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Original article (Ozgiin makale)

The isolation and characterization of bacteria isolated from
Capnodis tenebrionis L. and their biological control potential
against some insect pests

Ebru GUNEY AYDIN !, Kazzim SEZEN V"

Capnodis tenebrionis L.'den izole edilen bakterilerin izolasyonu,
karakterizasyonu ve bazi1 bocek zararhlarina karsi biyolojik miicadele
potansiyelleri

Oz: Capnodis tenebrionis L. (Coleoptera: Buprestidae), Tiirkiye'nin de dahil oldugu birgok
iilkede sert ¢ekirdekli meyve bahgelerinin en yikict zararlilarindan biridir. Bu ¢alismada C.
tenebrionis'in larva ve erginlerinden 21 bakteri izolati izole edilmis, morfolojik, fizyolojik,
biyokimyasal ve molekiiler Ozellikleri belirlenmistir. Buna gore C. tenebrionis'in
kiiltiirlenebilir bakteri florasi; Bacillus cereus, B. mycoides, B. pumilus, Paenibacillus
xylanilyticus, B. flexus, B. simplex, Raoultella terrigena, Enterobacter cloacae, Klebsiella
oxytoca, B. safensis, B. amyloliquefaciens ve B. aryabhattai olarak saptanmistir. Bu bakteri
izolatlarinin farkli zararli bocek tiirlerinin larvalarina karst biyolojik miicadele
potansiyelleri; Karaaga¢ yaprak bocegi (Pyrrhalta luteola M.), Petek giivesi (Galleria
mellonella L.) ve Un kurdu (Tenebrio molitor Ludwig) iizerinde incelenmistir. Bacillus
cereus izolatlart bu zararli bocekler iizerinde en yiiksek etkiyi gdstermis ve hedeflenen
zararlilarin  biyolojik miicadelesinde kullanilabilecek potansiyel bir etmen olarak
saptanmistir.

Anahtar sozciikler: Capnodis tenebrionis, Bakteriyel izolatlar, Biyolojik kontrol

Abstract: Capnodis tenebrionis L. (Coleoptera: Buprestidae) is one of the most
destructive pests of stone fruit orchards in several countries, including Tirkiye. In the
present study, 21 bacterial isolates were isolated from the larvae and adults of C.
tenebrionis. The morphological, physiological, biochemical and molecular characteristics
of the bacterial isolates were determined. The bacterial flora isolated from C. tenebrionis
was as follows: Bacillus cereus, B. mycoides, B. pumilus, Paenibacillus xylanilyticus, B.
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flexus, B. simplex, Raoultella terrigena, Enterobacter cloacae, Klebsiella oxytoca, B.
safensis, B. amyloliquefaciens and B. aryabhattai. The biological control potential of these
bacterial isolates against the larvae of several economic pest species, the elm leaf beetle
(Pyrrhalta luteola (M.)), the honeycomb moth (Galleria mellonella L.), and the mealworm
(Tenebrio molitor Ludwig), was investigated. The isolates of B. cereus showed the highest
efficacy against these insect pests.

Key words: Capnodis tenebrionis, Bacterial isolates, Biological control

Introduction

Capnodis tenebrionis (L.) (Coleoptera: Buprestidae), also known as the
Mediterranean flathead peach borer, is a widespread pest of stone fruit crops in the
Rosaceae family. It is widespread in several regions of the arid and semi-arid
Mediterranean regions (Vit 2004). The great wax moth, Galleria mellonella (L.)
(Lepidoptera: Pyralidae), causes the losses of honeycomb and pollen. The elm leaf
beetle, Pyrrhalta luteola (M.) (Coleoptera: Chrysomelidae), damages elms planted
for shade and ornamentation in Tiirkiye; the trees become bare due to excessive
leaf fall. In recent years, the mealworm, Tenebrio molitor Ludwig (Coleoptera:
Tenebrionidae), has become a new invertebrate model to study microbial infections
(De Souza et al. 2015), and is an alternative protein-rich food (Grau et al. 2017).

Several control methods have already been used against these pests. However,
the damage is still great. Synthetic pesticides are widely used in Tiirkiye to control
these pests. The complexity of chemical control, its negative impact on the
environment, and the associated costly damage, have encouraged the search for
alternative pest control strategies (Ben-Yehuda et al. 2000), especially to protect
organic fruit production. The use of entomopathogenic bacteria (EPB) is one of the
best potential alternatives to the use of synthetic pesticides (Muratoglu et al. 2011).

