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Abstract

In this study, a bacterial strain COFCAU_P1, isolated from the digestive tract of a freshwater teleost rohu (Labeo rohita), was
identified as Bacillus amyloliquefaciens using 16S rRNA gene sequence analysis combined with amplification of species-
specific BamHI and barnase genes. The probiotic potential of the strain was evaluated using an array of in vitro tests along
with safety and genetic analyses. The isolate showed potent antimicrobial response against several fish pathogenic bacteria,
survived a wide pH range (2-9), and was resistant up to 10% bile salt concentration. With regard to the in vitro adhesion prop-
erties, the strain showed significantly high in vitro adhesion to mucus, auto and co-aggregation capacity, and cell surface
hydrophobicity. The strain was non-haemolytic, able to produce extracellular enzymes, viz., proteinase, amylase, lipase, and
cellulase, and showed significant free radical scavenging activity. A challenge study in rohu revealed the strain COFCAU_P1
as non-pathogenic. The presence of putative probiotic marker genes including 2, 3-bisphosphoglycerate-independent phos-
phoglycerate mutase, arginine/ornithine antiporter ArcD, choloylglycine hydrolase, LuxS, and E1 f-subunit of the pyruvate
dehydrogenase complex was confirmed by PCR, suggesting the molecular basis of the probiotic-specific functional attrib-
utes of the isolate. In conclusion, the in vitro and genetic approaches enabled the identification of a potential probiotic from
autochthonous source with a potential of its utilization in the aquaculture industry.
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Introduction from the extensive and semi-intensive to intensive aqua-

culture practices. However, intensive culture practices are

Aquaculture has emerged as one of the most promising
food production sectors throughout the world, owing to its
contribution in providing premium quality animal protein.
With the ever-increasing world population, the demand for
fish and fishery products has been growing continuously.
To meet this increasing demand, there has been a transition
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associated with certain drawbacks, most importantly, the
vulnerability of fishes to environmental stresses and numer-
ous pathogenic organisms. As a consequence, aquaculture
farms are experiencing frequent outbreaks of diseases with
varying aetiology which has now been considered as a major
stumbling block in the growth of the fish farming industry
[1, 2]. To avoid or minimize the loss in aquaculture due to
disease, use of the chemotherapeutics, antibiotics, and vac-
cines has become a customary practice. However, the indis-
criminate use of these substances is plagued with negative
consequences, and now the situation lies where the chemo-
therapeutics are at risk of running out of efficiency. As an
answer to this very concern, the probiotics have established
their significance as an effective and sustainable biocontrol
strategy in global aquaculture [3].

Probiotic has achieved significant scientific and commer-
cial attention as a healthy alternative to chemotherapeutics in
aquaculture. Usually, probiotics uphold a close relationship
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with the host and impart their effect on the host for better
physiological and immunological status [4, 5]. Potential pro-
biotics required to possess some inherent attributes, includ-
ing the natural availability, non-pathogenicity, acceptance
from the host, capability to colonize, and proliferation at
different target sites of the host [6, 7]. The selection of pro-
biotic strain is crucial, and lacking desired criteria may lead
to adverse side effects to either the host organism or the
aquatic environment. Therefore, prior to the field trial of any
probiotic, screening for the perfect beneficial strain should
go through the vigorous systematic assessment by different
approaches [8, 9]. It has been reported that probiotic strain
from the same host and origin (autochthonous) is more likely
to be much effective as probiotic [6]. The gastrointestinal
tract of fish offers a conducive environment for the beneficial
endosymbiotic bacteria to colonize and proliferate [10, 11].
Therefore, it is highly advisable to select gut endosymbionts
rather than from other sources. The isolated gut symbiotic
bacteria must possess ideal probiotic characteristics such as
production of extracellular enzymes, tolerance to low pH
and high bile salt concentration, production of antimicro-
bial compounds, and high adherence capacity to different
mucosal and hydrophobic surfaces, and it should not induce
any pathological condition on the host [12—15].

Additionally, genetic assessment by employing molecu-
lar markers for probiotic properties can facilitate rapid and
proper identification of potential probiotics [8]. Molecu-
lar screening of the putative probiotic marker genes has
strengthened the classical phenotypic microbiological typ-
ing. Several genes related to the probiotic associated prop-
erties including acid/bile tolerance, adhesion, and quorum
sensing have been identified using genetic studies [8]. Thus,
the present study was undertaken to screen and characterize
potential probiotic bacterial species from the gastrointestinal
tract of a freshwater teleost Labeo rohita using an array of
in vitro and genetic approaches.

