
Biological Control of Pests & Plant Diseases 
Volom: 8  No: 1  spring and summer 2019 

(17-26) 
  DOI: 10.22059/jbioc.2018.244323.212    

* Corresponding author E-mail: ahmadz@ut.ac.ir 

Nematicidal effect of cell-free culture filtrates of EPN- symbiotic bacteria 

on Meloidogyne javanica 
 

Fatemeh Sadat Sayedain
1,3

, Masoud Ahmadzadeh*
1
, Reza Talaei-Hassanloui

1
,  

Majid Olia
2
and Helge B. Bode*

3
 

1. Department of Plant Protection, University of Tehran, Karaj, Iran. 

2. Department of Plant Protection, University of Shahrekord, Iran. 

3. Merck-stiftungsprofessur für Molekulare Biotechnologie, Fachbereich Biowissenschaften, Goethe 

Universität Frankfurt and Buchmann Institute for Molecular Life Sciences (BMLS), Goethe Universität 

Frankfurt, Frankfurt am Main, Germany 

 (Received: April 23, 2018 - Accepted May 23, 2018) 
 

 

ABSTRACT 
Biocontrol of plant parasitic nematodes to decrease the chemical pesticides effects is one of the top 

priorities. Entomopathogenic bacteria, Xenorhabdus spp. and Photorhabdus spp., are important due 

to production of natural products with antibacterial and antifungal activity. The effect of the cell-

free culture filtrates (CFF) of symbiotic bacteria species Xenorhabdus nematophila, X. bovienii and 

Photorhabdus luminescens isolated from entomopathogenic nematodes Steinernema carpocapsae, 

S. feltiae and Heterorhabditis bacteriophora on the egg hatching and mortality of the second stage 

juveniles of root-knot nematode Meloidogyne javanica was determined. Exposure of eggs of M. 

javanica to CF resulted in the reduced hatching of nematode eggs with higher recorded effect for X. 

nematophila CF. Analysis of mortality data for juveniles at 24, 48 and 72 h following exposure to 

CFFs indicated that X. nematophila and P. luminescens were more toxic than X. bovienii after 24 h. 

However, X. bovienii was more toxic in lower concentration after 48 and 72h post-exposure. Thus, 

these bacteria have a potential as biocontrol agents for the management of root-knot nematode. 
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INTRODUCTION 
Root-knot nematodes (RKN, Meloidogyne 

spp.), recognized as one of the most 

economically important and complex group 

of plant parasitic nematodes, cause damage 

and high yield losses on most cultivated 

plants throughout the world especially in 

developing countries (Sasser 1980, Sasser 

and Carter 1985, Sasser and Freckmann 

1987, Netscher and Sikora 1990). Different 

species of root- knot nematodes and their 

dispersal have been reported in Iran that 

Meloidogyne javanica (Treub) Chitwood is 

the most common and important root-knot 

nematode species (Akhiani et al. 1984).   

    Many attempts have been carried out to 

manage this nematode due to the economic 

damage. Nematicides (e.g., methyl 

bromide) can be used to manage nematode 

infestation, but they are prohibited in 

organic farming. Several control strategies 

such as sanitation, host plant resistance, 

organic fertilizers and biological control 

have been reported to control of root- knot 

nematodes (Nyczepir and Thomas 2009). 

     The Gammaproteobacteria Xenorhabdus 

spp. and Photorhabdus spp. have a 

mutualistic relationship with 

entomopathogenic nematodes of the genera 

Steinernema and Heterorhabditis, 

respectively (Thomas and Poinar 1979, 

Boemare et al. 1993). These bacteria are 

vectored by third-stage juvenile nematodes 

(infective juveniles or IJs) that search for 

an insect host, penetrate it either through 

natural openings (mouth, anus or spiracles) 

or the cuticle. When inside the host 

hemocoel, IJs release symbiotic bacteria 

from their digestive tract. Once the 

infection has occurred, the bacteria 

multiply, produce toxins and natural 

products to kill the host within 24-48 h, and 

preventing the growth of other 

microorganisms. Infective juveniles feed on 

insect tissues and bacterial cells, develop 

into fourth- stage juveniles and adults, and 

produce through 1-3 generations (Burman 

1982, Akhurst and Boemare 1990, Fallon et 
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al. 2004,). Phenotypic characteristics allow 

the distinction of two stages in the life 

cycle of mutualistic bacteria. Phase I and II 

are separated by the production of 

pigments, catalase, lecithinase, lipase, 

bioluminescence (in case of 

Photorhabdus), pathogenicity and 

antibiotics (Han and Ehlers 2001).  

