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Abstract: Chemical insecticides may be toxic and cause environmental degradation. Consequently, biological 
control for insects represents an alternative with low ecological impact. In this work, three soil isolates (A21, 
A51 and C17) from different regions of the Cuban archipelago were identified, characterized and evaluated 
against Aedes aegypti and Culex quinquefasciatus. The new isolates were compared with reference IPS82 strain 
and two strains isolated from biolarvicides Bactivec and Bactoculicida, respectively. The differentiation was 
done by morphological, biochemical, bioassays activity and molecular methods (SDS-PAGE, plasmid profile 
and random amplified polymorphic analysis). All isolates were identified as Bacillus thuringiensis. The A21, 
A51 and C17 isolates showed higher larvicide activity than Bactivec’s isolated reference strain, against both A. 
aegypti and C. quinquefasciatus. A21 isolate had a protein profile similar to IPS82 and Bactivec strain. A51 
and C17 isolates produced a characteristic proteins pattern. A21 and A51 isolates had plasmid patterns similar 
to IPS82 standard strain, while C17 isolate had different both plasmid profile and protein bands. All the studied 
isolates showed a diverse RAPD patterns and were different from the strains previously used in biological con-
trol in Cuba. Rev. Biol. Trop. 59 (3): 1007-1016. Epub 2011 September 01.

Key words: Bacillus thuringiensis, biological control, entomopathogenic bacteria, Aedes aegypti, Culex quin-
quefasciatus, SDS-PAGE, plasmid, RAPD.

Vector-borne diseases are one of the major 
public health problems in developing countries. 
Aedes aegypti (A. aegypti) (Diptera: Culicidae) 
is the main vector of Dengue fever and Culex 
quinquefasciatus (C. quinquefasciatus) (Dip-
tera: Culicidae) could be vector of filariasis and 
West Nile encephalitis. Since vaccines are not 
available, the best control methods for these 
diseases are based on vector control. Chemicals 
insecticide applications had led to the emer-
gence and spread of resistance in vectors of 
human diseases and to environmental degrada-
tion (Ben-Dov et al. 1997, Ibarra et al. 2003). 

Consequently, the biological control has been 
accepted as an alternative as part of the integrate 
pest management, with a low environmental 
impact (Nunes & Fiuza 2003). The use of ento-
mopathogenic bacteria like Bacillus thuringien-
sis as larvicides is a viable alternative for insect 
control. Water-dispersible granules based on 
Bacillus thuringiensis serovar. israelensis (Bti) 
has been recommended by World Health Orga-
nization (WHO) for mosquito larvae control in 
container habitats (WHO 2009). 

B. thuringiensis strains have showed 
a wide range of specificity for insects like 
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Lepidopteran, Coleoptera, Hymenoptera, 
Homoptera, Mallophaga and Diptera. Intensive 
screening programs have isolated and char-
acterized B. thuringiensis from soil samples, 
plant surface, dead insects, stored grains and 
aquatic habitats (Bravo et al. 1998, Reyes-
Ramirez & Ibarra 2005, Reyes-Ramirez & 
Ibarra 2008). 

The entomopathogenic activity of this bac-
terium is principally due to the presence of 
proteinaceous inclusions known as insecticidal 
crystal proteins (Cry proteins). These Cry pro-
teins are coded by cry genes harbored in mega-
plasmid and they exhibit a variety of biological 
actions, including cytolitic, haemolytic action, 
in addition to entomocidal activities (Lima 
et al. 2002). 

The detection and identification of wild 
Bacillus spp. isolates may be of great value due 
to highly specific action and with no effect on 
other non-target insects, plants and domestic 
animals (Lima et al. 2002). We identified, char-
acterized and evaluated the insecticidal activity 
of Bacillus environmental isolates from differ-
ent regions of the Cuban archipelago. 