The most used microorganisms against insect pests today are entomopathogenic
bacteria. In studies conducted over the past 50 years, many entomopathogenic
bacteria have been isolated from insects and some have been found to cause
disease in them. Among them, Bacillus species, which belong to the soil bacteria,
stand out. The most important of these bacteria is Bacillus thrungiensis (Bt).
Bacillus thuringiensis is a spore-forming, Gram-positive, aerobic soil bacterium
that produces crystalline toxins with insecticidal properties against insects of the
orders Lepidoptera, Diptera and Coleoptera (Beegle & Yamamoto 1992). However,
it has also been isolated from diseased and healthy insects, from leaf surfaces of
plants, and from stored products (Burges & Hurst 1977; Carozzi et al. 1991; Kaelin
et al. 1994).

The objective of this study was to isolate the culturable bacterial flora of C.
tenebrionis collected in Tirkiye, and evaluate their potential against some
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economically important insect pests. Twentyone bacterial isolate were isolated
from the larvae and adults of C. tenebrionis. The isolates were identified using
morphological, biochemical, physiological and molecular techniques and tested
against the larvae of P. luteola, T. molitor and G. mellonella.

Materials and Methods

Collection of larvae and adults

The larvae and adults of C. tenebrionis were collected from orchards in Amasya
Province, Tiirkiye. The collected larvae and adults were brought to the laboratory
in plastic boxes with perforated lids to allow air circulation. In the laboratory, the
larvae and adults were macroscopically examined and then divided into dead
larvae, live larvae and adults. For the bioassays with the three insects, P. luteola,
were collected from the fields in Trabzon Province, and G. mellonella and T.
molitor were obtained from the laboratory cultures at the Department of Biology of
Karadeniz Technical University (KTU) in Trabzon, Tiirkiye.

Isolation of bacteria

Bacterial isolation was performed on live larvae, dead larvae and adults of C.
tenebrionis. Insects collected from the field were sterilized with 70% ethanol for 5
minutes (Poinar & Thomas 1978) and washed 3 times with sterile distilled water.
Larval and adult bodies were then homogenized in a nutrient broth, using a glass
mill. The homogenate was filtered through two layers of cheese muslin cloth into
sterilized tubes to remove larval debris. Then, 10, 25, and 50 pl of the larval
extracts were applied to nutrient agar and incubated at 30°C for 2-3 days. The
remaining mixtures were incubated at 30°C for 3—4 hours to enrich the number of
bacteria that showed low concentrations. Of these mixtures, 10, 25, and 50 ul were
also plated on nutrient agar and incubated for 2-3 days at 30°C. Finally, the
incubated larval suspensions were heated in a water bath at 80°C for 10 min to
eliminate non-spore forming bacteria. After heat inactivation, 10, 25 and 50 pl of
the heated suspensions were plated on nutrient agar and incubated at 30°C for 2—-3
days. Isolates were differentiated on the basis of colony color and morphology.
Pure cultures of the bacterial colonies were prepared and stored in 20% glycerol at
—80°C in the Microbiology Laboratory, Department of Biology, KTU, Trabzon,
Tirkiye.

Phenotypic and biochemical identification of bacterial isolates

Phenotypic and biochemical characterizations of bacterial isolates were performed
according to Bergey’s Manual of Systematic Bacteriology, Vols. 1 and 2 (Sneath et
al. 1986). Colony morphology of the isolates plated on nutrient agar plates was
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examined by direct observation and under a stereomicroscope. The shape of the
bacterial isolates was also determined using a light microscope at 1,000x
magnification. Gram staining was performed according to the procedure described
by Claus (1992). Endospore staining was performed using the method of Prescott
et al. (1996). Temperature tests were performed at 4, 10, 35, 40, 45 and 50°C; NaCl
tolerance tests were performed with medium containing 3, 5, 7, 9, and 11% NaCl;
and pH tests were performed with the medium at pHs 3, 4, 5, 6, 7, 8, 9, 10, and 11.

To determine the biochemical properties of the isolates, starch hydrolysis and
oxidase tests, and the catalase test, according to Benson (1985) and Cappuccino &
Sherman (1992), respectively, were performed. In addition, their growth on
McConkey agar was studied.

