Akademik Ziraat Dergisi 7(1):21-28 (2018)

ISSN: 2147-6403 DOI: http://dx.doi.org/10.29278/azd. 440586

Isolation and characterization of Bacillus megaterium

Arastirma
(Research)

isolates from dead

pentatomids and their insecticidal activity to Palomena prasina nymphs

Hasan Murat AKSOY?, Celal TUNCER}, Islam SARUHAN}, Ismail ERPER?, Murat OZTURK}, Izzet AKCA!

10ndokuz Mayis University, Faculty of Agriculture, Department of Plant Protection, SAMSUN

Alnis tarihi: 19 Aralik 2017, Kabul tarihi 06 Nisan 2018

Sorumlu yazar: islam SARUHAN, e-posta:isaruhan@omu.edu.tr

Abstract

Bacillus megaterium isolates, were demonstrated to
be efficient biocontrol agents against the green
shield bug (Palomena prasina L. Heteroptera:
Pentatomidae). Firstly hazelnut orchards were
surveyed and four B. megaterium isolates were
obtained from P. prasina. The morphological,
physiological and biochemical characteristics of B.
megaterium isolates were determined according to
the standardized methodology. Additionally 16S
rRNA gene sequence analyse was performed to
determine the isolates. Analysis of the 16S rRNA
gene confirmed that isolates Sa-1, Sa-5, SAk-2 and
SAkc-19 are B. megaterium, with 100% sequence
homology to the type strains of B. megaterium.
Effectiveness of these isolates was tested against P.
prasina nymphs in laboratory, at 25+1°C and 7045
RH. Isolates were bioassayed against nymphs and
dead individuals were counted daily, following a 12
days lasting treatment. Lethal time (LTso and LToo)
values of B. megaterium isolates were calculated.
LTso values of the two most active isolates were 1.91
and 11.18 days. The highest mortality rate was 98%
obtained with the treatment of SAkc-2 isolates at
concentrations of 108 cfu ml-! on the 12t day of post
treatment.
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Olii pentatomidlerden Bacillus megaterium
izolatlarinin izolasyonu, Kkarekterizasyonu ve
Palomena prasina nimflerine insektisital etKisi

Oz

Bu ¢alisma, Bacillus megaterium izolatlarinin findik
kokarcasina (Palomena prasina L. Heteroptera:
Pentatomidae) karsi etkin biyokontrol ajanlari
oldugu gosterilmistir. Oncelikle findik bahgelerinde
survey yapilarak, P. prasina'dan dort Bacillus
megaterium izolati elde edilmistir. B. megaterium
izolatlarinin morfolojik, fizyolojik ve biyokimyasal
ozellikleri standart tani yontemlerine gore
belirlenmistir. Ayrica izolatlarin tanisi i¢in 16S rRNA
gen dizi analizi yapilmistir. 16S rRNA geninin analizi
sonucu; Sa-1, Sa-5, SAk-2 ve SAkc-19 izolatlarinin B.
megaterium oldugu, tip 1rklan ile % 100 dizi
benzerligi gostermesi ile dogrulanmistir. Bu
izolatlarin etkinligi, laboratuarda 251 °C ve 70+5
RH'de P. prasina nimflerine karsi denenmistir.
izolatlar, nimflere kars: biyolojik olarak test edilmis
ve son uygulamadan 12 giin sonra odlen bireyler
giinliik olarak sayilmistir. B. megaterium izolatlarinin
Lethal zaman degerleri (LTso ve LToo)
hesaplanmistir. En aktif iki izolatin LTso degerleri
1.91 ve 11.18 giin olarak belirlenmistir. En yiiksek
olum orani, SAkc-2 izolatinin 108 cfu ml!
konsantrasyon uygulanmasi ile 12. giinde % 98
olarak elde edilmistir.

Anahtar kelimeler: Bacillus megaterium, Palomena
prasina, biyolojik miicadele, entomopatojen
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Introduction

Turkey is the largest producer of hazelnut in the
world. The country, account for around 75 percent of
total global hazelnut production. The total area of
hazelnut orhards is currently around 618 000 tons a
year and 2.3 billion US dollars yearly from hazelnut
exports in 2014 in Turkey (Tuncer et al, 2002;
Anonymous, 201643, b).

