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| ABSTRACT |

In the present study, four nematode species, two belong to the genus Steinernema (8. glaseri,
and 8. carpocapsae) and two belong to Heterorhabditis (H. bacteriophora and H. megdis), were
tested for their ability to kil the third larval instars of white grub (Pentodon bispinosos). The
mortality percentage increased with increasing the nematode concentration, 8. glaseri proved to be
the most effective species against the third larval instars of white grub, 90% mortality followed by
H. bacteriophora (83%) and 5. carpocapsae (56%), while H megdis gave the lowest mortality
percentage (37%). Based on the data obtained, mortality percentages were higher when the soil
surface was contaminated with the nematode suspension. The effect of entomopathogenic
nematodes on protein and esterase profiles of the larval hemolvmph were investigated. The
nematode infection induced some additional bands, while disappearance of other bands was
recorded also; an increase in the esterase activity at 48 hr post infection was observed, The genetic
polymorphism between the entomopathogenic nematode species used was resolved by RAFD
analysis. A total of 104 and 80 bands with 65.35% and 66.2% genetic polymorphism were obtained
Jor the nematode species belongs to genus Steinernema and the genus Heterorhabditis, respectively.
The highest number of species-specific markers was recorded for H. megdis (21) followed by S.
carpocapsae (13) then 8. glaseri (10), while H. bacteriopra showed 7 specific makers only. These
markers can be considered as useful markers for the four entomopathogenic nematode species used
and can be used to design a very effective biological control program to control white grub in
sugarcane plantations in Upper Egvpt.
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| INTRODUCTION |

hite grubs (Pentodon bispinosus),
the root-feeding larvae of scarab
beetles  (Coleopteran:  Scarab-

aeidae), are important pests of agricultural

species have an annual life cycle with adults
emerging in summer to lay eggs in the soil
among the roots of the host plants (Potter,
1998). By late summer, most larvae have
developed into the third instar. The larvae
continue feeding until pupation in late spring,

plants world wide (Koppenhofer and Eugene,
2008). In Egypt, larvae of white grubs are a
major pest of sugarcane. The white grub

extensive feeding activity of the larger larvae
kills large areas of sugarcane especially under
warm dry conditions. The insecticides have
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been the primary means for managing grubs
for long time (Potter ef al.,, 1996). Increasing
concerns about the environment and human
safety, effects on non-target organisms,
reduced efficacy due to microbial degradation
or insecticide resistance, and tolerance have
created a need for alternative control strategies
(Gaugler, 1987).

Entomopathogenic nematodes (Hetero-
rhabditidae and Steinermematidae) over an
environmentally safe and IPM compatible
alternative to chemical insecticides for the
control of white grubs and other soil inhabiting
insects (Kaya and Gayugler, 1993; Grewal er
al, 2005) have been applied. When the
nematode was applied under conducive
conditions, it has been as effective as chemical
insecticides against Popillia japonica larvae
(Georgis and Gaugler, 1991). Entomop-
athogenic nematode from the genus
Steinernematidae and Heterorhabditidae was
characterized by a symbiotic association with
bacteria of the genera Xenorhabdus and
Photorhabdus, respectively. The bacteria are
contained in the intestine of the free- living
infective juveniles (IJS) of these nematodes,
which are capable of seeking out hosts (Ansari
et al, 2003). The IIS are enter the hemocoel of
the insect and release the symbiotic bacteria
(Kaya and Gaugler, 1993) that multiply in the
hemolymph causing insect death within 48-72
hr which and establishing conditions for
nematode development in the cadaver by
providing nutrients (Nickel and Welch, 1984) ,
they also initially prevent the growth of other
microorganism (Forst and Nealson , 1996).
Since the hemolymph is the main site of
action, biochemical changes in its components
are expected (EL-Bishry er al, 1997). EL-
Bishry and Eid (1992) reported that
hemolymph protein of Spodoptera littoralis
six" instar larvae is markedly reduced after 30
hrs of the infection with Steinernema
carpocapsae. Enzyme markers have been