The API 20E, API 50CH and VITEK-2 systems were also used for biochemical
characterization of the bacterial isolates. Whereas the API 20E test was used for
Gram-negative bacteria, the APl 50CH test was used for Gram-positive bacteria.
At the end of the plating of the APl 50CHB test tubes, the tube with the number
zero was considered the control and color-changing of the tube was considered a
positive result. In the same way, reagents (TDA, JAMES, VP1-VP2, NIT1-NIT2)
were added to portions of the cultures in the APl 20E test tubes, the remainder was
observed for direct color change, and the metabolic and biochemical properties of
the isolates were determined. The API test results were evaluated using ldBactv.
1.1 software from G. Kronvall, with the media for the API20E and APl 50CHB
tests from bioMerieux, France.

To corroborate the results of the API tests, VITEK-2 tests (manufacturer’s
details) were performed; VITEK-2 is an automated microbial identification system
that provides highly accurate and reproducible results with its colorimetric cards
and associated hardware and software. Various metabolic activities, such as
acidification, alkalinization and enzyme hydrolysis of the bacterial isolates, were
determined fully automatically by using the VITEK-2 panel test system. The
results were then analysed by comparison with data in its database. In addition,
some biochemical properties were tested using the VITEK-2 BCL card for Gram-
positive, spore-forming bacteria, and the VITEK-2 GN card for Gram-negative
cocci and bacilli.

16S rRNA gene sequencing and phylogenetic tree

Partial sequencing of the 16S rRNA gene was used to confirm isolate
identification. The total genomic DNA of the bacterial isolates was extracted
according to the standard protocol and stored at —20°C until use. PCR amplification
of the 16S rRNA genes of the bacterial isolates was performed using universal
primers. UNI16SF (5’-ATTCTAGAGTTTGATCATGGCTCA-3” and UNI16S-R
(5’-ATGGTACCGTGTGACGGGCGGTGTGTA-3") primers were used as
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forward and reverse primers, respectively (Weisburg et al. 1991). To determine the
nucleotide sequence of the 16S rDNA gene regions, it they were sent to Macrogen
(The Netherlands) for automated DNA base analysis. Sequence analysis was
performed from both sides of the gene and the results were evaluated and
compared with other sequences in the gene bank.

Nucleotide sequences of 16S rRNA genes were edited with BioEdit and aligned
with ClustalW (Hall 1999). Phylogenetic analysis was performed using the
neighbour-joining method (NJ) run by MEGA 4.0 software (Tamura et al. 2011).
The NJ analysis was based on Kimura's 2-parameter test. Gaps in the alignment
were treated as missing data. The reliability of the phylograms was tested by
bootstrap analysis with 1,000 repetitions using MEGA 4.0. The closed circles in
black represent the isolates examined in this study. Bootstrap values >70% are
labeled. The scale at the bottom of the dendrogram indicates the degree of
dissimilarity.

Crystal protein

To amplify the cry genes of these nine isolates, genomic DNA was extracted from
the cultures using the Wizard Genomic DNA Purification Kit (Promega), according
to the manufacturer’s protocol and the PCR reaction was performed by using 4
pairs of universal primers for the cryl, cry2, cry3, and cry4 genes, as described by
Ben-Dov et al. (1997) in Kat1 et al. (2007).

By using light microscopy, a distinction was made between crystals, spores and
vegetative cells. Preparation of specimens for microscopic examination included
the following steps: The bacterial smears were immersed for 3 minutes in a small
vessel containing a Coomassie Brilliant Blue solution (consisting of 0.25%
Coomassie Brilliant Blue, 50% ethanol and 7% acetic acid). They were then rinsed
with tap water, air dried, and viewed under a light microscope (Shaerif &
Alaeddinoglu 1988).

For the SDS-PAGE gel, the spore-crystal mixture was resuspended in 1 M cold
NaCl and centrifuged at 12.000 rpm for 5 minutes. The pellet was washed twice in
sterilized dH,O and resuspended with sterilized dH,O. Protein concentrations were
determined with the Bradford (1976) assay method and analyzed in 10% SDS-
PAGE, as described by Laemmli (1970). Silver staining was used to detect proteins
after electrophoretic separation on polyacrylamide gel, and the molecular weight of
proteins was estimated by comparison with protein molecular weight standards.

