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Chemical ecology studies are needed to better understand the relationships 
between species and how the production of secondary metabolites 
influences these associations. The symbiotic relationship between insects, 
fungi and bacteria has been investigated and new findings in the area have 
shown how these relationships have evolved and which substances are 
involved in this co-operation. It is known that ants, termites, and bees have a 
symbiotic relationship with fungi and bacteria, which produce products of 
potential pharmacological or agricultural importance. The search for new 
natural products in this area is not only to find potential antibiotics, but to 
evaluate if these substances have other biological effects/activities, such as 
anticancer, antileishmania and antichagasic. Often through structural 
elucidation, one can recognize potential hits or drug prototypes. Moreover, 
most of the antifungal and antibacterial agents have originated from natural 
products or are analogues thereof. The need for new strategies to obtain 
antibiotics is urgent, since resistance is one of the main factors of mortality 
in patients treated with this type of medication. Analyzing this symbiotic 
relationship among living beings, it seems to be an innovative strategy to 
seek new medicines. 
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INTRODUCTION 
 
Natural products 
 
Usually, there is the erroneous assumption that natural 
products are composed solely produced by plant species. 
However, any compound produced by a living being should 
be considered as a natural product. It has subsequently 
been discovered that endophytic fungi produce taxol, 
camptothecin, podophyllotoxin, vinblastine, and vincristine 
(Cragg et al, 2009). This knowledge brought clear evidence 
of symbiosis between microorganisms and plants, and new 
expectations of the commercial possibilities of using genetic 
engineering for the large-scale production of these 
compounds, and may even make them more accessible to 
the population with lowered costs. 

Several   researchers   have   investigated  the  symbiotic 

relationships in the marine environment, in inhospitable 
regions and even soil (Mouad et al., 2016; Cragg et al., 
2009). However, the study of microbiota in invertebrates is 
recent. The symbiotic relationships between bacteria, fungi 
and insects have been well described by Currie and Clardy 
group (Carr et al, 2012; Poulsen et al., 2011, Poulsen, 2010) 
utilizing colonies of ants, termites, beetles and wasps. 
Several novel natural products and some already known 
ones have been identified in symbiotic microorganisms of 
social insects, demonstrating how promising this research 
area is, since   insects    constitute a    large    class   of      the  

Arthropoda Phylum, being the largest group of animals in 
species. 
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Symbiosis 
 
The term symbiosis means a reciprocal association of two 
or more different organisms that allow one to live with 
mutual benefit (Blass, 1996). There are several studies 
demonstrating these types of associations between animals, 
plants and microorganisms. However, little is known about 
the mechanisms of interactions (Ramadhar et al., 2014; 
Carr et al., 2012; Gasparini et al., 2008; Nogueira-Neto, 
1997). Symbiotic relationships in insects are usually 
associated with improvements in the nutritional factor of 
their food, with increased defense against pathogens and 
protection of the litter. 
 
Insect association with microorganisms 
 
Fungi seem to play a key role in the contribution of sterols 
and sugars, whereas the bacteria would be more related to 
amino acids (Gibson, 2010). However, the study of 
symbiotic relationships between insects and fungi is 
relatively difficult due to the fungal nomenclature of new 
species, in contrast to bacteria, which appear to be easier to 
name (Gibson, 2010). Fortunately, molecular biology has 
facilitated the study of these Species, helping to identify 
them and their better understanding of evolution. 

Usually the fungus is food for the insect and the insect 
supplies raw materials for the fungus. The pathogen 
threatens the fungus food, compromising the viability of 
social insect nests. Mutual bacteria produce antibiotics to 
suppress the pathogen and the insect provides nutrients 
and transports these bacteria. This is a classic example of a 
triple symbiosis, best described for the ants farmer. Several 
unpublished natural products have been identified from 
microorganisms symbionts of social insects, demonstrating 
how promising this area of research is. 

Fungi are also associated with insects and have been well 
studied with ecto and endosymbiosis of fungi with garden 
ants, termites, wasps and beetles (Ramadhar et al., 2014; 
Carr et al., 2012). In the same way as this cooperation with 
which these types of societies normally are common in 
nature, often infectious diseases can wipe out whole nests 
much more quickly than if they do not live in the symbiotic 
community (Cremer et al., 2007). 

Nogueira-Neto (1997) shows that Neotydeolus 
therapeutikos mites "protect" as hives of stingless bees 
against an unidentified fungus until then, decreasing the 
mortality of the young. Some authors suggest that certain 
species of mites aid bees in cleaning nests and even in 
controlling other species of mites (Menezes et al., 2009). 

Bacteria of the genus Bacillus and yeasts of the genus 
Candida appear to be associated with the process of 
transformation of the pollen into the nests of stingless bees, 
improving their nutritional quality (Rosa et al., 2003). 
Lactobacillus spp. inhibit pathogenic microbes, lower pH 
levels and produce secondary metabolites(Vojvodic et al., 
2013; Cano et al., 1994).These bacteria reside in the 
worker's intestines for most of the adult life of bees. Eggs, 
pre-pupae and   pupae   that   were   not   colonized by these  

 
 
 
 
bacteria were more fragile than those that came into 
contact with the colony at a younger age (Cano et al., 1994). 

Buchner, cited in the works of Gibson and Hunter 
(Gibson, 2010),  already suggested in 1965 that fungi, in 
addition to bacteria, could improve the nutrition of insects 
with deficient diets or improve the defense system, by 
producing secondary metabolites that inhibit pathogenic 
fungi. 