     Xenorhabdus and Photorhabdus secrete 

a wide variety of compounds including 

toxins, lipases, proteases, antibiotics and 

lipopolysaccharides into the culture 

medium (Wang et al. 2011). Some of the 

metabolites produced by these bacteria 

have been shown to be insecticidal 

(xenorhabdin 2, thiolutin, xenematide, 

rhabduscin, rhabdopeptides, 

phenylethylamides, tryptamides), 

fungicidal (xenocoumacin, glidobatin, PAX 

peptide), antibacterial (xenocomacins) and 

antimalarial activities (Bode 2009, 

Challinor and Bode 2015.  

    Benzylideneacetone synthesized by X. 

nematophila and active compounds of X. 

budapestensis and X. szentirmaii were 

reported against some plant pathogenic 

bacteria (Ji et al. 2004) and Erwinia 

amylovora and Phytophthora nicotianae 

(Boszormenyi et al. 2009). The nematicidal 

metabolites, 3,5-dihydroxy-4-

isopropylstilbene (ST) and indole isolated 

from Photorhabdus luminescens, and 

ammonia (Hu et al. 1995, 1996) produced 

by Xenorhabdus bovienii and P. 

luminescens, are toxic to M. incognita (Hu 

et al. 1999). Extracts of both P. 

luminescens strains showed nematicidal 

activity on M. incognita but had no effect 

on Steinernema carpocapsae and 

Caenorhabditis elegans (Orozco et al. 

2016). The objective of the present 

investigation is to determine the the effects 

of culture filtrates of Xenorhabdus 

nematophila, X. bovienii and Photorhabdus 

luminescens at different concentrations on 

Meloidogyne javanica mortality of the 

second stage juveniles and egg hatching. 

 
Material and Methods 

Source and maintenance of 

nematodes 
Entomopathogenic nematodes (EPNs) 

(Steinernema feltiae, Steinernema 

carpocapsae and Heterorhabditis 

bacteriophora) were obtained from 

Koppert company and Galleria mellonella 

larvae were reared on formulated diet 

(Eischen and Dietz 1990). Insect hosts were 

infected in petri dishes lined with filter 

paper to obtain insect cadavers. They were 

exposed to 100 IJs of each isolate. The petri 

dishes were incubated at 25 ᵒC for 2 days, 

and infected cadavers were subsequently 

transferred to new petri dishes lined with 

dry filter paper for a further two days of 

incubation to allow the development of 

typical signs of EPN infection (Del Valle et 

al. 2013). Third-stage juveniles were 

harvested from modified White traps (Kaya 

and Stock 1997) and stored at 16 ᵒC.  

A culture of Meloidogyne javanica was 

maintained on tomato in glasshouse and 

eggs were collected by NaOCl-extraction 

(Hussey and Barker 1973). Hand- picked 

egg sacs of M. javanica were placed on a 

nylon screen immersed in shallow water in 

glass petri dishes, and hatched J2 were 

washed out daily with distilled water. 

 

Isolation of bacteria 
Last instar larvae of G. mellonella infected 

with different strains of entomopathogenic 

nematodes were surface sterilized in 70% 

ethanol, transferred to clean tissue to dry in 

a laminar hood and a drop of hemolymph 

was streaked on NBTA (NA+ 0.0025% 

bromothymol blue + 0.004% 

triphenyltetrazolium chloride) agar. The 

plates were sealed with parafilm tape and 

incubated at 30ᵒC in the dark for 36 to 48 h. 

Primary form and single colonies were 

picked and streaked on NBTA agar. The 

process was continued until colonies of 

uniform size and morphology were 

obtained. Identity of all bacteria was 

confirmed through sequence analysis of 

16SRNA (data not shown). 

 

Preparation of cell-free filtrates 

(CFFs) 
Seed cultures of each bacterial strain were 

prepared separately by adding single 

colony of 48 h old bacterial culture grown 

on NBTA plates to an Erlenmeyer flask (50 
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ml) containing 5 ml of LB medium. The 

flasks were shaken at 200 rpm on a 

gyratory shaker at 30ᵒC for 24 h in 

darkness. After measuring OD600, the equal 

amount of each bacteria of the seed culture 

was pipetted into each of three new flasks 

(250 ml) to an OD600 of 0.1 containing 20 

ml LB broth, and the flasks were shaken for 

5 days. The 5d-old broth cultures were 

centrifuged (13,000 g at 4ᵒC for 20 min) 

separately and filter sterilized to obtain the 

CFFs. The CFF of each strain was then 

tested, diluted with sterile distilled water, 

and used for nematicidal bioassays. All 

experiments involving CFFs were 

conducted under standard, sterile 

conditions.  

