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“O sucesso nasce de querer, da determinação e persistência de chegar a um objetivo. 
Mesmo não atingindo o alvo, quem busca e vence obstáculos, 

no mínimo fará coisas admiráveis.” 
(José de Alencar)
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APRESENTAÇÃO

Diante da importância das abelhas sem ferrão como principais polinizadores de espécies 

nativas do Brasil e da escassez de dados sobre a microbiota presente neste grupo, este estudo gerará 

conhecimento sobre a microbiota associada a esse inseto altamente social. Esta pesquisa terá como 

foco principal o uso biotecnológico de bactérias isoladas do alimento larval de abelhas sem ferrão.

No primeiro Capítulo desta pesquisa tratamos da importância das abelhas sem ferrão, da 

composição do alimento larval e sua importância para a diferenciação de castas dessas abelhas. 

Assim como, a importância da microbiota que compõe esse alimento larval. O potencial para uso 

biotecnológico dos produtos das abelhas sem ferrão e dos microrganismos associados a essas 

abelhas; O uso de ferramentas de NGS e de isolamento para caracterização de microrganismos; E 

por fim, a importância da descoberta de antimicrobianos para uso contra bactérias 

multirresistentes.

No Capítulo 2, apresentamos o artigo intitulado: “Microbiota associated with larval food 

of Brazilian stingless bees: F. varia, M. quadrifasciata, M. scutellaris, and T. angustula’ 

disponível no formato de envio para publicação. Esta pesquisa traz resultados inéditos sobre a 

microbiota associada às abelhas sem ferrão Frieseomelitta varia, Melipona quadrifasciata, 

Melipona scutellaris e Tetragonisca angustula. Contribuindo para melhorar o entendimento sobre 

o papel desses microrganismos no desenvolvimento das abelhas.

No Capítulo 3, apresentamos o artigo “Antimicrobial activity of supernatants produced by 

bacteria isolated from Brazilian stingless bee’s larval food”; já publicado. Neste trabalho são 

avaliados os efeitos antimicrobianos de diferentes sobrenadantes de bactérias isoladas do alimento 

larval de abelhas sem ferrão, das espécies Melipona quadrifasciata, Melipona scutellaris e 

Tetragonisca angustula. Nossas investigações resultaram na descoberta de bactérias com potencial 

de produção de moléculas antimicrobianas.
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CAPÍTULO 1 
FUNDAMENTAÇÃO TEÓRICA
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1- ABELHAS SEM FERRÃO

1.1- Importância

As abelhas sem ferrão, pertencentes à subfamília Meliponinae (Apidae), representam o 

grupo de abelhas eusociais mais diverso, acomodando mais de 550 espécies em regiões tropicais 

e subtropicais (JOHNSON e HUBBELL, 1974; SILVEIRA, et al., 2002; MICHENER, 2007). A 

principal característica desse grupo de abelhas é a ausência de um ferrão funcional (MELO et. al, 

2020). As abelhas sem ferrão apresentam grande variação comportamental, nos sistemas de 

comunicação, estratégias de forrageamento, densidades populacionais e arquitetura de ninhos 

(BIESMEIJER, et al, 2004; MICHENER, 1974; SAKAGAMI, 1982). Pode apresentar 

comportamento de forrageamento oportunista ou generalista, dependendo da espécie, podendo 

apresentar preferências por algumas flores para otimizar o forrageamento (RAMALHO et al. 

2007).

Acredita-se que as abelhas sem ferrão sejam responsáveis por 40 a 90% da polinização das 

árvores nativas (KERR, et al., 1996), sendo os polinizadores mais importantes para a reprodução 

das angiospermas e para a conservação de espécies nativas nos trópicos (ROUBIK, 1992). 

Ademais, apresentam papel chave em florestas tropicais e seus remanescentes e coom indicadores 

de qualidade ambiental (PALAZUELOS BALLIVIÁN, 2008). As abelhas sem ferrão, também são 

polinizadores eficientes para as culturas importantes economicamente como o morango, tomate, 

urucum, pimentão e guaraná (HEARD, 1999; ROSELINO, et al., 2010; SLAA, et al., 2006) e 

desempenham um papel chave nos processos ecossistêmicos em que se encontram engajadas 

(IMPERATRIZ-FONSECA, et al., 2004). Apesar disso, estima-se que aproximadamente 100 

espécies de meliponíneos conhecidos no Brasil apresentem risco de extinção (PALAZUELOS 

BALLIVIÁN, 2008) devido à perda de hábitat e desmatamento de florestas nativas (LOPES, et 
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al., 2005). E além da importância como polinizadores, esses organismos são cruciais na 

manutenção das redes de interação entre plantas e animais (YAMAMOTO et al. 2010).

A meliponicultura no país contribui para a produção de pólen e mel para as populações do 

norte e nordeste do Brasil, sendo um produto bem valorizado para a exploração comercial 

(ALVES, et al., 2007), contribuindo para a renda familiar, elaboração de produtos medicinais, 

melhoria do ensino dos alunos de forma geral, visto que os meliponínios não têm ferrão e são 

manuseáveis, e também para a biologia, especialmente para genética e evolução dos Apidae 

(KERR, 1997). Além do fornecimento de mel e própolis, as abelhas produzem cera, pólen e podem 

gerar lucro com o comércio de colônias. Estima-se que um terço da alimentação humana dependa 

direta ou indiretamente da polinização realizada por abelhas (VILLAS-BÔAS, 2012).

1.2 - O Alimento Larval

As abelhas sociais têm sua alimentação baseada na coleta de néctar e pólen. O néctar é 

coletado e armazenado no papo de mel/intestino anterior até chegar na colônia, onde será 

desidratado e fermentado (KERR et al., 1996; NOGUEIRA-NETO, 1997; VIT et al., 2013). 

Através desses processos o néctar é transformado em mel, a principal fonte de carboidratos para 

essas abelhas. O pólen coletado é transportado para a colônia, onde passará por um processo de 

maturação após ser manipulado pelas abelhas (NOGUEIRA-NETO, 1997). O pólen maturado é a 

principal fonte de proteínas, lipídeos, macro e micronutrientes (ROUSTON; CANE, 2000; 

REBELO et al. 2016).

O pólen maturado e o mel são essenciais para a confecção do alimento larval, substância 

responsável por nutrir a prole da colônia. O alimento larval é uma mistura de pólen maturado, mel 

e secreções glandulares, sendo depositado nas células de cria, que após a ovoposição das rainhas,
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são fechadas até a eclosão dos adultos (KERR et al., 1996; NOGUEIRA-NETO, 1997; VIT et al.,

2013). O alimento larval tem em média 40 a 60% de água, 5 a 12 % de açúcares, 1,1 a 19,4 % de

proteínas e 0,2 a 1,3% de aminoácidos (HARTFELDER, ENGELS 1989).

Figura 1- A- Alveólo de cria Frieseomelitta varia, seta vermelha mostrando o aliento larval (fonte: 
https://ctresshop.com/marmelada/), B- Disco de cria Melipona quadrifsciata, seta vermelha mostrando 
célula de cria (fonte: Luiza Borges), C- Células de cria de Melipona scutellaris, evidenciando alimento 
larval, ovos e larvas (fonte: Ana Santos); D- Disco de cria de Tetragonisca angustula (fonte: Ana Santos).

1.2- Influência do Alimento larval na formação de Castas

O alimento larval é fundamental para o processo de diferenciação de castas nas abelhas

sem ferrão (DE WILDE, BEETSMA, 1982; WHEELER, 1986). Nas espécies Frieseomelitta 

5

https://ctresshop.com/marmelada/


varia e Tetragonisca angustula a diferenciação em rainha será determinada pela quantidade de 

alimento larval ingerido pela prole. Em T. angustula existe a diferenciação das células de cria, 

onde os ovos que darão origem às rainhas serão depositados em células reais (IMPERATRIZ- 

FONSECA, 1984). Em F. varia não existe a construção de células reais para a diferenciação da 

quantidade de alimento larval depositado nas células, e as larvas ingerem alimento de mais de uma 

célula de cria para se tornarem rainhas (FAUSTINO et al., 2002).

Os ovos das abelhas no gênero Melipona são depositadas em células de cria do mesmo 

tamanho e a taxa de eclosão de rainhas é de 25%, porém existe uma dependência alimentar, uma 

vez que larvas com genótipo para se tornar rainhas que não recebem alimentação adequada não se 

diferenciam em rainhas (KERR, 1946; 1948; 1950; KERR, NIELSEN, 1966; KERR ET AL., 

1966; RATNIEKS). No entanto, apesar dessa diversidade para diferenciação das rainhas, esses 

grupos apresentam a estrutura do estoque alimentar na colmeia (potes de cerume), pote de pólen, 

mel, e a produção de alimentos larvais similares (PRATO, 2015).

2- MICROBIOTA ASSOCIADA A ABELHAS SEM FERRÃO

A diversidade de microrganimos que pode ser encontrada associadas às colônias de abelhas 

sem ferrão é ampla, assim como o papel que desempenham na saúde e vitalidade desses 

organismos (DILLON, 2004; HAMDI, et al., 2011; VÁSQUEZ; et al., 2012). Essa microbiota 

contribui para o desenvolvimento das abelhas e auxilia em processos fisiológicos, como a digestão 

(MAZMANIAN, et al., 2005; MARTIN, 2008).

Os microrganismos apresentam relações complexas com diversos organismos, 

influenciando diretamente a sobrevivência dos seus hospedeiros. As abelhas sem ferrão podem 

apresentar bactérias, leveduras e fungos filamentosos associados à colônia e esses microrganismos 
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parecem estar associados à fermentação do néctar e maturação do pólen, além de produzirem 

moléculas antimicrobianas e nutritivas para as abelhas.

2.1- Bactérias associadas às abelhas sem ferrão

Há algum tempo, a diversidade bacteriana associada às abelhas sem ferrão começou a ser 

investigada, com destaque para o gênero Bacillus. No estudo de Machado (1971), foram 

observadas bactérias do gênero Bacillus associadas ao pólen e ao alimento larval de 14 espécies 

de abelhas sem ferrão. Gilliam e colaboradores (1990) identificaram Bacillus spp. associadas ao 

alimento larval, pólen e mel de Melipona fasciata. Esses microrganismos produziram várias 

enzimas relacionadas à conversão de alimentos em produtos digeríveis, além da produção de 

antibióticos e ácidos graxos, que impedem outros organismos competidores de deteriorar os 

alimentos armazenados (GILLIAM et al., 1985; GILLIAM; ROUBIK; LORENZ, 1990; WANG 

et al., 2015. A análise de microrganismos presentes em M. scutellaris e T. clavipes identificou 

diversas espécies do gênero Bacillus são as mais frequentes no mel e própolis dessas abelhas 

(RAMOS, 1997; SANTOS, 2007).

Bactérias dos gêneros Bacillus e Streptomyces foram identificadas em colmeias de 

Melipona sp. e Trigona sp., onde produzem substâncias antimicrobianas contra fungos e contra o 

patógeno Panaebacillus larvae. Bactérias do gênero Lactobacillus e representantes da família 

Acetobacteraceae foram identificados no papo de mel/intestino anterior de abelhas sem ferrão, e o 

gênero Lactococcus no alimento larval de Melipona seminigra (CERQUEIRA et al., 2021; 

MARÇAL, 2017). Esse grupo de bactérias desempenha um papel importante no processamento 

do pólen e do néctar, no armazenamento do mel, devido a seu potencial fermentativo, e na proteção 

dessas abelhas, produzindo substâncias antimicrobianas (KESNEROVÁ et al., 2017; 

MOHAMMAD; MAHMUD-AB-RASHID; ZAWAWI, 2020; VÁSQUEZ; OLOFSSON, 2009).
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Bactérias dos gêneros Enterococcus, Providencia, Serratia e Vagococcus foram 

encontradas associadas ao alimento larval dos gêneros de abelhas Melipona sp. e Tetragonisca sp., 

onde produzem substâncias antimicrobianas contra patógenos Gram positivos e Gram-negativos 

(SANTOS et al., 2022). A espécie Paenibacillus polymyxa foi identificada em simbiose com a 

espécie M. scutellaris (MENEGATTI et al., 2018), produzindo moléculas antimicrobianas.

As bactérias também podem ser maléficas para as abelhas e apesar de terem poucos relatos 

em abelhas sem ferrão (SHANKS et al., 2017). A bactéria Lysinibacillus sphaericus é causadora 

de doenças em Tetragonula carbonária (FÜNFHAUS; EBELING; GENERSCH, 2018; SHANKS 

et al., 2017). Apesar dos avanços nos estudos ainda não se sabe ao certo qual o efetivo papel dessas 

bactérias na manutenção e no desenvolvimentos das colônias.

2.1- Fungos associados às abelhas sem ferrão

A associação de fungos com as abelhas sem ferrão é inquestionável, e estes microrganismos 

desempenham funções mutualísticas importantes com as colônias de meliponíneos (DE PAULA 

et al., 2021). A literatura demonstra que diferentes espécies de leveduras e fungos filamentosos 

compõem a diversidade da microbiota das abelhas (MENEZES et al.,2015; PALUDO et al., 2018; 

PALUDO et al., 2019). A importância das leveduras, seu papel e potencial é semelhante às funções 

bacterianas, ou seja, secretam enzimas que convertem substâncias de alimentos armazenados e 

ajudam a preservá-los (DE PAULA et al., 2021; ECHEVERRIGARAY et al., 2021; SANTOS et 

al., 2018; SILVA et al., 2020).

Teixeira e colaboradores (2003) observaram 32 linhagens da levedura Staremella 

melponinorum associadas às espécies Tetragonisca angustula, Melipona quadrifasciata, Melipona 

rufiventris e Trigona fulviventris. Barbosa e colaboradores (2016) identificaram 12 espécies de 

leveduras, especialmente o gênero Candida, em mel de espécies dos gêneros Melipona, 
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Scaptotrigona e Partamona. Echeverrigaray e colaboradores (2021) observaram 16 espécies de 

leveduras em mel de 17 espécies de abelhas sem ferrão, sendo Starmerella e Zygosaccharomyces 

as mais abundantes.

A espécie Scaptatrigona depilis apresenta relação mutualista com fungos dos gêneros 

Monascus sp. e Zygosaccharomyces sp., que influenciam o desenvolvimento dessas abelhas 

(MENEZES et al., 2015; PALUDO, CAMILA R. et al., 2018; PALUDO, CAMILA RAQUEL et 

al., 2019). Rosa e colaboradores (2013) identificaram as leveduras Candida apicola e Starmerella 

meliponinorum em pólen e em mel de M. quadrifasciata e Tetragonisca angustula, indicando 

relação mutualista. Massaro e colaboradores (2018) identificaram mais de 140 isolados do filo 

Ascomycota e Basidiomycota em pote-pólen, potássio-mel e ninhada nas espécies de 

Austroplebeia Australis, Tetragonula carbonaria e Tetragonula Hockingsi.

3- USO BIOTECNOLÓGICO DOS PRODUTOS DAS ABELHAS SEM FERRÃO

O mel, o pólen maturado e a própolis produzido por abelhas sem ferrão tem sido alvo de 

estudos para descoberta de biomoléculas com potencial de uso biotecnológico. Pesquisas 

demonstram que estes produtos possuem efeitos principalmente para uso farmacológico, com 

grande potencial (AL-HATAMLEH et al., 2020; DE PAULA et al., 2021; SANTOS et al., 2022; 

RAO et al., 2016).

