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ABSTRACT

In this study we describe a novel dark-green strain of
Trichoderma viride exhibiting complete ensemble of
cellulase, hemicellulase and ligninase activities on
specific plate assays. To assess the cellulase produc-
tion in detail, basal salt medium (BSM) was fortified
with synthetic (carboxymethyl cellulose (CMC), glu-
cose, sucrose, dextrose, lactose or maltose) and natu-
ral (flours of banana, banana peel, jack seed, potato
or tapioca) carbon as well as nitrogen (yeast extract,
beef extract, peptone, NaNO; or NH4NO3z) sources.
Temperature and pH optima were 28°C and 4, re-
spectively for the growth of the fungus in CMC-BSM
with 137 U/mL cellulase activity, which was enhanced
to 173 U/mL at 1.25% CMC concentration. Flours of
potato and banana peel supported comparable yields
of cellulase to that of CMC, while sodium nitrate was
the preferred nitrogen source. The water soluble blu-
ish-green pigment (a probable siderophore) extracted
from the spores showed an absorption maximum at
292 nm. To sum up, the complete lignocellulolytic po-
tential of this fungus offers great industrial signifi-
cance, coupled with the production of a new pigment.

Keywords: Trichoderma viride; Morphology; Liquid
Fermentation; Bluish-Green Pigment

1. INTRODUCTION

Lignocellulosic biomass comprises cellulose, hemicellu-
lose and lignin, of which lignin is the most recalcitrant to
biodegradation and only higher fungi are capable of de-
grading this polymer via an oxidative process involving
an array of oxidases, peroxidases and hydrolytic en-
zymes [1,2]. Cellulose, hemicellulose and lignin form
structures called microfibrils, which are organized into
macrofibrils that mediate structural stability in the plant
cell wall [2]. The complex lignin polymer forms a ce-
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menting envelop around cellulose in lignocellulosic wood;
thus the success of the bioconversion of lignocelluloses
into fermentable sugars lies in the removal of lignin wrap
around the cellulose fibers packed inside. Cellulose is a
fibrous, insoluble and crystalline polysaccharide consist-
ing of D-glucose residues linked by f-1, 4-glucosidic
bonds; owing to its highly ordered crystalline structure,
cellulose is more resistant to hydrolysis than hemicellu-
lose. Hemicellulose macromolecules are often polymers
of pentoses (xylose and arabinose), hexoses (mostly man-
nose) and a number of sugar acids, while cellulose is a
homogenous polymer of glucose [3]. Cellulose is the
most abundant biopolymer in nature, being degraded to
glucose through the synergistical hydrolysis of three
classes of cellulases, viz., including endo-f-1,4-glucanase
(EC 3.2.1.4), exoglucanase or cellobiohydrolase (EC
3.2.1.91) and p-glucosidase (EC 3.2.1.21). Glucose from
the hydrolysis of cellulose can easily be fermented to
useful industrial products such as ethanol, lactic acid,
single cell protein and other value-added products [4].
There are different methods for the production of low-
cost enzymes by the activity of microorganisms.