found to be especially suitable (Patnaik and
Datta, 1995). In the present study, two
entomopathogenic nematode species,
belonging to the genus Steinernema (5. glaseri
and S. carpocapsae), and two of the genus
Heterorhabditis (H. bacteriophora, H. megdis)
were used to control the Penfodon bispinosos
larvae under laboratory conditions. These four
nematode species are finger printed using
RAPD analysis in trial detect species specific
markers useful for the biological control
program of these nematode species. The
optimum concentration and the effective
application method were determined. The
effects of entomopathogenic nematodes on the
white grub hemolymph protein and esterase

banding patterns of third instar was
investigated.
. MATERIALS AND METHODS |

Among the field-collected insects, the
third-instar larvae were wused in all
experiments.  White  grub  (Pemtodon
bispinosws) was collected from sugarcane
cultivated areas at Nagaa Hamady and
Nakada, Quina governorate, Egypt. None of
the sites had been treated with insecticides
during the previous year. Larvae were kept
individually at 27°C for 1-4 weeks in a
mixture of organic compost and loamy sand. S.
glaseri, S. carpocapsae , H. bacteriophora and
H. megdis were cultured in the last instar
larvae of the greater wax moth, Galleria
mellonella (L) according to Dutky ef al
(1964). The emerging infective juveniles (1Js)
were harvested from White traps and stored in
distilled water at 15°C and 4°C for the
nematodes belonging to the genus Hefer-
orhabditis and Steinernema, respectively. The
soil used in the laboratory experiments was
sandy loam (69% sand, 14% silt, 16% clay,
and 1% organic matter, pH 6.4) that had been
pasteurized (3 hr at 70°C) and air-dried before
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use. The following experiments were
conducted under controlled laboratory
conditions (27°C) in plastic cups (10 cm
diameter x 15 cm depth) filled with 125 g of
moist soil provided with pieces of sugarcane
as a food.

I- Effects of different nematode
concentrations on the mortality of grub
larvae

The experiment was conducted to
examine the lethal effect of four
entomopathogenic nematode S glaseri, 5.
carpocapsae , H. bacteriophora and H. megdis
on white grub. The 3™ larval instars were
inoculated with the nematodes with
concentrations of 0, 100, 200, 300, 400 and
500 IJs/cup. Each concentration contained 3
replicates of 15 larvae each. All cups were
kept under a controlled room temperature
(27°C). Cups were inspected daily after
treatment; dead larvae, were counted, washed
and kept in extraction chambers.

2-Application methods

Four methods were tested with §
glaseri, 5. carpocapsae, H. bacteriophora
and H. megdis at concentration of 300
Lis\cup. The first method: adding the
nematode suspension directly to the soil
surface before transferring the larvae. In the
second; a single cadaver of Galleria
mellonella containing infective juveniles (1Js)
was buried in the soil moistenad around 20 %
R.H. The third was carried out by placing the
white grub larvae in a Petri-dish (10 cm
diameter) containing a Whatman filter paper
wetted by nematode suspension. The last one
was accomplished by adding nematode
suspension directly on the white grub larvae.
Each method was represented with four
replicates each comprised 10 cups. All cups
were covered and kept under the room
temperature (27%C). Cadavers from each
treatment were counted and placed in the

extraction chambers. Controls received water
only.

3- The effects of nematode on white grub
hemolyph protein and esterase banding
pattern

The hemolymph were collected from the
healthy (non-infected) and infected larvas 24,
36 and 48 hrs post infection through a
puncture in one of the prolegs of larvae with a
fine needle. Hemolymph was received in clean
sterilized vials provided with few crystals of
phenylthiourea (PTU) to prevent melanization.
The hemolymph samples were centrifuged at
10,000 rpm for 10 min at 4°C to remove
hemocytes and cell debris. The supernatant
was recovered in a new vial and stored at -
20°C until use.

SDS-protein electrophoresis

Protein extraction was performed using
the hemolymph samples isolated from white
grub larvae infected with H. bacteriophora
and 5. glaseri,  SDS-polyacrylamide gel
electrophoresis (SD5-PAGE) was performed
for total storage proteins according to the
method described by Laemmli (1970).

