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RESUMO:

O B-glucano é uma molécula estudada como aditivo alimentar na piscicultura ha
varios anos, sendo descritos na literatura como imunoestimulante e atuando
positivamente de diversas formas, como no crescimento, resisténcia aos
patdogenos, expressdo dos genes do sistema imune inato, entre outros
parametros. No presente estudo, diferentes abordagens de utilizacdo com
diferentes moléculas de [(-glucanos foram avaliadas. No primeiro estudo,
avaliamos os efeitos do banho de solugdo de B-glucano (100 mg L™) durante 8
dias, apds o periodo de exposicdo ao B-glucano foi avaliado o desempenho
(massa e comprimento) das larvas de tilapia do Nilo. O segundo estudo nos
possibilitou avaliar o potencial de dois B-glucanos de leveduras residuais
provenientes da fermentagéo alcodlica. Os peixes foram alimentados durante 21
dias com 1 g kg' de B-glucano e desafiados com Aeromonas hydrophila
inativada. No terceiro estudo avaliamos a composicdo intestinal bacteriana de
pacus alimentados com dois diferentes p-glucanos de leveduras provenientes do
processo de fermentagdo alcoodlica. Para avaliar a diversidade bacteriana
intestinal, os peixes foram alimentados por 21 dias com 1 g kg™ de B-glucano, o
DNA da microbiota intestinal extraido e realizado o sequenciamento (16S rDNA)
utilizando a plataforma lllumina MiSeq. Os resultados do primeiro experimento
demonstraram que as larvas incubadas com B-glucano apresentaram melhor
desempenho, sendo maiores e mais pesadas que as do tratamento controle. Os
resultados do nosso segundo estudo indicaram que um dos B-glucanos obtidos de
leveduras residuais da producdo de alcool avaliado foi eficaz como
imunoestimulante, apresentando efeito positivo na ativacdo da atividade
respiratoria dos leucdécitos. Os resultados observados no terceiro experimento
demonstraram grande prevaléncia em todos os tratamentos dos géneros
Cetobacterium, Plesiomonas e Epulopiscium, 0s quais representam
aproximadamente 60% de todos os géneros identificados. Pesquisas utilizando
diferentes moléculas de B-glucano séo de grande importancia e necessarias para

averiguar a eficacia e fundamentar a utilizacdo comercial dos mesmos.

PALAVRAS-CHAVE: imunoestimulantes, microbiota intestinal, ovos, pacu,

prebioticos, tilapia do Nilo, B-glucano



ABSTRACT:

B-glucan is a molecule studied as a feed additive in fish farming for several years
and is described in literature as immunostimulating, and acting positively in several
ways, such as growth, resistance to pathogens, expression of innate immune
system genes, among other parameters. In the present study, different
approaches of use with different B-glucan molecules were evaluated. In the first
study, we evaluated the effects of B-glucan bath solution (100 mg L™) for 8 days,
after the exposure period to B-glucan we evaluated the performance (mass and
length) of Nile tilapia larvae. The second study allowed us to evaluate the potential
of two yeast B-glucans from alcoholic fermentation. Fish were fed for 21 days with
1 g kg * of B-glucan and challenged with inactivated Aeromonas hydrophila. In the
third study we evaluated the bacterial intestinal composition of pacu fed with two
different yeast B-glucans from the alcoholic fermentation process. To evaluate
intestinal bacterial diversity, the fish were fed during 21 days with 1 g kg ™ of B-
glucan, the DNA of intestinal microbiota was extracted and sequencing (16S
rDNA) was performed using the lllumina MiSeq platform. The results of the first
experiment demonstrated that the larvae incubated with B-glucan presented better
performance, being bigger and heavier than those of the control treatment. The
results of our second study indicated that one of the B-glucans obtained from
residual yeasts from the alcohol production evaluated was effective as an
immunostimulant, with a positive effect on the activation of the leukocyte
respiratory activity. The results observed in the third experiment showed a high
prevalence in all treatments of the genera Cetobacterium, Plesiomonas and
Epulopiscium, which represent approximately 60% of all genera identified.
Research using different -glucan molecules is of great importance and necessary

to ascertain the efficacy and substantiate the commercial use of them.

KEYWORDS: immunostimulants, intestinal microbiota, eggs, pacu, prebiotics,

Nile tilapia, B-glucan



INTRODUCAO GERAL

A producdo mundial de peixes tem crescido constantemente nas ultimas
cinco décadas, com aumento médio anual de 3,2%, ultrapassando o crescimento
populacional mundial em 1,6%. O consumo global per capita de peixes aumentou
de 9,0 kg em 1961 para 20,2 kg em 2015, a uma taxa média de crescimento de
1,5% ao ano. Estimativas preliminares para 2016 e 2017 apontam para um
crescimento de 20,3 e 20,5 kg per capita, respectivamente. Este impressionante
desenvolvimento tem sido impulsionado por uma combinacdo do crescimento
populacional, aumento da renda, urbanizacdo e forte expansédo da producdo de
peixes (FAO, 2018).

Neste contexto, o Brasil apresenta vantagens para o desenvolvimento da
piscicultura. Com cerca de 5,5 milhdes de hectares em reservatorios naturais e
artificiais de agua doce, clima favoravel, terras disponiveis e méo de obra
relativamente barata, bem como pacotes tecnoldgicos ja finalizados algumas
espécies potencialmente produtivas. A producao brasileira de pescado continental
atingiu, em 2017, 691.700 mil toneladas, com um incremento de
aproximadamente 8% em relagdo a 2016, demonstrando um crescimento
consistente desse setor no Brasil (Baptista et al., 2018).

A tildpia do Nilo (Oreochromis niloticus) é o peixe mais produzido no Brasil,
e sua criacao fez com que o pais aumentasse sua producédo de pouco mais de 12
mil toneladas em 1995 para 219 mil toneladas em 2015 (FAO, 2016). Em termos
de producéo regional, a regido Sul é responsavel por 42% da producdo, seguida
pelas regibes Sudeste (26%), Nordeste (24%) e Centro-Oeste (8%). O
crescimento observado nas ultimas décadas na tilapicultura alavancou o pais ao
posto de quarto maior produtor mundial de tilapia, atrds somente da China, Egito
e Indonésia (Schulter e Vieira-Filho, 2017).

A tilapia € uma das espécies mais indicadas para a criacdo intensiva por
ser onivora, de rapido crescimento, aceitar varios tipos de alimento, décil em
varias fases da criacdo e por apresentar rusticidade, com facil dominio da sua
reproducdo e bom rendimento de carcaca, além de adaptabilidade em diversas
condicbes de criagdo. A espécie apresenta ainda requisitos exigidos pelo

mercado consumidor, tais como, carne branca de textura firme, sabor delicado, de



facil filetagem, auséncia de espinhas em Y, caracteristicas estas, que a colocam
entre as principais espécies comerciais do mundo (Jory et al., 2000).

Dentre o0s peixes nativos produzidos no Brasil, o pacu (Piaractus
mesopotamicus) é um dos que mais se destaca, ocupando a segunda posi¢ao no
ranking brasileiro. Nativo das bacias dos rios Parana, Uruguai e Paraguai,
ressalta-se entre as espécies por apresentar caracteristicas zootécnicas
desejaveis, como carne saborosa e de alto valor comercial, habito alimentar
onivoro e em sistema produtivo aceita bem dietas artificiais, possui rapido
crescimento e rendimento no processamento de 46,73% de filé sem pele; 16,57%
de cabeca e 88,98% de rendimento de carcaca (Vaz et al., 2000; Jomori et al.,
2003; Faria et al., 2003; Bittencourt et al., 2010; Silva et al., 2012; Vallad&o et al.,
2018). Frente ao exposto, a espécie € amplamente produzida em todas as regides
do Brasil.

Segundo dados do ultimo Boletim Estatistico da Pesca e Aquicultura, a
producao brasileira de pacu e patinga no Brasil em 2016 foi de 13.065 toneladas
(IBGE, 2016). Todavia, a intensificacdo da criacdo tem levado ao aparecimento de
diversos organismos patogénicos, causando grandes prejuizos econdémicos, uma
vez que podem resultar em altas taxas de mortalidade e lesdes que tornam a
comercializacdo do peixe inviavel, além do impacto negativo na conversao
alimentar que ocasiona reducdo do crescimento e desempenho dos peixes
(Luque, 2004; Takemoto et al., 2004; Pavanelli et al., 2008; Tavares-Dias e
Martins, 2017).

No Brasil, a aquicultura, apesar do constante crescimento, vem
enfrentando entraves na producao e comercializacdo do pescado por problemas
relacionados as enfermidades, as quais provocam danos, muitas vezes
irreversiveis, aos tecidos dos peixes e uma elevada taxa de mortalidade, com
consequentes prejuizos econémicos (Sebastido et al., 2015).

Neste contexto, € necessario estabelecer formas adequadas para controlar
e prevenir os surtos de doencgas na producdo. O conceito de alimento funcional é
um paradigma emergente na aquicultura, o qual objetiva a formulacédo de dietas
equilibradas, complementadas com aditivos que melhorem a salde e resisténcia
a doencas dos peixes (Gatlin e Li, 2004). Dentre os aditivos mais promissores que
vém sendo utilizado nas dietas de peixes, encontram-se 0s imunoestimulantes,

substancias quimicas, sintéticas ou biologicas, capazes de aumentar a resisténcia
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do animal as doencas infecciosas, atuando no sistema imune inato, através do
aumento da atividade fagocitica e bactericida das células de defesa. O uso de
imunoestimulantes € um meio efetivo de aumentar a imunocompeténcia e a
resisténcia as infec¢bes causadas por virus, fungos, bactérias e parasitos (Mulero
et al., 1998; Sakai, 1999; Bricknell e Dalmo, 2005).

Entre os imunoestimulantes que vém apresentando efeitos benéficos em
peixes, encontra-se o B-glucano, formado por uma cadeia linear de poliglicoses,
derivado de leveduras, também podendo ser encontrado em alguns cereais,
principalmente aveia e cevada (Robertsen, 1999; Meena et al., 2013). Os (-
glucanos podem ser diferenciados pela forma como as moléculas de glicose estdo
ligadas entre si. Na maior parte dos polissacarideos, as moléculas de glicose
estdo unidas por ligacdes a-1,4, conferindo-lhes uma estrutura linear, ja nos B-
glucanos estas moléculas unem-se por ligagbes B-1,3 e p-1,6 o que lhes confere
uma estrutura helicoidal. Esta conformac@o estrutural é reconhecida por
componentes do sistema imune e resulta na ativacao deste sistema (Robertsen et
al., 1990).

Muitas pesquisas tém sido desenvolvidas utilizando o B-glucano como um
potente imunoestimulante. Os resultados destas demonstram que o uso do (-
glucano atua positivamente de diversas formas, como no crescimento (Kihlwein
et al., 2014; Pilarski et al., 2017), sobrevivéncia e resisténcia a patdégenos (Das et
al., 2009; Sang e Fotedar, 2010; Pilarski et al., 2017), na producéo de anticorpos
(Kamilya et al. 2006), na alteragcdo da microbiota intestinal (Petit e Wiegertjes,
2016; Miest et al., 2016; Jung-Schroers et al., 2016), na expressao dos genes
relacionados ao sistema imune inato (Lokesh et al., 2012; Pietretti et al., 2013,
Miest et al., 2016; Salah et al., 2017) e na melhora da cicatrizacdo (Przybylska-
Diaz et al., 2013; Schmidt et al., 2015) em varias espécies de peixes.

O B-glucano tem sua atuacao principal na imunidade inata, por meio da
estimulacao da atividade fagocitaria, que ocorre pela ligacdo do imunoestimulante
com receptores presentes em macréfagos e outras células de defesa (Engstad al.,
1992; Gantner et al., 2003; Herre et al., 2004). Estudos apontam varios tipos de
receptores para o B-glucano presentes em macrofagos (receptores scavengers,
receptores complemento CRS3, lactosilceramidas, receptores dectin-1, receptores
Toll-like), porém, os mecanismos exatos de acéo ainda ndo estdo completamente

elucidados (Meena et al., 2013). Detalhes de como os imunoestimulantes, como o
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B-glucano, podem ativar os receptores de macrofagos em pacus sao
desconhecidos, devido a falta de pesquisas sobre as interacdes ligante-receptor
nesta espécie.

O produto comercial Macrogard® é fonte de 1,3/1,6 B-glucano altamente
purificado, exposto e preservado, produzido a partir de uma cepa especialmente
selecionada da levedura Saccharomyces cerevisiae, sendo considerado o B-
glucano mais estudado no mundo. IniUmeros trabalhos cientificos comprovam sua
capacidade de promover resisténcia e saude aos animais. A célula intacta da
levedura tem pouca ou nenhuma capacidade de ativar o sistema de defesa, uma
vez que os [(-glucanos biologicamente ativos estdo contidos no interior da parede
celular, cobertos por componentes (manoproteinas), que ndo sao removidos pelo
processo nhatural de digestdo do trato gastrointestinal dos animais. Portanto, para
criar um produto biologicamente ativo, esses componentes de superficie tém de
ser removidos em um processo tecnolégico exclusivo e complexo em que, através
de diversas etapas de extracdo consegue-se liberar e expor a estrutura
preservada dos 1,3/1,6 B-glucanos em sua forma ativa (Biorigin, 2018).

Porém, o tempo do processo e custo de producdo do Macrogard® ainda é
um fator limitante & ampla disseminacéo e aproveitamento dos beneficios do uso
deste imunoestimulante pela maioria das pisciculturas. Criar fontes alternativas
mais acessiveis para este tipo de tecnologia é desejavel para o desenvolvimento
de uma piscicultura nacional mais competitiva e saudavel.

Uma alternativa para a produgéo de 1,3/1,6 B-glucanos com custo reduzido
seria 0 uso de leveduras residuais responsaveis pela fermentacéo na producédo de
alcool nas usinas. A levedura (Saccharomyces cerevisiae) € usada como
fermento para a obtencdo de alcool a partir da cana-de-aclcar e pode ser
considerada um residuo da producéo de alcool. De cada litro produzido, sobram
cerca de 30 gramas de levedura seca (Costa, 2004). A producéo brasileira anual
de alcool na safra 2016/2017, segundo dados da Companhia Nacional de
Abastecimento (CONAB, 2017) foi de aproximadamente de 27,8 bilhdes de litros,
sendo o residuo de biomassa de leveduras esta perto de 834 mil toneladas.

