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In this study, the environmental factors affecting the increase of erythromycin and tetracycline resistance were 

investigated. Samples have been collected from manure and soil, before and after manure application at four 

sampling times. All of the 213 bacteria were belonged to 4 different phylum, Proteobacteria, Bacteroidetes, 

Actinobacteria, and Firmicutes, identified based on BLAST results. Class-specific primers were used to amplify 

each of the six erythromycin resistance genes [erm(A), erm(B), erm(C), erm(F), erm(G), and erm(Q)] and seven 

tetracycline resistance genes [tet(C), tet(H), tet(Z), tet(M), tet(O), tet(Q), and tet(W)] for 46 tetracycline and 18 

erythromycin resistant isolates. The majority of the tetracycline resistant (Tcr) isolates were present in the 

Proteobacteria in soil. Twenty of isolates, representing 14 different genera, were positive for Tcr genes. Only 

two isolates possessed erm(Q) gene. This study is the first to describe the presence of tet genes in members of the 

genera Simplicispira and Agrococcus. Further, nine genera that possessed new tetracycline resistance genes 

which were not documented before and new combinations of tetracycline genes in Simplicispira and 

Burkholderia were identified as well. DNA sequence analysis of a selected tetracycline resistance genes revealed 

that tet(Z) genes were identical. Thus, the demonstration of the diversity of tetracycline and erythromycin 

resistant bacterial isolates, and identical resistance genes in both soil and manure isolates in soil and manure 

constitutes the initial phase of linking the antibiotic use with the spread of resistance to the environment.  
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Bacillus thuringiensis (Bt) is a sporogenic bacterium that produces characteristic crystalline inclusions (Cry 

proteins), during sporulation. Each strain shows its specific activity against larvae of different insect and also 

some nematode pests. Because of its specificity, Bt has been widely recommended for biological pest control. 

Even with the development of genetically modified plants, that could produce Bt-activated toxins, the screening 

of new toxic Bt species is still needed, looking especially for active species against the most resistant pests. A 

technical cooperation program Brazil-Cuba, funded by the Brazilian Council for Scientific and Technological 

Development (CNPq), supported studies in order to characterize new Bt strains of Brazil and Cuba interest.

In this work, the crystal morphology and Cry protein composition of twelve Bt strains, isolated from Cuban 

environment and maintained at INISAV Culture Collection, were analyzed. Their biological activities were 

evaluated in vitro against Spodoptera frugiperda (a very aggressive insect and also very resistant to the Bt toxin), 

Anticarsia gemmatalis (very sensitive to Bt toxin), and eggs of the nematode Meloidogyne incognita. Brazilian 

and Cuban methodologies for bioassay were utilized, integrating efforts and expertise of both countries. 

The insect bioassays showed that two Bt strains were highly active against S. frugiperda and A. gemmatalis

(100% mortality within 48h), while eight showed activity just against A. gemmatalis, and two showed no activity 

at all.

Regarding nematicidal effects, six strains interrupted the development of egg masses, some of which appeared 

necrotic. There were different behaviors regarding nematode infectivity after treatment with each Bt strain, but 

all treatments resulted in nematostatic and disorientation effects with a marked reduction of the nematode 

infectivity, under the experimental conditions. 

Regarding the Cry protein profile by SDS-PAGE, most of the strains showed proteins of 130 kDa and 70kDa, 

and one of them showed just proteins of 130kDa. 

The scanning electron micrographies as well as the morphology, size and number of the inclusions showed 

variations amongst the different Bt strains, as expected. Literature shows that the morphology of Bt crystals is not 

an absolute indicator of its insecticidal activity but, instead, represents an important criteria for characterization 

of a new strain. Bipyramidal and cubic inclusions were observed in the strains tested.

Based on the results obtained the two most virulent strains against insects and the most promissory nematicidal 

(at least two) will be further studied for mass production and formulation as a biopesticide. Further studies will 

be developed in order to clarify if the nematicidal activity could be attributed to a specific fraction 

(supernatant/precipitated; thermostable / thermosensitive) of the fermentation broth. 
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