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RESUMO

Efeito da suplementacéo na ragdo de Drosophila melanogaster (MEIGEM, 1830) com o
fungo Pleurotus citrinopileatus (SINGER, 1942) e Lentinus sajor-caju (Fr.) Fr. e a sua
relacdo com a reproducdo de moscas das frutas.

Os cogumelos do género Pleurotus s&o muito utilizados na alimentacdo humana, ricos em
proteinas e antioxidantes, quando agregados a alimentacao animal eleva o seu valor nutritivo. Os
fungos deste género destacam-se por crescerem facilmente em uma ampla variedade de substratos
0 que facilita o seu cultivo e amplia o seu uso biotecnoldgico. A espécie de mosca, Drosophila
melanogaster (MEIGEN, 1830) é referéncia em estudos bioldgicos e genéticos, destacando-se
pela facil manutencdo em laboratério e principalmente por possuirem reacdes metabolicas
similares a dos mamiferos. Na natureza essa espécie utiliza como alimentacdo leveduras que
colonizam frutos, flores e fungos em estagio de putrefacdo. O presente trabalho objetiva
identificar o efeito de Pleurotus citrinopileatus e Lentinus sajor-caju no organismo de Drosophila
melanogaster. Primeiramente os fungos foram cultivados em palha de arroz, as frutificacGes
foram pesadas em 0,5-1,0-1,5-2,0-2,5-3,0(g) que foram homogeneizadas a racdo composta de
farinha de milho (Klein et Al, 1999) e fornecida como alimento para D. melanogaster, estas foram
mantidas em BOD a 25°C + 1. A contagem de larvas e pupas foi realizada a cada vinte quatro
horas e o numero final de moscas foi quantificado no fim do tratamento. Como analise das
possiveis alteracdes genotipicas fez-se a extracdo do DNA e PCR, esses dados foram analisados
com o programa NTSYS 2.1. Os resultados foram testados quanto a anélise de variancia com o
auxilio do programa Statistix8. Foi observado que o micélio de P. citrinopileatus estimulou a
reproducdo em D. melanogaster, acelerando o ciclo reprodutivo e o nimero de individuos quando
comparado com o controle e com a outra espécie L. sajor-caju. A concentracdo de 1,59 de micélio
no substrato foi a que melhor expressou essa caracteristica € a Unica que demonstrou alteracéo
genotipica. O experimento sugere que 0 uso do micélio de P. citrinopileatus agregado a racao
para D. melanogaster cultivadas em laboratorio, pode ser utilizado como estimulante reprodutivo

para este organismo, porém seu efeito em alteracdes genéticas deve ser melhor investigado.

Palavras chave: Pleurotus, reproducdo D. melanogaster, estimulo reprodutivo



ABSTRACT

Effects of supplementation in the diet of Drosophila melanogaster (MEIGEM, 1830) with the
fungus Pleurotus Citrinopileatus (SINGER, 1942) and Lentinus sajor-cashew (Fr.) Fr. and its

relationship with the reproduction of fruit flies.

The mushrooms of genus Pleurotus are widely used as food, rich in protein and antioxidants
when added to animal feed increases its nutritional value. The fungi of this genus are noted
for easily grow in a wide variety of substrates which facilitates cultivation and increases its
biotechnological use. The species of fly, Drosophila melanogaster (Meigen, 1830) is a
reference in biological and genetic studies, especially because it is easy to maintain in the
laboratory and mainly have similar metabolic reactions to mammals. In nature uses as food
yeasts that colonize fruits, flowers and fungi putrefying stage. This study aims to identify the
effect of Pleurotus Citrinopileatus and Lentinus sajor-caju in Drosophila melanogaster body.
First fungi were grown on rice straw, the fruiting bodies were weighed into 0,5-1,0-1,5-2,0-
2,5-3,0 (g) were homogenized ration composed of flour maize (Klein et al, 1999) and supplied
as feed for D. melanogaster, they were kept in chamber at 25 ° C £ 1. The counting larvae and
pupae every twenty-four hours and the final number of flies. How to analyze the possible
genotypic changes made to DNA extraction and PCR, these data were analyzed with the
NTSYS 2.1 program. The results were tested for analysis of variance with the aid of Statistix8
program. It was observed that the mycelium of P. citrinopileatus stimulated reproduction in
D. melanogaster, accelerating the reproductive cycle and the number of individuals compared
with control and other species L. sajor-caju. The concentration of 1.5g of mycelium in the
substrate was best expressed this feature and the one that showed genotypic change. The
experiment suggests that the use of mycelium of P. citrinopileatus added to feed for D.
melanogaster grown in the laboratory, it can be used as a reproductive stimulant for this

organism, but its effect on genetic changes should be better investigated.

Keywords: Pleurotus, reproduction D. melanogaster, reproductive stimulant
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INTRODUCAO GERAL

Os fungos possuem potencial diverso, como na produgdo de remédios, tratamentos
ambientais, bioindicadores e bioremediadores. Nem todos os beneficios dos fungos foram
estudados poréem uma das aplicacdes bem difundida € o uso dos fungos na alimentacdo. Entre
0s cogumelos comestiveis estdo os fungos do género Pleurotus (HANSKI, 1989;
KOMONEN, 2003; AMAT-GARCIA et al., 2004). Este género compreende espécies
comestiveis difundidas na gastronomia por ser facilmente cultivado, por suas propriedades
organolépticas favoraveis além de propriedades medicinais.