O pólen maturado de abelhas sem ferrão apresenta efeito antimicrobiano, anticâncer, 

antidiabetes, anti-inflamatório e antinoceptivo (MALIHAH MOHAMMAD et al., 2021). A 

geoprópolis (resina vegetal adicionada a barro) desses organismos pode ter efeito anticâncer, anti- 

inflamatório, antioxidante e antimicrobiano (AL-HATAMLEH et al., 2020; CHOUDHARI et al, 

2013; DUTRA et al., 2014; KOTHAI & JAYANTHI, 2015; KUSTIAWAN et al., 2015; 

MARTINOTTI & RANZATO, 2015; SANCHES; PEREIRA; SERRÃO, 2017). Estudos 
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demonstram que a própolis e o pólen maturado de Heterotrigona itama apresentaram efeitos 

antioxidante e antimicrobiano contra bactérias Gram-negativas e Gram-positivas (AKHIR; 

BAKAR; SANUSI, 2017) e um estudo recente observou que o extrato de própolis das abelhas 

Melipona quadrifasciata e Tetragonisca angustula possuem efeito antimicrobiano contra bactérias 

e leveduras patogênicas (VALCANAIA et al., 2022).

O mel da espécie Melipona marginata apresentou efeito anti-inflamatório (BORSATO et al., 

2014) e o mel de algumas abelhas sem ferrão do Amazonas tiveram efeito antimicrobiano in vitro 

(DOMINGOS et al., 2021). O mel da espécie Melipona compressipes manaosensis apresentou 

efeito antimicrobiano contra bactérias patogênicas (PIMENTEL et al., 2013). O potencial 

antimicrobiano dos produtos das abelhas sem ferrão pode representar alternativas eficientes para 

o tratamento de infecções causadas por bactérias resistentes aos antibióticos atualmente 

disponíveis (SANTOS et al., 2022).

Além de aplicações farmacológicas, outras aplicações biotecnológicas podem ser exploradas 

a partir dos microrganismos isolados das abelhas sem ferrão. Novas cepas de Saccharomyces 

cerevisiae isoladas de abelhas sem ferrão tem sido alvo de estudos biotecnológicos, devido ao 

maior potencial fermentativo para produção de bioetanol (SILVA et al., 2020).

4- MÉTODOS DE ESTUDO DE DIVERSIDADE MICROBIANA

O uso de metodologias de Sequenciamento de Nova Geração (do inglês, NGS) tem sido 

relevante para o estudo da composição e da estrutura de comunidades microbianas. Além de terem 

menor custo e serem mais rápidos, trazem novas perspectivas em relação às metodologias baseadas 

em cultivo, uma vez que a diversidade de organismos não-cultiváveis chega a 90% (SUENAGA, 

2015; RAPPÉ; GIOVANNONI, 2003; HANDELSMAN, 2004; SINGH et al., 2009).
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As tecnologias NGS são baseadas no preparo de bibliotecas usando o DNA, possibilitando a 

análises de milhares de fragmentos de DNA. Dentre as metodologias utilizadas, a Illumina tem 

sido muito empregada no sequenciamento das regiões variáveis do rRNA 16S e espaçador 

transcrito interno (ITS) (Fig. 2) e o sequenciamento por síntese, utilizado nessa metodologia, 

possibilita a identificação de microrganismos menos abundantes. A utilização das regiões 

conservadas do gene rRNA para a montagem de primers permite a amplificação de regiões 

variáveis do DNA desses microrganismos. O gene codificador rRna 16S, componente da 

subunidade menor do ribssomo, é utilizado para a identificação de bactérias e arquea, e o ITS, um 

espaçador transcrito interno entre os genes rRNA 18S e 26S, tem sido utilizado para a identificação 

de fungos (SULAIMAN; JACOBS; SIMPSON, 2019).

Figura 2- Regiões variáveis do gene 16S e Região ITS (fonte: https://www.barcodebiosciences.com/genomics- 
services/microbial-identification/ ).
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O sequenciamento de fragmentos das regiões rRNA 16S e ITS possibilita caracterizar 

melhor a diversidade da comunidade microbiana presente no ambiente, porém, para acessar o 

potencial biotecnológico de produtos microbianos, o uso de técnicas baseadas em cultivo e 

isolamento se tornam necessárias.

5- ANTIMICROBIANOS NA ATUALIDADE

O uso indiscriminado de antibióticos na agricultura, saúde humana e veterinária é o 

principal fator para o desenvolvimento e disseminação de resistência bacteriana, contribuindo para 

o problema global de infecções bacterianas causadas por patógenos com resistência à maioria dos 

antibióticos comercialmente disponíveis (HOSAIN, et al., 2021, VARELLA, et al., 2021). A 

disseminação de resistência bacteriana é definida como o surgimento de cepas que conseguem se 

desenvolver, mesmo na presença de concentrações de antibióticos nas quais eram inicialmente 

sensíveis (ACAR, ROSTEL, 2001). As bactérias podem desenvolver resistência naturalmente, por 

mutação ou pela aquisição de material genético exógeno. Essa aquisião de material genético se dá 

por 3 mecanismos pror transformação e/ou conjugação, ou adquirir genes de resistência como 

forma, principalmente, conjugação, transformaão e transdução (BLAIR et al., 2015; CHRISTAKI 

et al., 2020).

Os antimicrobioanos atualmente disponíveis possuem diversos tipos de ação na célula 

bacteriana, sendo que os antibióticos das classe 0-lactamicos os mais utilizados, por atuarem a 

nível de síntese da parede celular (peptideoglicano), apresentando menor toxicidade (LIMA et al., 

2020). Outros antibióticos podem atuar a nível de membrana citoplasmática, ácidos nucleicos e de 

síntese proteica (LOUREIRO et al., 2016). Apesar dos diversos mecanismos de ação 

antimicrobiana, as bactérias resistentes apresentam mecanismos de escape aos efeitos 

antimicrobianos, incluindo a produção de enzimas inativadoras do fármaco, alterações em sítios 

de ligação dos antibióticos, alterações da permeabilidade celular e produção de bombas de efluxo, 
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que eliminam o fármaco do interior da célula microbiana (BLAIR et al., 2015; VARELA et al., 

2021 ).

Dentre as bactérias patogênicas resistentes encontram-se espécies Gram-negativas e Gram- 

positivas(Fig. 3) que contribuem para o sério problema de saúde pública no mundo, atingindo 

tanto os países em desenvolvimento como os países desenvolvidos (BANIN et al., 2017). Dentre 

as Gram-positivas, os gêneros Staphylococcus e Enterococcus destacam-se por possuírem diversos 

mecanismos naturais de resistência antimicrobiana, além de mecanismos genéticos adquiridos (DE 

OLIVEIRA et al., 2020; KOS et al., 2012; JOHNSON et al., 2010). Dentre as bactérias Gram- 

negativas destacam-se espécies não-fermentadoras, como Pseudomonas aeruginosa e 

Acinetobacter baumannii, além de várias espécies da familia Enterobacteriacea, incluindo 

Klebsiella pneumoniae, Escherichia coli e gêneros como Enterobacter sp., Salmonella sp., entre 

outros (SANTAJIT et al., 2016; DE OLIVEIRA et al., 2020; ENG et al., 2015).

Bactérias patogênicas, tais como Staphylococcus aureus e Eschechiria coli, podem 

demonstrar-se resistente a uma ampla gama de antibióticos. A Gram-positiva S. aureus pode 

apresentar mecanismos de resistência a penicilina, sulfonamidas,meticilina e, mais 

recentemente, à vancomicina (BANIN et al., 2017). A Gram-negativa E. coli pode ser resistente 

a amplimicina, tetraciclina, cefalocetim, dentre outros antibióticos (DE OLIVEIRA, 2008; 

SILVA, et al., 2017; REINTHALER, et al., 2003).
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Bactéria Gram PositivaBactéria Gram Negativa
♦: :

Antibiótico < Antibiótico degradado ® Enzima degradando antibiótico
V Bomba de efluxo ♦ ■ Antibiótico modificado * Enzima modificando antibiótico 

y Porina D Porina modificada Alvo modificado

Figura 3- Diferenças da parede e mecanismos de ação de antibióticos em bactérias Gram positivas e Gram 
negativas (fonte: VARELA,2021)

O aumento de casos de espécies multirresistentes tem se tornado frequente tanto pelo 

tratamento ineficaz de antibióticos existentes, quanto pela dificulade de descoberta de novos 

agentes antimicrobianos (MOELLERING JR, 2011). O tratamento de doenças causadas por essas 

bactérias está relacionada ao emprego de técnicas que visam identificar ou modificar molecúlas 

antimicrobianas já existentes (FARHA; BROWN, 2019; MOELLERING JR, 2011). Dentre as 

estratégias utilizadas estão: a modificação de antibioticos exitentes ou seu uso sinérgico com 

moléculas que contornem a resistência bacteriana, a descoberta e peptídes antimicrobianos, 

inibidores de fatores de virulência, o uso de nanopartículas, utilização de oligonucleotídeos 

“antisensee a descoberta de antibióticos com novos mecanismos de ação (DURAND et al., 2019; 

HOBSON et al., 2021;VILA et al., 2020).
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Abstract

Background - Stingless bees represent a diverse group with a relevant role in pollinating native 

species. Its diet is rich in carbohydrates and proteins, by collecting pollen and nectar provides the 

development of its offspring. Fermentation of these products is associated with the presence of 

microorganisms in the colony. However, the constitution of microorganisms that make up this 

Microbiome and the fundamental role in colony development is still unclear.

Results- A of 129 Amplicon Sequence Variant (ASVs) were classified from the sequencing of the 

V3/V4 region of the 16S gene. Were found specimens of the three phyla: Firmicutes, 

Proteobacteria, and Actinobacteria. Twenty-six (26) bacterial genera were classified, with 

Lactobacillus being the most abundant in the 4 bee species. In the sequencing of the ITS1 (Internal 
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transcribed spacer) region, 300 ASVs were classified among the phyla Ascomycota, 

Basidiomycota, Mucoromycota, and Mortierellomycota. Forty-eight genera of fungi were 

classified, divided into 58 species. Diversity analyses showed that F. varia presented greater 

diversity of bacteria in its microbiota, and T. angustula greater diversity of fungi. The isolation 

technique allowed the isolation of 189 bacteria and 75 fungi.

Conclusion- In summary, this research showed bacteria and fungi associated with F. varia, M. 

quadrifasciata, M. scutellaris, and T. angustula species and that they may play an essential role in 

the survival of these organisms.

Key-words- Microbiota, Stingless bees, ITS rRNA, 16S rRNA, Larval food

Background

Stingless bees (Apidae, Meliponini) represent the most diverse group of eusocial bees, with 

more than 550 species distributed in tropical and subtropical regions [1-3], Stingless bees are 

largely economically explored in Brazil's north and northeast regions due to the production of 

honey, wax, geopropolis, pollen, and the colonies commercialization. However, this main socio- 

economic contribution is the pollination of native species [^8],

The nectar and the pollen collected by stingless bees are stored in cerumen pots, which are 

used to ferment them to provide the necessary nutrients for the development of larvae and survival 

of adults [9]. Through these processes, the nectar, transformed into honey, will be the primary 

source of carbohydrates for these bees. Fermented pollen is the source of proteins, lipids, and other 

nutrients [1^—13], Larval food (LF) results from a mix of pollen fermented, honey, and glandular 

secretions of nurse bees and is richly associated with microbial communities|l^!8|.

Microorganisms contribute to the development of the bee's immune system, aid in the food 

digestion process, and defend the hives against pathogens [19-21], Bacteria of the genera Bacillus 

and Streptomyces were identified in beehives of the genera Melipona and Trigona. These 
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organisms are known to produce antimicrobial substances against fungi and Paenibacillus larvae, 

besides presenting fermentative potential [22-25],

Scaptotrigona depilis stingless bees have a mutualist relationship with fungi of the genera 

Monascus and Zygosaccharomyces, which influence the development of these bees [26-28]. The 

frequency that Candida apicola and Starmerella meliponinorum yeasts are found in pollen and 

honey of Melipona quadrifasciata and Tetragonisca angustula suggests a mutualistic relationship 

between them [29].

In this context, knowing the microbial community present in the LF of species 

Frieseomelitta varia, Melipona quadrifasciata, Melipona scutellaris, and Tetragonisca angustula 

becomes necessary. They are Brazilian stingless bee species that present behavioral differences 

and in the determination of caste. However, present the structure of food stock in the colony 

(cerumen pots), pollen pot, honey, and the production of LF [30].

Despite the recent advances in the microbiota associated with stingless bee colonies 

research, the composition of the larval food microbiome of these bees is still unclear. The role of 

the microorganisms in the feeding and manutention of bee colonies remains an open field to be 

investigated. In this study, the microbial community was characterized using next-generation 

sequencing techniques and culture-based techniques.

Methods

Sample collection

The larval food samples were collected from four stingless bees colonies (Frieseomelitta 

varia, Melipona quadrifascita, Melipona scutellaris, and Tetragonisca angustula) and processed 

to obtain bacteria isolated by the culture technique (Figure 01). Biological material was collected 

from beehives in an urban meliponary in Uberlândia city, Minas Gerais, Brazil.
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Larval food collection

Brood cells were collected from beehives and stored in sterile Petri dishes. In the laminar 

flow cabinet, the cell brood was cleaned with sterilized distilled water and rinsed with 70% ethanol. 

Then, the brood cells were opened with a sterile pipette tip, and the LF was collected. Three grams 

of LF were collected from larvae brood cells provision of each colony.

Molecular characterization of the Microbiome

DNA extraction

For DNA extraction, 1 g of LF was collected from larvae brood provision cells of each 

colony. According to the manufacturer, bacterial and fungal DNA extraction was performed using 

the DNeasy® Blood & Tissue (Qiagen) commercial kit. The DNA quality was confirmed using 

NanoDrop 2000 Spectrophotometer, and agarose gel run.

Amplicon Sequencing and Data analysis

For the construction of libraries, 30 ng of DNA were used as input to amplify the V3/V4 

region of 16S rRNA gene with primers 341F (CCTACGGGRSGCAGCAG) and 806R 

(GGACTACHVGGGTWTCTAAT) [31,32], and ITS1 region with the primers 

IST1(GAACCWGCGGARGGATCA) e ITS2 (GCTGCGTTCTTCATCGATGC) [33,34] on the 

Illumina MiSeq platform. The amplicons were sequenced in the paired-end reads of 500 cycles. 

The raw data was processed using the package DADA2 in R version 4.0.2 [35] to generate the 

Amplicon Sequence Variants.

The reads of the V3/V4 region of the 16S rRNA gene were filtered to trim the primers 

using the parameter trimLeft and the values 17 and 20 for forward and reverse reads, respectively. 

The forward reads were truncated at position 290 and reverse reads at position 200. Reads 
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containing more than two (2) expected errors were removed from further analysis. The Amplicon 

Sequence Variants (ASV) were classified using Silva 138 database [36].

The amplicons of the ITS1 region followed the same steps as the rRNA gene amplicons, 

with the distinction ofthe parameters trimLeft (default 0), truncLen (default 0) and, minLen, 

removing reads with lengths less than 50. The ASVs were classified using UNITE ITS database 

using pre-trained.

The alfa and beta diversity analyses were performed with phyloseq and vegan packages in 

R [36].

Microbiome analysis by cultivation-based techniques

Microorganisms Isolation

Three grams of LF were collected from larvae brood provision cells of each colony. One 

(1) gram of sample was resuspended in 10 ml of saline solution 1%, 1 g in 10 ml of peptone water, 

and 1 g in 10 ml of 15GF broth [26], as shown in Figure 1[37]. The second and third solutions are 

incubated for 24 hours at 32°C±0,5 (Incoterm® Dual Sensor Digital Thermo-Hygrometer). From 

the mother solution, the serial solution was made to the order 10"4, and 100 p.L of each one was 

plated on the surface in different culture media and incubated in a bacteriological incubator at 32o 

C and monitored for 48 hours for bacterial growth and seven days for fungal growth.