MATERIALS AND METHODS

Strains: Reference strains used in the 
study are listed as below: IPS 82 from the Inter-
national Entomopathogenic Bacillus Centre, 
Institute Pasteur, Paris, France (B. thuringien-
sis serotype H-14). Strains isolated from most 
extensive biolarvicides used in Cuba: Bactivec 
(Labiofam, Cuba; B. thuringiensis serotype 
H-14) and Bactoculicida (powder formulation 
from the former Soviet Union, applied in Cuba 
in eighteen decade).

Native isolates: Soil samples from dif-
ferent regions of Cuba were collected in 
glass flasks. About 1g of soil was cultured in 
10mL of Nutrient Broth for 24h at 30°C with 
orbital shaking at 150rpm. From the culture, 
2mL was taken and heat-shocked in water 
bath at 60°C for 1h. Then the samples were 
spread on Nutrient Agar plates, incubated at 
30°C for 24h and checked for the presence 

characteristic colonies of B. thuringiensis. 
Qualitative evaluation of larvicidal activity 
against A. aegypti was performed in order to 
select the most attractive isolates. Three iso-
lates were taken from: A51, Cayo Largo del 
Sur (198°819’72” N-444°740’29” W); C17, 
Cayo Iguana (201°758’13” N-441°467’14” W) 
and A21, Santiago de Cuba city (171°813’32” 
N-608°837’76” W).

Biochemical and morphological charac-
terization: The microbiological identification 
of the isolates was done by: Gram, lecithinase 
and haemolytic activity, screening for presence 
of parasporal bodies by phase-contrast micros-
copy. Biochemical profile was determined by 
API identification system 50 CHB (Biomer-
ieux, France).

Bioassays: Preparation of active biomass 
(formulations): The isolates and Bactivec strain 
were grown in a fermentation medium based on 
sucrose, bacteriological peptone, yeast extract 
and inorganic salts (MgSO4 12.5mM; MnSO4 
0.05mM; FeSO4 1.2 mM; ZnSO4 1.2mM; 
CaCl2 25mM) at 30°C 48-72h, until the forma-
tion of large amounts of spores and parasporal 
bodies. The World Health Organization dose-
response assay protocol was used to evaluate 
the susceptibilities of A. aegypti and C. quin-
quefasciatus to liquid formulations based on 
A21, A51 and C17 isolates (WHO 1999). The 
bioassays were undertaken by placing groups 
of 25 late 3rd instar larvae in 100mL of distilled 
water in 125mL plastic cups with the desired 
concentration of the bacterial formulations. 
At least five concentrations giving mortality 
between 10 and 90% were tested and mortality 
was recorded at 24h. Four replicated per dose 
were performed. Bioassays were replicated 
on at least three different weeks. Fifty lethal 
concentrations (LC50) was determined using 
Log-probit analysis with a program indicat-
ing means and standard error (SE). The LC50 
were expressed in mg/L. A strain isolated from 
biolarvicide Bactivec was used as reference for 
comparing the results of bioassays.
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Protein electrophoresis (SDS-PAGE): 
The isolates were grown in nutrient broth 
(BioCen, Cuba) at 30°C ± 1°C under 175rpm 
agitation for 48-72h or until cellular lysis with 
releases spores and δ-endotoxin crystals. The 
suspensions were centrifuged (10 000g for 
20min) and the pellets were washed twice with 
NaCl 1M and distilled water. The pellet was 
resuspended in 100µL of distilled water and 
100µL of sample buffer (Tris-HCl 500 mmol/L 
pH 6.8, 10% SDS, 4% 2-Mercaptoethanol, 8% 
Glycerol, 0.1% Bromophenol blue) and boiled 
at 100°C for 6min.

The protein profiles of the crystal com-
ponents were determined through Sodium 
Dodecyl Sulfate (SDS)-Poliacrilamide gel elec-
trophoresis (PAGE) (Laemmli & Favre 1973) 
with 10% Acrylamide separating gels. Ten µL 
of each sample were loaded onto gel immedi-
ately before electrophoresis.

