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Biocontrol agents belonging to the genus Trichoderma prove to be potent agents
against soil borne pathogens. Trichoderma species not only prevents the soil borne
pathogens to cause diseases but also play an important role in increasing root growth
and development, crop productivity, resistance to abiotic stress and uptake and use of
nutrients. During mycoparasitic action CWDEs enzyme plays a crucial role, they hydrolyze
the cell wall of pathogen and ultimately released the contents of the organism. The
antifungal action of Trichoderma includes a great variety of lytic enzymes such as chitinase,
proteases, xylanase and glucanase, which play a key role in bicontrol activity of
Trichoderma. Different carbon sources were tested for the induction of CWDEs, Out of the
different carbon sources tested Birch Wood induces maximum xylanase production; CMC
induces glucanase enzyme production, Twwen-80 for lipase, commercial chitin for
chitinase and corn cob for cellulose induction. For xylanase and glucanase enzyme the
molecular weight of these enzymes were also determined (47 & 55 Kda).
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The biocontrol activity of Trichoderma
is known since 1920s. Trichoderma species have
both disease control and yield increase ability.
Trichoderma species have been found to posses
rhizospheric competence ability (to colonize and
grow in association with plant roots). Trichoderma
speciesare well known for their biocontrol ability
against a wide variety of soil borne pathogens
(Macrophomina, Fusarium, Pythium etc.)
Trichoderma speciesare also well known for their
ability to enhance systematic resistance in plants
to control diseases as well as plant growth.
Trichoder ma employs several mechanismsagainst
phytopathogens such as competition for nutrients,
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mycoparasitism, antibiotic production, production
of secondary metabolites etc. Mycoparasitsm is
the major biocontrol activity employed by
Trichoderma against phytopathogens. Enzymes
such as chitinase, glucanase, cellulase, xylanase
and lipase produced by the fungus plays an
important role in antagonism and are responsible
for the suppression of the plant pathogens. These
enzymes attack on the polysaccharide, chitin and
B-glucan chainsthat areresponsiblefor therigidity
of cell walls, thereby destroying thecell wall rigidity.

Considerable research has been madein
understanding the chitinase, cellulase, xylanase
and glucanase system of Trichoderma spp. during
growth on different carbon sources. A lot of
research has been made to understand the
expression of chitinase and glucanase expression
by various Trichoderma species. But the
mechanism which regulates the synthesis of these
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enzymes is still not clear. It is very important to
understand the process which involve in the
regulation of these enzymesin order to select the
most effective biocontrol strain of Trichoderma.
Trichoderma spp. are widely used in agriculture
as biocontrol agents because of their ability to
reduce the incidence of disease caused by plant
pathogenic fungi, particularly many common soil
borne pathogens (Dubey SC 2007, Papavizas GC
1985). Process of mycoparasitisminvolves severa
changes in the morphology of Trichoderma such
as coiling and formation of appressorium-like
structures, which serve to penetrate the host
(Mclntyre M, 2004). In the present investigation
Trichoderma species were investigated for their
ability to produce cell wall degrading enzymes.

MATERIALS AND METHODS

I solation and characterization of Trichoderma
isolate

Isolation was carried out from soil
samples collected from different locations of an
Indian state Uttar Pradesh. I solatesof Trichoderma
species were isolated and identified in potato
dextrose agar medium thereafter submitted to the
Indian Type Culture Collection at IARI (Pusa, New
Delhi) and allotted with specific ITCC numbers.
Production of cell wall degrading enzymes
Induction of chitinase For chitinase activity,
two different insoluble chitin sources (colloidal
chitin derived from commercid chitin and Seashells)
were used. Trichoderma isol ate were screened for
chitinase activity and to assess the Trichoderma
i solates spectrophotometrically for N-acetyl-2- D-
glucosamine (NAGA) (for total chitinolytic
activity) and p-nitrophenol (pNP) (for exochitinase
activity).
Agar medium for detection of chitinase-positive
microor ganisms

Chitinase detection medium [comprising
(per liter)0.3g MgS04.7H20, 3g (NH4)2S04, 29 of
KH2PO4, 1g of citric acid monohydrate, 159 agar,
200%4 Tween-80, 4.5g chitin source and 0.15g
bromocresol purple; pH was adjusted to 4.7] was
used for the detection of chitinase positive
microorganism. Prepared media was poured into
petri plates and allowed to solidify. After media
solidifies 5 mm disc of the Trichoderma species
was inoculated on the centre of petri plate and
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incubated at 25+2°C for seven days. After
incubation process completes the plates were
observed for colored zone formation (Shahidi
F,Abozayoun R 2005).
Total Chitinolyticactivity