Some members of all classes of microorganisms, viz.,
fungi, actinomycetes and bacteria are known to produce
cellulase isoforms [5,6]. Among them, mycelial fungi
constitute a group unique of microorganisms showing
prominent lignocellulolytic activity. Lignocellulolytic fungi
are often divided into three groups, viz., white rot, brown
rot and soft rot fungi. Trichoderma spp., the ascomyce-
tous green-spored having cosmopolitan distribution are
classified under white rot fungi. The surface colony col-
our is white and scattered greenish patches become visi-
ble as the conidia are formed and may form concentric
rings. The highly branched conidiophores bear phialides
singly or in groups. Trichoderma spp. are ubiquitous
colonizers of cellulosic materials and can thus often be
found wherever decaying plant material is available as
well as in the rhizosphere of plants, where they can also
induce systemic resistance against pathogens [6]. At pre-
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sent, the various strains of Trichoderma spp. are reco-
ganized by the researchers as the steadiest and safest
fungi for the production of cellulase and hemicellulases.
Mostly T. reesei and its variants are widely employed for
the commercial production of hemicellulases and cellu-
lases. 7. reesei might be a good producer of hemi-cellu-
lolytic and cellulolytic enzymes but is unable to degrade
lignin. The ability of fungi to degrade lignocellulosic
materials is due to their highly efficient enzymatic sys-
tem [7]. T. viride have mostly been studied for cellulase
production. There exist many studies describing the op-
timization of process parameters for the production of
cellulase using submerged fermentation from 7. viride
[8]. Species of Trichoderma are shown to have lignolytic,
hemicellulolytic and cellulolytic activities, but no organ-
ism is reported yet having the embodiment of all these
enzyme complexes together. Based upon this background,
the specific objectives of this study are to: 1) Confirm
the novel isolate as 7. viride by morphological charac-
teristics; 2) Check the lignocellulolytic activities of 7.
viride; 3) Analyze cellulase production potential of 7.
viride in detail; and 4) Check the nature of pigment pro-
duced by T. viride.

2. MATERIALS AND METHODS
2.1. Microorganism

Pure T. viride culture procured from the Kerala Agricul-
tural University, Mannuthi, Kerala (Receipt No.17 dated
15-12-2011) was used for the present study. Stock cul-
tures were maintained on potato dextrose agar (PDA)
slants at 4°C. Analytical grade chemicals from Merck
India Ltd. and Himedia were used.

2.2. Morphological Characterization

Morphological characteristics of 7. viride were deter-
mined by lactophenol cotton blue staining under binocu-
lar microscope attached with Image Analyzer (Nikon
Eclipse 400). Phase-contrast images of T. viride spores
were taken using Leica M80 (Germany).

2.3. Screening for Lignocellulosic Activity

6 day old T. viride on PDA slants was cultured on basal
mineral salt medium (BSM) containing (g/L) NaNO;—2,
K,HPO,—1, KCI—0.5, MgSO, 7H,0—0.5, proteose
peptone—2, agar—20 containing 0.5% CMC (for cellu-
lase activity), xylan (for hemicellulase activity) or lignin
(for ligninase activity) was used for preliminary screen-
ing of cellulase, hemicellulase or ligninase activities,
respectively. The agar plates were incubated at 28°C.
Growth after incubation indicates lignocellulolytic activ-
ity of T viride.

Copyright © 2012 SciRes.

2.4. Screening for Cellulolytic Activity on CMC
Medium

Cellulolytic activity of T. viride on CMC medium was
determined qualitatively by iodine plate assay. 6 day old
T. viride from PDA slant were cultured on BSM-agar
medium containing CMC for enrichment and incubated
for 4 days, then the plates were flooded with iodine solu-
tion (containing 1% iodine crystals and 2% potassium
iodide), incubated at 30°C for 15 min, and excess stain
was washed off for visual observation. Cellulolytic activ-
ity was indicated by the clear zone around the colonies.

2.5. Screening for Hemicellulase Activity on
Xylan Medium

Hemi-cellulolytic activity of 7. viride on xylan medium
was determined qualitatively by congo-red plate assay. 6
day old T. viride on PDA slant was cultured on BSM
agar containing xylan and incubated for 4 days, then the
plate were flooded with 10 ml Congo-red (0.1%) solution,
incubated for 15 min, then excess stain was drained off,
and 10 ml of 1 M NaCl was added for destaining; opaque
clear zone formation around the colonies indicates posi-
tive result.

2.6. Screening for Ligninase Activity on Lignin
Medium

6 day old T. viride from PDA slant was cultured on BSM
containing lignin for enrichment. 7. viride culture was
grown for 5 - 6 days on BSM-lignin medium; growth on
lignin medium indicates positive result.

2.7. Pigment Extraction

Pigmented biomass of five days old culture on PDA agar
plate was collected in various solvents (distilled water,
acetone, hexane, chloroform or methanol) and stirred
well on a magnetic stirrer (10 min), followed by cen-
trifugation (9000 x g for 15 min, 4°C). The supernatant
was pooled and its absorption spectrum was determined
using UV-visible spectrophotometer (Elico BL 200 dou-
ble beam biospectrophotometer).