Plasmid DNA analysis: Each strain was 
cultured in 50mL Luria-Bertani (LB) broth 
(Merck), to an optical density at 600nm of 0.9 
to 1.1 at 30°C and 250rpm shaking. Vegetative 
cells were centrifuged at 20 200g for 15 min at 
4°C. Each pellet was resuspended in 20mL cold 
TES buffer (30mM Tris base, 5mM EDTA, 
50mM NaCl; pH 8.0) and centrifuged under 
the same conditions. Cells were resuspended 
in 2mL lysis buffer (TES buffer containing 
20% Sucrose, 2mg/mL Lysozyme, and 1µL/
mL of RNase from a 10mg/mL stock solution) 
and incubated at 37°C for 3h. The spheroplast 
suspension was supplemented with 3mL of 8% 
SDS in TES buffer and incubated at 68°C for 
10min. Then, 1.5mL of 3M Sodium acetate 
(pH 4.8) was added, and the suspension was 
incubated at -20°C for 30min. The suspension 
was centrifuged at 20 200g for 20min at 4°C. 
The supernatant was translucent; if it was not, 
another centrifugation was done, and ultimate-
ly, if still required, it was filtered. Two volumes 
of cold absolute ethanol were added to the 
supernatant and incubated overnight at -20°C. 
Plasmid-enriched DNA was centrifuged at 20 
200g for 20min at 4°C. Each pellet was dis-
solved in 100µL Tris-EDTA (pH 8.0) (10mM 

Tris-HCl, 1mM EDTA) and stored at -20°C 
until further use. 

In order to visualize the plasmid pat-
tern from each strain, 10µL of each plasmid-
enriched DNA solution was loaded, along with 
the analytical marker DNA wide range (Prome-
ga), in 0.5% agarose gels (12 by 15cm) with 1x 
Tris-borate-EDTA buffer (45mM Tris-borate, 
1mM EDTA), Ethidium bromide at 0.5µg/mL 
and run at 2V/cm for 20h. All gels included the 
plasmid preparation from IPS82 strain as a ref-
erence and strains isolated from biolarvicides 
Bactivec and Bactoculicida (Reyes- Ramírez 
& Ibarra 2008).

Random amplified polymorphic DNA 
(RAPD) analysis: Bacterial cells were grown 
overnight in 5mL of LB broth at 28°C with 
shaking. One mL of the culture was transferred 
to another tube with 2mL of Nuclisens lysis 
buffer. DNA extraction was performed follow-
ing the instructions for Nuclisens Magnetic 
extraction (Biomerieux, France).

RAPD test was performed using nine 
primers (8, 10, 11, 12, 14, 15, 16, 17 and 18) 
from OPA Kit A (Operon Technologies, USA). 
Each polymerase chain reaction (PCR) reac-
tion (20mL final volume) contained 1mL of 
DNA, 0.25pmoles of each primer, 10mmol/L 
of dNTPs, 1.5mmol/L MgCl2 and 1U Taq DNA 
polymerase (Promega, USA). DNA amplifica-
tion reactions were performed in a DNA ther-
mocycler PCT-150 (MJ Research, Inc, USA) 
programmed as follows: 2 min at 95°C, fol-
lowed by 35 cycles composed of 30 s at 95°C, 
1 min at 30°C, 2 min at 72°C and a final exten-
sion of 5 min at 72°C.

Amplified product were analyzed in 1% 
agarose gel in Tris Borate EDTA (TBE) with 
ethidium bromide and compared with the 
molecular markers l HindIII (Promega, USA) 
and Gene Ruler 100 pb DNA ladder plus (Fer-
mentas, Lithuania).

Each band produced in the RAPD reac-
tions were considered as an individual charac-
ter (present or absent).