Bioassays

The bacterial isolates were spread on nutrient agar plates to obtain single colonies
for each isolate. The obtained single colonies were inoculated into nutrient broth
medium and incubated overnight at 30°C. After incubation, the bacterial density
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was measured at ODgoo (optical density) and adjusted to 1.8x10° cfu/ml (Ben-Dov
et al. 1995). Five milliliters of this culture were centrifuged at 3000 rpm for 10
minutes. The pellet was then resuspended in 5 mL of sterilized phosphate-buffered
saline solution and used in bioassays.

The susceptibility of P. luteola, T. molitor and G. mellonella to each bacterial
isolate was tested under laboratory conditions. Healthy third-instar larvae of T.
molitor and G. mellonella were purchased and healthy second-instar larvae of P.
luteola were collected from elm trees (species) in Trabzon. The larvae used for the
bioassays were randomly selected. Fresh elm leaves, bran and semi-synthetic food
were used as the diets for P. luteola, T. molitor and G. mellonella, respectively, in
the bioassays. The semisynthetic foo was prepared as follows: 500 g of bran, 200 g
of honeycomb, 150 ml of filtered honey, 150 mL of water and 300 mL of glycerol
were thoroughly mixed (Bronskill 1961).

For each isolate, one milliliter of the bacterial suspension, as described above,
was dribbled onto the elm leaf, bran and semisynthetic feed, and placed in
individual plastic boxes, each containing a single bacterial isolate. Ten, second-
third instar larvae were placed on the food material in containers and maintained at
30 +2°C and 60% relative humidity in a 12:12 photoperiod. Larval mortality was
recorded every 24 hours, with all the dead larvae removed from the containers
daily. All bioassays were repeated 3 times on different occasions. Four different
concentrations (1.8x10° cfu/ml, 1.8x108 cfu/ml, 1.8x10" cfu/ml, and 1.8x10°
cfu/ml), based on ODego values of the bacterial isolates, were used in the dose-
response experiments. The bioassays were performed as previously described for T.
molitor. The mortality percentages were corrected in SPSS, according to the
Abbott formula (Abbott 1925).

Results and Discussion

A total of 21 bacterial isolates were collected from C. tenebrionis were identified to
species level by using phenotypic, biochemical, and molecular methods. Color and
shape of colonies of the bacterial isolates were determined on nutrient agar. Based
on Gram staining and endospore staining results, three of them were determined to
be Gram-negative, non-spore forming, coccobacilli, and the other 18 were
determined to be Gram-positive, spore-forming bacilli (Table 1).
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Table 1. Morphological and staining characteristics of the 21 bacterial isolates
collected from Capnodis tenebrionis in Tiirkiye.
Isolates Colony color Colony shape Cell shape Gram staining  Spore staining

L-1 Light cream Smooth Coccobacil - -
L-2 Cream Smooth Bacil + +
L-3 Cream Smooth Coccobacil - -
L-4 Cream Smooth Bacil + +
L-5 Cream Rough Bacil + +
L-6 Cream Rough Bacil + +
L-7 Light cream Rough Bacil + +
L-8 Light cream Rough Bacil + +
L-9 Cream Smooth Bacil + +
L-10 Cream Rough Bacil + +
OL-1 Light cream Rhizoid Bacil + +
OL-2 Light cream Rough Bacil + +
OL-3 Light cream Smooth Bacil + +
OoL-4 Cream Smooth Bacil + +
OL-5 Light cream Smooth Bacil + +
E-1 Cream Rough Bacil + +
E-2 Light cream Smooth Coccobacil - -
E-3 Cream Smooth Bacil + +
E-4 Cream Rough Bacil + +
E-5 Cream Rough Bacil + +
E-6 Cream Rough Bacil + +

Tests were performed to determine the optimal ranges of the physical factors,
such as pH, NaCl, and temperature, that affect bacterial growth. In the temperature
tests, all isolates were able to grow at 35°C, isolates numbered L-1, L-10, and OL-
5 were able to grow (but poorly) at +4°C, and isolates numbered L-1, L-10, and
OL-2 were able to grow but poorly at 10°C.Only the isolate OL-1 failed to grow at
40°C. The isolates numbered L-3, L-7, L-8, L-9, OL-2, OL-3, OL-5, and E-3 could
grow at 45°C, and the isolates numbered L-7 and E-3 could grow well at 50°C.

