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SUMMARY

Sissoo (Dalbergia sissoo Roxb.) isan important timber treeplanted in different regionsof our country
for itshighly valuablewood. Die-back caused by L asiodiplodiatheobromaeleadsto deterioration of
timber quality of infected plant. Thepresent investigation wascarried out to deter minetheactivitiesof
cdlulases, xylanaseand lignin per oxidasein degr adation of chemical constituentsof infected wood. The
studiesindicated that the pathogen isefficient producer of all these enzymes. Different cellulolytic
enzymes showed highest activitiesfrom 30" to 40" daysafter incubation wher easxylanaseand lignin
peroxidaseactivitiesreached a peak on 20" and 30" daysafter incubation, respectively. Theincreased
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activitiesof theseenzymesresulted ultimate decay of the sissoo wood.

albergia sissoo Roxb. belonging to the

family Papilionaceaeisamediumtolarge
deciduous tree with alight crown. Thetreeis
planted for its good quality timber and also
valued for decorative and often fragrant wood.
Die-back of D. sissoo, incited by
Lasiodiplodia theobromae (Pat.) Griffithsand
Maubl. (Syn. Botryodiplodia theobromae
Pat.), is a dreadful sporadic disease causing
deterioration of the quality of timber. The
disease is characterized by its symptoms
expression as dyeing back from tip to
downwards, drying and shedding of leavesand
twigsall over the plant, loosening of fibresand
dusty appearance of thewood. Celluloseisthe
major constituent of plant cell wall particularly
inthe secondary wall anditisalinear polymer
of D-glucose units with B-1,4 glycosidic
linkages. Fungus producing cdllulolytic enzymes
and having the capacity to cause degradation
of hardened tissues have been reported by a
number of workers (Wood et al., 1988; Barkai
et al., 1991; Mehrotra, 1995). Most studies
relating to enzymatic degradation of
hemicellulose have focussed on xylanswith the
virtual exclusion of galactogluconomannans
and glucomannans. Xylans are the major
hemicellulose in angiospermic wood. The
removal of cellulose and hemicellulose creates
achannel wide enough to allow access of the

enzymes to the sites of the lignin degradation
(Reid, 1995). In this study the activities of
different cellulolytic enzymes, xylanase and
lignin peroxidase responsible for degradation
of chemical constituents of sissoo wood
infected by L. theobromae was assayed.

MATERIALS AND METHODS

The infected wood was collected from
different places of Burdwan district of West
Bengal. After being chopped up, the blocks
were dried in hot air oven and the substrates
were finally prepared from the blocks
separately by grinding and sieving through a
nylon net (40 mesh). The pathogen, L.
theobromae was also isolated from infected
plant.

Flasks containing the wood blocks were
incubated individually with agar discs (7mmin
diameter) cut from the margin of 7 days old
actively growing colonies of thetest funguson
PDA medium and incubated at 25° + 1°C under
gyratory shaking at 70 rpm.

The cultures were harvested at 10 days
intervals and filtered through an ice-cold G,
sintered glass filter. The filtrates so obtained
served as the enzyme sources to assay the
enzyme activity.

Exoglucanase activity was determined by
incubating 0.25 ml of culturefiltrate with 0.75
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ml of Sodium acetate buffer (0.2M) at pH 5.0 along with
50 mg Whatman No. 1 filter paper discs at 50°C for 60
minutes. Endoglucanase activity was assayed following
the method of Mahadevan (1991). The activity was
determined by incubating 0.5 ml of culture filtrate with
0.5 ml of sodium acetate buffer (0.2M) at pH 6.0 and to
it 1 ml of carboxymethyl cellulose (1%) dissolved in
acetate buffer at pH 6.0 was added. The reaction mixture
was subjected to incubate at 50°C for 30 minutes.

In both the cases (exogl ucauase and endogl ucauase)
after a specific period of incubation, reactions were
terminated by adding 3 ml of dinitrosalicylic acid (DNS)
reagent, boiled for 5 minutes, cooled at room temperature
and the absorbance read at 540 nmin aspectrophotometer
(Sicospec 100).