 

Analysis of bacterial compounds 
For the first analysis of the presence of 

some compounds, Xenorhabdus and 

Photorhabdus strains were cultivated in 10 

ml of LB media with 2% Amberlite
R
 XAD-

16 (Sigma-Aldrich) with an overnight 

culture to an OD600 of 0.1. After 72 h of 

growth at 30ᵒC with shaking at 200 rpm, 

Amberlite
R
 XAD-16 beads were extracted 

with one culture volume of MeOH for 1 h, 

as described previously (Brachmann et al. 

2006). Following filtering and evaporation 

to dryness, extracts were re-dissolved in 

MeOH in 1/10 of the original culture 

volume and a 1:10 dilution was used for 

HPLC-UV/MS using a Dionex Ultimate 

3000 system with a Bruker AmaZon X 

mass spectrometer as described previously 

(Tobias et al. 2017a).  
 

Nematicidal activity bioassays 
To evaluate any differential nematicidal 

effect on egg and J2 of root-knot nematode, 

diluted CFFs (80, 60, 40, 20, 10, 5, 1, 0.5 

and 0 %) of X. bovienii, X. nematophila and 

P. luminescens were prepared and tested 

against eggs and J2s of M. javanica. 

Approximately 100 eggs and 100 J2s were 

immersed in petri plates containing 1 ml of 

CFFs of bacterial strains at concentrations 

mentioned above. The plates were then 

sealed with parafilm and incubated at 26ᵒC 

in darkness. After 10 days, the number of 

hatched juveniles was counted. The number 

of dead J2s was recorded after 24, 48 and 

72 h. Juveniles without movement were 

touched with a fine needle to confirm 

death. The factorial experiment was 

conducted based on completely randomized 

design with three replications.  

 

Statistical analysis 
Analysis of variance was carried out using 

SAS (v. 9.1) statistical software for the 

mortality and egg hatching inhibition data 

recorded in different treatments. The 

Duncan׳s multiple range test was employed 

to test for significant difference among 

treatments at P<0.05. Values of LC50 were 

estimated using SAS software. 

 

Results  

Analysis of bacterial compounds 
All bacteria used in this work were 

analyzed for their production of known 

natural products based on HPLC/MS 

analysis and comparison with an in-house 

database of natural products from 

entomopathogenic bacteria (Tobias et al. 

2017b). From these comparisons 

Photorhabdus was identified as producer of 

anthraquinones (AQ), isopropylstilbene 

(IPS) and GameXPeptides, X. nematophila 

as producer of xenocoumacin II, xenortide, 

rhabdopeptide and nematophin and X. 

bovenii as producer of xenorhabdins 

(Table1).  

Anthraquinones and xenorhabdins are 

responsible for orange-red pigmentation of 

P. luminescens and the yellow 

pigmentation of X. bovenii respectively 

(Bozhüyük et al. 2017). 

 
Nematicidal activity bioassays 
The effect of different concentrations of 

cell free filtrates of bacterial cultures (X. 

nematophila, X. bovienii and P. 

luminescens) on mortality of J2 of M. 

javanica after 24, 48 and 72h has been 

shown in Table 2. Overall, the mortality 

percentage of J2 was increased with 

increase of bacterial filtrates concentration 

and exposure time. 
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Table 1- Compounds detected from XAD extracts in strains by HPLC-MS 
Bacteria Compound Retention time (min) Height (mAU) 

 xenocoumacin II 5.6 407.2 

 xenortide A 7.1 410.2 

 xenortide 7.1 449 
 rhabdopeptide 7.7 574 

 rhabdopeptide 8 588.4 

 rhabdopeptide 8.1 673 
 rhabdopeptide 8.3 687 

 rhabdopeptide 8.6 701 

 nematophine 8.7 273 

 

xenorhabdin 8 285 

 xenorhabdin 8.6 299 

 anthraquinone 7.3 271 
 isopropylstilbene 9 255 

 ɣ- X Peptide 9.6 215 
P. luminescense ɣ- X Peptide 9.9 229 

 ɣ- X Peptide 10.2 552 

 ɣ- X Peptide 10.3 586 

 ɣ- X Peptide 10.6 566 

 ɣ- X Peptide 10.7 600 

 
     The CFFs of X. nematophila and P. 

luminescens were more effective against M. 

javanica than X. bovienii after 24h. At the 

highest concentration, the mortality 

percentages with X. nematophila, P. 

luminescens and X. bovienii were 88, 94.7 

and 67.7%, respectively. After 48h, CFFs 

of X. bovienii showed low mortality at 

concentration of 0.5-10%, whereas CFFs of 

X. nematophila and P. luminescens showed 

high mortality at concentrations of 60-80% 

and 40-80% respectively. Mortality 

percentages of nematodes in CFFs of X. 

nematophila, X. bovienii and P. 

luminescens (20-80% concentrations) after 

72h were 82.3-100, 100, 90.3-100%, 

respectively (Table 2). 