An important criterion in the identification of species is also that the bacteria
cannot produce and manufacture certain enzymes, can synthesize or cannot
synthesize some organic substances, or can or cannot degrade some organic
substances. For this purpose, starch hydrolysis, oxidase and catalase tests were
performed. The isolates ability to grow on MacConkey agar was also investigated
(Table 2).
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Table 2. Some biochemical characteristics of bacterial isolates collected from
Capnodis tenebrionis in Tiirkiye.
Isolates Catalase test Oxidase test Starch Hydrolysis test MacConkey test
L-1 - +
L-2
L-3
L-4
L-5
L-6
L-7
L-8
L-9
L-10
OoL-1
OL-2
OL-3
OL-4
OL-5
E-1
E-2
E-3
E-4
E-5
E-6
W: Weak positive

1
+

+ + -

+ + + + +
1

+ 4+ + + + + + o+ o+ o+ o+ o+
'

+
+ + o+
1

The use of the 16S rDNA gene sequences in the construction of phylogenetic
trees is widely used to determine bacterial systematics; examples of the bacterial
16S rRNA samples from this study are shown in Fig. 1.
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Figure 1. PCR results for 16S rRNA from bacterial isolates collected from
Capnodis tenebrionis in Tiirkiye (M: Marker, Fermentas, GeneRuler 1kb).

After all characterization studies, the cultured bacterial flora from C.
tenebrionis were determined to be: Bacillus cereus (E-1; MH220062, E-4;
MH220065, E-5; MH220066, E-6; MH220067, OL-4; MH220081, L-2;
MH220069, L-4; MH220071, L-5; MH220072, L-6; MH220073) Bacillus
mycoides (OL-1; MH220078), Bacillus pumilus (L-7; MH220074), Paenibacillus
xylanilyticus, (L-8; MH220075), Bacillus flexus (L-9; MH220076), Bacillus
simplex (L-10; MH220077, OL-5; MH220082), Raoultella terrigena (L-1;
MH220068), Enterobacter cloacae (L-3; MH220070), Klebsiella oxytoca (E-2;
MH220063), Bacillus safensis (E-3; MH220064), Bacillus amyloliquefaciens (OL-
2; MH220079) and Bacillus aryabhattai (OL-3; MH220080). The phylogenetic
tree data and 16S rDNA results support each other (Figs. 2 and 3).

93



Bacteria isolated from Capnodis tenebrionis

@E4
@®oL4
®L4
Bacillus anthracis Ames
@®Es5
®L2
®oL1
Bacillus mycoides DSM 2048(T)
[ J=8]
Bacillus thuringiensis ATCC 10792(T)
Bacillus cereus ATCC 14579(T)
®L5
@®Ec-1
®L6
@®L-10
®oL5
Brevibacterium frigoritolerans DSM 8801(T)
Bacillus simplex NBRC 15720(T)
®oL3
Bacillus aryabhattai B8W22(T)
® L9
Bacillus flexus IFO 15715(T)
Bacillus megaterium NBRC 15308 ATCC 14581(T)
®oL-2
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7(T)
Bacillus subtilis subsp. subtilis NCIB 3610(T)
®L7
Bacillus pumilus ATCC 7061(T)
@®E3
Bacillus safensis
Paenibacillus illinoisensis NRRL NRS-1356(T)
®Ls
Paenibacillus xylanilyticus XIL14(T)

alindlles

Figure 2. Neighbour-joining analysis of the 16S rDNA region of the Gram-positive
isolates of bacteria from Capnodis tenebrionis in Tirkiye yielded this
phylogenetic tree.
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—{
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Figure 3. Neighbour-joining analysis of the 16S rDNA region of Gram-negative
bacterial isolates collected from Capnodis tenebrionis in Tirkiye yielded
this phylogenetic tree.
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The nine gram-negative bacterial isolates, which were thought to be B.
thuringiensis, were amplified by PCR to detect cry genes encoding for crystal
proteins. However, no bands of the same size were observed in comparison with
the control strain.

These nine bacterial isolates were then subjected to crystal staining to detect

crystal proteins. They were examined under a light microscope (type of microscope
& manufacturer’s details) and no crystal proteins were observed in any isolate.