Materials and Methods
Isolation of Gut Bacteria

Fingerlings of healthy L. rohita (12.6 = 1.54 g,
10.4 + 1.72 cm) were collected from local aquaculture
farms. The fish were starved for 48 h; digestive tracts were
dissected out and pooled in aseptic condition following
the methods described by Mandal and Ghosh [16], and
Mukherjee and Ghosh [17] with some modification. Briefly,
the homogenate of the gut was serially diluted with 0.9%
normal saline solution (1:10; w/v) and kept for some time
to settle down the debris. The homogenized samples were
serially diluted up to 107 and spread over nutrient agar (NA)
(HiMedia, Mumbai, India) and incubated at 30 °C for 48 h.

Morphologically different bacterial colonies were picked for
further analysis. In total, 67 intestinal bacteria were screened
initially by the agar-overlay method to check for inhibitory
activity against Aeromonas hydrophila ATCC 7966 follow-
ing the method described by Spelhaug and Harlander [18].
Briefly, the isolated bacteria were allowed to grow for 48 h
and subsequently killed by chloroform vapour. The killed
colonies were overlaid with 5 mL of 0.8% agar, which was
seeded with pathogenic A. hydrophila ATCC 7966 and rein-
cubated at 30 °C for the next 24 h. Clear zone over the NA
plate around the colonies indicated the potential beneficial
properties of the isolates. Based on the results of the agar-
overlay method, strain COFCAU_P1 was selected for further
characterization.

Antagonism Assay

The antagonism by the strain COFCAU_P1 was analysed
firstly by cross-streak technique (to determine the inhibi-
tory activity) [19] followed by parallel streaking method (to
determine the severity of inhibition) [20] against fourteen
pathogenic indicator bacteria comprising 7 reference strains
(ATCC) and 7 field strains isolated and identified by our
group (Table 1).

In the cross-streak method, a fresh culture of the strain
was streaked (width 4 mm) across the diameter of the NA
plate and incubated for 24 h at 30 °C. Subsequently, the
pathogenic indicator bacteria were inoculated across/ per-
pendicular to the strain apart by 2-3 mm, and the plates were
reincubated for another 24 h at 30 °C. The inhibitory activity
was observed by inhibition of growth of indicator bacteria,
and reading was recorded in mm.

In parallel streak method, the strain was streaked (width
4 mm) across the NA plate in two separate lines apart by
3 cm and incubated for 24 h at 30 °C. After 24 h, indicator
strain was streaked (width 4 mm) in the centre of producer
strain followed by reincubation of plates for another 24 h
at 30 °C. The severity of inhibition was rated as “###” for
complete inhibition, “##” for moderate inhibition, and “#”
for low inhibition.

Identification of the Strain

The strain COFCAU_P1 was identified by polymerase
chain reaction (PCR) using 16S rRNA universal primers,
27F (5" AGAGTTTGATCCTGGCTCAG 3') and 1492R
(5" GGTTACCTTGTTACGACTT 3') [21]. Genomic DNA
of bacteria was isolated using Insta™ DNA Kit (Himedia)
as per manufactures instruction and quantified using a bio-
spectrophotometer (Eppendorf, Hamburg, Germany). The
PCR reaction mixture was composed of 1 pL template
(100 ng ul™Y), 1 pL of each forward and reverse primer
(10 pmol ul™"), 13 pL of Taq 2X Master Mix, and 10 pL
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Table 1 Antagonism activity

: . Indicator (Pathogenic) bacteria ATCC/ GenBank Cross streaking (Mean inhi-  Parallel
of B. amyloliquefe dciens Accession number bition in mm + SE) streak-
COFCAU_PI a'lgamst . ing*
pathogenic indicator bacteria

Aeromonas hydrophila ATCC 7965 13.0 + 0.57 #iH
A. hydrophila ATCC 7966 13.2 +£0.58 #itH
A. hydrophila ATCC 35645 12.67 + 0.56 ##
A. hydrophila ATCC 49140 15.34 £ 0.34 ###
A. hydrophila (COFCAU_AH1) MK907589 12.36 + 0.34 ###
A. hydrophila (COFCAU_AH2) MK907590 11.66 + 0.58 ##
A. hydrophila (COFCAU_AH3) MK907591 12.67 + 0.59 ##
A. hydrophila (COFCAU_AH4) MK907595 12.60 + 0.56 #i#H#
A. veronii (COFCAU_AV) MK907586 13.0 £ 0.58 ##
A. caviae (COFCAU_AC) MK907593 13.64 + 0.34 ##
A. media (COFCAU_AM) MK907592 8.34+0.34 ##
Vibrio parahemolyticus ATCC 17802 5.34 +0.33 #
Pseudomonas aeruginosa ATCC 27853 0.0 H#i#
Escherichia coli ATCC 10536 8.67 +0.34 #

