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ABSTRACT

The aim of this study was to select autochthonous bacteria with probiotic potential from the gastrointestinal tract
of King Tiger Pleco (Hypancistrus sp.) for future applications in captive production. For the isolation of lactic acid
bacteria, 12 specimens (8.31+0.28 cmand 12.60+ 1.13 cm) were used, whose intestines were removed, macerated,
and homogenized in sterile saline. A total of 21 strains were isolated from the intestinal tract on MRS agar, of which
five strains (St1, St2, St3, St4, and St5) were selected for in-vitro tests. Three strains (St2, St3, and St5) showed the
highest values of maximum growth per hour, with a final concentration of 109 CFU.mL™ in 24 hours. However, only
the strains St3 and St5 had the highest growth (p < 0.05) in the presence of NaCl (0.5 to 1.5%) and pH in the range
of 5 and 6. For bile salts, the greatest resistance observed was for strain St5. In conclusion, this is the first report of
the isolation of autochthonous bacteria for a Loricariidae, recommending the bacterium Enterococcus faecium as
probiotic in the aquaculture creation of King Tiger Pleco.
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Selecdo e isolamento de bactéria com potencial probidtico do peixe ornamental
amazonico Hypancistrus sp. (Siluriformes, Loricariidae)

RESUMO

Este estudo teve como objetivo a selecdo de bactérias autéctones com potencial probiético do trato gastrointestinal
do cascudo ornamental amazoénico King Tiger Pleco (Hypancistrus sp.) para futuras aplicagdes em produgdo em
cativeiro. Para o isolamento de bactérias lacticas, foram utilizados 12 espécimes (8,31+0,28cme 12,60+ 1,13 cm),
cujos intestinos foram retirados, macerados e homogeneizados em soro fisiolégico estéril. O total de 21 cepas foi
isolado do trato intestinal em agar MRS, das quais cinco cepas (St1, St2, St3, St4 e St5) foram selecionadas para os
testes in vitro. Trés cepas (St2, St3 e St5) apresentaram os maiores valores de crescimento maximo por hora, com
concentracdo final de 10° UFC.mL! em 24 horas, contudo somente as cepas St3 e St5 tiveram o maior crescimento
(p < 0,05) na presenca de NaCl (0,5 a 1,5%) e pH na faixa de 5 e 6. Ja para os sais biliares, a maior resisténcia
observada foi para a cepa St5. Em conclusdo, este é o primeiro relato do isolamento de bactérias autéctones para
um Loricariidae, recomendando a bactéria Enterococcus faecium como probidtico na criagdo do acari-pao.
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Selection and isolation of bacterium with probiotic potential from the Amazon ornamental fish Hypancistrus sp. (Siluriformes, Loricariidae)

INTRODUCTION

The commercialization of ornamental fish has become
a profitable activity with the annual increase of aquarists,
who constantly demand healthy species with color and shape
patterns (Abe et al., 2019; Raut et al., 2020). Among the
ornamental fish species, the King Tiger Pleco, known by
the code L333 (Hypancistrus sp.), belongs to the Loricariidae
family, order Siluriformes, and is an endemic species of the
Xingu River in the Amazon region. Its body is surrounded
by bone plates and has a coloration with black bands and
a background that varies in yellow and white. It is of great
interest to the international ornamental fish market (Ramos
et al., 20135; Reis et al., 2021), reaching values of US$ 79.99
per fish (Aqua Imports, 2021).

The increase in ornamental fish farming with the aim of
increasing productivity and providing more fish units to the
market, consequently, provides a higher incidence of diseases,
mainly of bacterial origin. This occurs due to the increase
in stocking density, use of unbalanced feed, changes in the
physical and chemical parameters of the water, among other
factors, which lead to the proliferation of the disease, resulting
in fish mortality and economic loss (Cardoso et al., 2020;
Preena et al., 2022).

Therefore, probiotics are strategies applied in ornamental
fish farming with promising results. Thus, Lactobacillus
plantarum, Enterococcus faecium, Lactococcus lactis and
Lactobacillus acidophilus are used in fish feeding (Sousa
et al., 2019; Paixdo et al., 2020b; Yamashita et al., 2020).
They provide the modulation of the intestinal microbiota,
increased growth and immune system, as well as resistance of
host against diseases (Sousa et al., 2019; Couto et al., 2022;
Preena et al., 2022).