Cogumelos sdo alimentos de alto valor nutritivo, com baixo teor de carboidrato e
gorduras e com significativas quantidades de proteinas e vitaminas (PUTZKE; PUTZKE,
1998), variando a composicao quimica de acordo com a espécie (BONONI; TRUFEN, 1985)

As espécies de Pleurotus estdo entre os principais cogumelos cultivados no Brasil
(EIRA; MINHONI, 1997). P. citrinopileatus é considerado um cogumelo de boa,
palatabilidade rico em nutrientes (GHOSH et al 1991). Com base em pesquisas sobre
modelos animais sugere-se que o cogumelo desta espécie pode ter alguns efeitos fisioldgicos,
incluindo antitumoral, aprimoramento imunoldgico e anti-hiperglicemia. (WANG et al. 2005;
SHU et al 2006).

Além da importancia gastronémica, L. sajor-caju, pode ser utilizado na fungicultura,
também pode ser considerado espécie importante para a prospec¢do de substancias
anticancerigenas. Segundo Pramanik et al, (2005) o extrato aquoso de Lentinus sajor-caju,
contem vitaminas B1, B2 e C e pode reduzir o nivel de colesterol no sangue. Como citado por
Gregori et al. (2007), esses polissacarideos induzem apoptose, causando o fim do ciclo
celular. Sdo reconhecidos por apresentarem glicanos como constituintes da parede celular
tanto do basidioma como do micélio. (BOBEK et al., 1991a; BOBEK et al., 1991b; ZHANG
et al., 1994; NOSAL OVA, et al., 2001; HOSSAIN et al., 2003; PRAMANIK, 2005). A
medicina tradicional atribui propriedades medicinais para Pleurotus spp, varias substancias
deste fungo tém sido caracterizadas por exibir atividades antibidticas, antiviral, antitumoral e
atividades anticolesterolémica.

Diferentes substancias farmacéuticas foram purificadas e caracterizadas (WASSER,;
WEIS, 1999a), tornando-os biotecnologicamente importantes.

Os principios ativos considerados benéficos a satde foram popularizados e no mercado

estes cogumelos sdo comercializados com diferentes nomes categdricos, como suplementos
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alimentares, alimentos funcionais, alimento de desempenho, entre outros (WASSER et al.,
2000; NASCIMENTO, 2003).

Dos polissacarideos extraido do cogumelo Pleurotus, cinco destes apresentam
atividades antitumorais contra o Sarcoma 180 em camundongos (MIZUMO; ZHUANG,
1995).

Apesar da maioria dos estudos concentrarem-se no cultivo de P. citrinopileatus usando

diferentes substratos ou misturas de residuos (AYYAPPAN, CHANDRASEHAR,

GNANASAMBANDAN, KUMARAN, 2000; PANI, PATRA, 1994; RAGUNATHAN, GURUSAMY,
PALANISWAMY, SWAMINATHAN, 1996; RAGUNATHAN, PALANISWAMY, GURUSAMY,

SWAMINATHAN, 1996; RAJARATHINAM, VEERASAMY, MEHALINGAM, JAYABALAN, 1994). O
valor nutricional e componentes do P. citrinopileatus do corpo de frutificacdo e do micélio
também foram estudados (HUANG, 2003).

A composicgédo centesimal (umidade, energia, fibra, gordura bruta, cinzas, minerais e
proteinas) aminodcidos e vitaminas de P. citrinopileatus Indigena cultivado na instalacéo
Planta Piloto do Instituto de Pesquisa e Desenvolvimento Kenya Industrial (Kirdi) foram
determinados, revelando que ele contem o percentual de proteina de 22,10%, 1,32% de lipidos
em bruto e 20,78% de fibra (FREDRICK et al 2013).

O cogumelo P. citrinopileatus também contém quantidades variaveis de sais minerais,
sendo o potassio o mineral mais predominante encontrado além cobre, zinco e ferro. Oito
aminoacidos essenciais foram encontrados Leucina> Valina> Treonina> Lisina>
fenilalanina> isoleucina> Metionina> triptofano. Acido glutdmico em proporcéo elevada.
Vitamina B3 (acido nicotinico), vitamina Bs (acido pantoténico) e vitamina B, (Riboflavina)
em maior abundancia e a vitamina B, (cianocobalamina) e vitamina A (retinol) em menor
quantidade (MUSIEBA et al 2013).

Essas caracteristicas nutricionais presentes nos fungos vem despertando interesse em
diversas areas entre elas a biotecnologica. O processo pelo qual avangcamos em
conhecimentos ligados a nutricdo, salde, mecanismos de acdo de determinadas doencgas,
inclui o uso de modelos experimentais animais, como camundongos, porco da india, baratas e
Drosophilas entre outros.