“Where, “##H#” for complete inhibition, “##” for moderate inhibition, and “#” low inhibition. All the ATCC
stains were procured through HiMedia, Mumbai, India

of nuclease free water. The PCR condition was as follows:
initial denaturation for 10 min at 94 °C; 35 cycles of dena-
turation for 1 min at 94 °C, annealing for 45 s at 55 °C and
extension at 72 °C for 1 min; and final extension at 72 °C for
7 min. Purified PCR products were sequenced (Applied Bio-
systems, Beverly, MA, USA), and a phylogenetic tree was
constructed by the neighbour-joining method using MEGA
6 software. Phylogenetic neighbours were selected based on
the results of BLAST (basic local alignment search tool).
Sequences which showed maximum similarity (>99%) with
zero E-value were selected for the evolutionary tree con-
struction [22, 23]. The 16S rRNA sequence analysis identi-
fied the strain as Bacillus amyloliquefaciens. The presence
of two signature genes of B. amyloliquefaciens were also
screened for the additional confirmation of the strain namely,
BamHI (F: 5" TCATTGAACGGTGGGCAGAA 3'; R: 5'
GCCAGCAACCTCAAAAACC 3') and barnase (F: 5' CAC
ACAAGCCGCTCAAAACA 3'; R: 5 TAATCCGCAACC
CCGTCAAA 3"). The PCR condition was as follows: initial
denaturation at 94 °C for 10 min; 35 cycles of denaturation
for 1 min at 94 °C, annealing for 45 s at 47 °C (for barnase)
and 50 °C (for BamHI), and extension for 45 s at 72 °C; and
final extension at 72 °C for 5 min.

pH and Bile Tolerance

The pH and bile tolerance were measured using the method
described by Hoque [24] and Nikoskelainen et al. [25],
respectively with some modification. For pH tolerance, an
overnight culture of the strain COFCAU_P1 was adjusted
to an OD of 0.25 at 600 nm to achieve a cell concentration
of 107 CFU mL™"'. From there, 0.1 mL broth was taken, and
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inoculated in nutrient broth with variable pH (2-9). The pH
was adjusted with 1 N HCL and 1 N NaOH. The broth cul-
tures were further incubated at 30 °C for the next 24 h, and
growth was monitored by observing the change in optical
density (OD) in a spectrophotometer (Thermo Scientific,
Waltham, MA, USA) at a wavelength of 600 nm. For the
determination of bile tolerance, an overnight culture of the
strain was adjusted to an OD of 0.25 at 600 nm to achieve
a cell concentration of 107 CFU mL~!. From there, 1 mL
broth was taken, centrifuged at 10,000 g for 10 min at 4 °C,
and washed with phosphate-buffered saline (PBS; 137 mM
NaCl, 2.7 mM KCl, 8 mM Na,HPO,, and 2 mM KH,PO,;
pH 7.4). Bacterial pellet was uniformly dissolved in PBS
containing bile salts (HiMedia) with variable concentration
(0% (control), 2.5%, 5% and 10%), incubated at 30 °C for
1.5 h, and absorbance was recorded using spectrophotometer
(Thermo Scientific) at 600 nm.

Haemolytic Assay

The assay was carried following the method of Joseph et al.
[26]. Briefly, the strain was streaked on a plate containing
blood agar base (HiMedia) enriched with 5% chicken blood
and incubated at 30 °C for 24 h. Haemolytic zones were
observed and subsequently classified as o (incomplete/partial
haemolysis), B (complete haemolysis), or y (non-haemolytic)
haemolysis.

Extracellular Enzyme Production

Qualitative assessment of the extracellular enzyme-producing
capabilities of the strain was done using the previously described
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protocols with slight modifications. Briefly, the isolated strain
was inoculated in gelatine-peptone agar (HiMedia) and incubated
at 30 °C for 48 h followed by flooding with 15% HgCl,; the
appearance of clear zone around the colony indicated protein-
ase production [27]. Bacteria-inoculated starch agar (HiMedia)
plates were incubated for 24 h at 30 °C and flooded with Lugol’s
iodine solution; the appearance of whitish-yellow discolouration
over the media indicated positive amylase test [27]. Appearance
of whitish opaque colouration around the bacterial colony over
tributyrin agar (HiMedia) showed lipolytic enzyme-producing
ability of the strain. Bacteria-inoculated carboxymethylcellulose
agar (HiMedia) was incubated for 48 h at 30 °C and then flooded
with gram’s iodine solution; whitish appearance on the periphery
of colony indicated cellulase production by the strain [28].

