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In this work, five strains of Photorhabdus luminescence isolated from a local nematode strains namely 
Heterorhabditis indica (EGAZ1), H. indica (EGAZ2), H. indica (EGAZ3), H. indica (EGAZ4), H. indica 
(EGAZ5), Photorhabdus luminescens subsp. laumondii HP88 which was isolated from Heterorhabditis 
bacteriophora (HP88), and Xenorhabdus nematophilus isolated from the hemolymph of Galleria 
mellonella infected with Steinernema carpocapsae (All). The identity of the isolated bacteria were 
authenticated referring to their cultural, morphological and biochemical traits as well as to their 
entomopathogenicity against Galleria mellonella. The 16S r RNA gene sequence technique was adopted 
for conclusive identification of the five isolates. Lab experiments conducted to examine larvae toxicity of 
the bacterial cell suspensions or cell-free culture filtrates with different concentrations pointed out to high 
susceptibility of T. absoluta larvae to all bacterial cell suspensions as well as their toxins. However, the 
degree of susceptibility varied according to the strain genotype and toxin concentration. Higher densities 
cell suspensions up to 4 x 107 cells.ml-1 and undiluted cell- free supernatant (100%) were the most 
effective larvicidal fluids. Percentage of T. absoluta mortality increased with increasing the supernatant 
concentration. Larvae mortality of up to 70 % was achieved when T. absoluta larvae were treated with 
either a cell suspension or the cell-free culture filtrates of P. luminescence (EGAP2). 
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INTRODUCTION 

Egypt is considered one of the global top 10 
tomato producers (WPTC, 2011) where tomato 
grown in one third of the total vegetables 
cultivated area. The leaf mining Tuta absoluta 
invaded Egypt in 2009 through Marsa Matrooh, 
the nearest Governorate to Libya and established 
in all Egyptian provinces by 2010 to reach 
northern Sudan in 2011 (Tamerk, 2011 & Gaffar, 
2012). Devastation by this insect was shown to 
reach up to 80-100% yield losses in field and 
greenhouse grown tomatoes (Desneux et al., 
2010). Severe yield losses in potatoes, eggplants 
and other Solanaceae members were also 

reported due to T. absoluta infestation. Due to its 
high reproduction capacity and short generation 
time T. absoluta can easily develop resistance 
against the frequently applied insecticides which 
necessitates continuous changes in the insect 
pest management strategies. The 
entomopathogenic nematodes (EPN) belonging to 
the family of Steinernematidae and 
Heterorhabditidae are obligate parasites for many 
insect pathogens and can kill pests with their 
symbiotic bacteria i.e. Photorhabdus sp. and 
Xenorhabdus sp.. High mortality reaching 100% in 
T. absoluta larvae was recorded when EPN were 
applied under laboratory conditions (Batalla 
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Carrera et al., 2010). The EPN and their symbiotic 
bacteria play an important role in insect pest 
control and considered an environmentally friendly 
alternative for crop protection. The insecticidal 
activity of EPN from 
families Heterorhabditidae and Steinernematidae 
was attributed to their bacterial symbionts 
Photorhabdus and Xenorhabdus. T. absoluta 
mortality between 21.2 - 74.2%, 28.8 - 99.4% and 
17.5 - 95.2% were recorded after treatment with 
suspensions of H. bacteriophora, S. carpocapsae 
and S. feltiae, respectively which indicates the 
importance of these EPN and their symbiotic 
bacteria as biocontrol agents against T. absoluta 
larvae (Sevgi Türköz and Galip Kaşkavalci, 2016). 
Xenorhabdus and Photorhabdus are delivered via 
their specific EPN into the hemocoel of the target 
host (Adams & Nguyen, 2002) then the bacteria 
produce a variety of metabolites to enable them to 
colonize the insect host (Webster et al., 2002). In 
addition, the bacteria produce toxins that are 
responsible for killing the insect host after it is 
released into the insect hemocoel upon nematode 
invasion (Ffrench-Constant et al., 2007).  

The aim of this work was to select some 
Photorhabdus sp. and Xenorhabdus strains 
isolated from local EPNs strains for their 
insecticidal activity against Tuta absoluta and to 
examine the possible application of these strains 
in biological control of such economically 
important crop pest. 
 
