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INTRODUCTION

Fungal enzymes like Pectolytic and cellulolytic enzymes

produce by phytophagous fungi are the best known enzymes

associated with plant diseases mainly for the soft rot diseases.

Both these enzymes are known to be produced by many

phytopathogenic fungi, bacteria and nematodes in nature

(Mehta, A., et al., 2007). A characteristic feature of many

phytopathogenic organisms is their ability to produce an array

of enzymes capable of degrading the complex polysaccharides

of plant cell wall and the membrane constituents (Simbo

Aboaba, 2009). Many species of macro-fungi including species

of Clitocybe (C. fragrance) are found to be associated and

responsible for the post-harvest decay of bamboo. Decay and

biodeterioration of culms are caused mainly by fungi that

include - soft rot, white -rot and brown rot (Saharia and Sarma,

2012). The degradation of pectic substances is accomplished

by a variety of enzymes and the activities of pectolytic and

cellulolytic enzymes in the process of cell wall degradation

during pathogenesis was well studied and established by

many workers (Bateman and Basham, 1976, Mehta and

Mehta,1985, Singh and Shukla, 1999, Sharma, 2000). Among

the various diseases of arecanut, the basal-stem rot, a slow

decline disease is the most dreaded disease caused by the

fungus - Ganoderma lucidum (Chakrabarty, Acharya and

Sarma, 2014). Naturally decaying of dead wood or log occurs

mainly by the action of many enzymes produced by a large

number organisms and the initial action of decay is the

damaging or degrading of cell wall by the action of enzymes

secreted by fungal pathogens. The presence of cellulolytic
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enzymes is the most important biochemical offensive weapon

of most fungi, which help the pathogen in penetration,

establishment and subsequent colonisation within the host

(Batman and Miller,1966; Brown, 1965). The enzymes are

produce both in vivo and in vitro. The enzymes dissolving

the cell wall are mostly pectolytic and cellulolytic enzymes

(Gupta, 1979; Mahadevan, 1966). Bateman and Basham

(1976) studied that pectic enzymes apparently loosen the cell

wall structures and thereby render other wall polymers

susceptible to enzymatic attack. Attack on the plant tissue by

a pathogen is often initiated by pectic enzymes because the

pectic substances are most readily accessible. These enzymes

also caused extensive breakdown of cell wall and maceration

of infected host tissue (Albersheim et al. 1969; Bateman and

Miller,1966). The enzymes responsible for maceration of plant

tissues are also responsible for the death of the plant cells

(Basham and Bateman, 1975; Mount et al. 1970). Rao and

Singh (1978) confirmed the production of pectic enzyme by

Sclerotium rolfusii only in the presence of pectin and found a

close correlation between the growth of the pathogen and

pectic enzyme production. The involvement of pectolytic

enzyme in the damage of host plants by fungi has been well

established by Bateman and Miller,1966; Weinhold and Motta

1973 and others. Many plant pathogenic fungi produce pectin-

degrading enzymes in culture (Cooper, 1983; Keon et al.,

1987). In plants these enzymes may cause tissue maceration

and cell death (Dean and Timberlake, 1989).  The present

work studies the action of pectic enzyme  produce by the
edible white rot fungus - Clitocybe  multiceps in the decaying
action of mango tree wood.
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 MATERIALS AND METHODS

The wood rotting fungus - Clitocybe multiceps was found to
grow during the rainy season, from May to October and they
grow more vigorously during the three months of June, July
and August. The fungus specimens were collected from
different localities and taking intact along with their infected
host wood tissue, inside plastic bags and brought to the lab
for processing and further procedures. The method  adopted
by Cole and Wood (1961) was followed for this work. Enzyme
extract was prepared by taking 2 gm. each of different tissues
(infected by the fungus) and 100ml of ice- cold distilled water,
then grinded in a mixer / blender for about 2 hrs. The mixtures
were then filtered through several layers of muslin cloth with
the application of pressure and the filtrates was centrifuged at
10,000 rpm for 30 minutes. The supernatant was then kept
overnight at 0OC. Next to begin the enzyme analysis, the
supernatant was adjusted to the desired pH with 1N NaOH or
HCl. The reaction mixture made of 1 ml of enzyme extracts,
that is of pileus and stipes of fungal fructification, infected and
healthy host tissues was taken separately at pH 5.5 (distilled
water in the control), 5ml of 1% pectin (pH 5.5) and 2ml of
distilled water at 25°C. The percentage of loss of viscosity was
measured at intervals of 10 minutes by means of Oswald’s
viscometer. The procedure adopted by Cole and Wood 1961
was followed to find out the loss of viscosity in the pectin
solution. The viscosity of the reaction mixture is usually
expressed as a percentage of the initial viscosity of 1% pectin
solution. The time required to flow of the 1% pectin solution
in the viscometer, is taken as the 100% viscosity. The reaction
is completed only when the viscosity of the pectin solution is
reduced to that of water. The results are shown in Table 1. To
measure free carboxyl groups also the procedure adopted by
Cole and Wood (1961) was followed. The reaction mixture
was made of 4ml each of enzyme extracts of different tissues
(infected), 10 ml of pectin (1% W/V) and 2 ml of N NaCl.
Water was used in control in place of enzyme extracts. The
pH of the mixture was kept at 7 by continually adding 0.02N
NaOH and enzyme activity was measured as the amount of
NaOH used in 30 minutes after adding the enzyme. The results
are expressed as percentage of the total NaOH required for
alkali saponification and results are shown in the Table 2.