Bacterial Cell Surface Hydrophobicity

The cell surface hydrophobicity was examined, according to Lee
et al. [29], with some modification. This method was based on
adhesion of cells to the organic solvents. Briefly, the bacterial
strain was grown for 48 h at 30 °C in nutrient broth, centrifuged
at 10,000 g for 3 min, followed by washing with PBS twice.
Pellet was resuspended in PBS (pH 7.4), and OD at 600 nm
was measured (OD,). The bacterial suspension was mixed with
equal volume of each solvent namely, xylene and chloroform
separately, and vortexed for 5 min. The mixture was allowed to
separate into two phases for 30 min, and the OD of the aqueous
phase was measured at 600 nm (OD,). A non-probiotic bacte-
rium, A. hydrophila ATCC 7966, was used as a control. Hydro-
phobicity was calculated using the following formula:

Hydrophobicity (%) = (1 — OD,/OD,) x 100

Growth on Mucus

The adherence capability of the strain and a non-probiotic
bacterium (A. hydrophila ATCC 7966) on the skin mucus
was determined using the method of Midhun et al. [30] with
modification. Fish were anaesthetized using clove oil (50 pL
L") [31] and kept separately for 10 min in sterile beakers con-
taining 5 mL of 100 mM ammonium bicarbonate buffer (pH
7.8). During removal of the fish from the beakers, fish were
rinsed with 5 mL of the same buffer. The buffer containing
the mucus was then transferred into sterile 15 mL tubes and
centrifuged at 12,000 g for 15 min at 4 °C. After centrifuga-
tion, the supernatant was sterilized through a 0.22 pm syringe
filter (HiMedia). Filter-sterilized mucus samples were inocu-
lated with the bacteria (10° CFU mL™!), incubated for 24 h
at 30 °C, and the OD was measured at 600 nm wavelength.

Auto-aggregation and Co-aggregation

The auto-aggregation and co-aggregation capacity of the
strain COFCAU_P1 was determined using the method of
Del Re et al. [32] and Handley et al. [33], respectively. In the
auto-aggregation assay, 24-h-old bacterial broth was centri-
fuged for 3 min at 10,000 g and suspended in PBS (pH 7.4)
to achieve an OD of 0.5 at 600 nm. The bacterial suspension
(2 mL) was again centrifuged, and the cells resuspended in
their culture supernatant. The culture was incubated for 2 h
at 30 °C, 1 mL of the upper suspension was withdrawn, and
the OD measured at 600 nm. Auto-aggregation percentage
was expressed using the following formula:

Auto-aggregation (%) =1 — (OD of the upper suspension

/OD of the total bacterial suspension) X 100

In the co-aggregation test, the capacity of the co-
aggregation of the strain was evaluated using the path-
ogenic A. hydrophila ATCC 7966. Briefly, 24-h-old
bacterial broths were centrifuged (10,000 g for 3 min)
and washed twice with PBS (pH 7.4). The washed pel-
lets were suspended in PBS and OD adjusted to 1.0 at
660 nm. The test isolate (0.5 mL) and A. hydrophila
ATCC 7966 (0.5 mL) were mixed and incubated for
24 h without agitation followed by measurement of OD
at 660 nm. The co-aggregation capacity of isolate was
calculated as

+ ODisolale)/2 - (OD
+ OD,

isolate

mix)

)/2] % 100

Co-aggregation (%) =[(OD,pegen
/(0D

pathogen

Antioxidant Activity

For the determination of radical scavenging activity, ini-
tial sample preparation was done following the method of
Xing et al. [34]. Briefly, 24-h-old bacterial broth culture was
centrifuged at 8000 g for 10 min at 4 °C, and the cell-free
supernatant was collected in a separate tube for scavenging
assays. Ascorbic acid (10%) was used as a standard antioxi-
dant agent in all the assays.

DPPH (1, 1-Diphenyl-2-picrylhydrazyl) activity was deter-
mined following the method described by Brand-Williams
et al. [35]. Briefly, 100 pL of the supernatant was mixed with
3 mL of absolute ethanol and 2 mL of 0.06 mM DPPH (HiMe-
dia) solution. The supernatant was incubated for 30 min, and
absorbance (A) was recorded at 517 nm. The mixture of etha-
nol and sample served as a blank, whereas DPPH solution
without sample served as control. The scavenging percentage
was determined using the following formula:
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DPPH scavenging rate (%) = 100 — [A — Apjank X 100/A

sample comml]

The ability of the supernatant to scavenge H,0, radicals
was determined according to the method of Ruch et al. [36].
Briefly, 100 pL of the supernatant was mixed with 600 pL of
40 mM H,0, (HiMedia) dissolved in PBS (pH 7.4), followed
by 10 min incubation and measurement of absorbance (A)
at 230 nm against a blank (PBS without H,0,) and control
(H,O, solution without sample). The percentage scavenging
activity was calculated using the equation:

H2O2 Scavenging rate (%) = [Acomro] - Asample/Acomrol] x 100

For measuring alkaline DMSO scavenging capacity [36],
100 pL of the supernatant was mixed with 1 mL of DMSO
(HiMedia) and 200 pL of 20 mM nitroblue tetrazolium (NBT)
(HiMedia), followed by 10 min incubation and measurement of
absorbance (A) at 560 nm against a control (DMSO and NBT
mixture). The percentage scavenging activity was determined as

Alkaline DMSO scavenging rate (%) = [Acontml = Agample /Acomml] % 100

Ferric reducing antioxidant potential (FRAP) was deter-
mined using the method described by Han et al. [37] with
modification. Briefly, 3 mL of freshly prepared FRAP solu-
tion [300 mM acetate buffer (pH 3.6), 10 mM tripyridyltria-
zine (TPTZ) (HiMedia) in 40 mM HCl, and 20 mM FeCl,.
6H,0 in the proportion of 10:1:1] was mixed with 100 pL of
the supernatant and 300 pL of distilled water. The mixture
was placed in dark for 5 min, and absorbance (A) was meas-
ured at 593 nm against a control (FRAP solution and water).
The percentage ferric reducing potential was determined as

Ferric reducing potential (%) = [Aconrol = Asample/Acontrol] X 100

For determination of ABTS [2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid)] scavenging activ-
ity [37], 100 pL of the supernatant was mixed with 3 mL
ABTS (HiMedia) solution (20 mM ABTS in sodium ace-
tate buffer; pH 4.5) and incubated for 6 min, followed by

measurement of absorbance at 734 nm against a control
(ABTS solution without supernatant). The percentage
scavenging activity was determined using the following
formula:

ABTS scavenging rate (%) = [Acomro] = Agample /Acnmml] x 100

Challenge Study

The safety of the isolated strain was evaluated using a chal-
lenge study [38]. The fish in triplicate tanks (6 fish per tank)
were administered intraperitoneally with 0.1 mL of fresh
probiotic bacterial suspension (10! CFU mL™!). Control
group fish were injected with an equal volume of sterile PBS
(pH 7.2). Fish were kept under observation for 2 weeks for
possible mortalities or clinical signs.

Genetic Analysis

Genetic analysis was carried out for further confirmation of the
probiotic attributes of the isolated strain. Five marker genes,
related to acid/ bile tolerance, and adhesion were selected
based on previously published literatures [8, 39]. Complete
genomic sequences of B. amyloliquefaciens, available in the
NCBI (national centre for biotechnology information) database,
were screened for the selected genes. The primers for the genes
namely, 2, 3-bisphosphoglycerate-independent phosphoglycer-
ate mutase, arginine/ornithine antiporter ArcD, choloylglycine
hydrolase, LuxS, and E1 B-subunit of the pyruvate dehydro-
genase complex were designed with the help of NCBI primer
designing tool (Table 2). The PCR reaction mixture was com-
posed of 13 pL of Taq Master Mix (2X), 1 pL of each forward
and reverse primer (10 pmol pL™"), 1 uL of the template (100 ng
uL™1), and 10 pL of nuclease-free water. The PCR condition was
as follows: 1 cycle at 94 °C for 10 min; 35 cycles of 1 min at
94 °C, 45 s of annealing temperature for each primer (Table 2)
and then 45 s at 72 °C; followed by 1 cycle of elongation for
5 min at 72 °C. The PCR amplicon of a particular gene was

Table 2 Oligonucleotide primers of the probiotic associated markers used for PCR amplification

SI. No. Name Primer sequence (5' — 3') PCR product Annealing tem- GenBank
size (bp) perature (°C) Accession
number
1 2, 3-bisphosphoglycerate-independ- ~ Forward: CATACGCGCTCATTTCAGGC 587 54 MTO018565
ent phosphoglycerate mutase Reverse: TTCCGGACGCTACTACTCCA
2 Arginine/ornithine antiporter ArcD  Forward: CTTATATCGCCGCCCGTGTA 486 54 MTO018566
Reverse: TCAGCAGCGGGAATTGAGAG
3 Choloylglycine hydrolase Forward: TTCATTCCTTCCGGTGTCGG 447 52 MTO018567
Reverse: CTTATTGGCGCGAACGATGG
4 LuxS Forward: TCAGTGTAGCGTCAAGCAGG 291 52 MTO018568
Reverse: CGGTTGTGGCTCCGTATGTA
5 E1 B-subunit of the pyruvate dehy-  Forward: TCAAGCTCTTCGGCAGCTTT 394 50 MTO018569

drogenase complex

Reverse: TTTCTGGTCAAATGGCCCGT
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separated on agarose gel (1.5%) and observed for specific bands
in a gel documentation (Thermo Scientific). The amplified
products were purified and sequenced (Applied Biosystems).
The homology of the sequences was checked with the help of
BLAST, and sequences were submitted to the NCBI database.