A espécie Drosophila melanogaster ¢ muito utilizada na técnica de bioensaio, um

método de triagem utilizado na determinacao de residuos (ALMEIDA; REYES, 1999; ALMEIDA et
al., 2001; BAGDONAS et al., 1988; JOSEPH JR.; KNOBEL, 1980; PAULINO et al., 1992).
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As moscas desta espécie sdo organismos intensamente estudados, servem como um
sistema modelo para a investigagdo de muitos processos do desenvolvimento celular e
comuns aos eucariotas superiores, incluindo seres humanos. (MARK et al, 2000).

Drosophila melanogaster (MEIGEN, 1830) pertence & ordem Diptera, e ao subgénero
Drosophila é conhecida popularmente como mosca-da-fruta, por encontrar-se proxima a
frutas em estagio de decomposicdo. Esta espécie utiliza uma ampla variedade de substrato
para sua reproducdo (SHORROCKS, 1982), os quais estdo relacionados a alimentacédo e &
oviposicdo (CUNHA,; MAGALHAES, 1965; CARSON, 1971; STARMER, 1981; TIDON et
al 2005).

Os insetos de modo geral, necessitam de uma dieta que lhes oferecam carboidratos,
proteinas, vitaminas e alguns sais minerais. Esses nutrientes sdo encontrados na natureza e
desempenham uma série de func¢Ges para os organismos como fonte de energia, manutencdo e
construcdo de tecidos, precursores de hormoénios entre outras. As proteinas tem um importante
papel nos processos metabolicos; sdo os constituintes alimentares que mais influenciam no
crescimento, fecundidade e longevidade de diversos insetos (DADD, 1985). Alguns trabalhos,
(SOUZA et al., 1978; JONES, 1988; F ERRAZ, 1994; SIMPSON et al., 1994; CANGUSSU
E ZUCOLOTO, 1997), mostram que a ingestdo de fontes proteicas aumenta a longevidade
dos insetos inclusive espécies de moscas-da-fruta. J& em moscas na fase adulta a ingestdo de
proteinas interfere na producdo de ovos (BRAGA E ZUCOLOTO, 1981; TSITSPIS, 1989).
Dentre os recursos alimentares da espécie D. melanogaster estdo as leveduras, fonte de
proteinas, que colonizam organismos vegetais em decomposi¢do (FREIRE-MAIA; PAVAN,
1949).

Kiriacou et al (1990); Sheeaba et al (2000) demonstram que mutacGes nos genes
relacionados ao relégio circadiano e condicOes fotoperiddica afetam o tempo de
desenvolvimento em D. melanogaster. Sendo o papel do reldgio circadiano em fitness
definido como uma medida do sucesso reprodutivo (BEAVER et al 2001). O nimero de ovos
esta ligado ao acasalamento, mas para que ele ocorra com sucesso sdo levados em conta
fatores como condigdes climaticas comportamento e principalmente como descrito por
BANGHAM et al 2002 o tamanho do corpo dos individuos (PAVKOVIC-LUAIC; KEKIC,
2011). Organismos em populagdes naturais geralmente apresentam diferenciado sucesso
reprodutivo em relacdo a organismos mantidos em laboratério (MARKOW, 1988). Sensivel
em termos de mecanismos o acasalamento pode ser baseado em fatores morfoldgicos
(EBERHARD, 1985) e comportamentais (THORNHILL; ALCOCK, 1983).
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A D. melanogaster, € um organismo eucarionte, da ordem Diptera, com 2n = 8
cromossomos sendo 3 pares de autossomos e 1 par sexual, tem sido material bioldgico
largamente utilizado pelos pesquisadores, por ser de facil manutencdo em laboratorio e
principalmente, como citado por Graf, (1994) apresentam reacGes metabodlicas semelhantes as
dos mamiferos, o que permite um certo grau de extrapolacdo para humanos. (FONSECA,
PEREIRA, 2004).

De acordo com Savalli, (2001), a ecologia comportamental € um dos temas centrais da
biologia evolutiva, varia devido & variedade de comportamentos e taticas associados com
acasalamento, bem como as consequéncias de aptiddo ligados a essas estratégias. Good e
Tatar, (2001), reporta que uma das consequéncias de fitness nas Drosophilas ¢ um “trade-off”
envolvendo reproducdo e longevidade, que tem sido apoiada por modelos evolutivos, bem
como por evidéncias empirica.

Kokko e Jennions, (2008), relatam que as fémeas fazem um investimento maior do
gue os machos na reproducdo, como nos insetos, ha uma tendéncia das fémeas para se tornar
mais seletivo na escolha do companheiro, o que implica uma selecdo sobre a capacidade
masculina de competir por oportunidades de acasalamento (COSTA et al, 2010).

Drosophila melanogaster tem uma Relagdo Sexual Operacional (OSR) tendenciosa em
condicBes naturais (MARKOW, 2000) e em experimentos de laboratério, responde a essa
condi¢do com o aumento da exposi¢do da corte masculino e taxa de cruzamento. (WHIGBY;
CHAPMAN, 2004). Como consequéncia do “trade-off” envolvendo reproducdo e
longevidade, o aumento da exposicao a corte e a taxa de acasalamento, acabam reduzindo a
expectativa de vida (CORDTS; PARTRIDGE, 1996), embora a aptiddo global esta
positivamente relacionada com a taxa de reproducéo. (LESSELLS, 2006).