Several insect pests infest hazelnut orchards. Among
these insect pests are some pentatomids which effect
on hazelnut kernel quality (Tavella et al, 2001;
Tuncer et al,, 2004; Tuncer et al,, 2009). Feeding of
pentatomids causes empty nuts during early season
and kernel damage during later period. Kernels
damaged by pentatomids lost their shape and taste
bitter. Among pentatomids, the predominant species
is the green shield bug, Palomena prasina L.,
(Heteroptera: Pentatomidae) with 85% prevalence
in hazelnut orchards of Black Sea region of Turkey
(Tuncer et al., 2005). The public concern over the
dangerous effects of insecticides on the living
organisms and atmosphere has enhanced the search
of safer and ecologically friendly biological control
alternatives. One of alternative control may
suggestion an additional technique for the
management of P. prasina. Few antagonistic
microorganisms are positively applied to control
pests in contaminated soil. These microorganisms
consist of Bacillus species, B. thuringiensis (Bt),
Lysinibacillus sphaericus (Ls) and B. megaterium
(Bm). The wusage of Bm, which can produce
insecticidal metabolites, also deliberated to be a
promising tool for controlling the chemical pests
(Aksoy and Ozman-Sullivan, 2008). It is also a
potential biological control agent of nematodes
(Padgham and Sikora, 2007; Huang et al.,, 2010). Bm
is a Gram-positive, mostly aerobic spore-forming
bacterium found broadly in diverse habitats from
soil to seawater, river, sea food and salt lake (Gu et
al, 2007; Patricia et al, 2007). Even though there
have been various researches on microorganism as a
possible bacterial control agent (Sezen et al., 2004;
Buresova et al,, 2006; Gokce et al., 2010; Ozsahin et
al,, 2014), none have used on B. megaterium against
P. prasina.

The aim of this study was to obtain bacterial isolates
from dead pentatomids in hazelnut orchards in
Diizce, Samsun, Giresun and Ordu provinces in Black
Sea region of Turkey, to characterize these isolates
by molecular methods and to determine their
insecticidal activity against P. prasina nymphs. This

is the first study investigating the effects of B.
megaterium against P. prasina.

Materials and Methods
Insect culture

Fourth stage nymphs of P. prasina were used in
bioassays. The nymphs were collected from different
hazelnuts orchards by beating-sheet method during
July in Samsun province. The insects were conserved
in climate chamber with 251 ©°C, 70+5 relative
humidity and photoperiodic lighting (16 hours of
light: 8 hours of dark). After the bugs were
transferred to the laboratory conditions, the insect
culture was fed with fresh bean pods (Phaseolus
vulgaris) and food was changed daily basis.

Bacterial isolation

Bacillus isolates were isolated from dead male and
female P. prasina individuals found in hazelnut
orchards in Giresun, Diizce, Ordu and Samsun cities,
located in Black Sea region of Turkey. These
orchards had not been previously treated with any
Bacillus biopesticide. The collected samples were
kept at about 4°C in the refrigerator until they are
used for bacterial isolation. To eliminate external
contamination, dead P. prasina male and female
individuals were disinfected in 1% NaOCl within 3
min. Thereafter, the samples were kept several times
in sterile distilled water and moved aseptically into a
sterile mortar and macerated with a sterile pestle.
The macerate was placed in 1.5 ml of sterile distilled
water. The suspension was then heated to 75°C for
10-15 min, and diluted in the ratios of 1x10-2 and
1x10-%. The dilutions were streaked on nutrient agar
and the plates were incubated at 30°C for 48 h
(Cavados et al,, 2001). The colony characteristic are
observed for selection of candidate isolates.

Biochemical characteristics

The biochemical characteristics, morphological and
physiological of Bm isolates were identified based on
the standardized methods recommended in Bergey’s
Manual of Systematic Bacteriology (Logan and Vos,
2009).