Neste contexto, a empresa nacional “Biorigin” esta desenvolvendo um
produto, ainda ndo comercial e nao testado, baseado na produgao de 1,3/1,6 B-
glucano extraido de leveduras residuais provenientes da producdo de alcool. A

utilizacdo de leveduras residuais, além de possibilitar a reducdo do custo de
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producdo e, como consequéncia um produto final mais barato, esta alinhada as
novas demandas do mercado para o desenvolvimento de produtos
ecologicamente corretos, uma vez que utiliza material residual. Pesquisas
utilizando este novo produto serdo de grande importancia e necessarias para
averiguar sua eficacia como imunoestimulante e fundamentar a utilizacao

comercial do mesmo.
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Abstract

Larvae production is considered a ‘bottle neck’ for many aquaculture species and
early life history plays a key role in this process. Although considerable research
has been conducted in different fields to improve fish larvae productivity, very few
reports have investigated methods to improve embryo development and
consequently larvae quality/production. Here, we show that B-glucan bathing
during the embryo development and yolk sac larvae absorption phase enhances
the larvae growth (mass and length) of Nile tilapia and this is the first report of this
nature on fish larvae culture. We discuss the possibility that microbiota may be the
key to understanding the action of B-glucan on the size of Nile tilapia larvae.
However, further studies should be designed to address this finding. In summary,
it is an innovative approach and a novel use of B-glucan in the aquaculture
industry, and could potentially represent a new research field to improve fish

embryo/larvae culture.

Keywords

Fish larvae; hatching; immunostimulant; Nile tilapia; prebiotics



1. Introduction

The demand to improve fish farming has increased exponentially in the last
several decades and larvae production is crucial in this process. High mortality of
embryos and larvae is a common phenomenon in fish, and causes a significant
financial loss annually in the aquaculture industry (Jiang et al.,, 2016). Thus,
methods/procedures to improve embryo development, and fish larvae culture are
necessary.

Several studies have shown that the use of B-glucan has positive effects in
fish production such as promoting growth (Misra et al., 2006; Kuhlwein et al.,
2014; Pilarski et al., 2017), improving wound healing (Przybylska-Diaz et al., 2013)
and increasing survival and resistance to pathogens (Das et al., 2009; Meena et
al., 2013; Sang and Fotedar, 2010; Petit and Wiegertjes, 2016). Studies using -
glucan during the first larval feeding have shown positive results on parameters
such as survival, the expression of genes involved in metabolism and immunity,
and the beneficial modulation of intestinal microbiota (Skjermo et al., 2006; Miest
et al., 2016). In this study, we investigated the effects of 3-glucan bathing during
the embryo development and larvae phase until absorption of the yolk sac, on
larvae performance post-absorption of the yolk sac. Although B-glucan has been
widely studied in fish, the present work represents one of the few studies
investigating the use of B-glucan bathing during fish larvae production and the first

to evaluate the performance of larvae from embryos incubated with 3-glucan.

2. Material and methods

2.2. Broodstock husbandry and embryo collection

The embryos were obtained from the Laboratory of Tilapiculture of
Aquaculture Center of Unesp (Jaboticabal, SP, Brazil). The broodstock (GIFT
tilapia) were 1.5 years old and were fed with commercial feed (crude protein 28%,
crude lipid 4%, crude fiber 10%, ash 14%), (Presence, Nutripiscis Sl, Brazil), three
times per day (08h00, 11h30 and 17h00) at a ratio of 3% body mass/daily. The
broodstock were held in 7000 L circular flexible PVC laminate tanks connected to
the water recirculation system with mechanical and biological filters, continuous
aeration. The photoperiod was 12h00 light : 12h00 dark. The ratio of females to
males was 3:1. The eggs were naturally fertilized and collected by the counterflow
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of water with the aid of a spruce from maternal oropharyngeal cavities of 5
different females.

2.2. Experimental procedure

A pool containing 3,300 embryos at a similar stage of ontogenic maturation
(uniformly yellow eggs) were collected, as described above, and redistributed into
6 individual incubators (550 embryos in each incubator) supplied with a
recirculation water flow system and photoperiod of 12h00 light, 12h00 dark. Each
incubator (2.5 L) had an individual pump (62 L h™; AT-201, Chuangxing Electrical
Appliances, Hong Kong, China) placed on a reservatory tank (70 L) equipped with
a thermostat (H-606, Hopar®, Dantu Zhenjiang, China) and the water from
incubators returned to the reservatory tank by gravity. Two systems completely
independent with 3 incubators each were used. One system received the
MacroGard® (source of B-glucan, concentration > 60%, Biorigin, SP, Brazil) at a
dose of 100 mg L™ (added in water) and the other system was used as a control.
The experimental period with exposure to B-glucan lasted 5 days for embryo
development and more 3 days after hatching when the larvae completed the
absorption of the yolk sac. Immediately after this period, larvae were collected
from each experimental replicate (n = 30), anesthetized with benzocaine (0.1 g L
1y, excess water was removed using paper towels and biomass was obtained on a
precision scale (Bel Engineering, Sdo Paulo, Brazil). For the measurement of
length, photos of the larvae (n = 24) were used and measured individually with
Image-Pro Plus software (Media Cybernetics, Silver Springs, Maryland, USA).

During the experimental period, temperature (control 28.13 + 1.15°C, and [3-
glucan 27.65 = 1.12°C), pH (control 8.07 = 0.06, and B-glucan 8.03 + 0.15),
oxygen (control 5.27 + 0.32 mg L™, and B-glucan 5.51 + 0.20 mg L™) and
conductivity (control 268.50 + 23.39 uS/cm, and B-glucan 282.75 + 20.50 uS/cm)
were monitored daily with a multiparameter probe (W23-XD, Horiba, Japan). No
significant (P > 0.05) differences were observed in water parameters between
treatments (temperature, P = 0.579; pH, P = 0.488; oxygen, P = 0.327;
conductivity, P = 0.432).
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2.3. Statistical analyses

All data were analyzed for normality (Cramer-von Mises) and
homoscedasticity (Brown-Forsythe). The larvae length and mass were analyzed
using t-tests and P < 0.05 was used as the level of statistical significance in all
analyses. Values in the text and figures are presented as the means * 1 standard

error (S.E.) of the mean.

2.4. Animal welfare statement

The experiment was approved by the Ethics Committee on the Use of
Animals (CEUA) of the School of Agricultural Sciences and Veterinary Medicine of
Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brazil, under protocol
number 016057/17. The approval was consistent with the ethical principles

adopted by the Brazilian College of Animal Experimentation.

3. Results

Larvae from embryos incubated with B-glucan significantly increased in mass
(Fig. 1 A) and length (Fig. 1 B) compared with larvae from the control group (P <
0.05). Larvae that received the 3-glucan treatment were ~20% heavier (10.2 mg -
Control; 12.3 mg - B-glucan) and ~8.5% longer (0.82 cm - Control; 0.89 cm - B-
glucan) compared to the control larvae. Both treatments had a similar embryo

viability rate of ~ 90%.
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Figure 1. Larvae mass (A, n = 30) and length (B, n = 24) from embryos incubated
with B-glucan at a dose of 100 mg/L and control. Values are presented as the
means + 1 standard error (S.E.) of the mean.

4. Discussion

Recently, extensive studies in the field of feeding efficiency and health have
been addressed to improve fish production, but comparatively few reports have
addressed the early life stages such as embryo development and larvae
production. Here, we evaluated the effects of B-glucan bathing during the embryo
development phase on larvae performance. The results showed that larvae
incubated with B-glucan were larger and heavier than the control. These findings
are relevant to the aquaculture industry and suggests a novel method for
improving fish larvae production.

Strand and Dalmo (1997) bathing larvae of Atlantic halibut (Hippoglossus
hippoglossus) with 25 mg L™ of radioactive and fluorescein-labelled Laminaran
(source of B-glucan from brown algae) observed the presence of labelled
Laminaran in the yolk sac and also in the posterior intestinal epithelial layer. This
result confirmed the translocation of B-glucan through water to the yolk sac and
into the intestine of the larvae. The prebiotic effect of B-glucan on fish intestinal
microbiota is already well known. B-Glucans promote the improvement/diversity of
beneficial intestinal microbes as lactic acid bacteria and reduce the frequency of
disease/inflammation resulting from pathogenic bacteria (Kuhlwein et al., 2013;
Jung-Schroers et al., 2016; Miest et al., 2016). Several studies have demonstrated

the positive effect of lactic acid bacteria on the bone development of fish larvae
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(Aubin et al., 2005; Avella et al., 2010; Lamari et al., 2013). Moreover, Miest et al.
(2016) observed in turbot larvae fed with MacroGard® a higher expression of the
osteocalcin gene, in which the transcription of protein is responsible for bone
mineralization. As B-glucan is not considered a nutritional feed, the authors
suggested that the increased expression of the osteocalcin gene is a secondary
effect of changing the intestinal microbiota caused by [-glucan. Herein, we
suggest that the best performance observed in larvae from embryos incubated
with B-glucan may be related to the entry of this compound through the yolk sac
and consequent alteration of the intestinal microbiota modulating the expression of
the osteocalcin gene.

Kiseleva et al. (2014) applied B-glucan bathing at a concentration of 0.5 mg
m L for 3 min during eggs fertilization of chum salmon (Oncorhynchus keta). The
authors observed a weight gain of up to 40-55% in juveniles 3.5 months after
hatching compared with the control group. They suggested that the increase in the
survival rate and decrease in susceptibility to Saprolegnia infection by up to 2.5-
fold led to this weight gain. Herein, B-glucan bathing was applied with a different
approach and method, but even using different methods and species, the use of -
glucan bathing during embryo development or the fertilization of eggs corroborates
in enhancing of larvae and juvenile performance.

The design of our experiment does not allow for distinguishing if the
application of B-glucan bathing during the embryo development phase or post-
hatching or both were responsible for the increase in larvae performance.
However, additional experiments are being designed to specify this as well the
mechanisms behind the finding, the minimum dose required to obtain significant
results and the further development of the larvae. Although B-glucan is a product
with a relatively high cost, the low concentration used and low water volume
required during fish larvae production demonstrates an economic viability due to
the significant positive results on larvae weight and size. Moreover, we highlight
the innovative application for B-glucan and the novel method to improve larvae
culture. Finally, it is important to emphasize that p-glucan is a natural compound

with an environment-friendly approach in modern aquaculture.
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Abstract

The most common sources of B-glucans are derived from the cell wall of yeast
Saccharomyces cerevisiae baker yeast, and they have been widely used as feed
additive to improve immunological status in fish farming. However, the cost of
baker yeast-derived immunostimulants is quite high. Exploring more affordable
alternatives to produce B-glucans is desirable. An alternative for the production at
reduced cost would be the use of residual yeasts used in the production of alcohol
and brewer. Another promising subject to considered in this context is the
technological process, cell wall of Saccharomyces cerevisiae has different
polysaccharides, and then the process of purification can result in different glucans
functionalities. Taking together the potential benefits of these two concepts and
given the potential benefits of B-glucan in aquaculture. Thus, the purpose of this
study was to evaluate whether feeding fish with B-glucans of different levels of
purification would affect their immune and stress response to heat killed
Aeromonas hydrophila inoculation. The fish were fed with three experimental diets
for 21 days, one control diet, and two diets to which 1 g kg™ of different B-glucan
products were added. On the 22" day, the fish had the blood drawn by caudal
puncture prior and 6 and 24 hours post inoculation with Aeromonas hydrophila.
We measured glucose and cortisol plasma levels, leukocyte respiratory burst,
serum lysozyme concentration and hemolytic activity of alternative pathway of the
complement system. Our study indicates that B-glucans obtained from residual
yeasts of the production of alcohol is effective as immunostimulant and can be an
alternative to reduce cost of fish production, besides to be aligned with the new

demands of the market for the development of ecologically correct products.

Keywords

Fish, immunostimulant, innate immunity, prebiotics, industry waste
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1. Introduction

The most common sources of B-glucans are derived from the cell wall of
yeast Saccharomyces cerevisiae baker yeast, and they have been widely used as
feed additive to improve immunological status and control diseases in fish farming
(Miest et al., 2016; Petit and Wiegertjes, 2016; Pilarski et al., 2017; Dawood et al.,
2017). In vivo administration of B-glucan showed increased protection against
parasitic (Bridle et al., 2005; Guselle et al., 2007), bacterial (Yoo et al., 2007;
Gopalakannan and Arul, 2010, Sirimanapong et al., 2015b) and viral pathogens
(Lapatra et al., 1998; Sealey et al., 2007). In addition to the immunostimulant
effect, B-glucan has shown a prebiotic effect, acting as a modulator of the
intestinal microbiota of fish (Jung-Schroers et al., 2016; Miest et al., 2016; Petit
and Wiegertjes, 2016).

B-Glucans contain pathogen-associated molecular patterns (PAMPs) and
may be recognized by the host's cell pattern recognition receptors (PRR) eliciting
an inflammatory cascade that leads to the enhancement of innate immune
responses (Volman et al.,, 2008; Dalmo and Bggwald, 2008). Glucans may
activate leukocytes, by stimulating their phagocytic, cytotoxic, and antimicrobial
activities, and the production of reactive oxygen species (ROS) (Paredes et al.,
2013; Pilarski et al., 2017). In addition, B-glucans increase the production of lytic
proteins such as lysozyme (Ai et al., 2007; Gopalakannan and Arul, 2009; Chang
et al., 2013) and complement system proteins (Chang et al., 2013; Pionnier et al.,
2014; Franco Montoya et al., 2018).

However, the cost of baker yeast-derived immunostimulants is quite high
(De Oliva-Neto et al., 2016) and is still a limiting factor to the wide dissemination
and exploitation of their benefits for the production of fish species with lower
market or farming costs. Exploring more affordable alternatives to produce B-
glucans is desirable. An alternative for the production at reduced cost would be the
use of residual yeasts used in the production of alcohol and brewer. When
fermentation ceases, in both cases, yeast cells are separated by centrifugation,
resulting in a concentrated yeast cell suspension with 60 to 70% (wet weight
basis/v) of cells (Basso et al., 2011). The use of residual yeasts, besides allowing
the reduction of the cost of production and as a consequence a cheaper final
product, is aligned with the new demands of the market for the development of
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ecologically correct products. Once glucan amounts an average of 30% of yeast
cell wall, the possibility of exploitation of residual yeast extract to animal nutrition
should be carefully considered in order to prevent another kind of residual
material.