28



Figure 4- Methodology for cultivating larval food from four stingless bee species with different 

dilutions and culture mediums. Brain Heart Infusion (BHI), Nutrients (NUT), Triptina soy agar 

(TSA), Man, Rogosa and Sharpe (MRS), Mac Conkey (MCK), Mannitol Salgado (MAS), Yeast 

Malt Agar (ISP), Potato Dextrose Agar 2% (PDA2) and 20% (PDA20) glucose, PDA acidified 

with tartaric acid (PDAa), PDA NaCl 5% (PDA5s), Aveia (OAT), Yeast extract-Peptone-Dextrose
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(YPD), DRBC (Dicloran Rosa Bengala Cloranfenicol) e Sabouraud (SAB). Images of 

representative methodology from ‘Smart Servier Medicai Art’ (https://smart.servier.com/).

After the incubation, the colonies were isolated on BHI agar for bacteria and PDA agar for 

fungi. Macroscopic morphological differences select the colonies, and the isolated microorganisms 

were preserved in LB broth (Luria Bertani) plus 20% glycerol and kept in an ultra-freezer at -80°C. 

Identification by MALD-TOF of some cultivable microorganisms

The bacteria were plated on BHI for taxonomic identification and incubated at 37°C±1 for 

24h. An isolated colony of each strain was collected from the agar using an inoculation loop and 

inactivated with absolute ethanol. This colony underwent MALDI-TOF mass spectrometry using 

the MALDI Biotyper version 3 (Bruker Daltonics), according to the manufacturer's suggested 

settings using automated collected spectra. The biomolecular identification of the bacteria was 

analyzed according to the score values proposed by the manufacturer [37].

Results

Bacterial Community Sequencing output

One hundred and twenty-nine (129) ASVs were classified for bacterial composition 

analysis (Table S1). The most abundant phyla observed in the LF of the four bee species were 

Firmicutes and Proteobacteria (Fig. 2A). The phylum Actinobacteria were not represented in the 

species M. scutellaris and T. angustula.

The ASVs were divided into 26 genera; the most abundant genus in all bees 

was Lactobacillus (Fig. 2C). No ASVs were found simultaneously in the LF of the 4 bee species. 

Sixty-three (63) exclusive ASVs were found in F. varia LF, 23 in M. quadrifasciata, 25 in M. 
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scutellaris, and 16 in T. angustula (Fig.2B). Fifteen (15) exclusive bacteria genera was shown in F. 

varia, 5 in M. quadrifasciata, and only the genus Anthococcus in M. scutellaris. No exclusive 

genus was identified in T. angustula and the genus Micrococcus is common to LF of F. 

varia and M. quadrifasciata. Only 5 ASVs were classified at a species level, including Bombella 

intestine, Corynebacterium lipophiloflavum, Serratia symbiotica in F. varia, and Acinetobacter

junii and Variovorax paradoxes in M. quadrifasciata.

Figure 2-(A) Abundance of bacterial phyla observed in F. varia, M. quadrifasciata, M. scutellaris, and T. 

angustula larval food.; (B) Venn Diagram of ASVs classified for stingless bees; (C) Genus x Family 

histogram of 15 genera most abundant.
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Fungal Community Sequencing output

A total of 300 ASVs were classified for fungal composition analysis in bees LF (Table S2), 

Fungi of the phyla Ascomycota, Basidiomycota, Mucoromycota, and Mortierellomycota were 

sampled (Fig,3A), The only phylum present in the four species of stingless bees was the 

Ascomycota, F. varia had 39 exclusive ASVs, M. quadrifasciata 68, M. scutellaris 45 and T. 

angustula 128, No common ASVs were found for the four stingless bee species (Fig, 3B), 

Stingless bees of the genus Melipona shared three exclusive ASVs, Forty-eight (48) fungal genera 

were observed in the LF of all bee species analyzed here, six in F. varia, 31 in M. quadrifasciata, 

nine in M. scutellaris, and 24 in T. angustula, The family emphasizing M. quadrifasciata and F. 

varia were Claridosporiaceae, and for T. angutula, Erysiphaceae (Fig, 3C) stood out, Forty-eight 

(48) genera of fungi were identified, 11 were yeast genera, and 37 were filamentous fungi,

Fifty-eight (58) fungal species were identified, The most abundant species in F. varia LF 

were Cladosporium exasperatum and Saccharomyces cerevisiae, In M. quadrifasciata were 

Cladosporium delicatulum and Penicillium citrinum, In M. scutellaris, Cladosporium delicatulum, 

Bipolaris shoemakeri and T. angutula, Erysiphe quercicola and Saccharomyces cerevisiae (Fig, 

3D), The F. varia LF showed three exclusive species, M. quadrifasciata, 21, M. scutellaris, five 

and T.angustula, 11,
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Figure 3- (A) Abundance of fungal phyla observed in F. varia, M. quadrifasciata, M. scutellaris, and T. 

angustula larval food,; (B) Venn Diagram of ASVs classified for stingless bees; (C) Genus x Family 

histogram of 20 genera most abundant; (D) Species x Genus histogram of 22 species most abundant,

Diversity index

For Bacterial Community Sequencing (Fig, 4A), the diversity and richness indexes were 

higher in the samples of F. varia LF, Regarding the number of bacterial species, the larval food of 

T. angustula showed the lowest diversity, M. scutellaris presented the lowest species diversity 

indexes, M. quadrifasciata showed a lower Shannon and Simpson diversity index, despite a higher 

number of species than T. angustula and M. scutellaris,

For Fungal Community Sequencing (Fig, 4B), the higher richness of fungi species was 

found in T. angustula and the lowest in F. varia, M. quadrifasciata and T. angustula LF had the 

highest Simpson and Shannon indices, and M. scutellaris had the lowest indices,

We observed that F.varia had a higher richness of bacteria species but had lower diversity 

rates of fungal species, Unlike T. angustula, which presented low species richness rates for bacteria 

and a higher rate for fungi,
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Figure 4- Alpha diversity index generated from the data of Bacterial(A) and Fungal(B) comumnity

sequencing

The Principal Coordinate Analysis (PcoA) (Fig. 5A) of bacteria comumnity suggests 

different microbial patterns for M. quadrifasciata and M. scutellaris compared with F. varia and 

T.angustula LF. The patterns of F. varia and T. angustula presented similar compositions and were 

grouped about bees of the genus Melipona, suggesting that they present a similar species 

composition.

The PCoA analysis (Fig. 5B) of fungal community suggests different microbial among 

between samples.
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Figure 5- PCoA analsys Bacterial(A) and Fungal(B) comumnity sequencing

Cultivable fraction of the Microbiome

A total of 189 bacteria were isolated in culture medium, 41 from F. varia LF, 41 of M.

quadrifasciata, 71 of M. scutellaris and 36 of T. angustula, Seventy-five (75) fungi specimens 
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were isolated from bees LF, 10 from F. varia, 18 from M. quadrifasciata, 29 from M. scutellaris, 

and 18 from T. angustula. The isolated microorganisms were preserved in the Collection of 

Microorganisms Isolated from Stingless Bee of the Laboratory of Genetics of Biotechnology of 

UFU (CoMISBee, Table I). It was possible to identify bacteria by the MALDI-TOF method, 42 

bacteria individuals from the larval food of the four stingless bees were grouped into 12 genera 

(Fig. 6A).

Table I- Number of microorganisms isolated and preserved in the CoMISBee

Stingless bees Number of bacteria

isolated

Number of fungi 

isolated

Frieseomelitta varia 41 10

Melipona quadrifasciata 41 18

Melipona scutellaris 71 29

Tetragonisca angustula 36 18

Stingless bees of the genus Melipona had the highest number of organisms identified for 

MALDI. In M. scutellaris were identified 12 bacteria specimens, M. quadrifasciata, eight, F. varia 

and T. angustula had only two bacteria identified (Figure 6B).
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Figure 6-(A) Abundance of genera bacterial isolated from larval food of stingless bees. (B) An abundance 

of species was identified from the larval food of stingless bees.

Discussion

Stingless bees are the primary pollinators in Brazil, and the hive structure is entirely 

different from other social bee. The honey and pollen are stored in cerumen pots which are used 

to mature the food by fermentation from microorganisms[11,16]. After this process, the food is 
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mixed with glandular secretion to produce larval food [15,17,38,39]. Despite the great importance 

of stingless bees for pollination, little is known about the microbiological community present 

inside the hive. In this work, we describe a little about the Microbiome present in larval food of 

four species of Brazilian stingless bee rearing in the urban area of the Cerrado (Brazilian Savanna) 

biome, one of the most import important and large biomes in Brazil little-studied[40,41].

This work found bacteria, fungi, and yeasts associated with larval food of F. varia, M. 

quadrifasciata, M. scutellaris, and T. angustula. These microorganisms are important for 

maintaining colonies and crucial for pollen maturation and fermentation of honey from stingless 

bees [1^—17,38]. Differences were found in the LF microbiota of the four stingless bees, 

demonstrating high variability and richness of composition in species of other groups of bees [42].

Sequencing of the V3/V4 region of the 16S, a region of great taxonomic coverage to genus 

level [31,32], showed that the most abundant bacteria in the LF of the stingless bees investigated 

were those of the genus Lactobacillus and the family Acetobacteraceae. The abundance of 

Lactobacillus and Acetobacteraceae has also been reported in the honey stomach/anterior intestine 

of Melipona seminigra [43,44] this may explain their presence in food, as the nurse transports 

fermented honey and pollen by ingestion, storage in the honey stomach, and subsequent 

regurgitation into the brood cells [4,45-47]

Bacteria of the genus Lactobacillus play an essential role in pollen and nectar processing, 

honey storage, and protection of these bees [17,47,48]. The genus Bacillus, although to a lesser 

extent, is related to nectar and pollen processing by the production of enzymes such as amylase, 

esters, lipases, proteases, phosphatases, and glycosidases [16,49]. Such enzymes had been 

described as present in larval food of M. scutellaris[14]. The presence of this genus in the colonies 

of M. quadrifasciata may be related to the fermentation of pollen and honey and may also protect 

against pathogens by producing antimicrobial molecules[17,50-52].
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Bacteria of the genus Paenibacillus were isolated in M. scutellaris, Some species of this 

genus are producers of antimicrobials and various enzymes [53], Paenibacillus polymyxa was 

identified in the bee M. scutellaris, probably producing antimicrobial compounds protecting the 

bees against pathogens [54], However, although Paenibacillus harbors species are beneficial to 

bees, some species of the genus are disease-causing honey bees [53,55],

There is only one report of pathogens associated with stingless bees, the bacterium 

Lysinibacillus sphaericus disease-causing in Tetragonula carbonaria, [56,57], Moreover, Serratia 

marcences identified in stingless bees LF, is an opportunistic disease-causing species in Apis 

melifera [57,58] and it was found in this work in F. varia and M. scutellaris through the isolation 

technique, The discovery of bacteria of the genuera Lysinibacillus and Serratia in the colonies 

may be a warning to the health of these bees, However, it was not identified in sequencing, It may 

be indicated that the microorganisms present in the larval food prevent the growth of S. 

marcescens and keep it so low that the extraction and sequencing technique could not reach the 

species, Critical report here that all colonies used for collecting larval food in this work were heath,

The sequencing of 16S regions makes it possible to identify the microbial community 

present in larval food of stingless bees and new species related to stingless bees [59], This is the 

first report of the bacterial species bees Acinetobacter junii, Bombella intestine, Corynebacterium 

lipophiloflavum, Serratia symbiotica, and Variovorax paradoxus, Nonetheless, isolation in a 

culture medium is essential because it gives access to these microorganisms and allows their 

biotechnological use [59],

In this study, 42 bacteria isolated by the culture-dependent method have been identified, 

No species of the genus Lactobacillus were found in these isolates identified, In F. varia were 

identified the genus Bacillus by sequencing, in M. scutellaris and M. quadrifasciata, by isolation, 

This fact reinforces the need for molecular techniques to elucidate the Microbiome's diversity 

40



better. In addition, the identification of microorganisms by cultivation that was not present in 

sequencing highlights the importance of using both methodologies for the knowledge of the 

microbiota of stingless bees.

In addition to having an intimate relationship with bacteria, stingless bees establish 

symbiont relationships with fungi [3,26,28]. The diversity of fungi in the LF of stingless bees was 

visualized only with the sequencing of the ITS1 region found different species of fungi and yeasts 

in the larval food of F. varia, M. quadrifasciata, M. scutellaris, and T. angustula. They indicated 

that filamentous fungi and yeasts are closely related to stingless bees. Fungi of the genus Monascus 

and yeasts of the genus Zygosaccharomyces establish a close relationship with the species S. 

depilis [26-28].

The diversity of yeast species found in the larval food of stingless bees varied among the 

bee species studied, Saccharomyces, Starmerella, and Candida are the most representative genera 

in this research. The yeasts species Candida bee, Rhodotorula mucilaginosa, Saccharomyces 

cerevisiae, and Starmerella meliponinorum were observed in pollen and honey of T. angustula, 

Nannotrigona testaceicornes and F. varia stingless bees [60]. The species Saccharomyces 

cerevisiae, Starmerella meliponinorum, and Rhodotorula mucilaginosa were observed in the 

species T. angustula, as well as in our work, suggesting that they may be endemic yeasts in hives 

of this bee species. Also observed was that the pollen of F. varia presented little yeast diversity 

and none was in honey, and in our work, the yeast diversity was low [60].

The yeast Saccharomyces cerevisiae was observed in the larval food of all bee species in 

this study. Moreover, observing these organisms in stingless bees paves the way to find new strains 

with more significant biotechnological potential[60]. Starmerella is a genus of yeast common in 

stingless bees [61-63] This study identified it in the larval food of 3 species of bees. The species 

Candida apicola (=Stamerella apicola), Starmerella etchellsii e Starmerella meliponinorum foram 
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observed in the stingless bees F. varia, M. quadrifasciata e T. angustula [61]. This group of yeasts 

seems to be related to pollen and honey fermentation [3,29,61,64].

Bees of the genus Trigona collect spores of the fungi Dictyophora, Phallus, and Rhizopus 

as a source of protein for the colony or as a complement to the colony diet [65,66] The protein 

value of fungi may indicate why bees collected fungi and contamination by other organisms such 

as aphids and plants near hives[13]. T. angustula presented the most remarkable diversity of 

filamentous fungi and is considered a specialist specie in colonizing diverse niches. It can use 

fungi as a source of proteins to maintain colonies[61].

The genera Cladosporium and Epicoccum, filamentous fungi most representative in the 

species F. varia, are described as phytopathogens [67,68]. However, they are used as a biological 

control for various pathogens, Epicoccum dendrobii produces biomolecules capable of inhibiting 

phytopathogens [69]. Twenty-one (21) species, 21 of Penicillium and 6 of Talaromyces, were 

observed in M. scutellaris [70]. The genus Penicilium were observed in the larval food of F. varia 

and M. quadrisfaciata and Talaromyces in M. quadrifasciata.

The diversity in bacteria and fungi in stingless bees follows the diversity indices evaluated. 

The diversity of bacterial species suggests that the greater the richness of bacteria species, the 

lower the richness of fungal species and vice versa, as occurred in F. varia and T. angustula. The 

same yeast diversity was observed in the honey of the species F. varia, M. quadrifasciata, and T. 

angustula [62], indicating that the diversity of yeasts is related to the honey of these species. The 

data shown here reinforces the theory that bees are not herbivores. As the larvae consume a large 

number of microorganisms and they eat pollen, so they are metazoan in trophic hierarch. Thus, 

stingless bees are omnivores [71].