For the determination of total chitinolytic
activity a reaction mixture consisting of 1ml of
culture supernatant, 0.3 ml of 1M sodium acetate
buffer (SA- Buffer), pH 4.6 and 0.2 ml colloidal
chitin was prepared and incubated for 20h at 40°C
and then centrifuged at 13000 rpmfor 5minat 6 c.
After centrifugation completes, 0.75 ml of the
supernatant is mixed with 0.25 ml of 1% DNS
reagent and 0.1 ml of 10M NaOH in a 1.5 ml of
micro centrifugetube and heated at 100°C for 5min.
Absorbance of the reaction mixture was recorded
atA,.Chitinolytic activity was estimated in terms
of the concentration (mg/ml) of NAGA released N-
acetyl-B—D-glucosamine (NAGA) was used as a
reference to draw standard curve.
Exochitinaseactivity

For exochitinase activity determination a
reaction mixture containing 25 25% of culture
filtrate, 0.2ml of pNPg solution (1mg pNPg ml-1),
and 1ml of 0.1 M SA-buffer (pH 4.6) was prepared
and incubated and incubated at 400C for 20h and
then centrifuged at 13,000 rpm. 0.6 ml of the
supernatant ismixed with 0.3 ml of .125M Sodium
tetraborate-NaOH buffer (pH 10.7) and absorbance
was recorded at 400nm immediately after mixing
and pNP concentration (Muzzarelli RA1997).
Induction of B-1-3 Glucanaseenzyme

For the induction of glucanase enzyme
by Trichoderma species Czapek Dox medium was
used. Two carbon sources CMC and Wood dust
were also supplemented in the medium at the rate
of 1%. Trichoderma inoculated flasks were
incubated for 10 days at 28°C on orbital shaker at
150 rpm. At the end of theincubation time, content
of the flasks were filtered through filter papersto
remove solid residues and mycelia. The obtained
filtratewas centrifuged at 5000 rpmfor 10 min. The
obtained clear supernatant was considered as a
crude enzyme source and is used for measuring
enzyme activity. Glucanase enzyme activity was
assayed using 1% (w/v) CMC as a substrate.
Enzyme activity isexpressed asU/mg.

For glucanase enzyme activity
determination 1 ml of the enzyme solution was
mixed with 1 ml of 1% CMC dissolved in 50mM
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sodium acetate buffer(pH 5.0).The contents of the
test tubes were mixed and incubated at 50°C for
60min. After incubation period completes the
reaction was stopped by adding 3 ml DNS reagent
and again incubated for 10 min. in aboiling water
bath. Enzyme activity was determined at 540nm.
Oneunit of CM Case activity was expressed asthe
amount of protein that liberate reducing sugar
equivalent to glucose per minute under assay
conditions (EI-Zawahry,Y.A et al 2010).
Xylanase enzymeinduction

Effect of different carbon sources viz.
Birch Wood Xylan, Wheat Bran, Corn Cob and
CMC were studied on xylanase expression. These
carbon sources were added in Vogel's medium at
the rate of 1%. After 5-7 days the culture mixture
was taken out of orbital shaker. Supernatant
obtained after centrifugation was tested for
xylanase activity. Xylanase activity was assayed
using 1% (w/v) of birchwood xylan asasubstrate.
Reaction mixture contained 1ml of 1% xylan
solution (in 0.1 M, pH 5 sodium citrate buffer) and
2ml of enzyme were added to the reaction tubes
and incubated at 40°C and the amount of reducing
sugar in the reaction tubes was measured using
theDinitrosalicylic Acid. After heating for 5minin
a boiling water bath and cooling, the absorbance
was read at 550nm using UV spectrophotometer.
Theamount of reducing sugar was calculated from
the standard curve based on the equivalent xylose.
One unit of xylanase activity is defined as 1umol
of xylose equivalent produced/min under the assay
conditions (Khannaand Gauri 1993).
Induction of lipaseenzymefrom Trichoderma sp.
on different carbon sour ces

Already reported three carbon sources
(Tween 80, coconut and soybean oil) were tested
for extracellular lipase synthesis. These carbon
sources were supplemented in lipase production
media @ 1%. The crude enzyme extract was stored
at —20°C until used. Lipase activity inthe synthetic
mediawas determined titrimatrically on the basis
of olive oil hydrolysis. One ml of culture
supernatant was added to assay substrate,
containing 10 ml of 10% (v/v) homogenized olive
oil in 10% (w/v) gum acacia, 2.0 ml of 0.6% CaCl2
solution and 5 ml of phosphate buffer (pH 7.0).
The enzyme substrate mixture was incubated on
rotary shaker with 150 rpm at 30°C for one hour. 20
ml of alcohol: acetone (1:1) mixture was added to
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the reaction mixture. Liberated fatty acids were
titrated with 0.1N NaOH using phenol phthalein as
anindicator (Kempkaet al., 2008). The end point
waslight pink in colour. Oneunit of lipaseisdefined
as“theamount of enzymewhich releasesonemicro
mole fatty acid per minute under specified assay
conditions