2.8. Cellulase Production Characteristics of T.
viride

For making the inoculum uniform; spore suspension in
sterile ddH,O was stirred well on a magnetic stirrer asep-
tically for 5 min, and number of spores in 1 mL of sus-
pension was calculated by counting the spores using
Neubauer haemocytometer. Different parameters like
effects of incubation period, pH, temperature, CMC con-
centration, synthetic carbon sources, natural carbon sources
and nitrogen sources were optimized.
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For initial studies, BSM supplemented with CMC
(0.5%) was used. In all studies, 100 uL of spore suspen-
sion (~7.2 x 10° spores/mL) was used for 10 mL medium.
All flasks were incubated in an environmental shaker
(Scigenics Biotech) at 150 rpm, 28°C for 10 days. Vari-
ous culture parameters studied for cellulase production
were: pH (1 to 8 using different buffers), temperature
(25°C, 28°C, 31°C, 33°C, 35°C and 37°C), CMC concen-
trations (0.75%, 1.0%, 1.25% and 1.5%), various syn-
thetic carbon sources (0.5% glucose, lactose, maltose,
dextrose and sucrose), natural carbon sources (0.5% ba-
nana flour, banana peel flour, tapioca flour, potato flour
and jack seed flour) and nitrogen sources (0.2% peptone,
beef extract, yeast extract, sodium nitrate and ammonium
nitrate). Growth and yield were monitored up to 7 days.
The culture broth was centrifuged (9000 x g for 15 min
at 4°C) and the supernatant was used for cellulase assay.

2.9. Cellulase Assay

Enzyme production was quantitatively measured by DNS
(3,5-dinitrosalicylic acid) spectrophotometric assay by
the method of Miller [9]. Fermented culture broth was
centrifuged at 9000 x g for 10 min at 4°C and super-
natant was used as crude enzyme solution for assays.
Reaction mixture contains 0.5 mL of 1% CMC in 0.1 M
sodium citrate buffer (pH, 4.8) and 0.5 mL of crude en-
zyme solution added, then incubated at 50°C for 30 min.
The reaction was stopped by adding 3 mL DNS and in-
cubated in a boiling water bath for 5 min and cooled. The
absorbance was measured at 540 nm (Elico double beam
bl 200 bio spectrophotometer). One unit (U/mL) of cel-
lulase activity is defined as the amount of protein (cellu-
lase) required to liberate 1 micromole of reducing sugar
(D-glucose) from CMC per min under the assay condi-
tions. Cellulase activity was calculated using the formula,
AExV, [Atx¥xV, xd. Where, AE = absorbance at 540
nm, V;= final volume of reaction mixture including DNS,
V, = crude supernatant (ml) containing cellulase used, At
= incubation time for hydrolysis, >’ = extinction coef-
ficient of glucose (0.0026), d = diameter of cuvette.

2.10. Statistics

All studies were repeated at least three times to check the
reproducibility of the results, and average values were
given with standard deviation. Microsoft Excel was used
to draw the figures.

3. RESULTS AND DISCUSSION

Results shown here are the average values of at least 3
independent experiments. The fungal culture started to
grow as white mycelia on PDA plate, then spread all
over the surface of the medium as a dark-green mat. It
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was stained using lactophenol cotton blue and observed
under Image Analyzer. The mycelia, conidiophores bear-
ing warted phialides singly or in clusters and numerous
conidiospores were observed (Figure 1A). Usually the
phialides were ellipsoidal or flask shaped inflated at the
base dark-green coloured spores with smooth outer wall
were found to be spherical and biconcave, resembling
human erythrocytes (Figures 1B and C). This prepara-
tion was observed under phase-contrast microscope. Bis-
sette [10] described that the species in Trichoderma (As-
comycetes, Hypocreales) have narrow and flexuous co-
nidiophores and branches, with branches and phialides
uncrowded, frequently paired, and seldom with more
than three elements in a whorl. Its type species viride
typically produced warted conidia [11], as we described
(Figure 1A). Thus, the novel fungal culture used in this
study can be confirmed as 7. viride.