E possivel utilizar os cogumelos como enriquecimento na ragio para moscas D.
melanogaster mantidas em laboratério, pois sdo fontes de proteinas e sais minerais. Seria
satisfatorio se além de fonte alimentar para as moscas 0 fungo agregasse na aceleracdo do
ciclo reprodutivo, permitindo que obtivesse maior quantidade de individuos em menor

periodo de tempo?
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OBJETIVOS

Objetivo Geral

- Identificar o uso potencial dos fungos comestiveis, P. citrinopileatus Singer e L.
sajor-caju (Fr.) Fr. como suplemento na alimentacdo de D. melanogaster e verificando a

influéncia destes dois cogumelos nas taxas reprodutivas das moscas das frutas.

Objetivos Especificos

- Determinar a melhor concentracdo dos cogumelos escolhidos para otimizacdo das

taxas de reproducéo de D. melanogaster;

- Comparar Pleurotus citrinopileatus e Lentinus sajor-caju (Fr.) Fr. a fim de avaliar as

diferentes influéncias destas espécies na reproducdo das moscas das frutas.
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EFEITO DE Pleurotus citrinopileatus SINGER E Lentinus sajor-caju (Fr.) Fr. COMO
SUPLEMENTO ALIMENTAR PARA Drosophila melanogaster (MEIGEM, 1830) E
SUA RELACAO COM A CAPACIDADE REPRODUTIVA DA MOSCA DA FRUTA

(Artigo submetido a revista International Journal of Medicinal Mushrooms)
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EFFECT OF Pleurotus citrinopileatus SINGER E Lentinus sajor-caju (FR.) FR. AS A FEED
SUPPLEMENT IN Drosophila melanogaster AND THEIR RELATIONSHIP ON THE REPRODUCTIVE

FITNESS OF FRUIT FLIES.

Sibele Marques Bolson'; Kaenara Gomes Munhoz'; Rodrigo Paidano Alves®; Antonio Batista Pereira’; Jeferson
Luis Franco?, Filipe de Carvalho Victoria®, Margéli Pereira de Albuquerque®.

Antarctic Plants Studies Core (NEVA), Federal University of Pampa, S&o Gabriel, Rio Grande do Sul, Brazil,
97300-000

’Research Group in Oxidative Stress and Cell Signaling, Federal University of Pampa, S30 Gabriel, Rio Grande
do Sul, Brazil, 97300-000

Abstract

Several fungal species are used by human as food sources, thus favoring nutritional benefits to be consumed.
Pleurotus spp were considered as extremely rich mushroom under the nutritional point of view, having
physiological effects when consumed, including anti-tumor effect and immunological enhancement. However
few mushrooms this group were tested for phenotypic and genotypic responses in animal models, thereby
ensuring the proper dosage for use by these fungi. Drosophila melanogaster is used as a model in biological and
genetic studies highlighting to be easy to maintain in laboratory conditions and mainly because they have similar
metabolic reactions within mammals. Aiming to evaluate the effect of two species of mushrooms on the
reproductive capacity of D. melanogaster, Pleurotus citrineopilleatus and Lentinus sajor-caju were added as
feed supplement to the fruit flies in distinct concentration of both mushrooms. The total number of larvae, pupae
and adults were measure in each treatment. ISSR markers analysis were carried to infer about genotipical
changes in the flies fed with mushrooms. Our results suggests that using any of the fungal species as a
supplement in feed fruit flies, we have a positive change in the reproductive capacity of D. melanogaster, being
the use of PAM generates an acceleration in the life cycle of flies, meanwhile showing a higher genetic

dissimilarity compared to controls and other tested treatments.
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Introduction

Several fungal species are used in human nutrition as sources of proteins and glycans,
primarily because these substances are constituents of cell wall of basidiomata (Bobek et al.,
1991a; Bobek et al., 1991b, Zhang et al., 1994 ; Nosal Roe, et al., 2001; Hossain et al., 2003;
Pramanik, 2005), thus favoring nutritional benefits to be consumed. Traditional medicine
attributes medicinal properties to Pleurotus spp because various substances of these fungi
were characterized by displaying antibiotic, antiviral and antitumor activities, many of these
already used as pharmaceuticals (Wasser et al, 2000).

Pleurotus citrinopileatus Singer is considered an extremely rich mushroom under the
nutritional point of view (Breene, 1990; Ghosh et al 1991). Research approaches using animal
models suggest that this species of mushroom can have physiological effects when consumed,
including anti-tumor effect and immunological enhancement (Wang et al 2005;. Shu et al
2006).

Drosophila melanogaster (Meigen, 1830) is popularly known as fruit fly is used as a
model in biological and genetic studies highlighting to be easy to maintain in laboratory
conditions, have low nutritional requirements, short life cycle and mainly because they have
similar metabolic reactions within mammals (Graf, 1994). This species uses a wide variety of
substrate for reproduction (Shorrocks, 1982) which are related to feeding and oviposition (Da
cunha e Magalh&es,1965; Carson, 1971; Starmer, 1981; Tidon et al 2005).