Our findings on the microbiota of larval food reinforce the importance of vertical 

transmission of the microbiota and social contact between individuals in colonies [72]. Suggesting
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that part of the microbiota associated with LF be passed between bees in the nectar collection 

process and during the transfer of honey and matured pollen to the offspring cells [44,47],

This work opens a perspective for knowledge of Brazilian stingless bees' microbiomes, 

which is still little explored, In addition, microorganisms isolated in this work can be an essential 

source for discovering and prospecting novel bioactive compounds, Recently our group showed 

the biotechnological potential of some isolated bacteria in this work (genera Providência, Serratia, 

and Vagococcus) in producing antimicrobial activity against multiresistant hospital bacteria [73], 

In addition to biotechnological prospecting, this work can prove how the presence of these bacteria 

in the larval food of stingless bees can confer protection through the production of antibiotics, 

reducing the proliferation of pathogens in colonies,

Conclusion

This research describes the microbiota associated with the species F. varia, M. quadrifasciata, M. 

scutellaris, and T. angustula and may play a role in the maintenance and protection of the colonies. 

This is the first research with microbiota of the larval food of stingless bees, and this work opens 

the way for studies that elucidate the role of bacteria and fungi in the survival of these organisms. 

Stingless bees larval food showed to be a rich source for the prospection of bioactive peptides with 

potential as drugs for the treatment of a wide range of diseases. The next step in this group will be 

developing new methods of isolating microorganisms and their use for biotechnological 

development.
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Table S1 - List of ASVs classified of bacterial community.
Stingless Bees ASV Phylum Class Order Family Genus Species
F. varia ASV19 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV77 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV32 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV113 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Saccharibacter NA
F. varia ASV85 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV83 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV52 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV87 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV51 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV57 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV90 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV23 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV81 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV88 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV100 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV78 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV22 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV79 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV18 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV16 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV46 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae NA NA
F. varia ASV80 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV20 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV49 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae NA NA
F. varia ASV21 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV94 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV43 Proteobacteria Gammaproteobacteria Enterobacteriale s Enterobacteriaceae Serratia Serratia symbiotica
F. varia ASV86 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV17 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV122 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV104 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV84 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA



F. varia ASV127 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV76 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV82 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV114 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV128 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV59 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV123 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
F. varia ASV112 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Saccharibacter NA
F. varia ASV70 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Saccharibacter NA
F. varia ASV102 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV109 Proteobacteria Gammaproteobacteria Oceanospirillales Halomonadaceae Zymobacter NA
F. varia ASV71 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Bombella Bombella intestine
F. varia ASV119 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
F. varia ASV115 Firmicutes Bacilli Lactobacillales NA NA NA
F. varia ASV48 Proteobacteria Gammaproteobacteria Oceanospirillales Halomonadaceae Zymobacter NA
F. varia ASV124 Proteobacteria Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter NA
F. varia ASV108 Proteobacteria Gammaproteobacteria Oceanospirillales Halomonadaceae Zymobacter NA
F. varia ASV75 Firmicutes Bacilli Bacillales Bacillaceae Bacillus NA
F. varia ASV44 Actinobacteria Actinobacteria Micrococcales Micrococcaceae Micrococcus NA
F. varia ASV47 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae NA NA
F. varia ASV42 Proteobacteria Gammaproteobacteria Enterobacteriale s Enterobacteriaceae Providencia NA
F. varia ASV118 Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus NA
F. varia ASV69 Proteobacteria Gammaproteobacteria Xanthomonadale s Xanthomonadaceae SN8 NA
F. varia ASV62 Actinobacteria Actinobacteria Pseudonocardiales Pseudonocardiaceae Saccharopolyspora NA
F. varia ASV61 Proteobacteria Alphaproteobacteria Caulobacterales Caulobacteraceae Brevundimonas NA
F. varia ASV64 Firmicutes Bacilli Bacillales Staphylococcaceae Staphylococcus NA
F. varia ASV45 Firmicutes Clostridia Clostridiales Lachnospiraceae Tyzzerella 3 NA
F. varia ASV129 Proteobacteria Gammaproteobacteria Betaproteobacteriales Burkholderiaceae Burkholderia-Caballer oNnAia-Paraburkholderia
F. varia ASV67 Actinobacteria Actinobacteria Corynebacteriales Corynebacteriaceae Corynebacterium 1 Corynebacterium lipophiloflavum
F. varia ASV105 Actinobacteria Actinobacteria Bifidobacteriales Bifidobacteriaceae Bifidobacterium NA
F. varia ASV72 Proteobacteria Gammaproteobacteria Betaproteobacteriales Neisseriaceae Snodgrassella NA
F. varia; M. 
quadrifasciata

ASV106 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Escherichia/Shigella NA



F. varia; T. 
angustula

ASV58 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA

M. quadrifasciata ASV39 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV101 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV96 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV99 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV26 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV40 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV55 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA

M. quadrifasciata ASV4 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV5 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV63 Proteobacteria Gammaproteobacteria Betaproteobacteriales Rhodocyclaceae Dechloromonas NA

M. quadrifasciata ASV111 Proteobacteria Alphaproteobacteria Rhizobiales Rhizobiaceae Allorhizobium- 
Neorhizobium- 
Pararhizobium- 
Rhizobium

NA

M. quadrifasciata ASV8 Actinobacteria Actinobacteria Micrococcales Micrococcaceae Micrococcus NA

M. quadrifasciata ASV60 Proteobacteria Gammaproteobacteria Pseudomonadale s Moraxellaceae Acinetobacter NA

M. quadrifasciata ASV97 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV50 Proteobacteria Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter Acientobacter junii



M. quadrifasciata ASV125 Proteobacteria Alphaproteobacteria Caulobacterales Caulobacteraceae Brevundimonas NA

M. quadrifasciata ASV10 Proteobacteria Gammaproteobacteria Betaproteobacteriales Burkholderiaceae Variovorax
Variovorax paradoxes

M. quadrifasciata ASV110 Proteobacteria Gammaproteobacteria Pseudomonadale s Pseudomonadaceae Pseudomonas NA

M. quadrifasciata ASV103 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV98 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV126 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA

M. quadrifasciata ASV116 Firmicutes Bacilli Lactobacillales NA NA NA

M. quadrifasciata ASV68 Actinobacteria Actinobacteria Propionibacteriales Nocardioidaceae Nocardioides NA

M. scutellaris ASV33 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV27 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV89 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV34 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV56 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae NA NA
M. scutellaris ASV53 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
M. scutellaris ASV91 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV2 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV120 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV6 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV3 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV29 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV35 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV28 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV92 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV9 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae NA NA
M. scutellaris ASV65 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV93 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA



M. scutellaris ASV24 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV54 Proteobacteria Alphaproteobacteria Acetobacterales Acetobacteraceae Ameyamaea NA
M. scutellaris ASV11 Firmicutes Bacilli Lactobacillales Streptococcaceae Anthococcus NA
M. scutellaris ASV117 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV66 Proteobacteria Gammaproteobacteria Enterobacteriale s Enterobacteriaceae Escherichia/Shigella NA
M. scutellaris ASV73 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
M. scutellaris ASV74 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV36 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV30 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV41 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV37 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV15 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV25 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV95 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV121 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV38 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV12 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV31 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV13 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV1 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV14 Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus NA
T. angustula ASV7 Firmicutes Bacilli Lactobacillales NA NA NA
T. angustula ASV107 Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Escherichia/Shigella NA



Table S2- List of ASVs classified of fungal community.
Stingless Bees ASV Kingdom Phylum Class Order Family Genus Species
F. varia ASV8 Fungi NA NA NA NA NA NA
F. varia ASV46 Fungi NA NA NA NA NA NA
F. varia ASV54 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium Cladosporium exasperatum
F. varia ASV56 Fungi NA NA NA NA NA NA
F. varia ASV62 Fungi Ascomycota Saccharomycetes Saccharomycetales Trichomonascaceae Wickerhamiella Wickerhamiella versatilis
F. varia ASV65 Fungi NA NA NA NA NA NA
F. varia ASV66 Fungi NA NA NA NA NA NA
F. varia ASV70 Fungi Ascomycota Eurotiomycetes Chaetothyriales NA NA NA
F. varia ASV74 Fungi NA NA NA NA NA NA
F. varia ASV80 Fungi NA NA NA NA NA NA
F. varia ASV83 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida apicola
F. varia ASV84 Fungi Ascomycota Eurotiomycetes NA NA NA NA
F. varia ASV88 Fungi NA NA NA NA NA NA
F. varia ASV94 Fungi NA NA NA NA NA NA
F. varia ASV106 Fungi NA NA NA NA NA NA
F. varia ASV107 Fungi NA NA NA NA NA NA
F. varia ASV131 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida jaroonii
F. varia ASV157 Fungi NA NA NA NA NA NA
F. varia ASV166 Fungi NA NA NA NA NA NA
F. varia ASV171 Fungi NA NA NA NA NA NA
F. varia ASV176 Fungi NA NA NA NA NA NA
F. varia ASV184 Fungi NA NA NA NA NA NA
F. varia ASV190 Fungi NA NA NA NA NA NA
F. varia ASV203 Fungi NA NA NA NA NA NA
F. varia ASV207 Fungi NA NA NA NA NA NA
F. varia ASV209 Fungi Ascomycota Dothideomycetes Pleosporales Didymellaceae Epicoccum Epicoccum dendrobii
F. varia ASV217 Fungi NA NA NA NA NA NA
F. varia ASV234 Fungi NA NA NA NA NA NA
F. varia ASV245 Fungi NA NA NA NA NA NA
F. varia ASV252 Fungi NA NA NA NA NA NA
F. varia ASV257 Fungi NA NA NA NA NA NA
F. varia ASV263 Fungi NA NA NA NA NA NA
F. varia ASV279 Fungi NA NA NA NA NA NA
F. varia ASV280 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida jaroonii
F. varia ASV281 Fungi NA NA NA NA NA NA
F. varia ASV282 Fungi NA NA NA NA NA NA
F. varia ASV285 Fungi NA NA NA NA NA NA
F. varia ASV286 Fungi NA NA NA NA NA NA
F. varia ASV296 Fungi NA NA NA NA NA NA
F. varia; M. 
quadrifasciata

ASV12 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium NA

F. varia; M. 
quadrifasciata

ASV47 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Starmerella Starmerella etchellsii

F. varia; M. 
scutellaris

ASV40 Fungi NA NA NA NA NA NA

F. varia; T. 
angustula

ASV20 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae Saccharomyces Saccharomyces cerevisiae

F. varia; T. 
angustula

ASV26 Fungi NA NA NA NA NA NA



F. varia; T. 
angustula

ASV59 Fungi NA NA NA NA NA NA

F. varia; T. 
angustula

ASV95 Fungi NA NA NA NA NA NA

M. quadrifasciata ASV6 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium citrinum
M. quadrifasciata ASV10 Fungi Ascomycota NA NA NA NA NA
M. quadrifasciata ASV11 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium Cladosporium delicatulum
M. quadrifasciata ASV18 Fungi Ascomycota Saccharomycetes Saccharomycetales NA NA NA
M. quadrifasciata ASV19 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida apicola
M. quadrifasciata ASV22 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida zeylanoides
M. quadrifasciata ASV25 Fungi Basidiomycota Microbotryomycetes Sporidiobolales Sporidiobolaceae Rhodotorula Rhodotorula mucilaginosa
M. quadrifasciata ASV27 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Meyerozyma Meyerozyma guilliermondii
M. quadrifasciata ASV34 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Toxicocladosporium Toxicocladosporium irritans
M. quadrifasciata ASV36 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV37 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida apicola
M. quadrifasciata ASV38 Fungi Ascomycota NA NA NA NA NA
M. quadrifasciata ASV39 Fungi Ascomycota Sordariomycetes Hypocreales Tilachlidiaceae Tilachlidium Tilachlidium brachiatum
M. quadrifasciata ASV41 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida parapsilosis
M. quadrifasciata ASV43 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida orthopsilosis
M. quadrifasciata ASV48 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae Saccharomyces Saccharomyces cerevisiae
M. quadrifasciata ASV49 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida parapsilosis
M. quadrifasciata ASV52 Fungi Ascomycota Saccharomycetes Saccharomycetales Phaffomycetaceae Starmera Starmera stellimalicola
M. quadrifasciata ASV55 Fungi Ascomycota Saccharomycetes Saccharomycetales NA NA NA
M. quadrifasciata ASV58 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus unguis
M. quadrifasciata ASV60 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus sydowii
M. quadrifasciata ASV64 Fungi Basidiomycota Agaricomycetes Russulales Peniophoraceae Peniophora NA
M. quadrifasciata ASV68 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Candida Candida apicola
M. quadrifasciata ASV69 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus NA
M. quadrifasciata ASV73 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium paczoskii
M. quadrifasciata ASV75 Fungi Ascomycota NA NA NA NA NA
M. quadrifasciata ASV81 Fungi Basidiomycota Cystobasidiomycetes Cystobasidiomycetes ord Incertae sedis Symmetrosporaceae Symmetrospora NA
M. quadrifasciata ASV85 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium NA
M. quadrifasciata ASV91 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium Cladosporium delicatulum
M. quadrifasciata ASV97 Fungi Ascomycota Dothideomycetes Dothideales NA NA NA
M. quadrifasciata ASV102 Fungi Basidiomycota Tremellomycetes Tremellales Bulleribasidiaceae Hannaella Hannaella sinensis
M. quadrifasciata ASV110 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Diutina Diutina catenulata
M. quadrifasciata ASV112 Fungi Ascomycota NA NA NA NA NA
M. quadrifasciata ASV113 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV116 Fungi Ascomycota Dothideomycetes Pleosporales Pleosporaceae Curvularia NA
M. quadrifasciata ASV121 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium parvulum
M. quadrifasciata ASV123 Fungi Ascomycota Saccharomycetes Saccharomycetales Trichomonascaceae Wickerhamiella Wickerhamiella pararugosa
M. quadrifasciata ASV124 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV125 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Toxicocladosporium Toxicocladosporium banksiae
M. quadrifasciata ASV128 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium aurantiogriseum
M. quadrifasciata ASV129 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium NA
M. quadrifasciata ASV132 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus penicillioides
M. quadrifasciata ASV133 Fungi Basidiomycota Malasseziomycetes Malasseziales Malasseziaceae Malassezia Malassezia restricta
M. quadrifasciata ASV135 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV138 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae Saccharomyces Saccharomyces cerevisiae
M. quadrifasciata ASV147 Fungi Basidiomycota Agaricomycetes Hymenochaetales Hymenochaetaceae Phellinus Phellinus gilvus
M. quadrifasciata ASV150 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreales fam Incertae sedis Acremonium Acremonium hyalinulum
M. quadrifasciata ASV164 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium bilaiae