 

Table 2- The response of M. javanica J2 to different concentrations of bacterial CCFs after 1, 2 

and 3 days exposure. 
   Mortality% ± SE  

Treatments Concentration% 24h 48h 72h 

 0.5 0.0±0.0h 2.0±0.5fg 3.6±0.6hi 

 1 0.0±0.0h 2.0±0.5fg 4.3±0.6h 

 5 3.3±0.3h 7.0±1.5f 8.3±1.4g 

 10 3.3±0.8h 4.3±1.2fg 12.6±2.1f 

X. nematophila 20 14.6±2.0g 23.6±2.1e 82.3±2.3d 

 40 40.6±4.4d 61.0±3.7c 94.3±1.8b 

 60 67.3±9.6b 99.0±0.5a 100±0.0a 

 80 88.0 ±4.0a 98.3±0.8a 100±0.0a 

 0.5 0.0±0.0h 0.0±0.0g 0.0±0.0i 

 1 0.3±0.3h 2.6±1.3fg 4.0±0.0hi 

 5 3.0±1.5h 4.6±2.3fg 6.0±1.0gh 

 10 18.0±3.5fg 30.6±3.2d 32.0±3.5e 

X. bovenii 20 28.0±4.0ef 98.6±0.8a 100±0.0a 

 40 34.3±5.2de 100±0.0a 100±0.0a 
 60 54.0±3.6c 99.3±0.6a 100±0.0a 

 80 67.6±11.1b 100±0.0a 100±0.0a 

 0.5 0.3±0.3h 0.6±0.3fg 0.0±0.0i 

 1 0.0±0.0h 0.0±0.0g 0.0±0.0i 

 5 0.3±0.3h 0.3±0.0g 3.3±0.8hi 

 10 3.6±1.6h 4.3±2.3fg 16.0±3.0f 

P. luminescens 20 16.6±1.7g 64.6±7.2c 90.3±0.8c 

 40 39.6±2.4d 89.3±1.2b 93.0±0.5bc 

 60 88.3±2.7a 88.3±0.8b 99.3±0.6a 

 80 94.6±1.7a 96.3±0.8a 100±0.0a 

Control (water, LB) 0 0.0±0.0h 0.0±0.0g 0.0±0.0i 

Mean values followed by the same letter are not significantly different at P<0.01 according to Duncan’s Multiple 

Range test. 

X. nematophila 

X. bovenii 
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    The results of toxicity bioassay of 

bacterial supernatants against J2 of root-

knot nematode are presented in Table 3. 

The LC50 values were reduced with 

increasing time of exposure in the 

treatments. The LC50 values of bacteria 

CFFs had no significant effect after 24h. 

However, the LC50 of X. nematophila 

indicated significant effect with P. 

luminescens after 48h. 

     There was a significant linear 

correlation between different 

concentrations percentage of bacteria CFFs 

and egg hatching inhibition percentage 

(Fig. 1).  

The percentage of egg hatching of M. 

javanica decreased with increasing 

bacterial cell free concentrations (Table 4). 

The percentage of egg hatch was inhibited 

significantly at concentrations of 40-80% 

for X. nematophila and concentrations of 

60-80% for X. bovienii and P. luminescens. 

Cell free filtrate of X. nematophila had a 

significant inhibitory effect on egg hatch at 

5% concentration (52.7%). However, CFF 

of, X. bovienii and P. luminescens had 

inhibitory effect on egg hatch (50.4% and 

72.7%) at 20% concentration, respectively. 

