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ABSTRACT 
 

Ten separate isolates of the entomopathogenic nematode-symbiotic bacteria, eight designed as 
Photorhabdus luminescens A, C, D, E, F, Kh1, Kh2, and HB and two isolates as P. luminescens akhurstii B and 
H, were obtained from the haemolymph of last instar Galleria mellonella larvae inoculated with infective 
juveniles of their corresponding Egyptian entomopathogenic nematode isolates, Heterorhabditis bacteriophora 
and H. indica. The bacterium-free filtrates were evaluated by mycelial plug on NBTA plates and a paper disc 
diffusion assays for their antifungal and antibacterial activity, respectively, against fifteen soil microorganisms. 
The tested fungi were Trichoderma harzianum, T. reesi, T. viride, T. reesi  F418, Aspergillus flavus, A. niger, 
Fusarium solani, Saccharomyces cerevisiae. The tested bacteria were Bacillus subtillus, B. megatherm var  
phosphaticum, Staphylococcus aureus, Streptomycetes spp., Pseudomonas fluorescens, Rhizobium 
leguminosarum, Salmonella typhemurium. Growth of all tested fungal species was inhibited by the phase I 
variant of Photorhabdus to an extent that varied considerably with both the fungal species/strain and the isolate 
of the Photorhabdus bacterium after 9 days of incubation.  Six, out of the ten, symbiotic bacterial 
isolates/strains showed antibacterial activities; each against one, two, or three of the tested bacterial species.  
The economic feasibility as well as medicinal and agricultural importance of applying  these symbiotic bacteria 
were discussed. 
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Introduction 

 
Microorganisms are found everywhere.  Some of them are helpful but others are harmful and disease 