Among the food resources used for the growth of fruit flies are the yeasts that colonize
fruits and flowers on stage of decomposition (Freire-Maia and Pavan, 1949), and observed
that females of D. melanogaster when exposed to a diet rich in yeast increase the number of
eggs (Min and Tatar, 2005). Previous studies had identified members of the phylum
Ascomycota as a important food resouce to Drosophila survival and fitness (Anagnostou et
al., 2010). However, Basidiomycota fungi are not rare as a food resource for fruit flies, such
mainly agaricales that have been detected, by metagenomic strategies, in guts from
Drosophila spp. (Chandler et al., 2012).

Thus, this resorces may be altering the reprodution rate in fruit flies? In addition, Is
ther some change in genotypic point of view associated with feeding these flies with
mushrooms? These are questions far from being completely understood, but there are some
indications in the literature that can guide to clarify this issue.
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Woods et al. (1998) reports that most species of vertebrates and invertebrates, feeding
thresholds are rapidly modulated during the course of a meal before systemic homeostasis is
restored, indicating that feeding thresholds are partly set by signals emanating from the
digestive tract (Murphy and Bloom, 2006). Recent studies have found genetic responses
associated with quantitative trait loci of large effects on phenotypic plasticity of fruit flies
(Gutteling et al., 2007), being assigned a part of this response to forragind genes (Kent et al.,
2009).

The aim of this study is to evaluate the effect of two kinds of mushrooms on the reproductive
capacity, both phenotypical as genytopical, of fruit flies when these fungi are added to the diet
of this animal model.

Methods

The P. citrinopileatus e L. Sajor-caju mycelium stored in mineral oil (Castelani, 1967)
were reactivated in PDA culture medium (Potato Dextrose Agar).

Culture media were poured into a 90x60 mm Petri dishes, always in a laminar flow
chamber. On each plate were accommodated 38mm discs inoculum and the plates were
incubated at 27 + 10 °C in a incubator until the mycelial growth, which occurred in seven
days.

The spawn was obtained using as rice grains growing substrates previously boiled for
15 minutes. Rice grains were drained and packed in glass jars of 8.6 x 14cm, which are closed
with foil and plastic film. The autoclaving was performed at 121 °C (1 atm) for 15 minutes in
two stages, at intervals of 24 hours after they were cooled to room temperature. The vials
containing the spawn was inoculated in a laminar flow hood using 10 mm diameter discs with
the fungal culture (primary matrix) obtained anteriorly. This material was incubated at 28 °C
to colonization by fungi of the grains, thus obtaining the secondary matrix.

The fruiting bodies of the mushroom were obtained by Jun Cao technique (Eira and
Minhoni, 1997; Urben and Uriartt, 2001) using rice straw as substrate, which was dried at
room temperature and fragmented straw into pieces of 7 cm and immersed in water for 24
hours, thereafter, drained to remove excess water and packed in polyethylene bags with 2 L
capacity.

Polyethylene bags have their openings closed with cotton caps and were identified for

each species used in this study. The substrates were subjected to heat treatment: pasteurization
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at 80-90°C for 30 minutes and cooled to room temperature until reach the 25 £1°C. The bags
with pasteurized substrate were inoculated with 3% of spaw produced previously.

The bags were kept at a temperature of 25°C until the appearance of the basidiomata.
The basidiomata were manually collected and frozen in Ultrafreezer to about -50 +1 °C

The bags were kept at 25 £1°C in the growth chamber until the appearance of the
basidiomata. The mushrooms were manually collected and frozen in Ultrafreezer to about -50
+1°C, after freezing these were lyophilized and milled a powder to be added to the D.
melanocaster feed. The flies were kept in photoperiod chamber at 25 + 1° C durring all
experiment.

To verify the effect of both mushrooms on D. Melanogaster a base médium was
prepared (Klein et al, 1999) and mixed with the fungi powder of both fungi species tested. For
preparation of flies feed were used: 1 kg thick cornflour; 800g medium cornflour, 250g wheat
germ, 160g sugar, 12g of powdered milk, 10g of salt, 7.5g of soy flour and 5g milled rye. To
this preparation was added water at a ratio of 1:2, then the mixture was boiled in a beaker for
15 min. After cooled the mushroom powder were added different concentrations into 15g of
the base medium. This mixture was distributed in flasks with a cotton cover, occupying 1/3 of
capacity. After cooling the mixture, each flask received 15 flies in BOD at 25 + 10°C over a
period of eight days.

Strains of Pleurotus Citrinopileatus Singer (WFP) and Lentinus sajor-caju (Fr.) Fr. (PSC)
were obtained from mushrooms module FCA / UNESP / BOTUCATU and flies were donated
by GPEOSC laboratory (Research Group on Stress oxidative and Cell Signaling) at the

Federal University of Pampa.

Experiments to test the effect of PSC and PAM on reprodutive fitness of Drosophila

melanogaster

The experiment was conducted considering the effect of different concentrations of
each mushroom species in the reproduction capacity of the flies during eight days.

