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Abstract

The production of phytoalexins and phenylalanine ammonia-lyase (PAL) was measured in
resistant and susceptible varieties of chickpea after inoculation with Ascochyta rabiei. The
pterocarpan phytoalexins, medicarpin and maackiain were produced in chickpea plant tissues in
response to inoculation. Maximum production of both the phytoalexins was obtained 24 hours after
inoculation in resistant varieties, whereas it took five to nine days to reach its maximum in
susceptible varieties. ‘This accumulation was preceded by a transient rise in activity of PAL, the
first enzyme in the biosynthetic pathway of phytoalexins. Maximum PAL activity was observed 12
to 24 hours after inoculation which coincided with the period of most rapid phytoalexin
accumulation. These results suggested that rapid production of phytoalexins is the part of defence
mechanism in chickpea and PAL has a regulatory role in the biosynthesis of these secondary
metabolites.

Introduction

Plant disease resistance involves not only static protection but also active defence
mechanism prominent amongst which is the induced accumulation of host- synthesized
phytoalexins antibiotics (Lamb ef al., 1989; Barz & Mackenbrock 1994; Kuc', 1995).
These compounds are accumulated at the site of infection and are considered to be
involved in the defence mechanism of plants to potential pathogens (Kuc', 1995). The
resistance of chickpea to Ascochyta rabiei, the causal fungus of blight disease, is partly
explained by increased levels of constituent phenols (Bashir et al., 1995) and possibly by
the synthesis of antifungal compounds, phytoalexins which include medicarpin,
maackiain, formonentin, dadzein and biochanin A (Jamil ez al., 1996).

Phenylalanine ammonija-lyase (PAL) is the first enzyme of phenylpropanoid
metabolism in higher plants (Camm & Towers 1977) and it has been suggested to play a
significant role in regulating the accumulation of phenolics and phytoalexins in response
to infection (Okay et al., 1997; Peltonen ef al., 1998). The present study was undertaken
to investigate the accumulation of phytoalexins, medicarpin and maackiain and to
determine whether change in the activity of PAL is correlated with the production of
phytoalexins and their role in plant resistance.

Material and Methods

Plant material and fungal inoculation: Four chickpea varieties (CM72, CM88 resistant
and 6153, Pb-1 susceptible) were grown in pots and blight disease was produced at
flowering stage of the plant by inoculating with spore suspension of A. rabiei. Plant
tissues were collected at 0, 1, 2, 3, 5, and 9 days after inoculation with A. rabiei from
control and inoculated plants of all varieties.
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Extraction of phytoalexins: Plant tissues were weighed (5 g) and immediately added
into 80% boiling methanol. After cooling it was homogenized in high speed blender.
Homogenate was filtered through Whatman No. 1 filter paper under vacuum. Methanol
from the extracts was evaporated on rotary evaporator until aqueous phase was left. The
aqueous phase was washed three times with ethyl acetate. The ethyl acetate layer was
separated and evaporated to dryness under vacuum using rotary evaporator. The residues
were dissolved in methanol and final volume was made as ml/g fresh weight.

Thin layer chromatographic analysis: The above extracts along with standard
maackiain (Provided by Dr. Barz of Germany) were subjected to thin layer
chromatography (TLC) on silica gel 60 GFys, plates (0.5mm thickness). The plates were
developed 2 times with n-pentane: Ethyl ether: acetic acid (75: 25: 1 v/v), observed under
UV light and sprayed with diazotized p-nitroaniline reagent (Takuma et al., 1997). The
Rf values were recorded. The area showing colour reactions were scraped from the
unsprayed plates and the phytoalexins in the gel were extracted with methanol. These
methanolic extracts were concentrated under vacuum using rotary evaporator and spotted
again along with standard maackiain on the silica gel plates. The platés were developed 4
times with chloroform: carbon tetrachloride (3:1 v/v) (Takuma et al., 1997). The
developed plates were sprayed with p-nitroaniline reagents and Rf values of separated
compounds were recorded. To confirm the identification of medicarpin and maackiain,
the extracts were cochromatographed on TLC plates with different solvent systems and
by recording their UV spectra.

Quantification of Phytoalexins: The compounds identified as maackiain and medicarpin
were eluted from preparative TLC plates and absorbance was recorded at 287 nm on
spectrophotometer (CE 1021). Standard curve was prepared using standard maackiain to
quantify the cencentrations of the compounds (ug/g fresh weight).