Lipaseunit calculation

AV XN 1000

X —
V samples 60

Lipase Activity =

AV= V2-V1

V1= Volume of NaOH used against control flask
V2= Volume of NaOH used against experimental
flask

N=Normality of NaOH

V (Sample) = Volume of enzyme extract

Unitsof extracellular lipase activity were
units per ml (U mL*) while intracellular activity
was calculated in units per gram (U g?).
Induction of cellulaseenzymefrom Trichoderma
sp. on different car bon sour ces

The cultures were grown in 250 ml
Erlenmeyer flask that contained 50 ml of basal salt
medium (Neagu DA, 2012) .The pH of the medium
was adjusted to 6.5 prior to sterilization. Theflasks
wereinoculated with 2 agar discs (2 mmin diameter)
of 7 days old culture from PDA plates and were
incubated under stationary condition at 28°C up
to 7 days. Mycelium was separated from the culture
broth through filtration and the obtained filtrate
was centrifuged at 11000 x g for 10 minto remove
mycelium. The obtained supernatant is served as
acrude enzyme source.

Enzymeassay

Filter paper activity (FPase) for total
cellulase activity in the culture filtrate was
determined according to the standard method of
Hankin and Anagnostakis (Hankin L and
AnagnostakisSL, 1975) . Aliquots of approximately
diluted culturefiltrate as enzyme source was added
towhatman no. 1 filter paper strip (1x 6 cm~50 mg)
immersed inonemilliliter of 0.05M Sodium citrate
buffer of pH 5.0. After incubation at 50 + 2°C for 1
hrs, the reducing sugar released was determined
by dinitrosalicylic acid (DNS) method (Miller GL,
1959). One unit of filter paper (FPU) activity was
defined asthe amount of enzymereleasing 1 pmole
of reducing sugar fromfilter paper per ml per min.
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Endoglucanase activity (CM Case) was measured
using a reaction mixture containing 1 ml of 1%
carboxymethyl cellulose (CMC) in 0.5 M citrate
acetate buffer (pH 5.0) and aliquots of suitably
diluted filtrate. Thereaction mixturewasincubated
at 50+ 2°Cfor 1 hand thereducing sugar produced
was determined by DNS method (Murao S et al
1988). One unit (1U) of endoglucanase activity was
defined asthe amount of enzymereleasing 1 umole
of reducing sugar per min.
Endoglucanaseassay

0.5 ml of the enzyme solution was added
into test tubes. The enzyme and substrate solution
wereequilibrated at 50°C. 0.5 ml of the CMC solution
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was taken into the test tubes and mixed well.
Incubated at 50°C for 30 min. 3.0ml of DNSsolution
was added and mixed well, boiled for exactly 5.0
mininvigorously boiling water. Placethe tubesin
an ice-cooled water bath to quench the reaction.
Add 20 ml of distilled water. Mix by inverting the
tubes several times. Absorbance was taken at 540
nm. Enzyme activity isexpressed as|U/ml/min.
Protein profiling of theenzymes/ isozymesisolated
from Trichoderma sp.

The clear supernatant used as a source
of crude enzymewas purified by the slow addition
of Ammonium Persulfate with continuous stirring
till 80% saturation. The obtained precipitate was

Table 1. Identification of potential Trichoderma strains

Name of Bioagent Culture No. Source/ District ITCCAcc. No.  Gen Bank NCBI No.
T. harzianum Th azad CSA Kanpur Nagar 6796 KC800922
T. viride 01PP Hardoi 8315 JX119211
T. asperellum Tasp/CSAU CSA Kanpur Nagar 8940 KC800921
T. koningii T, (CSAU) CSA Kanpur Nagar 5201 KC800923
T. atroviride 71L Hardoi 7445 K C008065
T. longibrachiatum 21 PP Kaushambi 7437 JX978542
T. virens T, (CSAU) CSA Kanpur Nagar 4177 KC800924

Fig. 1. Chitinase activity of Trichoderma species

dissolved in citrate phosphate buffer pH 5.0.
Enzyme preparations were applied for FPLC
treatment Sharp peak Fractionswere collected and
applied for SDS-PAGE analysis.
Determination of Protein Concentration

The protein content of the crude enzyme
preparation was assayed by Spectrophotometer
at 660nm for Lowry (1951) method.
SDS-PAGE Analysisof glucanaseenzyme

Table 2. Spectrophotometric determination of chitinolytic and exochitinase activity of
Trichoderma isolates in media supplemented with colloidal chitin

Isolates Chitinolytic Activity (mg/ml) Exochitinase activity (U/ml X 10-%)
Colloiddl chitin ~ Seashell chitin ~ Colloidal chitin ~ Seashell chitin

