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in Response to Fusarium oxysporum F. Sp. Lycopersici
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Abstract: On encounter of pathogen plant interacts with it by expression of proteins which in terns decides the
compatible and incompatible reactions. In order to justify the above findings time course study was carried out
in the present study with development of biochemical profile for twenty days after inoculation. The findings
showed that different markers are expressed at different time and it rises and falls over a period of time without
a constant expression, the response is inconsistent as the infection proceeds so it is difficult to discriminate
the varieties as resistant or partial entity at particular time period.
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INTRODUCTION H O -dependent cross-linking of cell wall proteins such as

Two types of defense response are observed in proteins [13]. These events are followed by a broad
plants that are passive defense response includes a waxy spectrum of metabolic changes that represents: (a)
cuticle or reservoirs of antimicrobial compounds and stimulation of the phenylpropanoid and fatty acid
active responses, induced by pathogen attack [1, 2]. pathways, (b) production of defense-specific chemical
Generation of reactive oxygen species (ROS) is first messengers such as salicylic acid (SA) or jasmonates and
events towards the recognition of a pathogen by the plant (c) accumulation of components with antimicrobial
[3]. ROS, is generally being used as a collective term for activities such as phytoalexins and pathogenesis related
radicals and other non-radical but reactive species derived (PR) proteins [14].
from oxygen, which is associated with plant response In addition, plant phenolics, carbohydrates and
towards resistance [4, 5]. ROS is also considered to be the amino acids also plays critical role in disease resistance.
cause of lipid peroxidation, which is an early event of HR, In fact, the metabolic pathways of these substances are
results to damage or modify DNA and proteins [6]. interconnected: phenolic and amino acid pathways use

There are number of enzymes involved in ROS products of carbohydrate metabolism as their precursors.
metabolism. Cell wall peroxidase (POX) [7, 8] and During host-pathogen interaction, amino acids may have
membrane-bound NADPH oxidase, neutrophil-analogous, a fungistatic effect through their involvement in metabolic
[9] belong to an important enzyme system generating reactions  associated  with   disease   resistance  [15, 16]
H O . It has been thought that a rapid increase in either or act as substrate for the pathogen [17]. In present work2 2

intra- or extracellular H O  is associated with induction the time course study of the known resistant and partial2 2

and/or execution of hypersensitive reaction (HR) [4, 10]. varieties were evaluated to disclose the pattern of
The production of H O  may also lead to the development response towards the pathogen attack.2 2

of an antimicrobial environment within the apoplast [11].
H O  is required for the cross-linking of plant cell wall MATERIALS AND METHODS2 2

components as a part of the structural defense response
[5]. Peroxidase (POX) is also capable of reducing the level Experimental Design: The isolate Fusarium oxysporum
of H O , e.g. during H O -dependent polymerisation of f. sp. lycopersici, maintained on Potato sucrose broth was2 2 2 2

hydroxycinnamyl alcohols (lignin biosynthesis) [12] and used  to  prepare   inoculum   suspension   following  the

2 2

hydroxyproline rich glycoproteins and proline-rich
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method of Thakur et al. [18] for in vivo assay. Two - 1,3 Glucanase (EC. 3.2.1.39): -1, 3 glucanase activity
varieties of tomato, LA 3042 wild resistant and GT2
(Gujarat tomato-2) partial resistant as per Parmar et al. [19]
was selected for the present study were grown in pots.
The experimental pots were inoculated with 10 ml of 10
days old inoculum suspension containing mycelia and
spores,  through  soil  after  the plants reached maturity
(60 days), while the control pots were devoid of the fungal
inoculum (non-inoculated). Leaf samples were collected at
regular interval of time for the evaluation of plant
response towards the fungal pathogen.

Biochemical Evaluation: Using a chilled pestle and
mortar, 1 g of leaf sample was homogenized in 3ml of 0.1
M  potassium  phosphate  buffer  (pH  7.0), containing
0.05 mM phenyl methane sulfonyl fluoride (PMSF) to
which a pinch of polyvinylpyrollidone (PVP) was added.
The homogenate was centrifuged at 8000 g for 15 min at
4°C and the supernatant was used as the enzyme source
for the assays. 

Enzymes Assay:
Assay of Peroxidase (EC. 1.11.1.7): The reaction mixture
consisting of 1.0 ml of 0.01 M O-Dianisidine, 2.4 ml of
distilled water, 1.0 ml of 0.1 M phosphate buffer and 0.5 ml
of 20mM H O . The reaction was initiated by 0.2 ml of2 2

enzyme extract and the mixture was incubated at room
temperature. After 5 minutes reaction was terminated by
application of 1.0 ml 2 N H SO  and absorbance were2 4

taken at 430 nm in a Spectrophotometer (Unicam Heëios
Alpha & beta, Cambridge, United Kingdom). At the start
of enzyme reaction, the absorbance of the control mixture
containing 1.0 ml of 0.01 M O-Dianisidine, 2.4 ml of
distilled water, 1.0 ml of 0.1 M phosphate buffer and 0.5 ml
of 20 mM H O , 0.2 ml of enzyme extract and 1.0 ml 2 N2 2

H SO  was set to zero at 430 nm in a Spectrophotometer.2 4

Peroxidase (PO) activity was expressed as change in the
absorbance of the reaction mixture min  g ml  of fresh1 1 1

weight [20]. 