Estimation of Enzyme: Plant tissues were collected from control and inoculated plants
of two resistant (CM72, CM88) and two susceptible varieties (Pb-1, 6153) of chickpea at
0, 12, 24, 48, 72, 144 and 216 hours after inoculation with A. rabiei. Samples were
collected in triplicate for enzyme assay and were immediately stored at - 20°C.

Enzyme extraction: One gram of frozen plant tissues were crushed with 4 ml of 0.1 M
borate buffer, pH 8.8, in the presence of 0.1g wet polyvinylpolypyrolidone (PVPP) in an
ice chilled pestle and mortar placed in ice. The slurry was filtered through cheese-cloth
and then centrifuged at 14,000 rpm for 10 min., at 4°C. The supernatant was used for
enzyme estimation.

Phenylalanine ammonia-lyase (PAL) was determined by spectrophotometric
measurement of the conversion of L-phenylalanine into transcinnamic acid at 290 nm
according to Zucker (1965).

Results and Discussion

Identification of phytoalexins: The separated compound on TLC, were eluted with
methanol and UV spectrum of each compound was recorded using spectrophotometer
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(CARY). Medicarpin and Maackiain were identified by their Rf values (Table 1) after co-
chromatography in three solvent systems and their UV spectra (Fig. 1A and 1B).

Table 1. Rf values of seperated compounds co-chromatographed with medicarpin
and maackiain in different solvent systems on thin-layer chromatographic plates
(0.5 mm thickness) coated with silicagel 60 GF;s,.

Solvent system

Compounds I 11 m
Medicarpin 0.57 0.27 0.70
Maackiain : 0.53 0.21 0.67

Solvent systems: I: Pentane: Diethyl ether: Acetic Acid (75:25:1 v/v).
II: Chloroform: carbon tetrachloride (33:1 v/v)
OI: Chloroform: Methanol: (98:2 v/v).

The amount of phytoalexins i.e., medicarpin and maackiain in four varieties of
chickpea (CM72, CM88 resistant and 6153, Pb-1 susceptible) at different post
inoculation intervals was measured and is presented in Fig. 2 and 3. The resistant
varieties of chickpea, after inoculation with 4. rabiei, accumulated significantly higher
amount of phytoalexins as compared to the susceptible varieties. In resistant varieties
both pterocarpans, medicarpin and maackiain reached their maximum concentrations in
one day after inoculation with 4. rabiei. Two days after inoculation, the level of both
pterocarpans decreased in resistant varieties after reaching its maximum and then
remained constant throughout the study period. In susceptible varieties, the production of
both phytoalexins slowly increased up to 9 days after inoculation. Production of
medicarpin was 5 times higher than the production of maackiain one day after inoculation
but afterwards this difference showed a decrease in resistant varieties (Fig. 4A, 4B),
while in susceptible varieties the amount of medicarpin was 2 times higher than the
amount of maackiain throughout the study period (Fig. 4C, 4D). All the tested varieties
produced significantly high amount of phytoalexins as compared to control. Higher
amounts of phytoalexins synthesized by resistant varieties shortly after inoculation (24
hours) are supposed to restrict the fungal.growth and spread. On the other hand the rapid
growth and spread of the fungus in susceptible varieties may be due to slow rate of
synthesis and accumulation of phytoalexins, resulting in the restriction of lesions at a
later stage. These results also suggest that higher amount of medicarpin may contribute
more in host resistance.

The rapid accumulation of phytoalexins in resistant varieties is in agreement with
the data from chickpea cell suspension cultures and production of phytoalexins in
chickpea (Kessmann & Barz, 1987), sorghum (Nicholson et al., 1987), citrus
(Sulistyowatic et al., 1990), cotton (Pierce et al., 1996), alfalfa (Christophe et al., 1997)
and sorghum (Lo & Nicholson, 1998). Late production of phytoalexins in susceptible
varieties of chickpea is contrary to the finding of Kessmann & Barz (1987) in cell
suspension cultures of chickpea where phytoalexins production in both cell suspension
cultures derived from susceptible and resistant cultivars reached its maximum at 24 hours
after treatment with elicitor. The present observations are similar to the observations
obtained from some other crops showing that production of phytoalexins in resistant
cultivars was faster than in the susceptible cultivars e.g., in groundnut leaves inoculated
with Cercospora arachidicola, Phaeoisariopsis personata and Puccinia arachidis (Rao et
al,, 1996); in alfalfa inoculated with- 4scochyta imperfecta and Pseudomonas syringae pv.
pisi (Takuma et al., 1997; Christophe et al., 1997).
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Fig. 1A. UV spectra of compounds, isolated from diseased chickpea plants, matched to Maackiain
(top) and Medicarpin (bottom).

