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Summary. Induction of defence enzymes by Pseudomonas /luorescens isolate Pfl against challenge inoculation of Meloidogyne 
incognita in tomato was studied in vitro. The activities of peroxidase (PO), polyphenol oxidase (PPO), phenylalanine ammonia 
lyase (PAL), chitinase and catalase were assayed. Ibe isoforms of PO and PPO were examined by discontinuous native polyacry­
lamide gel electrophoresis. Activities of all the enzymes were significantly higher in bacterized tomato root tissues challenged with 
the nematode. Isoform analysis revealed unique PO and PPO isoforms induced in P. /luorescens-treated plants. There was also a 
significant reduction in the root-knot nematode population in roots of and soil around bacterized plants. The results suggest that 
induction of defence enzymes involved in the phenylpropanoid pathway and accumulation of phenolics and pathogenesis related 
proteins would have contributed to the restriction of invasion of M. incognita in tomato roots. 

The ability of a plant to survive any pathogen attack 
depends on pre-formed barriers and on induced active 
defence mechanisms. Induced defence mechanisms in 
plants against various pathogens by biotic and abiotic in­
ducers have been reported in many crops (Baker et al, 
1997). One classical biotic inducer is the plant growth 
promoting bacterium, Pseudomonas /Iuorescens Migula 
(Leeman et al., 1995). It activates defence gene products 
and enzymes, including peroxidase (PO) and polyphenol 
oxidase (PPO), that catalyse the formation of lignin and 
phenylalanine ammonia lyase (PAL), which is involved in 
synthesis of phytoalexins and phenolics (Van Peer et al, 
1991). Other defence enzymes include pathogenesis-re­
lated proteins (PRs) such as chitinases, which degrade the 
cell wall and cause lysis of the cell, Plant growth promot­
ing rhizobacteria also induce systemic resistance against 
nematode pests (Oostendrop and Sikora, 1990; Sikora, 
1988). The use of P. /Iuorescens as a biological control 
agent has been reported as a successful strategy in man­
agement of sugar beet and potato cyst nematodes (Sikora, 
1992), rice root nematodes (Swarnakunari et al, 1999) 
and root-knot nematode, Meloidogyne incognita (Kofoid 
et White 1919) Chitw., (Santhi and Sivakumar, 1995). 

The present study was carried out to assess the in­
duction of defence enzymes by P. /Iuorescens against M. 
incognita in tomato as a result of induced systemic resis­
tance. 

MATERIALS AND METHODS 

The susceptible tomato (Lycopersicon esculentum 
Mill.) cultivar PKM -1 (seeds obtained from KVK, Tamil 
Nadu Agricultural University, Coimbatore, India) and 
the root-knot nematode, M. incognita (obtained from 

the culture collection of the Department of Plant Ne­
matology, Tamil Nadu Agricultural University) were 
used in this study. A talc-based formulation of fluores­
cent P /luorescens (Pfl), isolated from blackgram rhi­
zosphere (TNAU, Coimbatore, India), was prepared as 
described by Vidhyasekaran and Muthamilan (1995). 
The population of bacteria in the formulation was 2.8 x 
108 cful g of talc powder at the time of application. 

Tomato seeds were treated with P. /luorescens at the 
rate of 10 glkg seed and sown in earthern pots filled 
with sterilized potting soil. Seven days after sowing, P. 
/Iuorescens was applied by adding the talc based formu­
lation to the soil surface at a dose of 1 g/kg. Half of the 
bacterized plants were challenge inoculated with M. 
incognita (one J/g of soil) one day after soil application 
of P. /luorescens and the other half were not inoculated 
with the nematode. In addition, plants that had not 
been treated with P. /luorescens were inoculated with 
the nematode, whilst plants that received no treatment 
at all were kept as control. The experiment was con­
ducted in a randomized block design of four treatments 
with five replications. 

Plants were uprooted at different intervals (7, 14, 21 
and 28 days after the nematode inoculation). Young root 
samples (1 g), randomly collected along the root system, 
were homogenised in 1 ml of 0.1 M phosphate buffer pH 
7.0 at 4 °C in a pre-chilled pestle and mortar. The ho­
mogenate was centrifuged at 20,000 rpm at 4 °C for 15 
minutes and the supernatant served as enzyme source. 