M. quadrifasciata ASV168 Fungi Basidiomycota Agaricomycetes Polyporales Polyporaceae Trametes Trametes hirsuta
M. quadrifasciata ASV169 Fungi Ascomycota Sordariomycetes NA NA NA NA
M. quadrifasciata ASV196 Fungi Ascomycota Eurotiomycetes Eurotiales Trichocomaceae Talaromyces Talaromyces wortmannii
M. quadrifasciata ASV202 Fungi Ascomycota Sordariomycetes Hypocreales NA NA NA
M. quadrifasciata ASV205 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae Saccharomyces Saccharomyces cerevisiae
M. quadrifasciata ASV212 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus sydowii
M. quadrifasciata ASV213 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV215 Fungi Basidiomycota Agaricomycetes Polyporales Polyporaceae Trametes Trametes hirsuta
M. quadrifasciata ASV218 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus waynelawii
M. quadrifasciata ASV221 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Blumeria NA
M. quadrifasciata ASV223 Fungi Ascomycota Sordariomycetes Xylariales Bartaliniaceae Bartalinia Bartalinia pondoensis
M. quadrifasciata ASV225 Fungi Mortierell omyc ota Mortierellomycetes Mortierellales Mortierellaceae Mortierella NA
M. quadrifasciata ASV230 Fungi Basidiomycota Malasseziomycetes Malasseziales Malasseziaceae Malassezia Malassezia restricta
M. quadrifasciata ASV239 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae NA NA
M. quadrifasciata ASV243 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV259 Fungi Basidiomycota Malasseziomycetes Malasseziales Malasseziaceae Malassezia Malassezia globosa
M. quadrifasciata ASV270 Fungi NA NA NA NA NA NA
M. quadrifasciata ASV274 Fungi Basidiomycota Agaricomycetes Hymenochaetales Hymenochaetales fam Incertae sedis Resinicium Resinicium saccharicola
M. quadrifasciata ASV290 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus tubingensis
M. quadrifasciata ASV298 Fungi Ascomycota Eurotiomycetes Chaetothyriales Chaetothyriales fam Incertae sedis Strelitziana Strelitziana eucalypti
M. quadrifasciata;
M. scutellaris

ASV2 Fungi NA NA NA NA NA NA

M. quadrifasciata;
M. scutellaris

ASV44 Fungi Ascomycota Dothideomycetes Pleosporales Didymellaceae Didymella NA

M. quadrifasciata;
M. scutellaris

ASV23 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae Saccharomyces Saccharomyces cerevisiae

M. quadrifasciata; 
M. scutellaris; T. 
angustula

ASV3 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium Cladosporium delicatulum

M. quadrifasciata;
T. angustula

ASV5 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium Cladosporium halotolerans

M. quadrifasciata;
T. angustula

ASV53 Fungi Ascomycota Dothideomycetes Capnodiales Mycosphaerellaceae Cercospora NA

M. quadrifasciata;
T. angustula

ASV67 Fungi Ascomycota Sordariomycetes Hypocreales Nectriaceae Fusarium NA

M. quadrifasciata;
T. angustula

ASV109 Fungi Mucoromycota Mucoromycetes Mucorales Mucoraceae Mucor Mucor circinelloides

M. quadrifasciata;
T. angustula

ASV224 Fungi NA NA NA NA NA NA

M. quadrifasciata;
T. angustula

ASV100 Fungi Basidiomycota Malasseziomycetes Malasseziales Malasseziaceae Malassezia Malassezia restricta

M. scutellaris ASV16 Fungi NA NA NA NA NA NA



M. scutellaris ASV21 Fungi NA NA NA NA NA NA
M. scutellaris ASV31 Fungi NA NA NA NA NA NA
M. scutellaris ASV76 Fungi NA NA NA NA NA NA
M. scutellaris ASV77 Fungi Ascomycota Dothideomycetes Pleosporales Pleosporaceae Bipolaris Bipolaris shoemakeri
M. scutellaris ASV86 Fungi NA NA NA NA NA NA
M. scutellaris ASV96 Fungi Ascomycota Dothideomycetes Pleosporales Didymellaceae Didymella NA
M. scutellaris ASV105 Fungi Ascomycota NA NA NA NA NA
M. scutellaris ASV117 Fungi NA NA NA NA NA NA
M. scutellaris ASV118 Fungi NA NA NA NA NA NA
M. scutellaris ASV119 Fungi NA NA NA NA NA NA
M. scutellaris ASV120 Fungi NA NA NA NA NA NA
M. scutellaris ASV136 Fungi NA NA NA NA NA NA
M. scutellaris ASV137 Fungi NA NA NA NA NA NA
M. scutellaris ASV140 Fungi Basidiomycota Agaricomycetes NA NA NA NA
M. scutellaris ASV142 Fungi NA NA NA NA NA NA
M. scutellaris ASV143 Fungi Basidiomycota Cystobasidiomycetes Erythrobasidiales Erythrobasidiaceae Bannoa Bannoa ogasawarensis
M. scutellaris ASV144 Fungi NA NA NA NA NA NA
M. scutellaris ASV148 Fungi NA NA NA NA NA NA
M. scutellaris ASV156 Fungi Ascomycota NA NA NA NA NA
M. scutellaris ASV161 Fungi Ascomycota NA NA NA NA NA
M. scutellaris ASV163 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus pseudodeflectus
M. scutellaris ASV179 Fungi NA NA NA NA NA NA
M. scutellaris ASV180 Fungi NA NA NA NA NA NA
M. scutellaris ASV181 Fungi NA NA NA NA NA NA
M. scutellaris ASV187 Fungi NA NA NA NA NA NA
M. scutellaris ASV193 Fungi NA NA NA NA NA NA
M. scutellaris ASV194 Fungi NA NA NA NA NA NA
M. scutellaris ASV197 Fungi NA NA NA NA NA NA
M. scutellaris ASV210 Fungi NA NA NA NA NA NA
M. scutellaris ASV211 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Xeromyces Xeromyces bisporus
M. scutellaris ASV227 Fungi Ascomycota NA NA NA NA NA
M. scutellaris ASV240 Fungi NA NA NA NA NA NA
M. scutellaris ASV249 Fungi NA NA NA NA NA NA
M. scutellaris ASV254 Fungi Ascomycota Sordariomycetes NA NA NA NA
M. scutellaris ASV268 Fungi Basidiomycota Malasseziomycetes Malasseziales Malasseziaceae NA NA
M. scutellaris ASV272 Fungi NA NA NA NA NA NA
M. scutellaris ASV273 Fungi NA NA NA NA NA NA
M. scutellaris ASV277 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Toxicocladosporium Toxicocladosporium immaculatum
M. scutellaris ASV284 Fungi NA NA NA NA NA NA
M. scutellaris ASV289 Fungi NA NA NA NA NA NA
M. scutellaris ASV293 Fungi NA NA NA NA NA NA
M. scutellaris ASV294 Fungi NA NA NA NA NA NA
M. scutellaris ASV295 Fungi NA NA NA NA NA NA
M. scutellaris ASV299 Fungi NA NA NA NA NA NA
M. scutellaris; T. 
angustula

ASV9 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Erysiphe Erysiphe quercicola

M. scutellaris; T. 
angustula

ASV4 Fungi NA NA NA NA NA NA

M. scutellaris; T. 
angustula

ASV15 Fungi NA NA NA NA NA NA

T. angustula ASV1 Fungi NA NA NA NA NA NA
T. angustula ASV7 Fungi NA NA NA NA NA NA



T. angustula ASV13 Fungi NA NA NA NA NA NA
T. angustula ASV14 Fungi NA NA NA NA NA NA
T. angustula ASV17 Fungi NA NA NA NA NA NA
T. angustula ASV24 Fungi NA NA NA NA NA NA
T. angustula ASV28 Fungi NA NA NA NA NA NA
T. angustula ASV29 Fungi NA NA NA NA NA NA
T. angustula ASV30 Fungi NA NA NA NA NA NA
T. angustula ASV32 Fungi NA NA NA NA NA NA
T. angustula ASV33 Fungi NA NA NA NA NA NA
T. angustula ASV35 Fungi Ascomycota Saccharomycetes S accharomyc etales Saccharomycetaceae Saccharomyces Saccharomyces cerevisiae
T. angustula ASV42 Fungi NA NA NA NA NA NA
T. angustula ASV45 Fungi NA NA NA NA NA NA
T. angustula ASV50 Fungi NA NA NA NA NA NA
T. angustula ASV51 Fungi NA NA NA NA NA NA
T. angustula ASV57 Fungi NA NA NA NA NA NA
T. angustula ASV61 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium citrinum
T. angustula ASV63 Fungi NA NA NA NA NA NA
T. angustula ASV71 Fungi NA NA NA NA NA NA
T. angustula ASV72 Fungi NA NA NA NA NA NA
T. angustula ASV78 Fungi NA NA NA NA NA NA
T. angustula ASV79 Fungi NA NA NA NA NA NA
T. angustula ASV82 Fungi Ascomycota Dothideomycetes Capnodiales Capnodiaceae Antennariella Antennariella placitae
T. angustula ASV87 Fungi NA NA NA NA NA NA
T. angustula ASV89 Fungi NA NA NA NA NA NA
T. angustula ASV90 Fungi NA NA NA NA NA NA
T. angustula ASV92 Fungi NA NA NA NA NA NA
T. angustula ASV93 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Podosphaera Podosphaera astericola
T. angustula ASV98 Fungi NA NA NA NA NA NA
T. angustula ASV99 Fungi NA NA NA NA NA NA
T. angustula ASV101 Fungi NA NA NA NA NA NA
T. angustula ASV103 Fungi NA NA NA NA NA NA
T. angustula ASV104 Fungi NA NA NA NA NA NA
T. angustula ASV108 Fungi NA NA NA NA NA NA
T. angustula ASV111 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales fam Incertae sedis Starmerella Starmerella meliponinorum
T. angustula ASV114 Fungi NA NA NA NA NA NA
T. angustula ASV115 Fungi NA NA NA NA NA NA
T. angustula ASV122 Fungi NA NA NA NA NA NA
T. angustula ASV126 Fungi NA NA NA NA NA NA
T. angustula ASV127 Fungi NA NA NA NA NA NA
T. angustula ASV130 Fungi NA NA NA NA NA NA
T. angustula ASV134 Fungi NA NA NA NA NA NA
T. angustula ASV139 Fungi Ascomycota Sordariomycetes Ophiostomatales Ophiostomataceae Cornuvesica Cornuvesica acuminata
T. angustula ASV141 Fungi Ascomycota NA NA NA NA NA
T. angustula ASV145 Fungi NA NA NA NA NA NA
T. angustula ASV146 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium Penicillium citrinum
T. angustula ASV149 Fungi Ascomycota Dothideomycetes Pleosporales Didymosphaeriaceae Pseudopithomyces Pseudopithomyces karoo
T. angustula ASV151 Fungi NA NA NA NA NA NA
T. angustula ASV152 Fungi NA NA NA NA NA NA
T. angustula ASV153 Fungi Ascomycota Leotiomycetes Helotiales Helotiaceae Articulospora NA
T. angustula ASV154 Fungi NA NA NA NA NA NA
T. angustula ASV155 Fungi NA NA NA NA NA NA
T. angustula ASV158 Fungi NA NA NA NA NA NA



T. angustula ASV159 Fungi NA NA NA NA NA NA
T. angustula ASV160 Fungi NA NA NA NA NA NA
T. angustula ASV162 Fungi NA NA NA NA NA NA
T. angustula ASV165 Fungi NA NA NA NA NA NA
T. angustula ASV167 Fungi NA NA NA NA NA NA
T. angustula ASV170 Fungi NA NA NA NA NA NA
T. angustula ASV172 Fungi NA NA NA NA NA NA
T. angustula ASV173 Fungi Ascomycota Dothideomycetes Capnodiales Cladosporiaceae Cladosporium NA
T. angustula ASV174 Fungi NA NA NA NA NA NA
T. angustula ASV175 Fungi NA NA NA NA NA NA
T. angustula ASV177 Fungi NA NA NA NA NA NA
T. angustula ASV178 Fungi Ascomycota Sordariomycetes Trichosphaeriales Trichosphaeriaceae Nigrospora Nigrospora oryzae
T. angustula ASV182 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreales fam Incertae sedis Hapsidospora Hapsidospora irregularis
T. angustula ASV183 Fungi NA NA NA NA NA NA
T. angustula ASV185 Fungi NA NA NA NA NA NA
T. angustula ASV186 Fungi NA NA NA NA NA NA
T. angustula ASV188 Fungi NA NA NA NA NA NA
T. angustula ASV189 Fungi NA NA NA NA NA NA
T. angustula ASV192 Fungi NA NA NA NA NA NA
T. angustula ASV191 Fungi Ascomycota Dothideomycetes Pleosporales Cucurbitariaceae Pyrenochaeta NA
T. angustula ASV195 Fungi Ascomycota Sordariomycetes Hypocreales Clavicipitaceae Claviceps Claviceps chloridicola
T. angustula ASV198 Fungi NA NA NA NA NA NA
T. angustula ASV199 Fungi NA NA NA NA NA NA
T. angustula ASV200 Fungi NA NA NA NA NA NA
T. angustula ASV201 Fungi NA NA NA NA NA NA
T. angustula ASV204 Fungi NA NA NA NA NA NA
T. angustula ASV206 Fungi NA NA NA NA NA NA
T. angustula ASV208 Fungi NA NA NA NA NA NA
T. angustula ASV214 Fungi NA NA NA NA NA NA
T. angustula ASV216 Fungi Ascomycota Dothideomycetes Pleosporales Didymellaceae Epicoccum Epicoccum dendrobii
T. angustula ASV220 Fungi NA NA NA NA NA NA
T. angustula ASV219 Fungi Ascomycota Dothideomycetes Capnodiales Capnodiaceae Scorias Scorias mangiferae
T. angustula ASV222 Fungi NA NA NA NA NA NA
T. angustula ASV226 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreaceae Trichoderma NA
T. angustula ASV228 Fungi NA NA NA NA NA NA
T. angustula ASV229 Fungi NA NA NA NA NA NA
T. angustula ASV231 Fungi NA NA NA NA NA NA
T. angustula ASV232 Fungi NA NA NA NA NA NA
T. angustula ASV233 Fungi Ascomycota Saccharomycetes Saccharomycetales Saccharomycetaceae Zygosaccharomyces Zygosaccharomyces mellis
T. angustula ASV235 Fungi NA NA NA NA NA NA
T. angustula ASV236 Fungi NA NA NA NA NA NA
T. angustula ASV238 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Erysiphe NA
T. angustula ASV237 Fungi NA NA NA NA NA NA
T. angustula ASV241 Fungi NA NA NA NA NA NA
T. angustula ASV242 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Erysiphe Erysiphe quercicola
T. angustula ASV244 Fungi NA NA NA NA NA NA
T. angustula ASV246 Fungi NA NA NA NA NA NA
T. angustula ASV247 Fungi NA NA NA NA NA NA
T. angustula ASV248 Fungi NA NA NA NA NA NA
T. angustula ASV250 Fungi NA NA NA NA NA NA
T. angustula ASV251 Fungi NA NA NA NA NA NA
T. angustula ASV253 Fungi NA NA NA NA NA NA