Statistical Analysis

The assays were performed in triplicates, and the results were
analysed using SPSS-16.0 for windows software (SPSS Inc.,
Chicago, IL, USA). Results are represented as a mean + stand-
ard error. The comparison of mean values was determined using
one-way ANOVA and LSD post hoc test. A probability level
of 0.05 was used to find out the significance in all the cases.

Results
Antagonistic Activity

The isolated strain COFCAU_P1 inhibited the growth of
thirteen opportunistic pathogenic bacteria with different
intensity, out of the fourteen bacteria tested (Table 1). The
mean zone of inhibition ranged from 5.34 to 15.34 mm.

Identification of the Strain

The strain COFCAU_P1 was identified as B. amylolique-
faciens. The 16S rRNA gene sequence of the strain was
submitted to the NCBI database and GenBank accession
number obtained; thus, the strain was designated as Bacil-
lus amyloliquefaciens COFCAU_P1 (MN880150). The
PCR amplicons of the genes BamHI and barnase were
separated on agarose gel with the approximate product
length of 211 and 395 base pairs, respectively. The pres-
ence of these signature genes further confirmed the strain
as B. amyloliquefaciens. Phylogenetic analysis (Fig. 1)
revealed that the strain was closely related to other Bacil-
lus spp.

pH Tolerance and Bile Tolerance Assay

The isolated strain exhibited tolerance against highly acidic
to alkaline pH (2 to 9). However, the maximum growth
was observed in the pH range of 7-8 (Fig. 2a). In the bile
tolerance test, the strain showed continuous and significant
(P < 0.05) decline in the proliferation with the increasing
concentration of bile (Fig. 2b).

Bacillus_vallismortis-MH382951.1

Bacillus_halotolerans-MN221429.1
Bacillus-tequilensis-MK859997.1
Bacillus_tequilensis-JF798377.1
Bacillus_velezensis-MN841781.1

IBacillus_licheniformis-MN099144.1

Bacillus_velezensis-1.C414179.1
Bacillus_velezensis-MF280167.1

Bacillus_amyloliquefaciens-JN366747

Bacillus_subtilis-HQ659704.1
Bacillus_subtilis-KC441812.1

Bacillus_amyloliquefaciens-MN880150

Bacillus_amyloliquefaciens-JN411425
Bacillus_amyloliquefaciens-KM588313.1
Bacillus_subtilis-HQ267759.1
Bacillus-axarquiensis-KY818973.1

Bacillus_mojavensis-MH646673.1
| Bacillus_axarquiensis-HM753631.1

| Bacillus_mojavensis-K'Y818953.1

0.001

Fig. 1 Phylogenetic tree of Bacillus amyloliquefaciens COFCAU_P1 (MN880150). The scale bar indicates 0.001 substitutions per nucleotides
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Fig.2 pH tolerance a and a
bile tolerance b of Bacillus
amyloliquefaciens COFCAU_
P1. Values are presented as
mean + SE. Significant differ-
ences are indicated by asterisk
(P < 0.05)
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Bacterial Cell Surface Hydrophobicity

The strain COFCAU_P1 was non-haemolytic (y-haemolysis),  The cell surface hydrophobicity of the strain COFCAU_
as no haemolytic zone was observed on the blood agar. P1 to both the surfactants chloroform (66.7%) and xylene

Extracellular Enzyme Production

(76.3%) was significantly (P < 0.05) higher compared to
the non-probiotic control (Fig. 3a).

Growth on Mucus

Result demonstrated that the strain was positive for the
production of several extracellular enzymes, including  In vitro adhesion of the strain, COFCAU_P1 to mucus was sig-

proteinase, amylase, lipase, and cellulase.
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nificantly (P < 0.05) higher compared to the control (Fig. 3b).
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Fig. 3 Hydrophobicity percent-
age a, growth on mucus b, and
auto-aggregation percentage

¢ of Bacillus amyloliquefaciens
COFCAU_PI. Values are pre-
sented as mean + SE. Signifi-
cant differences are indicated
by asterisk in comparison to
non-probiotic control—Aero-
monas hydrophila ATCC 7966
(P <0.05
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Fig.4 Antioxidant assay for
isolated strain. Values are pre-
sented as mean + SE. Significant
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DPPH

Auto-aggregation and Co-aggregation

Auto-aggregation capacity (65.1%) of the isolate COF-
CAU_P1 was significantly higher (P < 0.05) compared
to the control (32.2%) (Fig. 3¢). The co-aggregation per-
centage of the isolate with A. hydrophila ATCC 7966
was 43.94%.