causing.  Egyptian soil is not an exception; it is full of such organisms.  Among them, Trichoderma is a genus 
of fungi which are present in all soils.  Its related species are the most prevalent culturable fungi. Many species 
in this genus can be characterized as opportunistic avirulent plant symbionts 
(http://en.wikipedia.org/wiki/Trichoderma). T. harzianum is used as a fungicide. It is used for manufacturing 
enzymes and its commercial biotechnological products are used for foliar application, seed treatment and soil 
treatment for suppression of various disease causing fungal pathogens (Yedidia et al., 1999). T. reesei has the 
capacity to secrete large amounts of cellulolytic enzymes (cellulases and hemicellulases). Cellulases derived 
from some of its fungal strains have industrial application in the conversion of cellulose, a major component of 
plant biomass, into glucose (Kumar et al., 2008). In Egypt, the strain T. reesi F-418 produced abundant 
cellulose which can breakdowen polysaccharides  into monosaccharide. Those can further be converted into 
ethanol and other alcohols through fermentation process (Abd El-Zaher and Fadel, 2010). T. viride was reported 
as the highest phosphate dissolving fungus inoculated into the compost in rhizosphere soil (Badr El-Din et al., 
2000). Aspergillus is another fungal genus consisting of several hundred mold species found in various climates 
worldwide (http://en.wikipedia.org/wiki/Aspergillus). A. niger causes a disease called black mold on certain 
fruits and vegetables such as grapes, onions, and peanuts, and is a common contaminant of food. It is ubiquitous 
in soil and is commonly reported from indoor environments (Samson et al., 2001).  Also, A. flavus is a common 
mold in the environment, and can cause storage problems in stored grains. It can also be a human pathogen, 
associated with aspergillosis of the lungs and sometimes causing corneal, otomycotic, and nasoorbital infections. 
Many of its strains produce significant quantities of aflatoxin, a carcinogenic and acutely toxic compound.  A. 
flavus spores are allergenic and sometimes cause losses in silkworm hatcheries (Klich, 2007).  Fusarium solani 
is commonly isolated from soil and plant debris. This fungus has a worldwide distribution, but its frequency as a 
medically important pathogen is not fully known (http://en.wikipedia.org/wiki/Fusarium_solani). It remains the 
most common disease-causing fungus in its genus; e.g. it was found associated with decayed seeds and damped-
off seedlings and was shown to be pathogenic to alfalfa in Egypt (Seif El-Nasr and Leath, 1983).  Bacillus is a 
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bacterial genus; includes both free-living and pathogenic species. B. subtilis is known to cause disease in 
severely immunocompromised patients, and can conversely be used as a probiotic in healthy individuals 
(http://jcm.asm.org/content/36/1/325.full). B. subtilis produces the proteolytic enzyme subtilisin. Bacillus 
megatherm is able to survive in some extreme conditions such as desert environments due to the spores it forms.  
It produces penicillin amidase used for making penicillin and other enzymes for modifying corticosteroids, as 
well as several amino acid dehydrogenases (http://en.wikipedia.org/wiki/Bacillus_megaterium). Actinomyces 
are known for causing disease in humans, and for the important role they play in soil ecology. They produce a 
number of enzymes that help degrade organic plant material, lignin and chitin. As such, their presence is 
important in the formation of compost (http://en.wikipedia.org/wiki/Actinomyces). Pseudomonas fluorescens 
can be found in the soil and in water.  Heat-stable lipases and proteases are produced by P. fluorescens and 
other similar pseudomonads. These enzymes cause milk to spoil, by causing bitterness, casein breakdown, and 
ropiness due to production of slime and coagulation of proteins 
(http://en.wikipedia.org/wiki/Pseudomonas_fluorescens).  The bacterium Staphylococcus aureus can cause a 
range of illnesses, from minor skin infections, such as pimples, impetigo, and abscesses, to life-threatening 
diseases such as pneumonia, toxic shock syndrome and sepsis.  It is still one of the five most common causes of 
nosocomial infections and is often the cause of postsurgical wound infections 
(http://en.wikipedia.org/wiki/Staphylococcus_aureus).  On the other hand, bacteria of the genus Rhizobium play 
a very important and beneficial role in agriculture by inducing nitrogen-fixing nodules on the roots of legumes 
such as peas, beans, clover and alfalfa. So, the symbiont  R. leguminosarumcan can relieve the requirements for 
added nitrogenous fertilizer during the growth of leguminous crops 
(http://www.micron.ac.uk/organisms/rle.html).  Although the bacterial genus Salmonella includes species that 
cause illnesses like typhoid fever, paratyphoid fever, and foodborne illness, S. typhimurium has been used to 
investigate its ability to deliver DNA to antigen presenting cells in order to produce cancer vaccines. Studies 
indicate that S. typhimurium has been able to initiate an immune response as a direct result of the DNA 
containing eukaryotic expression vectors (http://en.wikipedia.org/wiki/Salmonella).  Saccharomyces cerevisiae 
is a species of yeast. It is perhaps the most useful yeast, having been instrumental to baking and brewing since 
ancient times. It is the microorganism behind the most common type of fermentation 
(http://en.wikipedia.org/wiki/Saccharomyces_cerevisiae).  

On the other hand, the bacteria Xenorhabdus spp. and Photorhabdus spp. produce antibiotic compounds 
which are known to have suppressive effects on a variety of fungi and bacteria (Akhurst 1982; Chen et al. 1994; 
Webster et al. 1995; Abou El-Hag and El-Sadawy, 2008; Shapiro-Ilan et al., 2009). These bacteria are 
symbionts of entomopathogenic nematodes (EPNs); Xenorhabdus spp. are associated with Steinernema spp. and 
Photorhabdus spp. are associated with Heterorhabditis spp., which are biological control agents of insects 
(Kaya and Gaugler 1993; Gaugler, 2002).  In nature, the bacteria exist only in the intestine of their nematode 
symbionts or in the insect hosts that nematodes infect; the bacteria require the protection of the nematode to 
survive in the external environment (Boemare, 2002). The bacteria can, however, be cultured in vitro on solid 
media or in liquid fermentation (Ehlers and Shapiro-Ilan, 2005).  Yet, fungicidal and bactericidal properties 
associated with these symbionts are known to vary among bacterial species and strains (Webster et al., 2002; 
Abou El-Hag and El-Sadawy, 2008).  