However, to be considered a probiotic, the bacterium must
have the ability to colonize the intestine and must resist the
adverse conditions of the gastrointestinal tract (Balcazar et al.,
2006; Sousa et al., 2020). Therefore, in-vitro tests such as the
evaluation of pH, NaCl, bile salts and antagonism are the first
steps to select strains resistant to the physiological actions
of the animal, and, to be considered bacteria with probiotic
potential (Paix@o et al., 2020a; Yamashita et al., 2020), to
promote beneficial effects to the fish (Sousa et al., 2019; Couto
et al., 2022).

There is no information on the use of probiotics in the
rearing of the King Tiger Pleco, productions protocols and
health strategies for the species during the rearing cycle. Thus,
the objective this study was to select in-vitro autochthonous

bacteria with probiotic potential from the gastrointestinal tract
of King Tiger Pleco (Hypancistrus sp.) for future applications
in captive production.

MATERIAL AND METHODS

For the isolation of lactic acid bacteria, 12 healthy
King Tiger Pleco (L333) specimens (8.31 * 0.28 cm and
12.60 £ 1.13 cm) donated by the company Arapaima were used.
The fish were anesthetized with benzocaine solution (20 mg-L")
and euthanized by brain concussion to remove the intestine.
All procedures performed on the animals were approved by the
Universidade Federal do Para ethics committee (under protocol
no. 9202300420).

Individually, the intestines were removed, macerated,
homogenized in sterile saline solution (0.65%), and serially
diluted (factor 1:10), and 100 pL of dilutions from 10! to
10 were inoculated in a petri plate containing MRS agar
(Rogosa and Sharpe Man) with aniline blue (1%). The plates
were kept in an oven for 48 hours at 35°C. Strains were
selected according to morphology (cocci and bacilli), gram
positive, affinity for aniline blue, and catalase negative.
Later, the cultivated colonies were purified and maintained
in MRS broth.

The growth kinetics was determined for each strain isolated,
and the strains were inoculated in MRS broth, incubated for
24 hours at 35°C. Every two hours the growth of the bacteria
was evaluated by the spectrophotometry method (absorbance
of 630 nm), and an aliquot (100 uL) was inoculated in a petri
plate containing MRS agar, incubated for 48 hours at 35°C.
Absorbance values were converted into colony forming units
(CFU) to determine growth rate and final inoculum concentration
(CFU.mL-1).

For the in-vitro resistance tests, the experiments were
carried out in a completely randomized design with different
concentrations of pH (4, 5, 6, 8 and 9), NaCl (0; 0.5; 1; 1.5;
2; 2.5 and 3%), and the presence of bile salts (5% w/v), all
assays with four replications. After bacterial growth (24 hours
at 35°C), the percentage reduction in absorbance (630 nm)
was analyzed by spectrophotometry (Paixdo et al., 2020a;
Lopes et al., 2022).

For the antagonism test, Aeromonas hydrophila
(CPQBA22808 DRM), Pseudomonas aeruginosa
(ATCC27853),  Streptococcus  agalactiae  (LAQUA),

Aeromonas jandaei (LAQUA), and Staphylococcus aureus
(ATCC 29213) were used, and a completely randomized design
was carried out with four replications. The selected strains were
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inoculated on MRS agar and incubated for 48 hours at 35°C.
After bacterial growth, four 0.8-cm disks were removed (each
disk a repetition) and superimposed on petri plate containing
TSA agar (Tryptone Soja) inoculated with the pathogens,
incubated at 35°C for 48 hours. After bacterial growth, the zone
inhibition (mm) against to the pathogens of each isolated strain
was measured. The strain with the best results in the tests was
identified by the MALDI-TOF (mass spectrometry) technique.
The procedure for removal, identification, cultivation, growth
kinetics and in-vitro testing of the strains were established
according to the procedure adapted from Lopes et al. (2022)
and Paixao et al. (2020a).

The data from the in-vitro test and antagonism were submitted
to the test of normality (Shapiro-Wilk) and homoscedasticity
(Levene’s) assumptions, and then submitted to analysis of
variance (ANOVA). Later, the Tukey’s test was performed
(p <0.05) for comparison between means.

RESULTS

The total of 21 strains were isolated from the intestinal
tract of the King Tiger Pleco (L333 Hypancistrus sp.), on

MRS agar. From them, five strains were selected (Stl, St2,
St3, St4, and St5), and they presented characteristics (gram
positive, catalase negative and affinity for aniline blue) for
in-vitro assays. Three strains (St2, St3, and St5) had the
highest values of maximum growth per hour, with a final
concentration of 109 CFU.mL-1 in 24 hours (Table 1). In the
in-vitro assay, strains St3 and St5 showed the highest growth
values (p <0.05) against NaCl, mainly at concentrations of 0.5
to 1.5%, as well to pH, in the ranges of 5 to 6 (Table 1). In the
presence of bile salts, the greatest resistance was observed
only for the St5 strain (Table 1).

