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ABSTRACT.  A bacterial isolate (Mm2) of Melolontha melolontha was identified and characterized. Based 
on various morphological, physiological, biochemical and molecular characteristics, it was identified as Bacil-
lus thuringiensis subsp. tenebrionis. This isolate was compared to the reference strains by electron micro-
scopy, SDS-PAGE analysis, plasmid pattern, cry gene content and insecticidal activity. Cells of the isolate 
harbored flat square inclusions containing a protein component of 65 kDa. After trypsin digestion of solu-
bilized crystals, SDS-PAGE resolved a unique proteinase-resistant peptide of 50 kDa. Plasmid pattern showed 
similar bands to those of the reference strain, PCR analysis showed that the isolate has cry3 gene. Toxicity tests 
(against 5 coleopteran species) showed 80 % insecticidal activity against the larvae of M. melolontha. The 
isolate Mm2 may be valuable as biological control agent for M. melolontha and other coleopteran insects. 

Abbreviations 

PCR polymerase chain reaction  SCM spore–crystal mixture 
SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis  

Strains of Bacillus thuringiensis, a G+, spore-forming bacterium, are strongly recommended against 
agricultural pests in biological control. The organism was first isolated from diseased silkworm (Bombyx 
mori) by Ishiwata (1901) and is naturally present in both live and dead insects (Damgaard et al. 1997). 

B. thuringiensis is characterized by the production of parasporal crystals composed of protein mole-
cules known as -endotoxins, insecticidal crystal proteins (ICP) or crystal proteins (Cry proteins) that are toxic 
for the larvae of various insects (Höfte and Whiteley 1989). ICPs produced during the sporulation of B. thu-
ringiensis strains show specific insecticidal activity against insect species of different orders, such as Coleo-
ptera, Diptera, Homoptera, Hymoneptera, Lepidoptera, Mallophaga and Orthoptera (Höfte and Whiteley 
1989; Feitelson et al. 1992; Becker and Margalit 1993). Crystal proteins from numerous strains have been 
classified based on the similarity of their amino acid sequences and their insecticidal specificity (Höfte and 
Whiteley 1989). 

Investigations for new cry genes are an on-going effort worldwide. So far 321 cry genes have been 
reported and classified into cry1–cry51 according to the degree of amino acid sequence homology (a full list 
is at http://www.biols.susx.ac.uk/home/Neil_Crickmore/Bt/ ). B. thuringiensis crystalline inclus-
ions ranging in molar mass from 27 to 140 kDa are protoxins that are proteolytically converted into smaller 
toxic polypeptides in the larval midgut (Peferoen 1997). Midgut proteinases process the protoxin to form a sta-
ble 55–70 kDa toxin core (Bietlot et al. 1990). Crystal protein genes are located as satellite chromosome 
and/or chromosomal DNA (Kronstad et al. 1983). 

Isolation and characterization of B. thuringiensis from insects is important for evaluating relevant 
biological control agents against target insects. Melolontha melolontha (common cockchafer) is one of the 
most important agricultural pests (Froschle 1994; Luisa and Mauro 1996; Vlug 1996; Sezen 2004). It causes 
various types of damage on hazelnut, forest trees and vegetables. At present 2 pesticides (endosulphan and 
chlorpyrifos-ethyl) are used in Turkey. Increasing interest in developing environmentally safe pest control 
methods has inspired us to study the potential of bacteria for controlling M. melolontha. Recently, the use of 
crystal proteins which are effective and safer than chemical control insecticides, is finding an ever increasing 
application worldwide. Here a bacterial isolate (Mm2) isolated from M. melolontha was identified in detail 
and tested for its insecticidal activity. 
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MATERIAL  AND  METHODS 

Bacillus thuringiensis strains. Mm2 strain was isolated from Melolontha melolontha (Coleoptera:Sca-
rabaeidae) in the Microbiology Laboratory, Department of Biology, Karadeniz Technical University, Trab-
zon (Turkey). Reference strains were 

B. thuringiensis subsp. tenebrionis (Plant Genetic Systems, Gent, Belgium), 
B. thuringiensis subsp. kurstaki HD-1 (Bacillus Genetic Stock Center, Columbus, Ohio)  

(Dean and Zeigler 1994), and 
B. thuringiensis subsp. israelensis (DSM-5724). 