T. angustula ASV255 Fungi NA NA NA NA NA NA
T. angustula ASV256 Fungi NA NA NA NA NA NA
T. angustula ASV258 Fungi NA NA NA NA NA NA
T. angustula ASV260 Fungi NA NA NA NA NA NA
T. angustula ASV261 Fungi NA NA NA NA NA NA
T. angustula ASV262 Fungi NA NA NA NA NA NA
T. angustula ASV264 Fungi NA NA NA NA NA NA
T. angustula ASV265 Fungi NA NA NA NA NA NA
T. angustula ASV266 Fungi NA NA NA NA NA NA
T. angustula ASV267 Fungi NA NA NA NA NA NA
T. angustula ASV269 Fungi NA NA NA NA NA NA
T. angustula ASV271 Fungi NA NA NA NA NA NA
T. angustula ASV275 Fungi NA NA NA NA NA NA
T. angustula ASV276 Fungi Ascomycota NA NA NA NA NA
T. angustula ASV278 Fungi NA NA NA NA NA NA
T. angustula ASV283 Fungi NA NA NA NA NA NA
T. angustula ASV287 Fungi NA NA NA NA NA NA
T. angustula ASV288 Fungi NA NA NA NA NA NA
T. angustula ASV291 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus Aspergillus flavus
T. angustula ASV292 Fungi NA NA NA NA NA NA
T. angustula ASV297 Fungi NA NA NA NA NA NA
T. angustula ASV300 Fungi Ascomycota Dothideomycetes Pleosporales Pleosporaceae Bipolaris NA
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Abstract
Background: The discovery of new molecules with antimicrobial properties has been a promising approach, mainly 
when related to substances produced by bactéria.The use of substances produced by bees has evidenced the anti­
microbial action in different types of organisms.Thus, the use of bactéria isolated from larval food of stingless bees 
opensthe way for the identification ofthe new molecules.The effect of supernatants produced by these bactéria was 
evaluated fortheirability to inhibitthegrowth of bactéria of clinicai interest. Furthermore,their effects were evaluated 
when used in synergy with antibiotics available in the pharmaceutical industry.
Results: A few supernatants showed an inhibitory effect against susceptible and multiresistant strains in the PIC 
assay and the modulation assay. Emphasizing the inhibitory effect on multidrug-resistant strains, 7 showed an effect 
on multidrug-resistant Escheríchia coli (APEC), Klebsiellapneumoniae carbapenemase (KPC), multidrug-resistant 
Pseudomonas aeruginosa, and multidrug-resistant Staphylococcus aureus (MRSA) in the PIC assay. Ofthe supernatants 
analyzed, some presented synergism for morethan one species of multidrug-resistant bactéria. Nine had a synergis- 
tic effect with ampicillin on E coli (APEC) or S. aureus (MRSA), 5 with penicillin G on E coli (APEC) or KPC, and 3 with 
vancomycin on KPC.
Condusion: In summary, the results indicate that supernatants produced from microorganisms can synthesize dif­
ferent classes of molecules with potent antibiotic activity against multiresistant bactéria.Thus, suggesting the use of 
these microorganisms for use clinicai tests to isolate the molecules produced and their potential for use.
Keywords: Antibiotics, Pathogen, Antibacterial effect, Microorganisms, Multiresistant bactéria, Stingless bees, Larval 
food

Background
Faced with the global concern with public health, which 
has been facing difficulties in combating resistant patho- 
gens, the search for new drugs with antimicrobial func- 
tion becomes an emergency. Indiscriminate use of

*Correspondence: ana.carolina@ufu.br; ueira@ufu.br 

antibiotics results in the selection of resistance to most 
commercially available antimicrobials [1-3]. Among 
the classic pathogens, some have a high capacity for 
the acquisition and dissemination of resistance genes, 
becoming a public health problem worldwide [4-6]. In 
this context, bactéria such as Staphylococcus aureus, 
Escheríchia coli, Pseudomonas aeruginosa, and Klebsiella 
pneumoniae stand out, which present multidrug resist­
ance genotypes [2,4-7].

The antimicrobial effect of products generated by sting­
less bees has contributed to discovery of biomolecules 
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capable of inhibiting the growth of microorganisms. 
The pollen of Melipona compressipes manaosensis [8], 
the geopropolis extract of the bee Melipona quadri­
fasciata and Tetragonisca angustula [8-10] , as well as 
the propolis and honey, named by authors as bee bread 
of Heterotrigona itama [11] have shown action against 
pathogenic microorganisms.

The diversity of microorganisms associated with sting­
less bee colonies are broad, even as their role in the health 
and vitality of these organisms [12-16] Microorganisms 
can contribute to the development of the immune sys- 
tem of bees, assist in food digestion and defend the hive 
against pathogens [17-19]. Scaptotigona depilis bees are 
related to a mutualistic relationship with fungi of the 
genus Zygosaccharomyces, which influence larval devel­
opment, survival rate, and diíferentiation of queens [20- 
22]. Despite the progress in studies with the microbiota 
associated with stingless bee colonies, it is still unknown 
its effective role in the maintenance and development of 
the colonies. Bactéria associated with stingless bees have 
biotechnological purposes, such as probiotics, disease 
biocontrol agents, producers of enzymes, and antimicro- 
bial substances [12,23].

In this context, studies related to the discovery of new 
molecules with antimicrobial function obtained from 
by-products generated by stingless bees may represent 
an alternative to the global public health problem about 
antibiotic resistance and treatment of infections caused 
by multidrug-resistant pathogens. The present investiga- 
tion aims to evaluate the capability of microorganisms 
isolated from larval food of stingless bees to generate bio- 
molecules with antimicrobial potential.

Methods
Sample collection
This study used 14 bacteria’s isolated from Melipona 
quadrifasciata, Melipona scutellaris, and Tetragonisca 
angustula (Table 1) from the Collection of Microorgan­
isms Isolated from Stingless Bee from the Laboratory of 
Genetics ofBiotechnology of UFU (CoMISBee).

Supernatant production
For production of supernatant, a bacterial suspension 
was prepared in 5mL of BHI and incubated at 37°C for 
24 hours. A 200pL rate of the suspension was inoculated 
in 50mL of LB broth (Luria-Bertani) and incubated at 
31°C±1 for 48h under shaker agitation at 200 rpm. The 
broth obtained was centrifuged at 10,000 g for 4 minutes 
for bacterial cell sedimentation [24] and the supernatant 
was separated from the precipitated and filtered at 0.22 
pm (Figure 1). The 14 supernatants was stored in a -20°C 
freezer for later use in antimicrobial activity and resist­
ance modulation tests.

Table 1 CoMISBee Bactéria and Bee Code
CoMISBee Code Bees Larval Food

Mq-ISP-lA Melipona quadrifasciata

Mq-ISP-1 B Melipona quadrifasciata

Mq-MCK-7 Melipona quadrifasciata

Mq-MRS-9A Melipona quadrifasciata

Mq-MRS-9BI Melipona quadrifasciata

Mq-TSA-12 Melipona quadrifasciata

Ta-TSA-14 Tetragonisca angustula

Mq-BHI-20 Melipona quadrifasciata

Mq-OAT-27 Melipona quadrifasciata

Ms-BHI-39A Melipona scutellaris

Ms-BHI-39B Melipona scutellaris

Ta-NUT-45 Tetragonisca angustula

Mq-BHI-47 Melipona quadrifasciata

Mq-NUT-54B Melipona quadrifasciata

Bacterial identification
For a taxonomic identification at the levei of genus and 
species, the precipitate generated in the centrifuga- 
tion was inoculated on LB agar plate, and incubated at 
37°C±1 for 24h. An isolated colony of each strain was 
harvested from the agar using an inoculation loop and 
inactivated with absolute ethanol. This strain was also 
submitted to MALDI-TOF mass spectrometry using the 
MALDI Biotyper version 3 (Bruker Daltonics), according 
to manufacturer's suggested settings using automated 
collected spectra. The biomolecular identification of bac­
téria were analyzed according to the score values pro- 
posed by the manufacturer [25].

Antimicrobial activity assay
The potential of supernatants to inhibit bacterial growth 
was evaluated using the Plaque Inhibition Concentration 
(PIC) method, evaluating for the capacity to kill or inhibit 
the growth of bactéria with antimicrobial-sensitive and 
antimicrobial-resistant genotypes. Gram-positive (1) 
bactéria were used: Staphylococcus aureus (sensitive 
genotype), Staphylococcus aureus MRSA (Methicillin- 
resistant S. aureus, multidrug-resistant genotype) and 
(2) Gram-negative bactéria Escherichia coli (ATCC 8739, 
sensitive genotype), Escherichia coli (APEC, multire- 
sistant genotype), Sensitive Klebsiella pneumoniae, KPC 
(Carbapenem-resistant Klebsiella pneumoniae, multi­
drug-resistant genotype) and Pseudomonas aeruginosa 
(sensitive genotype, PAO-1) and Pseudomonas aerugi­
nosa (multiresistant genotype). The pathogenic bactéria 
used were obtained from culture collections or isolated 
from clinicai samples, provided by the Laboratories of
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Molecular Microbiology (MICROMOL) and Animal Bio- 
technology Laboratory (LABIO) of the Federal University 
of Uberlândia.

For the assay, a bacterial suspension was prepared in 
LB broth at 37°C±0.5 for 24 hours and diluted to 104 
cellsdnL. Fifty microliters of bacterial suspension was 
transferred to a 96-well plate containing 50 pL of super- 
natant to assess whether would reduce microbial growth 
or kill microorganisms. Wells containing 100 pL of bacté­
ria and LB were used as control of the experiment, posi­
tive and negative for bacterial growth, respectively. The 
plaque was incubated for 24 hours at 37°C±0.5 and bac­
terial growth was evaluated in microtiter plate reader at 
595 nm at 0; 6; 12 and 24 hours.

Resistance modulation assay
The supernatants were evaluated for the ability to modu- 
late bacterial resistance when used in synergy with anti- 
biotics that pathogenic bactéria are resistant. Ampicillin 
(10 Mcg) was tested for strains of E. coli (APEC) and S. 
aureus (MRSA), Gentamicin (10 Mcg) for P. aeruginosa 
(multiresistant), Penicillin-G (10 U) for E. coli and K. 
pneumoniae, and Vancomycin (30 Mcg) for K. pneumo- 
niae. The antimicrobial effect was determined using the 
modified Kirby-Bauer disk diffusion test (Bauer et al., 
1966). The plates were drilled with wells of 6mm inocu- 
lated 50 pL of supernatant, along with one antibiotic disc 

per well. The diameter of the microbial growth halo was 
evaluated for each supernatant-antibiotic association and 
compared with the control, containing only the antibiotic 
disc. The target bacterium was considered sensitive when 
inhibition zone formation occurred.

Statistical analysis
Data are expressed as arithmetic means ± standard error 
of the mean and were analyzed by analysis of variance for 
two-way (ANOVA), followed by Dunnet post-test using 
GraphPad Prism software version 8.0.2 (available http:// 
www.graphpad.com/scientific-software/prism/). Statisti­
cal significance was considered when p < 0.05.

Results
Bacterial identification
Of the 14 strains analyzed, six (42.85%) had a probable 
species identification, two (14.3%) obtained genus iden­
tification and six (42.85%) did not obtain reliable identifi­
cation (Table 2).

Antimicrobial activity assay
The PIC (Plate Inhibitory Concentration) values of the 
supernatant for sensitive and resistant pathogenic bac­
téria are shown in Figure 2. All analyzed supernatants 
showed an inhibitory effect on more than one bacterium. 
Sensitive E. coli, multidrug-resistant E. coli, sensitive K.

http://www.graphpad.com/scientific-software/prism/
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Table 2 Identification for MALDI-TOF of bactéria isolated
Supernatant Code Organism (best match) ScoreValue Organism (second match) ScoreValue

lAb Staphylococcus epidermidis 1.775 not reliable identification 1.672
1BC not reliable identification 1.413 not reliable identification 1.379
7b Providencia rettgeri 1.787 not reliable identification 1.691
9Aa Enterococcus faecalis 2.413 Enterococcus faecalis 2.354
9Bla Providencia rettgeri 2.065 Providencia rettgeri 2.056
12c not reliable identification 1.438 not reliable identification 1.379
14c not reliable identification 1.399 not reliable identification 1.326
20a Vagococcus fíuvialis 2.272 Vagococcus fluvialis 2.247
27c not reliable identification 1.518 not reliable identification 1.485
39Aa Serratia marcescens 2.041 Serratia marcescens 2.01
39Ba Providencia rettgeri 2.026 Providencia rettgeri 1.924
45c not reliable identification 1.335 not reliable identification 1.332
47c not reliable identification 1.56 not reliable identification 1.512
54Ba Providencia rettgeri 2.05 Providencia rettgeri 2.028

a secure genus identification, probable species identification, bprobable genus identífication, cnot reliable identification

pneumoniae, carbapenema.se K. pneumoniae, sensitive S. 
aureus, methicillin-resistant S. aureus, or multiresistant 
P. aeruginosa.

For sensitive E. coli, the supernatant IA inhibited bac- 
terial growth in 12 and 24 hours of treatment (p<0,01) 
(Figure 2A). The supernatant 39B showed an inhibiting 
effect on the growth of E. coli multidrug-resistant in the 
24 hours of treatment (Figure 2B). And the supernatants 
9A showed significant effect only 12 hours of treatment 
(p<0,01) and 9BI within 6 (p<0,05) and 12 hour of treats 
(p<0,001).

For the species K. pneumoniae was observed signifi- 
cant effect by supernatant 07 (p<0,01) in 24 hours, (Fig­
ure 2C), and 27, in 6 (p<0,01) and 12 hours (p<0,01). 
Similarly, several supernatants had an inhibiting effect on 
KPC in 6 hours, andlA, 1B, 9A and 54 B reduced growth 
in 12 hoursbut only the 39B (p<0,05) supernatant showed 
a reduction in optical density in 24 hours of bacterial 
growth (Figure 2D).

Regarding P. aeruginosa sensitive, we can highlight the 
action of the supernatants 12, with an inhibiting effect 
between the times 6 and 24 hours of growth (Figure 2E). 
For the multidrug-resistant microorganism, none of 
the supernatants showed significant effect at the end 
of growth observed in 24 hours, but the supernatants 
IA (p<0,01), lB(p<0,05), 9BI (p<0,05), 20 (p<0,05) and 
54B (p<0,05) showed significant effect up to 12 hours 
(figure 2F).

For S. aureus sensitive, no antimicrobial effects of the 
supernatants were observed in 24 hours, and only sam- 
ples IA, 1B, 20, and 27 reduced microbial growth to 12 
hours, but without significant reduction at the end of 
24 hours. For the resistant microorganism (S. aureus 

MRSA), it was possible to verify growth reduction by the 
growth reducing the effect of supernatants 12,14 and 54B 
until the end of the 24 hours of observation. The superna­
tants 1B (p<0,05), 9A (p<0,01), 12 (p<0,01), 14 (p<0,05) 
and 39A (p<0,05), showed a significant effect in the time 
of 12 hours, although they did not lead to a reduction in 
bacterial growth in 24 hours of treatment.

Resistance modulation assay
Sixteen supernatants were evaluated in the resistance 
modulation assay with multidrug-resistant pathogenic 
bactéria, which did not present antibiotic inhibition zone. 
After the addition of the supernatant near the well con- 
taining the antibiotic disc, it demonstrated the formation 
of the inhibition zone for some microorganisms (Table 3).

The resistance modulation assay showed a synergistic 
effect of six supernatants on multidrug-resistant E. coli, 
with halos ranging from 9.3 to 11.18 mm. We observed 3 
supernatants with synergistic effect with Vancomycin and 
1 with Penicillin G effective against KPC, with emphasis 
on Vancomycin associated with the S54B supernatant 
(inhibition zone of 16.01 mm), and 6 for Staphylococcus 
aureus (all with Ampicillin) and supernatant S54B also 
stood out in this microorganism (inhibition zone of 16.01 
mm). No effect was observed for multidrug-resistant 
Pseudomonas aeruginosa.