Regarding the antagonism against pathogenic bacteria, all
strains isolated showed inhibitory capacity, with better results for
the St5 strain, that presented the highest inhibition halo, above
12 mm, for all tested pathogens, mainly against A.hydrophila
(16, 89 £ 0.32 mm) (Table 2).

The bacterial strain (St5) with the best results in-vitro
assays and greater inhibitory capacity to pathogens was
identified as E. faecium 20218 CHB (MALDI-TOF Biotyper
Microfiex Bruker).

Table 1. Values (mean t standard deviation) of in-vitro tests of maximum growth rate per hour (MGR/h), concentration (CFU/mL)

and percentage of resistance (%) of the strains isolated of the King Tiger Pleco, L333 (Hypancistrus sp.), at different concentrations

of NaCl, pH and bile salts*.

Suit;:il“:es st, St, st, st, st, P-value
TCM/h 0.67£0.02b  082+0.03  080+0.03  065+004b  080+0.02a  0.00344
Final Concentration 1.9 +0.14 x10% 2.140.11x10% 22+0.18x10°% 2.1+0.19x10°% 2.1+0.11x10°%  0.01382
NaCl (0.5) 63.02+4.62b  67.64+3.56b  789+1.83ab  70.75+345b  80.85+255a  0.00226
NaCl (1.0) 60.51+220c  65.16+192b  7548+142a  6337+133b  7401+155a  0.00487
NaCl (1.5) 443242.17c  5239+4287b  6838+202a  43.60+18%  66.10+1.77a  0.00107
NaCl (2.0) 397741756 5028+2.02a  5215+1.79a  40.58+1.61b 520741952  0.02409
NaCl (2.5) 37284082  46.12+1.87b  50.98+199a  4837+2.7%b  51.62+1.72a  0.02191
NaCl (3.0) 2872+086c  3325+1.04b  4224+1.12a  3481+159  41.94+088a  0.00418
pH 4 1221£1.05b 127740955 2329+ 1.04a  11.98+145b  23.304£092a  0.00164
pH 5 6849+ 082b  6638+1.14c  77.15£093a  6592+0.72bc  7837+0.74a  0.00101
pH 6 727141426 71.15+082b  8432+1.02a  69.94+159  85.11+1472a  0.00012
pH 8 4184+057a  3994+037b  40.19+1.12ab  33.184159% 412640452  0.00418
pH 9 31554076  32.74+197b  37.52+0.66a  2229+195c  37.93+0.68a  0.00677
Bile Salts 4985+229b  3385+3.14c  5488+347ab  3486+326c  57.83+329a  0.00341

*Different letters in the same column differ statistically by Tukey’s test (5%).
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Table 2. Inhibition zone of strains with probiotic potential isolated from King Tiger Pleco, L333 (Hypancistrus sp.), against pathogenic bacteria*.

Strains Aeromonas hydrophila Aeromonas jandaei Pseudomonas aeroginosa Streptococcus agalactiae Staphylococcus aureus

St, 9.12£0.64c 10.87 £0.82b 13.89 £ 0.65b 11.84 £ 0.62b 12.66 £0.71b
St, 9.85+0.82¢ 9.78 £0.758b 10.02 £ 0.68c 10.98 £ 0.79b 14.02£0.37a
St, 12.17£0.77b 12.44 £0.76a 14.34 £ 0.89ab 13.45£0.29a 12.46 £0.28b
St, 13.05+1.09b 9.31+£0.87b 9.58 £0.55¢ 11.22 £ 0.66b 11.21 +£1.04b
St, 16.89 £0.32a 12.58 £0.82a 15.21 £0.38a 13.16£0.18a 14.62 £ 0.42a
p-value 0.00421 0.01011 0.00145 0.00102 0.00211

*Values (mean = standard deviation) with different letters in the same column differ statistically by Tukey’s test (5%).

DISCUSSION

The use of probiotics in diets for ornamental fish has shown
promising results in intestinal modulation, improvement of the immune
system, growth, and resistance to pathogenic diseases (Ahmadifard
et al., 2019; Sousa et al., 2020; Wu et al., 2023). These beneficial
effects are related to colonization in the host’s intestine, one of the
criteria for a bacterium to be considered probiotic; it can be influenced
by the amount offered in the diet (CFU) and the physiological actions
of the animal (Dias et al., 2018; Paixao et al., 2020b).

