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Abstract

The intestinal microbial community has crucial functions for their vertebrate host. Several studies in fish showed
that their gastro-intestinal tract harbors a diverse population of bacteria that supplies exogenous nutrients,
enzymes, fatty acids and vitamins to their host. Most studies on probiotics involved their practical use for
aquaculture, but are limited for the ornamental fish industry. Hence, this study aimed to screen the gut
microbiota of a freshwater fish, Anabas testudineus, for potential probiotic candidates for the ornamental fish
industry. Gut bacteria were obtained from the gut of climbing perch by plating of serially-diluted samples of the
gut contents onto Nutrient Agar (NA). In vitro antagonistic activities of these gut bacteria against a fish bacterial
pathogen, Aeromonas hydrophila, were determined by spot-on-lawn method. Isolates that had strong
antagonistic activities against A. hydrophila were further characterized using standard staining and biochemical
techniques. Rapid screening of the gut microbiota of climbing perch resulted in the identification of a promising
probiont, Kurthia gibsonii through sequencing of its 16S rRNA gene. This bacterium is a member of the
Planococcaceae family and is a Gram-positive, non-spore forming and rod-like bacterium. The isolate is
yellowish in appearance and has a filamentous colony on nutrient agar. It exhibited catalase and amylase
activities. Immersion challenge of freshwater ornamental fish with the bacterial isolate showed no mortality at 15
days after exposure. Taken together, the present study demonstrated that the gut microbiota of fish is a rich

source of probiotic candidates that can be utilized during the culture of freshwater ornamental fish.
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Introduction

It is widely accepted that fish reared in artificial
environments are more susceptible to disease-causing
agents than in the wild due to erratic rearing
conditions in the former. Most fish culturists would
resort to the use of antibiotics as a solution for
treating sick or diseased fish. Inappropriate and long-
term use of antibiotics would also result in the
emergence of drug-resistant bacteria, which are
increasingly difficult to control and eradicate
(Miranda and Zemelman, 2002). Hence, alternative
methods of disease control and management were
explored. One such method is the use of beneficial
bacteria as probionts (Verschuere et al., 2000; Irianto
and Austin, 2002) for disease prevention in fish
husbandry. A number of studies on the use of
probionts in fish have resulted in better growth,
higher disease resistance of the fish and to some

extent contribute to good water quality.

The intestinal microbial community provides a
variety of crucial functions for their vertebrate host
(Ivanov and Litman, 2011). Several studies have
demonstrated that the gastro-intestinal tract of fish
harbours diverse population of bacteria that could be
used as potential probionts (Hirimuthugoda et al.,
2006; Hagi and Hoshino, 2009; Lazado et al., 2010).
The intestinal microbiota also produces and supplies
exogenous nutrients, enzymes, fatty acids and
vitamins (Dhanasiri et al., 2011; Lazado and Caipang,
2014). In addition, studies on microbial populations
have opened new perspectives concerning the role
and physiological functions of the secondary
metabolites released by intestinal microorganisms.
These chemical repositories can be utilized for
numerous applications yet this distinct microbial pool
is least prospected for the discovery of novel bioactive
compounds. Some bacterial isolates from fish gut
have been demonstrated to be producing compounds
of particular interest such as sebastenoic acid,
phytase, chitinase, among others (Lazado et al., 2010;
Lazado et al., 2012; Sanchez et al., 2012). As the
ornamental fish industry in the Philippines is
expanding (Muyot et al., 2018), it is necessary that

efficient health management strategies have to be

implemented. The use of probionts as a health
management tool would ensure that production is
sustained and at the same keep the fish healthy
during the rearing process. Hence this study aimed to
identify probiotic candidates with potential use for
the ornamental fish industry through bulk screening
of the gut microbiota of a freshwater fish, Anabas

testudineus.

Materials and methods

Collection of fish and screening of bacterial isolates
Mature climbing perch, were caught from a river by
hook and line and transported to the Biology
Laboratory of the University of San Agustin. The fish
were starved for 48h to empty the gastro-intestinal
(GI) tracts (Ray et al., 2010). After starvation, the fish
were immediately sacrificed by giving a sharp blow to
the head and the ventral surface of each fish was
thoroughly rubbed with 1% iodine solution for surface
sterilization. The fish were dissected aseptically and
their gastrointestinal tracts were excised carefully.
Gut samples were processed for the isolation of
adherent (autochthonous) bacteria following the as
described by Dhanasiri et al. (2011). The gut segments
were homogenized with 10 parts of sterilized pre-
chilled 0.9% NaCl solution and ten-fold serial
dilutions were prepared. Diluted samples (0.1mL)
were poured aseptically on Nutrient agar (NA) plates
and incubated at 28°C for 48 h to determine

culturable heterotrophic autochthonous bacteria.