3.1. Lignocellulolytic Activity

Figure 2 clearly shows that the fungus harbours an en-

Figure 1. Morphological characterization of T
viride. (A) Mycelia bearing conidiophores and co-
nidiospores after staining with lactophenol cotton
blue (Images by Image Analyzer, Scale bar = 10
puM (Nikon Eclipse E400, Towa Optical, Japan, fit-
ted with Nikon digital camera, DXM 1200F, Japan);
(B) Conidiospores under Bright Field Microscope
(Scale bar = 10 pM, Leica M80, Germany); and (C)
Conidiospores under Phase Contrast Microscope
(Scale bar = 10 uM, Leica M80, Germany).
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semble of enzymes for the complete degradation of lig-
nocelluloses. Upon iodine plate assay of 7. viride on
BSM-CMC agar plate showed a clear zone around the
mycelial colony, which indicates cellulolytic activity
(Figure 2(a)). Xylan degradation around the colonies
appeared as yellow and opaque zone against a reddish
purple colour for undegraded xylan (Figure 2(b)). On
lignin medium, mycelia were grown as bluish-green
patches (Figure 2(c)), however, its growth was not as
fast as in CMC or xylan medium. These tripartite plate
assays clearly show that 7. viride harbours an ensemble
of lignocellulolytic enzymes for the complete degrada-
tion of lignocellulosic materials. The biodegradation of
wood constituents is currently understood as a multien-
zymatic process with the mediation of small molecules
[12]. Cellulolytic fungi can easily be screened within two
days for the production of cellulolytic enzymes (espe-
cially, endoglucanase and exoglucanase) by staining
technique or by measuring the amount of reducing sugar
(glucose) produced with the dinitrosalicyclic acid reagent
method [13]. Thus, we employed DNS method for ana-
lyzing the cellulase activity of the culture in liquid me-
dia.

3.2. Cellulase Production by T. viride

Figure 3 shows a view of the cellulase production profile
of the culture in BSM supplemented with various carbon
and nitrogen sources. Optimum pH was 4, with maxi-
mum yield 137 U/mL (Figure 3(a)). Like pH, tempera-
ture also played a crucial role, whose optimum was 28°C
with 128 U/mL at pH 4 (Figure 3(b)). Optimum concen-
tration of CMC was 1.25% in the BSM, at this concen-
tration the cellulase yield was 173 U/mL (Figure 3(c)).
However, when CMC was replaced by simple sugars, the
yield was reduce tremendously (Figure 3(d)); on the
contrary, natural starch supplements (0.5%) showed best
improvement in cellulase production (148 U/mL), which
was comparable to that of CMC (Figure 4(e)). Simple

nitrogen source like sodium nitrate (0.2%) was the pre-
ferred nitrogen source (Figure 4(f)).

Optimization of the time course is of prime impor-
tance for the biosynthesis of cellulases by fungi [14].
CMC is the preferred carbon source used for the selec-
tive enrichment culture of cellulase producing microor-
ganisms. Using CMC as the carbon source, Gashe [15]
showed that the CMCase (cellulose) activity of Tricho-
derma sp. as 167 U/mL. The incubation period was di-
rectly related to the production of enzymes and other
metabolites up to a certain extent, and we showed that
maximum cellulase activity was mostly obtained on the
day 6. Aspergillus niger KK2 showed CMCase (129 U/g),
S-glucosidase (100 U/g) and S-xylosidase (193 U/g) ac-
tivities concurrently after 5 to 6 days of solid-state fer-
mentation [16], which is comparable to our results. Most
of the filamentous fungi, especially Trichoderma spp.
have been found to be able to grow and metabolize
within a range of pH, 3 to 5 [17]. At the declining phase
of cellulase yield, acidic proteins would be released that
would adversely affect the yield and fermentation proc-
ess [4]. Carbon sources in majority of commercial cellu-
lase fermentations are cellulosic biomass including straw,
spent hulls of cereals and pulses, rice or wheat bran, rice
or wheat straw, sugarcane bagasse, water hyacinth, paper
industry waste and other cellulosic biomass [18]. Other
commonly used substrates are wheat bran, orange peel,
corn cob residue, rice straw, sugarcane bagasse, etc. [19].
Lactose, cellobiose, sophorose, gentibiose, are the known
inducer of cellulase production but only lactose can be
used for economically feasible industrial production [19].
Though addition of organic nitrogen sources such as beef
extract and peptone resulted in increased growth and
cellulase production, they were not effective replacement
for inorganic nitrogen sources because of their higher
cost [20]. High concentration of nitrogen sources may
lead to vitrification (the medium appears to be yellow
and glassy) that is usually unsuitable for the micro-or-
ganisms.

