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Abstract: The Pseudomonas fluorescens isolate FP 7 was found to protect the
tomato plants against soil borne fungus, Pythium aphanidermatum. The ability
to induce defense proteins viz. B-1,3 glucanase, peroxidase (PO), polyphenol
oxidase (PPO) and phenylalanine ammonia lyase (PAL) by this P. fluorescens
isolate FP 7 against P. aphanidermatum fungus was further studied. Increased
activity of PO, PPO and B-1,3 glucanase were observed in plants pretreated with
FP 7 isolate. Native PAGE (polyacrylamide gel electrophoresis) of PO showed
the single isoform in all the treatment including the control and difference is by
the increased intensity of the band in the inoculated control and FP 7 treatment
in the tomato plant. Isoform analysis of the PPO showed the induction of the
PPO in the P. fluorescens treated plants challenged with P. aphanidermatum. 3-
1,3 glucanase in tomato cultivar, Co 3 with and without challenge inoculation of
P. aphanidermatum, revealed changes in the isoform pattern after staining the
gel with 2,3,5-triphenyl tetrazolium chloride. Moreover, higher accumulation of
phenolics was noticed in plants pretreated with P. fluorescens isolate FP 7
challenged with P. aphanidermatum. The relevant function of Thaumatin like
defense proteins and secondary metabolites involved in the phenylpropanoid
pathway collectively contributing to enhanced resistance is discussed.
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INTRODUCTION

Soil borne plant pathogens are major yield-
limiting factors in the production of field and
horticultural crops. The genetic resistance in crop plants
to many soil borne pathogens is rare and hence other
practices such as soil fumigation, soil solarization and
crop rotation has been successfully followed to control
these diseases. Our studies have focused on pre and post-
emergence damping off disease caused by Pythium spp.,
which is the most important root disease of tomato
worldwide. (Osburn et al., 1989). Although fungicides
have shown promising results in controlling the damping
off disease, development of fungicide resistance
discourages its use for disease control (Whipps and
Lumsden, 1991). The need for agriculture to became
more sustainable and less dependent on chemical
pesticides has necessitated the development of
alternative approaches to control Pythium and other
diseases caused by soil borne pathogens. Sanitation and
application of organic compost and regulation of water
and temperature during seedling growth contributed to
the management of the disease to some extent. Thus,
these control measures are not effective for the control of
damping-off  disease. Utilization of fluorescent

pseudomonads has received much attention to replace
the existing method of controlling damping-off disease.

Some potential antagonistic rhizobacteria,
which are commonly called plant growth promoting
rhizobacteria, interact with plant root and protect the
roots against pathogenic microorganisms. Pseudomonas
fluorescens are common members of the plant growth
promoting rhizobacteria micro flora in the rhizosphere of
protected plants (Nandakumar et al, 2001;
Ramamoorthy et al., 2002; Kloepper et al., 1993. The use
of fluorescent pseudomonas is gaining importance for
plant growth promotion and biological control.
Fluorescent pseudomonads control Pythium spp. through
different modes of action such as competition for
nutrients and space (Elad and Chet, 1987), antibiosis
(Howie and Suslow, 1991), production of siderophores
(Loper, 1988) and lytic enzymes (Frindlender et al.,
1993). In addition, induction of resistance by fluorescent
pseudomonads is the effective mechanism by which
these bacteria protect several crops against pests and
diseases (Chen et al., 2000; Pieterse et al., 2001;
Ramamoorthy et al., 2002; Zehnder et al., 2001). The
ability of pseudomonads to suppress soil borne fungal
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pathogens is to trigger induced systemic resistance in the
host.

Despite the importance of induced systemic
resistance by biological agents, little is known about the
frequency and ecology of naturally occurring fluorescent
pseudomonads. ISR, once expressed, activates multiple
potential defense mechanisms that include enhanced
activity of PR-proteins such as chitinases, f-1,3-
glucanases, peroxidases (PO), other defense enzymes
and secondary metabolites like phenylalanine ammonia
lyase (PAL), polyphenol oxidase (PPO), phenolics
(Nandakumar et al., 2001; Ramamoorthy et al., 2002;
Dalisay and Kuc, 1995; Kandan et al., 2002),
accumulation of antimicrobial low molecular weight
substances phytoalexins (Van Peer and Schippers, 1992)
and formation of protective biopolymers, eg. Lignin,
callose and hydroxy proline—rich glycoprotein (Kandan
et al., 2002; Hammerschmidt and Kuc, 1982). The role
of these defense enzymes and secondary metabolites in
pest and disease resistance were well established
(Nandakumar et al., 2001; Stout et al., 1999; Tscharntke
et al., 2001; Morimoto and Komai, 2000).

