbohydrate assays (Al-Dhabaan, 2019). After that,
the result of this characterization was compared to
Bergey’s Manual of Determinative Bacteriology 9th
Edition (Holt et al., 1994), Bacterial Fish Pathogens
4th Ed (Austin and Austin, 2007), and Bacterial Fish
Pathogens 5th Ed (Austin and Austin, 2012).

DNA Isolation and Amplification

A total of 1.5 mL of bacterial culture was put into
Eppendorf and centrifuged at 8000 rpm for 10 min,
STE buffer (composited with 0.3 M sucrose; 25 mM
Tris-HCL; 25 mM EDTA. 2Na pH 8) used to wash the
formed pellet, then centrifuged for 10 min at 8000 rpm.
Pellet washing was carried out three times repeatedly.
Furthermore, 200 L of buffer STE and 45 mL of
lysozyme (20 mg/mL) were added to the pellet then
mixed and shaken gently. To form protoplast, it was
incubated at 55 °C for 60 min. About 20 L of
proteinase-K (20 mg/mL) was added to the mixture
and incubated at 55 °C for 1 h. Subsequently, 400 L
of 10% CTAB was added in a solution of 0.7 M NaCl



then incubated at 65 °C for half a h. A volume of the
phenol:chloroform (25:24) was added into the solution
and centrifuged at 12000 rpm for 10 min. The clear
phase formed was then transferred to the new tube.
Isopropanol volume was added 0.6 ml also 20 L
sodium acetate, the incubation was carried out at
-20 oC overnight and centrifuged at 12000 rpm for 10
min. The supernatant was removed while 1 mL pellets
was washed using 70% alcohol. DNA was dried for 1
h to remove alcohol and then dissolved in 50 L sterile
ddH2O, and the results of DNA isolation was stored at
4 °C or –20 °C (Sambrook et al., 1987). The 16S
rRNA gene was amplified using the universal primer
forward 27F (5’AGAGTTTGATCMTGGCTCAAG-
3’) and reverse 1492R (5’-ACCTTGTTA CGACTTC
AC-3’). The 16S rRNA gene amplification were done
in PCR thermocycler. PCR mixture contained 2,5 L
of template DNA; 0,4 M of primer 27 F and 0,4 M
of primer 1492 R; 18,5 L PCR-grade water, 2,5 L
2x KAPA Taq extra hotstart ready mix with dye. PCR
reactions were carried out in an thermocycler
programmed for the initial denaturation at 95 oC for 3
min and 29 cycles as follows: denaturation 95 oC for 1
min, annealing at 55 oC for 1 min, extention 72 oC for
1 min and final extention 7 oC for 7 min.

DNA Sequencing, Phylogenetic Trees
Reconstruction and Genetic Distance
Analysis

 The   PCR products were sent to PT. Genetics
Science Indonesia for sequencing. The sequences
were analyzed using BLAST program on NCBI (https:/
/blast.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic   trees
reconstruction   and     genetic distance were analyzed
using MEGA software. The phylogenetic trees were
constructed using Neighbor-Joining (NJ) method and
Minimum-Evolution (ME) method. The evolutionary
distances were calculated using Kimura 2-parameter
method with bootstrap assay 1000 replicates
(Rodiansyah et al., 2021).

Antibacterial Assay

An antibacterial assay was performed to evaluate
the antibacterial potential of six bacteria from Aplysina
sp. which collected from Enggano island (Wibowo et
al. 2020) to combat the newly isolated bacteria from
the diseased catfish. This assay was conducted using
two methods namely spot and paper disc diffusion.
The diseased catfish-associated bacteria were cultivated
on Trypticase Soy Agar (TSA) for 24 h before assay.
For the spot method, the pure Bacillus spp. were
cultivated on Sea Water Complete (SWC) Agar. Then,
the Bacillus spp. were spotted on Trypticase Soy Agar

(TSA) that had been mixed with the liquid bacterium
culture of infected catfish and then incubated during
48 hours at 28 oC. For the paper disc method, each
pure isolate of Bacillus spp. was cultivated in SWC
broth at 120 rpm for 24 hours at 25 oC. Then, the
culture was centrifugated at 10000 r.p.m. for 5 min.
The pellet (10 µl) and supernatant (10 µl) were
inoculated into the paper disc (diameter of paper disc).
Subsequently, the plates were incubated for 48 h at
28 oC. The presence of clear zone indicated a positive
result of antibacterial activity.