MATERIALS AND METHODS 

Tuta absoluta culture. 
Larvae of T. absoluta collected from infested 

tomato plants grown in the greenhouse of Plants 
Protection Research Institute, Agricultural 
Research Centre, Giza, Egypt were used in this 
work. To culture T. absoluta, fresh tomato 
branches were cut in a jar filled with water and 
kept in 0.5 x 0.5 x 0.5 m cages at 25±1oC where 
male and female adults of T. absoluta were raised 
in these cages and eggs were hatched after 5 

days. For cultural maintenance, tomato branches 
were replaced with fresh ones every week. 

Nematodes. 
Five Strains of Heterorhabditis indica (EGAZ1, 

EGAZ2, EGAZ3, EGAZ4, EGAZ5) were identified 
based both detailed molecular and morphological 
characterization according (Azazy, A.M., Manal 
Farouk M. Abdelall. and R.M. Abdelrahman, 
unpublished data), Heterorhabditis bacteriophora 
(HP88) and one strain of Steinernema 
carpocapsae, were used in the present study 
(Table 1).  

Isolation and characterization of 
Photorhabdus and Xenorhabdus. 

Infective juveniles of Steinernema and 
Heterorhabdities were surface-sterilized for 3 
hours in 0.1 % Merthiolate solution (w/v) 
containing streptomycin (5,000 units.ml-1) followed 
by three rinses in sterile Ringers’ solution. Fifty 
juveniles were applied onto a moist Whattman 
No.1 filter paper (5.5 cm diameter) in a 6-cm 
diameter Petri dish. Xenorhabdus and 
Photorhabdus were isolated from the 
haemolymph of G. mellonella infected with the 
prepared juveniles. Dead G. mellonella larvae 
were surface-sterilized in 70% alcohol for 10 min, 
flamed and allowed to dry in a laminar airflow 
cabinet for 2 min. Larvae were opened where a 
drop of the oozing haemolymph was streaked 
onto nutrient agar plates. 

Plates were incubated in the dark for 24 h at 
30 °C. A single bacterial colony was repeatedly 
streaked onto nutrient agar plates until uniform 
colony size and morphology were obtained. Purity 
of the isolates was checked using Gram staining 
and streaking on nutrient agar plates. Cultural, 
morphological and biochemical traits of isolates 
were detrmined according to Farmer et al., (1984). 
A single colony from each isolate was inoculated 
in LB broth (containing 5 g/l Yeast Extract, 5g/l 
NaCl and 10 g/l Tryptone) supplemented with 
20% glycerol and kept at -80°C for further species 
identification and bioassay. 

Table1. Source of entomopathogenic nematodes 

Nematodes Species Population 
Geographic 

location 
Crop Source* 

Heterorhabdities indica EGAZ1 Sues, Egypt Nktarin Soil 

Heterorhabdities indica EGAZ2 El-Kasasein, Ismailia, Egypt Mango Soil 

Heterorhabdities indica EGAZ3 El-Kasasein, Ismailia, Egypt Palm Soil 

Heterorhabdities indica EGAZ4 Sues, Egypt Plum Soil 

Heterorhabdities indica EGAZ5 El-Kasasein, Ismailia, Egypt Alfalfa Soil 

Heterorhabdities bacteriophora HP88 USA Commercial product BioLogic, Inc., USA 

Steinernema carpocapsae All USA Commercial product BioLogic, Inc., USA 

Nematodes were isolated from soil using last instar larvae of Galleria mellonella as bait. 
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Molecular identification of the bacterial isolate 
16S r DNA. 

The five selected bacterial isolates were 
identified using 16S r DNA sequencing as 
molecular tools. Genomic DNA from each of the 
bacterial colonies will be isolated as described by 
Sambrook et al., (1989). Amplification of the 16S r 
DNA region from the extracted DNA of bacterial 
isolates will be performed using polymerase chain 
reaction (PCR), oligonucleotide primers pair, 27F 