Isozyme analysis

Isozyme extraction was performed using
hemolymph samples isolated from white grub
larvae infected with H. bacteriophora and 5.
glaseri. Hemolymph samples were extracted
by 2 ml extraction buffer (0.1% (w/v) Tris-
citric acid, pH 7.5; 1% (w/v) polyvinyl
pyrolidone (PVP); 0.1% (w/v) ascorbic acid
and 0.1% (w/v) cysteine) and centrifuged at
5333 xg (IS - 5.2 rotor), at 4 °C for 5 min.
Twenty pl of the extracted samples were used
for electrophoresis on polyacrylamide gel
(SDS-PAGE) according to the method of
Stegmann ef al. (1983), using Pharmacia
electrophoresis apparatus (GE-4). Estrase was
detected by incubating the gel in darkness for
one hour at 37°C in a mixture of 100 ml
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phosphate buffer (0.15 M pH 7.2) , 20 mg 1-
naphthylacetate dissolved in 2 ml acetone and
50 mg fast blue RR salt. After the incubation

period, the gel was rinsed in distilled water
and fixed in 50% glycerol for one hour. Bf
value of each band was calculated as follows:

Distance travelled by the band from the top of the running gel

Rf = :
Distance travelled by the tracking dye

Operon Technology Inc., Alameda, CA, USA).
The names and sequences of the primers that

RAPD analysis
Total genomic DNA was isolated using

the CTAB method described in Rogers and give clear bands are as follows:

Bendich (1985). PCR reactions were

conducted using arbitrary 10-mer primers
Primer Sequence

name

OPA-D] 5 - CAGGCCCTTC 3
OPA-(4 5 - AATCGGGCTG -3
OPB-10 5 - CTGCTGGGAC -3
OPC-05 5 - GATGACCGCC -3
OPC-08 5 - TGGACCGGTG -3
OPD-05 5 - TGAGCGGACA-3
OPD-10 5 - GGTCTACACC -3
OPF-15 5 - CCAGTACTCC -3
OPK-04 5 - CCGCCCAAAC
OPK-10 5 - GTGCAACGTG -3
OPP-03 5 - CTGATACGCC -3

The reaction mixture (20 wl) contained 10
ng DNA, 200 uM dNTPs, 1 uM primer, 0.5
units of Red Hot Taq polymerase (AB-gene
Housse, UK) and 10-X Taq polymerase buffer
(AB-gene House, UK). Samples were heated to
94°C for 5 min and then subjected to 35 cycles
of 1 min at 94°C; 1 min at 35°C and | min at
72°C. The amplification products were
separated in 1% (w/v) agarose gel in | x TBE
buffer and visualized by staining with ethidum
bromide. Reproducibility of DNA profiles was
determined by replicating all RAPD reactions
at least three times. Variations among
entomopathogenic nematode across  the
primers used were evaluated from pairwise
comparison for the proportion of shared bands
amplified (Nei 1987).The similarity coeffic-
ients was calculated by using  statistical
software package STATISTICA SPSS (Stat
Soft Inc.).

RESULTS AND DISCUSSION |

Entomopathogenic nematodes (EPN) are
a ubiquitous group of obligate and lethal
parasites of insects. They are widely used as
biological control agents of many insect pests
(Kaya and Gaugler, 1993). Koppenhofer and
Fuzy (2003) isolated a new nematode species,
Steinernema scarabae, from white grubs
Exomaia orientalis and Popillia japonica
(Coleoptera, Scarabaeidae) in New Jersey and
they could use them to control the
economically important white grub species.
Grewal ef al. (2004) reported that the potential
for biological control of Heterorhabditis
zealandica X1(H2-X1) and H. bacteriphora
GPS11 (Hb-GPH11) were 73-98 and 34-97%
control of P. japonica and 72-96 and 47-83%
control of Cvelocephala borealis, respectively.
When Steinernema glaseri was used against
the same insects, 6-58% control of P. japonica
was recorded with no control for the C.
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borealis. The four nematode species, two
belong to the genus Steinernema (5. glaseri,
and S. carpocapsae), and the others to
Heterorhabditis (H. bacteriophora and H.
megdis) were tested for their ability to kill the
third larval instar of white grub (Pentodon
bispinosos). The data illustrated in Fig. 1 show
that, the mortality percentages after 7 days
from treatment agr 27 °C, increased with
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H. bacteriophora
Nematode species