The following concentrations were evaluated 0.5g, 1.0g, 1.5g, 2.0g, 2.5g and 3.0g of
the mushroom powder added to the basal feed. The control consisted of 15¢g tubes containing
basal culture feed free from mushrooms. In each tube was placed fifteen flies, and thus were
kept in phtoperiod chamber at 25 + 1°C, an eight day time period. The larvae and pupae were
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counted every 24 hours after incubation. For each treatment 10 replicates were made for a
total of 70 flasks.

Results were submitted to ANOVA, with completely randomized design, and Tukey's
test were made to evaluate statistical significance of the means. Statistical analyzes were

performed using the Statistix 8 program.

DNA extraction and PCR assays to evaluate the genotypic differentiation caused by

treatments.

At the end of treatment the flies were sacrificed to extract the DNA. 20 flies per
treatment without the head were macerated in separated microtubes with 300 uL of TirD
(Tris, EDTA, NaCl), 12 pL of SDS (20%) and 1,5uL proteinase K. The microtubes were kept
in water bath at 65 °C for 20 minutes. After bath were added 300 uL of phenol-chloroform-
isoamyl alcohol for each tube and centrifuging for 5 minutes at 12000rpm. After
centrifugation 300 uL of supernatant was removed and add 600 uL of absolute ethanol,
centrifugating again for 5 minutes at 12000rpm. The liquid were discarded and 200 uL 70%
ethanol were added to a new centrifugation at 12000 rpm 5 minutes. After this prcedure the
microtubes were allow to dry for 1 hour and the resultant DNA were re-suspended in 40 uL
TE.

For PCR assays, we used 16 ISSR markers (Table 1), since these markers are
considered ideal for several studies on genetic variation/diversity (Wang et al., 2012; Shafiei-
Astani et al., 2015). The amplification reaction was performed with 6.25 uL of Gotag PCR
mix (Promega®), 1.25 uL of ISSR primer, 2.00 uL DNA primer and 2.75 uL H20 in a final
volume of 12,75 pL. The amplification cycles were performed in a thermocycler
(Eppendorf®) with a 30 seconds of denaturation step in 95 °C and 30 cycles of 95 °C and 60
°C (2 min both), followed by a final enlogation step at 60 °C for 10 min.

The amplicons evaluation were done using 3% agarose gels from the PCR product and
50 bp ladder. The presence/absence of bands obtained in ISSR analysis of flies feeded with
both mushroons in different concentration and also the control mushroom free allowed to
evaluate the change in genotypic variability in each flies tested. For the evaluation of
amplicons associated with response to treatment was created an array and built one
phenogram by UPGMA method (Unweighted pair group method with arithmetic mean) with
help of computer program NTSYS 2.1 pc (Rohlf, 1998). The Cophenetic Correlation
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Coefficient (CP) was used for the evaluation of differences in genetic dissimilarities between

the treatments tested.

Table 1 - Primers used for amplification ISSR regions in D. melanogaster

Locus Sequence 5" - 3'

ISSR1 GAGAGAGAGAGAGAGAGAGAA
ISSR2 GAGAGAGAGAGAGAGAGAGAC
ISSR3 GAGAGAGAGAGAGAGAGAGAG
ISSR4 GAGAGAGAGAGAGAGAGAGAT
ISSR5 CTCTCTCTCTCTCTCTCTCTA
ISSR6 CTCTCTCTCTCTCTCTCTCTC
ISSR7 CTCTCTCTCTCTCTCTCTCTG
ISSR8 CTCTCTCTCTCTCTCTCTCTT

ISSR9 AGAGAGAGAGAGAGAGAGAGA
ISSR10 AGAGAGAGAGAGAGAGAGAGC
ISSR11 AGAGAGAGAGAGAGAGAGAGG
ISSR12 AGAGAGAGAGAGAGAGAGAGT
ISSR13 ATATATATATATATATATATA
ISSR14 ATATATATATATATATATATC
ISSR15 ATATATATATATATATATATG
ISSR16 ATATATATATATATATATATT

Results

Effect of PSC and PAM on reprodutive fitness of Drosophila melanogaster

When flies were exposed to different concentrations, there was a variation in the
reproduction period, the amount of larvae and pupae and especially in the final number of
flies. These variations are observed on the confrontation of flies control, treatment with PAM
and PSC.

The flies were fed MBP have different results on the number of larvae, pupae, and the

flies to the end of the treatment compared with the control and flies fed with PSC. The values
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of larvae and pupae were summed across all replicas and divided by 10 resulting in the
average number of individuals per flask during the treatment (Table 1 and 2).

First larvae were observed on the third day after incubation for PAM and fourth day
for PSC, the same were occurred in both control tubes. Larvae counting was carried out until

the fifth day, due to the large number of larvae observed in the PAM treatment.

Tabela 2 — Average* of the quantitative larvae, pupae and adult flies after the treatment
at different concentrations P. citrinopileatus (PAM) added on the Drosophila melanogaster
diet.

PAM Initial Number of  Number of  Final number of
Concentration number of larvae” pupae fruit flies
9) fruit flies
0 15 40,7 12.5° 15,0%
0,5 15 93,6"° 109,6"° 50,6"
1,0 15 110,1% 144,2% 498"
1,5 15 134,98 149,0" 52,17
2,0 15 37,8°5¢ 138,5"° 40,0
2,5 15 35,6°¢ 59,15¢ 19,7
3,0 15 1,2 26,7¢ 20,4"

* Different letters in the columns differ from each other values of significance levels in the Tukey test

(00 =0,05).