T. viride 6.0 43 0.0125 0.00609

T. harzZianum 6.2 4.8 0.0133 0.00607

T. asperellum 54 33 0.0110 0.00604

T. koningii 55 2 0.0097 0.0060

T. atroviride 39 33 0.0116 0.0061

T. longibrachiatum 5.6 31 0.0084 0.0055

T. virens 5.0 18 0.0076 0.0056
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For molecular weight determination the  depositedin Indian Type Culture Collection (ITCC),
enzyme preparation and known molecular weight  1ARI, Pusa, and New Delhi (Table 1)
markerswere subjected to electrophoresiswith12%  Production of cell wall degrading enzymes

acrylamide gel. After electrophoresis gel was Colloidal chitin media containing
stained with Ezee blue gel stainer. Clear bands  bromocresol purple (pH 4.7) when inoculated with
indicate the glucanase enzyme activity. chitinolytic Trichoderma, resulted in breakdown
SDS-PAGE Analysisof xylanaseenzyme of chitininto N-acetyl glucosamine causing adrift

For molecular weight determination the  inpH fromacidicto akaline, colour of media(BCP)
enzyme preparation and known molecular weight ~ changes from yellow to purple zone surrounding
markerswere subjected to electrophoresiswith10%  theinoculated fresh culture plugsin the region of
acrylamide gel. After electrophoresis gel was  chitin utilization. Chitinase activity exhibited by
stained with Ezee blue gel stainer. Clear bands  Trichoderma was determined by the diameter of

indicate the xylanase enzyme activity. the purple colored zone after 3-7 days of incubation
inthe colloidal chitin supplemented agar medium.
RESULTS AND DISCUSSION All the seven strains of Trichoderma

tested for chitinase enzyme production have the
Theidentified Trichodermaisolateswere  property of secreting chitinase enzymes (Table:2
confirmed by morphological descriptors and  and Fig:1). The best chitinase enzyme producer is

Table 3. Xylanase activity produced by Trichoderma spp. grown on different carbon sources

Carbon source (1%) T.viride T harz= T asper- T. kon- T. atro- T.longibr- T. virens
ianum ellum ingjii viride achiatum

Birch Wood Xylan (BW) 5.6 5.8 5.12 51 5 43 4.19

Wheat Bran (WB) 42 44 47 4.1 4 39 3.6

Corn Cob (CC) 3.6 3.03 3 3.01 261 26 2.4

Carboxy Methyl Cellulose 3.8 34 3.26 3.15 3 29 25

EHEW EWB wmCC = CMNC

Enzyme Activity

TF o= B o) Ja U =

T_hwienss (T Talfie W] Tapastes  TAgi I T T_mbrowiioa (71 T [Tl
) (Toprozily  Eenly w q ALy

Fig. 2. Showing effect of carbon source on xylanase production by Trichoderma sp

Table 4. Showing glucanase activity produced by
Trichoderma spp. grown on different carbon sources

Carbon T.viride T. har- T. aspe- T. kon- T. atro-  T.longib- T. virens
source (1%) Zianum rellum ingii viride rachiatum

CMC 1.66 2.01 142 1.39 1.35 1.20 0.82
Wood DUST 05 0.41 0.4 0.39 0.35 0.33 0.3
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T. harzianumwhich exhibited highest activities of
both total chitinase (6.2mg/ml), seashell chitin
(4.8mg/ml) and exachitinase activity (0.0133).
Although a plethora of chitinolytic
enzymes have been detected and purified from
various Trichoderma sp. (Lorito et al., 1998). Many
studies have proved the potential of Trichoderma
sp. as hiological agents antagonistic to several
soil borne plant pathogens. The production of lytic
Enzymes influenced by the composition
of the culturemedia(Bruceet al., 1995).Maximum
chitinase activity peak (0.049 |U/ml) were obtained
at 62 hrsfrom the media containing coffee husk. In
the medium containing urea, the production level
of chitinasewas 0.041 1U/ml. Minimum chitinase
production showed when the culture grow at
glyceral (0.0051U/ml), ricebran (0.005 |U/ml) and

e R B e e

Fig. 3. Effect of carbon sources on glucanase enzyme
induction
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wheat bran (0.004 |U/ml) containing medium (Bruce
etal., 1995).

Xylanase production by Trichoderma
species using different carbon sourceswas studied
(Table3 and Fig. 2). The highest xylanase enzyme
induction was achieved By Trichoderma
harzianumwith Brich wood xylan (5.8). Meenkashi
et al 2008 found maize straw asthe best inducer of
xylanaseenzymeby T.viride. Irfan and Sayed 2012
2012, Kar et al 2013 found sugarcane baggase as
the best carbon source for the induction of
xylanase enzymes by Trichoderma reesei.

T.harzianum (2.01) and T. viride (1.66)
produced the highest amount of glucanase enzyme.
CMC found to bethe best enzymeinducer (Table 4
and Fig. 3).