5 ´- AGAGTTTGATCMTGGCTCAG -3´and 1492R 

5 ´- CGGTTACCTTGTTACGACTT-3´. Every 

reaction will contain 14.5 μl of deionized sterile 
water, 2.5 μl of buffer 10X, 1 μl of MgCl2 (50 mM), 
0.5 μl of dNTP´s (20mM), 2 μl of each primer (10 
pM), 0.5 μl of Taq polymerase (5U/mL) and 2 μl of 
sample DNA. PCR amplification will be carried out 
under the following conditions: initial denaturation 
94°C for 5 min followed by 35 cycles of 
denaturation at 94°C for 1 minute, annealing 65 
˚C for 1 minute and elongation at 72 °C for 1 
minute and final extension at 72°C for 7 min. The 
amplified products will be separated by 
electrophoresis on 1.0 % agarose gel will stain 
with ethidium bromide (0.5 μg/ml) and will be 
visualized on UV gel documentation system 
(BioRad, USA). PCR products were purified from 
unincorporated PCR primers and dNTPs using 
QIAquick PCR Purification Kit (Qiagen), following 
the manufacturer`s instructions. The purified PCR 
products of 16S rDNA gene were subjected to 
sequence analysis using the Big TriDye 
sequencing kit (ABI Applied Biosystems) by the 
facility of Macrogen, South Korea. A homology 
search was performed for DNA sequence for 16S 
rDNA gene obtained from the sequencer using the 
Basic Local Alignment Search Tool (BLAST) 
against the National Center for Biotechnology 
Information (NCBI) database, USA 
(http://www.ncbi.nlm.nih.gov). The obtained 
sequences were compared to 16S r DNA gene 
sequences in the National Center for 
Biotechnology Information (NCBI) GeneBank 
database using the BLASTN algorithm (Altschul et 
al., 1990), and closely related sequences were 
downloaded. The sequences and closely related 
sequences were manually imported into and 
aligned in the Molecular Evolutionary Genetics 
Analysis software, ver. 7.0 (Kumar et al., 2016), 
with the Clustal W tool. DNA sequences obtained 
in this study were submitted to the NCBI database 
(accession No. Photorhabdus luminescens 
(EGAP1) MH368153, Photorhabdus luminescens 
(EGAP2) MH368154, Photorhabdus luminescens 

(EGAP3) MH368155, Photorhabdus luminescens 
(EGAP4) MH368156 and Photorhabdus 
luminescens (EGAP5) MH368157). 

Larvicidal activity of bacterial cell suspension 
against Tuta absoluta.  

A single colony of bacteria was subculture on 
50 ml LB broth in a 250 ml Erlenmeyer flask and 
incubated on a shaking incubator (Model: SI-100) 
at 150 rpm at 28°C. Cell densities in the 48h old 
suspensions were calibrated using a 
spectrophotometer at 600 nm to reach 4 x 107 cell 
/ml. The bioassay on the effect of P. luminescens 
(EGAP1, EGAP2, EGAP3, EGAP4, EGAP5 and 
HP88) and X. nematophilus bacterial cell 
suspensions against T. absoluta was examined 
using the leaf dip method. Suspensions of 
different cell densities i.,e., 4 x 104, 4 x 105, 4 x 
106 and 4 x 107 cells/ml were prepared from each 
bacterial broth culture by adding aliquots of sterile 
distilled water. Ten µl/ml paraffin oil, 0.5 µl/ml 
Tween-20 and 0.5% sucrose as a phagostimulant 
adjuvant were mixed in all treatments. Tomato 
leaves were dipped in the prepared culture 
suspensions (4 x 104, 4 x 105, 4 x 106 and 4 x 107 
cells/ml), for determination of the activity of the 
bacterial cell suspension administered orally to 
the 3rd instar of T. absoluta. Control leaves were 
dipped in broth and 10 µl/ml paraffin oil, 0.5 µl /ml 
Tween-20 and 0.5% sucrose only. After dipping, 
ten-second, 10 instar larva of T. absoluta were put 
on each jar and at least 30 larvae were tested per 
bacterial cell suspension assays at 25°C for each 
concentration. 

Larvicidal activity of bacterial cell-free culture 
filtrates against Tuta absoluta. 