Assay of Poly Phenol Oxidase (EC. 1.14.18.1): The poly
phenol oxidase (PPO) activity was assayed using the
modified method of Mayer et al. [21]. The standard
reaction mixture contained 1.5 ml of 0.1 M sodium
phosphate buffer (pH 7.0), 0.5 ml of enzyme preparation
and 0.5 ml of 0.1 M catechol. The reaction mixture was
incubated at room temperature and the absorbance was
set to zero at 495 nm. The change in the absorbance was
recorded at 30 sec intervals for two min and the PPO
activity was expressed as change in absorbance of the
reaction mixture ml  g  of fresh weight. 1 1

was assayed by the laminarin Dinitrosalicyclate method
[22]. One gram of tomato leaf was homogenized with 3ml
of sodium acetate buffer (0.05 M), pH 5.0 at 4°C using a
chilled pestle and mortar. The extract was then centrifuged
at 10,000 g for 15 min at 4°C and the supernatant was used
as crude  enzyme  extract.  The  crude  enzyme  extract
(62.5 µl) was added to an equal volume of laminarin (4%)
and incubated at 40°C for 10 min. The reaction was
stopped by adding 375 µl of dinitrosalicylic acid reagent
and boiled  them  for  5  min  on  a  boiling  water  bath.
The resulting colored solution was diluted with 4.5 ml of
water, vortexed and absorbance at 500 nm was
determined. The blank was the crude enzyme preparation
mixed with laminarin with zero time incubation. The
enzyme activity was expressed as µmol min  ml1 -1.

PAL Activity (EC. 4.3.1.5): PAL activity was determined
as the rate of formation of phenylalanine to trans-cinnamic
acid at 290 nm as described by Brueske [23]. Tomato
leaves (1gm) were homogenized in 3 ml of sodium borate
buffer (0.1 M), pH 7.0 containing 0.5 g insoluble
polyvinylpolypyrrolidone (PVP) and 0.05 mM phenyl
methane sulfonyl fluoride (PMSF). The extract was
centrifuged at 8,000 rpm for 15 min at 4°C. The
supernatant was used for enzyme assay. Samples
containing 0.2 ml of enzyme extract were incubated with
0.5 ml of borate buffer (0.2 M), pH 8.7, 1.3 ml distilled water
and 1.0 ml of L – phenylalanine (0.1 M) in the same buffer
for 30 min at 30°C. After 30 min the reaction was stopped
by adding Trichloroacetic acid (1M). In reference cell, 0.2
ml of enzyme extract was taken along with 0.5 ml of borate
buffer, 1.3 ml distilled water, 1 ml of L – phenylalanine and
0.5 ml of Trichloroacetic acid. The amount of Trans-
cinnamic acid synthesized was calculated using a
standard graph. Enzyme activity was expressed on fresh
weight basis as µmol min ml gm .1 1 1

Chitinase Activity (EC. 3.2.1.14): The colorimetric assay
of chitinase was carried out according to the procedure
developed by Monreal and Reese [24]. One gram of
tomato leaf was extracted with 3ml of potassium
phosphate buffer (200 mM), pH 6.0 with 2 mM calcium
chloride. The homogenate was centrifuged for 15 min at
8,000 g and the supernatant was used as an enzyme
source. The reaction mixture consisted of 2 ml of 1.25 %
(w/v) colloidal chitin solution and 0.5 ml of enzyme
solution was incubated on a rotary platform at a speed
sufficient  to  keep  the  chitin  in  suspension  at  25°C.
The reaction was stopped by placing the vial in a boiling
water bath for 5 minutes. An aliquot of the supernatant
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(1.0 ml) was pippetted into a glass reagent tube containing
1.5 ml color reagent and incubated for 5 minutes in boiling
water bath. After cooling to room temperature,
absorbance at 540nm was measured using the
Spectrophotometer. N – acetyl glucosamine (GLcNAc)
was used as a standard. The enzyme activity was
expressed as µmoles GLcNAc gm  ml .1 1

Estimation of Total Phenols: Leaves were collected and
total phenolics were estimated by homogenizing 1gm of
the tissue with 10 times volume of 80% ethanol, 0.5ml of Fig. 1: Time course study of induction of total phenol
Folin-Ciocalteau  reagent  was  added and incubated for after inoculation of tomato plant with Fusarium
3 minutes. Two ml of 20gm/l Na CO was added and the oxysporum f. sp. Lycopersici.2 3

absorbance was read at 650nm against a reagent blank in
treated   varieties   along   with   control   using  catechol
(1 mg/ml) as standard [25].

RESULTS

Time Course Response of Tomato Varieties against
Fusarium Pathogen: The study was centered to identify
the pattern of the plant response in terms of biochemical
marker against the fungal pathogen at regular interval of Fig. 2: Time course study of induction of Chitinase
time to disclose the mechanism of resistance in plant. activity after inoculation of tomato plant with
However, the markers evaluated showed significant Fusarium oxysporum f. sp. Lycopersici.
response towards the pathogen attack. 