An exo-f-1, 3-glucanase that hydrolyzes
both B-1, 3 linkages and, less efficiently, -1, 6
linkages in T. reesei has also been described
(Bamforth, C. W). In T. harzianum, the B-1, 6-
glucanase activity was secreted into the growth
medium containing chitin, pustulan, nigeran, fungal
cell walls(DelaCruz), or autoclaved myceliaasthe
sole carbon source.

Data presented in Table 5 and 6, showed
that cellulase production by Trichoderma species
was significantly influenced by the type of carbon
sourceinthe basal salt medium. Corn cob wasthe

Table 5. Showing filter paper activity produced by Trichoderma spp. grown on
different carbon sources

Carbon T. harzi- T viride T. kon- T. atro- T.longib- T. virens T. aspe-
source (1%) anum ingii viride  rachiatum rellum
Maltose 0.19 0.14 0.11 0.08 0.1 0.06 0.08
Corn Cob 121 1.04 0.65 0.39 0.38 0.39 0.45
Wheat Bran 0.89 0.73 0.6 0.35 0.3 0.32 0.4
Sucrose 0.45 0.3 0.25 0.12 0.13 0.1 0.16
Filter Paper 0.56 0.34 0.26 0.1 0.09 0.16 0.18
Table 6. Showing Endoglucanase activity produced by
Trichoderma spp. grown on different carbon sources
Carbon T.har- T.viride T. kon- T atrovi- T.longib- T. virens T. aspe-
source (1%)  zianum ingii ride rachiatum rellum
Maltose 0.23 0.16 0.15 0.1 0.07 0.07 0.09
Corn Cob 1.15 1 0.76 0.45 0.45 0.37 0.31
Wheat Bran 0.87 0.73 0.56 0.34 0.38 0.30 0.27
Sucrose 0.24 0.18 0.1 0.09 0.08 0.1 0.09
Filter Paper 0.56 0.34 0.3 0.25 0.2 0.18 0.17
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Table 7. Showing lipase activity produced by
Trichoderma spp. grown on different carbon sources

Carbon T.har- T.viride  T. kon- T atrovi- T.longib- T. virens T. aspe-
source (1%)  zianum ingii ride rachiatum rellum
Coconut oil 19.66 135 9.83 7.00 10.66 11.53 115
Sunflower oil  22.85 18.16 10.38 9.0 11.28 13.8 12.2
Tween 80 25.33 20.05 1211 10.23 12.48 16.36 14.45
most effective carbon sourcefor cellulase enzyme
0.6 production followed by wheat bran, filter paper,
E 0.4 sucrose and maltose.
g Latifian et al., (2007) obtained the
E‘ &2 maximum cellulase activity (1.1635 U/g) usingrice
g 1 . bran like substrate and in same conditions for
'E 0 0.1 0.2 0.3 0.4 0.5 incubation. Yang et al. (2004) found similar results
ﬁ concentration mgfm| for amicrobial consortium of T. reesei (AS3.3711),

Fig. 4. Standard graph for Lowry

Aspergillusniger (3.316 U/g) and Saccharomyces

Table 8. Xylanase and Glucanase enzyme protein content of seven fungal strains

S Fungal Strain

Xylanase enzyme protein

Glucanase enzyme protein

No. concentration (mg/ml) concentration (mg/ml)
1 T. harzianum 0.21 0.23
2. T. viride 0.16 0.21
3. T. koningii 0.15 0.19
4, T. asperellum 0.10 0.17
5. T. atroviride 0.084 0.15
6. T. longibrachiatum 0.07 0.12
7. T. virens 0.042 0.09
M Tt %2 T: T4 T T& T7
T T TS Ts TR M
- ivede

(M) Molecular weight marker and (T1-T7) Activity
pattern Trichoderma samples for determination of
molecular weight. From left to right

Fig. 5 (a). 10% SDS-PAGE of xylanase enzyme

(M) Molecular weight marker and (T1-T7) Activity
pattern Trichoderma samples for determination of
molecular weight. From left to right

Fig. 5 (b). 12% SDS-PAGE of glucanase enzyme
J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.
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cerevisiaes (AS2.399) onricechaff in SSF. Similar
results were also obtained using municipal solid
waste residue and Aspergillus niger, with the
maximum activity of exoglucanase (1.64U/g) and
endoglucanase (1.84U/q) after 4 days (Gautam et
al., 2011).

The production medium supplemented
with different carbon sources like sunflower oil,
coconut oil and tween-80 was estimated for lipase
activity and the results are depicted in table 7. All
strains shows maximum lipase activity in media
supplemented with Tween 80. Minimum lipase
activity occurs in coconut supplemented media.
Among all the tested strains T.harzianum shows
maximum lipase activity on mediasupplemnted with
tween-80. Maximum lipase enzyme production was
achieved with Tween- 80 supplemented media
(Table.7).