Bacterial suspensions of the examined 
isolates were centrifuged at 4,500 for 30 min at 
5°C, to obtain cell-free culture filtratess. The 
supernatants were passed through 0.2 μm-pore 
sized filter syringe where the concentration of the 
obtained cultural filtrates was considered as 
100%. Purity of the cells-free supernatant 
solutions was tested on agar plates before their 
application against T. absoluta larvae. Different 
dilutions of the filtrates i. e., 100%, 50%, 25% and 
12.5% of P. luminescens (EGAP1, EGAP2, 
EGAP3, EGAP4, EGAP5 and HP88) and X. 
nematophilus were prepared by adding the 
appropriate distilled water aliquots. Ten µl/ml 
Tween-20 and 0.5% sucrose were also mixed. 
Tomato leaves were dipped in the examined 
filtrate dilutions (100%, 50%, 25% and 10%), for 
determination the activity of cell-free culture 
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filtratess administered orally to the 3rd instars of T. 
absoluta. Control leaves were dipped in sterilized 
LB broth mixed with 10µl/ml Tween-20 and 0.5% 
sucrose. After dipping for ten-second 10 instars 
larvae of T. absoluta were put on each jar and at 
least 30 larvae were tested per cell-free culture 
filtrates assays at 25°C for each concentration. 
The mortality was assessed daily for 48 hours.  

Statistical Analysis  
All experiments were applied in triplicates 

arranged in a completely randomized design. 
Data presented in percentage values in the 
present study were normalized using arcsine 
transformation. The significance of the main 
effects was determined by analysis of variance 
(ANOVA). The significance of various treatments 
was evaluated by Duncan’s multiple range test 
(P<0.05). All analyses were made using a 
software package “Costat”, a product of Cohort 
Software Inc., Berkeley, California. Data is mean 
of three replications. All data corrected by (Abbott, 
1927). 
 
RESULTS 

Data presented in Table 2 show the effect of 
four different cell densities of P. luminescens 
(EGAP1), P. luminescens (EGAP2), P. 
luminescens (EGAP3), P. luminescens (EGAP4), 
P. luminescens (EGAP5), P. luminescens subsp. 
laumondii HP88 and X. nematophilus the 
symbionts of the nematodes H. indica (EGAZ1), 
H. indica (EGAZ2), H. indica, (EGAZ3), H. indica 
(EGAZ4), H. indica (EGAZ5), H. bacteriopora 
(HP88), S. carpocapsae (All), respectively, on the 
survival of T. absoluta larvae. All strains exhibited 
larvacidal activity against T. absoluta (3rd instar). 
Larvae began to die after 24 h of exposure to the 
examined suspensions. The cell suspension of P. 
luminescens (EGAP2) demonstrated the highest 
toxicity to T. absoluta larvae resulting in 73.3 % 
mortality after 48 h. Bacterial suspensions with 
high cell densities caused significantly (P<0.05) 
higher percentages of mortality than those with 
low cell densities. Mortality rates of as high as 
60%, 73.3%, 66.7%, 63.3%, 70%, 53.3%, and  
66.7%, were recorded after 48 h of exposure to 
culture suspensions with the maximum cell 
density of P. luminescens (EGAP1), P. 
luminescens (EGAP2), P. luminescens (EGAP3), 
P. luminescens (EGAP4), P. luminescens 
(EGAP5), P. luminescens subsp. laumondii HP88 
and X. nematophilus, respectively. low cell density 
(4 x 104) caused (6.7 % mortality) of  T. absoluta 
for P. luminescens (EGAP1), (10 % mortality) for 

P. luminescens (EGAP2), (3.3  % mortality for) P. 
luminescens (EGAP3), (6.7 % mortality) for P. 
luminescens (EGAP4),( 3.3% mortality) for P. 
luminescens (EGAP5), (6.7 % mortality) for P. 
luminescens (HP88), and (10 % mortality) for X. 
nematophilus, the lethal susceptibility was 
different among the four densities (Table., 2). 
Statistical analysis revealed significant differences 
between strains (Fig.2) and the four 
concentrations (Fig.3) (df =6 , F= 5.7 , P<0.000), 
(df= 3, F=155 ,P<0.0000) as well as between the 
different days (Fig.4) (df= 1 , F=131.5 ,P<0.0000). 
However, no significant differences were recorded 
for interactions between the strains and the 
different densities (df = 18, F = 0.84, P = 0.6418) 
and no significant differences for interactions 
between the strains and the different days (df = 6, 
F = 0.50, P = 0.8064), Although no significant 
differences were recorded for interactions 
between the strains, the different densities and 
the different days (df = 18, F = 0.16, P = 1). But 
there were high significant differences for 
interactions between the days and the densities 
(df = 3, F = 24.5, P<0.0). The obtained results 
demonstrate differences in the pathogenicity of 
entomopathogenic bacterial (EPB) strains against 
T. absoluta. Pathogenicity bioassays of the EPB 
strains indicated that P. luminescens (EGAP2) 
strain cause the highest mortality of T. absoluta at 
a population density of 107 cells/ml. 