In Egypt, the last few years are characterized by the discoveries of numerous indigenous EPNs (e.g., Abd-
Elgawad and Nguyen, 2007; Shamseldean, 2010; Abu-Shady et al., 2011).  The frequency of occurrence of the 
two nematode genera in Egyptian surveys supported the hypothesis that steinernematids are favored in cool and 
temperate regions whereas heterorhabditids thrive in warm and tropical climates (e.g., Shamseldean and Abd-
EIgawad, 1994; Abu-Shady et al., 2011); i.e. Heterorhabditis spp. were more abundant than Steinernema spp. 
in Egyptian fauna. So, the symbionts Photorhabdus spp. prevailed. These latter are presumably capable of 
producing compounds, as potential source of antibiotics (Forst and Clarke, 2002; Forst et al., 1997; Rodou et al., 
2010). The present study aimed at making an assessment of the antibiotic-producing potentials in terms of 
antifungal and antibacterial activity of their metabolites against the above mentioned microorganisms.  Ten of 
the most promising Egyptian EPN isolates were chosen and the metabolites of their symbionts were tested 
against 15 microorganisms that have common occurrence and importance in Egyptian soil.  

 
Materials and Methods 
 
Isolation and preparation of bacterial symbionts:  

 
Eight Heterorhabdits bacteriophora and two H. indica isolates used herein were extracted from Egyptian 

soil at different geographical localities (e.g., Salama and Abd-Elgawad, 2001; Abd-Elgawad and Nguyen, 2007; 
Abd-Elgawad et al., 2009) and identified by gene sequence analysis (Abd-Elgawad and Nguyen, 2007; R. 
Campos–Herrera and L.W. Duncan, pers comm.). These isolates were designated as A, HB, C, D, E, F, Kh1, 
Kh2, B, and HI respectively. Primary forms of the nematode-symbiotic bacteria were isolated from these 
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nematodes as described by Shapiro-Ilan et al. (2009).  Eight bacterial isolates were identified as Photorhabdus 
luminescens A, HB, C, D, E, F, Kh1, and Kh2 and two as P. luminescens akhurstii B and HI according to 
Boemare (2002); i.e. with the same corresponding nematode designations previously mentioned. They were 
cultured on NBTA medium (nutrient agar supplemented with 0.025 g bromothymol blue and 0.04 g 2,3,5-
triphenyltetrazolium chloride per liter) (Woodring and Kaya, 1988). A loopful of a 48-h old bacterial culture 
was added to a 250-ml flask containing 100 ml of tryptic soy broth and shaken for 24 h (140 rpm) at 28 0C in 
the dark.  Subsequently, the bacterial suspension was centrifuged at 4,000 x g for 4 min and the supernatant 
decanted. Sterile 50 mM phosphate buffer (pH 7.2) was added to the pellets and mixed thoroughly to obtain a 
concentrated suspension of the bacterial symbiont (Ansari et al., 2005). The concentration of the bacterial cells 
used in the present experiments was adjusted to 4×107 cells/ml as described by Elawad (1998) and fresh cell-
free filtrate of each bacterial isolate, symbiont, was prepared and few drops of 3% Tween-80 was added as an 
emulsifier according to Mahar et al. (2005).  All of the fungal (Table 1) and bacterial  isolates (Table 2) used to 
test the antifungal/antibacterial activity of such filtrates on them were isolated from Egyptian soil and were 
maintained at the laboratories of the National Research Centre.   
 