In total, ten supernatants had a synergistic effect with 
antibiotics tested, some presented synergism for more 
than one species of multidrug-resistant bactéria, espe- 
cially: supernatant S1B, effective on E. coli when in syn- 
ergy with Ampicillin (9.78 ±0.87) and Penicillin G (9.72 
±0.61). K. pneumoniae when in synergy with Vancomy­
cin (13.87 ±1.60); S9BI supernatant, effective on E. coli

carbapenema.se
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LB (control)

Mq-ISP-lA
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P. aeruginosa 
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=1 Mq-MCK-7

CZ1 Mq-OAT-27

K. pneumoniae
(untreated)
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Mq-ISP-lB 
Mq-MCK-7 
Mq-MRS-9A 
Mq-MRS-9BI 
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P. aeruginosa spm 
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Fig.2 Antimicrobial activity of supernatants produced by microorganisms isolated from stingless bee larval food on sensitive and resistant 
pathogenic bactéria.The antimicrobial properties of the supernatants were evaluated against strains of sensitive and resistant bactéria.The figure 
shows only the supernatants that showed a statistically significant difference between the experimental and control groups (bactéria incubated 
only with LB) in some period ofthe treatment. Data show the average_SEM ofthree independent replicates. *p < 0.05; **p < 0.01; ***p < 0.001
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Table3 Effect of resistance modulation assay using the 
antibiotic alone and in combination with supernatant on 
multidrug-resistant pathogenic bactéria
Multiresistant bactéria Antibiotic disc 

(+ supernatant)
Inhibition zone (mm)

Escherichia coli Ampicillin Absent
Ampicillin (+ SI B) 9,78 ±0,87
Ampicillin (+ S9BI) 21,87 ±3,04
Penicillin G(+SI B) 9,72 ±0,61
Penicillin G (± S9BI) 11,18 ±0,20
Penicillin G(±S45) 9,3 ±0,13

Staphylococcus aureus Ampicillin Absent
Ampicillin (+ S9A) 15,62 ±1,28
Ampicillin (+ S20) 16,63 ±0,73
Ampicillin (+ S39B) 16,19 ±1,27
Ampicillin (+ S47) 16,25 ±0,74
Ampicillin (+ S54B) 20,74 ±0,69

Klebsiella pneumoniae Penicillin G Absent
Vancomycin Absent
Penicillin G(+S9BI) 11,84 ±0,96
Vancomycin (+ S1B) 13,87 ±1,60
Vancomycin (± S9A) 14,25 ±1,24
Vancomycin (+ S54B) 16,01 ±1,93

when in synergy with Ampicillin (21.87 ±3.04) and Peni- 
cillin G (11.18 ±0.20) and K. pneumoniae when in syn­
ergy with Penicillin G (11.84 ±0.96); S54B, effective on 
S. aureus when in synergy with Ampicillin (20.74 ±0.69) 
and K. pneumoniae when in synergy with Vancomycin 
(16.01 ±1.93).

Discussion
With the advent of antibiotics, the excessive use and inad- 
equate consumption of these drugs led to the rapid emer- 
gence of multidrug-resistant pathogens. Among these, 
Gram-positive bactéria, such as Staphylococcus aureus, 
and Gram-negative, such as Escherichia coli, Klebsiella 
pneumoniae, and Pseudomonas aeruginosa, stand out for 
their high ability to develop multiple mechanisms of anti­
microbial resistance, which makes them several global 
public health problems [1, 26]. With this, treating a bac­
terial infection in modern medicine has overwhelmed 
researchers and pharmaceutical companies to develop 
new effective antimicrobials against these multidrug- 
resistant pathogens of arduous treatment [27,28].

Several authors suggest that the only way to contain the 
current antimicrobial resistance crisis will be to develop 
entirely new strategies to combat these pathogens. Such 
as the combination of antimicrobial drugs with other 
agents that neutralize and obstruct the mechanisms of 
antibiotic resistance expressed by the pathogen [5, 6, 

28-30]. In this sense, different studies have sought new 
bioactive substances with antimicrobial effects from 
microorganisms isolated from the environment. And 
the production of biomolecules by bactéria isolated from 
by-products of stingless bees represents considerable 
potential for bioprospecting of new compounds with 
antimicrobial effect [8-11,31-34].

In the larval food of stingless bees, several species of 
microorganisms provide digestive enzymes, which par- 
ticipate in the pre-digestion of food stocks, as well as 
organic acids and antibiotics, which start the develop- 
ment of concurrent microorganisms [35, 36] Our study 
showed that bactéria isolated from the larval food of 
Melipona quadrifasciata, Melipona scutellaris and 
Tetragonisca angustula had antimicrobial activity against 
Gram-positive and Gram-negative bactéria, including 
multidrug-resistant strains. However, in general, by the 
antimicrobial activity assay through the PIC, it was pos- 
sible to verify that the supernatants had a higher antimi­
crobial effect on the sensitive pathogenic bactéria when 
compared to their application in resistant strains. This 
can be explained by the fact that multidrug-resistant bac­
téria have several mechanisms of escape of antimicrobial 
molecules, including not only the production of enzymes 
but also the production of flow pumps and changes in 
membrane permeability, which prevent the accumulation 
of bactericidal substances inside the microbial cell [37]. 
The modulation assay showed that some supernatants 
reestablished the effect of antibiotics tested on resistant 
strains Gram-positive, S. aureus (MRSA) and Gram-neg­
ative- E. coli (APEC) and K. pneumoniae (KPC), with no 
effect on P. aeruginosa.

Many studies portray the difficulty in finding effec­
tive substances to inhibit the growth of gram-negative 
bactéria. Carneiro et al. [32] evaluated the antimicro­
bial potential of pollen extract and propolis extract of 
M. compressipes manaosensis (jupará) in E. coli and did 
not obtain significant results in the analyses performed. 
Similarly, Tenorio et al. [38] did not visualize the inhib- 
iting action of Melipona fasciculata honey for E. coli 
and P. aeruginosa. In a recent investigation, Torres et al. 
[10] demonstrated significant inhibition of E. coli and K. 
pneumoniae with geopropolis extract in Melipona quad­
rifasciata quadrifasciata and Tetragonisca angustula, but 
with more effect in Gram-positive bactéria.

This study demonstrated a higher bactericidal effect of 
supernatants on methicillin-resistant S. aureus (MRSA) 
strains than against sensitive strains, different from that 
found in Gram-negative bactéria. Several studies have 
demonstrated a possible bactericidal action against 
MRSA from by-products of stingless bees or biomole­
cules produced by the associated microbiota [10, 32, 39- 
42]. Jenkins et al. [43] found that the expression of MRSA 
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genes decreased virulence due to exposure to different 
concentrations to Manuka honey and that, although the 
antimicrobial effect has it found, the mode of inhibition 
of quorum sensing of these bacterial cells have not yet it 
found, indicating the need for further studies.

The research by Torres et al. [10] investigated the anti- 
bacterial action of the ethanol extracts of geopropolis 
(EEP) of Melipona quadrifasciata quadrifasciata and 
Tetragonisca angustula. Finding greater efficacy of the 
EEPs of M. quadrifasciata quadrifasciata against gram- 
positive strains than gram-negative, especially against 
Methicillin-resistant S. aureus and S. aureus compared to 
T. angustula extract, by a mechanism that involves dis- 
turbance of the integrity of the bacterial cell membrane. 
In the study by Nishio et al. [41], the antibacterial activity 
of honey produced by stingless bees Scaptotrigona pos­
tiça and Scaptotrigona bipunctata against methicillin- 
resistant Staphylococcus aureus (MRSA) and sensitive S. 
aureus strains was verified. A recent study demonstrated 
broad inhibiting activity against MRSA strains by the 
supernatant of Bacillus velezensis isolated from stingless 
bees [44]. However, contrary to our study, most authors 
also report relevant antimicrobial action on Sensitive S. 
aureus (RRR). Since MRSA is a strain of S. aureus with 
a mutation of the antibiotic action site, that is, the pen- 
icillin-binding protein (PBP), which is now called PBP2a 
[45], we can suggest that this mutated protein has been 
the target of the antimicrobial action of supernatants, 
making the resistant microorganism more vulnerable.

And all identified bactéria are related to the intestinal 
tract of bees or some insects. Serratia marcescens and 
Providencia rettgeri were isolated from the intestine of 
bees, the former being recognized as an opportunistic 
pathogen [46]. Furthermore, metabolites produced by S. 
marcescens, such as serrawettins, have the capacity and 
inhibition of gram-positive and gram-negative bacté­
ria that present an antimicrobial resistance profile [47]. 
Enterococcus faecalis has been described colonizing the 
surface of nests of Melipona quadrifasciata and the spe- 
cies Alcaligenes faecalis is a fecal coliform found in the 
species Trigona spinipes [48]. Secondary metabolites of 
Vagococcus fluviais have been described as inhibiting 
the growth of bactéria such as Pseudomonas aeruginosa, 
Vibrio alginolyticus, and Aeromonas hydrophila [49], as 
well as in our study, where they inhibited the growth of 
multiresistant P. aeruginosa and KPC. Indicating that 
these organisms have great potential for discovering new 
molecules with antibiotic activity.

In this context, necessary researches seek biomolecules 
that act in synergy with antimicrobials used to treat 
infections by Gram-negative and Gram-positive patho- 
gens. CurrentIy, combination therapy is a growing study 
strand because of its potential to reduce the resistance 

of bactéria to antibiotics and have fewer adverse eífects 
[50]. The resistance modulation assay showed that some 
supernatants had a synergistic effect against resistant 
bactéria, indicating the existence of molecules that act 
together with the antibiotic to inhibit microbial growth. 
Of the antibiotics tested, ampicillin had satisfactory 
results against S. aureus MRSA when combined with 
six supernatants, which strengthens the hypothesis of 
the vulnerability of this strain to the action of the anti­
biotic together with antimicrobial biomolecules from 
the supernatant, which can act on PBP2a [51]. Gram- 
negative bactéria were also sensitive to the joint action 
of antibiotics associated with supernatants, indicating 
the existence of molecules responsible for binding to the 
penicillin-binding site in the case of resistance to peni- 
cillin and ampicillin. The vancomycin resistance is posi- 
tively regulated by the VanS kinase receptor that may be 
interacting with antimicrobial peptides and allowing van­
comycin to bind to receptors [52], Eífects were not found 
in Pseudomonas aeruginosa, which can be explained by 
the multiple intrinsic and plasmid resistance mechanisms 
that this pathogen can exhibit [53,54].

Condusion
This research, all data obtained and the analyses we per- 
form pave the way for further studies on the molecules 
produced by these microorganisms to be used as antibi­
otics alone or in synergy with antibiotics already estab- 
lished in the market. It has been shown here that larval 
food bactéria from stingless bees produce supernatants 
with bioactive molecules that have the potential to inhibit 
the growth of antibiotic-resistant microorganisms. The 
next step is the identification and characterization of 
molecules that have an antimicrobial effect.

Acknowledgments
We also thank Dr Rosineide Marques Ribas and Dr Iara Rossi, Laboratory of 
Molecular Microbiology, Institute of Biomedical Sciences, Federal University 
of Uberlândia, Uberlândia, Minas Gerais, Brazil, for providing the bactéria used 
in this work; and Dr. Belchiolina, Laboratory of Applied Animal Biotechnol- 
ogy, Faculty ofVeterinary Medicine, Federal University of Uberlândia,for the 
bacterium E coli APEC.

Authors' contributions
CUV, RCCD and ACCS conceived and supervised the project. ACCS and SMM 
performed analyses the PIC and modulation assay. VACA and NDCR performed 
the MALDI-TOF analyses for assembly. ACCS wrote the draft and revisions of 
this manuscript and all authors approved its final version.

Authors'information
ACCS, SMM, RCCD and CUV- Institute of Biotechnology, Federal University of 
Uberlândia, Acre Street, 2E building, Uberlândia, MG, 38405-319, Brazil 
NDCR and VACA- Federal University of Minas Gerais, Department of Genetics, 
Ecology and Evolution, Institute of Biological Sciences,, Presidente Antônio 
Carlos Avenue, 6627, Pampulha, 31270-901 Belo Horizonte, MG, Brazil

Funding
This project wasfunded by Research Support Foundation ofthe State of Minas 
Gerais (FAPEMIG, case number APQ-02766-17).The ACCS and other graduate 



Sa ntos et al. BMC Microbiology (2022) 22:127 Page 8 of 9

students receive financial support for Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior - Brasil (CAPES) and Conselho Nacional de Desen­
volvimento Científico and Tecnológico (CNPQ).

Availability of data and materiais
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Biological material of the F. varia, M. quadrifasciata, M. scutellaris and T. 
angustula was obtained in accordance with Brazilian laws.The species does 
notfall underthe IUCN Red List categories as a threatened species.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest related to the results reported in 
this study.

Author details
11nstitute of Biotechnology, Federal University of Uberlândia, Acre Street, 2E 
building, Uberlândia, MG 38405-319, Brazil. 2Department of Genetics, Ecology 
and Evolution, Institute of Biological Sciences, Federal University of Minas 
Gerais, Presidente Antônio Carlos Avenue, 6627, Pampulha, Belo Horizonte, 
MG 31270-901, Brazil.

Received: 23 March 2022 Accepted: 29 April 2022
Published online: 12 May 2022

References
1. Blair JMA, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJV. Molecular 

mechanisms of antibiotic resistance. Nature Reviews Microbiology. 
Nature Publishing Group; 2015. p. 42-51. https://doi.Org/10.1038/nrmic 
ro3380.

2. Loureiro RJ, Roque F,Teixeira Rodrigues A, Herdeiro MT, Ramalheira E. 
Use of antibiotics and bacterial resistances: Brief notes on its evolution. 
Revista Portuguesa de Saude Publica [Internet], Ediciones Doyma, S.L.; 
2016 [cited 2022 Mar 8];34:77-84. https://doi.Org/10.1016/j.rpsp.2015.11. 
003

3. Seveno NA, Kallifidas D, Smalla K, Dirk Van Elsas J, Collard J-M, Karagouni 
AD, et al. Occurrence and reservoirs of antibiotic resistance genes in the 
environment. 2002. (http://journals.lww.com/revmedmicrobiol).

4. Oliveira R de, Maruyama SAT. Controle de infecção hospitalar: histórico e 
papel do estado. Revista Eletrônica de Enfermagem [Internet], Universi­
dade Federal de Goias; 2008 [cited 2022 Mar 8];10. Available from: https:// 
revi sta s. ufg .b r/fe n/a rt ic I e/vi e w/46642

5. Mulani MS, Kamble EE, Kumkar SN,Tawre MS, Pardesi KR. Emerging strate- 
gies to combat ESKAPE pathogens in the era of antimicrobial resistance: 
A review. Front Microbiol. 2019;10:539 (Frontiers Media S.A).

6. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, 
et al. Discovery, research, and development of new antibiotics: the WHO 
priority list of antibiotic-resistant bactéria and tuberculosis. Lancet Infect 
Dis. 2018;18:318-27 (Elsevier).

7. Guilhelmelli F, Vilela N, Albuquerque P, da S Derengowski L, Silva-Pereira I, 
Kyaw CM. Antibiotic development challenges:The various mechanisms 
of action of antimicrobial peptides and of bacterial resistance. Front 
Microbiol. 2013;4:353.

8. dos Santos L, Hochheim S, Boeder AM, Kroger A,Tomazzoli MM, Dal Pai 
Neto R, et al. Caracterización química, antioxidante, actividad citotóxica 
y antibacteriana de extractos de propóleos y compuestos aislados de 
Ias abejas sin aguijón brasilenas Melipona quadrifasciata yTetragonisca 
angustula. J Apicultural Res. 2017,-56:543-58 (Taylor and Francis Ltd).

9. Cambronero-Heinrichs JC, Matarrita-Carranza B, Murillo-Cruz C, 
Araya-Valverde E, Chavarría M, Pinto-Tomás AA. Phylogenetic analyses 
of antibiotic-producing Streptomyces sp. isolates obtained from the 

stingless-beeTetragonisca angustula (Apidae: Meliponini). Microbiology 
(United Kingdom). 2019;165:292-301 (Microbiology Society).

10 Torres AR, Sandjo LP, Friedemann MT,Tomazzoli MM, Maraschin M, Mello 
CF, et al. Chemical characterization, antioxidant and antimicrobial activity 
of propolis obtained from melipona quadrifasciata quadrifasciata and 
tetragonisca angustula stingless bees. Braz J Med Biol Res. 2018;51 :e7118 
(Associacao Brasileira de Divulgacao Cientifica).

11. Akhir RAM, Bakar MFA, Sanusi SB. Antioxidant and antimicrobial activity 
of stingless bee bread and propolis extracts. AIP Conference Proceedings. 
American Institute of Physics Inc.; 2017. https://d0i.0rg/l 0.1063/1.50054
23.