Another promising subject to considered in this context is the technological
process. Cell wall of Saccharomyces cerevisiae has different polysaccharides as
glucan, mannans and chitin, as well as different combinations between them with
themselves and with other compounds, like proteins, forming mainly chitin-glucan,
mannan protein and glucomannan (Orlean, 2012). Then, the process of
purification can result in different glucans functionalities.

Taking together the potential benefits of these two concepts (residual raw
material and process) and given the potential benefits of B-glucan in aquaculture,
the Research Center of Biorigin developed two waste B-glucans with different
purities. Thus, the purpose of this study was to evaluate whether feeding fish with
B-glucans of different levels of purification would affect their immune and stress

response to heat killed Aeromonas hydrophila inoculation.

2. Material and methods

The protocol used in this experiment is in accordance with the Brazilian
College of Animal Experimentation guidelines and was approved by the Ethics
Committee on the use of animals (CEUA) of the FCAV — UNESP - Jaboticabal
Campus (protocol number 11336/15).

2.1 Experimental animals

A total of 162 pacu (163.0 + 23.07 g, 16.0 £ 0.77 cm) were distributed in 9
tanks (450 L, 18 fish per tank) with aeration and open water flow. During the
experimental period, the water temperature (30.3 + 0.2 °C), pH (7.5 = 0.06),
dissolved oxygen (6.06 + 0.90 mg L™), conductivity (0.180 + 0.00 mS cm™), total
solids (0.117 + 0.0 g L™) and salinity (0.01 + 0.0%) were monitored. No differences
(P > 0.05) were observed between fish weight and length, and water parameters
among the 9 tanks. The light-dark cycle was fixed at 12h00 light and 12h00 dark.
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2.2 Experimental design

The experimental design was completely randomized with three treatments
and three replicates (tanks). After 20 days of acclimation, the fish were fed with
three experimental diets for 21 days: one control diet (no B-glucan), and two diets
to which 1 g kg™ (0.1%) of different B-glucan products (see diet preparation below;
BGO1 and BG02) were added. On the 22™ day, the fish had the blood drawn by
caudal puncture prior (n = 6) and 6 and 24 hours post inoculation (hpi) with
Aeromonas hydrophila (n = 12). We measured glucose and cortisol plasma levels,
leukocyte respiratory burst, serum lysozyme concentration and hemolytic activity

of alternative pathway of the complement system.

2.3 Experimental diet

Two B-glucans isolated from yeast (Saccharomyces cerevisiae) from the
alcohol-producing industry were used in this experiment: BGO1l (glucan
concentration = 69%, batch number = Q515244) and BGO02 (glucan concentration
= 56.4%, batch number = BT13 260), not yet commercially available, both
developed by Biorigin (SP, Brazil). Three diets were formulated, two with -
glucans and a control diet free of B-glucan. The proportions of the ingredients and
the chemical analysis of the diets are presented in Table 1. Additional information
about the B-glucan samples are in supplementary Table 1 (Appendix). The diets
were extruded in a single-screw extruder (Mex-250, Manzoni Industry Ltda, Brazil)
at 136°C and the extruded speed regulated for pellet size of 6.71 £ 0.24 mm in
diameter and 7.76 + 0.37 mm in length. The diets were analyzed to determine dry
matter, mineral matter and ether extract according to AOAC (2016). Nitrogen was
determined using an LECO FP-528 nitrogen analyzer (LECO Corp., St. Joseph,
MI, USA). The feed was offered twice a day (9:00 a.m. and 5:00 p.m.), totaling
3.0% of the live weight. No differences (P > 0.05) were observed between

chemical composition among the 3 experimental diets.
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Table 1. Ingredients and nutrient composition of the experimental diets.

Control BGO1 BGO02
Ingredients (g/kg DM #)
Fish meal 42.6 42.6 42.6
Poultry viscera meal 74.6 74.6 74.6
Soybean bran 312.0 312.0 312.0
Corn 283.1 283.1 283.1
Wheat bran 190.0 190.0 190.0
Broken rice 50.0 50.0 50.0
Soybean oil 13.0 13.0 13.0
Antioxidant (BHT) 0.2 0.2 0.2
Dicalcium phosphate 10.0 10.0 10.0
Calcitic limestone 10.2 10.2 10.2
Vitamin-mineral supplement ° 1.9 1.9 1.9
Choline choride 1.3 1.3 1.3
Kaolin 111 10.1 10.1
B-glucan 0.0 1.0 1.0
Chemical composition
Dry matter [g/kg DM] 938.9 947.9 941.4
Crude protein [g/kg DM] 286.6 278.7 277.1
Ether extract [g/kg DM] 31.1 30.0 33.1
Crude fiber [g/kg DM] 78.6 87.1 82.6
Mineral matter [g/kg DM] 91.0 102.4 99.6
Nitrogen free extract [g/kg DM] 451.7 449.8 449.0
Crude energy [MJ/kg DM] 17.3 17.2 17.2

% Dry matter (DM)

® Mineral mix (Premix Nutrifish Guabi®, Campinas, SP, Brazil) per kg of product: folic acid (1,250
mg); calcium pantothenate (12,000 mg); cupper (125 mg); iron (15,000 mg); iodine (375 mg;)
manganese (12,500 mg); selenium (87.5 mg); zinc (12,500 mg); cobalt (125 mg); vitamin A
(2,500,000 IU); vitamin B12 (4,000 mg); vitamin B1 (4,000 mg); vitamin B2 (4,000 mg); vitamin B6
(4,000 mg); vitamin C (50,000 mg); vitamin D3 (600,000 1U); vitamin E (37,500); vitamin K3 (3,750
mg); niacin (22,500 mg); biotin (15 mg).

2.4 Sampling

Fish were euthanized by deepening the anesthetic plane with benzocaine
(0.1 g L) before blood collection. For cortisol, lysozyme and complement
analyzes the whole blood was allowed to clot at room temperature for 3 h,
centrifuged for 10 min at 3,000 x g and the obtained serum was stored at -80°C.
Whole blood was immediately used to measure glucose concentration and

heparinized blood used to measure the respiratory activity of leukocytes.
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2.5 Cortisol levels and plasma glucose

Cortisol levels were measured by spectrophotometry using the DRG®
Cortisol ELISA kit (EIA-1887; DRG International, Inc USA,
http://www.drginternational.com) and concentration of glucose was measured by
amperometric system using the G-TECH Free lite (Accumed-Glicomed, RJ, Brazil,

https://www.accumed.com.br).

2.6 Leukocyte respiratory burst (LRB)

The production of reactive oxygen species was measured using NBT
(nitrotetrazolium blue chloride, Sigma-Aldrich, S&o Paulo, Brazil; #N6876),
following protocol (Anderson and Siwicki, 1995), modified (Biller-Takahashi et al.,
2013). An aliquot of 100 uL of heparinized blood was incubated with an equal
volume of NBT buffer (0.2%) at room temperature for 30 min. Thereafter, 1 mL of
dimethylformamide (DMF, Sigma-Aldrich, Sdo Paulo, Brazil; #227056) was added
to the samples, that were read in a spectrophotometer (Model Genesys 10S,

Thermo Scientific Inc., Madison, WI, USA) at 540 nm, at room temperature.

2.7 Serum lysozyme concentration (SLC)

Serum lysozyme concentration was determined according to Demers and
Bayne (1997) with modifications by Zanuzzo et al. (2015). Briefly, standard
solutions of hen egg white lysozyme (Sigma-Aldrich, S&do Paulo, SP, Brazil;
#L6876) and serum samples were placed into a 96-well plate in triplicate with a
suspension of Micrococcus lysodeikticus (Sigma-Aldrich, Sdo Paulo, Brazil;
#M3770). After mixing, absorbance was measured at 450 nm over 10 min using a
microplate reader (Model Multiskan Ascent, Thermo Fisher Scientific Inc.,
Madison, WI, USA) at room temperature. The rate of decrease in absorbance for

each sample was then compared to that obtained with the standard curve (ng pL

l).
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2.8 Hemolytic activity of the alternative pathway of the complement
system (ACHs)

Serum hemolytic activity of the complement (alternative pathway) was
measured according to Zanuzzo et al. (2017) with modifications for pacu blood.
Initially, a sample of rabbit blood was collected and the erythrocytes (RaRBCs)
were washed and isolated. To optimize the assay, a series of dilutions (1:2, 1:3
and 1:4 in a final volume of 200 pyL) was made by mixing a pool of aliquots of all
serum samples with TEA-EGTA-Mg?* buffer (triethanolamine ethylene glycol
tetraacetic acid; 8 mM, with 2 mM of Mg* and 0.1% gelatin, pH 7.4) and the
RaRBC suspension, and measuring absorbance at 700 nm wusing a
spectrophotometer (Model Genesys 10S, Thermo Scientific Inc., Madison, WI,
USA). Based on this preliminary work, the assay was carried out with a 1:2 dilution
at 25°C. Hemolytic complement activity (ACHso) of each sample was measured as
the time (seconds) required for the initial optical density to be reduced by one-half
(50% of RaRBC hemolysis by the alternative pathway).

2.9 Preparation of A. hydrophila and inoculation

A. hydrophila strains isolated from Nile tilapia Oreochromis niloticus (strain
T3R), and identified by partial sequencing of the 16S rRNA gene (GenBank
accession no. MH591949.1), were grown in TBS medium (Tripic Soy Broth,
Sigma-Aldrich, MO, USA) and incubated at 28°C for 24 h, after this time the
medium was centrifuged at 4°C for 10 min at 3.000 x g, the bacterial cells were
washed twice with PBS buffer (0.01 M) under the same conditions and re-
suspended in the same buffer.

The fish were immunologically challenged by intraperitoneal inoculation.
Their mass was recorded and they were given 10 pL g™ of intraperitoneal injection
of A. hydrophila inactivated in a water bath at 40°C for 30 min (Bozzo et al., 2007)
at the concentration of 7 x 10° CFU mL™. Inactivation of bacteria was performed to

stimulate the immune system of fish, and to avoid mortality.
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2.10 Statistical analysis

Values were identified as outliers if they were >3 or <-3 of the studentized x
predicted y, and only 7 values were removed from the analyses. Further, some of
the data were transformed prior to statistical analysis as they failed normality
(Cramer Von Mises) and/or homoscedasticity tests (Brown—Forsythe). Further, the
experiment was analyzed as a two-way ANOVA [3 (treatments) x 3 (initial, 6 and
24 hpi)], followed by Duncan's new multiple range test post-hoc tests. P < 0.05
was used as the level of statistical significance in all analyses. Values in the
figures are means + 1 standard error (S.E.) of the mean.

3. Results

No fish mortality was observed during the experimental period and fish from
all treatments were fed adequately, ingesting 3.0% of the daily live weight. There
were neither treatment effect (P = 0.69; F = 0.36, Fig. 1A) nor interaction between
treatment and sampling points for cortisol levels (P = 0.17; F = 1.63, Fig. 1A). We
only observed elevation in plasma cortisol levels (P < 0.05, Fig. 1A) at 24 hpi.
Similar to cortisol, there were neither treatment effect (P = 0.90; F = 0.23, Fig. 1B)

nor interaction between treatment and sampling points for glucose levels.
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Figure 1. Plasma cortisol (A) and glucose (B) levels in pacu after 21 days feeding
a control diet and diets supplemented with 0.1 g kg™ BGO1 (69% concentration) or
BG02 (56.4% concentration), before (initial, N = 6) and 6 and 24 hours post
inoculation (hpi, N = 12) with Aeromonas hydrophila. Different capital letters

indicate differences between sampling points (P < 0.05).

Regarding LRB values, we observed interaction between treatment and
sampling points (P = 0.02; F = 3.24, Fig. 2A). BG02 values increased 6 hpi, and
differed positively from control and BGO1, up to 24 hpi. There was difference (P <
0.05, 24 hpi) between sampling points; LRB increased in relation to the initial and
6 hpi samplings.

No interaction between treatment and sampling points was observed for
SLC (P = 0.68; F = 0.57, Fig. 2B), and no difference was seen between treatments
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(P =0.97; F <0.0001, Fig. 2B). However, at 6 hpi (independent on the treatment),
fish had higher values of SLC (P < 0.05, Fig. 2B) compared to the initial point,
which reduced at 24 hpi, returning close to initial values.

Regarding the ACHsp, we did not observe neither interaction between
treatment and samplings (P = 0.36; F = 1.10, Fig. 2C) nor effect of treatments (P =
0.62; F = 0.03, Fig. 2C), however ACHs, improved (P < 0.05) at 24 hpi compared

to initial sampling.
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Figure 2. Leukocyte respiratory burst (A), serum lysozyme concentration (B) and
hemolytic activity of the alternative pathway of the complement system (ACHsp) in

pacu after 21 days feeding a control diet and diets supplemented with 0.1 g kg™
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BGO1 (69% concentration) or BG02 (56.4% concentration), before (initial, N = 6)
and 6 and 24 hours post inoculation (hpi, N = 12) with Aeromonas hydrophila.
Different capital letters indicate differences between diets at a given time point,
whereas different lower case letters indicate a difference between sampling points
within a group (P < 0.05). Different capital letters indicate differences among
sampling points diets (P < 0.05) for serum lysozyme concentration and ACHsg
since that no significant (P < 0.05) effect was observed for treatments. Values are

means + 1 standard error (S.E.).

4. Discussion

Many studies have demonstrated the positive effects of dietary -1.3/1.6-
glucan on fish, but few studies have compared and exploited different molecules
and their activity (Vetvicka and Vetvickova, 2014; Pilarski et al., 2017; Franco
Montoya et al., 2018). In our study we tested two B-glucan molecules with different
degrees of concentration, BG01 and BG02, and, in general, both showed similar
activities, except by the BG02 (less concentrated) which improved the LRB, 6 hpi,
in comparison to BGO1 and the control treatment. In addition, we detected an
activation of the innate immune system by the A. hydrophila inoculation. The
inoculum increased cortisol levels 24 hpi, when LBR and ACHsy, were activated.
This activation was reflected in the higher levels of blood glucose observed at this
sampling point. The lysozyme concentration increased earlier, 6 hpi.