increasing the nematode concentration and the
highest mortality percentage was achieved by
using 500 1Js /insect in all cases. Using 500
LIS/insect, S. glaseri was the most effective
against the third larval instars of white grub
90% mortality followed by H. bacteriophora
(83%) and 5. carpocapsae (56%) while H.
megdis, gave the lowest mortality rate (37%).
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0200 |js |
@ 300 s |
o400 ljs
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Fig. (1): Mortality percentages of white grub larvae treated with different nematode species at
different concentrations (100, 200, 300, 400, and 500 1J5/ insect).

To determine the best treatments for
controlling white grub under laboratory
conditions four entomopathogenic nematode
species were applied to the third larval instar
of white grub through four application
methods and data were illustrated in Fig 2.
The mortality percentages of white grub larvae
were higher when the soil surface was
contaminated with the nematode suspension.
On the other hand, nematode wetted filter
paper method was unsuitable, having the
lowest mortality percentage, these results are
in agreement with those reported by Ibrahim

(2005) in which contaminated was the most
effective. Referring to the other two methods,
it is clear that the direct spraying of infected
on the grub was less efficient followed by
burying of the infected cadaver into the soil,
but both were of comparably of lower actively
than soil contamination. It may be mentioned
that, irrespective of method, the nematode
species are arranged according to their activity
against the grub as S glaseri, H. bacte-
riophora, S. carpocapsae and H. megdies.

Arab J. Biotech., Fol. 13, Ne. (1) January {2010):73-84.



T8 100 - Sanaa A.M. Thralim et al.

Mortality ¥

Coamigminated soil

W 5. glaseari
B 5. carpocapsas
B H. bacieriophara

O H. magdis

Infeciad Gallaria Diraat spray Contarmenalas  Fler

pagper
Treatment meathods

Fig. (2): Mortality percentages of four nematode species under four application methods.

In order to study the effect of entomop-
athogenic nematode on the larval hemolymph,
protein and esterase analyses were performed.
Hemolymph samples were collected from
infected larvae and from the control at 24, 36
and 48 hr post infection. The protein banding
patterns are illustrated in Fig. (3) and recorded
in Table (1). The total number of bands
differed with nematode infection, the number
increased in S. glaseri and H. bacteriophora
(48 hr) (10 bands each) comparing with the
control (8 bands), however, the numbers lower
in both treatments at 24 or 36 hr. The
nematode infection induced some new bands,
but in the other cases caused other bands to
disappear. The bands with molecular weights

Fig.(3): The SDS-PAGE of total protein
extracted from the white grub
hemolymph samples collected at 24,
36 and 48 hr post infection, M :
Marker lanes 1-3 are the white grub
treated with S. glaseri at 24, 36 and
48 hr, C; control and lanes 4-6 white
grub treated with H. bacteriophora
at 24, 36 and 48 hr, respectively.

(60.5 and 8846 kDa) are present with high
intensity in control, S. glaseri (48 hr), H.
bacteriophora at the three sampling periods. In
the S. glaseri treatment (36 hr) the band with
molecular weight 58.58 KDa was absent but it
appeared in all other samples with low
intensity. The band with molecular weight
43.05 KDa was present only in 5. glaseri (48
hr) and H. bacteriophora (48 hr) and this band
completely disappeared in other samples .The
protein band with molecular weight 2636
KDa was absent in S8 glaseri and H
bacteriophora 36 hr but found in the other
samples. The band with molecular weight
14.42 KDa was present with low intensity in
all samples except in S. glaseri (36 hr).