Isolation and identification of Mm2 from M. melolontha. Second third-stage collected larvae of 
M. melolontha were surface sterilized with 70 % ethanol. In some cases, attempts were made to isolate the 
bacteria from hemolymph; in other cases the insect body was triturated. The hemolymph and the larval sus-
pension were heated (10 min, 80 °C) in a water bath to eliminate the nonspore-forming bacteria (Ohba and 
Aizawa 1986; Lee et al. 1992; Thiery and Frachon 1997). One-hundred L volumes of the heat-treated sam-
ples were spread on nutrient agar plates and incubated (2–4 d, 28 °C) (Lee et al. 1995), then examined and 
bacterial colonies were selected based on color and morphology. Pure cultures of bacterial colonies were 
then prepared and identified by tests (for the isolates) for utilization of organic compounds, spore formation, 
NaCl tolerance, optimum pH, optimum temperature, catalase test, oxidase test and gelatine hydrolysis. 

The identification procedure of isolated bacteria was done according to Bergey’s Manual of Syste-
matic Bacteriology (Krieg and Holt 1986; Sneath et al. 1986). 

Microscopic examination. (a) Light microscopy: In order to obtain SCM, Mm2 was grown in nu-
trient agar medium (5 d, 30 °C) until lysis. SCM were suspended in 1 mL of ice-cold 1 mol/L NaCl and cen-
trifuged (13 000 g, 5 min). The pellet was suspended in distilled H2O. The presence and morphology of crystals 
was recorded during sporulation, by direct examination of the smear of this culture under light microscope 
(100×), and confirmed by staining with Coomassie brilliant blue (0.25 % solution in 50 % ethanol and 7 % 
acetic acid) (Sharif and Alaeddino lu 1988). 

(b) Scanning electron microscopy: SCM were air-dried on cover slips and coated with gold. Spores 
and crystals were examined with a JSM 6400 scanning electron microscope operated at 15 kV. 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis. SCM was resuspended in sample buf-
fer (60 mmol/L Tris-HCl (pH 6.8), 25 % glycerol, 5 % 2-sulfanylethanol, 0.1 % bromophenol blue), boiled 
for 10 min, and electrophoresed in 10 % SDS-PAGE (Laemmli 1970). The gel was then stained with Coo-
massie brilliant blue. 

Solubilization and proteolytic digestion of crystal proteins. Solubilization of SCM of the Mm2 iso-
late was performed according to Iriarte et al. (2000) with minor modifications. SCM was incubated in solu-
bilizing buffer (in mmol/L: NaCl 100, Na2CO3 50, 2,3-dithiothreitol 10; pH 11.3) for 2 h under continuous 
shaking (Hoefer). Solubilized protein was separated from the spores by centrifugation (13 000 g, 5 min). 
Trypsin was added in a ratio of 1 : 20 (trypsin-to-protein, M/M), and the suspension was inoculated at 37 °C 
for 4 h. The same ratio of trypsin was added after 1 and 2 h. The proteolytic products were analyzed by 10 % 
SDS-PAGE. 

Plasmid isolation. Cells were grown overnight in 5 mL Luria–Bertani (LB) medium at 30 °C with 
continuous shaking. Two mL of the culture was pelleted and resuspended in 100 L TE buffer (40 mmol/L 
Tris-HCl, 2 mmol/L EDTA, pH 7.9). Cells were then lysed by the addition of 200 L lysing solution (3 % 
(M/V) SDS, 15 % (M/V) sucrose, 50 mmol/L Tris-hydroxide, pH 12.5). The mixture was incubated (30 min, 
60 °C), followed by the addition of 5 U of proteinase K. Tubes containing the reaction mixture were gently 
mixed and incubated (90 min, 41 °C). One mL of phenol–chloroform–3-methylbutan-1-ol (25 : 24 : 1) was 
added to the solution and the tubes were carefully inverted several times. The samples were then centrifuged 
(6000 g, 7 min) and 60 L of the supernatant fluid containing plasmid DNA was directly loaded on a 0.5 % 
agarose gel prepared in a 1× TBE (Tris-borate, EDTA). Electrophoresis was carried out at 62 V and 4 °C. 
Gels were routinely run for 5–7 h, stained overnight with diluted ethidium bromide and then examined in 
BioDoc Analyse System (Biometra). 