During the phagocytosis of pathogens, leukocytes increase oxygen uptake
through NADPH oxidase and generate several reactive oxygen species (ROS),
such as superoxide radical (O.), hydrogen peroxide (H,O,), singlet oxygen (*O,)
and the hydroxyl radical (OH") in a process called leukocyte respiratory burst.
Superoxide and hydrogen peroxide are very toxic ROS and form a potent
antibacterial system (Klebanoff, 1999). Several studies have shown that the
dietary administration of 1.3/1.6 B-glucan stimulated the LRB in Oreochromis
niloticus (Pilarski et al., 2017), Pangasianodon hypophthalmus (Sirimanapong et
al., 2015a), Lutjanus guttatus (Del Rio -Zaragoza, Fajer-Avila and Almazan-
Rueda, 2011), Acipenser persicus (Aramli et al., 2015). In our study, BG02 had a
positive effect on LRB (6 hpi).
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One fact to be considered is that BG02, which presented less concentrated,
presented 5.09 times more mannans than BGO1 (Supplementary Table 1), what
can have contributed for the positive effect on LRB. Mannan oligosaccharide
(MOS) is a glucomannoprotein complex derived from the cell walls of yeast
(Saccharomyces cerevisiae) (Sang and Fotedar, 2010). The immunostimulant
effect of MOS in fish is already described (Carbone and Faggio, 2016). Some
studies have demonstrated the effect of MOS on parameters such as macrophage
phagocytic activity (Torrecillas et al., 2011), leukocyte counts (Ebrahimi et al.,
2012), phagocytic activity of head kidney leukocytes (Torrecillas et al., 2007;
Torrecillas et al., 2011), all related to the LRB, what reinforces the result of BG02
that we found in pacu. The effect of MOS as immune modulator is probably based
in the activation of pattern recognition receptors (PRR) and proteins (PRP), as the
mannose receptor (MR) that is an endocytic receptor expressed by macrophages
and by endothelial cells that recognize both self-glycoproteins and microbial
glycan ligands, triggering the innate immune system in response to a non-self-
substance (Torrecillas et al., 2014; Carbone and Faggio, 2016).

Serum lysozyme is an important molecule of the innate immune system in
fish (Saurabh and Sahoo, 2008). It hydrolyzes chemical bonds between N-
acetylmuramic acid and N-acetylglucosamine present in the peptidoglycan of
bacterial cell walls. It is capable of cleaving some Gram-positive bacteria and,
along with the complement system, even some Gram-negative bacteria (Paulsen
et al., 2001; Gémez and Balcazar, 2008). The SLC was not affected by the [3-
glucan treatments, but there was a significant increase in SLC (6 hpi). Similarly, in
pacu fed with 0.1% B-glucan for 7 days, Biller-Takahashi et al. (2014) did not
observe difference in SLC levels, but only after experimental infection with A.
hydrophila. Absence of effect of B-glucan (0.0, 0.2, 0.6 and 1.8%) was also
described by Kunttu et al. (2009) after feeding rainbow trout (Oncorhynchus
mykiss) during 21 days. Although some studies have reported elevation in SLC by
effect of B-glucan (Sirimanapong et al.,, 2015a; Aramli et al., 2015; Franco
Montoya et al., 2017), modulation of lysozyme by fungi or components of fungal
structures may be limited. Comparing, in vivo, SLC between A. hydrophila
infection (Das et al. 2009) and the Saprolegnia parasitica fungus (Das et al., 2013)

in Anabas testudineus, the authors suggested that lysosomal enzymes produced
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by the leukocyte cell suspension may be spared to counteract the fungal challenge
(Das et al., 2013).

The complement system comprises more than 35 soluble plasma proteins
that are critical for the innate and adaptive immunity of fish. Activation of the
complement system initiates a cascade of biochemical reactions followed by the
generation of biologically active mediators that act against the antigens via lysis of
its cellular membrane and on the activation of nonspecific mediators of the
inflammation. Additionally, the complement system has an important role between
innate and adaptive immune responses (Holland and Lambris, 2002; Gémez and
Balcazar, 2008). Although BGO1 and BGO02 did not activate ACHsg, the inoculation
with A. hydrophila did it 24 hpi. Franco Montoya et al. (2017) fed matrinxa (Brycon
amazonicus) with B-glucan (0.1%) during 15 days and did not observe changes in
ACHso compared to control group before the fish exposure to A. hydrophila.
Similarly, Biller-Takahashi et al. (2012) did not observe modulatory effect of -
glucan (0.0%, 0.1% and 1.0%) on ACHsg in pacu fed for 7 days. Using the same
experimental protocol and same fish, Biller-Takahashi et al. (2014) found
activation of the ACHs after experimental infection with A. hydrophila but not by
effect of B-glucan.

Different from our study, other authors related increase in ACHso caused by
B-glucan (Chang et al., 2013; Pionnier et al., 2014; Domenico et al., 2017; Lee et
al., 2018). However, the lack of responsiveness could be related to a number of
factors. Although we cannot state, some factors must be taken into account to
explain the lack of B-glucan effect in our experiment. The B-glucan concentration
or time of administration may have been insufficient to activate the receptors that
trigger the mechanism of the complement system.

Regarding the molecules tested, it is remarkable the difference between the
mean size of BG01 (35.20 ym) and BGO02 (23.40 ym) (Supplementary Table 1).
However, particles with size larger than 50 um present a difference of only 16.6%
of BGO1 in relation to BG02. Small particles (> 10 um and > 20 uym) present the
largest difference between molecules (33.9% and 41.8% respectively), thus
increasing the mean, so in fact the percentage of larger particles between (-
glucans is not so high. The size or molecular weight of B-glucans has been
considered fundamental to their activity (Akramiene et al., 2007), however, particle

size is not necessarily directly related to its activity, so generalization of this nature
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is risky (Chen and Seviour, 2007). Hong et al. (2010) analyzed the degradation of
fluorescence-labeled yeast glucan particles in mice macrophages and showed that
macrophages were able to partially degrade the large molecules of B-glucan into
biologically active smaller fragments that were taken up by granulocytes via the
CRS3 receptor. Complete macrophage degradation required 13 days. Typically
ingested particles remained intact for 3 - 5 days, appeared to fragment into smaller
particles and soluble material (5 - 10 days), and the intracellular fluorescence
disappeared after 14 - 21 days.

Although we did not observe effects of both (3-glucans molecules on stress
indicators, they affected differently the innate immunity of pacu. Similarly, other
studies have shown that different processes to obtain B-glucans may affect
immune fish responses. Pilarski et al. (2017) observed that different B-glucans
showed distinct effects on Oreochromis niloticus, one of the molecules affected
the fish immune response and the other the growth performance. Similarly, Franco
Montoya et al. (2018) tested two distinct molecules of B-glucan and showed that
one of them was more efficient on the induction of the cell-mediate immunity in
matrinxa (Brycon amazonicus).

Although most studies use these periods of B-glucan administration, there is
no consensus on the optimal period. We should take into consideration that this
period may vary depending on the structure of the [p-glucan molecule,
concentration, particle size, species of fish, among other factors. Our study
indicates that B-glucan obtained from residual yeasts of the production of alcohol
(BGO02) is effective as immunostimulant and can be an alternative to reduce cost of
fish production, besides to be aligned with the new demands of the market for the
development of ecologically correct products. However further studies with
different protocols using these molecules are needed to confirm their

effectiveness.
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Appendix

Supplementary Table 1. Compositions of BG0O1 and BGO02 included in the diets.

Parameters BGO1 BG02 Reference
pH (sol. 2%) 6.29 3.01 (1) AOAC981.12
Moisture (%) 6.66 8.68 (1) AOAC 934.01
Protein (%) 5.99 13.60 (1) AOAC 990.03
Fat (%) 3.53 4.19 (1) AOAC 922.06
Ash (%) 2.40 0.50 (1) AOAC 942.05
Glucan (%) 69.00 56.40 2)
Mannan (%) 1.10 5.60 (2)
Others carbohydrates (%) 11.32 11.03 3

Ca (%) 0.11 0.04

P (%) 0.15 0.24

K (%) 0.16 0.04

Na (%) 0.93 0.03

Mg (%) 0.09 0.01

Cu (mg/kg) 0.93 3.82

Fe (mg/kg) 143.66 77.93

Mn (mg/kg) 6.99 <0.50

Zn (mg/kg) 548.14 56.20

Co (mg/kg) <0.50 <0.50 (4)

Mo (mg/kg) <0.50 <0.50

Ni (mg/kg) 0.62 <0.50

Pb (mg/kg) <0.50 <0.50

Cr (mg/kg) 2.20 < 0.50

Ba (mg/kg) 3.90 1.22

Al (mg/kg) 125.06 7.03

Cd (mg/kg) <0.50 <0.50

S (%) 0.06 0.08

Particle size — Mean (um) 35.20 23.40

Particle size > 10 ym (%) 91.60 60.50

Particle size > 20 ym (%) 72.10 41.90

Particle size > 50 um (%) 18.60 15.50

Particle size > 100 um (%) 3.80 00.00

Particle size > 200 uym (%) 0.00 00.00 (5)
Particle size > 500 pym (%) 0.00 00.00

Particle size > 1000 ym (%) 0.00 00.00

Particle size < 150 um (%) 99.80 100.00

[1] A.O.A.C, Official Methods of Analysis, 14a. Ed., Association of Official Analytical Chemists, Washington, 1984.

[2] Freimund, S., Janett, S., Arrigoni, E., Amad, R., 2005. Optimised quantification method for yeast-derived 1,3-B-D-glucan
and a-D-mannan. European Food Research and Technology 220, 101-105. https://doi.org/10.1007/s00217-004-1008-0

[3] Jeff Rohrer, Analysis of Carbohydrates by HighPerformance Anion-Exchange Chromatography with Pulsed
Amperometric Detection (HPAE-PAD), Thermo Fisher Scientific, Sunnyvale, CA, USA, Technical note 20, 2013.

[4] 1SO 27085:2009, Animal Feeding stuffs — Determination of calcium, sodium, phosphorus, magnesium, potassium, iron,
zinc, copper, manganese, cobalt, molybdenum, arsenic, lead and cadmium by ICP-AES.

[5] ISO 13320:2009. Particle size analysis — Laser diffraction methods.
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Resumo

Poucos séo os estudos que enfatizam a compreenséo da microbiota intestinal em
peixes. A diversidade de habitats e a variacdo da natureza das dietas faz com que
a simbiose entre peixes e microrganismos intestinais seja diversa. OSs processos
fisiol6égicos dos animais, incluindo o metabolismo e seu sistema imunolégico, sao
intensamente influenciados pela microbiota. Estudos recentes tem relatado que
imunoestimulantes sdo capazes de modular a microbiota intestinal dos peixes.
Dentre os imunoestimulantes mais utilizados e estudados na producdo animal
esta o B-glucano, que possui estrutura quimica muito semelhante aos prebidticos.
Assim, este trabalho teve como obijetivo avaliar a composicéo intestinal bacteriana
de pacus alimentados com dois diferentes B-glucanos residuais provenientes da
fermentacdo alcodlica. Para avaliar a diversidade bacteriana intestinal, foram
utilizados seis pacus por tratamento alimentados por 21 dias com 1 g kg™ de B-
glucano. Para a colheita do intestino, os peixes foram anestesiados, lavados em
agua corrente e pulverizados com alcool. Apés a higienizacéo, procedeu-se a
necropsia e o intestino foi totalmente retirado. Os intestinos foram suspensos em
tampdo PBS contendo Tween 80, metanol e terc-butanol, acrescidos com 20
microesferas de vidro e vortexadas por 1 minuto. As suspensdes foram
centrifugadas e os sobrenadantes recuperados, transferidos para tubos estéreis,
seguidos de nova centrifugacdo. O material precipitado foi utilizado para extragcéo
de DNA metagenomico. Em seguida, foi realizada a PCR (16S rRNA) e em
sequéncia procedeu-se a construcdo da biblioteca e sequenciamento utilizando-
se a plataforma lllumina MiSeq. Nao foram observadas grandes diferencas entre
0s tratamentos nos principais géneros bacterianos identificados. Observou-se
grande prevaléncia em todos os tratamentos dos géneros Cetobacterium,
Plesiomonas e Epulopiscium os quais representam aproximadamente 60% de
todos os géneros identificados na microbiota intestinal do pacu. Os outros 40%

distribuem-se em géneros de menor expressao percentual.

Palavras chave: Cetobacterium, Epulopiscium, intestino, Plesiomonas,
microbiota, 16S rRNA
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1. Introducéao

A maior parte dos estudos de comunidades microbianas intestinais de
vertebrados tem se concentrado em mamiferos, os quais compreendem menos
de 10% da diversidade total dos vertebrados. Poucos s&o os estudos que
investigam a microbiota intestinal de peixes, que se originaram ha mais de 600
milhdes de anos e abrangem aproximadamente 28.000 espécies existentes
(Nelson, 2016), o que representa quase metade do numero total de espécies de
vertebrados no mundo. A diversidade de habitats e a variagdo da natureza das
dietas faz com que a simbiose entre peixes e microrganismos intestinais seja
extremamente diversa. Quantificar, qualificar e desvendar como se dao essas
relacbes sao de profunda importancia para o desenvolvimento de dietas mais
especificas para cada espécie de peixe.

Os processos fisiolégicos dos animais, incluindo o metabolismo e seu
estado imunolégico e até mesmo a anatomia do intestino, sdo profundamente
influenciados pela microbiota intestinal (Rawls et al.,, 2004; Cerf-Bensussan e
Gaboriau-Routhiau, 2010). As bactérias, componentes desta microbiota séo
geralmente benéficas e contribuem para processos nutricionais importantes, como
na degradacdo de moléculas complexas, producédo de algumas vitaminas (Sugita
et al., 1991) e também estdo envolvidas na protecdo do hospedeiro contra
potenciais patégenos, pela producdo de compostos inibitorios e competicdo por
espaco e nutrientes (Rawls et al., 2004). Rawls et al. (2004), utilizando Danio rerio
genobidticos, demonstraram que a microbiota pode regular a expressao de 212
genes, nos quais alguns estavam relacionados a estimulacdo da proliferacao
epitelial, promocdo do metabolismo de nutrientes e resposta imune inata. Em
decorréncia destes fatos, estudos da comunidade microbiana gastrointestinal vém
sendo realizados com varias espécies de peixes, como Salmo salar (Zarkasi et al.
2014), Cyprinus carpio (Jung-Schroers et al., 2016); Acipenser baerii (Geraylou et
al., 2013); Peocilia reticulata (Sullam et al., 2015); Salmo trutta trutta (Skrodenyte-
Arbaciauskiene et al., 2008); Salmo trutta fario (Skrodenyte-Arbaciauskiene et al.,
2006); Oreochromis niloticus (Hu et al., 2007); Danio rerio (Russo et al., 2015),
entre outros.