 
 

 

Fig 1- The relationship between different concentrations % of bacteria supernatants and egg 

hatching inhibition%. Dotted lines show 95% confidence interval. 
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Table 3- Toxicity of bacterial filtrates against J2 of M. javanica 
Cell-free filtrates of 

bacteria 
Number of root-
knot nematode 

Time of exposure (h) Slope ± SE  

 
LC50 (95% FL) 

  24 4.1 ± 0.4 96.4 45.8 

(40.7-50.6) 
X. nematophila 300     

  48 5.3 ± 0.4 123.7 31.6 

(28.6-34.4) 
      

  24 1.8 ± 0.2 52.0 55.3 

(44.24-74.01) 
X. bovenii 300     

  48 6.9 ± 28.5 0.06 11.8 
      

  24 5.1 ± 0.6 59.4 40.3 

(35.3-44.52) 

P. luminescens 300     

  48 3.6 ± 0.3 88.4 21.8 
(18.23-25.60) 

lethal concentration 50 and 95% fiducial limits (FL) were estimated using logistic regression (SAS Institute, 2002). 

 
Table 4- Effect of bacterial filtrates on egg hatching inhibition of M. javanica 

Treatments Concentration % egg hatching inhibition % ± SE 

 0.5 0.0±0.0g 

 1 0.0±0.0g 

 5 52.6±2.3e 

 10 62.0±2.5d 

X. nematophila 20 61.0±6.0d 

 40 96.6±1.1a 

 60 100±0.0a 

 80 100±0.0a 

 0.5 0.6±0.6g 

 1 01.6±1.6g 

 5 07.6±3.9g 

 10 03.3±6.0g 

X. bovenii 20 50.3±5.2e 

 40 87.3±4.2b 

 60 99.6±0.3a 

 80 100±0.0a 

 0.5 0.0±0.0g 

 1 0.0±0.0g 
 5 3.3±3.3g 

 10 32.3±5.0f 

P. luminescens 20 72.6±5.4c 

 40 88.3±2.3b 

 60 97.3±0.6a 

 80 100±0.0a 

Control 0 4.4±2.3g 

Mean values followed by the same letter are not significantly different at P<0.01 according to Duncan’s 

Multiple Range test. 

 

Discussion 
This study demonstrates that the cell-free 

supernatant of X. nematophila, X. bovienii 

and P. luminescens possess nematicidal 

activity against M. javanica. Also, it 

indicates the inhibitory effect of CFFs of 

these entomopathogenic bacteria on egg 

hatching. Entomopatogenic bacteria are 

known to produce toxic metabolites 

(Akhurst 1982, chen et al. 1994), some of 

which have been identified (Li et al. 1995, 

Hu and Webster 2000, Ji et al. 2004, Lang 

et al. 2008, Bode 2009, Reimer et al. 2011, 

Kronenwerth et al. 2014, Bozhüyük et al. 

2017, Engel et al. 2017). A number of these 

and other natural products might show 

nematicidal effects, which has not 

investigated in detail for most of these 

compounds (H.B Bode, unpublished 

results). 

     Our findings are in accordance with 

those reported by Hu et al. (1995) who 

found that CFFs of X. bovienii grown for 

48-120 h at 50% concentration, caused 
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100% mortality of M. incognita J2 but no 

effect was detected when a 12-24 h culture 

filtrate was tested (Fallon et al. 2004). 

According to Hu et al. (1999) 

entomopathogenic bacteria produce 

metabolites that act as nematicides toward 

a large number of nematodes including 

some phytonematodes. Further 

investigation demonstrated that an organic 

extract of the culture filtrate of P. 

luminescence showed nematicidal activity.  

     We observed CFFs of all strains 

exhibited nematicidal activity but 

metabolites with nematicidal activity in X. 

bovienii are different compared to the two 

other bacteria due to high mortality after 

48h. CFFs of X. nematophila and P. 

luminescens also showed a same 

nematicidal effect after 24h. Orozco et al. 

(2016) reported extracts of P. luminescens 

strain CH35 caused >90% mortality of M. 

incognita J2 at 40 µg/ml concentration and 

extracts of P. luminescens strain TT01 also 

caused an equally strong nematicidal effect 

but these extracts showed a low 

nematicidal effect on C. elegans at 20 

µg/ml and had no effect on S. carpocapsae. 

     Photorhabdus and both of Xenorhabdus 

showed to produce metabolites that 

inhibited egg hatch of M. javanica and X. 

nematophila CFF was more toxic. The 15% 

concentration of X. nematophilus or X. 

bovienii cell-free filtrates caused 98-100% 

mortality on J2 of M. incognita after 3 days 

exposure at 25ᵒC and delayed egg hatch 

after exposure for 7 days (Grewal et al. 

1999). Samaliev et al. (2000) reported J2 of 

M. javanica in contact with bacteria 

(Xenorhabdus nematophilus and 

Pseudomonas oryzihabitans) and their 

metabolites exhibited disorientation and 

convulsive movements.  