After a 48-h incubation period, four hundred fifty
(450) distinct bacterial colonies were randomly
picked and re-streaked on fresh NA medium for
further testing on their in vitro antagonistic activities
against Aeromonas hydrophila, a bacterial pathogen
of freshwater fish. Inhibition of A. hydrophila was
determined using the spot-on-lawn method following
the procedures of Caipang et al. (2010). Bacterial
isolates that exhibited zones of clearance on the agar
plate with A. hydrophila were purified using fresh NA
medium and kept for subsequent experiments.
Pathogenicity of the bacterial isolates to ornamental
fish was carried out using a bath challenge following

the procedures described by Sasmal et al. (2005).
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An overnight broth culture (approximately 107 CFU
per m L) of each isolate was added to the culture tank
(5 1i) of molly, Poecilia sp., at a density of 10 fish/li.
The final concentration of the bacterial inoculum in
each rearing tank was at 103 CFU per m L. After 1
hour of exposure, each group of fish were
immediately transferred to new 5-li container and
observed for mortalities and pathological changes for

two weeks.

Characterization of bacterial isolates

The bacterial isolates that were not pathogenic to
molly were further subjected to morphological,
physiological, and various biochemical tests following
standard methods. Identification of the strains was
primarily based on the phenotypic characters and
biochemical properties described in the Bergey’s
Manual of Systematic Bacteriology (Holt et al., 2000).

To facilitate molecular identification of the isolates,
bacterial genomic DNA was extracted using a
commercial kit from an overnight culture of the
isolates in 5mL Trypticase Soy Broth (TSB) following
the procedures described by manufacturer (Purelink
Genomic DNA Mini, Thermo Fisher Scientific,
California, USA). 16S rRNA was amplified using the
eubacterial universal primers (Forward: GAGAGT
TTGATCCTGGCTCAG; Reverse: CTACGGCTACCT
TGTTACGA) of (Bianciotto et al., 2003) in a 25 pL
PCR reaction consisting of 2 puL (10-15 ng) of DNA as
the template, 2 uL of each primer (5 pmol), 2.5 pL of

10 PCR buffer, 1.5 pL of 2mm dNTP, 1 pL of 50mm
MgCl. and desired volume using distilled water.
Polymerase chain reaction amplification was carried
out following the PCR conditions described by
Caipang et al. (2010). The PCR products were cleaned
and sent for sequencing (Macrogen, Korea).

Sequenced data were aligned and analyzed to find the
closest homolog of the bacterial isolates using the
of NCBI GenBank
(blast.ncbi.nlm.nih.gov). MEGA 7.0 (Tamura et al.,

publicly available data
2013) was used for aligning DNA sequences together
with the reference sequences in the construction of
the phylogenetic trees. Species identification was
inferred using Neighbor-Joining (NJ) tree with 500
bootstrap replications (Tamura et al., 2013).

Results and discussion

There were 39 isolates or 8.7% that showed inhibition
against A. hydrophila. These isolates were checked
for the presence of some enzymes including catalase
(Barbosa et al., 2005), protease (Pailin et al., 2001),
lipase (Igbal and Rehman, 2015) and amylase
(Alariya et al., 2013) following procedures described
previously. Table 1 shows the presence of these
enzymes in the bacterial isolates. There were 18
isolates that possessed at least 2 of the beneficial
enzymes; thus, were subsequently used for the
pathogenicity tests in freshwater ornamental fish

using molly, Poecilia sp., as the model organism.

Table 1. Enzymatic activities of the gut bacteria obtained from the gut of climbing perch.

Isolate Numb Catalase Amylase Lipase Protease Isolate Numbe Catalase Amylase Lipase Protease
A1 X P X X D1 P X X X
A2 P P P X D2 P X X X
Asg P P X X D3 2 2 X 2
Aq P P X X E1 X P X X
A5 P P X X E2 P P P P
A6 P P X X E3 P P P X
Ay P P X X E4 2 2 P 2
A8 P P X X Es5 X P X P
Ag P P X X E6 P P P P
B1 P X X X E7 P P P P
B2 P P X X E8 P P P P
B3 P X X X Eg P P P P
B4 P P X P E10 P P P P
Bs P X X P E11 P P X P
B6 P P X X E12 P P P P
By P X X X F13 2 X X 2
B8 P X P X E14 P P P P
Bg X P X X E15 P P X P
Bio X P X X E16 P P X P
B11 P X P X

Bacterial isolates highlighted in red font were further tested of their pathogenicity in ornamental fish.

P — indicates presence of enzymatic activity, X — indicates absence of enzymatic activity.
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Ornamental fish that were challenged with the 18
bacterial isolates had survival rates ranging 80-100%
over an observation period of 2 weeks, indicating that

all isolates were not pathogenic to fish (Table 2).