MATERIALS AND METHODS
Plant Material, Pathogen and Bacterial Strains
Tomato cultivar Co3 (obtained from
Horticultural  College and Research  Institute,
Coimbatore, INDIA) and the fluorescent pseudomonads
strains FP 7 (obtained from culture collection of
Department of Plant Pathology, Tamil Nadu Agricultural
University, Coimbatore, INDIA) were used in all
experiments. The bacterial culture was maintained in
King’s B broth (KBB) (King et al., 1954) in 30%
glycerol at -80°C. From the stock, fresh cultures were
prepared on plates of King’s B medium (KBM).

Preparation of Talc-Based Formulation of PGPR
Strains

A loopful of bacterium was inoculated into the
KBB and incubated in a rotary shaker at 150 RPM for 48
h at room temperature (28+2°C). After 48 h of
incubation, the broth containing 9 x 108 cfu/ml was used
for the preparation of talc-based formulation. To the 400
ml of bacterial suspension, 1 kg of the talc powder
(sterilized at 105°C for 12 h), calcium carbonate 15 g (to
adjust the pH to neutral) and carboxymethyl cellulose 10
g (adhesive) were mixed under sterile conditions,
following the method described by Vidhyasekaran and
Muthamilan (1995). After shade drying for overnight
under sterile conditions, it was packed in polypropylene
bag and sealed. At the time of application, the population
of bacteria in talc formulation was 2.5 to 3 108 cfu/g.

Greenhouse Studies
Pathogen Inoculation and Disease Incidence in the
Bacterized Plants

The bacterial strain FP 7 was assessed for their
efficacy in inducing the defense enzymes against soil

borne pathogen P. aphanidermatum incidence in tomato
under greenhouse conditions. Potting soil (red soil: sand:
decomposed cow dung manure at 1:1:1 w/w/w; available
N, P, K, Ca and Mg of red soil were 160, 18, 280, 0.28
and 0.2 kg ha?, respectively and pH was 7.0) was
autoclaved and sterilized for 1 h and placed in earthen
pots (diameter 0.3 m, height 0.4 m, volume of soil
0.4m3). The tomato seeds were surface sterilized with 2%
sodium hypochlorite for 30 seconds and soaked in double
sterile distilled with talc-based formulation (10 g kg* of
seed). After 24 h, the bacterial suspension was drained
off and the seeds were dried under shade for 30 min.
pathogen inoculated and pathogen un-inoculated control
(healthy) was maintained. The virulent strain of Pythium
aphanidermatum, mass multiplied in the sand-maize
medium, was mixed with the sterilized potting medium
at the ratio of 19:1 w/w. Watering was done regularly,
and damping-off disease incidence was recorded at 25
days after sowing. Three pots per replication and in all
the treatments three replications in factorial completely
randomized design (CRD) were maintained.

Assay of PGPR Induced Proteins
Sample Collection and Enzyme Extraction

The PGPR treated tomato plants subjected to
fungal infection was collected at 0, 24, 48, 72, 96 and
168h intervals by uprooting without causing damage.
The samples were collected from all the three replication
separately and were homogenized with liquid nitrogen
and stored under refrigerated condition at -80°C. One g
of powdered sample was extracted with 2 ml of sodium
phosphate buffer 0.1M, pH 7.0 at 4. The homogenate was
centrifuged for 20 min at 10000 rpm. Protein extract
prepared from samples were used for estimation of at 3-
1,3 glucanase, peroxidase (PO), polyphenol oxidase
(PPO) and L-phenylalanine ammonia-lyase (PAL) by
spectrophotometer and electrophoresis method.

Assay of B-1,3 Glucanase

B-1,3-glucanase activity was assayed by the
laminarin-dinitrosalicylic acid method (Pan et al., 1991).
The reaction mixture consisted of 62.5 pl of 4%
laminarin and 62.5 pl of enzyme extract. The reaction
was carried out at 40°C for 10 min. The reaction was
stopped by adding 375ul of dinitrosalicylic acid and
heating for 5 min on boiling water, vortexed and its
absorbance was measured at 500 nm. The enzyme
activity was expressed as pg glucose released min? g
of sample.