The results of API identification system 
50 CHB and RAPD analysis were transformed 
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into binary matrixes (1/0) and evaluated with 
the bioinformatic program Multivariate sta-
tistic package (MVSP 3.1) (Kovach company 
services, UK). Profile analysis was performed 
based on the calculation of the matching simi-
larity coefficient (Jaccard coefficient), used 
to establish the similarity matrix. This matrix 
was transformed into a phenogram using the 
unweighted pair group method (UPGMA).

RESULTS

Biochemical and morphological char-
acterization: The three isolates were Gram 
positive rods, lecithinase positive, showed hae-
molytic activity in blood agar and produced 
spores in oval way. Biochemical test results 
of A21, A51, C17 isolates and the reference 
strain IPS 82 are shown in Table 1. Based on 
the biochemical characteristics, the A21, A51 
and C17 isolates had compatible patterns with 
Bacillus cereus. Morphological observation 
under phase-contrast microscopy showed a 
single ovoid parasporal crystal, so the three 
strains were identified as B. thuringiensis. A21, 
A51 and C17 isolates showed a similarity coef-
ficient to 0.90, 0.83 and 0.76, respectively, in 
relation to the reference strain.

Bioassays: Summary of data obtained 
from the series of bioassays using a WHO pro-
tocol (WHO 1999) is shown in Table 2. All the 
native isolates showed a better CL50 against 
both A. aegypti and C. quinquefasciatus than 
reference strain (Bactivec). 

SDS-PAGE analysis: The SDS-PAGE of 
spore-crystal suspensions of selected isolates 
is shown in Fig. 1. Each isolates produced a 
characteristic band pattern easily identified by 
the position of the major protein bands. The 
patterns were reproducible for the replicates 
of the strains in different gels. A21 had a pro-
tein profile similar to that reported for IPS82 
(Ibarra et al. 2003) and Bactivec strain, with 
major proteins of 137, 70, 30, 28 and 18kDa. 
In the parasporal inclusions of A51 isolates a 
number of polypeptides with molecular masses 

TABLE 1
Biochemical profiles of A21, A51 and C17 isolates 

compared with the reference strain IPS82

Test A21 A51 C17 IPS82
Glycerol - - - -
Erythritol - + - -
D-arabinose - - - -
L-arabinose - - - -
Ribose + + + +
D-xylose - - - -
L-xylose - - - -
Adonitol - - - -
Methyl xyloside - - - -
Galactose - - - -
Glucose + + + +
Fructuose + + + +
Mannose + + + +
Sorbose - - - -
Rhamnnose - - - -
Dulcitol - - - -
Inositol - - - -
Mannitol - - - -
Sorbitol - - - -
Methyl-mannoside - - - -
Methyl –glucoside - - - -
N-acethyl-glucosamine + + + +
Amygdalin - - - -
Arbutin + + + -
Esculin + + + +
Salicin - - + -
Cellobiose - - - -
Maltose + - + +
Lactose - - - -
Melobiose - - - -
Sucrose - - + -
Trehalose + + + +
Inulin - - - -
Melizitose - - - -
Raffinose - - - -
Starch + + + +
Glycogen + + + +
Xylitol - - - -
Gentobiose - - - -
Turanose - - - -
D-lyxose - - - -
D-tagose - - - -
D-fucose - - - -
D-arabitol - - - -
L-arabitol - - - -
Gluconate - - - -
2 Ketogluconate - - - -
5 Ketogluconate - - - -
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of 18-137kDa were observed. C17 had dif-
ferent protein bands of 100, 85, 75, 52, 26 
and 18kDa, with a major band to 26kDa. The 
electrophoretic gel patterns of A51 and C17 
isolates were different to IPS82, Bactivec and 
Bactoculicida strains.

Plasmid profile: Fig. 2 show the plasmid 
profile of all B. thuringiensis strains included in 

this report. All strains had more than one plas-
mid. Megaplasmids were observed over chro-
mosomal DNA. However, their poor migration 
into agarose gel made difficult the discrimina-
tion. But the plasmid migrating under chromo-
somal DNA allows us the comparison between 
the strains. A21 and A51 showed the same plas-
mid patterns to IPS82, but different to Bactivec 
and Bactoculicida strains. Moreover, C17 had a 
distinctive plasmid pattern.