Mixtures prepared to detect crystal proteins from isolates thought to be B.
thuringiensis in order to support the results of cry-gene PCR were analyzed in 10%
SDS-PAGE (Fig. 4). However, the crystal protein band was not observed in any of
the isolates.

Control E-1 E4 E5 E6 OL4 L2 L4 L5 L6 Marker

—— 150
— e 130

- e— 70

e

e 15
—— 10

Figure 4. Protein profiles of the isolates stained with silver nitrate. (M: Marker,
Control: B. thuringiensis kurstaki; BnBt).

To determine the insecticidal potential of these isolates, the third larval stage of
P. luteola was used under laboratory conditions. Isolates E-5 and E-6 showed the
highest efficacy with 87% mortality. This level of lethal effect was followed by
that caused by L-5 with 83%, L-6, L-4, E-1 with (80%), L-2, E-4, L-4, L-7 with
(77%) (Fig. 5).
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Figure 5. Insecticidal activities of bacteria isolated from Capnodis tenebrionis in
Tiirkiye on Pyrrhalta luteola; C: Control.

For the larvae of G. mellonella, the isolate OL-4 caused ed a mortality of 60%,
followed by the isolates E-4 and E-5 with (53%) (Fig. 6).
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Figure 6. Insecticidal activities of bacteria isolated from Capnodis tenebrionis on
Galleria mellonella; C: Control.

For T. molitor, the suspensions were prepared at four different dosages
(1.8x10° 1.8x108, 1.8x107, 1.8x108 cfu/ml). The isolate OL-4 showed the highest

lethal effect at

a concentration of 1.8x10° cfu/mL (47%), 13% at a concentration of

1.8%108 cfu/mL, and 7% at a concentration of 1.8x107 cfu/ml. Isolates E-1 and OL-
5 produced mortality of 20% and 20%, respectively, at a concentration of 1.8x10°,
7% and 13% at a concentration of 1.8x10% cfu/ml, and 3% and 3% at a

concentration

of 1.8x107 cfu/ml. These tests were followed by testing of the
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isolates, L-2 and E-6, which caused a mortality rates of 10% after the use of
1.8x10° and 1.8x10® bacteria, respectively. No mortality was observed for
Tenebrio molitor at a concentration of 1.8x10° cfu/ml (Fig. 7, Table 3).
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Figure 7. The dose tests of bacteria isolated from Capnodis tenebrionis on
Tenebrio molitor; C: control.

Morphological and physiological methods were used for bacterial
characterization, and 16S rDNA analysis was performed to confirm the
identifications of the isolates. The API20E, API5S0CH, and the results from
VITEK-2 identification systems were also used to support 16S rDNA sequence
analysis. Data obtained from these assayss were used whenever data obtained from
routine assays were insuficient for species identification.

Table 3. LCs and LCys (cfu/mL) values of OL-4, OL-5, and E-1 bacterial isolates

collected from Capnodis tenebrionis in Tiirkiye, against the larvae of
Tenebrio molitor.

Isolates LCso (FL, 95%) Slope + SE LCos (FL, 95%) df X?
OoL-4 1.82x10°(0.32x10°to 0.709+0.386 39.423x10° 1 0.478
(10.41x10°)
OL-5 34.35x10° (2.08x10° to 0.496+0.621 72461.38x10° 1 0.578
566.71x10°)
E-1 63.41x10°(3.23x10° to 0.496+ 0.659 132622.21x10° 1 0.727
1242.94x10°)

FL: fiducial limit, SE: standard error, df: degrees of freedom, X2: Chi square.

After 16S rDNA sequence analysis and biochemical testing, isolates E-1, E-4,
E-5, E-6, OL-4, L-2, L-4, L-5 and L-6 had characteristics of B. thuringiensis, B.
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cereus and B. toyonensis. SDS gel electrophoresis and crystal staining were
performed, and the isolates were found to contain no crystal protein, and the VP
(Voges-Proskauer) test was positive. Thus, they were identified as B. cereus which
can adapt to changing environmental conditions. Bacillus cereus is widely
distributed in the soil (Vilas-Boas et al. 2002). Many of these species have been
isolated from insects, such as Prodenia eridania, Plodia interpunctella and
Periplaneta americana (Steinhaus 1947).