Biochemical Studies: Phenol content (Fig. 1) was
observed to be highest 76.3 µgm/gm in resistant variety in
comparison to partial variety 63.8 µgm/gm, which may be
the cause of the resistance against the pathogen. As the
interaction proceeds the level gets down which then rises
again and falls, at last around 360 hrs it attains the peak of
81.1 µgm/gm greater than the original content. In case of
partial variety it also gets down and increases to attain
peak at 15 hrs and then falls towards the end by up and Fig. 3: Time course study of induction of
downs.  Chitinase  and   polyphenol   oxidase  pattern Polyphenoloxidase activity after inoculation of
(Fig. 2 & 3) in both the varieties showed similar fact of tomato plant with Fusarium oxysporum f. sp.
higher activity at zero time in comparison to partial which Lycopersici.
rises and falls as time proceeds the level was observed to
be highest at 216 hrs in resistant and 360 hrs in partial
varieties. An interesting observation was that the activity
of  partial  variety  out  competes  the  resistant   variety.
In contrast the glucanase activity (Fig. 4) was found to be
lower in resistant variety (0.16 U/ml/min) in comparison to
partial variety (0.68 U/ml/min) at zero level which attains
peak at 3 hrs and gets up and down towards the end, in
case of partial similar pattern was observed with up and
downs and peak at 288 hrs. Similar observation was Fig. 4: Time course study of induction of Glucanase
obtained in peroxidase activity (Fig. 5) with higher level of activity after inoculation of tomato plant with
activity in resistant varieties in comparison to partial  ones Fusarium oxysporum f. sp. Lycopersici.
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Fig. 5: Time course study of induction of Peroxidase oxygen species generated by various stresses [30]. It has
activity after inoculation of tomato plant with been reported that peroxidases have an anti-fungal
Fusarium oxysporum f. sp. Lycopersici. activity against various pathogens [11]. Increased

Fig. 6: Time course study of induction of Phenyl cell. Zhao et al. [33] took the stress as the mechanical
ammonia lyase activity after inoculation of tomato signal elicitor to find the effect of plant resistance induced
plant with Fusarium oxysporum f. sp. Lycopersici. by stress. Their results showed that appropriate stress

which gets up and down as time proceeds and the partial However, disruption of the plasma membrane-cell wall
one  out competes  the  resistant  one.   On  comparing adhesion will absolutely eliminate this kind of inducement
the  pattern  of  phenol  content  and the glucanase effect, which suggests that the plant resistance induced
activity  it is noticed that at particular time the single by stress depend on the adhesion of plasma membrane-
factor  plays  an  important role to protect the plant cell wall. Also they found that stress stimulation may
against the disease. The selected parameters showed cause synthesis of lignin and increase the activity of
significant difference in both the partial and resistant phenylalanine ammonia lyase (PAL) chitinase and beta-1,
varieties except the phenyl ammonia lyase activity (Fig. 6) 3-glucanase obviously. Stress stimulation may not only
which showed identical pattern in both the case with enhance ability of the plant cell resistance to pathogen
negligible response. penetration but also elicit the accumulation of pathogens

DISCUSSION plant cell. Accumulation of phenolic compounds was also

In this work, consideration was given to some of the
general biochemical substances regarded to be involved CONCLUSIONS
in resistance, such as phenolics, PAL, chitinase, -1, 3
glucanase, peroxidase, poly phenol oxidase  and  catalase. Compiling the response of the all parameters
PAL is the first enzyme of phenylpropanoid metabolism in evaluated  in  the study, suggest that though the
higher plants and it plays a significant role in regulating response is varied in partial and resistant varieties but it
the accumulation of phenolics, phytoalexins and lignins, is insignificant to judge as resistant or partial entity due
the three key factors responsible for disease resistance to up and downs at any particular point in both the
[26]. A direct role of chitinase and -1, 3 glucanase in selected varieties. The response was inconsistent to
defense of plants against pathogen have been proposed reveal the discrimination amongst the variety on the basis
because substrate for these enzymes are major component of pattern. 

of the cell walls of many fungi [27, 28]. PPO is a copper
containing enzyme which oxidizes phenolics to highly
toxic quinines and involved in the terminal oxidation of
diseased plant tissue which was attributed for its role in
disease resistance [29]. 

Peroxidases are a large family of enzymes with very
diverse functions in plant systems. They often increase in
response to stress. One of the principal roles of
peroxidases appears to be cellular protection from reactive

catalase and peroxidase activity in resistance response
has been related to lignification, which has an important
role in the reduction and blockage of nutrient diffusion
from neighboring host cells to the haustoria [31].
Increased activities of the enzymes peroxidase and
catalase and lignin deposition are thought to play a major
role  in  local  and  systemic disease resistance [32].
During the course of pathogens penetrating the plant cell,
besides chemical secretion, the pathogens may cause
mechanical signal by the physical pressure on the plant

stimulation can evidently improve the plant resistance.

suppression or antimicrobial chemical substance in the

more in highly resistant varieties.
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