Fungal preparation and assay of antifungal activity: 

 
Eight fungal isolates were used to determine the antifungal activity of secondary metabolites of the above-

mentioned Photorhabdus isolates. All fungi were separately cultured on Potato dextrose agar (PDA) in Petri 
dishes and incubated in the dark at 28oC for 10 days for complete sporulation then a loopful of phase I P. 
luminescens filtrate was spread on a line 3 cm away from the edge of the NBTA plates (9 cm dia.) (Ansari et al., 
2005). Subsequently the plates were inoculated with one mycelial plug (0.5 cm dia.) for each of the eight fungal 
isolates taken from the 10-day old culture. The plug was placed 3 cm away from the bacterial line and 3 cm 
from the wall of the dish. Control plates were inoculated with mycelial plugs (in the center of Petri dish) only. 
Since the yeast S. cerevisiae does not form hyphae, it was not included in table (3). Each test had five 
replications and the experiment was repeated twice. All dishes were sealed and incubated in the dark at 25 ± 
1oC. The growth of the fungi was recorded at 3-day intervals by measuring the diameter of the fungal growth. 
Observations of the inhibition were recorded after 72h and where appropriate after 6 days (Ansari et al., 2005). 
The measurement for the fungal growth was terminated when the mycelium in one of the control plates reached 
the wall of the plate. Mycelial plugs from plates that did not show further growth after the experiment was 
terminated were transferred to a NBTA plate without bacteria to assess whether the fungus inhibition was 
caused by bacteria (Ansari et al., 2005). 
 
Bacterial preparation and assay of antibacterial activity:  

 
Four Gram-positive and three Gram-negative bacterial isolates (Table 2) were used to assess the 

antibacterial properties of Photorhabdus metabolites. Bacterial isolates were separately inoculated into nutrient 
broth (18 g nutrient broth in 500 ml distilled water) in a flask and placed in a shaking incubator at 160 
revolution/min for 48 hrs at 27°C. The concentration of bacterial cells in the broth suspension was determined 
on a spectrophotometer at 600 nm wavelength to obtain 107 cells/ml for each bacterium isolate tested.  The 
antibacterial activity of the tested Photorhabdus  metabolites was performed using a paper disc diffusion assay 
as mentioned by Maxwell et al. (1994). One ml of each tested bacterium species/strain (Table 2), as well as the 
yeast S. cerevisiae, contained 1 x 107 cfu/ml, was add to 250 ml nutrient agar at 45 oC and mixed well in flasks 
then poured into 9-cm-dia Petri dishes. After 2h incubation at room temperature, 100 µl from each supernatant 
of cultured isolates of Photorhabdus contain 1 x 107 cells/ml were placed on 6-mm disk filters (Whatman paper 
No. 1) and air dried.  The dried disks were put on the above-mentioned NA plates, the plates were then sealed 
with Parafilm and kept at 28oC for 3 days in the dark. Zones of inhibition were measured from the edge of 
supernatant disk to the margin of the zone of inhibition. The size of the zone of inhibition served as a measure 
of antibiotic titer.  The same medium-containing plates but without Photorhabdus was used  as  an  untreated 
check. Data were analyzed by a Stat 1 computer programmer for the ANOVA and means were separated using 
Duncan’s New Multiple Range Test (DNMRT). 

 
Results: 
 
1. Isolation of the bacterial symbionts: 
 

Phase I variant (the primary form) of eight separate isolates of the symbiotic bacteria designed as 
Photorhabdus luminescens A, C, D, E, F, Kh1, Kh2, and HB and other two as P. luminescens akhurstii B and 
HI obtained from the haemolymph of last instar G. mellonella larvae infected with Ijs of their corresponding 
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nematode isolates could be maintained for all tests.  Their cell-free filtrates were evaluated in the laboratory by 
bioassays of the antifungal and antibacterial activity for 15 soil microorganisms. 
 
Table 1: Tested Fungi.  

Fungal species/strain  Its abbreviation Sources 
Trichoderma harzianum T.  harzianum Department of Agricultural Microbiology, National 

Research Center, Cairo, Egypt. 
Trichoderma reesi T. reesi Department of Microbial Chemistry, National Research 

Center, Cairo, Egypt. 
Trichoderma reesi F418 T. reesi F418 Department of Microbial hemistry, National Research 

Center, Cairo, Egypt. 
Trichoderma viride T. viride Department of Agricultural Microbiology, National 

Research Center, Cairo, Egypt.  
Aspergillus flavus A. flavus Department of Plant Pathology, National Research Center, 

Cairo, Egypt. 
Fusarium solani F. solani  Department of Plant Pathology, National Research Center, 

Cairo, Egypt.  
Aspergillus niger A. niger Department of Agricultural Microbiology, National 

Research Center, Cairo, Egypt.  
Saccharomyces cerevisiae S. cerevisiae Department of Agricultural Microbiology, National 

Research Center, Cairo, Egypt.  
 