In the efficacy tests, the isolates E-5 and E-6 of this group showed the highest
efficacy (87%) against the elm leaf beetle. In addition, the OL-4 and E-1 isolates
caused 80% mortality. Efficacy testing on honeycomb showed that the E-4 and E-5
isolates produced 53% mortality, and the E-6 and L-6 isolates produced 43%
mortality, whereas the OL-4 isolate had the highest lethal effect at 60%.

In this study, the efficacy tests on mealworm larvae, the isolate OL -4 caused
the highest mortality rate of 47% at a concentration of 1.8x10° cfu/ml. In a
different study, isolate L-4 caused 77% mortality of P. luteola, and B. cereus strain
Agsl caused 30% mortality of Agrotis segetum (Sevim et al. 2010).

Six B. cereus strains have been reported to produce several small, non-
protein insecticidal exotoxins (Perchat et al. 2005; Ruiu et al. 2015). In addition,
treatment of Caenorhabditis elegans and Meloidogyne incognita with the
supernatant of a B. cereus strain culture resulted in mortality of 77.89% of C.
elegans and 90.96%) of M. incognita (Gao et al. 2016).

16S rDNA sequence analysis revealed that the OL-1 isolate is similar to B.
thuringiensis, B. cereus, and B. mycoides. Because it forms a rhizoidal colony, the
VP (Voges-Proskauer) was positive and immobilized, it was determined to be B.
mycoides.

Bacillus mycoides is a rod-shaped, chain-forming bacterium that produces
unique rhizoid colonies consisting of cells connected end-to-end on agar plates.
Several reports on B. mycoides have described its plant growth-promoting effects
on sugar beet, cucurbits and tobacco (Neher et al. 2009). Bacillus mycoides caused
50% mortality of P. luteola, and 10% of G. mellonella. It is also showed biocontrol
activity against Cercospora leaf spot disease (Cercospora beticola Sacc.) of sugar
beet in both greenhouse and field experiments (Bargabus et al. 2002). In addition,
B. mycoides (strain B38 V) was reported to have antagonistic activity against
Sclerotinia scleratiorum (Ambrosini et al. 2015).

According to 16S rDNA analysis, the L-9 isolate could have been B. flexus, B.
aryabhattai or B. pumilus. Bacillus flexus has a positive ability to hydrolyze starch,
and is positive for the gelatinaseand oxidase tests. Bacillus flexus has been isolated
several times from different lakes and seaweeds, e.g., Ulva lactula (Wang & Zhao
2013). In the current study, solate L-9 was found to cause 33% mortality of P.
luteola and 10% mortality of G. mellonella. Studies showed that B. flexus inhibits
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the growth of fouling bacterial strains and strongly inhibits the production of byssal
filaments and their attachment in the mussel, Perna indica (Ramasubburayan et al.
2017).

According to the 16S rDNA sequence analysis, the OL -2 isolate was Bacillus
amyloliquefaciens, B. subtilis or B. velezensis. Based on all of the results, the
isolate was identified as B. amyloliquefaciens because the starch hydrolysis test
was positive, and the arginine hydrolysis test was negative. Bacillus
amyloliquefaciens is a non-pathogenic soil bacterium that exhibits certain
antifungal properties (Caldeira 2007). OL-2 had a potential caused mortality of
40% and 6% for P. luteola and G. mellonella, respectively. It caused mortality of 3,
14, and 13% of Plodia interpunctella larvae, Ephestia kuehniella larvae and
Sitophilus granarius adults, respectively (Demeli 2014).

16S rDNA analysis of the isolates OL-5 and L-10 suggestedthat they could be
Bacillus simplex or Brevibacterium frigoritolerans. Considering the results of
VITEK-2 testing, it was determined that these isolates were B. simplex. Bacillus
simplex was isolated from Thaumetopoea pityocampa (ince et al. 2008) and
Gryllotalpa gryllotalpa (Sezen et al. 2013). The OL -5 isolate caused 63%)
mortality of P. luteola and 43% of G. mellonella. Also, isolate L-10 caused
67%)mortality of P. luteola and 33% of G. mellonella but caused no deaths of T.
molitor. B. simplex caused 75% mortality of G. gryllotalpa nymphs (Sezen et al.
2013).