Phenylalanine. ammonia-lyase (PAL) activity increased within 24 hours after
inoculation with A. rabiei in both resistant and susceptible varieties of chickpea but
increase was more pronounced in resistant varieties than in susceptible ones (Fig. 5).
PAL activity was higher in inoculated plants of the resistant varieties than in the

- inogulated plants of susceptible varieties. The maximum PAL activity occurred 12 to
24 hours after inoculation, which coincided with the most rapid period of
phytoalexin accumulation. These results indicate that the production of PAL leading to
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Fig. 1B. UV spectra of Maackiain (top) and Medicarpin (bottom).
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Fig. 2. Medicarpin production in chickpea varieties (CM72, CM 88, Pb-1 and 6153) at different
times after inoculation with spore suspension of Ascochyta rabiei (T) and in control plants (C).

phenylpropanoid biosynthesis in chickpea is an early defence response to infection. These
results are supported by other reports, where the PAL enzyme was rapidly synthesized de
novo and accumulated in elicitor stimulated-bgan cultures hypocotyls and leaves (Cramer
et al., 1985; Kimpel & Kosuge, 1985; Cosio ef al., 1985). High enzyme activity was
found in fungal treated cell cultures of carrot (Kurosaki ef al., 1986). Similarly a marked
increase in mRNAs for PAL was detected in incompatible interaction of soybean to
Phytophthora megasperma f.sp. glycina and Phaseolus vulgaris L., to Colletotrichum
lindemuthianum but not in a compatible interactions (Bell ef al., 1986; Esnault et al.,
1987). PAL activity was significantly higher in resistant genotypes of many crops
(Chakraborty ef al., 1993; Koike & Nanbu 1997; Awan ef al., 1997, Okey et al., 1997;
Peltonen et al., 1998, Glassgen et al., 1998). Increased PAL activity was considered as an
indicator of resistance in plants to pathogens (Lawton & Lamb, 1987, Fritzemeier et al.,
1987; Jahnen & Hahlibrock 1988. Maher et al., 1994, Zhang et al., 1997). 4. rabiei has a
mechanism for decomposing copstitutive isoflavone (Kraft & Barz, 1985) and
phytoalexins; medicarpin and maackiain (Kraft & Barz, 1987; Hohl et al., 1989;
Tenhaken ef al., 1991). It has been reported that suppressor from A. rabiei inhibited the
accumulation of both the phytoalexins and isoflavones with their conjugates in sliced
cotyledons of chickpea (Kessmann & Barz, 1986). It suggests that the accumulation of
isoflavones and phytoalexins may be inhibited or degraded more rapidly in susceptible
varieties of chickpea than resistant ones. In susceptible plants the products of defence
mechanism might be broken down by the fungus. It is concluded that PAL is first
regulatory enzyme in phytoalexin accumulation and phytoalexins are a component of
defence mechanism in chickpea against Ascochyta blight.
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Fig. 3. Maackiain production in chickpea varicties (CM72, CM88. Pb-1 and 6153} at diflerent
times after inoculation with spore suspension of Ascochyta rabiei (T) and in control plants ().
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Fig. 4. Accumulition of the medicarpin (Me) and Maackiain (Ma) in control (C) and inoculated (1)
plants of chickpea varieties CM72 (A); CM88 (B), 6153 (C) and Pb-1 (D). The plants were
inoculated with Ascochyta rabiei at flowering stage.
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Fig. 5. Activity of phenylalanine ammonia lyase in extracts from control (C) and inoculated (T)
plants of chickpea varieties CM72, CM88, (resistant) Pb-1 and 6153 (susceptible) at different times
after inoculation with spore suspension of Ascochyta rabiei.
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