16S rRNA gene sequencing

The bacterial total genomic DNA was extracted from
bacterial suspensions (after 12 h incubation in LB)
using Qiagen DNA extraction kit and DNA
concentration was standardized at about 50 ng/pl
prior to performing PCR assay. Four bacterial
isolates were sequenced for the 16S rRNA region.
16S rRNA gene was amplified in 50 pl volume as
described for PCR tests above, using the universal
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primers 27F (AGAGTTTGATC(AC)TGGCTCAG;
positions 8 to 27 and 1492R (ACGGTTACCT
TGTTACGACTT; positions 1508 to 1492, (Weisburg
et al, 1991). Amplifications of the 16S rRNA
fragments were achieved in a final volume of 50 pl
with 5 pul of 10x PCR buffer (Qiagen), 1.5 mM MgCl2,
1 pl PCR Nucleotide Mix Plus (Roche), 0.2 uM of each
primer, 1.25 U Taq polymerase (250 U HotStarTaq
DNA Polymerase, Qiagen) and 3 pl of template DNA.
Reactions were used in a Bio-Rad T100 Thermal
Cycler. The PCR conditions used were 15 min at
94°C, 35 cycles of 30 s at 94°C, 1 min at 52°C and 90
s at 72°C, followed by a final extension at 72°C for 7
min. Sequencing for PCR results of the selected
strains was performed in both directions and the
sequencing reactions were carried out by the
Medsantek Company, Turkey. The chromas Pro
software (Technelysium Pty Ltd, Qld, Australia) was
used for editing and regenerating the obtained
sequences. Resulted partial 16S rRNA fragment
sequences of Bacillus megaterium were searched in
GenBank database with available sequences using
nucleotide-nucleotide Basic Local Alignment Search
Tool (BLAST) for nucleotides alignments to perform
phylogenetic analysis. The phylogram was produced
by the maximum likelihood programme (Tamura et
al,, 2013).

Insecticidal activity

Fourth stage nymphs of P. prasina were placed in 1 L
plastic ice-cream cups (sterilized by ethanol)
containing two 5-6 cm long fresh bean pods. Ten 4t
stage nymphs were placed into each cup (12X19X8
cm). Bottom sides of ice-cream cups were covered by
filter papers which were moisturized by sterile
distilled water. Bacillus isolates were incubate on
nutrient agar (Difco) at 30+2°C for 24 h. The cells
were then harvested with a drigalski spatula and
suspended in sterile distilled water. The turbidity of
the each bacterial suspension was adjusted to an
optical density at 600 nm (0D600) of 0.7 (108
colony-forming wunits mll, cfu ml1). Spraying
application of the bacterial suspension of Bm isolates
at 108 cfu ml! were applied to the nymphs. For the
spraying application, after the nymphs had been
moved on the cups, the suspension culture was used
from a distance of 25-30 cm with a hand held
sprayer of 50-ml capacity until the nymph surface
was just wetted with very fine droplets. The negative
control cups were sprayed with sterile distilled
water and incubated at 25+1°C with 70+5% relative
humidity (RH), 16:8 h light:dark photoperiod for 12

days in a Binder incubator (Model KBWF 240,
Germany). Polyethylene sheets were used together
with rubber in order to cover the open sides of cups.
The causal agents were again re-isolated from dead
nymphs according to Cavados et al. (2001) and
shown to be identical to the organisms characterized
by sequencing of 16S rRNA gene. The bioassays were
conducted twice, with three replications.

Statistical analysis

The mortality data of isolates on nymphs of P.
prasina were corrected using Abbott’s formula
(Abbott, 1925) and percentages of mycosed insect
cadavers were calculated. Due to the limited
availability of insect material for experiment,
multiple observations were made for each of the
dose groups at a series of times after treatment.
Since standard probity analysis techniques are not
applicable to serial time-mortality data (Throne et
al, 1995; Robertson et al, 2007), serial-time
mortality data from bioassays were resolved by
probit analysis program (PROBIT2-PP, Throne et al.
1995) to calculate 50% lethal time (LT50) and 90%
lethal time (LT90), despite of that this valid method
produced high Chi-square and heterogeneity value.
In lethal time analysis Log-Probit analysis was
considered in abovementioned program. Slopes of
regression lines were compared with each other’s by
their standard errors. Mortality in fourth instar
nymphs of P. prasina treated with bacterial isolates
were compared by one-way analysis of variance
(ANOVA) followed by Tukey-Kramer multiple
comparison programs were used to separate means
(SPSS, Version 21, SPSS Inc., Chicago IL.).

Results and Discussion
Bacterial isolation

A total of 26 bacteria were isolated of which 4 B.
megaterium isolates were selected for this study.
These isolates, Sa-1, Sa-5, SAk-2 and SAkc-19, having
insecticidal activity were selected to base on
morphological, physiological and biochemical
characteristics of the isolates (Logan and Vos, 2009).

Biochemical characteristics

Morphological, physiological and biochemical
characteristics of the isolates are shown in Table 1.
All isolates were Gram-positive, aerobic, rod and
motile. After growing on nutrient agar 24-48 h at
30°C, the young colonies were 1-2 mm in diameter,
translucent whitish, irregular, smooth, slightly
convex and with entire edges. All isolates, Sa-1, Sa-5,
SAk-2 and SAkc-19, showed positive results for:
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production from sugars such as l-arabinose, d-
glucose and d-mannitol; hydrolysis of casein, gelatin
and starch and negative results for: voges-proskauer
test. All these isolates were able to grow in 5%
sodium chloride solutions. All of the isolates were
approved to be members of the genus Bacillus by
means of classical tests such as the ability to form
spores, colony morphology and gram staining. On
the basis biochemical diagnostic experiments, the
isolates were identified as Bacillus megaterium.