Estudos recentes tem relatado que imunoestimulantes sdo capazes de

modular a microbiota intestinal dos peixes (Kuhlwein et al., 2013; Carda-Diéguez,
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Mira e Fouz, 2014; Jung-Schroers et al., 2016). A inclusdo de imunoestimulantes
na dieta de peixes € uma das principais estratégias para alcancar uma aquicultura
sustentavel. Estas dietas enriquecidas sdo administradas durante periodos curtos,
quando o risco de contrair infecgdes por animais aquaticos é maior (Miguel Carda-
Diéguez, Alex Mira e Bélen Fouz, 2014).

Dentre os imunoestimulantes mais utilizados e estudados encontra-se o B-
glucano. A estrutura quimica do B-glucano € muito semelhante aos prebidticos,
consistindo em unidades monoméricas ligadas a B-glicosidicas. Os prebioticos,
definidos como ingredientes alimentares ndo digeriveis, afetam beneficamente o
hospedeiro, estimulando seletivamente o crescimento e/ou a atividade de
bactérias intestinais associadas a salude e ao bem-estar (Gibson et al., 2004).

Diversas pesquisas tém sido desenvolvidas utilizando o B-glucano como
um potente imunoestimulante. Estes estudos tem demostrado que uso do B-
glucano atua positivamente em diversas variaveis, como crescimento (Kiuhlwein et
al., 2014; Pilarski et al., 2017), sobrevivéncia e resisténcia a patdogenos (Das et
al., 2009; Sang e Fotedar, 2010; Petit e Wiegertjes, 2016), producéo de anticorpos
(Kamilya et al. 2006), expresséao dos genes relacionados ao sistema imune inato
(Lokesh et al., 2012; Pietretti et al., 2013) e alteracdo da microbiota intestinal
(Kdhlwein et al., 2013; Jung-Schroers et al., 2016; Miest et al., 2016) em varias
espécies de peixes.

Porém, o custo de produgéo do B-glucano ainda € um fator limitante para a
ampla disseminacdo e aproveitamento dos beneficios do uso deste
imunoestimulante. Criar fontes alternativas mais acessiveis para este tipo de
tecnologia é desejavel para o desenvolvimento de uma piscicultura mais
competitiva.

Neste contexto, o Centro de pesquisa da Biorigin desenvolveu um produto,
ainda ndo comercial, baseado na produgédo de 1,3/1,6 B-glucano extraido de
leveduras residuais (Saccharomyces cerevisiae) provenientes de fermentacéo
alcodlica. A utilizacdo de leveduras residuais, além de possibilitar a redugédo do
custo de producdo, esta alinhada as novas demandas do mercado para o
desenvolvimento de produtos ecologicamente corretos, uma vez que utiliza
material residual.

Assim, este estudo teve como objetivo alimentar durante 21 dias pacus

com dietas contendo dois tipos de B-glucanos com diferentes niveis de purificacdo
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e processos de extracdo, desenvolvidos pelo Centro de pesquisa da Biorigin e
avaliar a diversidade bacteriana intestinal pelo sequenciamento do gene 16S
rRNA através da plataforma Illumina MiSeq, a fim de observar possiveis efeitos

modulatérios dos B-glucanos sobre a microbiota intestinal.

2. Material e métodos

O protocolo utilizado neste experimento estd de acordo com as diretrizes
do Colégio Brasileiro de Experimentacdo Animal (COBEA) e foi aprovado pela
Comisséo de Etica no Uso de Animais (CEUA) da Faculdade de Ciéncias Agrarias
e Veterinarias - UNESP (numero do protocolo 11336/15).

2.1. Animais experimentais

Foram utilizados 162 pacus (163,0 + 23,07 g, 16,0 + 0,77 cm) distribuidos
em nove tanques (450 L, 18 peixes por tanque) com aeracado e fluxo continuo de
agua. Durante o periodo experimental, a temperatura da agua (30,3 + 0,2°C), pH
(7,5 + 0,06), oxigénio dissolvido (6,06 + 0,90 mg L™), condutividade (0,180 + 0,00
mS cm™), sélidos totais (0,117 + 0,0 g L) e salinidade (0,01 + 0,0%) foram
monitorados. N&o foram observadas diferencas (p > 0,05) entre peso e

comprimento dos peixes e parametros da agua entre 0os nove tanques.

2.2. Delineamento e dieta experimental

O delineamento experimental utilizado foi o inteiramente casualizado, com
trés tratamentos e trés repeticdes (tanques). Apdés 20 dias de aclimatacdo, os
peixes foram alimentados com trés dietas experimentais por 21 dias: uma dieta
controle (sem B-glucano) e duas dietas com 1 g kg™ (0,1%) de dois diferentes -
glucanos.

Dois B-glucanos isolados a partir de levedura (Saccharomyces cerevisiae)
da industria produtora de alcool foram utilizados neste experimento: BGO1 (pureza
= 69%, numero de lote = Q515244) e BGO02 (pureza = 56,4%, namero de lote =
BT13 260), ainda ndo comercialmente, ambos desenvolvidos pela Biorigin (SP,
Brasil). Trés dietas foram formuladas, duas com B-glucanos e uma dieta controle
sem B-glucano. As proporgcdes dos ingredientes e a analise quimica das dietas

sao apresentadas na Tabela 1. Informagdes adicionais sobre as amostras de -
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glucanos estdo na Tabela suplementar 1 (apéndice). As dietas foram extrudadas
em extrusora de rosca simples (Mex-250, Manzoni Industria Ltda, Brasil) a 136°C
e a velocidade de extrusédo regulada para tamanho de pellets de 6,71 £ 0,24 mm
de diametro e 7,76 + 0,37 mm de comprimento. As dietas foram analisadas
quanto a sua composi¢ao quimica, de acordo com AOAC (2016). O nitrogénio foi
determinado em analisador de nitrogénio (LECO FP-528 - LECO Corp., St.
Joseph, MI, USA). A alimentacéo foi parcelada em duas vezes ao dia (9h00 e
17h00), totalizando 3,0% do peso vivo.

Tabela 1. Ingredientes e composicdo quimica dos nutrientes das dietas

experimentais.

Controle BG 01 BG 02
Ingredientes (g/kg MS)
Farinha de peixe 42,6 42,6 42,6
Farinha de visceras de aves 74,6 74,6 74,6
Farelo de soja 312,0 312,0 312,0
Milho 283,1 283,1 283,1
Farelo de trigo 190,0 190,0 190,0
Quirera de arroz 50,0 50,0 50,0
Oleo de soja 13,0 13,0 13,0
BHT (antioxidante) 0,2 0,2 0,2
Fosfato bicalcio 10,0 10,0 10,0
Calcario calcitico 10,2 10,2 10,2
Suplemento mineral e vitaminico # 1,9 1,9 1,9
Cloreto de colina 1,3 1,3 1,3
Caulim 11,1 10,1 10,1
B-glucano 0,0 1,0 1,0
Composicao quimica
Matéria seca [g/kg MS] 938,9 947,9 941,4
Proteina bruta [g/kg MS] 286,6 278,7 277,1
Extrato etéreo [g/kg MS] 31,1 30,0 33,1
Fibra bruta [g/kg MS] 78,6 87,1 82,6
Matéria mineral [g/kg MS] 91,0 102,4 99,6
Extrativo ndo nitrogenado [g/kg MS] 451,7 449,8 449,0
Energia [MJ/kg MS] 17,3 17,2 17,2

# Suplemento mineral e vitaminico (composi¢&o por kg) - Vit. A: 176.000 Ul, vit. D3: 40.000 UI, vit
E: 500 mg, vit. K3: 100 mg, vit. B1: 36 mg, vit. B2: 200 mg, vit. B6: 50 mg, vit. B12: 560 mg, B3:
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700 mg, B7: 3 mg, B5: 500 mg, B9: 30 mg, colina: 20 mg, Fe: 1.100 mg, Cu: 300 mg, Mn: 1.800
mg, Zn: 1.200 mg, |: 24 mg, metionina: 20 g, Se: 3 mg, Ca: 176 g, P: 68 g; Na: 23 g, Cl: 36 g.

2.3. Amostragem

Para colheita do intestino, foram utilizados seis peixes de cada tratamento,
submetidos a eutanasia por aprofundamento do plano anestésico com benzocaina
(0,1 g LY. Os peixes foram lavados em &gua corrente e em sequéncia
pulverizados com alcool (70%). ApGs a higienizacao, foi procedida a necropsia de
forma asséptica em fluxo laminar e o intestino foi totalmente retirado e armazenado

sob refrigeracéo (-80°C).

2.4. Preparo das amostras e extragcao do DNA total

Para a extracdo do DNA total, foi realizado processamento prévio do

material colhido de acordo com Tran et al. (2017), com pequenas modificacdes.
Em resumo, o intestino refrigerado foi suspenso em 40 mL de solu¢do tampéao (pH
7,0) contendo (v/v) 0,1% de Tween 80, 1,0% de metanol e 1,0% de terc-butanol,
acrescidos com 20 microesferas de vidro e depois submetido ao vortex durante 1
minuto. A suspensao foi centrifugada a 500 x g durante 30 segundos a 20°C. Os
sobrenadantes foram entdo recuperados e transferidos para tubos estéreis,
seguidos por centrifugacdo a 4.500 x g durante 30 minutos a 20°C. O material
precipitado, que representa a biomassa microbiana, foi colhido e utilizado para
extracdo de DNA.

A extracdo do DNA total foi realizada utilizando 200 uL da biomassa
microbiana com o Kit de extracdo QlAamp® Fast DNA Stool Mini (Qiagen, Hilden,
Alemanha), de acordo com as instru¢cdes do fabricante. A integridade e
guantidade do DNA foi verificada em gel de agarose 2,0%, complementarmente o
DNA foi avaliado por espectrofotometria (NanoDrop™ 1000, Thermo Scientific,
Waltham, Massachusetts, EUA) para avaliagcdo de sua qualidade (raz&o entre as
leituras das absorbéncias 260/280 e 260/230 nm) e quantidade.

2.5. PCR

A regido V4 do gene 16S rRNA das 18 amostras foram amplificados por

PCR (Caporaso et al., 2011), gerando amplicons com aproximadamente 300 pb.

50



As reacbes de PCR foram realizadas em triplicata de amostras, tendo como
volume final de 20 pL, contendo 10 puL de GoTaq® Colorless Master Mix 2x
(Promega, Madison, Wisconsin, EUA), 0,3 uM de oligonucleotideo foward e 0,3
MM de oligonucleotideo reverse, 1 uL de DNA e agua ultrapura estéril suficiente
para 20 yL. O programa de amplificacdo consistiu de desnaturacéo inicial a 94°C
por 3 minutos, seguida por 29 ciclos de desnaturacdo a 94°C por 45 segundos,
anelamento a 50°C por 1 minuto; extensédo a 72°C por 1 minuto e 30 segundos e
uma extensédo final a 72°C por 10 minutos. As reacdes de amplificacdo foram
conduzidas em termociclador Veriti™ Thermal Cycler (Applied Biosystems, Foster
City, California, EUA).

2.6. Construcéo da biblioteca e sequenciamento

As triplicatas de PCR de cada amostra foram reunidas em uma aliquota e
submetida as etapas de purificacdo utilizando bead magnética Agencourt AMPure
XP (Beckman Coulter, Brea, Califérnia, EUA), e quantificadas pela metodologia
PCR Tempo Real utilizando Kit KAPA-KK4824 (Library Quantification Kit -
lllumina/Universal), todos de acordo com o protocolo do fabricante.

Gerou-se um pool equimolar de DNA, através da normalizacdo de todas as
amostras a 4 nM, para realizacdo do sequenciamento, o qual foi conduzido
utilizando-se o sistema lllumina MiSeq de sequenciamento de nova geragao

(lumina® Sequencing, San Diego, Califérnia, EUA).

2.7. Processamento e analise de dados

A qualidade das sequéncias foram verificadas utilizando o Trimmomatic
(v0.32) (Bolger, Lohse e Usadel, 2014). Posteriormente, as sequéncias foram
formatadas com o pipeline UPARSE e verificadas com relacdo as sequéncias
quiméricas (Edgar, 2013). O pipeline USEARCH?7 foi utilizado para agrupar as
sequéncias em unidades taxondmicas operacionais (OTUs) com 97% de
similaridade. A taxonomia foi atribuida usando o RDP, implementado no QIIME,

(Mcllroy et al., 2015) como banco de dados de referéncia.
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3. Resultados

O método de preparo das amostras e extracdo do DNA metagendmico do
conteldo intestinal dos pacus foi satisfatorio, pois apresentou DNAs com razdes
entre as leituras das absorbancias 260/280 nm (1,98 £ 0,03) e 260/230 nm (2,39 +
0,04) e quantidade (196,03 £ 91,48 ng/uL). O DNA obtido apresentou degradacéao,
com fragmentos de tamanho molecular médio de aproximadamente 750 — 1.000
pb, apresentando poucos fragmentos entre 8.000 — 10.000 pb (Figura 1.). As
amostras de DNAs metagendmicos utilizados na PCR apresentaram amplicons

com aproximadamente 300 pb, como esperado para regidao amplificada.

6
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Figura 1. Eletroforese em gel de agarose 2,0% do DNA metagenémico. 1 — 18

DNA metagendmico do conteudo intestinal dos pacus; 19 - Marcador - 1 kb.