Figure 2. Lignocellulolytic activities of 7. viride. (a) lodine plate assay showing cellulase activity on 4™ day of incubation at 28°C;
(b) Congo-red plate assay showing xylanase activity on 4" day of incubation at 28°C; and (c) Growth of 7. viride on lignin medium

on 6™ day of incubation at 28°C.
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Figure 3. Optimization of parameters for cellulase production: (a) Effect of pH on cellulase production from 7. viride on BSM
supplemented with 0.5 % CMC on 6™ day of incubation at 150 rpm and 28°C; (b) Effect of temperature on cellulase production from
T. viride on BSM supplemented with 0.5% CMC on 6" day of incubation at 150 rpm, 28°C and pH 4; (c) Effect of CMC
concentration on cellulase production from 7. viride on BSM on 6™ day of incubation at 150 rpm, 28°C and pH 4; (d) Effect of
synthetic carbon sources on cellulase production from 7. viride on BSM on 6" day of incubation at 150 rpm, 28°C and pH 4; (¢)
Effect of natural carbon sources (0.5%) on cellulase production from 7. viride on BSM on 6™ day of incubation at 150 rpm, 28°C and
pH 4, where BF (banana flour), BP (banana peel), JF (jack seed flour), PF (potato flour), TF (tapioca flour); and (f) Effect of nitrogen
sources on cellulase production from 7. viride on BSM supplemented with 0.5% CMC on 6" day of incubation at 150 rpm, 28°C and
pH 4, where YE (yeast extract) and BE (beef extract).
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Figure 4. Characterization of the bluish-green pigment: (a) Pigment extracted from spores of 7. viride in distilled water and
centrifuged (9000 X g, 15 min); and (b) Absorption spectrum of pigment of 7. viride extracted as above (by ELICO BL 200 Double

Beam Bio Spectrophotometer).

3.3. Pigment Production

The fungus used in this study produced a water-soluble
greenish pigment (Figure 4(a)). In fact the mycelia were
colourless and only the spores were colored. Upon stir-
ring, the pigment bound to the wall of the spores partially
diffused in to water, and yet more pigment diffused into
it after centrifugation. The absorption maximum of the
pigment was at 292 nm (Figure 4(b)). T. viride is shown
to produce variously coloured pigments, which range
from green [21], yellow [22] to brown [23]. Very re-
cently, Xiaoyi et al., [22] showed optimization of fer-
mentation conditions in liquid state for a T. viride strain
to produce yellow pigment, the viridin. From this, the
pigment produced by the strain reported herein seems to
be a new one, which needs to be elucidated further.

4. CONCLUSION

Characteristics of the fruiting bodies show that the novel
strain described in this study is 7. viride. Form the screen-
ing tests, it is evident that apart from cellulases, it is an
efficient producer of ligninases and hemicellulases. From
the optimization studies in the liquid medium, 7. viride
shows good cellulase yield. Moreover, this strains pro-
duces an extractable and water soluble bluish-green pig-
ment, probably a siderophore, which needs to be eluci-
dated. Briefly, this study shows that T. viride we used in

Copyright © 2012 SciRes.

this study is a potent strain for the complete degradation
of lignocelluloses and subsequent fermentation for valu-
able products like ethanol, preferably by solid-state fer-
mentation.
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