Results and Discussion

The collection of catfish was carried out at the
Kandang Mas catfish farm using a purposive sampling
method. In total, two catfish were found to have
symptoms of the disease. The results of observing
symptoms are shown in Figure 1.

According to Thomas et al. (2013), the ulcerative
lesions on the catfish have similarity with Aeromonas
spp. infections. In addition, catfish infected with
bacteria showed ventral and dorsal body ulceration and
pale liver. Clinical symptoms in catfish induced by
Bacillus cereus showed several red ulcerations on the
scalp to the caudal fin. Besides, Bacillus spp. cause
disease outbreaks and affect mass mortality in catfish
farming (Abdelgayed et al., 2021). In order to confirm
the causative agent of this infection, bacterial isolation
was performed.

Two methods were applied to conduct bacterial
isolation from the diseased catfish. According to

Figure 1. External morphology of catfish 1 (a): ulcerative
lesions on the pectoral fin (blue arrow 1), ulcerative
lesions on the dorsal (blue arrow 2). Internal morphology
of catfish 1 (b): pale yellow color on the liver (blue arrow 3),
and pale white color on the kidney (blue arrow 4).
External morphology of the catfish 2 (c): ulcerative
lesions on the caudal fin (blue arrow 1), ulcerative lesion
on the head (blue arrow 2), Internal morphology of
catfish 2 (d) Pale yellow color on the liver (blue arrow 3),
and pale white color on the kidney (blue arrow 4).
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Indonesian National Standard, the swab method is
carried out by wiping the digestive organs of sick
catfish using a sterile inoculation loop on Trypticase
Soy Agar (TSA) (SNI 7663:2011, ICS 65.150).
Moreover, the serial dilution method was performed
to isolate bacteria in the fish, following the standard
protocols applied by some researchers. The bacteria
isolate from Clarias gariepinus used serial dilution,
which was mixed with NaCl sterile until homogenous.
The serial dilution method could reduce the bacterial
density abundance (Novita et al., 2015).

In total, four bacterial strains were selected for
further investigation. Two bacteria isolated from the
kidney and two bacteria isolated from the liver. The
morphological characteristics of these bacteria are
shown by Figure 2 and 3.

Figure 2, shows the colony morphology of the four
selected strains from the diseased catfish. Strain GL1
had yellowish color, strain GL2 had cream color, strain
HL1 and HL2 had white color. Figure 3 shows the
bacterial morphology under microscope after gram
staining. It is noted that strains GL2, HL1, and HL2
were identified as Gram-positive bacteria, while strain
GL1 was identified as a Gram-negative bacterium.
Gram-positive bacteria have a thick peptidoglycan layer,
whereas Gram-negative bacteria only have a thin
peptidoglycan layer covered by lipopolysaccharides and
lipoproteins. Upon decolorization with alcohol or
acetone, only Gram-positive bacteria remain purple
(Beveridge, 2001). It is also shown that strain GL1

Figure 4. Phylogenetic tree results of isolated catfish from
GL1: kidney 1 (a), GL2: kidney 2 (b), HL1: liver 1 (c), and
HL2: liver 2 (d) isolates based on 16S rRNA gene analysis.
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had a rod cell shape, while strains GL2, HL1 and HL2
had bacilli cell shapes. Further characterization was
performed through a molecular approach. The result
of 16S rRNA gene sequence analysis is presented by
Figure 4.

