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ABSTRACT. For the identification of endemic species of Bacillus in agricultural and forest ecosystems
of Georgia, infected and healthy individuals of Colorado Potato Beetle – Leptinotarsa decemlineata Say
and caterpillars of the Mottled Umber - Erannis defoliaria Clerrck were collected at different larval
stages. Ten of the 20 isolates (BZ1, BZ2, BZ3, KM1, KM2, KM3 , KM4, KM5, KM5 (1), M5 (2)) were
Gram positive. For the evaluation of spore formation isolates were cultivated in nutrient broth and on
Selective media and were analyzed under the microscope. For the purpose of establishing the formation
of crystal proteins the proteinaceous range of gram positive isolates was studied by SDS-PAGE. Isolates
- BZ1, BZ2, KM1, KM2, KM3, KM4, KM5, were found to have high protein content which ranged in size
between 130 kDa and 66 kDa. Microscopic analysis revealed the existence of spores in KM2, KM3 and
KM5 isolates. For the purpose of identifying crystal inclusions these isolates were transferred into
selective media. A 24- hour microscopic analysis of culture did not show the existence of any crystal
inclusions. © 2016 Bull. Georg. Natl. Acad. Sci.
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Bacillus thuringiensis (Bt.) is an insecticidal,
gram-positive and spore forming bacterium charac-
terized by the production of  insecticidal crystal bod-
ies during the sporulation phase, called ́ -endotoxins
and are highly specific to their target insect,  belong-
ing to the order Coleoptera, Lepidoptera and many
species of other order [1]. For these reasons there is

currently great interest in isolating novel endogenous
strains of B. thuringiensis with either unique host
specificity or elevated toxicity from the environment
[2-4]. The objectives of this research was to find and
identify a new toxic Bacillus isolate from spreading
sites of the insects Colorado Potato Beetle –
Leptinotarsa decemlineata Say and the Mottled
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Umber - Erannis defoliaria Clerrck and also to study
the total protein spectrum of those by SDS-PAGE
analysis.

Material and Methods

Collection of insects
Adults and larvae of L. decemlineata ( I-V instars)
were collected from potato fields in Kumisi,  and cat-
erpillars of  E.defoliaria  (III-V instars) were collected
from Bazaleti foliage forest Georgia 2014.

Media and cultivation conditions.
For the isolation of Bacillus strains the Nutrient agar
(Difco), nutrient broth, Luria Broth (LB) and Selec-
tive media were used. All the isolates were incubated
at 30°C for 48hrs prior to further analysis.

Isolation of Bacillus isolates from insects
Approximately 0.5 g of insects were suspended in 10
ml of sterile distilled water and were mixed vigorously
by vortexing for 1 min, homogenized for 3-4 min.  and
then 1 ml of the supernatant was pasteurized at 80°C
for 4 min to kill most non-spore-forming organisms.
Samples were plated at three concentrations (undi-
luted,1:10, 1:100) on nutrient agar and incubated at
30°C for 48 hrs.

Identification of Bacillus strain
Bacteria were identified by morphological observa-
tion and biochemical tests including Gram staining,
KOH reaction and Carbon utilization.

a. Gram staining: A loop full of the bacteria was
spread on a glass slide and fixed by heating over
very low flame. Aqueous crystal violet solution (0.5%)
was spread over the smear for 30 seconds and then
washed with running tape water for 1 min. It was then
flooded with iodine for 1 min, rinsed in tape water
and decolorized with 95% ethanol until the runoff
was clear. After washing the specimen was counter-
stained with safranin for approximately 10 seconds,
washed with water, dried and observed microscopi-
cally at 10X, 40X and 100X using oil [5].

b. Potassium hydroxide test: Bacteria were asep-
tically removed from Petri plates with an inoculating
wire loop, placed on glass slide in a drop of  3% KOH

solution, stirred for 10 seconds and observed for the
formation of slime threads [6].

c. Oxidation / fermentation of glucose and su-
crose: Phenol red broth (Basal media) with carbohy-
drates (1% sucrose and 1% glucose) was used to
determine the ability of Bacillus to ferment carbohy-
drate.  An inoculum from a pure culture was  trans-
ferred aseptically to a sterile tube. The inoculated
tube was incubated at 35-37o C for 24 hours and the
results were determined. The positive test consisted
of color change from red to yellow.

Preparation of protein samples
All isolates of Bacillus were inoculated individually
in 10ml LB for 4 days (96 h) at 30°C with continuous
shaking at 200 rpm in order to reach complete autoly-
sis phase. After complete autolysis the culture cells
were centrifuged at 10000 g for 15 min and
resuspended in 2 ml of ice-cold 0.5 M NaCl. The mix-
ture was centrifuged at 16000 g for 10 minutes at 4°C.
The supernatant was discarded and the pellet
resuspended in 1x Laemmli buffer using a plastic pes-
tle, heated at 95ºC for 15 min, chilled on ice for 2 min
and microcentrifuged for 5 min. The same volume (20
µl) of each samples was loaded on an SDS-PAGE gel.

Protein electrophoresis in polyacrilamid gel  (SDS-
PAGE)
Proteins were resolved on 12% SDS-polyacrylamide
gels in denaturing conditions as described by
Sambrook et al. [7]. The molecular weights were esti-
mated using SDS-PAGE protein molecular weight
markers.