RESULTS AND DISCUSSIONS

The present finding suggest that the said fungus - Clitocybe
multiceps is able to produce the pectic enzymes which can
degrade the different layers of cell wall and the presence of
more of these enzymes in infected tissues is an additional

evidence for the involvement of these enzymes in infected
tissues performing their degrading action leading to rotting.
Such similar findings were also made and reported by Ramaraj
and Vidhyasekaran (1982) and Sharma and Kaul (1989) in
infected apple.

 Further the determination of free carboxyl groups shows the
maximum activity of pectin methyl esterase in the infected
host tissues as the tissues consumed more sodium hydroxide
than the dead healthy wood. The consumption of sodium
hydroxide by the pileus was found more than that of stipes.
This shows the more increase enzyme activity of the pileus.

Analysis of the host tissue extracts showed that the enzymes
polygalacturonase (PG) and polymethylesterase (PME) were
produced during pathogenesis of the wood rotting action of
the mango tree by the fungus - Clitocybe multiceps. The
presence of higher polygalacturonase enzymes in the infected
host wood tissues has been reported by many workers
(Hancock and Miller, 1965; Khanna and Chandra, 1979;
Sharma and Kaul, 1989; Umabala and Ramarao, 1979). The
production of high enzyme activity by the infected tissues of
Mango tree (Mangifera indica) is due to the exudation of the
enzyme by the fungus to the infected tissues. Prasad and Sinha
(1979) however, suggested that the increased enzyme activity
of polygalacturonase and polymethyl esterase in the infected
tissue might be due to the continued availability of the
substrates in the host and or might also be due to the
adaptability of the pathogens. Reports on higher PME activities
in the infected host tissue has been reported by Umabala and
Ramarao (1979); Sharma and Kaul(1989) and others. Increased
PME in infected tissues might be of host origin which could
function to demethylate the host proteins (Bateman,1963).The
different pectolytic enzymes have a role in the pathological
degradation process (Hancock and Miller, 1965).
Endopolygalacturonase catalysed the hydrolysis of pectic acid
which is formed by de-esterified activity of PME whereas
exopolygalacturonase seems to be insignificant in
pathogenesis.

Hence degradation of the pectic substances of the middle
lamella and primary cell wall could simultaneously facilitate
fungal movement in the middle lamellar region, expose other
structural components of the primary cell wall to more rapid
enzymatic degradation and provide a readily available
carbohydrate source to the pathogen. Thus the presence of
higher pectic enzymes in the infected tissues is due to the
secretion of the fungus pathogens.

 The analysis of pileus and stipes of the fungal body has shown
different enzyme activity but the activity produce by them is
not very high. The stipes produce higher polygalacturonase

Table 1: Change in the percentage loss in viscosity during enzymatic hydrolysis

Time in minutes Healthy wood (H) Infected wood (If) Pileus (P) Stipes(S)

0 0 0 0 0
10 27.69 23.56 16.97 19.30

20 27.69 23.56 9.33 16.97
30 27.69 21.13 9.33 16.97

40 25.13 17.26 9.33 7.32
50 17.00 10.56 9.33 7.32
60 17.00 10.56 9.33 7.32

70 17.00 10.56 9.33 7.32
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(PG) activity than the pileus where the consumption of sodium
hydroxide by pileus was found more than that of stipes
showing more production of polymethyl esterase (PME)
activity. The production of low enzyme activity of PG and
PME by the fungus - Clitocybe multiceps might have been
due to the presence of inadequate amount of pectic substances
in the fungal body  (as has been noticed in the estimation of
pectin). Due to the production of low cell wall degrading
enzyme activity, the degradation of host wood tissues by
Clitocybe hyphae was found slow. Though pectic enzyme
production by a fully grown Clitocybe multiceps was low, the
damage caused by it was very severe in the infected region.
This severe damage of the wood tissues may be explained by
the fact that the production of pectic enzyme by the intercellular
hyphae are more than the one, which develops intracellularly.
These conditions clearly explains the involvement of pectic
enzymes in the cell wall degradation of the mango wood by
the wood rotting fungus - Clitocybe multiceps.
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