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A R T I C L E  I N F O A B S T R A C T

The objective of this study was to determine the differences in expression of peroxidase,
polyphenol oxidase and cellulase activities against seed-borne bacterial blight and leaf spot
diseases caused by Pseudomonas syringae pv. pisi and Xanthomonas pisi respectively. The
seed samples of pea carrying higher incidence of the respective pathogen as well as healthy
seed samples were used for enzymatic activity analysis. In the present study a significant
higher enzymatic activity of peroxidase, polyphenol oxidase and cellulase were found in
infected seeds as compared to healthy seeds due to infection of bacterial pathogens.

INTRODUCTION
Pea (Pisum sativum L.) is an important pulse crop in global
agriculture, providing biologically fixed nitrogen, breaking
cereal disease cycle and contributing to locally grown food
and feed (Martin-Sanz et al. 2011, Kotlarz et al. 2011 and
Kocchar, 2009). Pea seeds are of great nutritional value due to
high quality starch, protein and energy content. They have
significant amounts of vitamins and minerals and are
characterized by a relative high antioxidant activity (Han and
Baik, 2008). One of the major constraints in increasing the
productivity of pea is seed-borne pathogens. These seed-borne
pathogens not only reduce the seed quality and yield but also
spread the disease from one season to another. In the present
study, two seed-borne bacterial pathogens namely
Pseudomonas syringae pv. pisi and Xanthomonas pisi were
isolated from infected pea seeds. Plant pathogens produce a
large number of pectolytic and cellulolytic enzymes that
degrade components of plant cell are the main virulence factor
(Sutic and Sinclair, 2000). The interaction between the
pathogen and host plant induces some changes in cell
metabolism, primarily in the enzyme activities, including
peroxidase and polyphenol oxidase (Salari et al. 2012 and
Ngadze et al. 2012). Keeping in the view of above facts, the
present study was undertaken to study the effect of seed-borne
bacterial pathogens on the enzymatic activity (peroxidase,
polyphenol oxidase and cellulase) of pea seeds.

MATERIALS AND METHODS
The seed samples of pea naturally infected with Pseudomonas
syringae pv. pisi (acc. nos. Ps-2529, Ps-2592, Ps-3509
carrying 89.5%, 91.34% and 90% incidence respectively) and

Xanthomonas campestris pv. pisi (acc. nos. Xp-2528, Xp-
2542, Xp-2578 carrying 85%, 89.5% and 85% incidence
respectively) were selected and used to find out the enzymatic
activity in healthy and naturally infected seeds. Colorimetric
methods (Malik and Singh, 1980) were used to study the
changes in activity of peroxidase, polyphenol oxidase and
cellulase.

Peroxidase (PEO)

Three hundred mg incubated seeds (for 7 days using SBM) of
pea were ground in 3 ml of 0.1 m solution of phosphate buffer
(pH 6.5). The homogenate was centrifuged at 10,000 rpm for
15 min at 4ºC and the supernatant was used for enzyme assay
(Malik and Singh, 1980 and Mahatama et al. 2008). The
reaction mixture in a cuvette contained 3.5 ml of 0.1 M
phosphate buffer (pH 6.5). The reaction was initiated with the
addition of 0.2 ml of enzyme and 0.1 ml of O-dianisidine
solution (1 mg/ml in methanol). Temperature of the mixture
was brought to 28-30ºC in a constant water bath and the
cuvette was placed in to spectrophotometer which was set at
430 nm 0.2 ml hydrogen peroxide (0.2M) was added to the
reaction mixture. Simultaneously a stopwatch was started and
the initial absorbance (Ao) was recorded and then after
interval of 30s, subsequent absorbance values were recorded
upto 3 min. The graph was drawn for different increasing
absorbance values against time and the enzyme activity was
expressed in terms of increase of absorbance change in OD
per unit per mg seed weight.

Polyphenol oxidase (PPO)

Three hundred mg of incubated (for 7 days using SBM) seeds
were ground in 3 ml of 0.1 M sodium phosphate buffer, pH
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6.0. The homogenate was centrifuged at 10,000 rpm for 15
min at 4ºC and the supernatant was used for enzyme assay
(Malik and Singh, 1980, Mahatama et al. 2008). The reaction
mixture contained 3 ml of catechol (0.01 M catechol in 0.1 M
phosphate buffer, pH 6.0). The reaction was initiated with the
addition of 0.1 ml of enzyme extract. The change in the colour
due to the oxidized catechol was read at 495 nm for 5 min at
an interval of every 30s. The enzymatic activity was
expressed in terms of increase of absorbance per unit time per
mg seed weight.