Detection of B-1,3 Glucanase Activity After PAGE
Under Non — Denatured Conditions

B-1,3 glucanase isozymes and protein pattern
were detected after a single separation using native
polyacrylamide gel electrophoresis (PAGE) by the
methods of Pan et al., (1989). To stain for B-1,3
glucanase, the PAGE gels were washed, then incubated
at 40° C for 30 min in a mixture containing 75 ml of
0.05M sodium acetate (pH 5.0) and 0.6 g of laminarin
(sigma) dissolved in 75 ml of water. The gels were then
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incubated in a mixture of methanol, water and acetic acid
(5:5:2) for 5 min, washed with water and stained with 0.3
g of 2,3,5-triphenyltetrazolium chloride in 200 ml of 1.0
M NaOH in a boiling water bath until red bands appeared
(approx. 10 min).

Assay of PO and PPO

Peroxidase and polyphenol oxidase activity
were assayed spectrophotometrically as described by
Hammerschmidt et al., (1982) and by Mayer et al.,
(1965) respectively. The enzyme activity was expressed
as change in the absorbance of the reaction
mixture/min/g on fresh weight basis.

Activity Gel Electrophoresis for PO and PPO

To study the expression pattern of different
isoforms of peroxidases in different treatments, activity
gel electrophoresis was carried out. For native anionic
polyacrylamide gel electrophoresis, resolving gel of 8%
acrylamide concentration and stacking gel of 4%
acrylamide concentration were prepared. After
electrophoresis, the gels were incubated in the solution
containing 0.15% benzidine in 6% NH4CI for 30 min in
dark and then drops of 30% H;O, was added with
constant shaking till the bands appear for peroxidase

(Sindhu et al., 1984). For PPO, gel was equilibrated for
30 min in 0.1% p-phenylene diamine in 0.1M potassium
phosphate buffer (pH 7.0) followed by 10 mM catechol
in the same buffer. The addition of catechol followed by
a gentle shaking resulted in appearance of dark brown
discrete protein bands (Jayaraman et al., 1987). After
staining, the gel was washed with distilled water and
photographed. Fig.1

Estimation of Phenylalanine Ammonia-Lyase and
Phenol

The PAL assay was conducted as per the
method described by Ross and Sederoff (1992) using L-
phenylalanine as substrate. Standard curve was drawn
with graded amounts of cinnamic acid in toluene as
described earlier. The enzyme activity was expressed as
nmoles of cinnamic acid/min/g fresh tissue. Phenol
content of tomato was estimated according to Zieslin and
Ben-Zaken (1993). The content of the total soluble
phenols was calculated from a standard curve obtained
from a Folin-Ciocalteau reagent with a phenol solution
(CsHs0) and expressed as catechol equivalents g tissue
weight. Fig.2

4@ 3.5,6-Trichlorosalicylate

4@ 3,5-Dichloro—6—hydroxysalicylate

3~Chlorosalicylate
A

3,5~Difluorosal|

OH

1 " " i a2 1 " A

0 ' ]

RELATIVE INDUCTION OF PR—1a PROTEIN

2 3

© East African Scholars Publisher, Kenya

143



Senthilmurugan Palanisamy, East African Scholars J Agri Life Sci; VVol-7, I1ss-10 (Oct, 2024): 141-148.

)

PR1a—

Statistical Analysis

The data were analyzed independently for
studies under glasshouse condition. The data were
analyzed as completely randomized design (CRD) using
the IRRISTAT version 92-1 programme developed by
biometrics unit at the International Rice Research
Institute, The Philippines. The treatment means were
compared by Duncan's Multiple Range Test (DMRT)
(Gomez and Gomez, 1984).

RESULT

There was no significant difference in the
suppression of damping-off of tomato among the
formulations when they were applied at 0™ day of storage
period compared with Ridomil fungicide as a standard
treatment. All the formulations containing different
carriers effectively reduced the disease incidence when
applied at 0" day of storage period. Generally,
formulations mixed with P. fluorescens FP 7 mass
multiplied in KMB amended with chitin recorded less
disease incidence when compared with formulation
mixed with P. fluorescens FP 7 multiplied in KMB
without chitin amendment. During the time course of
storage period the formulation containing talc as a carrier
mixed with P. fluorescens FP 7 mass multiplied in KMB
showed maximum biocontrol activity even after 75 days
of storage period by recording the disease incidence of
38.67 per cent in tomato and the efficacy was comparable
with ridomil used as a standard treatment for
comparison. When compared to fungicide treatment, this
formulation was effective up to 75 days in tomato.
(Tables).

Fig. 2

B-1, 3-Glucanase

The activities of B-1, 3-glucanase was found at
higher level in the P. fluorescens pretreated plants and
challenged with P. aphanidermatum. The activity
reached maximum level on the 5" day after challenge
inoculation in tomato. In plants inoculated with P.
aphanidermatum the increased activity was lasted only
for a period of 2-4 days thereafter declined drastically

(Fig.1)

Peroxidase

Earlier and increased activities of peroxidase
(PO) were observed in Pseudomonas-pretreated tomato
plants challenge inoculated with P. aphanidermatum and
remained at higher levels throughout the experimental
period. The activity reached maximum levels at 3" day
after challenge inoculation (Fig. 1,2).