Antioxidant Activity

The strain exhibited the potential to scavenge free radicals
at variable levels (Fig. 4). The maximum and the minimum
scavenging activity were observed in DPPH (63.2%) and
H,0, (34.53%), respectively.

Challenge Study

The strain was found to be non-pathogenic as no mortality
or morbidity was observed in the challenged fish.

Genetic Assessment

The presence of the targeted probiotic associated marker
genes was confirmed by PCR. The product size and other
details are presented in Table 2. The BLAST analysis con-
firmed that the selected genes belonged to B. amylolique-
faciens. The gene sequences were submitted to the NCBI
database, and GenBank accession numbers were obtained
(Table 2).

Discussion
In vitro tests are useful for initial screening of the potential

probiotics and understanding on the mechanism of probi-
otic effect [12]. Additionally, the molecular mechanisms that
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underpin probiotic attributes can be a rapid and novel way to
screen and study probiotic microorganisms [8]. In this study,
one antagonistic bacterium, isolated from the intestine of L.
rohita, was assessed for its probiotic potential using in vitro
and molecular approaches.

After the preliminary screening of 67 isolates by agar-
overlay method, eight strains were selected, and further sub-
jected to antagonism assay, by the cross and parallel streak-
ing methods. The antagonism activity is considered as one of
the major decisive factors for the initial selection of potential
probiotic bacteria among the number of endosymbionts [6,
40]. The strain COFCAU_P1 showed potent antimicrobial
response against several fish pathogenic bacteria, including
some field strains available in our laboratory. Based on the
results of the antagonism assay, strain COFCAU_P1 was
selected as a potential probiotic for further characterization.

The isolated strain COFCAU_P1 was identified as B.
amyloliquefaciens using the 16S rRNA gene sequence. Phy-
logenetic analysis of the 16S rRNA revealed that the strain
was positioned in the same group as other B. amylolique-
faciens strains (JN411425, IN366747, and KM588313.1).
The identification was further reinforced by confirming
the presence of two B. amyloliquefaciens-related signature
genes, BamHI and barnase. These two genes, responsible for
the production of endonuclease (BamHI) and extracellular
ribonuclease (barnase), are associated with B. amylolique-
faciens [41, 42].

Resistance to gastric (low pH) and high bile concentra-
tion in the intestine are important prerequisites for probiotic
bacteria to survive and colonize the gut to exert beneficial
effects [43, 44]. The intestinal pH of agastric L. rohita
ranges from 6.8 to 7.1 in the intestinal bulb and decreases
to 6.2—6.5 in the hind gut [45]. In the present study, the
tested strain survived a wide pH range (2-9), and substantial
growth was observed in the pH range of 6-8, indicating tol-
erance to intestinal acidic condition. In this study, the strain
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COFCAU_P1 showed tolerance up to 10% bile concentra-
tion, indicating the strain’s ability to survive in the intestinal
milieu of the fish. The survival of probiotic candidates in the
presence of bile salts can be explained by the activity of the
bile salt hydrolase [46]. Tolerance to low pH and high bile
concentration by different strains of B. amyloliquefaciens
has also been reported from other studies [29, 47-49].

The adherence to the epithelial and mucosal layer is
an important consideration for a potential probiotic as it
ensures their ability to resist the fluctuations of the intesti-
nal contents and to inhibit pathogenic bacteria by occupy-
ing available intestinal space [50-52]. Probiotic adhesion
is a complex process involving contact between the bacte-
rial cell membrane and composition of the adhering surface
[53]. The strain COFCAU_P1 showed significantly higher
in vitro adhesion to the mucus of L. rohita compared to a
non-probiotic bacterium. Several mechanisms, including
involvement of passive forces (e.g., electrostatic interaction,
hydrophobic, steric forces) [54], lipoteichoic acids [55], and
adhesion-promoting proteins [56] have been suggested to
play significant role in adhesion.