The result of BLAST analysis discovered that strain
GL1 was identified as Aeromonas jandaei with
similarity 99.92%, strain HL1 as Bacillus
amyloliquefaciens with similarity 100%, strain GL2
and HL2 as Bacillus cereus with similarity 100%. In
Figure 2, a phylogenetic tree was successfully
reconstructed based on 16S rRNA gene sequences of
the isolated strains and their homologues species
(Adegbesan, 2019). Based on BLAST analysis and
phylogenetic tree reconstruction, three species of
pathogenic bacteria that associated with the diseased
catfish were successfully identified. In the study by
Chandra et al. (2015), the isolated bacteria from catfish
grown on TSA at 28 oC showed certain clinical
symptoms such as ulcers on the skin which gradually
grew in size and progressed to form ulcerous dermatitis
reported that B. cereus was pathogenic showed and
caused mass mortality in fish culture activities in India.

Morphological colony characteristics observation
(Gram stain, mobility, motility, shape, and color) and
biochemical tests (catalase, urease, oxidase activities,
nitrate reduction, indol production, acid/gas production
from carbohydrates, and fermentation of sugars) were
considered as a conventional approach to identify
pathogenic bacteria in aquaculture (Smibert and Krieg,
1994; Udgire et al., 2015). However, this study added
a molecular approach to strengthen the result of our
bacterial identification. Strain GL1 was allegedly closely
related to the genus Aeromonas based on the clinical
symptoms of catfish, bacterial colony morphology,

Figure 2. The morphology of bacterial colonies isolated
from GL1: catfish kidney 1 (a), GL2: catfish kidney 2 (b),
HL1: catfish liver 1 (c), and HL2: catfish liver 2 (d) were
grown on TSA media which were incubated for 24 hours
at 28 oC.

Figure  3.  Gram staining on bacteria isolated from  GL1 (a),
GL2 (b), HL1 (c), and HL2 (d)
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Gram staining, and biochemical profile. Aeromonas
bacteria are Gram-negative bacteria with yellowish
colonies with opaque, straight-rod shapes and are
motile. The biochemical characteristics of Aeromonas
are positive oxidase and catalase assays, producing gas
and acid, fermenting glucose and sucrose, and acid
butt with gas on triple sugar iron agar (Workgegn et
al., 2021). This finding was in line with the result of
16S rRNA gene analysis which confirmed GL1 as
Aeromonas jandaei. Furthermore, a positive result for
oxidase assay and negative for catalase, indole, and
urease assays were exhibited in GL2, HL1, and HL2.
Thus, these three strains were confirmed as the
member of Bacillus. This finding also suitable with
the result of 16S rRNA gene analysis which suggested
these strains as Bacillus spp. Nonetheless, strain GL1
and HL2 had negative oxidase, indole, and urease
assays, and positive catalase assay. The same
biochemical characteristics strengthen the results of
the 16S rRNA gene analysis that both come from the
same species, namely Bacillus cereus. Bacillus has been
reported to infect African catfish in the Vietnam area
through the oral tract and infect the kidneys of catfish
with high levels of pathogenicity (Austin and Austin,
2012).

Aeromonas is bacteria that causes disease in catfish
and other aquatic animals. Aeromonas causes significant
catfish mortality and economic losses in the freshwater
fish culture industry (Hossain, 2021). Based on
observations, catfish infected with Aeromonas showed
red ulceration on the pectoral and dorsal fins (Nawaz
et al., 2006). Aeromonas jandaei cause fish disease

and increased stress to death. Previous studies reported
Aeromonas jandaei cause 100% mortality within 24
hours after infection (Dong et al., 2017). A prior study
showed that Aeromonas jandaei possessed an
enterotoxin gene (Pablos et al., 2010). Therefore, these
results are concurrent with the hemolytic activity of
these bacteria, thus, providing potent pathogens. The
positive detection of the aerolysin gene (aerA) was
confirmed in Aeromonas jandaei from catfish (Bondi
et al., 2000).