Ohnishi et al., 1994 reporetd that lipase
activity tended to increase as the glucose
concentration increased from 0% to 4%. In another
study Iftikhar et al., 2002, found that there was no
difference between glucose and oliveail for lipase
production. Moreover, the lipase activities of many
other fungi, such as Aspergillus wentii (Chander
et al 1980) Mucor hiemalis (Akhtar et al., 1980)
(Rathi et al 2001) arealso stimulated by the addition
of glucose to the production medium.

Through Lowry method of protein
quantification it is found that T. harzianum has
the highest amount of protein (0.21 mg/ml) table 8.

For molecular weight determination,
xylanase enzyme activity bands were observed at
43 kDawhilein case of glucanase enzyme activity
bands were observed at 55 kDa in all seven
potential strains of Trichoder ma sp (Figure 5aand
5b) .

The present work aimsto investigate the
production of hydrolytic enzymes on different
carbon sources. it was found that hydrolytic
enzymesplay acrucial rolein mycoparasitic action
and causes inhibition of the phytopathogens
(Fusarium, Sclerotium rolfsi etc). These results
were similar to the findings of Melo Faull who
reported that T.harzianum and T.koningii are
effective against R.soleni. Ramezani found that
Trichoderma koningii secretes toxic metabolites
which reduce the mycelial growth of Pathogen
R.soleni. Ramerzani also documented that
T.harzianum is also very effective against M.
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phasiolan. Shalini and Kotasthane reported that
T. viride and T. harzianum are very effective in
controlling M.pasiolinna then T.hamaum. They
also screened sevnteeen strains of Trichoderma
against R. soleni and found that T. harzianum, T.
viride and T. aureoviride are most effective in
controlling the Rhizoctonia. Monterio et al
reported that T.harzianum AL L 42 was capabl e of
inhibiting the growth of R.soleni and M.phaseolina,
by coiling around the hyphae and formation of
apressoria like structures and hooks. Almedia
studied the interaction between fifteen isol ates of
Trichoderma harzianum and R.soleni through
TEM and showed that Trichoderma strain
effectively coils around the pathogen hyphae and
produce hydrolytic enzymes. There are many
reports which suggest the involvment of G
proteins, cCAMP and MAP kinases in the
extracellular enzyme secretion and coiling around
the hyphae. There are many evidences which
support theinvolvement of G-a unit during coiling.

El- Katany et al showed that T. koningi
MTCC796 elevated 1.18 fold specific activities of
B-1, 3 glucanase during 72 to 96 hours as compared
to 24 hincubation. It indicatesthat -1, 3 glucanase
inhibited the growth of pathogen in synergistic
cooperation with chitinase. Marco et al showed
that Two isolates of T.harzianum secretes
chitinolytic enzymesand it increased within 72 h,
while -1, 3 glucanase activity was found to be
maximum during 72 to 120 h. Marco et al. noted
that two isolates of T. harzianum (39.1 and 1051)
produced and secreted on induction of substantial
amounts of chitinolytic enzymes and it increased
within 72 h, while -1, 3 glucanase activity was
found to bemaximum during 72to 120 h. Growthin
presence of specific substrate. There are many
mechanismswhich are employed by Trichoderma
against pathogens. During antibiosis the
anatgonistic fungus produce antibiotics, compete
for nutrients, while in case of mycoparasitism
Trichoderma directly attacks the pathogen by
secreting CWDESs such as chitinase xylanase,
glucanase protease etc. CWDEsplay acrucial role
in the anatagonistic mechanism as they degrade
the cell wall of pathogens. These enzymes|ysesed
the pathogen cell wall (Sangle UR). Present
findings showed higher specific activity of
enzymes-chitinase, xylanase, cellulose, lipase and
B-1, 3 glucanase in Trichoderma spp. Activity of
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these enzymes varied among the Trichoderma
species. This may be due to the expression of
certain gene in Trichoderma spp.

ACKNOWLEDGEMENT

The authors are grateful for the financial
support granted by the Indian Council of
Agricultural Research (ICAR), under Niche Area
of Excellence of “ Exploration and Exploitation of
Trichoderma as antagonist against soil borne
pathogen” programmerunning in Biocontrol Lab,
Department of Plant Pathology, C.S. Azad
University of Agriculture and Technology, Kanpur.

REFERENCES

1. Akhtar MW, MirzaAQ, Chughtai MID. Lipase
induction in Mucor hiemalis. Appl Environ
Microbiol, 1980; 44: 257-63.

2. Almeida FB, Cerqueira FM, Silva RN, Ulhoa
CJ, Lima AL. Mycoparasitism studies of
Trichoderma harzianum strains against
Rhizoctonia solani: evaluation of coiling and
hydrolytic enzyme production. Biotechnol Lett,
2007; 29: 1189-1193.