In bacterized tomato plants challenged with P.
aphanidermatum, the expression of PO isoforms
designated as PO1, PO2, PO3, PO4 and PO5 was more
prominent and the expression of PO1 was higher when
compared with untreated plants and also plants treated
with P. aphanidermatum alone or plants treated with P.
fluorescens alone (Plate). Plants inoculated with P.
aphanidermatum alone also had higher level expression
of PO2-PO5 isoforms. In tomato plants only one PO
isoform (PO1) was noticed in all induction treatments
except untreated plants in which the expression of PO1
was very weak. However, higher level expression of PO1
was observed in P. fluorescens FP 7 treated tomato plants
challenge inoculated with P. aphanidermatum (Plate).
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Polyphenol Oxidase

Similar to peroxidase activity, higher and
increased activities of polyphenol oxidase (PPO) were
noticed in P. fluorescens FP 7 treated tomato plants
challenged with P. aphanidermatum when compared to
other induction treatments and also untreated control
plants (Fig. 3).

Three PPO isoforms designated as PPO1, PPO2
and PPO3 were prominently noticed in tomato plants
treated with P. fluorescens and challenge inoculated with
P. aphanidermatum (Plate 11A). In tomato, only one
PPO isoform (PPO1) was expressed at higher level in all
the induction treatments. In untreated plants, this
constitutive PPO1 was expressed at a weak level.

Phenylalanine Ammonia Lyase

In tomato, seed treatment with P. fluorescens
FP 7 induced the plants to synthesize phenylalanine
ammonia lyase (PAL) whereas an additional increase in
the synthesis was observed in P. fluorescens FP 7 -
pretreated plants challenge inoculated with P.
aphanidermatum. The activity reached the maximum
level at 3" day after challenge inoculation and thereafter
the activity remained at higher levels throughout the
experimental period of 10 days. In plants inoculated with
P. aphanidermatum alone, increased activity of PAL was
observed for a period of 2-4 days thereafter declined
drastically in both tomato (Fig. 2).

Phenols

Higher level accumulation of phenolics was
observed in bacterized roots challenge inoculated with P.
aphanidermatum both at 5™ and 10" day after challenge
inoculation.  In  plants inoculated with P.
aphanidermatum alone increased phenolic content was
noticed at 5™ day whereas at 10" day it was drastically
reduced.

DiscussioN

It was reported that fluorescent pseudomonads
protected the host plants against plant pathogens through
mechanisms other than direct antagonism by Voisard et
al.,, (1989). The first evidence on Induced systemic
resistance (ISR) by fluorescent pseudomonads was
reported in cucumber against anthracnose (Wei et al.,
1991), carnation against fusarium wilt (Van Peer et al.,
1991) and bean against halo blight (Alstrom, 1991). The
mechanism behind the induced resistance by fluorescent
pseudomonads was not clearly explained. Moreover, ISR
by rhizobacteria is relatively new area of research with
regard to crop protection. Fluorescent pseudomonads are
known to aggressively colonize roots therefore, they are
efficient competitors and persist throughout the crop
season (Kloepper and Schroth, 1981).

Phenylalanine ammonia lyase plays an
important role in the biosynthesis of various defense
chemicals in phenylpropanoid metabolism (Daayf et al.,

1997). PAL activity could be induced in plant-pathogen
interactions and fungal elicitor treatment (Ramanathan et
al., 2000). De Meyer et al., (1999) reported that
rhizosphere colonization by P. aeruginosa 7NSK2
activated PAL in bean roots and increased the salicylic
acid levels in leaves. In the present study, increased
activity of PAL was recorded in P. fluorescens FP 7-
treated plants challenged with the pathogens. The time
required to activate the defense mechanisms is important
for the suppression of pathogen. Earlier and higher level
of expression of defense enzymes and accumulation of
chemicals at the infection site certainly prevent the
fungal mycelial colonization. In tomato seedlings, the
activity of PAL reached maximum at 3" day after P.
aphanidermatum inoculation. The activity of PAL was
maintained at higher level throughout the experimental
period. In plants inoculated with the pathogen alone the
activity declined drastically 4 days after challenge
inoculation. Invasion of root tissues by the pathogen
might have resulted in decreased activity of PAL
whereas earlier and increased activity of PAL due to P.
fluorescens FP 7 treatment might have prevented the
fungal invasion and thus the activity maintained at higher
levels during the experimental period. Induction of PAL
by fluorescent pseudomonads was reported in cucumber
against P. aphanidermatum (Chen et al., 2000) and bean
against Botrytis cinerea (Zdor and Anderson, 1992).