RAPD analysis: The used of OPA primers 
produced a range of 2 to 11 bands, allowing 
to conform at least four different groups per 

TABLE 2
Data obtained in bioassays using late 3rd instar larvae of Aedes aegypti and Culex quinquefasciatus 

to determine the toxicity of B. thuringiensis isolates

Isolates Aedes aegypti
CL50 (IC 95%)

Culex quinquefasciatus
CL50 (IC 95%)

A21 0.04103 mg/mL (0.03208-0.05324) 0.01331 mg/mL (0.1005-0.01824)
A51 0.03073 mg/mL (0.01769-0.05116) 0.00374 mg/mL (0.00326-0.0043)
C17 0.1313 mg/mL (0.10025-0.17551) 0.01193 mg/mL (0.00870-0.01642)

Bactivec 0.43389 mg/mL (0.38188-0.51487) 0.05017 mg/mL (0.02128-0.07461)

Fig. 1. SDS-PAGE of crystal inclusion proteins from 
mosquitocidal B. thuringiensis. M Broad Range Protein 
Molecular Markers (Promega) (in kilodaltons), lane 1, 
B. thuringiensis serovar. israelensis IPS 82; lane 2, A21; 
lane 3, Bactivec isolates; lane 4, C17; lane 5, A51; Lane 6, 
Bactoculicida isolates.

Fig. 2. Plasmid patterns from Bacillus thuringiensis: Lane, 
1 B. thuringiensis serovar. israelensis IPS 82; Lane 2, A21; 
Lane 3, A51; Lane 4, C17; Lanes 5; Bactivec strain; Lane 
6, Bactoculicida strain. The M lane contain Analytical 
Marker DNA wide Range (Promega) (in pb).
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primer. RAPD reactions with OPA 8 and OPA 
12 primers yielded characteristic products of 
4-6 bands ranging from 180 to 1800pb. In both 
cases, four different patterns were observed. 
Besides with OPA 10, 11, 14, 15, 16 and 17 
primers five RAPD patterns were found. In 
contrast, OPA 18 primers exhibited six differ-
ent patterns (Fig. 3). In general, the OPA 8, 
11, 12, 16, 17 and 18 primers showed a better 
discriminatory power (Fig. 3).

A21 and A51 isolates showed the same 
electrophoretic patterns of IPS82 strain with 
OPA 8 and OPA 12 primers, but C17 isolate 
revealed a genetic distance of 0.22 with OPA 
8 and 0.042 with OPA 12. On the other hand, 
A21 isolate and IPS82 showed identical RAPD 
pattern with the primers OPA 11 and 17, but 
A51 isolate varied the genetic distance from 
0.90 (with OPA 11 primer) to 0.536 (with OPA 
17 primer). The C17 isolate stayed distant of 
the control with the former primers (0.13 with 
OPA 11 and 0.35 with OPA 17). The obtained 

results with remain primers (OPA 10, 14, 15, 
16 and 18) showed that A21 and A51 isolates 
increased the genetic distance in relation to 
the control. However, C17 isolate maintained 
a larger distance from them. With all used 
primers the three isolates were genetically 
distant from the biolarvicides Bactivec and 
Bactoculicida.

The complete RAPD patterns were used 
to create the first dendrogram, where A21 and 
A51 isolates showed a similarity of 0.76 and 
0.73 with the control strain. C17 isolate had 
genetic differences with the other isolates (Data 
no shown).

The second dendrogram was built based 
on fragments generated by OPA 8, 11, 12, 16, 
17 and 18 primers and suggested that A21 
isolate is closer than IPS82. A51 isolate and 
IPS82 strain showed a 0.74 of similarity. On 
the contrary, C17 isolate results emphasize 
its dissimilarity with the other isolates and 
strains (Fig. 4).