On the other hand cell-free culture filtrates of 
P. luminescens (EGAP2) strain showed the 
highest pathogenic effect on T. absoluta, with 
70% mortality at 48 h after exposure. The efficacy 
of the different concentrations of cell-free culture 
filtrates of P. luminescens (EGAP1), P. 
luminescens (EGAP2), P. luminescens (EGAP3), 
P. luminescens (EGAP4), P. luminescens 
(EGAP5), P. luminescens subsp. laumondii HP88 
and X. nematophilus varied between 3.3 and 70% 
within different concentrations. The highest 
mortality was obtained at 100% concentration, the 
mortality was ranged between 50 and 70% for the 
first concentration (100%), and it was ranged 
between 3.3 and 16.3% for the last concentration 
(12.5%) (Table 2). There was significant 
differences in the effectiveness of the cell-free 
culture filtrates after 48h exposure at P<0.05 
between different strains and between different 
concentrations. Mortality of T. absoluta increased 
with increased in concentrations of cell-free 
culture filtrates. Mortality of T. absoluta was 
significantly affected by the increasing 
concentration (P<0.05). Significant differences (df 
=6 , F= 3.65 ,P<0.0024) recorded between cell-
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free culture filtrates from different strains (Fig. 5), 
also high significant (df= 3, F=83.33, P<0.0000) 
were recorded for the different concentrations 
(Fig. 6) and the different days (Fig.7) (df= 1 , 
F=72.18, P<0.0000), no significant differences 
were recorded for interactions between all cell-
free culture filtrates and different concentrations 
(df = 18, F = 0.59, P = 0.8985).  Although there 

were no significant differences for interactions 
between all cell-free culture filtrates and days (df 
=6, F= 0.25, P=0.9543), but high significant 
differences were recorded for interactions 
between all different concentrations and days (df 
= 3, F = 18.26, P<0.000). 

 

Table 2. Effect of different bacterial cell densities and their cell-free culture filtrates on Tuta 
absoluta after 24 and 48 hrs. 

Bacteria Strains 
Density 

(cells/ml) 

Mortality 
(%) after 24 

hrs. 

Mortality 
(%) after 48 

hrs. 

Concentration 
(%) (cell-free 

culture filtrates) 

Mortality 
(%) after 24 

hrs. 

Mortality 
(%) after 48 

hrs. 