The pupa were viewed since the fourth day in PAM. For PSC and the controls the first
pupa were observed only on the seventh day.

Within treatment with PAM concentration of 1.5g (0.1g of basiomata / per gram of
substrate) had a higher elevation in the number of larvae (134.9), pupae (149.0), and adult
flies (52.1) (Table 2).

Treatment with PAM accelerated the reproduction cycle of fruitflies, anticipated and
increased the number of larvae and pupae differing from the control and treatment with PSC
(Figure 1). When PAM concentrations exceeded the 1.5g per flask, was observed an decrease

of the number of larvae and pupae signaling the concentration 1.5g or 0.5g of fungi
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powder/gram of substrate as the best concentration to accelerate the reproductive cycle of D.

melanogaster.

Table 3 —Average* of the quantitative larvae, pupae and adult flies after the treatment
at different concentrations P. sajor-caju (PSC) added on the Drosophila melanogaster diet.

PSC Initial Number of Number of Final number of
Concentration number of larvae” pupae fruit flies
(9) fruit flies
0 15 4,9% 42 3% 15,2%
0,5 15 8,8" 61,1* 15,4%
1,0 15 10,9% 38,5" 15,0*
1,5 15 8,3" 56,4" 15,3*
2,0 15 10,9" 85,5" 15,5"
2,5 15 14,17 66,6" 15,4%
3,0 15 5,174 96,0* 15,6"

* Different letters in the columns differ from each other values of significance levels in the Tukey test (a
=0,05).

Genotypic analysis of fruit flies feeded with mushroom supplement

Twelve to sixteen ISSR primers amplify in one or more treatments, which are recruited
to the analysis of genetic dissimilarity. The ISSR-PCR analysis of the mushroom flies fed
with MBP showed genetic alterations between different treatments (Figure 2). The 1.5 g
concentration of the fungus as a supplement, considered the best performance in the
reproductive capacity of fruit flies, had the highest genotypic dissimilarity between the
concentrations tested for this mushroom species, based in the Cophenetic Correlation
Coefficient (CP=0,77). Nevertheless for PSP, the data from phenotypic characterization are
corroborated by the genotypic analysis by ISSR markers, which were not observed differences
between treatments (Figure 3).
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Figure 1 — Comparative of larvae and pupae quantities in the distinct treatments using PSC and PAM as

feed supplement. The median observed of different measurements (dark bar).
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Figure 2 — Dendrogram of fruit flies fed with PAM in different concentrations (C = control, T1 = 0.5 g,
1.09=T2,T3=159,209g=T4,T5=2.5G and T6 = 3.0 g). In the comparison it is observed that the treatment
3 (1.5 g of PAM powder) has the highest genotypic dissimilarity when compared to other treatment, indicated by
the Cophenetic Correlation Coefficient (CP =0,77).
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Figure 3 — Dendrogram of fruit flies fed with PSC in different concentrations (C = control, T1 = 0.5 g,
109g=T2,T3=15¢9,209g=T4, T5 = 25G and T6 = 3.0 g). Comparing all treatments are not observed
genotypic dissimilarities, Comparing all treatments are not observed genotypic dissimilarities, indicates by the

red line wich represent the Cophenetic Correlation Coefficient (CP =0,99).

Discussion

It was observed that Drosophila melanogaster when supplied with the fungus P.
citrinopileatus presented an higher development of larvae and pupae and increase the number
of individuals in a shorter period. Despite treatment with 3.01,5 g of PSC have increased the
number of pupae during the experiment, the total cycle time of flies in the treatments with this
mushroom were all late in relation to treatment with PAM.

Flies fed with P. citrinopileatus have demanded a reduction in the time for
development. The flies control and treatment with PSC take a period of 4 days in the
appearance of the first larvae, while the flies were treated with PAM took 3 days. Several
factors may affect the cycle, such as temperature, light availability and food. To eliminate
these potential interference to the flies were fed with other fungal species (PSC) which can be
observed that the changes in the cycle are not due to environmental induced changes since
both treatments were subjected to the same conditions. This may be due to the large amount
of protein that is found in P. citrinopileatus fruiting body (Musieba et al., 2013) which is
essential to the diet of insects and adults influence the egg production (Placido-Silva et al.,
2005).

According to the life cycle of D. melanogaster (Griffiths et al, 2000) the first pupae
come five days after deposition of eggs, as can be observed in the controls and treatment with
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PSC. In flies treated with PAM this stage is anticipated on a day other treatments. For the
complete cycle would take a period of 9 to 11 days (Griffiths et al., 2000), but our results
showed that in the course of 8 days from the initial amount was increased from 15 to 52
individuals. These changes may also be due to protein concentration in Pleurotus
citrinopileatus, up to 22.10%, when compared with other Pleurotus spp. (Musieba et al.,
2013; Phan et al., 2014).