Ap6s o0 sequenciamento, foram obtidas aproximadamente 45.000
sequéncias com qualidade do fragmento amplificado. A diversidade bacteriana
intestinal foi estimada através da curva de rarefacdo. A analise de rarefacdo foi
realizada plotando o numero de Unidades Taxondmicas Operacionais UTOs
agrupados em 97% de similaridade em relagcdo ao numero de reads para o nivel

taxondmico de género (Figura 2).
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Figura 2. Curva de rarefacdo indicando o numero de unidades taxondmicas
operacionais (UTOs) com distancias evolutivas de 3%, com base nas leituras
obtidas pelo sequenciamento do fragmento do gene 16S rRNA. A curva laranja
representa o grupo controle, a curva azul escuro o grupo BGO1 e curva azul claro

0 grupo BGO2.

A classificacdo taxonémica até o nivel de géneros bacterianos presentes
no contetdo intestinal dos pacus foi atribuida através do Ribosomal Database
Project (RDP) e pode ser observada na Tabela 2. Foram identificados apenas
cinco filos em todos os tratamentos sendo, Firmicutes, Proteobacteria,

Fusobacteria e Bacteroidetes.
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Tabela 2. Afiliagcdes taxondmicas de filo até género do tratamento controle (C), BGO1 e BG02.

Classificagdo taxondémica C(%) BGO1(%) BGO02 (%)
Bacteroidetes, Bacteroidia, Bacteroidales, Bacteroidaceae, g___ 12,42 2,50 2,17
Bacteroidetes, Bacteroidia, Bacteroidales, Bacteroidaceae, Bacteroides 2,75 424 2,45
Bacteroidetes, Bacteroidia, Bacteroidales, RF16, g_ 0,02 0,00 0,00
Bacteroidetes, Bacteroidia, Bacteroidales, Rikenellaceae, g___ 0,07 0,40 0,18
Firmicutes, Bacilli, Turicibacterales, Turicibacteraceae, Turicibacter 1,03 1,69 1,18
Firmicutes, Clostridia, Clostridiales, f__, g__ 0,43 0,83 1,22
Firmicutes, Clostridia, Clostridiales, Christensenellaceae, g__ 0,17 0,03 0,00
Firmicutes, Clostridia, Clostridiales, Clostridiaceae, g__ 16,85 21,14 12,73
Firmicutes, Clostridia, Clostridiales, Clostridiaceae, Clostridium 0,22 0,49 0,17
Firmicutes, Clostridia, Clostridiales, Clostridiaceae, SMB53 0,02 0,00 0,00
Firmicutes, Clostridia, Clostridiales, Lachnospiraceae, g__ 0,40 0,96 0,22
Firmicutes, Clostridia, Clostridiales, Lachnospiraceae, Coprococcus 0,08 0,93 1,02
Firmicutes, Clostridia, Clostridiales, Lachnospiraceae, Epulopiscium 13,25 15,06 15,55
Firmicutes, Clostridia, Clostridiales, Peptostreptococcaceae, g 1,37 1,49 0,82
Firmicutes, Clostridia, Clostridiales, Peptostreptococcaceae, g___ 0,12 0,23 0,13
Firmicutes, Clostridia, Clostridiales, Ruminococcaceae, g__ 0,12 0,09 0,47
Firmicutes, Clostridia, Clostridiales, Ruminococcaceae, Oscillospira 0,05 0,10 0,18
Firmicutes, Clostridia, Clostridiales, Mogibacteriaceae, Anaerovorax 0,03 0,00 0,00
Firmicutes, Erysipelotrichi, Erysipelotrichales, Erysipelotrichaceae, g__ 0,12 0,01 0,02
Fusobacteria, Fusobacteriia, Fusobacteriales, Fusobacteriaceae, Cetobacterium 23,47 24,50 27,25
Fusobacteria, Fusobacteriia, Fusobacteriales, Fusobacteriaceae, Fusobacterium 1,47 1,24 1,73
Proteobacteria, Betaproteobacteria, Burkholderiales, Alcaligenaceae, g_ 0,03 0,01 0,02
Proteobacteria, Betaproteobacteria, Neisseriales, Neisseriaceae, g___ 0,03 0,01 0,00
Proteobacteria, Deltaproteobacteria, Desulfovibrionales, Desulfovibrionaceae, Desulfovibrio 0,02 0,70 0,18
Proteobacteria, Epsilonproteobacteria, Campylobacterales, Campylobacteraceae, g__ 4,40 2,29 11,80
Proteobacteria, Epsilonproteobacteria, Campylobacterales, Helicobacteraceae, g___ 0,15 0,21 0,52
Proteobacteria, Gammaproteobacteria, Aeromonadales, Aeromonadaceae, g___ 0,03 0,14 0,02
Proteobacteria, Gammaproteobacteria, Enterobacteriales, Enterobacteriaceae, g__ 0,07 0,11 0,07
Proteobacteria, Gammaproteobacteria, Enterobacteriales, Enterobacteriaceae, g___ 1,82 0,97 0,85
Proteobacteria, Gammaproteobacteria, Enterobacteriales, Enterobacteriaceae, Plesiomonas 18,93 19,54 18,98
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4. Discussao

Compreender a influéncia do 3-1,3/1,6 glucano na comunidade bacteriana
intestinal de peixes é de extrema importancia, jA que muitas destas bactérias
possuem fungdes fisioldgicas importantes, como na produ¢do de vitaminas, ciclo
do nitrogénio e fermentacéo de carboidratos. Neste estudo avaliamos duas fontes
B-glucanos (BGO1 e BG02) e sua possivel influéncia na estrutura da comunidade
bacteriana intestinal de pacus.

O método de preparo e extragdo das amostras de DNA foram satisfatorios
para o tipo de andlise deste trabalho, apesar da degradagédo observada nos DNAs
extraidos, foi possivel a amplificacdo do fragmento do gene 16S rRNA de todas
as 18 amostras.

Este se trata do primeiro trabalho avaliando a comunidade bacteriana
intestinal de Piaractus mesopotamicus por sequenciamento de nova geracdo no
mundo. Observamos em nosso trabalho, através do tratamento controle, a
composicdo da microbiota intestinal e obtivemos como filos mais predominantes
Firmicutes (34,23%), Proteobacteria (25,55%), Fusobacteria (24,92%) e
Bacteroidetes (15,23%). Estes dados nos trazem informacfes primarias e
primordiais para o entendimento da composicdo bacteriana deste microbioma, e
abre uma nova e ampla area de pesquisa a ser investigada.

Jung-Schroers et al.,, (2016) estudando carpas (Cyprinus carpio)
alimentadas com uma dose de 10 g kg' de MacroGard® durante 14 dias
avaliaram a diversidade de segmentos separados da microbiota intestinal através
do isolamento e sequenciamento do gene 16S rRNA e pelo método RT-PCR-
DGGE e detectaram um aumento significativo no numero de unidades
taxon6micas operacionais (UTOs) em todos os seguimentos do intestino dos
peixes alimentados com MacroGard® quando comparados ao controle.
Encontramos resultados similares em nosso trabalho, pois observamos maior
namero de UTOs nos tratamentos BG02 (88), BGO1l (84) e controle (76)
respectivamente. Podemos afirmar com estes resultados que a utilizagcdo de (-
glucano em dietas para pacus eleva o numero de UTOs, especialmente o BG02.

Ao observarmos a constituicio do BGO02 podemos verificar uma
concentragéo de cinco vezes mais mananas que o BGO1 (Tabela suplementar 1.).
O MOS possui efeito prebidtico e seu principal modo de acdo é na modulacao da
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microbiota intestinal, promovendo o crescimento de bactérias acido laticas,
diminuindo a colonizacdo por bactérias patogénicas através da competicdo por
nutrientes e sitios de adesdo (Andrews et al. 2009). Diversos trabalhos tém
mostrado o efeito do MOS sobre a morfologia (Dimitroglou et al., 2009; Salem et
al., 2016; Hisano et al., 2018) e microbiota intestinal de peixes (Dimitroglou et al.,
2009; Dimitroglou et al., 2010; Akter et al., 2016).

Nossos resultados mostram claramente uma elevada porcentagem de
bactérias pertencentes ao género Cetobacterium em todos os grupos avaliados
(C: 23,47%; BO1: 24,50%; B02: 27,50%), com discreta elevacdo deste grupo nos
tratamentos BO1 e BO2 em relacdo ao controle. Este género bacteriano tem sido
encontrado em elevadas quantidades em diversas espécies de peixes de agua
doce como Arapaima gigas (~70,50%; Ramirez et al., 2018), Lepomis
macrochirus (72,04%; Larsen et al., 2014), Micropterus salmoides (89,90%;
Larsen et al.,, 2014), Ictalurus punctatus (94,02%; Larsen et al., 2014),
Oncorhynchus mykiss (~70,50%; Gatesoupe et al., 2017), Ctenopharyngodon
idella (~64,51%; Li et al., 2015), Carassius carassius (~97,29%; Li et al., 2015),
Hypophthalmichthys nobilis (~41,16%; Li et al., 2015), Oreochromis niloticus
(~89,15%; Adeoye et al., 2016) entre outros. Varios trabalho tém isolado e
identificado bactérias deste género no intestino de peixes de agua doce, em
especial a espécie Cetobacterium somerae (anteriormente classificada como
Bacteroides tipo A), microaerotolerante (Romero et al.,, 2014), que apresenta
funcdo importante na producéo de vitamina B, no intestino de peixes (Sugita et
al., 1991; Tsuchiya et al., 2007). Esta espécie € amplamente encontrada no
intestino da tildpia do Nilo e carpas, por isso estas espécies nao possuem
exigéncia de vitamina Bi, na dieta (NCR, 2011), sendo totalmente supridas na
producdo desta vitamina por estas bactérias. Em pacu, trabalhos avaliando a
exigéncia desta vitamina sdo inexistentes, sendo necessarios estudos para
verificar a real necessidade de suplementacdo na dieta, dada a quantidade de
bactérias produtoras de vitamina B, encontradas nesta espécie em nosso estudo.
Adicionalmente, a Cetobacterium somerae demonstrou capacidade de inibir o
crescimento de outras de bactérias (Sugita et al.,, 1996), outra caracteristica
interessante, é que possui resisténcia ao antimicrobiano vancomicina, mesmo em
cepas em que o hospedeiro ndo teve contato com a molécula (Tsuchiya et al.,
2007).
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Observamos uma grande porcentagem de bactérias pertencentes ao
género Plesiomonas (C: 18,93%; BO01: 19,54%; B02: 18,98%), com pouca
diferenca de porcentagens entre os tratamentos. O género Plesiomonas consiste
apenas de uma espécie (Plesiomonas shigelloides) e esta associada a agua e
alimentos de origem aquética. A bactéria é patogénica tanto para humanos
quanto para animais, causando infeccdes extraintestinais e doengas
gastrointestinais (Santos et al., 2015). Plesiomonas foram isoladas de uma ampla
variedade de animais saudaveis, doentes ou em condicfes de necrépsia, ainda
que existam poucas evidéncias patoldgicas, microbiolégicas ou clinicas para
apoiar o status de infeccdo nessas espécies (Janda et al., 2016), tendo registros
de cepas resistentes a alguns antimicrobianos utilizados na aquicultura (Wamala
et al., 2018; Martins et al., 2019). No entanto, nenhum caso de enfermidade ou
mortalidade por infeccdo com a bactéria foi relatada em pacu na literatura.
Estudos em vérias espécies de peixes de adgua doce sugerem que 0 género
Plesiomonas é uma das espécies mais comuns que compdem a comunidade
bacteriana intestinal desses vertebrados (Janda et al., 2016), sendo encontradas
tanto em peixes cultivados quanto em animais de vida livre (Koburger, 1989).
Foram observados em porcentagens significativas em peixes como Lepomis
macrochirus (2,84%; Larsen et al., 2014), Micropterus salmoides (7,64%; Larsen
et al., 2014), Oreochromis niloticus (~5,32%; Adeoye et al.,, 2016), Ictalurus
punctatus (~21,49; Bledsoe et al., 2016) sem gue estes apresentassem algum
sinal clinico de doenca causada pela bactéria. Entretanto, casos de mortalidade
envolvendo esta bactéria vém sendo observados em algumas espécies como
Ctenopharyngodo nidellus (Hu et al., 2014), Orechromis niloticus (Liu et al., 2015)
e Hypophthalmichthys molitrix (Behera et al., 2018). Tendo em vista sua
distribuicdo em diversas espécies de peixes e sua porcentagem, pode ser que
esta espécie esteja envolvida em alguma via metabdlica importante no seu
hospedeiro ainda néo elucidada.

O género Epulopiscium foi observado em todos os tratamentos com uma
porcentagem expressiva (C: 13,25%; B01: 15,06%; B02: 15,55%), tendo variado
pouco entre os tratamentos. Este grupo bacteriano foi inicialmente identificado
como pertencente aos protistas devido ao seu tamanho celular extremamente
grande (até ~600 um; Fishelson et al., 1985). S&o encontradas em alta

porcentagem no trato intestinal de peixes herbivoros do grupo dos peixes-
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cirurgides (familia: Acanthuridae). Apesar de seu tamanho peculiarmente grande,
poliploidia (alguns com mais de 100.000 cépias de genoma por célula) e
viviparidade, detalhes sobre sua diversidade, distribuicAo ou seu papel no
hospedeiro ainda s&do pouco conhecidos. Estudos anteriores destacaram a
existéncia de pelo menos 10 morfotipos distintos de Epulopiscium (Miyake et al.,
2016) e estdo intimamente associadas ao metabolismo de carboidratos (Ngugi et
al., 2017). Em peixes de agua doce quase nao se ha relatos da presenca deste
grupo. Larsen et al. (2014) observaram em baixas porcentagens no contetudo
intestinal de peixes de agua doce como Lepomis macrochirus (0,01%),
Micropterus salmoides (0,08%), Ictalurus punctatus (0,02%) bactérias do género
Epulopiscium. Ndo hé& relatos da presenca deste género em pacus, dado a
elevada porcentagem deste grupo observado em todos 0s nossos tratamentos e a
especificidade em relacdo ao hospedeiro, € de extrema importancia aprofundar
estudos relativos a este grupo, identificar as espécies presentes, seu papel
metabdlico e interacdo com outros microrganismos na microbiota intestinal de
pacus.