Fig. 3. RAPD profiles of Bacillus thuringiensis isolates. (A) lane 1-6  OPA 17 primer, lane 7-12, OPA 18 primer; lane 1 and 
7: reference strain IPS 82, lane 2 and 8: Bactoculicida, lane 3 and 9: Bactivec, lane 4 and 10: A21, lane 5 and 11: A51, lane 
6 and 12: C17. (B) lane 1-6  OPA 15 primer, lane 7-12, OPA 16 primer; lane 1 and 7: reference strain IPS 82, lane 2 and 8: 
Bactoculicida, lane 3 and 9: Bactivec, lane 4 and 10: A21, lane 5 and 11: A51, lane 6 and 12: C17, M: Molecular weight 
markers- l Hind III plus Gene Ruler 100pb.
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DISCUSSION

The characterization of microorganisms is 
essential for microbial ecology studies. Clas-
sification, identification and differentiation 
of microbes have traditionally relied on test 
based on phenotypic characteristics (Porcar et 
al. 1999). The phenotypic methods used for 
classifying B. thuringiensis, H-serotyping and 
biochemical characters, have both contributed 
to the establishment of an useful classification 
(Iriarte et al. 2000, Khyami-Horani et al. 2003). 

Here we report the identification and char-
acterization of three Cuban Bacillus isolates 
with larvicidal activity against A. aegypti and 
C. quinquefasciatus. There are previous stud-
ies in Cuba about native Bacillus isolates, but 
focused on agricultural pest management (Car-
reras & Piedra 2009).

We have demonstrated that A21, A51 and 
C17 isolates share most of the phenotypic fea-
tures of B. thuringiensis strains previously clas-
sified (Lecadet et al. 1999, Porcar et al. 1999, 
Iriarte et al. 2000). The numerical analysis 
of biochemical patterns showed that A21 and 
A51 were closer related to reference strain than 
C17. The biochemical pattern compatible with 
B. cereus (by API 50 CH) and the presence of 

ovoid parasporal inclusion, allow us to classify 
the isolates as B. thuringiensis. However, there 
are not enough evidences for differentiation of 
these isolates by these methods.

In the biological assays, the isolates 
showed more efficacies against A. aegypti and 
C. quinquefasciatus than the B. thuringiensis 
strain currently used in a program of mosquito 
control in Cuba (biolarvicide Bactivec) (Table 
2). A51 isolate had a better entomopathogenic 
activity of all strains. Interestingly, C17 had 
poor activity against A. aegypti; the LC50 
against C. quinquefasciatus was eleven times 
higher than against A. aegypti. 

These data are in agreement with the 
expected protein composition observed in the 
SDS-PAGE analyses. A21 isolate showed a 
high similarity with the control strain IPS82 
and Bactivec, by mean of mosquitocidal pro-
tein profile. This isolate showed proteins com-
mon in B. thuringiensis serovar israelensis 
strains (Porcar et al. 1999, Ibarra et al. 2003, 
Sreshty et al. 2010). 

Analysis by protein profile of A51 revealed 
the presence of polypeptides with molecular 
masses of 18 to 137kDa. The 28kDa polypep-
tide is produced in low levels poorly visualized 
in SDS-PAGE compared with the control IPS82 

Fig. 4. Dendrogram of similarity based on RAPD patterns for A21, A51 and C17 isolates, reference strain IPS82, Bactivec 
and Bactoculicida with OPA 08, 11, 12, 16, 17 and 18 primers, using the Jaccard coefficient and UPGMA.

C17

Bactoculicida

Bactivec

A51

A21

IPS

0.04 0.2 0.36 0.52 0.68 0.84 1

Jaccard’s Coe�cient
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and Bactivec. The proteins from C17 were dif-
ferent from A51 and A21; three of them (100, 
75 and 26kDa) have been described as active 
against mosquitoes (Ibarra et al. 2003).