Oligonucleotide primers. Universal primers used for the detection of subgroups of cry genes were 
as follows: 

cry1 F, 5´-CAT GAT TCA TGC GGC AGA TAA AC-3´ 
 R, 5´-TTG TGA CAC TTC TGC TTC CCA TT-3´ 
cry2 F, 5´-GTT ATT CTT AAT GCA GAT GAA TGG G-3´ 
 R, 5´-CGG ATA AAA TAA TCT GGG AAA TAG T-3´ 
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cry3 F, 5´-CGT TAT CGC AGA GAG ATG ACA TTA AC-3´ 
 R, 5´-CAT CTG TTG TTT CTG GAG GCA AT-3´ 
cry4 F, 5´-GCA TAT GAT GTA GCG AAA CAA GCC-3´ 
 R, 5´-GCG TGA CAT ACC CAT TTC CAG GTC C-3´ (Ben-Dov et al. 1997). 

DNA templates and PCR analysis. DNA templates were prepared according to Sambrook et al. 
(1989). Reactions were routinely carried out in 25 L: 1 L of template DNA was mixed with reaction buf-
fer, 150 mol/L (each) dNTP, 0.5 mol/L (each) primer, and 0.5 U of Taq DNA polymerase. Amplification 
was carried out in a DNA thermal cycler (Hybaid) using the step-cycle program described (Ben-Dov et al. 
1997) for identification of cry1–cry4 genes. The program included 30 cycles, each cycle consisting of dena-
turation (60 s, 94 °C), annealing (50 s, 55 °C), extension (90 s, 72 °C), and final extension (10 min, 72 °C). 
Each experiment was associated with negative (without DNA template) and positive (with B. thuringiensis 
subsp. tenebrionis) controls. PCR products were analyzed by 1.3 % agarose gel electrophoresis. Then gel was 
examined in BioDoc Analyse System (Biometra). 

Insect toxicity assays. Toxicity assays were carried out with the SCM of Mm2 isolate and standard 
strain (B. thuringiensis subsp. tenebrionis). Ten insects were transferred to dishes. Mm2 suspension contained 

109 SCM/mL. Bioassays with coleopteran larvae of Agelastica alni L. (Chrysomelidae), Amphimallon sol-
stitiale L. (Scarabaeidae), Leptinotarsa decemlineata SAY (Chrysomelidae) and Melolontha melolontha L. 
(Scarabaeidae), and adults of Anoplus roboris SUFR. (Curculionidae), were performed with the SCM applied 
on the diet. Mortality was recorded 3 d after initiation of the treatment. Infectivity test was carried out, with 
positive and negative controls, at least 30 larvae being assayed for each isolate. All bioassays were repeated 
3× on different occasions. The data were analyzed using one-way analysis of variance (ANOVA) and com-
pared by the least significant difference (LSD) test (Minitab 1997). 

RESULTS  AND  DISCUSSION 

Finding an effective and safer biological control agent against hazardous insects is a matter of increas-
ing interest. Our B. thuringiensis collection comprises several strains isolated from soil and dead insect lar-
vae. Some of these strains have been characterized and tested against some members of the Coleoptera, 
Diptera and Lepidoptera orders (unpublished data). 