     At concentrations of 10
6
 and 10

7
 cells 

ml
-1

 mortality was 100% after 24 h 

exposure, Xenorhabdus being more toxic 

than Pseudomonas. In addition a 74% 

reduction in hatching was observed when 

the eggs removed from contact with the 

bacterial substrate, washed and stored in 

distilled water for 10 days. Andalo et al. 

(2007) used filtrates to evaluate the effect 

of metabolites on M. incognita and the eggs 

and juveniles of M. javanica, and 

demonstrated that high mortality rates were 

obtained after the nematodes were in 

contact for 24 h. 3,5-dihydroxy-4-

isopropylstilbene (ST) and indole from the 

culture filtrate of P. luminescens MD, were 

shown to have nematicidal activity. ST 

caused mortality of Aphelenchoides 

rhytium, Bursaphelenchus spp. and 

Caenorhabditis elegans but had no effect 

on J2 of M. incognita. Indole was lethal to 

M. incognita. Both ST and indole inhibited 

egg hatch of M. incognita (Hu et al., 1999). 

Ferreira et al. (2011) indicated IJs of H. 

baujardi LPP7, P. luminescens or its 

metabolites had no effect on the 

embryogenesis of M. mayaguensis, 

possibly due to low permeability of the 

eggs, whereas in eggs with active J2, delay 

in hatching was observed, possibly due to 

the release of P. luminescens and to the 

concentration of metabolites in the 

medium. Also inhibition of egg hatch of 

M.incognita by X. nematophila and P. 

luminescens was reported (Grewal et al. 

1999, Hu et al. 1999).  

    Researches by Hu et al. (1999), Andalo 

et al. (2012), Atif et al. (2012). have 

demonstrated the toxicity of 

entomopathogenic bacteria to J2 of M. 

incognita. 

     In conclusion, the presence of natural 

nematicidal activity of either Xenorhabdus 

or Photorhabdus was confirmed with 

sufficient larval mortality percentages in 

this study, a situation which could be 

explained due to the production of different 

natural products by these bacteria. Further 

study will focus on the identification of 

these natural products and their mode of 

action in order to use them as potential 

treatment against plant parasitic nematodes. 

 

Acknowledgements 
We are grateful to Iran Ministry of Science, 

Research and Technology for financial 

support. Work in the Bode lab was 

supported by an ERC starting grant (grant 

agreement no. 311477) and the Deutsche 

Forschungsgemeinschaft (INST 161/810-

1). 



24 Sayedain and Partners: Nematicidal effect of cell-free culture filtrates of EPN- symbiotic... 

REFERENCES 
Akhiani A, Mojtahedi H, Naderi A (1984) Species and physiological races of root-knot 

nematodes in Iran. Iranian Journal of Plant Pathology 20:1–4. 

Akhurst RJ (1982) Antibiotic activity of Xenorhabdus spp., bacteria symbiotically associated 

with insect parasitic nematodes of the families Heterorhabditidae and Steinernematidae. 

Journal of General Microbiology 128: 3061-3065. 

Akhurst R, Boemare NE (1990) Biology and taxonomy of Xenorhabdus, In: Gaugler R, Kaya 

HK (eds.), Entomopathogenic nematodes in biological control. Boca Raton, FL, CRC 

Press. pp. 75-87. 

Andalo V, Maximiniano C, Campos VP, Moino Jr A (2007) Effect of entomobacterial 

filtrates on Meloidogyne spp. juveniles. Nematologia Brasileira 31(3): 186-194. 

Andalo V, Rocha FS, Maximiniano C, Moino Jr A, Campos VP (2012) In vivo and in vitro 

study of the effects of entomopathogenic bacteria and their filtrates on Meloidogyne 

incognita. International Research Journal of Microbiology 3(1): 005-009. 

Atif HM, Javed N, Khan SA, Ahmed S (2012) Virulence of Xenorhabdus and Photorhabdus 

bacteria and their toxins against juvenile’s immobilization of Meloidogyne incognita. 

Pakistan Journal of Phytopathology 24(2): 170-174. 

Bode HB (2009) Entomopathogenic bacteria as source of new secondary metabolites. Current 

Opinion in Chemical Biology 13(2): 224–230. 

Boemare NE, Akhurst RJ, Mourant RG (1993) Deoxyribonucleic acid relatedness between 

Xenorhabdus spp. (Enterobacteriaceae), symbiotic bacteria of entomopathogenic 

nematodes, with a proposal to transfer Xenorhabdus luminescens to a new genus 

Photorhabdus gen. nov. International Journal of Systematic Bacteriology 43(2): 249-255. 