3. Bamforth, C. W. The adaptability, purification
and properties of exob- 1,3-glucanase from the
fungus Trichoderma reesei. Biochem. J., 1980;
191:863-866.

4, Bruce, A., Srinivasan, U., Stainess, H.J. and
Highley, T.L., Chitinase and laminarinase
productioninliquid culture by Trichoderma spp.
and their rolein Biocontrol of wood Decayfungi.
International Biodeterioration  and
Biodegradation, 1995; 337-353.

5. Carsolio C, Benhamou N, Haran S, Cortés C,
Gutiérrez A, et al. Role of the endochitinase gene,
ech42, in mycoparasitism. Appl Environ
Microbiol, 1999; 65: 929-935.

6. Chander H, Batish VK, Sannabhadti SS. Factors
affecting lipase production in Aspergilluswentii.
JFood Sci, 1980; 45: 598-600.

7. DelaCruz, J, M. Rey, J. M. Lora, A. Hidalgo-
Gallego, F. Dom1'nguez, J. A. Pintor-Toro, A.
Llobell, and T. Benl tez. Carbon source control
on b-glucanases, chiotobiase and chitinase from
Trichoderma harzianum. Arch. Microbiol., 1993;
159:316-322.

8. Dubey SC, Suresh M, Singh B. Evaluation of
Trichoderma species against Fusarium
oxysporum fsp. ciceris for integrated
management of chickpeawilt. Biological Control,
2007; 40: 118-127.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

El-Katany MH, Gudelj M, Robra KH, Enaghy
MA, Gubitz GM. Characterization of achitinase
and an endo-1,3-glucanase from Trichoderma
harzianum Rifae T24 involved in control of the
phytopathogen Sclerotiumrolfsii. Appl Microbiol
Biotechnol, 2001; 56: 137-143.
El-Zawahry,Y.A., EI-Mougith,A.A, El-Saadani,
M.A, Hafez, E.E. and Soliman, S.A, Partial
Purification and Characterization of Two Endo-
_-1,4 glucanase from Trichoderma sp. (Shmosa
tri), Australian Journal of Basic and Applied
Sciences, 2010; 4(10): 4559-4568.

Gautam, S.P, PS. Bundela, A.K. Pandey, J.
Khan, M.K. Awasthi and S. Sarsaiya.
Optimization for the Production of Cellulase
Enzyme from Municipal SolidWaste Residue
by Two Novel Cellulolytic Fungi. Biotechnology
Research International, 2011; 1-8.

GuptaVK, Gaur R, Gautam N, Kumar P, Yadav
1J, et al.. Optimization of xylanase production
from Fusarium solani F7. American Journal of
Food Technology. 2009.,4: 20-29.

Hankin L, Anagnostakis SL, The use of solid
media for detection of enzyme production by
fungi. Mycologia, 1975; 67: 597-607.

Haran S, Schickler H, Chet |. Molecular
mechanisms of lytic enzymes involved in the
biocontrol activity of Trichoderma harzianum.
Microbiology, 1996; 142: 2321-2331.

Howell CR. Mechanisms employed by
Trichoderma speciesin the biological control of
plant diseases: the history and evolution of
current concepts. Plant Dis, 2003; 87: 4-10.
Iftikhar T, Hussain A. Effects of nutrients on
the extracellular lipase production by mutant
strain of Rhizopus oligosporus TUV-31.
Biotechnology, 2002; 1: 15-20.

Irfan M and Sayed Q. Partia purification and
characterization of xylanase from Trichoderma
viride produced under SSF. Int.j.appl. res.
nat.prod, 2012; 5 (1):7-11.

Kar S, SonaGS, DasA, JanaA, Maity C, Mandal
A, Das MPK, Pati BR, Mondal KC, Process
optimization of xylanase production using cheap
solid substrate by Trichoderma Reesei SAF3
and study on the alteration of behavioral
properties of enzyme obtained from SSF and
SmF Bioproc. Biosyst Engin., 2013; 36(1): 57-
68.

Kempka, A.P, N.L. Lipke, T.L.F. Pinheiro, S.
Menoncin, H. Treichel, D.M.G. Freire, M.D.
LuccioandD. Oliveira. Response surface method
to optimize the production and characterization
of lipase from Penicillium verrucosum in
solidstate fermentation. Biop. Biosys. Eng., 2008;
31: 119-125.

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.



2276

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

PANDEY et al.: STUDY OF Trichoderma SP ISOLATED FROM SOIL OF UP, INDIA

Latifian, M., Z. Hamidi-Esfahani and M.
Barzegar. Evaluation of culture conditions for
cellulase production by two Trichoderma reesei
mutants under solid-state fermentation
conditions. Short communication. Bioresource
technology., 2007; 98: 3634—-3637.