Here we report on identification and the results of insecticidal activity of a local isolate of B. thu-
ringiensis (Mm2) isolated from M. melolontha. Morphological, nutritional, physiological and biochemical 
characteristics of Mm2 are given in Table I. These tests showed that this bacterium is B. thuringiensis 
(Bucher 1981; Sneath et al. 1986; Thiery and Frachon 1997). Serological studies indicated that H antigenic 
 
Table I.  The morphological, physiological and biochemical features of Mm2 isolate 

Test Feature  Test Feature Test Feature 

Colony color cream hydrolysis of urea – tyrosinase production – 
Shape of bacteria bacillus utilization of citrate + hydrolysis of phenylalanine – 
Gram staining     + utilization of propionate – hydrolysis of casein + 
Spore staining     + test, indole – egg-yolk lecithinase + 
Shape of spores ellipsoid test, Methyl red + growth at pH > 7 MVRP + 
Location of spores central test, Voges–Proskauer – growth at pH < 6 MVRP + 
Length, μm 3.13–4.75 growth with lysozyme at °C + fermentation of glucose + 
Width, μm 0.85–1.04 growth with lysozyme at   4 –a fermentation of arabinose – 
Motility     + growth with lysozyme at 40 + fermentation of xylose – 
Nitrate reduction     + growth with lysozyme at 41 –a fermentation of mannitol – 
Hydrolysis of starch     + growth with lysozyme at 50 – fermentation of sucrose + 
Oxidase     – utilization of L-arginine + optimum pH 6–8 
Hydrolysis of gelatine     + hydrolysis of Tween-80 +   

aNot determined. 
 

structure of this isolate is identical with B. thuringiensis subsp. tenebrionis (H8ab, morrisoni). B. thuringi-
ensis has been also isolated from other hazelnut pests, Balaninus nucum (Coleoptera:Curculionidae) (Sezen 
and Demirbag 1999) and Malacosoma neustria (Lepidoptera:Lasiocampidae) (Kat  et al. 2005). 
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The crystal morphology of Mm2 was observed in light (data not shown) and scanning electron 
microscope (Fig. 1). The isolate contained both spores and crystals that were released from the rod-shaped 
vegetative cells. The crystals are the most distinguishing characteristics of B. thuringiensis strains (Gonzales 
et al. 1981). Therefore, Mm2 isolate was identified as B. thuringiensis strain on the basis of the crystal for-
mation produced when cultured on nutrient agar medium. Examination by a scanning electron microscope 
showed that the isolate had a flat square crystals, morphological characteristics being similar to those of other 
B. thuringiensis strains (Höfte and Whiteley 1989). 

 

 
 

Fig. 1.  Scanning electron micrograph of B. thuringiensis Mm2 isolate; S – spore, C – flat square crystal; bar = 1 m. 

 
The SDS-PAGE protein components of B. thuringiensis subsp. tenebrionis, B. thuringiensis subsp. 

kurstaki HD-1, B. thuringiensis subsp. israelensis and Mm2 isolate were examined using SDS-PAGE 
(Fig. 2). The results of analysis of Mm2 crystals gave 65-kDa protein bands similar to those of B. thuringi-
ensis subsp. tenebrionis. This protein of Mm2 is similar in size to those reported for Cry3 protein (Honig-
man et al. 1986). Crystals of Mm2 isolate were completely solubilized after 2-h incubation followed by tryp-
sinization. This crystal protein yielded a trypsin-resistant peptide of 50 kDa (Fig. 3). Mm2 was found to 
have insecticidal activity against all of the coleopteran species included here. 

The plasmid DNA patterns of Mm2 were compared with the profile arrays of the reference strains 
B. thuringiensis subsp. tenebrionis, B. thuringiensis subsp. kurstaki HD-1 and B. thuringiensis subsp. israel-
ensis, and Mm2 isolate gave patterns identical to those of B. thuringiensis subsp. tenebrionis (Fig. 4). Plas-
mids with molar mass >16.2 kbp were detected. The cry genes so far described have been located on large 
plasmids (Lereclus et al. 1993). 