Table 2: Tested bacteria.  

Bacterial  species/strain Its abbreviation Source 
Gram positive All of the tested bacteria were 

from Department of Agricultural 
Microbiology, National Research 
Center, Cairo, Egypt. 

Bacillus subtilis B.  subtilis 
Bacillus megatherm var. phosphaticum B. megatherm var. phosphaticum 
Staphylococcus aureus S. aureus 
Streptomycetes sp. Streptomycetes sp. 
Gram negative 
Pseudomonas fluorescens P. fluorescens 
Rhizobium leguminosarum R. leguminosarum 
Salmonella typhemurium S. typhemurium 

 

2. Bioassay of all free filtrates of the tested isolates of the symbiotic bacteria: 
 
Figure1 showed growth examples for some of the tested fungi in the absence of cell-free filtrates which 

reveals that such fungi can grow all over the plates surface; so the average diameter of the fungal growth of all 
the tested species, in the presence of the filtrate, was significantly different from the control.  Growth of all 
tested fungal species was inhibited by P. luminescens to an extent that varied considerably with both the fungal 
species/strain and the strain of the Photorhabdus bacterium after 9 days of incubation.  Firstly, such inhibition 
was measured by diameter length of fungal growth in terms of the taller the diameter is, the less the bacterium 
inhibits such a growth and the vice versa (Table 3). Accordingly, growth of all tested fungus species/strains was 
significantly (P ≤ 0.05) hampered in the presence of P. luminescens.  Such an inhibition ranged from 25%, 
caused by P. luminescens Kh2 against T. reesi  to 75% induced by both P. luminescens A and B to T. reesi F 
418. Secondly, the antifungal activity of the symbiotic bacteria could be assessed qualitatively on the basis of 
the size of the inhibition zone in the following order: a zone of poor fungal growth covered by bacterial 
inoculum, clear inhibition zone that persisted for at least for 72 then covered by fungal hyphae, and clear zone 
of inhibition which persisted for one week (Inam-Ul-Haq et al., 2007). Yet, we adopted a precise quantitative 
determination of the inhibition zone  by measuring the length of the clear region from the loopful of phase I P. 
luminescens line saturated with bacterium-free filtrates toward the fungal plug on the NBTA surface.  
Illustrations of the differences in the length of such clear regions are presented (Figure 2). This clear area was 
measured after 9 days of incubation as an indication of the absence, or the effective inhibition, of fungal growth 
by the antifungal agent in the bacterial metabolites (Table 4).   
 
Table 3: Effect of cell-free filtrates of ten Photorhabdus isolates (A-HB) on diameter length (cm) of fungal growth on nutrient agar in Petri  
               dishes. 

Fungal species/strain Cont* A B C D E F Kh1 Kh2 HI HB 
Trichoderma 
harzianum 

8.0 a 4.5 b 5.0 b 4.0 d 4.0 c 3.5 d 4.0 c 4.0 c 4.0 c 3.0 d 5.0  b 

T. reesi 8.0 a 5.0 a 5.0 b 4.8 b 5.5 a 3.5 d 4.5 b 3.7 d 6.0 a 4.5 b 4.5 c 
T. viride 8.0 a 3.5 c   3.5 c 3.0 f 3.5 d 3.0 e  3.0 e 2.5 f 3.5 d 2.0 e 3.5 e 
T. reesi F418 8.0 a 2.0 d 2.0 d 3.0 f 2.5 f 3.0 e 3.5 d 3.7 d 3.4 d 3.0 d 4.0 d 
A. flavus 8.0 a 5.0  a  5.5 a 5.0 a 4.5 b 4.5 b 5.0 a 5.5 a 4.0 c 4.0 c 5.5  a 
F. solani 8.0 a 5.0  a  5.0 b 4.6 c 5.5 a 5.3 a 5.0  a 4.5 b 5.0 b 5.0 a 5.0 b 
A. niger 8.0 a 3.5 c 3.5 c 3.5 e 3.0 e 4.2 c 5.0 a 3.5 e 3.5 d 4.0 c 3.0 f 