Lorito M, Hayes CK, Di Pietro A, Woo SL,
Harman GE. Purification, characterization and
synergistic activity of aglucan 1, 3-2-glucosidase
and an N-acetylglucosaminidase from T.
harzanum. Phytopathol ogy, 1994; 84: 398-405.
Lorito, M., 1998.Chitinolytic enzyme and their
genesP. 73-99. In G.E. Harman and C.P. Kubicek
(ed). Trichoderma and Gliocladium, VVol.2 Taylor
and Francis Ltd., London, United Kingdom.
Lowry OH, Rosebrough NJ, Farr AL. Protein
measurement with the Folin phenol reagent. J
Biol Chem, 1951; 193: 265-275

Marco JLD, Vaadares-Inglis MC, Felix CR.
Production of hydrolytic enzymes by
Trichoderma isolates with antagonistic activity
against Crinipellis perniciosa the causal agent
of witches broom of cocoa. Braz J Microbiol,
2003; 34: 33-38.

Mclntyre M, Nielsen J, Arnau J, Brink VH,
Hansen K, et al. Proceedings of the 7th European
Conference on Fungal Genetics. Copenhagen,
Denmark 2004.

Meennakshi G, Kalra kl, Sareen VK, Soni G,
Xylanase Production With Xylan Rich
Lignocellulosic Wastes by A Local Soil Isolate
of Trichoderma viride Brazilian Journal of
microbiology, 2008; 39(3) 535-541.

Melo ID, Faull JL. Parasitism of Rhizoctonia
solani by strains of Trichoderma spp. Sci Agric,
2000; 57: 55-59.

Miller, Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal Chem.,
1959; 31:426-428.

Monteiro VN, Silva RN, Steindorff AS, Costa
FT, Noronha EF, et al. New insights in
Trichoderma harzianum antagonism of fungal
plant pathogens by secreted protein analysis.
Curr Microbiol, 2010; 61: 298-305.
Mukherjee PK, Latha J, Hadar R, Horwitz BA.
TmkA, a mitogen-activated protein kinase of
Trichoderma virens, is involved in biocontrol
properties and repression of conidiation in the
dark. Eukaryot Cell, 2003; 2: 446-455.

Murao S, Sakamoto R, Arai M, Cellulase of
Aspergillus aculeatus. In Methods in
Enzymology, Wood, WA. and Kellog, ST Eds

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Academic Press Inc, London, 1988; 160: 275-
284

Muzzarelli RA. Natural chelating polymers, per
gives it the ability to bond chemicaally with
negatively charged lipids,fatsand bileacids. New
york: The gamon Press. 1997; p83.

Neagu DA, Jacqueline D, PhillipeT, Carmen S,
Trichoderma Reesei. Cellulase Produced by
Submerged Versus Solid State Fermentations.
Bulletin UASVM Agriculture, 2012; 69.
Ohnishi K, Yohko Y, Sekiguchi J. Purification
and characterization of anovel lipolytic enzyme
from Aspergillusoryzae. J Ferment Bioeng, 1994;
77: 490-495.

Omero C, Inbar J, Rocha-Ramirez V, Herrera-
Estrela A, Chet I, Horwitz BA. G proteins
activators and cAMP promote mycoparasitic
behavior in Trichoderma harzianum.
Mycological Research, 1999; 103: 1637-1642.
Papavizas GC. Trichoderma and Gliocladium:
Biology, Ecology and potential for biocontrol.
Annu Rev Phytopathol, 1985; 23: 23-54.
Ramezani H. Biological Control of Root-Rot of
Eggplant Caused by Macrophomina phaseolina.
AmEurasian JAgric Environ Sci, 2001; 4: 218-
220.

Rathi P, SaxenaRK, GuptaR. A. Novel alkaline
lipase from Burkholderia cepacia for detergent
formulation. Process Biochem, 2001; 37: 187-
92.

Sangle UR, Bambawale OM. New strains of
Trichoderma spp Strongly antagonistic against
Fusarium oxysporum f. sp. Sesami. J Mycol
Plant Pathol, 2004; 34:1.

Shahidi F,Abozayoun R. Chitn, chotosan and
co-products: chemistry,by production,
application and healt effects. Adv. food Nutr.
Res, 2005; 49: 93-135.

Shalini S, Kotasthane AS. Parasitism of
Rhizoctonia Solani by strains of Trichoderma
spp. EJEAF Chemistry, 2007; 6: 2272-2281.
Silva RN, Silva SP, Brandao RL, Ulhoa CJ.
Regulation of N-acetyl-beta- D-glucosaminidase
produced by Trichoderma harzianum: evidence
that cAMP controls its expression. Res
Microbiol, 2004; 155: 667-671.

Yang, Y.H., B.C. Wang, Q.H. Wang, L.J. Xiang
and C.R. Duan. Research on solid state
fermentation on rice chaff with a microbial
consortium. Colloids and Surfaces B:
Biointerfaces, 2004; 34:1-6.