Peroxidase (PO) activity was analysed spectrophoto­
metrically (Hammerschmidt et al., 1982). The reaction 
mixture consisted of 1.5 ml of 0.05 M pyrogallol, 100 Jll 
of enzyme extract and 0.5 ml of 1 % H 20 2 • The reaction 
mixture was incubated at room temperature (28 ± 2 
°C). The change in absorbance at 420 nm was recorded 
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at 30 sec intervals for 3 minutes. The enzyme activity 
was expressed as changes in the absorbance min-1 g-l of 
fresh tissue. 

PPO activity was determined by the procedure de­
scribed by Mayer et al. (1965). The reaction mixture 
consisted of 1.5 ml of 0.1 M sodium phosphate buffer 
(pH 6.5) and 100 pI of the enzyme extract. To start the 
reaction, 200 pI of 0.01 M catechol was added and the 
activity was expressed as changes in absorbance at 495 
nm min-1 g-l fresh tissue. 

PAL activity was determined as the rate of conversion 
of L-phenyl alanine to trans-cinnamic acid at 290 nm as 
described by Dickerson et at. (1984). A sample contain­
ing 100 pl of enzyme extract was incubated with 1.2 ml of 
0.1 M borate buffer (pH 8.8) and 1.5 ml of 12 M L­
phenyl alanine in the same buffer for 30 minutes at 30 
0c. The reaction was stopped by addition of 1 M 
trichloroacetic acid and, after incubation for 5 min at 37 
°C, the absorbance was read at 290 nm. Enzyme activity 
was expressed as mmol trans-cinnamic acid min-1 g-l of 
fresh tissue. 

The calorimetric assay of chitinase was carried out 
according to Boller and Mauch (1988). Reagents used 
were colloidal chitin, snail gut enzyme (Sepracor, 
France), dimethyl amino benzaldehyde (DMAB) (Sig­
ma, USA) and buffer. Colloidal chitin was prepared 
from crab shell chitin (Sigma, USA) by the method de­
scribed by Berger and Reynolds (1958). 

The reaction mixture consisted of 10 ml of 0.1 M 
sodium acetate buffer (pH 4.0), 0.4 ml enzyme solution 
and 0.1 ml colloidal chitin (10 mg). After incubation for 
2 h at 37°C, the reaction was stopped by centrifugation 
at 1,000 g for three minutes. An aliquot of the super­
natant (OJ ml) was pipetted into a glass reagent tube 
containing 3 ml of 1 M potassium phosphate buffer (pH 
7) and incubated with 20 ml of 3% (w/w) snail gut en­
zyme for 1 h. After 1 h, the reaction mixture was 
brought to pH 8.9 by the addition of 70 pI of 0.1 M 
sodium borate buffer (pH 9.8). The mixture was incu­
bated in a boiling water bath for three minutes and then 
rapidly cooled in an ice bath. After addition of 2 ml of 
DMAB, the mixture was incubated for 20 minutes at 37 
0c. Immediately thereafter the absorbance was mea­
sured at 585 nm. N acteylglucosamine (GluNAC) was 
used as standard. The enzyme activity was expressed as 
nmole GluNAC equivalents/min/g fresh tissue. 

Catalase activity was measured according to the 
perborate method of Feinstein (1942). About 200 mg of 
plant sample was macerated with 10 ml phosphate 
buffer. It was centrifuged at 3000 g for 10 minutes. One 
ml of enzyme was added to four 50 ml beakers, except 
for the blank, and 5 ml of sodium perborate was added 
to it. After I, 2, 3 and 4 minutes, 10 ml H

2
S04 was 

added to each of the beakers, respectively, to arrest the 
reaction. With the blank, 10 ml H

2
S04 was added, then 

5 ml sodium perborate and finally 1 ml enzyme extract. 
The beaker contents were titrated against 0.05 N KM­
n04. Activity was expressed in terms of H 20 2 assuming 

that 1 ml KMn04 = 0.85 mg ofH20 2 . 