Isolate L-7 was identified as Bacillus pumilus, based on both 16S rDNA
sequence analysis and the results of the APl and VITEK-2 assay testing. The
negative results of the nitrate-nitrite, starch hydrolysis and indole tests confirmed
that this isolate was B. pumilus. This species had been earlier isolated from many
insect species such as Diatraea saccharalis (Fabricius) (Dantur et al. 2015). It
caused 77% mortality of P. luteola and 13%to G. mellonella. A soil isolate of B.
pumilus caused 95.7% mortality of Leptinotarsa decemlineata (Say) larvae
(Coleoptera: Chrysomelidae) (Ertiirk et al. 2008).

Te results of 16S rDNA sequencing suggested that the E-3 isolate could have
been Bacillus stratosfericus, B. pumilus, B. safensis or B. aerophilus. Based on
thethe API results, it was determined to be G. thermoglucosidasius. However, the
VITEK-2 panel system was unable to identify this isolate. Based on all of the test
results, it was identified as B. safensis. This species was first isolated from far-field
space (Satomi et al. 2006). Later, Tomova et al. (2013) isolated it from a cave in
Bulgaria. It caused 63% mortality of P. luteola and 20% of G. mellonella. It also iit
caused 80% mortality of Sesamia. nonagrioides (Eski et al. 2015).

After considering the preliminary results from 16S rDNA analysis, and VITEK-
2 and API test results, it was determined that the isolate OL-3 could be Bacillus
aryabhattai or B. megaterium. However, after looking at the biochemical
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properties of the isolate, it was identified as B. aryabhattai, based on the positive
gelatinase, VP (Voges-Proskauer) and starch hydrolysis tests. In a previous study,
it was isolated from Oryctes rhinoceros (Sari et al. 2016). In the current study, this
isolate caused 63% mortality of P. luteola and 10% mortality of G. mellonella.

16S rDNA sequencing and VITEK-2 system analysis showed that isolate E-2
could be Klebsiella oxytoca or Raoultella terrigena. Based on all the results of
biochemical testing, this isolate was identified as K. oxytoca. It had been
previously isolated from Diatraea saccharalis (Fabricius) (Dantur et al. 2015).
This isolate caused 50% and 13% mortality of the larvae of the elm leaf beetle and
honeycomb, respectively.

The L-3 isolate was identified as Enterobacter cloacae, based on the results of
API and VITEK-2 testing, and 16S rDNA sequence analysis. This bacterium had
been isolated from some pests, such as Bombyx mori (Watanabe & Sato, 1998),
Heliothis armigera (Hiibner), Agrotis segetum (Lipa & Wiland 1972) and
Melolontha melolontha (Sezen et al. 2001). It caused mortality of 20% and 40% of
elm leaf beetle larvae and M. melolontha larvae, respectively (Sezen et al. 2001).

16S rDNA sequencing of the L-8 isolate revealed it to be Paenibacillus
xylanilyticus, P. illinoisensis or P. pabuli. According to the results of APl and
VITEK-2 system testing, it was P. polymyxa and P. glucanolyticus, respectively.
Considering the results of all tests, this isolate was identified as P. xylanilyticus.
Paenibacillus species are found in soil, water and insect larvae (Daane et al. 2002).
It was isolated from G. gryllotalpa and found to cause 67% mortality of P. luteola
and 13% mortality of G. mellonella (Sezen et al. 2013).

Finally, isolate L-1 showed high similarity with Raoultella terrigena, R.
variicola and R. ornithinolytica, according to 16S rDNA sequence analysis; R.
terrigena according to the API results; and R. ornithinolytica, according to VITEK-
2 results. It was determined to be a Gram-negative, spore-free bacterium with a low
activity level. Based on all test results, it was identified as R. terrigena. This
species has been isolated from Dendroctonus rhizophagus and D. valens (Morales-
Jimenez et al. 2013). This L-1 isolate caused 53% mortality of P. luteola.

Conclusions

In this study, 21 bacterial isolates were isolated from the larvae and adults of C.
tenebrionis, a destructive pest of stone fruit orchards. The biochemical, molecular,
morphological, physiological, and characteristics of the isolates were determined.
Isolates E-5 and E-6 (Bacillus cereus) had the highest lethal effect (87%) on P.
luteola, while OL-4 (Bacillus cereus) had the highest lethal effect on both G.
mellonella and T. molitor. Thus, these three isolates appear to have the most
potential to be used against coleopteran and lepidopteran pests of agriculture. Field
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testing of the isolates against pests in the field would help determine whether their
laboratory success translates to field success. Separately, studies on different
groups of insect pests are still needed.
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