Means in a column followed by the same letter are not different by DNMRT at 5% level (n = 15). 
*Medium-containing plates without Photorhabdus was used  as  an  untreated check (Cont). 
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Fig. 1: Fungal growth in the absence of the bacterium filtrates. The four plates are untreated check showing the  
            growth of T. harzianum, T. viride,  A. flavus, and  F. solani; respectively. 

 

    

 

      

     

     
Fig. 2: Antifungal activity of cell-free filtrates of Photorhabdus luminescens A, C, D, E, F, Kh1, Kh2, and HB 

and strain P. luminescens akhurstii HI against five fungi on NBTA plates after 9 days at 25 ± 10C as 
follows:  1 = T. harzianum + A, 3 = T. harzianum + C, 4 = T. harzianum + D, 5 = T. harzianum + E, 19 
= T. reesi + HI, 25 = T. viride + E, 26 = T. viride +  F, 27 = T. viride + Kh1, 28 = T. viride + Kh2, 46 = 
A. falvus + F, 48 = A. falvus + Kh2, 51 = F. solani + A, 57 = F. solani + Kh1, 58 = F. solani + Kh2, 60 
= F. solani + HB. 
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3. Inhibition of bacterial growth:  

 
Similarly, the bioassay on nutrient agar revealed that some, but not all, isolates of the symbiotic bacteria 

were antagonistic to three, out of seven, bacterial species of common occurrence in Egyptian soil by inhibiting 
their growth (Table 5). 

 
Table 4: Effect of antifungal activity of cell-free filtrates of Photorhabdus luminescens A, C, D, E, F, Kh1, Kh2, and HB and two strains P. 

luminescens akhurstii B and HI on the growth of different fungal species/strain on NBTA plates expressed by diameter of 
inhibition zone  (cm).+ 

Fungal species/strain A B C D E F G H HI HB 
T. harzianum 1.0 e 2.0  b 0.6 f 2.0 c 1.2 e 2.0 ab 1.8 c 1.5 d 1.5 e 2.0 c 
T. reesi 2.5 a 1.0 d 1.3 e 2.5 b 1.5 d 2.2a b 2.3 a 2.5 a 1.5 e 2.0 c 
T. viride 1.0 e 1.7 c 1.6 d 2.4 b 2.0 c 1.6 ab 2.0 b 2.0 b 2.3 b 2.3 b 
T. reesi F418 1.8 c 2.6 a 2.5 b 3.0 a 3.0 a 3.0 a 2.4 a 2.5 a 2.5 a 2.8 a 
A. flavus 2.0 b 2.0 b 1.6 d 1.3 d 2.4 b 2.0 ab 1.8 c 1.0 e 2.4ab 2.0c 
F. solani 1.5 d 1.5 c 1.8 c 2.0 c 1.0 f 1.5 b 1.4 d 1.8 c 1.7 d 2.0 c 
A. niger 2.6 a 2.0 b 2.8 a 3.0 a 2.5 b 2.0 ab 1.4 d 2.0 b 2.0 c 2.0 c 
  S. cerevisiae _ _ _ _ 0.5 _ _ _ _ --- 

+ Means in a column followed by the same letter are not different by DNMRT at 5% level (n = 15). 
 