Os trés principais géneros observados representam aproximadamente 60%
de todos os géneros identificados no intestino de pacus. Outros géneros nao
classificados, pertencentes as familias como Clostridiaceae (C: 16,85%; BO1.:
21,14%; B02: 12,73%) e Bacteroidaceae (C: 12,42%; B01: 2,50%; B02: 2,17%)
foram identificados com abundancia significativa nos tratamentos avaliados. Ainda
podemos observar géneros com porcentagens bem inferiores, porém, seu
potencial metabdlico ndo pode ser avaliado apenas em detrimento da quantidade
desses microrganismos, mas também pelo seu potencial metabdlico.

Diversos fatores podem afetar a avaliagdo da composicdo da comunidade
bacteriana intestinal, desde a fracao coletada (bactérias associadas a mucosa
intestinal ou bactérias associadas a digesta, bactérias aloctone e autéctone,
respectivamente) (Merrifield et al., 2009); fatores ambientais (Sullam et al., 2012),
porcao do intestino avaliada (Ye et al., 2014); dieta (Ringg et al., 2016); variacao
interindividual (Stephens et al., 2016); espécie de peixe (Wong et al., 2012); sexo
do peixe (Li et al.,, 2016); modo de preparo das amostras (Tran et al., 2017) e
extragcdo do DNA (Larsen, Mohammed e Arias, 2014), primers e tecnologia de
sequenciamento utilizada (Tremblay et al., 2015); banco de dados utilizados

(Balvociuté e Huson, 2017); entre inumeros outros fatores que podem influenciar
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no resultado final da analise. Em experimentos desta natureza deve-se tomar o
méaximo de cuidado para que o0s procedimentos sejam 0 mais padronizados
possiveis, evitando assim resultados inconsistentes.

Podemos observar a partir deste estudo uma pequena elevagdo na
diversidade bacteriana intestinal dos peixes tratados com BG02 em relacdo ao
BGO1 e controle e que o0s géneros predominantes foram Cetobacterium,
Plesiomonas e Epulopiscium os quais representam aproximadamente 60% de
todos os géneros identificados na microbiota intestinal. Ressaltamos ainda a
importancia deste estudo, pois se trata da primeira investigagdo da microbiota
bacteriana intestinal de peixes da espécie Piaractus mesopotamicus utilizando
sequenciamento massivo, contribuindo para o conhecimento béasico e abrindo

novos horizontes para pesquisas nesta espécie.
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Material suplementar

Tabela suplementar 1. Composi¢do do BG0O1 e BG02 incluidos na dieta.

Parametros BGO1 BG02 Referéncias
pH (sol. 2%) 6,29 3,01 (1) AOAC 981.12
Umidade (%) 6,66 8,68 (1) AOAC 934.01
Proteina (%) 5,99 13,60 (1) AOAC 990.03
Gordura (%) 3,53 4,19 (1) AOAC 922.06
Cinzas (%) 2,40 0,50 (1) AOAC 942.05
Glucano (%) 69,00 56,40 2
Manana (%) 1,10 5,60 (2)
Outros carboidratos (%) 11.32 11.03 3

Ca (%) 0,11 0,04

P (%) 0,15 0,24

K (%) 0,16 0,04

Na (%) 0,93 0,03

Mg (%) 0,09 0,01

Cu (mg/kg) 0,93 3,82

Fe (mg/kg) 143,66 77,93

Mn (mg/kg) 6,99 < 0,50

Zn (mg/kg) 548,14 56,20

Co (mg/kg) < 0,50 < 0,50 4)

Mo (mg/kg) < 0,50 <0,50

Ni (mg/kg) 0,62 < 0,50

Pb (mg/kg) < 0,50 < 0,50

Cr (mg/kg) 2,20 < 0,50

Ba (mg/kg) 3,90 1,22

Al (mg/kg) 125,06 7,03

Cd (mg/kg) < 0,50 < 0,50

S (%) 0,06 0,08

Tamanho de particula — Média (um) 35,20 23,40

Tamanho de particula > 10 um (%) 91,60 60,50

Tamanho de particula > 20 um (%) 72,10 41,90

Tamanho de particula > 50 ym (%) 18,60 15,50

Tamanho de particula > 100 pm (%) 3,80 00,00

Tamanho de particula > 200 uym (%) 0,00 00,00 5)
Tamanho de particula > 500 uym (%) 0.00 00.00

Tamanho de particula > 1000 ym (%) 0.00 00.00

Tamanho de particula < 150 um (%) 99.80 100.00

[1] A.O.A.C, Official Methods of Analysis, 14a. Ed., Association of Official Analytical Chemists, Washington, 1984.

[2] Freimund, S., Janett, S., Arrigoni, E., Amad, R., 2005. Optimised quantification method for yeast-derived 1,3-3-D-glucan
and a-D-mannan. European Food Research and Technology 220, 101-105. https://doi.org/10.1007/s00217-004-1008-0

[3] Jeff Rohrer, Analysis of Carbohydrates by HighPerformance Anion-Exchange Chromatography with Pulsed
Amperometric Detection (HPAE-PAD), Thermo Fisher Scientific, Sunnyvale, CA, USA, Technical note 20, 2013.

[4] 1ISO 27085:2009, Animal Feeding stuffs — Determination of calcium, sodium, phosphorus, magnesium, potassium, iron,
zinc, copper, manganese, cobalt, molybdenum, arsenic, lead and cadmium by ICP-AES.

[5] ISO 13320:2009. Particle size analysis — Laser diffraction methods.

63



5. Referéncias

A unique symbiosis in the gut of tropical herbivorous surgeonfish (Acanthuridae:
Teleostei) from the Red Sea, 1985. . Science 229, 49-51.
https://doi.org/10.1126/science.229.4708.49

Adeoye, A.A., Yomla, R., Jaramillo-Torres, A., Rodiles, A., Merrifield, D.L., Davies,
S.J., 2016. Combined effects of exogenous enzymes and probiotic on Nile tilapia
(Oreochromis niloticus) growth, intestinal morphology and microbiome.
Aquaculture 463, 61-70. https://doi.org/10.1016/j.aquaculture.2016.05.028

Akter, M.N., Sutriana, A., Talpur, A.D., Hashim, R., 2016. Dietary supplementation
with  mannan oligosaccharide influences growth, digestive enzymes, gut
morphology, and microbiota in juvenile striped catfish, Pangasianodon
hypophthalmus. Aquaculture International 24, 127-144.
https://doi.org/10.1007/s10499-015-9913-8

Andrews, S.R., Sahu, N.P., Pal, AK. Kumar, S., 2009. Haematological
modulation and growth of Labeo rohita fingerlings: effect of dietary mannan
oligosaccharide, yeast extract, protein hydrolysate and chlorella: Haematological
modulation and growth of Labeo rohita fingerlings. Aquaculture Research 41, 61—
69. https://doi.org/10.1111/j.1365-2109.2009.02304.x

AOAC, 2016. Official Methods of analysis, eighteenth ed. Association of official
analytical chemists, Arlington, VA, USA.

Balvodiaté, M., Huson, D.H., 2017. SILVA, RDP, Greengenes, NCBI and OTT —
how do these taxonomies compare? BMC Genomics 18.
https://doi.org/10.1186/s12864-017-3501-4

Bledsoe, J.W., Peterson, B.C., Swanson, K.S., Small, B.C., 2016. Ontogenetic
characterization of the intestinal microbiota of channel catfish through 16S rRNA
gene sequencing reveals Insights on temporal shifts and the influence of
environmental microbes. PLOS ONE 11, e0166379.

64



https://doi.org/10.1371/journal.pone.0166379

Bolger, A.M., Lohse, M., Usadel, B., 2014. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics 30, 2114-2120.
https://doi.org/10.1093/bioinformatics/btul70

Caporaso, J.G., Lauber, C.L., Walters, W.A., Berg-Lyons, D., Lozupone, C.A,,
Turnbaugh, P.J., Fierer, N., Knight, R., 2011. Global patterns of 16S rRNA
diversity at a depth of millions of sequences per sample. Proceedings of the
National Academy of Sciences 108, 4516-4522.
https://doi.org/10.1073/pnas.1000080107

Carda-Diéguez, M., Mira, A., Fouz, B., 2014. Pyrosequencing survey of intestinal
microbiota diversity in cultured sea bass (Dicentrarchus labrax) fed functional
diets. FEMS Microbiology Ecology 87, 451-459. https://doi.org/10.1111/1574-
6941.12236

Cerf-Bensussan, N., Gaboriau-Routhiau, V., 2010. The immune system and the
gut microbiota: friends or foes? Nature Reviews Immunology 10, 735-744.
https://doi.org/10.1038/nri2850

Das, B.K., Debnath, C., Patnaik, P., Swain, D.K., Kumar, K., Misrhra, B.K., 2009.
Effect of B-glucan on immunity and survival of early stage of Anabas testudineus
(Bloch). Fish & Shellfish Immunology 27, 678-683.
https://doi.org/10.1016/j.fsi.2009.08.002

Dimitroglou, A., Merrifield, D.L., Moate, R., Davies, S.J., Spring, P., Sweetman, J.,
Bradley, G., 2009. Dietary mannan oligosaccharide supplementation modulates
intestinal microbial ecology and improves gut morphology of rainbow trout,
Oncorhynchus mykiss (Walbaum). Journal of Animal Science 87, 3226-3234.
https://doi.org/10.2527/jas.2008-1428

Dimitroglou, A., Merrifield, D.L., Spring, P., Sweetman, J., Moate, R., Davies, S.J.,
2010. Effects of mannan oligosaccharide (MOS) supplementation on growth

65


https://doi.org/10.1016/j.fsi.2009.08.002

performance, feed utilisation, intestinal histology and gut microbiota of gilthead sea
bream (Sparus aurata). Aquaculture 300, 182-188.
https://doi.org/10.1016/j.aquaculture.2010.01.015

Edgar, R.C., 2013. UPARSE: highly accurate OTU sequences from microbial
amplicon reads. Nature Methods 10, 996—998. https://doi.org/10.1038/nmeth.2604

Gatesoupe, F.-J., Fauconneau, B., Deborde, C., Madji Hounoum, B., Jacob, D.,
Moing, A., Corraze, G., Médale, F., 2018. Intestinal microbiota in rainbow trout,
Oncorhynchus mykiss , fed diets with different levels of fish-based and plant
ingredients: A correlative approach with some plasma metabolites. Aquaculture
Nutrition 24, 1563—-1576. https://doi.org/10.1111/anu.12793

Geraylou, Z., Souffreau, C., Rurangwa, E., Maes, G.E., Spanier, K.l., Courtin,
C.M., Delcour, J.A., Buyse, J., Ollevier, F., 2013. Prebiotic effects of arabinoxylan
oligosaccharides on juvenile Siberian sturgeon (Acipenser baerii) with emphasis
on the modulation of the gut microbiota using 454 pyrosequencing. FEMS
Microbiology Ecology 86, 357—-371. https://doi.org/10.1111/1574-6941.12169

Gibson, G.R., Probert, H.M., Loo, J.V., Rastall, R.A., Roberfroid, M.B., 2004.
Dietary modulation of the human colonic microbiota: updating the concept of
prebiotics. Nutrition Research Reviews 17, 259.
https://doi.org/10.1079/NRR200479

Hisano, H., Soares, M.P., Luiggi, F.G., Arena, A.C., 2018. Dietary B-glucans and
mannanoligosaccharides improve growth performance and intestinal morphology
of juvenile pacu Piaractus mesopotamicus (Holmberg, 1887). Aquaculture
International 26, 213—-223. https://doi.org/10.1007/s10499-017-0210-6

Hu, C.H., Xu, Y., Xia, M.S., Xiong, L., Xu, Z.R., 2007. Effects of Cu2+-exchanged
montmorillonite on growth performance, microbial ecology and intestinal
morphology of Nile tilapia (Oreochromis niloticus). Aquaculture 270, 200-206.
https://doi.org/10.1016/j.aquaculture.2007.01.027

66



Hu, Q., Lin, Q., Shi, C., Fu, X., Li, N., Liu, L., Wu, S., 2014. Isolation and
identification of a pathogenic Plesiomonas shigelloides from diseased grass carp.
Wei Sheng Wu Xue Bao 54, 229-235.

Janda, J.M., Abbott, S.L., Mclver, C.J., 2016. Plesiomonas shigelloides Reuvisited.
Clinical Microbiology Reviews 29, 349-374. https://doi.org/10.1128/CMR.00103-15

Jung-Schroers, V., Adamek, M., Jung, A., Harris, S., Déza, O.-S., Baumer, A.,
Steinhagen, D., 2016. Feeding of 3-1,3/1,6-glucan increases the diversity of the
intestinal microflora of carp (Cyprinus carpio). Aquaculture Nutrition 22, 1026—
1039. https://doi.org/10.1111/anu.12320

Kamilya, D., Maiti, T.K., Joardar, S.N., Mal, B.C., 2006. Adjuvant effect of
mushroom glucan and bovine lactoferrin upon Aeromonas hydrophila vaccination
in catla, Catla catla (Hamilton). Journal of Fish Diseases 29, 331-337.
https://doi.org/10.1111/j.1365-2761.2006.00722.x

Koburger, J. A. 1989. Plesiomonas shigelloides, p. 311-325. In M.P. Doyle (ed.),

Foodborne bacterial pathogens. Marcel Dekker, Inc., New York.

Kahlwein, H., Merrifield, D.L., Rawling, M.D., Foey, A.D., Davies, S.J., 2014.
Effects of dietary B-(1,3)(1,6)-D-glucan supplementation on growth performance,
intestinal morphology and haemato-immunological profile of mirror carp (Cyprinus
carpio L.). Journal of Animal Physiology and Animal Nutrition 98, 279-289.
https://doi.org/10.1111/jpn.12078

Larsen, A.M., Mohammed, H.H., Arias, C.R., 2014. Characterization of the gut
microbiota of three commercially valuable warm water fish species. Journal of
Applied Microbiology 116, 1396—1404. https://doi.org/10.1111/jam.12475

Larsen, A.M., Mohammed, H.H., Arias, C.R., 2015. Comparison of DNA extraction

protocols for the analysis of gut microbiota in fishes. FEMS Microbiology Letters
362. https://doi.org/10.1093/femsle/fnu031

67


https://doi.org/10.1111/j.1365-2761.2006.00722.x
https://doi.org/10.1111/jpn.12078

Li, T., Long, M., Gatesoupe, F.-J., Zhang, Q., Li, A., Gong, X., 2015. Comparative
analysis of the intestinal bacterial communities in different species of carp by
pyrosequencing. Microbial Ecology 69, 25—36. https://doi.org/10.1007/s00248-014-
0480-8

Li, X., Yan, Q., Ringg, E., Wu, X., He, Y., Yang, D., 2016. The influence of weight
and gender on intestinal bacterial community of wild largemouth bronze gudgeon
(Coreius guichenoti, 1874). BMC Microbiology 16. https://doi.org/10.1186/s12866-
016-0809-1

Liu, Z., Ke, X., Lu, M., Gao, F., Cao, J., Zhu, H., Wang, M., 2015. Identification and
pathological observation of a pathogenic Plesiomonas shigelloides strain isolated
from cultured tilapia (Oreochromis niloticus). Wei Sheng Wu Xue Bao 55, 96-106.