The C17 isolate also had singular plasmid 
profile. On the other hand, the size of the plas-
midic bands of A21 and A51 isolates were in 
the range described for other B. thuringiensis 
serovar israelensis strains previously analyzed 
(González & Carlton 1980, Porcar et al. 1999, 
Reyes-Ramirez & Ibarra 2008). 

Molecular methods have emerged as the 
most rapid reliable and simple alternatives to 
characterize and differentiate microorganisms 
(Rademarker et al. 2005). 

Genotyping of bacteria using PCR based 
methods, such as RAPD analysis is a com-
monly used approach for strain typing because 
it is economic, fast and simple (Malkawi et al. 
1999, Romero & Orduz 2002, Rivera & Priest 
2003, Vilas-Bôas & Lemos 2004, Arango et al. 
2002). These methods also allow distinguish-
ing isolates from commercial strains of B. 
thuringiensis (Brousseau et al. 1993, Fredirek-
sen et al. 2006).

The combination of classical and molecu-
lar methods helps us to group the isolates and 
give more details than a single classification 
method. The bioinformatic analysis of the 
RAPD fingerprints using the most discrimina-
tory primers helped to differentiate the native 
isolates from the used control strains.

We found that A21 was closer related to 
IPS82 strain than A51 and C17 isolates. Inter-
estingly, the most genetically related isolates 
(A21 and A51) were obtained from distant 
geographical regions of Cuban archipelago 
(617km). Both, Santiago de Cuba and Canarre-
os archipelago have similar weather conditions 
and share most of the mosquito’s species, 
including C. quinquefasciatus (González 2006). 

In contrast, C17 and A51 were isolated 
from close geographical keys of the same archi-
pelago (separated by 4.4km) but showed great 
phenotypic and genetic differences.  Although 
these small keys had been treated for years 
with B. thuringiensis for larvicide, it was dem-
onstrated that all isolates were different from 

the commercial strains present in the microbial 
larvicides used in Cuba.

In conclusion, the new isolates showed 
a strong activity against A. aegypti and C. 
quinquefasciatus. Due to their distinctive char-
acteristics C17 and A51 isolates are great can-
didates for the development of new larvicide 
formulations. The isolation of native strains 
with activity against pests, gives us new tools 
to be introduced into the mosquito management 
program. This will decrease the disturbance of 
ecosystem balance through reducing the release 
of chemical pesticides or other exogenous bio-
logical products.

RESUMEN

El uso prolongado de insecticidas ha conducido al 
desarrollo de resistencia en diferentes especies de mosqui-
tos y al incremento de la degradación del ambiente. El con-
trol biológico de insectos ha devenido como una alternativa 
útil y de bajo impacto ambiental. En nuestro estudio fueron 
identificados, caracterizados tres aislamientos de suelos 
procedentes de diferentes regiones del archipiélago cubano 
y comparados con cepas de referencia: aisladas de los 
biolarvicidas Bactivec y Bactoculicida, además de IPS82. 
La diferenciación de los mismos se llevó a cabo mediante 
métodos morfológicos, bioquímicos y moleculares (SDS-
PAGE, perfil plasmídico, RAPD). Los aislamientos fueron 
identificados como Bacillus thuringiensis; A21, A51 y C17 
mostraron una mayor actividad contra larvas de Aedes 
aegypti and Culex quinquefasciatus que la cepa aislada del 
biolarvicida Bactivec, utilizada como referencia en este 
estudio. Dos de los aislamientos poseían perfiles proteicos 
y plasmídicos similares al de la cepa control IPS82, pero 
el restante difería de ellos. Los tres mostraron patrones de 
RAPD diferentes lo que nos permitió su diferenciación. 
Estos patrones de RAPD también diferían del observado 
para las cepas utilizadas comúnmente en el control bioló-
gico en nuestro país.

Palabras claves: Bacillus thuringiensis, control biológico, 
bacterias entomopatógenas, Aedes aegypti, Culex quinque-
fasciatus, SDS-PAGE, plásmidos, RAPD.
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