16S rRNA gene sequencing

The 16S rRNA gene fragments of the reference
strains applied in the research were achieved from
GenBank. The phylogenetic tree established on these
sequences revealed close relationships among the
isolates and with other members of the genus
Bacillus (Figure 1). The generated nucleotide
sequences of Sa-1, Sa-5, SAkc-2 and SAkc-19 were
received from the GenBank database with accession
numbers are KY21924, KY21925, KY231926,
KY21927, respectively. Analysis of the 16S rRNA
gene confirmed that isolates Sa-1, Sa-5, SAk-2 and
SAkc-19 are B. megaterium, with 100% sequence
homology to the type strains [AM13418 (K]569088),
ATCC14581 (JF749282), Hd (KY098770), B8
(KU95928) and ARD47 (KX023249) of B
megaterium (Figure 1).
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Figure 1. Maximum Likelihood dendogram based on 16S
rDNA showing comparison of Bacillus species. Bar=0.02
inferred nucleotide subtitution per nucleotide. Values at
nodes indicate bootstrap values for 1000 replicates.
Bootstrap values <50% were removed. GenBank accession
numbers given in the parantheses. Brevibacillus agri and
Paenibacillus jamilae were used as an out group, and
generated sequences from this study are listed in bold.

Table 1. The morphological, physiological and biochemical characteristics of B. megaterium isolates

Bacillus megaterium isolates Lysinibacillus Bacillus
Parameters Sa-1 Sa-5 SAkc-2 SAkc-19 sphaericus thuringiensis
Shape Rod Rod Rod Rod Rod Rod
Gram staining G* G* G* G* G* G+
Sporulation + + + + + +
Catalase + + + + + +
Aerobic growth + + + + + +
Voges-Proskauer test - - - - - +
Deamination of + + + + + R
phenylalanine
Acid from L-Arabinose + + + + - +
D-Glucose + + + + - -
D-Mannitol + + + + - +
Hydrolysis of Casein + + + + - -
Gelatin + + + + - +
Starch + + + + _ ¥
Growth in 5% NaCl + + + + + +

*(-) negative reaction, (+) positive reaction, (G+) Gram positive

Insecticidal activity

LTso and LToo values of the isolates applied against
the nymphs of P. prasina were determined by probit
analysis. When considering LTso values of the

isolates used, SAkc-2 killed the fastest, with an LTso
of 1.91 days. The second fastest kill was by Sa-1
isolate with an LTso of 10.62 days. Except the SAkc-2
isolate, the slopes of the other three isolates were
similar. In addition, in terms of LToo values, the
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fastest effect also occurred in the SAkc-2 isolate with
11.18 days.

At the first day of post treatment there was almost
no mortality in any isolates as expected. At the 3rd
day of post treatment mortality started to increase
rapidly and reached 68% in SAkc-2 isolate of B.
megaterium. From 5 to 12 days after treatment, on
one isolate, SAkc-2, mortality rates were between

82% and 98%. The highest mortality rate was 98%
which was obtained with the treatment of SAkc-2
isolates with a concentration of 108 cfu ml! on the
12t day. The Sa-1, Sa-5 and SAkc-19 isolates caused
the lowest insecticidal activity, where the percentage
mortalities were ranged between 32% - 60.0% at
with a concentration of 108 cfu ml! on the 12t day
(Figure 2).
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Figure 2. Lethal times (LTso and LT9o) for fourth stage nymphs of Palomena prasina
treated with Bacillus megaterium isolates.

The fact that most Bacillus species only differ in one
biochemical property makes classical biochemical
identification quite difficult at the species level.
However, B. megaterium, L. sphaericus and B.
thuringiensis are distinguished by voges-proskauer;
acid production from Il-arabinose, d-mannase, d-
glukoz and d-mannitol; hydrolysis of casein, geletain
and starch and deamination of phenylalanine. B.
megaterium can create acid from hydrolyse casein
and d-glucose while L. sphaericus and B. thuringiensis
cannot (Sneath, 1986; Slepecky and Hemphill, 2006;
Logan and Vos, 2009). In accordance with results of
our study, Sa-1, Sa-5, SAk-2 and SAkc-19 were
approved to be members of the genus Bacillus by
means of classical tests suhc as gram staining, spores
and colony morphology. In addition, the results
showed that these four isolates, could produce acid
from d-glucose and hydrolyse casein. On the basis of
biochemical diagnostic tests, the isolates were
identified as B. megaterium (Table 1). The test of the
16S rRNA gene verified that isolates Sa-1, Sa-5, SAk-
2 and SAkc-19 are B. megaterium, with 100%
sequence homology to the type strains of B.
megaterium (Figure 1).