We used a PCR-based method to allow rapid and highly sensitive determination of the cry gene 
content of Mm2 isolate. DNA amplification was carried out using universal primers (cry1–cry4). PCR sho-
wed that Mm2 isolate had one cry gene, viz. cry3 (Fig. 5). Fragment with the expected sizes of 589 bp 
corresponding to cry3 gene was amplified with DNA from the Mm2 isolate (Ben-Dov et al. 1997). The Mm2 
isolate contained the cry3 gene similarly to the reference strain, B. thuringiensis subsp. tenebrionis (Höfte 
and Whiteley 1989). 

Our B. thuringiensis strain has a potential use for insect pest control. The SCM of Mm2 showed 
toxicity against A. alni, A. solstitiale, A. roboris, L. decemlineata and M. melolontha (Table II). The recor-
ded mortality was 76 % for A. alni larvae, 75 % for A. solstitiale larvae, 60 % for A. roboris adults, 90 % for 
L. decemlineata larvae and 80 % for M. melolontha larvae (ANOVA LSD, p < 0.05). These values were 16, 
15, 20, 20 and 10 % higher, respectively, than those of the SCM of a reference strain (B. thuringiensis subsp. 
tenebrionis). The capacity of this strain to control several coleopteran pests is clear, and the strain is -endo- 
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Fig. 2.  SDS-PAGE analysis of crystals of Mm2 iso-
late; M – molar mass markers, 1 – B. thuringiensis 
subsp. israelensis, 2 – B. thuringiensis subsp. tene-
brionis, 3 – B. thuringiensis subsp. kurstaki HD-1, 
4 – Mm2 isolate. 

Fig. 3.  SDS-PAGE analysis of undigested and trypsin-
digested crystal proteins of Mm2; M – molar mass 
markers, 1 and 2 – undigested and digested B. thurin-
giensis subsp. tenebrionis, 3 and 4 – undigested and di-
gested Mm2 isolate. 

 
 
 
 
 
 
 

 
 

 
 

Fig. 4.  Plasmid pattern of Mm2 isolate; M – marker (DNA diges-
ted with HindIII, BamHI, and EcoRI), 1 – B. thuringiensis subsp. 
kurstaki HD-1, 2 – B. thuringiensis subsp. tenebrionis, 3 – B. thu-
ringiensis subsp. israelensis, 4 – Mm2 isolate.
 

Fig. 5.  Agarose gel electrophoretic analysis of PCR 
products obtained by using the cry3 general primers; 
M – marker (100-bp DNA ladder), 1 – B. thurin- 
giensis subsp. tenebrionis (cry3), 2 – Mm2 isolate 
(cry3), 3 – negative control (without DNA). 
 

kbp     kbp 
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toxin producer specific for coleopteran pests including insects from the Chrysomelidae, Curculionidae and 
Scarabaeidae families. Tamez-Guerra et al. (1998) reported that it can be grown using inexpensive ingre-
dients and simple fermentation technology. 
 
Table II.  The insecticidal effects of spore–crystal mixture (109/mL) of isolate Mm2 on coleopteran insectsa (mortality, %) 

Isolate A. alni A. solstitiale A. roboris L. decemlineata M. melolontha 

Mm2 96 85 70 90 90 
+ controlb 80 70 50 70 80 
– controlc 20 10 10 – 10 

aANOVA LSD test, p < 0.05. bB. thuringiensis subsp. tenebrionis. cPBS. 

 
Our results indicate that Mm2 isolated from M. melolontha in Turkey is a strain of B. thuringiensis 

subsp. tenebrionis. It has almost identical features with other strains of B. thuringiensis subsp. tenebrionis. 
However, the insecticidal activity of this new isolate is significantly higher than that of the reference strain. 

This work was supported by the Karadeniz Technical University research foundation (KTU 21.111.004.4) and Turkish Republic 
Prime Ministry State Planning Organization (21.111.004.1). The authors would like to thank M. Ohba and K. Kagoshima for perform-
ing the H-serotyping, Dr. D. Zeigler for providing the reference B. thuringiensis subsp. kurstaki HD-1 and Dr. S. Jansens for providing 
B. thuringiensis subsp. tenebrionis. 
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