The isoform profiles of PO and PPO were examined 
by discontinuous native polyacrylamide gel elec­
trophoresis (Laemmli, 1970). Root samples (1 g) were 
collected 28 days after nematode inoculation, and the 
protein extract was prepared by homogenizing the sam­
ples in 1 ml of 0.1 M phosphate buffer pH 7 followed 
by centrifugation at 16,000 g for 20 min at 4 0c. Sam­
ples (80 pI) were loaded into 8% polyacrylamide gels 
(Sigma, USA). After electrophoresis, PO isoforms were 
visualized by soaking the gels in staining solution con­
taining 0.05% benzidine acetate buffer (pH 4.2), for 30 
minutes in the dark, after which drops of 30% H 20 2 

were added with constant shaking till the bands ap­
peared. To assess PPO isoforms, the gels were equili­
brated for 30 minutes in 0.1 % P-phenylene diamine in 
0.1 M potassium phosphate buffer (pH 7.0) followed by 
10 mM catechol in the same buffer. The addition of cat­
echol was followed by gentle shaking, which resulted in 
appearance of dark brown discrete protein bands. 

RESULTS AND DISCUSSION 

Application of a talc-based formulation of P. /luo­
rescens PH as seed treatment, followed by soil treat­
ment, significantly reduced the root-knot nematode 
population in tomato roots. Root galling in tomato due 
to infestation by M. incognita was also less in bacterized 
plants compared to untreated plants. This is in agree­
ment with the report that the level of infestation of M. 
incognita on tomato was reduced with fewer galls and 
egg masses in the root following root dipping with P. 
/luorescens strain (PH) (Santhi and Sivakumar, 1995). 

Our studies of induced defence mechanisms revealed 
significant accumulation of peroxidase and polyphenol 
oxidase in bacterized tomato plants challenge inoculat­
ed with M. incognita. Accumulation of these enzymes 
began seven days after challenge inoculation with the 
nematode and gradually increased up to 28 days. Plants 
inoculated with the nematode alone also showed in­
creased PO and PPO levels, but the increases were less 
than in P. /luorescens-treated plants. In bacterized 
plants not challenged by nematodes the activities of PO 
and PPO were similar to those in plants challenged by 
nematodes alone, but activity hardly challenged in the 
control plants (Table 1). 

Peroxidase is a key enzyme in the biosynthesis of 
lignin (Bruce and West, 1989). Remarkable increases 
were observed in the peroxidase activity of all the cellu­
lar components, viz. soluble fraction, mitochondria and 
micro somes in roots of resistant pea lines attached by 
Heterodera goettingiana (Arrigoni et al.) 1981). Chen et 
al. (2000) reported greater activities of PO and PPO in 
cucumber root tissues treated with Pseudomonas corru­
gata challenged with P. aphanidermatum. Native PAGE 
revealed unique isoforms of PO and PPO in P. /luo­
rescens isolate PH treated roots challenged with the ne-



matode and the expression of the isoforms was more 
prominent in treated plants (Figs 1 and 2). 

PAL is the first enzyme in phenyl propanoid metabo­
lism and in the production of phenolics and phytoalex­
ins that prevent establishment of pathogens (Daayf et 
af., 1997). In the present study, increased activity of 
PAL was recorded in P.fluorescens-treated tomato roots 
challenged with the nematode, presumably due to pre­
vention of nematode invasion. In plants inoculated with 
the nematode alone the activity was, perhaps, due to in-

Fig. 1. Native PAGE analysis for PO isoform profile induced 
by Pseudomonas fluorescens in tomato (from left: first lane, 
control plants; second lane, plants treated with P. /luorescens 
alone; third lane, plants inoculated with Meloidogyne incognita 
alone; fo urth lane, plants treated with P. fluorescens chal­
lenged with M. incognita) . 
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vasion of root tissues by the nematode. Increased activi­
ty of PAL has been reported in resistant but not suscep­
tible soybean cultivars after infection by M. incognita or 
H eterodera glycines (Edens et af., 1995). 

In the present study, the activity of chitinase was more 
in tomato root tissues treated with P. fluorescens chal­
lenged with the nematode, which may have been due to 
induction of systemic resistance in tomato against the ne­
matode by the bacterium (Table 1). Maurohofer et af. 
(1994) reported that induction of systemic resistance by 

Fig. 2. Native PAGE analysis for PPO isoform profile induced 
by P. fluorescens in tomato (from left: first lane, control plants; 
second lane, plants treated with P. fluorescens alone; third 
lane, plants inoculated with M. incognita alone; fourth lane, 
plants treated with P. fluo rescens challenged with M. 
incognita). . 
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