Photorhabdus 
luminescens 

(EGAP1) 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

3.3±0.6 
16.7±1.2 
20±1.0 

26.7±1.2 

6.7±0.6 
23.3±0.6 
36.7±1.5 

60±1 

12.5 
25 
50 
100 

6.7±0.6 
13.3±1.5 
16.7±0.6 
20±1.0 

10±1.0 
20±1.0 
30±1.7 

53.3±1.5 

Photorhabdus 
luminescens 

(EGAP2) 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

6.7±0.6 
20±1 

26.7±1.2 
40±1.0 

10±1 
30±1 

43.3±0.6 
73.3±0.6 

12.5 
25 
50 
100 

13.3±0.6 
16.7±1.2 
23.3±1.5 
36.7±0.6 

16.7±0.6 
23.3±1.5 
40±1.0 
70±1.0 

Photorhabdus 
luminescens 

(EGAP3) 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

3.3±0.6 
6.7±0.6 

16.7±1.2 
36.7±0.6 

3.3±0.6 
13.3±0.6 
33.3±0.6 
66.7±1.5 

12.5 
25 
50 
100 

3.3±0.6 
6.7±0.6 
16.7±1.2 
33.3±0.6 

3.3±0.6 
10±1.0 
30±1.0 

63.3±1.5 

Photorhabdus 
luminescens 

(EGAP4) 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

6.7±0.6 
10±1.0 
20±1.0 
30±1 

6.7±0.6 
16.7±1.5 
36.7±1.5 
63.3±2.1 

12.5 
25 
50 
100 

6.7±0.6 
10±1.0 

13.3±1.5 
26.7±1.2 

6.7±0.6 
13.3±1.2 
30±1.0 
60±2.0 

Photorhabdus 
luminescens 

(EGAP5) 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

0±0 
10±1.0 

16.7±0.6 
23.3±0.6 

3.3±0.6 
16.7±0.6 
40±1.7 
70±1.0 

12.5 
25 
50 
100 

3.3±0.6 
6.7±1.2 
10±1.0 
20±1.0 

3.3±0.6 
13.3±0.6 
36.7± 1.5 
63.3±1.5 

Photorhabdus 
luminescens 

subsp. Laumondii 
HP88 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

3.3±0.6 
6.7±0.6 

13.3±0.6 
33.3±0.6 

10±1.0 
20±1.0 

36.7±0.6 
66.7±1.5 

12.5 
25 
50 
100 

3.3±0.6 
6.7±0.6 
10±1.0 
10±1.0 

6.7±0.6 
10±1.0 

26.7±1.2 
50±1.0 

Xenorhabdus 
nematophilus 

4 x 104 

4 x 105 

4 x 106 

4 x 107 

0±0 
3.3±0.6 
6.7±0.6 

13.3±0.6 

6.7±0.6 
10±1.0 
30±1.0 

53.3±1.2 

12.5 
25 
50 
100 

6.7±0.6 
10±1.0 

13.3±0.6 
33.3±2.1 

10±1.2 
16.7±1.5 
30±1.0 

63.3±2.0 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure (1): Phylogenetic tree of 16S rRNA gene sequences from five bacterial isolates 
            Fig (1): Phylogenetic tree of 16S rRNA gene sequences from five bacterial isolates 

            Fig (1): Phylogenetic tree of 16S rRNA gene sequences from five 

bacterial isolates  
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Fig (2). Mortalitiy of T. absoluta after treatment with seven strains of NPB. Bars 

(mean±SE in the same and between time intervals with the same letter (s) are not 

significantly different. (P<0.005). 

Fig (3). Mortalitiy of T. absoluta after 

treatment with 4 different 

concentrations of  the all seven strains  

.Bars (mean ±SE in the same and 

between time intervals with the same 

letter(s) are not significantly different 

(P<0.005). 

Fig (6). Mortalitiy of T. absoluta after treatment 

with 4 different concentrations of  the all seven 

strains cell-free supernatant   .Bars (mean ±SE in 

the same and between time intervals with the same 

letter(s) are not significantly different (P<0.005). 

Fig (4). Mortalitiy of T. absoluta after 24 and 48 of treatment with the all seven strains  .Bars 

(mean±SE in the same and between time intervals with the same letter(s) are not significantly 

different (P<0.005). 
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Figure (5).  Mortalitiy of T. absoluta after treatment with the toxin of  seven strains of NPB. Bars 
(mean±SE in the same and between time intervals with the same letter(s) are not significantly 
different (P<0.005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DISCUSSION 

1. Molecular identification of the bacterial 
isolates. 

In order to identify the bacterial isolates, 16S r 
DNA gene was amplified using gene specific 
primers. The 16S r DNA amplicons of each  
bacterial isolate was sequenced on both strands 
using 27F and 1492R primers. The complete 
nucleotide sequence of 1,183, 1,227, 1,419,1,103 
and 1,141 bp sequences were obtained from 
EGAP1, EGAP2, EGAP3, EGAP4 and EGAP5 
isolates respectively, and subjected to BLAST 
analysis. Phylogenetic analysis of the endophytic 
isolated was performed by constructing a 
phylogenetic tree based on the 16S rRNA gene 
sequences (Fig. 1). 16S rDNA sequence analysis 
of the isolates Photorhabdus luminescens 
(EGAP1) accession no. MH368153 showed 97 % 
similarity with Photorhabdus luminescens subsp.  
 