Boszormenyi E, Ersek T, Fodor AM, Foldes LSz, Hevesi M, Hogan JS, Katona Z, Klein 

MG, Kormany A, Pekar S, Szentirmai A, Sztaricskai F, Taylor RAJ (2009) Isolation 

and activity of Xenorhabdus antimicrobial compounds against the plant pathogens 

Erwinia amylovora and Phytophthora nicotianae. Journal of Applied Microbiology 107: 

746-759. 

Bozhüyük KA, Zhou Q, Engel Y, Heinrich A, Pérez A, Bode HB (2017) Natural Products 

from Photorhabdus and Other Entomopathogenic Bacteria. Current Topics in 

Microbiology and Immunology 402: 55-79. 

Brachmann AO, Forst S, Furgani GM, Fodor A, Bode HB (2006) Xenofuranones A and B: 

Phenylpyruvate dimers from Xenorhabdus szentirmaii. Journal of Natural Products 

69(12): 1830-1832. 

Burman M (1982) Neoplectana carpocapsae: a toxin production by axenic insect parasitic 

nematode. Nematologica 28: 62-70. 

Challinor VL, Bode HB (2015) Bioactive natural products from novel microbial sources. 

Annals of the New York Academy of Sciences 1354: 82-97. 

Chen G, Dunphy GB, Webster JM (1994) Antifungal activity of two Xenorhabdus species 

and Photorhabdus luminescens, bacteria associated with the nematodes Steinernema 

species and Heterorhabditis megidis . Biological Control 4(2): 157-162. 

Del Valle EE, Lax P, Dueñas JR, Doucet ME (2013) Effects of insect cadavers infected by 

Heterorhabditis bacteriophora and Steinernema diaprepesi on Meloidogyne incognita 

parasitism in pepper and summer squash plants. Ciencia e Investigacion Agraria 40(1): 

109-118. 

Eischen FA, Diet A (1990) Improved culture techniques for mass rearing Galleria mellonella. 

Entomological News 101: 123-128. 

Engel Y, Windhorst C, Lu X, Goodrich- Blair H, Bode HB (2017). The global regulators 

Lrp, LeuO, and HexA control secondary metabolism in entomopathogenic bacteria. 

Frontiers in Microbiology 8: 1-13. 

Fallon DJ, Kaya HK, Gaugler R, Sipes BS (2004) Effect of Steinernema feltiae- 

Xenorhabdus bovienii insect pathogen complex on Meloidogyne javanica. Nematology 

https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Nematologia+Brasileira%22
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bozh%C3%BCy%C3%BCk%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=28091935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=28091935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engel%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28091935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heinrich%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28091935
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28091935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bode%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=28091935
http://link.springer.com/bookseries/82
http://link.springer.com/bookseries/82


Biological Control of Pests & Plant Diseases Volom: 8  No: 1  spring and summer 2019       25 

 
 

6(5): 671-680. 

Ferreira TDF, Souza RM, Dolinski C (2011) Assessing the influence of the 

entomopathogenic nematode Heterorhabditis baujardi LPP7 (Rhabditina) on 

embryogenesis and hatching of the plant-parasitic nematode Meloidogyne mayaguensis 

(Tylenchina). Journal of Invertebrate Pathology 107(2): 164-167. 

Grewal PS, Lewis EE, Venkatachari S (1999) Allelopathy: A possible mechanism of 

suppression of plant-parasitic nematodes by entomopathogenic nematodes. Nematology 

1(7): 735–743. 

Han R, Ehlers RV (2001) Effect of Photorhabdus luminescens phase variants on the in vivo 

and in vitro development and reproduction of the entomopathogenic nematodes 

Heterorhabditis bacteriophora and Steinernema carpocapsae. FEMS Microbiology 

Ecology 35(3): 239-247. 

Hu K, Li J, Webster JM (1995) Mortality of plant-parasitic nematodes caused by bacterial 

(Xenorhabdus spp. and Photorhabdus luminescens) culture media. Journal of 

Nematology 27: 502-503. 

Hu K, Li J, Webster JM (1996) 3,5-Dihydroxy-4-isopropylstilbene: a selective nematicidal 

compound from the culture filtrate of Photorhabdus luminescens. Canadian Journal of 

Plant Pathology 18: 104. [Abstr.] 

Hu K, Li J, Webster JM (1999) Nematicidal metabolites produced by Photorhabdus 

luminescens (Enterobacteriaceae), bacterial symbiont of entomopathogenic nematodes. 

