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Purpose of the visit 
 
The interaction between a host plant and parasitic nematodes induces numerous changes in 
protein and metabolite expressions of the host. These changes and their time of expression lead 
either to a compatible or an incompatible interaction. Little is known about the changes in plant 
metabolites due to their interactions with migratory nematodes. In Musa spp. (bananas and 
plantains) the cultivar, Yangambi Km5 has been identified and used as a resistant reference 
cultivar to the burrowing nematode, Radopholus similis (Fogain and Gowen, 1998; Speijer and 
De Waele, 1997). But, the mechanism of its resistance is still unclear. In literature, phenolic 
secondary metabolites were shown to play major roles in plant’s defence against the biotic 
agents. A group of secondary metabolites, “Phenylphenalenones” was reported as phytoalexins 
produced in response to nematode infections in Musa roots (Binks et al., 1997). A recent study 
(Otalvaro et al., 2007) suggested the involvement of phenylphenalenones in resistance of 
Yangambi Km5 (YKm5) to the fungal disease, Black Sigatoka. This diverted our interest to study 
these secondary metabolites with the aim to identify the mechanisms of nematode resistance of 
YKm5.  
 
Members of the Max-Planck-Institute for Chemical Ecology, Jena have a long term experience in 
isolation, identification, and tissue localization of natural compounds in various plants including 
bananas. Some of our early studies in collaboration with this research group indicated the 
elicitation of phenylphenalenones in Musa in response to Radopholus similis infection. Exact 
identification of these compounds requires skills on the mass spectrometry and nuclear magnetic 
resonance (1H NMR) spectroscopy to identify the compounds. Thus a comprehensive study was 
planned on identification and cell specific localization of these compounds in nematode resistant 
and susceptible cultivars which could lead to the understanding of their role in host defence.  
 
Description of the work 
 
Four different phytochemical profiles of banana roots were performed from the following 
different treatments.  

1. Resistant plants (YKm5) infected with R. similis 
2. Resistant healthy plants  
3. Susceptible plants (Grande Naine) infected with R. similis 



4. Susceptible healthy plants 
 
Plants were grown under the greenhouse conditions and infected with R. similis at eight weeks 
after planting. The phytochemical analyses were performed at 10 weeks after inoculation. This 
interval was fixed to allow the plants to produce enough heavily infected roots for extraction but 
at the same time enough fresh lesions will be available from new infections on freshly emerged 
roots. These fresh infections can be used for the study on cell specific expression of the 
phytoalexins by using matrix-free laser desorption/ionization-mass spectrometric imaging (LDI-
MSI) techniques. 
 
From the nematode infected plants of resistant and susceptible cultivars necrotic root tissues were 
micro dissected and weighed. The same amounts of healthy roots were sampled from the 
uninfected plants as control. Samples were frozen and ground in liquid nitrogen. It was followed 
by an immediate extraction using 96% ethanol. This crude extract was evaporated to dryness to 
remove the organic solvent. The resultant was partitioned between chloroform/H2O, followed by 
partition between ethyl acetate/H2O and n-butanol/H2O.Each sub-fraction was collected 
separately, evaporated and subjected to analytical high performance liquid chromatography 
(HPLC). Fractions were purified using a preparative HPLC and subjected to 1H NMR to detect 
phenylphenalenones. 
 
From the other part of the roots, freshly infected tissues with relatively smaller lesions were 
chosen for LDI-MSI to map the expression of phenylphenalenones. The LDI-MSI work was 
performed in co-operation with the Laboratory of Organic and Macromolecular Chemistry of 
Friedrich Schiller University in Jena, Germany. 
 
Description of the main results obtained 
 
The weight of each sub-fraction from YKm5 and Grand Naine infected and un-infected plants 
were detailed in the following table. This indicates the elicitation of certain secondary 
metabolites in the infected regions. The increase is much higher in the resistant cultivar, YKm5 
than the susceptible cultivar, Grande Naine. 
 
Table 1. Weights of the sub-fraction obtained from resistant and susceptible Musa cultivars 
YKm5 and Grande Naine respectively. 
 
Treatments  Weight of the sub-fractions (mg/g of roots) 
  Chloroform  Ethyl acetate  n-Butanol  
Grande Naine     
     
Infected region  1.97 0.85 2.58 
Uninfected plant  1.25 0.30 2.08 
     
Yangambi Km5     
     
Infected region  4.67 1.65 2.55 
Uninfected plant  1.74 0.31 2.42 



 
The analytical HPLC results also clearly exhibited the differences in the nematode infected and 
un-infected regions of YKm5. Figure 1 shows the intense signals from the chloroform sub-
fraction isolated from the R. similis infected regions of YKm5 while no significant signals were 
detected from the same sub-fraction of YKm5 healthy plants. This explains the elicitation of 
certain specific compounds in the infected regions. Twenty five fractions eluted from infected 
YKm5 chloroform fraction were separated and purified by using preparative HPLC.  
 
 

 
 
Fig. 1.  HPLC chromatograph from chloroform sub-fraction of Musa spp. cv. Yangambi 
Km5. Fraction from root tissues A) infected by Radopholus similis. B) Un-infected healthy 
plants 
 
Identification 
 
Fractions purified from HPLC were subjected to 1H NMR to identify the compounds. This 
technique was learnt during the STSM and few fractions were identified. This work is still 
ongoing at this moment and the complete identification is expected in near future. From the 
identifications that have been carried out so far, it is clear that the phenylphenalenone 
biosynthesis is elicited by R. similis. Chemical structure of a phenylphenalenone isolated from 
Musa spp. cv. YKm5 after R. similis attack is presented here (Fig. 2) 
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Fig. 2. Chemical structure of the phenylphenalenone, “anigorufone” isolated from Musa 
spp. cv. Yangambi Km5 after nematode infection 
 
The LDI-MSI also gave similar results i.e. signals indicating the presence of candidate 
phenylphenalenones were obtained only from the regions of nematode infections. Figure 3 shows 
the presence of specific metabolites in the infected region while it is almost absent even in the 
surrounding regions of the same plant. 
 

 
Fig. 3. LDI-MS spectrum of Musa spp. cv. Grande Naine infected by Radopholus similis 
 
Future collaboration  
 
Some of the phytochemicals were identified during the STSM. More compounds are continued to 
be identified depending on the availability of measurement time at the NMR spectrometer. In 
near future, identified phenyphenalenones will be tested at the home institution for their ability in 
nematode control. This STSM has helped to strengthen and continue the collaboration between 
the home and host institution. 
 
Projected outputs 



 
Partial results obtained from the STSM were presented during the COST 872, scientific meeting 
held in May 2000 at Toledo, Spain.  
Results obtained together with the continuing work are more likely to result in joint publications 
in near future. 
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