12. de Paula GT, Menezes C, Pupo MT, Rosa CA. Stingless bees and microbial 
interactions. Current Opinion in Insect Science. Elsevier Inc.; 2021. p. 41 -7. 
https://d0i.0rg/l 0.1016/j.cois.2020.11.006.

13. Dillon RJ, DillonVM.THEGUT BACTÉRIA OF INSECTS: Nonpathogenic 
Interactions. https://d0i.0rg/l 0.1146/annurev.ento49061802123416 
[Internet], Annual Reviews 4139 El Camino Way, P.O. Box 10139, Paio Alto, 
CA 94303-0139, USA; 2003 [cited 2022 Mar 8];49:71 -92. https://doi.org/
10.1146/annurev.ento.49.061802.123416

14. Hamdi C, Balloi A, Essanaa J, Crotti E, Gonella E, Raddadi N, et al. Gut 
microbiome dysbiosis and honeybee health. J Appl Entomol [Internet], 
2011 ;135:524-33. https://doi.Org/10.1111/j.1439-0418.2010.01609.x (John 
Wiley & Sons, Ltd cited 2022 Mar 8).

15 Vásquez A, Forsgren E, Fries I, Paxton RJ, Flaberg E, Szekely L, et al. 
Symbionts as Major Modulators of Insect Health: Lactic Acid Bactéria and 
Honeybees. PLOS ONE [Internet]. 2012;7:e33188. https://doi.org/10.1371/ 
journal.pone.0033188 (Public Library of Science cited 2022 Mar 8).

16. Ulasan S, BakteriaDenganKelulut P, SyazwanNgalimat M, Noor R, Raja Z, 
Rahman A, et al. A Review on the Association of Bactéria with Stingless 
Bees. Sains Malays [Internet], 2020;49:1853-63. https://d0i.0rg/l 0.17576/ 
jsm-2020-4908-08 (cited 2022 Mar 8).

17. Martin FPJ, Wang Y, Sprenger N,Yap IKS, LundstedtT, Lek P, et al. Probiotic 
modulation of symbiotic gut microbial-host metabolic interactions
in a humanized microbiome mouse model. Mol Syst Biol [Internet], 
2008;4:157. https://doi.Org/10.1038/msb4100190 (John Wiley & Sons, Ltd 
cited 2022 Mar 8).

18. Mazmanian SK, Cui HL,Tzianabos AO, Kasper DL. An Immunomodulatory 
Molecule of Symbiotic Bactéria Directs Maturation of the Host Immune 
System. Cell Cell Press. 2005; 122:107-18.

19 Voulgari-Kokota A, McFrederick QS, Steffan-Dewenter I, Keller A. Drivers, 
Diversity, and Functions of the Solitary-Bee Microbiota.Trends Microbiol. 
2019;27(12): 1034-44 (Elsevier Ltd).

20 Menezes C, Vollet-Neto A, Fonseca VLI. An advance in the in vitro rearing 
of stingless bee queens. Apidologie [Internet], 2013;44:491-500. https:// 
doi.org/10.1007/s13592-013-0197-6 (Springer cited 2022 Mar 8).

21. Menezes C, Vollet-Neto A, Marsaioli AJ, Zampieri D, Fontoura IC, Luchessi 
AD, et al. A Brazilian Social Bee Must Cultivate Fungus to Survive. Curr Biol. 
2015;25:2851-5 (Cell Press).

22 Paludo CR, Pishchany G, Andrade-Dominguez A, Silva-Junior EA, Menezes 
C, Nascimento FS, et al. Microbial community modulates growth of 
symbiotic fungus required for stingless bee metamorphosis. PLoS ONE. 
2019;14:e0219696 (Public Library of Science).

23. Ngalimat MS, Abd Rahman RNZR,Yusof MT, Amir Hamzah AS, Zawawi N, 
Sabri S. A review on the association of bactéria with stingless bees. Sains 
Malays. Penerbit Universiti Kebangsaan Malaysia; 2020. p. 1853-63. http:// 
dx.doi.org/10.17576/jsm-2020-4908-08.

24. Mohammad SM, Mahmud-Ab-Rashid NK, Zawawi N. Probiotic properties 
of bactéria isolated from bee bread of stingless bee Heterotrigona itama. 
J Apicultural Res. 2020;60(1):172-87 (Taylor and Francis Ltd).

25. Singhal N, Kumar M, Kanaujia PK, Virdi JS. MALDI-TOF mass spectrometry: 
An emerging technology for microbial identification and diagnosis. Front 
Microbiol. 2015;6:791 (Frontiers Research Foundation).

26 Banin E, Hughes D, Kuipers OP. Editorial: Bacterial pathogens, antibiotics 
and antibiotic resistance. FEMS Microbiol Rev. 2017;41:450-2 (Oxford 
University Press).

27. Gholizadeh P, Kõse $, Dao S,Ganbarov K,Tanomand A, DaIT, et al. How 
CRISPR-Cas System Could Be Used to Combat Antimicrobial Resistance. 
Infect Drug Resist [Internet], 2020;13:1111 (https://www.ncbi.nlm.nih. 
gov/pmc/articles/PMC7182461/ Dove Press cited 2022 Mar 8).

28 Ma YX, Wang CY, Li YY, Li J, Wan QQ, Chen JH, et al. Considerations and 
Caveats in Combating ESKAPE Pathogens against Nosocomial Infections.

https://doi.Org/10.1038/nrmic
https://doi.Org/10.1016/j.rpsp.2015.11
http://journals.lww.com/revmedmicrobiol
https://d0i.0rg/l
https://d0i.0rg/l
https://d0i.0rg/l
https://doi.org/
https://doi.Org/10.1111/j.1439-0418.2010.01609.x
https://doi.org/10.1371/
https://d0i.0rg/l
https://doi.Org/10.1038/msb4100190
https://www.ncbi.nlm.nih


Santos et al. BMCMicrobiology (2022) 22:127 Page 9 of 9

Adv Sei [Internet], 2020;7:1901872. https://doi.Org/l 0.1002/advs.20190 
1872 (John Wiley & Sons, Ltd cited 2022 Mar 8).

29. Pfalzgraff A, Brandenburg K.Weindl G. Antimicrobial peptidesandtheir 
therapeutic potential for bacterial skin infections and wounds. Front 
Pharmacol. 2018;9:281 (Frontiers Media S.A).

30 Santajit S, Indrawattana N. Mechanisms of Antimicrobial Resistance 
in ESKAPE Pathogens. BioMed Res Int. 2016;2016:2475067 (Hindawi 
Limited).

31. GrotoBarreiras D, Montanari RuizF, ErickGalindo Gomes J, de Maria Salotti 
Souza B. Eficácia da ação antimicrobiana do extrato de própolis de abelha 
jatai (Tetragonisca angustula) em bactérias Gram-positivas e Gram- 
negativas. Caderno de Ciências Agrárias [Internet]. 2020;12:1 -5 (https:// 
period icos.ufmg.br/index.php/cca ufmg/article/view/15939 Universidade 
Federal de Minas Gerais - Pro-Reitoria de Pesquisa cited 2022 Mar 8).

32. Carneiro ALB, Gomes AA, da AlvesSilva L, Alves LB, da CardosoSilva E, da 
Silva Pinto AC, et al. Antimicrobial and Larvicidal Activities of Stingless 
Bee Pollen from Maues, Amazonas, Brazil. Bee World. 2019,-96:98-103.

33. Rodríguez-Hemández D, Melo WGP, Menegatti C, Lourenzon VB, do 
Nascimento FS, Pupo MT. Actinobacteria associated with stingless bees 
biosynthesize bioactive polyketides against bacterial pathogens. New J 
Chem. 2019;43:10109-17 (Royal Society of Chemistry).

34. Silva AC, da Paulo MC S, Silva MJO, Machado RS, de Rocha GM M, de 
Oliveira GAL. Antimicrobial activity and toxicity of stingless honey hives 
Melipona rufiventris and Melipona fasciculata: a review. Res Soc Dev 
[Internet], 2020;9:e897986325-e897986325.

35. Gilliam M, Roubik DW, Lorenz BJ. Microorganisms associated with pollen, 
honey, and brood provisions in the nest of a stingless bee, Melipona 
fasciata. Apidologie [Internet]. 1990;21:89-97. https://doi.org/10.1051/ 
apido:l 9900201 (EDP Sciences cited 2022 Mar 8).

36 Souza ECA, Menezes C, Flach A. Stingless bee honey (Hymenoptera, 
Apidae, Meliponini): a review ofqualitycontrol, chemical profile, and 
biological potential. Apidologie. 2021 ;52:113-32 (Springer-Verlag Italia 
s.r.l).

37. Rosini R, Nicchi S, Pizza M, Rappuoli R. Vaccines Against Antimicrobial 
Resistance. Front Immunol. 2020;11:1048 (Frontiers Media S.A).

38. Tenório EG, Alves NF, Mendes BEP. Antimicrobial activity of honey of 
africanized bee (Apis mellifera) and stingless bee, tiuba (Melipona fascicu­
lata) against strains of Escherichia coli, Pseudomona aeruginosa and 
Staphylococcus aureus. AIP Conference Proceedings. American Institute 
of Physics Inc.; 2017. httpsWdoi.org/l 0.1063/1.5012412.

39. Clébis VH, Nishio EK, Scandorieiro S, Victorino VJ, Panagio LA, de Oliveira 
AG, et al. Antibacterial effect and clinicai potential of honey collected 
from Scaptotrigona bipunctata Lepeletier (1836) and Africanized bees 
Apis mellifera Latreille and their mixture. https://d0i.0rg/l0.1080/00218 
83920191681118 [Internet], Taylor & Francis; 2019 [cited 2022 Mar
8],-60:308-18. httpsWdoi.org/l 0.1080/00218839.2019.1681118

40. Kenji Nishio E, Carolina Bodnar G, Regina Eches Perugini M, Cornélio 
Andrei C, Aparecido Proni E, KatsukoTakayama Kobayashi R, et al. Anti­
bacterial activity of honey from stingless bees Scaptotrigona bipunctata 
Lepeletier, 1836 and S. postiça Latreille, 1807 (Hymenoptera: Apidae: 
Meliponinae) against methicillin-resistant Staphylococcus aureus (MRSA). 
https://doi.org/10.1080/0021883920l61162985 [lnternet].Taylor& Fran­
cis; 2016 [cited 2022 Mar 8];54:452-60. httpsWdoi.org/l 0.1080/00218839. 
2016.1162985

41. Nishio EK, Ribeiro JM, Oliveira AG, Andrade CGTJ, Proni EA, Kobayashi 
RKT, et al. Antibacterial synergic effect of honey from two stingless bees: 
Scaptotrigona bipunctata Lepeletier, 1836, and S postiça Latreille, 1807. 
Sei Rep [Internet]. 2016;6:1 -8 (https://www.nature.com/articles/srep2 
1641 cited 2022 Mar 8).

42. Villacrés-Granda I, Coello D, Proaiio A, Ballesteros I, Roubik DW, Jijón G, 
et al. Honey quality parameters, chemical composition and antimicrobial 
activity in twelve Ecuadorian stingless bees (Apidae: Apinae: Meliponini) 
tested against multiresistant human pathogens. LWT. 2021 ;140:110737 
(Academic Press).

43. Jenkins R, Burton N, Cooper R. Proteomic and genomic analysis of 
methicillin-resistant Staphylococcus aureus (MRSA) exposed to manuka 
honey in vitro demonstrated down-regulation of virulence markers. J 
Antimicrob Chemother [Internet], 2014;69:603-15 (https://academic.oup. 
com/jac/article/69/3/603/786564 Oxford Academic cited 2022 Mar 8).

44. Baharudin MMAA, Ngalimat MS, Shariff FM, YusofZNB, Karim M, Baharum 
SN, et al. Antimicrobial activities of Bacillus velezensis strains isolated 

from stingless bee produets against methicillin-resistant Staphylococcus 
aureus. PLOS ONE [Internet], 2021;16:e0251514. https://d0i.0rg/l 0.1371/ 
journal.pone.0251514 (Public LibraryofScience cited 2022 Mar 8).

45. Guo Y, Song G, Sun M, Wang J, Wang Y. Prevalence andTherapies of 
Antibiotic-Resistance in Staphylococcus aureus. Front Cell Infect Micro- 
biol. 2020; 10:107 (Frontiers Media S.A).

46. Wang Y, Rozen DE. Gut microbiota colonization and transmission in the 
burying beetle Nicrophorus vespilloides throughout development. Appl 
Environ Microbiol [Internet], 2017;83:e03250-16. https://d0i.0rg/l0.1128/ 
AEM.03250-16 (American Society for Microbiology).

47. ClementsT, NdlovuT, Khan W. Broad-spectrum antimicrobial activity of 
secondary metabolites produced by Serratia marcescens strains. Micro­
biol Res. 2019;229:126329 (Urban & Fischer).

48 de Sousa LP. Bacterial communities of indoor surface of stingless bee 
nests. PLOS ONE [Internet], 2021 ;16:e0252933. https://d0i.0rg/l 0.1371/ 
journal.pone.0252933 (Public Library of Science cited 2022 Mar 8).

49. Feliatra F, Batubara UM, Nurulita Y, Lukistyowati I, Setiaji J.The poten- 
tials of secondary metabolitesfrom Bacillus cereus SN7 and Vagococ­
cus fluvialis CT21 against fish pathogenic bactéria. Microb Pathog. 
2021 ;158:105062 (Academic Press).

50. Zhu M,Tse MW, Weller J, Chen J, Blainey PC. The future ofantibioties 
begins with discovering new combinations. Ann N Y Acad Sei [Internet]. 
2021;1496:82-96. httpsWdoi.org/IO.1111/nyas.14649 (John Wiley & Sons, 
Ltd cited 2022 Mar 8).

51. Torimiro N, Moshood A, Eyiolawi S. Analysis of Beta-lactamase produetion 
and Antibiotics resistance in Staphylococcus aureus strains. J Infect Dis 
Immun [Internet], 2013;5:24-8 (https://academicjournals.org/journal/ 
JIDI/article-abstract/DF707E55786 Academic Joumals cited 2022 Mar 8).

52. O'Brien J, Wright GD. An ecological perspective of microbial second­
ary metabolism. Curr Opin Biotechnol. 2011 ;22:552-8 (Elsevier Current 
Trends).

53. Qian C, Liu H, Cao J, Ji Y, Lu W, Lu J, et al. Identification of floR Variants 
Associated With a Novel Tn4371 -Like Integrative and Conjugative 
Element in Clinicai Pseudomonas aeruginosa Isolates. Front Cell Infect 
Microbiol. 2021 ;11:542 (Frontiers Media S.A).

54. Langendonk RF, Neill DR, Fothergill JLThe Building Blocks of Antimicro­
bial Resistance in Pseudomonas aeruginosa: Implications for Current 
Resistance-Breaking Therapies. Front Cell Infect Microbiol. 2021 ;11:307 
(Frontiers Media S.A).

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in pub- 
lished maps and institutional affiliations.

Ready to submít your research? Choose BMC and benefit from:

• fast, convenient online submission

• thorough peer review by experienced researchers in your field

• rapid publication on acceptance

■ supportfor research data, including large and complex data types

• gold Open Access which fosters wider collaboration and increased citations

• maximum visibi lity for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

https://doi.Org/l
https://doi.org/10.1051/
httpsWdoi.org/l
https://d0i.0rg/l0.1080/00218
httpsWdoi.org/l
https://doi.org/10.1080/0021883920l61162985
httpsWdoi.org/l
https://www.nature.com/articles/srep2
https://academic.oup
https://d0i.0rg/l
https://d0i.0rg/l0.1128/
https://d0i.0rg/l
https://academicjournals.org/journal/
biomedcentral.com/submissions