M 1 2 3 C 4 3 (]

KDa
Z00=

BE m
43 w—
24
20—

1440 —
6.50
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Table (1): Survey of SDS-protein bands in the white grub hemolymph, broad range protein
marker was used to detect M.W. of extracted protein.

M.W Control S plaseri H. bacteriophora

(KDa} 2dh 36h 48h 24h 36h _ 48h
160,50 + + + T T + -
BE.46 + + -+ + + + +
68.00 - - + - - -
58.58 =+ + + + + +
43.05 - - + - +
35.50 - + + - -
31.61 + - - - +
26.36 + + - + + +
24.02 - r - + - - +
20000 - - + - - - -
14.42 + + = + + + +
.50 + + + + + + +
4.00 + - - + + + +
Total 8 ) 5 10 7 i1 10

The effect of entomopathogenic disappeared in the last sampling (48 hr). The

nematode infection on the larval hemolymph
esterase isozyme banding pattern was detected
at three different treatment times. Fig. (4) and
Table (2), show the esterase profiles and the
Rf wvalues of the control and infected
hemolymph. A total of four bands were
detected with wvariation in their intensity
depending upon the infection and time of
sampling. The band with Rf 0.163 was found
with the same intensity in the control and other
samples except with S. glaseri which appeared
in low intensity (36 hr) and completely

band with RF 0.072 showed low intensity in
control, S.  glaseri (48 hr) and H
bacteriophora (24 and 48hr) and was absent in
S glaseri (24 and 36 hr), and #H
bacteriophora(36 hr). The band with RF 0.227
was presented in high intensity in 5. glaseri
(48 hr) and H. bacreriophora (24 and 48hr) but
absent in control and S. glaseri (24 and 36hr)
and H. bacteriophora (36hr). The band with
Rf (.68 was present in low intensity only in §.
glaseri and H. bacteriophora at the second
sampling as well as in control.

Table (2): Rf value of the esterase bands in larvae hemolymph of control and infected white grub

at 3 sampls,

Rf Control  S.g(24h) S.g(36h) S.g(48h). HB (24h) HB (36h)  HB (48h)
0.0727 + 2 ; s = =

0.163 + + - + + +

0.227 i s . + & i

0.68 + 2 + = = + o

Total 2 1 2 2 3 2 3
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Fig.(4): Esterase banding pattern and Rf values in control and hemolymph samples of white grub
larvae treated with two entomopathogenic nematode for 24, 36 and 48 hr.

Random DNA
(RAPD)

In order to find more variation among
the species of nematode, they were exposed Lo
the random amplified polymorphic DNA
(RAPD) analysis. DNA  samples  were
extracted and analyzed by RAPD-PCR
technique using |1 oligonucleotides primers
(Table 3). All the 11 primers produced

amplified polymorphic

reproducible PCR products with a clear
pattern for each species and showing

informative RAPD profiles (Fig. 4).As in
Table 3, the highest number of hands (12
bands) was generated by using the primers
OPA-01, OPK-04 and OFPK-10 in Steinernema
genus, while the lowest number was 4 bands
in Heterorhabditis genus and generated with
primer OPP-03.The total number of generated
bands in steinernema genus was |04; 68 oul
of them were polymorphic (65.35%). The
highest number of polymorphic bands (9
bands) was obtained with primer OPP-03,
with 90% polymorphism and the Jowest
number was 3 bands with primer OPD-1{}
representing 60% polymorphism, while the

primer OPD-05 recorded the lowest

percentage of polymorphism (44 .4%). In the
Heterorhalbditis genus the total nuimber of
generated bands was 80 ; 53 out of them were
polymorphic (66.2%). the highest number of
polymaorphic bands (9 bands) was obtained
with primer OPD-05 ,with 81.8" polymo-
rphism and the lowest number was 2 bands
with  primer OPK-04 representing  40%
polymorphism (Fig.4 and Table 3 ). In the
present study, the genotype—specific bands
were determined (Table 4), highest
number of specific marker was recorded for
the genus S. carpocapsae (15) followed by H.
megdis (12) then S. glaseri (10) while H.
bacteriopra showed 7 markers only