B-glucosidase activity was determined following
Mahadevan (1991). Thereaction mixture containing 1 ml
of p-nitrophenyl-B-D glucopyranoside solution in acetate
buffer (0.1M, pH 4.8), 1.8 ml of acetate buffer (0.1M,
pH 4.8) and 0.2 ml of enzyme solution was incubated at
50°C for 30 minutes. After theincubation period, 2 ml of
Na,CO, (1.0 M) was added to this mixture and its
absorbance was measured at 410 nm in the same
spectrophotometer. An enzyme and areagent blank were
maintained asusual. A standard curve was prepared with
p-nitrophenol standard solution (20 mg/100ml). One unit
of B-glucosidase activity is defined as the amount of
culturefiltrate, which is capable of liberating 1 uM of p-
nitrophenol per minute from the respective substrates
under the conditions of assay. Theresultsare graphically
presented in Fig. 1.

Xylanase (hemicellulase) activity was measured
following Ghosh and Bisaria(1984). The reaction mixture
containing 1 ml of xylan solution and 1 ml of crude enzyme
extract was incubated at 30°C for 30 minutes. After
incubation, reactionswere terminated by adding 3 ml of
DNS reagent, boiled for 5 minutes in a hot water bath.
After cooling, its absorbance was measured at 540 nmin
aspectrophotometer. A standard curve was prepared with
xylose solution in acetate buffer (0.2M) at pH 5.4. One
unit of xylanaseisdefined astheamount of culturefiltrate,
whichiscapableof liberating 1 uM equivalent of xylose
fromxylanin 1 minute (Fig. 2).

Estimation of lignin peroxidase activity was done by
modified method of Putter (1994). 0.5 ml of freshly
prepared pyrogallol solution (0.1 M) and 2 ml of phosphate
buffer and 1 ml of enzyme sourceweremixedin acuvette
in a spectrophotometer and the mixture wasimmediately
adjusted to zero absorbance. 0.1 ml of H,O, (0.1%) was
added to it and the content was mixed by inverting the
tube. The reaction was initiated by the addition of H,O,
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and was recorded the change of absorbance at 460 nm
per minute in a spectrophotometer. Unit was expressed
as the change in the absorbance at 460 nm per minute.
Anincreasein the absorbance of 0.01 in one minute was
taken as one unit of peroxidase activity. A control set
with boiled enzyme sourcewas also kept. Theresultsare
graphically representedin Fig.3.

RESULTS AND DISCUSSION

Itisevident fromtheresult (Fig.1) that the pathogen
iscapableof producing al theunit fractionsof cellulolytic
enzyme viz., exoglucanase, endoglucanase and [3-
glucosidase in vitro. The die-back pathogen, L.
theobromae showed the highest activity of exoglucanase
on 40" day of incubationin the host plant. Endoglucanase,
however, showed a steady rise in its activity upto 30"
day in the hosts and thereafter it decreased gradually. -
glucosidase activity showed its peak on 40" day of
incubation. It may be concluded that with days of
incubation, the different componentsof cellulolytic enzyme
differed significantly in their activities under in vitro
condition and the activity remains significantly higherin
case of endoglucanase than other fractions of the
enzyme. Production of various extracellular components
of cellulolytic enzymein cultural condition asobtainedin
the present study insight into the cellulose degradation
process and indicated cellulose degrading ability of L.
theobromae.

The presence of exoglucanase activity indicatesthat
the pathogen is capable of degrading natural cellulose at
the so called crystallineregionsthereby corroborating the
findings of Sharmaet al. (1996). Masaply and L evanon
(1992) reported thefirst peak of B-glucosidase appearing
at atime when glucose reached its lowest concentration
and concluded that this might be related to the decrease
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Fig. 1: Cellulolytic enzyme activity (in terms of U/ml) in  D.

sissoo by L. theobromae at different incubation periods.
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in glucoserespiration on cellulose degrading activity that
included B-glucosidase. Cellulolytic enzyme activities
showing simultaneous appearance and risein the present
findings might be dueto synergistic action of the enzymes.
Lowering of cellulase activities in the latter stages of
incubation may probably be due to catabolic repression
of cellulase as solublereducing sugar gradually increased
inthe medium.