Nematology 1(5): 457-469. 

Hu K, Webster JM (2000) Antibiotic production in relation to bacterial growth and nematode 

development in Photorhabdus-Heterorhabditis infected Galleria mellonella larvae. 

FEMS Microbiology Letters 189(2): 219-223. 

Hussey RS, Barker KR (1973) A comparison of methods of collecting inocula of 

Meloidogyne spp., including a new technique. Plant Disease Reporter 57: 1025-1028. 

Ji D, Yi Y, Kang G, Choi Y, Kim P, Baek N, Kim Y (2004) Identification of an antibacterial 

compound, benzylideneacetone, from Xenorhabdus nematophila against major plant-

pathogenic bacteria. FEMS Microbiology Letters 239(2): 241-248. 

Kaya HK, Stock SP (1997) Techniques in insect nematology, In: Lacey LA (Ed.), Manual of 

techniques in insect pathology biological techniques series. Academic Press, London. pp. 

281-324. 

Kronenwerth M, Dauth C, Kaiser M, Pemberton I, Bode HB (2014) Facile synthesis of 

cyclohexanediones and dialkylresorcinols – bioactive natural products from 

entomopathogenic bacteria. European Journal of Organic Chemistry 36: 8026–8028. 

Lang G, Kalvelage T, Peters A, Wiese J, Imhoff JF (2008) Linar and cyclic peptides from 

the entomopathogenic bacterium Xenorhabdus nematophilus. Journal of Natural 

Products 71(6): 1047-1077. 

Li J, Chen G, Webster JM (1995) Antimicrobial metabolites from a bacterial symbiont. 

Jurnal of Natural Products 58(7): 1081-1086. 

Netscher C, Sikora RA (1990) Nematode parasites of vegetables, In: Luc M, Sikora RA, 

Bridge J (Eds.), Plant parasitic nematodes in subtropical and tropical agriculture. CAB 

International, Wallingford, Oxon, UK. pp. 237-283. 

Nyczepir PA, Thomas SH (2009) Currentand future management strategies in intensive crop 

production systems, In: Perry RN, Moens M, Starr JL (eds.), Root- knot nematodes. 

CABI publishers, London, UK. pp. 412- 435. 

Orozco RA, Molnar I, Bode H, Stock SP (2016) Bioprospecting for secondary metabolites in 

the entomopathogenic bacterium Photorhabdus luminescens subsp. Sonorensis. Journal 

of Invertebrate Pathology 141: 45-52. 



26 Sayedain and Partners: Nematicidal effect of cell-free culture filtrates of EPN- symbiotic... 

Reimer D, Pos KM, Thines M, Grün P, Bode HB (2011) A natural prodrug activation 

mechanism in nonribosomal peptide synthesis. Nature Chemical Biology 7(12): 888–

890. 

Samaliev HY, Andreoglou FI, Elawad SA, Hague NGM, Gowen SR (2000) The nematicidal 

effects of the bacteria Pseudomonas oryzihabitans and Xenorhabdus nematophilus on the 

root-knot nematode Meloidogyne javanica. Nematology 2(5): 507-514. 

Sasser JN (1980) Root-knot nematodes: a global menace to crop production. Plant Disease 

64(1): 36-41.  

Sasser JN, Carter CC (1985) Overview of the international Meloidogyne project, In: Barker 

KR, Carter CC, Sasser JN (Eds.), An advanced treatise in Meloidogyne. Vol. II, 

Methodology, North Carolina State University Graphics, Raleigh, USA. pp. 19-24. 

Sasser JN, Freckmann DW (1987) A world perspective on nematology: The role of the 

society, In Veech JA, Dickson DW (Eds.), Vistas on nematology. Hyatlsville, Maryland, 

USA. pp. 7-14. 

Thomas GM, Poinar Jr GO (1979) Xenorhabdus gen. nov., a genus of entomopathogenic and 

nematophilic bacteria of the family Enterobacteriaceae. International Journal of 

Systematic Bacteriology 29(4): 352-360. 

Tobias NJ, Heinrich AK, Eresmann H, Wright PR, Neubacher N, Backofen R, Bode HB 
(2017a). Photorhabdus- nematode symbiosis is dependent on hfq-mediated regulation of 

secondary metabolites. Environmental Microbiology 19(1): 119-129. 

Wang H, Liu Y, Dong H, Qin Li, Cong B, Li T (2011) Antibiotic activity of bacterial isolates 

associated with entomopathogenic nematodes. African Journal of microbiology Research 

5(28): 5039-5045. 
 