Results and Discussion

For the identification of endemic species of Bacillus
in agricultural and forest ecosystems of Georgia the
infected and healthy individuals of Colorado Potato
Beetle – Leptinotarsa decemlineata (I-V instars) from
potato fields in Kumisi, and caterpillars Mottled Um-
ber - Erannis defoliaria Clerrck (III-V instars) from
Bazaleti foliage forest were collected  in Georgia, 2014
(Table 1).

Biochemical characterization of isolates used po-
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tassium hydroxide and sugar assimilation tests. The
KOH test confirmed Gram-positive isolates, that since
Gram-positive bacterial cell walls did not dissolve
with 3% KOH. Ten (BZ1, BZ2, BZ3, KM1, KM2, KM3
, KM4, KM5, KM5 (1), M5 (2) ) of the emitted 20
isolates were gram-positive (Table 1).

As a result of biochemical study the KM1 isolate
lacked sucrose fermentation ability, while the KM2
isolate lacked both glucose and sucrose fermenta-
tion ability. Entomopathogenic  property of Bacillus
toxicity can be explained by their ability to  produce
crystal proteins of endotoxin nature, which are syn-
thesized during sporulation and assembled into
parasporal crystals that are toxic when ingested by
larvae [8]. For the purpose of establishing of forma-
tion of crystal proteins of Bacillus the proteinaceous
range of Gram-positive isolates was studied by SDS-

PAGE [9]. Selected gram-positive isolates were in-
oculated into liquid LB media and cultivated for 24
hours or 96 hours at 30o C.

According to the result isolates - BZ1, BZ2, KM1,
KM2, KM3, KM4 and KM5 were distinguished with
high protein content, whose size ranged between 130
kDa and 66 kDa (Fig.1). The lack of distinct proteins
in the 24 hour sample could be due to the fact that the
cells had not fully sporulated at this time.

With the purpose of identification of crystal in-
clusions, the isolates were transferred on Selective
media (Fig.2). The 24- hour microscopic analysis of
cultures did not show the existence of any obvious
crystal inclusions.

Acknowledgements. The research has been sup-
ported by the Shota Rustaveli National Scientific
Foundation  Project # FR/582/10-101/13, 2014-2016.

Table 1. Biochemical tests of Bacillus isolates

Bacterial 
isolate 

Gram 
reaction KOH test 

Fermentation 
Insects Habitat Location 

Sucrose Glucose 

BZ1 + - + + E. defoliaria Forest Bazaleti 

BZ2 + - + + E. defoliaria Forest Bazaleti 

BZ3 + - + + Soil sample Forest Bazaleti 

KM1 + - - + L. decemlineata Potato field Kumisi 

KM2 + - - - L.decemlineata Potato field Kumisi 

KM3 + - + + L.decemlineata Potato field Kumisi 

KM4 + - + + L.decemlineata Potato field Kumisi 

KM5 + - + + L.decemlineata Potato field Kumisi 

KM5 (1) + - + + L.decemlineata Potato field Kumisi 

KM5 (2) + - + + L.decemlineata Potato field Kumisi 

Fig. 1. Protein analysis of  Bacillus strains by SDS-PAGE. Bacteria were cultivated in LB for  (a) 24 hours or (b) 96 hours
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Fig. 2. Cells and spore formation of Bacillus isolate KM5: a – after 2 months; b - after 24- hours

mikroboiologia

Bacillus-ebis gamovlineba kartofilis kolorados
xoWos Leptinotarsa decemlineata Say da cqvlefia,
anu ufrTo mzomelas Erannis defoliaria Clerrck
populaciebSi saqarTveloSi
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entomopaTogenuri baqteriebis Bacillus-ebis adgilobrivi saxeobebis gamovlenis  mizniT,
Segrovili  iyo kartofilis kolorados xoWos  Leptinotarsa decemlineata Say da cqvlefia,
anu ufrTo mzomelas Erannis defoliaria Clerrck inficirebuli da saRi individebi (sxvadasxa
xnovanebis matlebi da imagoebi)  sasoflo sameurneo  da tyis ekosistemebSi. 20  baqteriuli
izolatidan 10 (BZ1, BZ2, BZ3, KM1, KM2, KM3 , KM4, KM5, KM5 (1), M5 (2)) iyo gram
dadebiTi. sporebis warmoqmnis TvalsazrisiT baqteriuli izolatebis kultivirebas
vaxdendiT bulionisa da seleqciur sakveb areebze, Semdeg ki vaxdendiT mis morfologiur
Seswavlas da mikroskopul analizs. moxda gram dadebiTi Stamebis ciluri speqtris
Seswavla SDS-PAGE poliakrilamidis gelSi eleqtroforeziT. BZ1, BZ2, KM1, KM2,
KM3, KM4, KM5 izolatebSi gamovlinda maRalmolekuluri cilebi, romelTa zomebi
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meryeobda 130 kDa da  66 kDa Soris. kristaluri CanarTebis warmoqmnisaTvis gamoviyeneT
seleqciurii sakvebi areebi. aRniSnuli izolatebis 24 saaTian kulturaSi kristaluri
CanarTebi ar gamovlinda.
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