Moreover, there were no moribund fish and the dead
fish did not exhibit any pathological changes that
would likely indicate bacterial infection. Using the
data on the spot-on-lawn assay, presence of beneficial
enzymes and pathogenicity tests, we selected four (4)
promising bacterial isolates that were further tested
for phenotypic and biochemical characterization as
well as molecular identification. The isolates B2, Bs,

B6 and Bio exhibited strong inhibitory activity

against A. hydrophila, possessed beneficial enzymes
and were not pathogenic to ornamental fish.
Morphological characterization of the four probiotic
candidates is shown in Table 3. All four isolates are
rod-shaped, Gram-positive bacteria. Isolate B2 has
milky color, filamentous margin and has a slimy
texture. On the other hand, isolates B5, B6 and B1o
have an undulate margin, opaque in color and have a
matte texture. B2 isolate does not have endospores
and is a non-acid fast bacterium, whereas the three
other isolates have endospores and non-acid fast
bacteria. Isolates B5, B6 and B10 were gelatinase- and
arabinose

oxidase-positive (Table 4). Moreover,

activity was present in B2, B5 and B6 isolates.

Table 2. Survival of ornamental fish following bath challenge with the various gut bacterial isolates obtained

from climbing perch.

Isolate Number Survival (%)

Isolate Number Survival (%)

A2 90 Bio 100

A6 100 D3 90

A7 100 E7 100

A8 8o E8 100

B2 100 Eg 100

B4 100 E10 100

Bs 8o E14 100

B6 80 E15 100

B8 100 E16 100
Table 3. Morphological characterization of the gut bacterial isolates.

Characteristics Isolate

B2 Bs B6 Bio

Gram stain + + + +

Cell shape Rod rod rod rod

Luminescence - - - -

Colony Description

1. Margin

Filamentous +

Undulate (wavy) + + +

2. Color

Opagque or white + + +

Milky (yellowish) +

3. Elevation

Flat + + + +

4. Texture

Slimy, moist +

Matte + + +

5. Shape

Filamentous +

Irregular + + +

6. Size

Endospore - + + +

Acid-fast - - - -

Molecular characterization of the isolates showed that
the three isolates: B5, B6 and Bio are putative
Bacillus albus. Surprisingly, isolate B2 showed high

identity to Kurthia gibsonii as shown by the
phylogenetic tree analysis (Fig. 1). The isolation of

Bacillus spp from the gastro-intestinal tract of fish is
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not new, considering that this bacterial group is
commonly isolated from the gut of various species of
fish as
(Thankappan et al., 2015; Kavitha et al., 2018; Soltani

demonstrated in previous studies
et al., 2019; Kuebutomye et al., 2020). Studies on the
identification or use of Kurthia spp as probiotics in
fish are limited except for the testing of in vitro
antagonistic activity of this bacterial species that was
isolated from milk products (Chaudhary and Qazi,
2014; Chaudhary et al., 2021). It is interesting to note

that various strains of K. gibsonii can be classified in

any of these categories: pathogenic (Lozica et al.,
2022), non-pathogenic  with  bioremediation
properties (Wu et al., 2011; Sahadevan et al., 2016) or
implicated in spoilage of milk products (Junior et al.,
2019). Our future studies, will focus on more in-depth
characterization of this bacterial isolate and explore
the possibilities whether or not this can be utilized as
probiotics for ornamental fish. We have to establish
that this isolate is not a zoonotic agent and at the
same time uncover the mechanisms of its probiotic

actions in fish.

Table 4. Biochemical characterization of the gut bacterial isolates.

Isolate 1 2 3 4 5 6 7 8 9 10

B2 - - - -
B5 - - oo oo oo
B6 - - oo o oo
B10 S

11 12 13 14 15 16 17 18 19 20 21

+ 4+ +
LI}
LI}
LI |
LI}
LI |
LI}
LI}
LI}
+ + +

+ 4+

Activity for the following:
1: Galactosidase
2: Arginine dihydrolase
: Lysine decarboxylase
: Ornithine decarboxylase
: Utilization of citrate
: Production of hydrogen sulfide
: Urease
: Tryptophan deaminase
: Production of indole
10: Detection of acetoin
11: Gelatinase

o 01 A~ W

\O

9KzopfastranJCME102
10Kzopfi
8KzopfustranJCM6103
12KsbincastranNBRC101530
13Ksbincastran13-22
15Ksenegak JCBE
11Pwig Unisal7
16KgbsonistrainkF
17KgibsonistranPie Chior cd

? : 2KgibsonastranJCM6107
6KurthagibsonastrainVIT-AKS
1 4KgibsonastranRCB894
_2(_7: 1KgibsonastrainkH2
6 5KgibsonastranRCB321

[ 3KgbsonastrainJCM6106
3 L—— 14KgbsonistrainCKGCS 8

Fig. 1. Phylogenetic tree of the B2 isolate

Taken together, the results of this study showed that
1) the gut microbiota of freshwater fish is a good
source of potential probionts that may be further

developed for use by the ornamental fish industry,

12: Fermentation of glucose
13: Fermentation of hexose

14: Fermentation of inositol
15: Fermentation of sorbitol
16; Fermentation of rhamnose
17: Fermentation of sucrose
18: Fermentation of melibiose
19: Fermentation of amygdalin
20: Fermentation of arabinose
21: Oxidase

and 2) these potential probiotic candidates possess

beneficial enzymes that are important to the host fish.
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