Lokesh, J., Fernandes, J.M.O., Korsnes, K., Bergh, @., Brinchmann, M.F., Kiron,
V., 2012. Transcriptional regulation of cytokines in the intestine of Atlantic cod fed
yeast derived mannan oligosaccharide or B-Glucan and challenged with Vibrio
anguillarum. Fish & Shellfish Immunology 33, 626—631.
https://doi.org/10.1016/}.fsi.2012.06.017

Martins, A.F.M., Pinheiro, T.L., Imperatori, A., Freire, S.M., Sa-Freire, L., Moreira,
B.M., Bonelli, R.R., 2019. Plesiomonas shigelloides: A notable carrier of acquired
antimicrobial resistance in small aquaculture farms. Aquaculture 500, 514-520.
https://doi.org/10.1016/j.aquaculture.2018.10.040

Mcllroy, S.J., Saunders, A.M., Albertsen, M., Nierychlo, M., Mcllroy, B., Hansen,
A.A., Karst, S.M., Nielsen, J.L., Nielsen, P.H., 2015. MIDAS: the field guide to the
microbes of activated sludge. Database 2015, bav062.
https://doi.org/10.1093/database/bav062

Merrifield, D.L., Burnard, D., Bradley, G., Davies, S.J., Baker, R.T.M., 2009.
Microbial community diversity associated with the intestinal mucosa of farmed
rainbow trout (Oncoryhnchus mykiss Walbaum). Aquaculture Research 40, 1064—
1072. https://doi.org/10.1111/j.1365-2109.2009.02200.x

68


https://doi.org/10.1016/j.fsi.2012.06.017

Miest, J.J., Arndt, C., Adamek, M., Steinhagen, D., Reusch, T.B.H., 2016. Dietary
B-glucan (MacroGard®) enhances survival of first feeding turbot (Scophthalmus
maximus) larvae by altering immunity, metabolism and microbiota. Fish & Shellfish
Immunology 48, 94-104. https://doi.org/10.1016/j.fsi.2015.11.013

Miyake, S., Ngugi, D.K., Stingl, U., 2016. Phylogenetic diversity, distribution, and
cophylogeny of giant bacteria (Epulopiscium) with their Surgeonfish hosts in the
Red Sea. Frontiers in Microbiology 7. https://doi.org/10.3389/fmicb.2016.00285

Nelson, Joseph S., Terry C. Grande, and Mark VH Wilson. Fishes of the World.
John Wiley & Sons, 2016.

Ngugi, D.K., Miyake, S., Cahill, M., Vinu, M., Hackmann, T.J., Blom, J., Tietbohl,
M.D., Berumen, M.L., Stingl, U., 2017. Genomic diversification of giant enteric
symbionts reflects host dietary lifestyles. Proceedings of the National Academy of
Sciences 114, E7592—-E7601. https://doi.org/10.1073/pnas.1703070114

Petit, J., Wiegertjes, G.F., 2016. Long-lived effects of administering B-glucans:
Indications for trained immunity in fish. Developmental & Comparative
Immunology. 64, 93-102. https://doi.org/10.1016/j.dci.2016.03.003

Pietretti, D., Vera-Jimenez, N.I., Hoole, D., Wiegertjes, G.F., 2013. Oxidative burst
and nitric oxide responses in carp macrophages induced by zymosan,
MacroGard® and selective dectin-1 agonists suggest recognition by multiple
pattern recognition receptors. Fish & Shellfish Immunology 35, 847-857.
https://doi.org/10.1016/}.fsi.2013.06.022

Pilarski, F., Ferreira de Oliveira, C.A., Darpossolo de Souza, F.P.B., Zanuzzo,
F.S., 2017. Different B-glucans improve the growth performance and bacterial
resistance in Nile tilapia. Fish & Shellfish Immunology 70, 25-29.
https://doi.org/10.1016/).fsi.2017.06.059

Ramirez, C., Coronado, J., Silva, A., Romero, J., 2018. Cetobacterium is a major

69


https://doi.org/10.1016/j.fsi.2013.06.022

component of the microbiome of giant amazonian fish (Arapaima gigas) in
Ecuador. Animals 8, 189. https://doi.org/10.3390/ani8110189

Rawls, J.F., Samuel, B.S., Gordon, J.l., 2004. From the cover: gnotobiotic
zebrafish reveal evolutionarily conserved responses to the gut microbiota.
Proceedings of the National Academy of Sciences 101, 4596-4601.
https://doi.org/10.1073/pnas.0400706101

Ringa, E., Zhou, Z., Vecino, J.L.G., Wadsworth, S., Romero, J., Krogdahl, a.,
Olsen, R.E., Dimitroglou, A., Foey, A., Davies, S., Owen, M., Lauzon, H.L.,,
Martinsen, L.L., De Schryver, P., Bossier, P., Sperstad, S., Merrifield, D.L., 2016.
Effect of dietary components on the gut microbiota of aquatic animals. A never-
ending story? Aquaculture Nutrition 22, 219-282.
https://doi.org/10.1111/anu.12346

Romero, J., Ringg, E., Merrifield, D.L., 2014. The gut microbiota of Fish, in:
Merrifield, D., Ringg, E. (Eds.), Aquaculture Nutrition. John Wiley & Sons, Ltd,
Chichester, UK, pp. 75-100. https://doi.org/10.1002/9781118897263.ch4

Russo, P., lturria, I., Mohedano, M.L., Caggianiello, G., Rainieri, S., Fiocco, D.,
Angel Pardo, M., Lépez, P., Spano, G., 2015. Zebrafish gut colonization by
mCherry-labelled lactic acid bacteria. Applied Microbiology and Biotechnology 99,
3479-3490. https://doi.org/10.1007/s00253-014-6351-x

Salem, M., Gaber, M.M., Zaki, M.A., Nour, A.A., 2016. Effects of dietary mannan
oligosaccharides on growth, body composition and intestine of the sea bass
(Dicentrarchus  labrax L.). Aquaculture Research 47, 3516-3525.
https://doi.org/10.1111/are.12801

Sang, H.M., Fotedar, R., 2010. Effects of dietary B — 1,3 — glucan on the growth,
survival, physiological and immune response of marron, Cherax tenuimanus
(smith, 1912). Fish & Shellfish Immunology 28, 957-960.
https://doi.org/10.1016/}.fsi.2010.01.020

70



Santos, J.A., Rodriguez-Calleja, J.-M., Otero, A., Garcia-Lopez, M.-L., 2015.
Plesiomonas, in: Molecular Medical Microbiology. Elsevier, pp. 1111-1123.
https://doi.org/10.1016/B978-0-12-397169-2.00062-7

Skrodenyte-Arbaciauskiene, V., Sruoga, A., Butkauskas, D., 2006. Assessment of
microbial diversity in the river trout Salmo trutta fario L. intestinal tract identified by
partial 16S rRNA gene sequence analysis. Fisheries Science 72, 597-602.
https://doi.org/10.1111/j.1444-2906.2006.01189.x

Skrodenyté-Arbaclauskiené, V., Sruoga, A., Butkauskas, D., Skrupskelis, K., 2008.
Phylogenetic analysis of intestinal bacteria of freshwater salmon Salmo salar and
sea trout Salmo trutta trutta and diet. Fisheries Science 74, 1307-1314.
https://doi.org/10.1111/j.1444-2906.2008.01656.x

Stephens, W.Z., Burns, A.R., Stagaman, K., Wong, S., Rawls, J.F., Guillemin, K.,
Bohannan, B.J.M., 2016. The composition of the zebrafish intestinal microbial
community varies across development. The ISME Journal 10, 644-654.
https://doi.org/10.1038/ismej.2015.140

Sugita, H., Miyajima, C., Deguchi, Y., 1991. The vitamin B12-producing ability of
the intestinal microflora of freshwater fish. Aquaculture 92, 267-276.
https://doi.org/10.1016/0044-8486(91)90028-6

Sugita, H., Shibuya, K., Shimooka, H., Deguchi, Y., 1996. Antibacterial abilities of
intestinal bacteria in freshwater cultured fish. Aquaculture 145, 195-203.
https://doi.org/10.1016/S0044-8486(96)01319-1

Sugita, H., Takahashi, J., Miyajima, C., Deguchi, Y., 1991. Vitamin B, -Producing
Ability of the Intestinal Microflora of Rainbow Trout (Oncorhynchus mykiss).
Agricultural and Biological Chemistry 55, 893-894.
https://doi.org/10.1080/00021369.1991.10870683

Sullam, K.E., Essinger, S.D., Lozupone, C.A., O’Connor, M.P., Rosen, G.L,,
Knight, R., Kilham, S.S., Russell, J.A., 2012. Environmental and ecological factors

71



that shape the gut bacterial communities of fish: a meta-analysis: Fish gut
bacterial communities. Molecular Ecology 21, 3363-3378.
https://doi.org/10.1111/j.1365-294X.2012.05552.x

Tran, N.T., Xiong, F., Hao, Y.-T., Zhang, J., Wu, S.-G., Wang, G.-T., 2017. Two
biomass preparation methods provide insights into studying microbial communities
of intestinal mucosa in grass carp (Ctenopharyngodon idellus). Aquaculture
Research 48, 4272-4283. https://doi.org/10.1111/are.13248

Tremblay, J., Singh, K., Fern, A., Kirton, E.S., He, S., Woyke, T., Lee, J., Chen, F.,
Dangl, J.L., Tringe, S.G., 2015. Primer and platform effects on 16S rRNA tag
sequencing. Frontiers in Microbiology 6. https://doi.org/10.3389/fmicb.2015.00771

Tsuchiya, C., Sakata, T., Sugita, H., 2007. Novel ecological niche of
Cetobacterium somerae, an anaerobic bacterium in the intestinal tracts of
freshwater fish. Letters in Applied Microbiology 0, 071018031740002-??7?
https://doi.org/10.1111/].1472-765X.2007.02258.x

Wamala, S.P., Mugimba, K.K., Mutoloki, S., Evensen, @., Mdegela, R.,
Byarugaba, D.K., Sgrum, H., 2018. Occurrence and antibiotic susceptibility of fish
bacteria isolated from Oreochromis niloticus (Nile tilapia) and Clarias gariepinus
(African catfish) in Uganda. Fisheries and Aquatic Sciences 21.
https://doi.org/10.1186/s41240-017-0080-x

Wong, S., Rawls, J.F., 2012. Intestinal microbiota composition in fishes is
influenced by host ecology and environment: News and Views: Perspective.
Molecular Ecology 21, 3100-3102. https://doi.org/10.1111/].1365-
294X.2012.05646.x

Ye, L., Amberg, J., Chapman, D., Gaikowski, M., Liu, W.-T., 2014. Fish gut
microbiota analysis differentiates physiology and behavior of invasive Asian carp
and indigenous American fish. The ISME Journal 8, 541-551.
https://doi.org/10.1038/ismej.2013.181

72



Zarkasi, K.Z., Abell, G.C.J., Taylor, R.S., Neuman, C., Hatje, E., Tamplin, M.L.,
Katouli, M., Bowman, J.P., 2014. Pyrosequencing-based characterization of
gastrointestinal bacteria of Atlantic salmon (Salmo salar L.) within a commercial
mariculture  system. Journal of Applied Microbiology 117, 18-27.
https://doi.org/10.1111/jam.12514

73



DISCUSSAO GERAL

O estudo inovador da utilizagdo do 1,3/1,6 B-glucano na incubacéo de ovos
e embrides de tilapia-do-Nilo apresentados no primeiro manuscrito nos
demonstrou resultados inesperados e promissores em relagdo ao desempenho
produtivo das larvas, pois observamos que o imunoestimulante pode chegar ao
intestino ainda em estagios iniciais de vida, apresentando um bom perfil
modulador da microbiota, devido a estimulagédo de alguns genes importantes no
desenvolvimento do peixe. Esta nova abordagem do uso do 3-glucano abre uma
discusséo e espaco para diversas pesquisas sobre a utilizacdo deste produto na
incubacdo de ovos e embrides em solugdes com B-glucano e seus efeitos em
outros diversos parametros ainda nao abordados pela ciéncia, tanto na tilapia do
Nilo quanto em outras espécies de peixes.

O segundo manuscrito nos possibilitou avaliar o potencial do B-glucano
residual da industria de producdo de &lcool como um potencial ativador do
sistema imune inato do pacu. Este glucano apresentou efeito positivo na ativacao
da atividade respiratéria dos leucdcitos. Com isto, este glucano torna-se
economicamente interessante para a aquicultura por ser mais barato e com
carater sustentavel, pois € proveniente de um material residual, ampliando a
utilizacao deste produto pelos produtores e industrias de nutricdo animal, como
consequéncia, colaborando para uma piscicultura mais saudavel e competitiva.

Os conhecimentos gerados a partir do estudo da microbiota intestinal de
pacu descritos no terceiro manuscrito sdo inéditos, por se tratar do primeiro
trabalho utilizando a tecnologia de sequenciamento massivo abordando a
diversidade bacteriana presente no intestino do pacu, trazendo informagdes
primordiais para o entendimento da composi¢cao deste microbioma. Melhorar a
compreensao das relacbes ecoldgicas dos microrganismos intestinais e a
possibilidade da manipulacéo através da utilizacdo de glucanos, antimicrobianos,
extratos e Oleos de alguns vegetais, bacteriocinas entre outros compostos que
poderdo ser utilizados com maior eficiéncia e acéo dirigida a determinadas
espécies. Mais especificamente, este trabalho possibilitou a compreensdo da
acao de diferentes produtos de 1,3/1,6 B-glucano no intestino de peixes

alimentados com estas moléculas.
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