Theresult (Fig. 2) showsthat the xylanase exhibited
aclear rise in its activity shown by the pathogen up to
20" day following incubation and after that the activity
decreased gradually. In order to attack the different
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Fig. 2: Xylanase activity (in terms of U/ml) in D. sissoo by L.
theobromae at different incubation periods. Bars

represent standard errors

linkagesin hemicellulose efficiently, fungus needsto evolve
hemicellulolytic enzyme systems consi sting of anumber
of different specificities. Production of different
extracellular degradative enzymes like cellulases,
hemicellulases (xylanase) suggest that the pathogen is
capable of degrading all major components of
lignocelluloses viz., cellulose, hemicellulose and lignin
which have al so been reported by Saxenaand Rai (1992).

It may be noted from the result (Fig.3) that L.
theobromae showed enhancement in lignin peroxidase
activity up to 30" days of incubation and then the activity
decreased gradually. Lignin peroxidase can directly
oxidize non-phenolic lignin. Production of significant
amount of lignin peroxidasein host tissues suggests that
the pathogen has a unique mode of actionin degradation
of lignin. Nativelignin being hydrophabic, insolubleand
sequestered in a dense matrix of polysaccharides and it
restricts access of enzymes to only the surface of the
cell wall. Physical contact between enzymesandligninis
known to be alimiting factor in lignin biodegradation. The
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Fig. 3: Lignin peroxidaseactivity in D. sissoo by L. theobromae

at different incubation periods. Bars represent
standard errors

removal of cellulose and hemicellulose creates achannel
wide enough to allow access of the enzymes to the sites
of thelignin degradation (Reid, 1995) and ultimately wood
loosesitstimber quality and durability.

Authors’ affiliations:

S. OJHA AND S. KHATUN, Mycology and Plant
Pathology, Department of Botany, The University of
Burdwan, BURDWAN (W.B.)

M.R. CHAKRABORTY, Department of Botany,
Bankura Christian College, BANKURA (W.B.) INDIA

REFERENCES

Barkai, R., Golan, R. and Karadavid, R. (1991). Cellulolytic
activity of Penicillium digitatum and Penicillium italicum
related to fungal growth and to pathogenesisin citrus fruit. J.
Phytopathol. (Berlin), 131 (1): 65-72.

Ghosh, T.K. and Bisaria, V.S. (1984). Measurement of
hemicellulose activities (Part - | Xylanases) In: Internat. Union
of Pureand Appl. Chem. HT. New Delhi India.

Mahadevan, A. (1991). Post I nfectional Defence Mechanisms.
Today and Tomorrow’s Printers and Publishers, New Delhi, 2:
871pp.

Masaply, S.and Levavon, D. (1992). Theeffect of lignoucellulose
on lignocellulolytic activity of Pleurotus pulmonorius in
submerged culture. Appl. Microbiol. Biotechnol., 36: 828-832.

Mehrotra, R.S. (1995). In: Plant Pathology. TataMc. Graw Hill
Pub. Comp. Ltd., New Delhi, 771pp.

Putter, J. (1994). Peroxidase, Bergmeyer. Methods Enzymatic
Analysis. Academic Press, New York, 2 :685pp.

Reid, 1.D. (1995). Biodegradation of lignin. Canadian J. Bot.,
73 (Suppl.1):1011-1018.

®HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE®



M.R. CHAKRABORTY, S. OJHA, S. KHATUN anp N.C. CHATTERJEE 49

Saxena, S.and Rai, R.D. (1992). Effect of nitrogenonproduction ~ Wood, D.A., Matecham, S.E. and Fermor, T.R. (1988). In;
of extracellular degradative enzymes by Pleurotus sajor caju ~ Treatment of lignocellulosics with white rot fungi (F. Zadrazil
(Fr) Singer on wheat straw. Mushroom Res., 1(1): 45-48. and T. Reiniger eds.), Elsevier Applied Science, London, p. 43.

Sharma, S.G., Mahnaz Fatma and Singh, V.K. (1996) .

Biochemical changes during solid substrate fermentation of

water hyacinth with Pleurotus sajor caju. Mushroom Res,, 5: *kkKkKk kK
89-92.

[Internat. J. Plant Protec., 3 (1) April, 2010] @HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE®