It has been observed that the bacteria are 
endosymbiotically associated (internal symbiosis) in their 
host, whereas the fungi seem to be more related to 
ectossymbiosis (external symbiosis) (Feldharr, 2009; 
Evans, 2006). Thus, bacteria normally have a vertical 
transmission, whereas The fungi, horizontal. 

Most of the bacteria found in bees do not appear to be 
pathogenic, usually being alpha, beta, gamma-
proteobacteria (Feldharr, 2009; Evans, 2006). The study of 
the genome of the various bacterial species allows new 
mechanisms of maintenance and growth of microbes and 
their hosts. The bees' larva stage appears to be the stage 
most susceptible to invasion of pathogens (Forsgren et al., 
2010; Feldhaar, 2009). 

Bacot, cited in Steinhauss (Steinhauss, 1940) studied the 
bacteria of the gastric tract of fleas and found that bacterial 
"infection" in the larval phase is essential for its 
metamorphosis and subsequent survival in adulthood. In 
1906, Bogdanow proposed that bacteria were 
indispensable for the growth and development of certain 
insects and that sterile larvae or sterile foods would impair 
their metamorphosis. Previous studies by Evans have 
identified four species of symbiotic bacteria with 
bacteriostatic effects against the most virulent and 
pathogenic bacteria of bees: Paenibacillus larvae larvae 
(Evans, 2006). Bacteria found in the intestines of bees 
(Actinobacteria) have been shown to have antibiotic 
activity, inhibiting human gram-positive bacteria, except E. 
coli (Patil et al., 2010). 
 
Actinobacteria and metabolites 
 
Actinobacteria are present in several habitats and include 
genera such as Streptomyces and Nocardia. It is known that 
Streptomyces is one of the largest producers of antibiotics 
and that normally honey produced by bees has 
antimicrobial activity for gram-positive, which may open a 
range of studies to evaluate the symbiotic activity of 
products produced by bees (waxes, propolis , honeys) with 
bacteria and fungi. 

Acromyrmex echinatior leaf-cutting ants also establish a 
symbiotic relationship with the fungus Leucoagaricus 
gongylophorus and with actinobacteria of the genera 
Pseudonocardia and Streptomyces. Antimicines A1-A4, 
valinomycin and actinomycins D and X2 were identified 
from Streptomyces species in association with leaf-cutting 
ants and have antibiotic activity related to protection of 
Ants against pathogens (Schoenian et al., 2011). Another 
species of ant cutter, Acromyrmex octospinosus, also has a 
symbiotic    relationship     with     fungi     of      the       genus  



 
 
 
 
Leucoagaricus, grown in nests as a food source, and with 
actinobacteria of the genus Streptomyces. Several species 
Streptomyces spp. Produced the macrolide antibiotic, 
Candicinin D, which, along with other antibiotics produced 
by these actinobacteria, should assist in the control of 
pathogenic fungi that may cause fungal death Leucoagaricus 
sp (Haeder et al., 2009). 

Wasps also establish symbiotic relationships with 
microorganisms. Streptomyces sp., Isolated from the 
Sceliphroncae mentarium wasp, produces the macrocyclic 
polyene escelifolactam, substance with antifungal activity 
against amphotericin B (Oh et al., 2011) resistant Candida 
albicans. Other metabolites, belonging to different chemical 
classes, were also identified from the symbiosis between 
Streptomyces sp. and the species of Sceliphroncae 
mentarium and Chalybion californicum wasps (Poulsen et 
al., 2011). Wasps Philanthus spp. cultivate specific symbiont 
bacteria Streptomyces spp. which are incorporated into the 
cocoon for protection against pathogens.  

The identification of antibiotic substances produced by 
these actinobacteria, such as streptocorycin, piericidin A1, 
piericidin B1, glucopiericidin A, piericidin A5, piericidine 
C1, piericidine B5 and piericidine IT-143-B, indicates that 
this relationship guarantees the survival of the wasps by 
protecting the larvae in the cocoon against pathogens 
(Kroiss et al., 2010). Another study, a species of 
Streptomyces sp., a symbiont of the beetle Dendroctonus 
frontalis, is responsible for the production of micangimicin, 
which has a growth antagonistic action against the fungus 
Ophiostoma minus, which is a natural competitor of the 
fungus Entomocorticium Sp., The latter in turn has an 
important protective function during the development of 
beetle larvae D. frontalis (Oh et al., 2009; Scott, 2008). 
 
 
CONCLUSIONS 
 
The discovery of penicillin has broadened the view that 
microbiology could be an interesting source of antibiotics, 
anticancer, anti parasitic and antiviral drugs, and is an 
interesting ecological study. This knowledge has brought 
clear evidence of the symbiosis between microorganisms 
and plants, as well as new expectations of the commercial 
possibilities of using genetic engineering for large-scale 
production of these compounds, and may even make them 
more accessible to the population and with a different 
price. Several researchers have investigated the symbiotic 
microbiota in the marine environment, in inhospitable 
regions and even the soil (Mouad et al., 2016; Cragg et al., 
2009).  

The examples presented illustrate the new chemical 
diversity that can be discovered with the study of symbiotic 
insect microorganisms. Furthermore, this study can clarify 
the functions of natural products in mediating interactions 
between symbiotic and pathogenic insects and 
microorganisms through antimicrobial bioassays, 
contributing to the area of chemical ecology. As a result of 
the ecological function of these natural products, it  is  to  be  
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expected that they may also present pharmaceutical and or 
agrochemical applications. Therefore, in studies with this 
approach, it is important that the isolated and identified 
natural products are also submitted to biological and 
pharmacological tests, and a possible contribution to 
several areas (including medicinal chemistry) can be 
foreseen.  
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