Peroxidase represents another component of an
early response in plants to pathogen attack and plays a
key role in the biosynthesis of lignin which limits the
extent of pathogen spread (Bruce and West, 1989). The
products of this enzyme in the presence of hydrogen
donor and hydrogen peroxidase have antimicrobial
activity and even antiviral activity (Van Loon and
Callow, 1983). Increased activity of cell wall bound
peroxidases has been elicited in different plants such as
cucumber (Chen et al., 2000), rice (Reimers et al., 1992),
tomato (Mohan et al., 1993) and tobacco (Ahl Goy et al.,
1992) due to pathogen infection. In bean, rhizosphere
colonization of various bacteria induced the peroxidase
activity (Zdor and Anderson, 1992). In the present study,
earlier and increased peroxidase activity has been
recorded in P. fluorescens FP 7-treated plants challenged
with the pathogen. Chen et al., (2000) reported the higher
PO activity in cucumber roots treated with P. corrugata
challenged with P. aphanidermatum. In this study
expression of five PO isoforms.

Similar to PO, PPO activity was increased by P.
fluorescens FP 7 against the challenged pathogens.
Expression of four PPO isoforms, PPO1, PPO2, PPO3
and PPO4 was very clear in bacterized tomato seedlings
challenge inoculated with P. aphanidermatum.
Similarly, in bacterized tomato seedling expression of
PPO1 isoform was at higher level. The induced PPO1
isoform and a higher level expression of PPO2 isoform
might have also been implicated in induced defense
responses against the pathogen invasion. In tomato,
expression of PPO1 isoform was more prominent in
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bacterized plant challenged with C. capsici compared to
plants inoculated with C. capsici alone or plants treated
with P. fluorescens alone. Meena et al., (2000) reported
that P. fluorescens induced the activities of PPO in
response to infection by C. personata in groundnut. Chen
et al., (2000) reported that various rhizobacteria and P.
aphanidermatum induced the PPO activity in cucumber
root tissues.

The phenolic compounds may contribute to
enhance the mechanical strength of host cell wall and
may also inhibit the fungal growth, as phenolics are
fungitoxic in nature. Seed treatment with P. fluorescens
63-28 induced the accumulation of phenolics in tomato
root tissues (M’Piga et al., 1997). The hyphae of the
pathogen surrounded by phenolic substances exhibited
considerable  morphological  changes including
cytoplasmic disorganization and loss of protoplasmic
content. Accumulation of phenolics by prior application
of P. fluorescens in pea has been reported against P.
ultimum and F. oxysporum f. sp. pisi (Benhamou et al.,
1996). The present study also indicates that the higher
level accumulation of phenolics was observed in P.
fluorescens, FP 7 treated tomato challenged with
pathogen. Similar findings were reported in sugarcane
against C. falcatum (Viswanathan and Samiyappan,
1999) and in groundnut against C .personata (Meena et
al., 2000). Benhamou et al., (2000) reported that an
endophytic bacterium, Serratia plymuthica induced the
accumulation of phenolics in cucumber roots following
infection by P. ultimum.

PR-proteins are host-coded proteins induced by
different types of pathogens and abiotic stresses (Van
Loon et al., 1998). Synthesis and accumulation of PR-
proteins have been reported to play an important role in
plant defense (Maurhofer et al., 1998; Van Loon et al.,
1998). Colonization of bean roots by rhizobacteria was
correlated with induction of PR proteins resulting in
induced systemic resistance against B. cinerea (Zdor and
Anderson, 1992). Similarly in tobacco, induction of two
PR proteins namely B-1,3-glucanase and chitinase was
noticed due to application of P. fluorescens isolate
CHAQO in response to infection by tobacco necrosis virus
(TNV). Induction of these hydrolytic enzymes was also
reported in pea against P. ultimum and F. oxysporum f.
sp. pisi (Benhamou et al., 1996) and in tomato against F.
oxysporum f. sp. radicis-lycopersici (M’Piga et al.,
1997). Moreover, the activity of B-1,3-glucanase was
higher in the bacterized plants challenged with the
pathogen.

Thus induction of defense enzymes involved in
phenylpropanoid pathway by P. fluorescens FP 7 in
tomato against pathogen infection leads to induced
protection by synthesizing various defense compounds.
Earlier and enhanced levels of PAL, PO and PPO
suppressed the further colonization of soil-borne
pathogens in crop plants.
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