In order to overcome bacterial infection in catfish
without antibiotic, this study aimed to find a biocontrol
agent from sponge-associated bacteria. One of the most
important features of biocontrol agents is the ability to
inhibit the pathogenic microorganisms. Therefore,
antibacterial assay was conducted in this study to
combat the newly isolated bacteria from the diseased
catfish. The result of this assay is presented by Figure
5, 6 and 7.

In the antibacterial assay using the spot method
(Figure 5), all Bacillus spp. have the potential to inhibit
the newly isolated bacteria from the diseased catfish.
Bacillus velenzensis APD10 was the best isolate to
inhibit the growth of the HL2 bacteria with an inhibition
zone diameter of 8.5 mm. Bacillus velezensis has the
potential as a probiotic for animals and fish. Bacillus

Table 1.  The result of biochemical characterization of
the isolated bacteria from diseased catfish

Figure 5. Inhibition zone is formed from Bacillus spp.
against newly isolated bacteria from diseased catfish using
the spot method. B. velezensis APD10 (a), B. subtilis
APD11 (b), B. subtilis APD15 (c), B. subtilis APD3 (d), B.
subtilis APD4 (e) against HL1 isolate; B. subtilis APD4
(f), B. velezensis APD10 (g), B. subtilis APD3 (h), B. subtilis
APD15 (i), B. subtilis APD11 (j) against GL1 isolate; B.
velezensis APD10 (k), B. paralicheniformis APD9 (l), B.
subtilis APD4 (m), B. subtilis APD11 (n), B. subtilis APD3
(o) against HL2 isolate; B. velezensis APD10 (p), B. subtilis
APD3 (q), B. subtilis APD11 (r), and B. subtilis APD4 (s)
against GL2 isolate.
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velezensis has been studied and applied more widely
recently because it can inhibit bacteria and become a
potential biocontrol agent. Systematically, the
secondary metabolites and molecular research of
antimicrobial are available in the bacteria. Previous
studies stated that lipopeptides from Bacillus velezensis
have strong cytotoxic properties against pathogenic
microbes (Meena et al., 2018; Ye et al., 2018). Bioactive
compounds in these bacteria can inhibit microbial
growth and decrease any disease outbreak (Ngalimat
et al., 2021). Bacillus subtilis APD3, APD4, and APD11
also inhibited all newly isolated bacteria from the
diseased catfish with moderate and weak inhibition
zones. Based on previous studies, Bacillus subtilis is
one of the most common bacterial groups associated
with antimicrobial metabolite products (Caulier et al.,
2019). Van et al. (2020) reported that B. subtilis can
inhibit the growth of Edwardsiella and Aeromonas
pathogenic bacteria in catfish. According to Nair et
al., (2021), the ability of Bacillus subtilis was proven
by assaying the spot method and the supernatant on
the disc diffusion method with antibacterial activity
against Aeromonas.

In the antibacterial assay using the disc method with
the supernatant (Figure 6), 4 isolates of Bacillus spp.
shown to have the potential as an antimicrobial agent
in catfish. Bacillus velenzensis (APD10) inhibited the
GL2 bacterial isolate with an inhibition zone diameter
of 17.6 mm. Phelan et al. (2013), reported that the
cell-free supernatant of Bacillus velezensis strains was
also used for antimicrobial screenings against several
Gram-positive and Gram-negative bacteria. All Bacillus
velezensis strains showed broad-spectrum inhibitions
across different groups of other bacteria. Bacillus
velezensis CPA1-1 carries the gene encoding the

biosynthesis of various peptidoglycans, polyketide
antimicrobial compounds, and proteins, which inhibiting
Aeromonas, Bacillus, and Vibrio. Bacillus velezensis
is a good antipathogen in fish and has potential for
further prospects to prevent and control various aquatic
animal diseases (Li, X et al., 2020). According to
Sipriyadi et al. (2021), the bacterial isolate of Bacillus
spp. from Haliclona sp. sponges from Enggano island
can inhibit several pathogenic bacteria.