Table 5: Effect of antibacterial activity of cell-free filtrates of Photorhabdus luminescens A, C, D, E, F, Kh1, Kh2, and HB and two strains 

P. luminescens akhurstii B and HI on the growth of different bacterial species/strain on nutrient agar Petri dishes expressed by 
diameter of inhibition zone  (cm).+ 

Bacterial species/strain A B C D E F Kh1 Kh2 HI HB 
Gram positive bacteria  
   B. subtilis _ _ _ _ _ _ _ _ _ _ 
   B.megatherm var  
phosphaticum  

_ _ _ _ _ _ _ _ _ _ 

    S. aureus _ _ _ 0.3 _ 0.3 _ _ 0.5 0.2 
Streptomycetes sp. _ _ _ _ _ _ _ _ _ _ 
Gram negative bacteria  
   P. fluorescens _ _ _ 1.0 1.5  0.5 _ _ _ 
   R. leguminosarum _ _ _ 0.5 _ 0.5 1.5 _ _ _ 
   S. typhemurium _ _ _ _ _ _ _ _ _ _ 

 + Dash (-) means no inhibition zone was detected (n = 15). 

 
Discussion: 

 
Xenorhabdus spp. and Photorhabdus spp. (Enterobacteriaceae), bacterial symbionts of the 

entomopathogenic nematodes Steinernema spp. and Heterorhabditis spp., respectively, may be a unique, natural 
source of novel antibiotics.  Several groups of antibiotics, such as xenorhabdins, xenorxides, xenocoumacins, 
indole derivatives including nematophin, genistein, stilbene derivatives, and anthraquinone derivatives in 
addition to bacteriocins, xenorhabdicin (phage tail-like bacteriocin), phages, and chitinases have been reported 
since the early 1980s (Li et al., 1998). The antibiotics have not only shown promising activity against a variety 
of bacterial and fungal pathogens of medicinal and agricultural importance, including that against clinical-
resistant strains of Staphylococcus aureus, but some also have shown other activities such as insecticidal, 
nematicidal, antiulcer, miticidal and anticancer activity (Li et al., 1998; Bussaman et al., 2006; Bussaman et al., 
2009). Yet, their antibiotic production differs qualitatively and quantitatively in the strain types and species 
(Fang et al., 2010), and the phase II cells of the symbionts are low or lacking in antibiotic activity (Boemare, 
2002; Forst and Clarke, 2002), so phase I cells was used in this study. Moreover, this is the first study to 
implement ten symbionts of the most promising Egyptian EPN isolates against 15 fungal and bacterial 
species/strains of economic importance in Egypt and worldwide. The variations illustrated between the 
symbiont bacteria tested herein in their antifungal and antibacterial activity against fifteen soil microorganisms 
(Tables 3 – 5) may be exploited for efficacy improvement.  It is well known that genetic improvement of these 
EPNs and their symbiotic bacteria to enhance their biological control potential through selective breeding is 
likely only if the desired alleles are present in the gene pools of different nematode populations.  For example, 
insufficient genetic variation in resistance to ultraviolet light resulted in rejecting selective breeding as an option 
to improve UV tolerance in Steinemema carpocapsae (Gaugler et al., 1989). Ongoing research programs have 
recorded new additional populations of EPN in Egypt (e.g., Shamseldean, 2010) and worldwide (e.g., Plichta et 
al., 2009); so the number of known species of these ubiquitous nematodes is increasing.  New isolates provide 
the possibility to increase the genetic variation and consequently develop new nematode/symbiont strains.  In a 
previous study (Abd El-Zaher et al., 2008), we determined the effect of different Photorhabdus isolates on 
mortality of the greater wax moth, Galleria mellonella larvae under different substrates; two kinds of media 
(wheat bran and fine sand) were compared to broth alone (control).  Results obtained showed that the highest mortality 
occurred on Photorhabdus-inoculated sand. Yang et al. (2001) indicated that the combination of EPN-symbiotic 
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bacteria with chemical fungicide at lower dose was an effective way to control the disease and reduce the 
amount of chemical fungicide. Otherwise, the combination could decrease chemical pollution to environment 
and poison to animal. Here, we screened ten different Egyptian isolates of the symbiotic bacteria for their 
metabolite effects as antifungal and antibacterial agents. Although all bacterial isolates inhibited the growth of 
the tested fungi (Tables 3 and 4), the most effective strain was isolate P. luminescens D against T. reesi F 418 
and A. niger followed by T. reesi and T. viride (Table 4). Likewise, six, out of the ten, symbiotic bacterial 
isolates showed antibacterial activities; each against one, two, or three of the tested bacterial species (Table 5).  
Further improvement may be achieved through optimization of growth medium and fermentation conditions for 
improved antibiotic activity (Fang et al., 2010; Wang et al., 2011). 