Despite insects such as fruit flies, consider species-strategists "r", exploit empty
ecological niches or available resources temporarily and produce large numbers of offspring
with each reproductive cycle (Osborne, 2000), the greater availability of mushrooms as a
supplement in feed did not generate exponential increase in the fitness of the treated flies. It
was also shown no hint of any change of the genotypes of flies submitted the largest
mushroom concentrations as a food supplement. Only for PAM, it was evidenced phenotypic
(increase of reprodutional behavior) and genotypic changes when the flies were fed a 3.0 g
this mushroom.

Chippindale et al. (1993), reports that the dietary restriction can greatly reduce
fecundity through the early and middle part of the life span, as well as reducing the total egg
output. Other studies, shows a significant increases in longevity as a result of a shift resources
from reprodutive activity to adults survival, suggesting the possibility that genetically-
mediated allocation of energetic reserves in D. melanogaster (Holehan and Merry, 1985;
Rose, 1991). It is actually known that both genes and neuromodulators can contribute in
response to changes in nutrient availability to adjust discrete aspects of feeding, as forragin
genes and allatostatin, hugin, corazonin (Melcher et al., 2005; Kent et al., 2009; Hergarden et
al., 2012). Therefore, it was not evidenced restrictive effect of fungi in feeding the flies
treated in this work, as in all treatments was observed higher response or at least similar to
controls (without the addition of mushroom supplement). This was expected because naturally
these insects use musmroom resource recurrently, to the point that in the case of cultivated
species, fruit flies are considered pests to mushroom cultivators (Gnaneswaran and
Wijayagunasekara, 1999).

The present findings with PAM feeding, suggest that genotypic changes occurring in a
positive effect on fruit flies reproduction when them are fed with this mushroom, while for
PSC its was not observed. Both mushroom species are reported in the literature as highly
nutritious species, presenting antioxydant and scavenging effect when consumed (Musieba et
al., 2013; Phan et al., 2014), however the lack of studies to evaluate the effects of these

mushrooms experimentally in animal models, much less its effects on fertility and fitness,
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prevents us from making major assumptions on the results. There may be even discarded the
population fluctuations in fruit flies due to food availability (Beaver, 1984). The higher PAM
concentrations might have caused an increase in competition between larvae, since insects
that breed in discrete unequal resources often experience intense larval competition for food.
This competition has been found in natural populations of mushroom-breeding species of
Drosophila (Jaenike, 1990).

Thus, the effects observed when using PAM, especially under the genotypic point of
view, should be studied to elucidate the actual relation between the increase of reproduction in

animal models when fed with this species of mushroom.

Conclusion

Our finds suggests that using any of the fungal species as a supplement in feed fruit
flies, we have a positive change in the reproductive capacity of D. melanogaster, being the
use of PAM generates an acceleration in the life cycle of flies. The exposure of Drosophila
melanogaster to Pleurotus citrinopileatus altered the reproductive rate of flies, increasing the
number of larvae, pupae and adults. The different concentrations of this mushroom showed
that the best values for the reproductive stimulus is the concentration of 1.5g (0.1g of
mushroom powder per gram of substrate). The concentration greater than 1.5g reduced the
reproductive fitness, suggesting the existence of a maximum dosage for use in this species of
mushroom as a food supplement. High concentrations inhibit changes in reproductive
capacity, equaling the rates observed when the mushrooms is not used as a supplement.

These results highlight the potential of mushroom species as a stimulant of

reproduction in animal model in laboratory conditions, as the fruit flies.
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CONSIDERACOES GERAIS

Moscas da espécie D. melanogaster quando alimentadas com o fungo Pleurotus
Citrinopileatus alteram seu ciclo reprodutivo, acelerando o surgimento de larvas e pupas,
além de elevar a quantidade de individuos adultos em um curto periodo. Kyung-jin (2005),
descreve que fémeas de D. melanogaster quando expostas a uma dieta rica em levedura
elevam o numero de ovos. Esse relato ainda ndo havia sido observado com a utilizacdo de
cogumelos na alimentacdo dessa espécie. Esse fato devesse a espécie Pleurotus
citrinopileatus uma vez que quando as moscas foram tratadas com outra espécie de fungo, ndo
observou-se alteracfes reprodutivas.

Sheeba et al., (2000), fala que moscas expostas a um ciclo de claro e escuro por 24
horas tiveram menor nimero de postura de ovos em compara¢do com moscas expostas a luz
constante, sendo que esta situacdo reduziu o tempo de vida dos individuos (VERMA, 2014).

Os insetos foram mantidos num fotoperiodo padréo, tanto para os controles quanto
para os tratamentos, ndo sendo possivel atribuir as alteracfes ao estresse causado pela
presenca ou auséncia excessiva de luz. Da mesma forma para a temperatura, que foi a mesma
para todos os tratamentos.

N&o foi possivel determinar a forma de atuacdo do fungo, mas observou-se que na
concentracdo 1,59, melhor resultado observado, houve alteracGes genotipicas. De modo que
nos outros tratamentos, tanto para a mesma espécie com diferentes concentragfes, quanto para
a especie diferente, ndo houve alteragcdes similares.

Acredita-se que as alteragdes sejam positivas e que a especie P. citrinopileatus possa
ser usada como reforco na alimentacdo de D. melanogaster e assim servir como um facilitador

para a reproducdo rapida desses individuos em pesquisas.
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