For many pathogens, Bacillus species are applied as
an alternative control agents. For the reason that

their capacity to produce toxins during sporulation
(Pietrantonio et al., 1993; Zhang et al., 1995; Wagner
et al,, 1996). Various studies have been done on the
nematicidal and insecticidal influences of B.
megaterium. Khyami-Horani et al. (1999) reported
that populations of B. megaterium were highly toxic
to the 4t instar larvae of Culiseta longiareolata
(Diptera: Culicidae). According to Aksoy and Ozman-
Sullivan, (2008) that isolates of B. megaterium were
successfully used for Aphis pomi (Hemiptera:
Sternorrhyncha: Aphididae), caused 92% to 100%
mortality within five days of the treatments. In
addition, this bacterium has also been applied
against pathogenies such as nematodes. According to
Neipp and Becker, (1999) that numerous
microorganism isolates were succesfully against beet
cyst eelworm (Tylenchida: Heteroderidae), reduced
]2 penetration of Beta vulgaris. Al-Rehiayani et al.
(1999) declared that B. megaterium was successfully
applied for Pratylenchus penetrans (Tylenchida:
Pratylenchidae) and Meloidogyne chitwoodi
(Tylenchida: Heteroderidae), reducing ]2
penetration of Solanum tuberosum. Although B.
megaterium was researched as an alternative biotic
control agent for Meloidogyne graminicola
(Tylenchida: Heteroderidae) on Oryza sativa
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(Padgham and Sikora, 2007). Crude metabolites
produced by B. megaterium decreased nematode
eggs and numbers of Meloidogyne exigua
(Tylenchida: Heteroderidae) (Oliveira et al., 2007).
In this study, the results showed that only one
isolate, SAkc-2 of B. megaterium was highly
pathogenic to the fourth instars of P. prasina. The
median lethal times (LTso) for SAkc-2 showed the
fastest effect with an LTso of 1.36 days and the
highest mortality rate 98% after 12 days of post
treatment under controlled laboratory conditions, at

25+1°C and 70% +5°C RH. On the other hand, the
median lethal times (LTso) for the other three
isolates; Sa-1, Sa-5, SAkc-19 showed very low
efficacies, varying from 23.89 to 10.62 days and the
total mortality rates varied between 14% and 60%.
In addition, when considering LToo values, the
fastest effect was also occurred in the SAkc-2 isolate
within 5.45 days, followed by Sa-1 isolate with 46.97
days, and the others. The Slope+SE and Chi-square
values of bioassays are given in table (2) (Table 2,
Figure 3).

120
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Figure 3. Mortality in fourth stage nymphs of Palomena prasina treated with Bacillus

megaterium isolates (P<0.05).

Table 2 Lethal times (LTso and LT90) for fourth stage nymphs of Palomena prasina treated with Bacillus

megaterium isolates

Species (95% el limits) (95% el limits) SlopezSE X
Sa-1 10.62 (7.33-17.85) 46.97 (25.46-150.41) 1.98+0.35 ab 1.23
Sa-5 23.89 (Undefined) 157.43 (Undefined) 1.56+0.38 abc 14.52

SAkc-2 1.36 (Undefined) 5.45 ( Undefined ) 0.15+0.03 d 150.58

SAkc-19 56.35(19.89-1389.47) 925.08 (134.49-944962.60) 1.05£0.31 bc 3.63

Slopes followed by same letters do not differ significantly.

Our results were consistent with earlier reports
indicating the effectiveness of some strains of B.
megateium, which was determined as
entomopathogenic bacterium on different insect and
nematodes (Padgham and Sikora, 2007; Aksoy and
Ozman-Sullivan, 2008; Huang et al,, 2010). It may be
possible to use the SAkc-2 as a potential biocontrol
agent against P. prasina in quite large hazelnut

plantations of Turkey. However, it is also necessary
to evaluate the field efficiency of the isolate on P.
prasina in order to establish a successfully
biocontrol program.
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