Most metabolites of bacterial origin come from one group, namely the Gram-positive soil bacteria of the 
order Actinomycetates. At the same time, many infectious diseases are developing resistance toward traditional 
antibiotics. Therefore, the discovery of novel types of natural bioactive products has exciting potential by 
relieving human suffering through the development of appropriate pharmaceuticals or by increasing agro 
productivity through the control of crop diseases (Webster, 1997). Our present results (Tables 3-5) implied that 
these symbionts may offer such an expectation.  Moreover, certain chemicals produced by other soil-dwelling 
organisms can interfere directly with the proliferation of the above-mentioned microorganisms. It is worth 
mentioned that such a production may be at concentrations that are tolerated by the host of these 
microorganisms. Various toxins have recently been identified and characterized in this bacterium which 
indicates that P. luminescens has all the necessary means for the secretion of virulence factors capable of 
establishing a microbial infection (Rodou et al., 2010). Yet, there is an exceptional case, i.e not to be used 
against beneficial microorganisms. it is important to know how to avoid its  infection to useful organisms in 
order to get the utmost benefit from them. 

Previous reports showed P. luminescens to be antagonistic also to other fungal and bacterial species such as 
B. bassiana, M. anisopliae, Glomerella cingulata, Phomopsis sp., Phytophthora cactorum, and 
Fusicladosporium effusum (Barbercheck and Kaya, 1990; Chen et al., 1994; Ansari et al., 2005; Abou El-Hag 
and El-Sadawy, 2008; Shapiro-Ilan et al., 2009). The mechanisms of antagonistic interaction between micro 
organisms may be based on parasitism, direct competition and antibiosis (Singh and Faull, 1988).  Although the 
latter two possibilities could explain the results of the initial inhibition studies (Tables 3-5), it is supposed that 
the inhibition zones of fungi (Figure 2) by the symbiotic bacterial P. luminescence isolates are caused by an 
inhibitory effect of the bacterial metabolites on the fungi (antibiosis), rather than by direct competition (Ansari 
et al., 2005).  On the positive side, despite the high pathogenicity of EPNs and their symbionts to insects and 
pathogens, their lack of threat to the environment led the U.S. Environmental Protection Agency to exempt EPN 
from registration requirements; nearly all countries provide a similar exemption. This high degree of safety 
means that unlike chemicals, or even the bacterial biocontrol agent Bacillus thuringiensis, their applications do 
not require masks or other safety equipment and re-entry time, residues, pollution, and pollinator toxicity are 
not issues.  Even if it happens that such biocontrol agents might have some minor side effects against certain 
natural enemies, we will be using indigenous nematodes and symbionts, neither imported nor introduced (Abd-
Elgawad, 1998 and 2001).  On the other hand, the failure to re-isolate Xenorhabdus spp., from soil 10 days after 
application by Inam-Ul-Haq et al. (2007) would suggest that the bacteria were not persistent. Moreover, 
Morgan et al. (1997) tried to isolate these bacteria from water and soil, but they found that cells declined to 
undetectable levels after 6 days in water and after 7 days in soil.  Manipulating the rhizosphere with biological 
control agents will be a continuing challenge in disease management. The feasibility of applying the cells of a 
bacterium to a crop will need to be investigated and such decisions may depend upon the cost to benefit balance 
of the “product” development and registration and its overall marketability (Inam-Ul-Haq et al., 2007).  Further 
studies to characterize the specific compounds responsible for antifungal and antibacterial activities and 
methods to increase the production of these compounds would also be fruitful. 
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