 
akhurstii (accession no. DQ223040) that isolated 
from entomopathogenic nematode, 
Heterorhabditis brevicaudis, Also, Photorhabdus 
luminescens (EGAP2) accession no. MH368154 
showed 98 % similarity with Photorhabdus 
luminescens (accession no. EU523382), isolate 
Photorhabdus luminescens (EGAP3) accession 
no. MH368155 showed 99 % similarity with 
Photorhabdus luminescens (accession no. 
MF114105) that isolated from Heterorhabditis 
baujardi nematodes. Isolate Photorhabdus 
luminescens (EGAP4) accession no. MH368156 
showed 97 % similarity with Photorhabdus 
luminescens (accession no. EU301784). Isolate 
Photorhabdus luminescens (EGAP5) accession 
no. MH368157 showed 99 % similarity with 
Photorhabdus luminescens (K22) (accession no. 
KT899933). 

Fig (7). Mortalitiy of T. absoluta after 24 and 48 of 

treatment with the all seven cell-free supernatant .Bars 

(mean±SE in the same and between time intervals with 

the same letter(s) are not significantly different (P<0.005). 
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2. Oral toxicity of bacterial cell suspensions 
and their cell-free culture filtrates against T. 
absoluta. 

Data from this study demonstrate that larvae 
of the leaf miner T. absoluta were susceptible to 
different density of P. luminescens (EGAP1), P. 
luminescens (EGAP2), P. luminescens (EGAP3), 
P. luminescens (EGAP4), P. luminescens 
(EGAP5), P. luminescens subsp. laumondii HP88 
and X. nematophilus bacterial cell suspensions or 
cell-free culture filtrates (toxins).The examined 
bacterial strains or cell-free culture filtrates can be 
used as biological control agents against T. 
absoluta. The seven strains showed moderate 
activities against T. absoluta. Larvacidal effect 
was high at higher cell densities over time while at 
lower densities the larvacidal activities were less 
effective. Data display differences in pathogenicity 
among the examined EPB strains against T. 
absoluta. These bacteria produce insecticidal 
factors which are critical for their pathogenic 
activities on insects (Ffrench-Constant et al., 
2007). Bacteria secrete entomopathogenic factors 
directly into the growth medium. Interestingly, 
these bacteria or their toxic factors are insecticidal 
when they are ingested. Few previous works 
reported insecticidal activity of cell-free filtrates of 
various strains of Xenorhabdus spp. and 
Photorhabdus spp. The bacteria from the genera 
Photorhabdus and Xenorhabdus are proving to be 
a genomic goldmine, encoding a multitude of 
insecticidal toxins. Photorhabdus produce many 
secondary metabolites molecules, including 
genistine (afuran derivative), anthraquinone 
derivatives and stilbene derivatives and a phenol 
derivative, have been identified from in vitro 
cultures, (Chalabaev et al., 2008) showing they 
have insecticidal activity. Studies in a M. sexta 
model have revealed the pathology of 
Photorhabdus infection (Silva et al., 2002). Brown 
et al., (2006) showed that Txp40 toxin from 
Xenorhabdus as a ubiquitous insecticidal toxin 
protein occurs widely and highly in these bacteria. 
It is considered a significant component that used 
by the bacteria and nematodes to destroy their 
hosts. The oral toxicity of P. luminescens. 
laumondii (TT01 strain) crude extracts against 
larvae of the sweet potato whitefly Bemisia tabaci, 
and adults, showing insecticidal activity and was 
completely lethal after 60 hr. post treatment 
(Shrestha and Lee, 2012). Photorhabdus 
luminescens strain SL0708 was found to be highly 
pathogenic for both Spodoptera frugiperda larvae 
and Galleria mellonella. After 48 h of treatment 
with 1 × 103 - 1 × 104 CFU/larva, 100% mortality 

was attained (Julián et al., 2017).  

CONCLUSION 
Both cell suspensions and cell-free culture 

filtratess of Photorhabdus and Xenorhabdus have 
the potential to be used as agents for T. absoluta 
biocontrol. Further studies are required to achieve 
high mortality levels in T. absoluta using  
Photorhabdus and Xenorhabdus cell suspensions 
or cell-free filtrates before being involved in field 
scale biocontrol programs. 
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