In the antibacterial assay results of the disc method
using pellets (Figure 7), there were six isolates of
Bacillus spp. which has the potential to inhibit bacteria
in catfish. Again, Bacillus velenzensis APD10 exhibited
the best antibacterial property by inhibiting GL2 with
an inhibition zone diameter of 22.15 mm. According
to Wibowo et al. (2020), the bioactive compound as a
pellet and supernatant in Bacillus spp. from Aplysina
sp. can inhibit Candida albicans. This strain has great
potential as a biocontrol agent, which can be developed
commercially to improve disease control in fish culture.
Barale et al. (2022) reported that Bacillus velezensis
can grow on Trypticase Soy Agar (TSA) at a normal
temperature within 24-48 hours. The inhibition zone
produced by Bacillus velezensis was reported a crucial
role in the biocontrol agent (Li, Z et al., 2020).

In Table 2, all of the antibacterial assays using two
methods consisting of spot method and disc diffusion
using supernatant and pellet present the inhibitory

Figure. 6. Inhibition zone formed from supernatant of
Bacillus spp. against newly isolated bacteria from diseased
catfish using the disc method. B. subtilis APD3 (a), B.
subtilis APD4 (b), B. velezensis APD10 (c) against GL2
isolate, B. velezensis APD10 (d) against HL2 isolate, B.
subtilis APD3 (e) against GL1 isolate, B. subtilis APD3 (f),
B. paralicheniformis APD9 (g), B. velezensis (APD10)
against HL1 isolate (h).

Figure. 7.  Inhibition zone formed from pellets of Bacillus
spp. against newly isolated bacteria from diseased catfish
using the disc method. B. subtilis APD3 (a), B. subtilis
APD4 (b), B. velezensis APD10 (c) against GL2 isolate, B.
subtilis APD3 (d), B. velezensis APD10 (e) against HL2
isolate, B. subtilis APD3 (f), B. subtilis APD4 (g), B.
subtilis APD11 (h), B. subtilis APD15 (i) against GL1
isolate, B. subtilis APD3 (j), B. paralicheniformis APD9
(k), B. velezensis APD10 (l) against HL1 isolate
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activities for each method. The great assay inhibition
zone diameter was obtained from the disk dilution
method with pellet, followed by disk dilution with
supernatant and pure bacterial culture. The spot method
presented an inhibition zone diameter that was smaller
than supernatant and pellet, however, inhibition zones
from the spot method were moderate because almost
all Bacillus spp. from marine sponges showed a clear
zone. Phelan et al. (2013) reported that the pure bacteria
culture of Bacillus spp. from marine sponge produced
a variety composition of several antimicrobial peptides,
and the most important antibacterial substance was
from the supernatant, namely subtilomycin. Meanwhile,
the pellet contained some enzyme that stimulated the
establishment of secondary metabolite as an
antibacterial compound. The secondary metabolite of
marine sponges associated bacteria can inhibit bacteria
that could reduce the disease outbreak in fish culture
(Mohan et al., 2016).

Conclusion
This study successfully isolated four bacteria from

two diseased catfishes which collected from Kandang
Mas, Bengkulu, Indonesia. Morphological and
biochemical profiling indicated these bacteria belongs
to Aeromonas and Bacillus. The result of 16S rRNA
gene sequence analysis discovered that strain GL1 was
identified as Aeromonas jandaei with similarity 99.92%,
strain HL1 as Bacillus amyloliquefaciens with similarity
100%, strain GL2 and HL2 as Bacillus cereus with
similarity 100%. Furthermore, all sponge-associated
bacteria exhibited antibacterial potential against all newly
isolated bacteria from diseased catfish. Moreover,
Bacillus velezensis APD10 was suggested as the best
candidate due to its antibacterial potential.
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