Cellulase

Three hundred mg of incubated (for 7 days using SBM) seeds
were ground in 3 ml of 0.1 acetate buffer, pH 5.4. The
homogenate was centrifuged at 10,000 rpm for 15 min at 4ºC
and the supernatant was used for enzyme assay (Malik and
Singh, 1980 and Mahatama et al. 2008). The reaction mixture
contained 0.5 ml of 0.1 M acetate buffer (pH 5.4) and 1 ml of
enzyme extract. The mixture was equilibrated at 30ºC. 1.5 ml
of carboxymethyl cellulose was added and the solution was
incubated for 2h at 30ºC. 3 ml of dinitrosalicylic acid was
added to the tube and boiled for 3h. The mixture was cooled
down and the absorbance was recorded at 560 nm standard
curve was prepared by heating known amount of reducing
sugar released by cellulose activity and enzymatic activity
was expressed in terms of m moles glucose equivalent
released in one h.

RESULTS AND DISCUSSION
The interaction between the pathogen and host plant induces
some changes in cell metabolism, primarily in the enzyme
activities, including peroxidase and polyphenol oxidase
(Salari et al. 2012 and Ngadze et al. 2012). Increase in
oxygen species such as hydrogen peroxides, superoxide
anions and hydroperoxyl radical has been demonstrated to
occur in the early resistance response to plant pathogen attack
(Do et al. 2003). In the present investigation, the mean
enzyme activity of peroxidase in healthy seed samples was
0.391 ∆ O.D./min/mg. In case of seed samples infected with
P. syringae pv. pisi the peroxidase activity was found 1.194 ∆
O.D./min/mg and 1.283 ∆ O.D./min/mg in infected seed
samples with X. campestris pv. pisi. The enzyme activity of
infected samples was found significantly (P≥0.01) higher than
healthy or uninfected samples (Table 1). A higher polyphenol

oxidase activity was recorded in naturally infected seed samples
of pea. Polyphenol oxidase enzyme catalyzes the oxygen
dependent oxidation of phenols into quinines are ubiquitous
among angiosperms (Rai et al. 2011). The mean enzyme
activity of polyphenol oxidase in the healthy seed samples
was 0.244 ∆ O.D./min/mg. A significant (P≥0.01) higher
enzyme activity was found in both samples infected with P.
syringae pv. pisi (0.980 ∆ O.D./min/mg) and X. campestris
pv. pisi (0.953 ∆ O.D./min/mg) as compared to healthy
samples (Table 1). Delannoy et al. (2003) also found
significant increased activity of peroxidase enzyme was found
after interaction of cotton and bacterial blight pathogen X.
campestris pv. malvacearum.

Cellulase and hemicellulase have been found responsible for
hydrolytic degradation of cellulose and hemicelluloses
(Heitefuss and Williams, 1976). Cellulase, endoglucanase and
protease enzymes have also been reported to be produced by
pathovars of Xanthomonas namely X. campestris pv.
campestris and X. oryzae pv. oryzae (Champoiseau et al.
2006). In this study, the average activity of cellulase in the
healthy seed samples was 0.221 m mole glucose released/h.
The enzyme activity was significantly (P≥0.01) higher in both
seed samples infected with P. syringae pv. pisi (0.508 mM
glucose released/h) and X. campestris pv. pisi (0.516 mM
glucose released/h) as compared to the healthy samples (Table
1).

CONCLUSION
The present investigation showed that the natural infection of
seed-borne bacterial pathogens on pea seeds is associated with
a significant increase in the enzymatic activity of peroxidase,
polyphenol oxidase and cellulase.
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Table 1 Estimation of changes in enzymatic activity in seeds infected with pathogen
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Test seed sample
(Acc. nos.)

Peroxidase ∆ OD/min/mg
seeds

Polyphenol oxidase ∆
OD/min/mg seeds

Cellulase mMole glucose
released/h
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Check (Healthy samples)
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Acc. No. Pa-2564

0.349
0.453
0.371
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0.288

0.207
0.245
0.213

Mean 0.391 0.244 0.221

2.
Pseudomonas syringae pv. pisi

Acc. No. Ps-2529
Acc. No. Ps-2556
Acc. No. Ps-3509
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1.210
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1.108
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