Auto-aggregation is an indirect way of determining the
adherence capacity of bacteria [57]. Bacteria responsible
for aggregation form a precipitate and hence produce a clear
upper solution compared to the non-aggregating strains which
produce turbid suspension [53]. In the present study, the auto-
aggregation capacity of COFCAU_P1 was significantly higher
than the non-probiotic strain. High auto-aggregation capacity
was also exhibited by B. amyloliquefaciens, in previous stud-
ies [49, 58]. Co-aggregation assay is used to determine the
level of inter-bacterial adherence between the probiotic and
pathogenic strain. Probiotic bacteria use this mechanism to
exclude the harmful bacteria from colonization in the host
[53, 59, 60]. The B. amyloliquefaciens of this study showed
higher co-aggregation capability with A. hydrophila ATCC
7966 than co-aggregation of B. amyloliquefaciens with Sal-
monella and Listeria monocytogens, as reported in a previous
study [58]. The co-aggregation percentages differ depending
on the strain specificity and interaction between the probiotic
and indicator bacteria [53, 57].

The cell surface hydrophobicity helps in assessing the
adherence capacity of the bacteria to gut epithelial lining
[51]. In the present study, the hydrophobicity of the selected
isolate was significantly higher than the non-probiotic strain.
However, the hydrophobicity percentage was lower than the
observation from previous study with B. amyloliquefaciens
[49]. The high level of hydrophobicity shown by the isolated
strain might be due to the higher capacity of electron dona-
tion and acceptance and hence significant adhesion capacity
[49, 61].

The absence of haemolytic action is one of the impor-
tant safety prerequisites while selecting a potential probiotic
strain. Haemolytic assay conducted in this study confirmed

the strain as non-haemolytic (y-haemolysis) and hence harm-
less. In a previous study, B. amyloliquefaciens was also
found to be non-haemolytic [48]. Besides in vitro haemo-
lytic activity, we also conducted biosafety evaluation of the
strain, using an in vivo challenge model. The challenge study
revealed the strain COFCAU_P1 as non-pathogenic and
hence safe. The non-pathogenicity of B. amyloliquefaciens
has also previously been reported in fishes [15, 38, 48].

It has been suggested that the production of extracellular
enzymes is an important attribute of an ideal probiotic strain
as these enzymes can positively contribute to the digestive
process of biomolecules [14, 50]. In the present study, the
secretion of extracellular enzymes viz. proteinase, amylase,
lipase, and cellulase by the strain COFCAU_P1 was con-
firmed qualitatively. Therefore, it can be assumed that the
strain may contribute towards better digestion of nutrients
in the host, as an added beneficial effect.

There are reports which suggest that probiotics can
reduce the unwanted oxidation of biomolecules [62, 63].
The antioxidant activity of probiotics is possible due to the
production of several bacteriocin compounds [63, 64]. In
this study, the COFCAU_P1 showed a significant level of
scavenging activity compared to a non-probiotic control.
Significant reduction in the free radical production by poten-
tial probiotics has also been reported from other studies as
well [65, 66].

The advent of genomic approaches has facilitated the explo-
ration of efficient and rapid means of screening and studying
putative probiotics. Identifying molecular markers of important
probiotic attributes can facilitate rapid screening of potential
strains and can be an effective strategy in the follow-up analy-
sis of candidate probiotic initially established from in vitro
and/or in vivo screening with conventional approaches [8, 67].
In this study, genetic screening was used to determine the pres-
ence of five marker genes associated with functional attributes
of the isolated strain. The present study detected the presence
of 2, 3-bisphosphoglycerate-independent phosphoglycerate
mutase gene which is considered to be involved in acid toler-
ance [68]. The presence of arginine/ornithine antiporter ArcD
gene implies the strain’s capability to survive at low pH and
high bile salt concentration of the gastric environment [39].
Amplification of choloylglycine hydrolase gene, commonly
known as bile salt hydrolase (bsh), is known for providing
tolerance to elevated bile concentration [39]. LuxS gene plays
an important role in cell-to-cell communication (quorum sens-
ing), which facilitates adhesion and simultaneously exclusion
of the pathogens [69]. Additionally, this gene is also involved
in imparting tolerance to acid and high bile salt concentration
[8]. Finally, E1 B-subunit of the pyruvate dehydrogenase com-
plex gene, which encodes fibronectin binding protein (fbp),
was also confirmed in this strain. Fibronectin binding protein
is an extracellular matrix glycoprotein responsible for adhesion
to the extracellular matrix of epithelial cells [8, 70]. Thus, the
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results of some of the important in vitro tests were well corre-
lated with the amplification of putative probiotic marker genes.

In conclusion, the autochthonous isolate B. amyloliquefa-
ciens COFCAU_P1 exhibited potent in vitro beneficial prop-
erties. The presence of probiotic marker genes reinforced
the beneficial attributes of the strain. The presence of these
molecular markers could be correlated with some of the
important in vitro beneficial properties, including the acid/
bile tolerance and adhesion properties. Overall, the potential
probiotic attributes observed in the strain hold great poten-
tial to be used in aquaculture. However, in vivo assessment
and efficacy studies are required prior to field application
of the strain.
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