Taking all data together, it can be
concluded that increasing activity of white
grub increases the opportunity of random
encounter between them and the pathogen.
Also, moistened soil is the best environment
for nematode lls, where it can move easily
guided by certain cues produced by their
insect hosts heading toward these hosts
(Neguyen and Smart, 1990). These two reasons
are muost  probably the main cause of the

The
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superiority of contaminating soil surface as a
method of application to white grub control as
found in the present study. Burving infecied
Galleria larvae cadaver in the soil as a source
of nematode 1Js has its own advaniages and
disadvantages. Galleria cadaver provides

3000bp
1000bp

500bp

3000bi
10000p

500bp

3000bp
1000bp

500bp

some protection for nematode 1Js against theis
natural enemies in the soil (such as mites,
fungi), 1t guarantees a continuous source of 11s
in the soil for some time and nematode LJs can
stay inside the cadaver larvae if soil moisture
is not enough to allow nematode cruising.

Fig. (5): RAPD banding patterns of the four different Entomopathogenic nematode genotypes
asing 11 selected random primers, M: 1 kbp plus DNA ladder, 1-4: S. glaseri, S.
carpocapsae, H. bacteriopra, H. megdis .

On the other hand, the slow relcase of
nematode Ils from the infected Galleria
larvae may not produce the adequate TIs
concentration  needed  for  reasonahle
mortality rate among the target msect. This
may be the reason for the decrease in
mortality rate among the target insect. The
present data indicate that the
entomopathogenic nematode caused changes
in insect hemolymph protein  handing
pattern. Also an increase in 1he esterase
activity at 48 hr post infection was ohserved.

The genetic polvmorphism between the
entomopathogenic nermatode species used
was clarified by RAPD analysis and the
genotype-specific  RAPD  markers were
determined. These markers can be
considered as useful markers for the four
entomopathogenic nematode
examined and can be used to design 4 very
effective biological control program 1o
control white grub in sugarcane plantaticins.

species

Arab J. Biotech., Vol. 13, No. (1) January (2010) 73-84.
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Table (3): The numbers of total polymorphic bands and polymorphic frequency in the two
Entomopathogenic nematode genera using 1lprimers.

" Primers Steinernema Heterorhabditis
Generated polymorphic  Polymorphic Generated polymorphic Palymorphic
bands bands frequency®s bands band frequency®s
OPA-01 12 5 66,6 10 7 70
OPA-04 11 6 54.5 9 6 66.6
OFB-10 10 7 70 10 [ i)
OPC-05 9 6 666 6 3 50
OPC-08 9 & 588 7 & 85.7
OPD-035 9 4 44,4 11 9 B1.8
OPD-10 5 3 6l 6 3 50
OPF-15 5 4 80 5 3 60
OPE-04 12 i 50 5 3 40
OPK-10 12 7 583 7 5 T4
OPP-03 10 9 90 4 3 75
Total 104 68 653 B8 53 66.3

Table (4): The genotype specific RAPD marker in four entomopathogenic nematode species.

Genotype RAPD markers Number of markers
S glaseri OPA01-600,0PA04-730,0PA04-2500 , OPB10-2300, i3 10
OPC08-1900, OPD10-790,0PK04-990,0PK 10-1400, OPP03-250,
OPF15-1000
S. carpocapsae  OPAOI-1870, OPA01-2900,0PA04-690, OPB10-500, 15

OPE10-730, OPC05-250,0PC05-630,0PC05-1100, OPCOR-680,
OPD10-1900, OPF 1 5-3090,0FK04-700, OPK 10-600,
OPK10-1280,0PP03-680.

f. bacteriopra  OPAD1-400,0PA01-500,0PA04-3050,0PCO8-T50, T
OPDO3-550, OPDOS-1000, OPF135-2200.
H. megdis OPAN-700,, OPADS-1500,0PA04-3000, OFB10-380, 12

OPB10-1100,0PB10-2880,0PB10-5000, OPCOE-450,
OPDO3-380,0PDO35- -750, OFD10-1500,
OPF15-1500,,
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