The importance of in-vitro tests is related to the select possibility
strains with resistance to growth in the face of chemical barriers,
allowing greater chances of colonizing the animal’s intestine
(Paixao et al., 2020a; Yamashita et al., 2020). For the selection
of these strains with probiotic potential, the used culture medium
provides guidance on the target group of bacteria to be educated
and which are subsequently evaluated in in-vitro assays, such as the
MRS medium, which is used for the selection of lactic acid bacteria
(Dias et al., 2019; Lopes et al., 2022; Paix@o et al., 2020a). In the
present study, the bacterium E. faecium (St5) showed growth in
the presence of NaCl, pH and bile salts, a promising characteristic
for resistance to the physiological actions of the organism, allowing
colonization of the intestinal tract and beneficial effects for the host.

The pH of the gastrointestinal tract of fish is one of the factors that
modulates the intestinal microbiota. In its stomach, whose acidity
is higher, gastric juice has the ability to break bacterial membranes
(Sylvain et al., 2016; Solovyev et al., 2018), reducing the chances
of colonization in the animal’s intestine. However, the St5 strain
(E. faecium) showed growth in all pH ranges, with values above 70%
at pH 5 and 6, similar to the results for the bacterium L. plantarum
(Paixdo et al., 2020a). But these results differ from the findings by
Dias et al. (2019), who observed a limitation for the growth of strains
with probiotic potential at pH 4 and 5.

The stability of the ionic concentration is essential for the
physiological homeostasis of animals, and ionic changes in fish can

affect bacterial viability, which can cause the rupture of the membrane
of these organisms in the digestive system (Griffith et al., 2018;
Mortezaei et al., 2020; Tian, L. et al., 2020). This effect may reduce the
number of probiotic bacteria available for colonization, as observed
by Vieira et al. (2013), who, at the concentration of 1.5% of NaCl, did
not have the growth of the probiotic bacterium L. plantarum. In the
present study, strains with probiotic potential grew at all concentrations
of NaCl (0.5 to 3%), with emphasis on St5 (E. faecium). The same
occurred in growth resistance of the E. genus as a probiotic, which
was observed for the species Pterophyllum scalare and Nannostomus
beckfordi (Dias et al., 2019; Lopes et al., 2022).

In the food digestion process, bile salts act in the emulsification
of lipids in the fish intestine, which consequently have antibacterial
activity capable of modulating the intestinal microbiota (Tian,
Y. etal., 2020). In the present study, St5 strain (E. faecium) showed
growth above 50% in bile salts, and similar results were found for
E. faecium of P. scalare. However, Paixao et al. (2020a) observed
a 70% reduction in strains with probiotic potential isolated
from A. ocellaris in the bile salts assay. Thus, the resistance of
E. faecium bacteria to bile salts is related to the gene expression
of the components BsrXRS and LiaFSR (Zhou et al., 2019).

Disease resistance is one of the most important beneficial effects
in the rearing of fish fed diets containing probiotics (Tang et al.,
2019). Therefore, the antagonism test is essential to select strains
with inhibitory potential, through the release of substances (such as
reuterin and bacteriocins) against pathogenic bacteria (Klimko et al.,
2020; Paixao et al., 2020b). In this study, the St5 strain (E. faecium)
inhibited the growth of all tested pathogens, with the highest inhibition
halo for A. hydrophila (16.89 £ 0.32 mm). The antagonistic activity of
this bacterium is related to the release of enterocins (P and TJUQ1),
lactic acids and hydrogen peroxide (Braiek et al., 2017; Yoswaty et al.,
2020), which act by inhibiting A. hydrophila, E. durans, P. aeruginosa
and S. agalactiae (Dias et al., 2019; Lopes et al., 2022).

Therefore, based on the criteria of this study, it was
possible to select a lactic acid strain (St5: E. faecium) with
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high probiotic potential for the aquaculture of King Tiger pleco
(L333), as it is autochthonous and has the ability to withstand
chemical conditions for bacterial growth and by antagonistic

action to pathogens.

CONCLUSION

This is the first report of the isolation of autochthonous lactic
acid bacteria for The King Tiger Pleco (L333), recommending
the bacterium E. faecium as a potential probiotic for creation of
King Tiger Pleco.
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