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ABSTRACT

The production of cellulase enzyme using an economical medium has been a significant achievement in the field of industrial
biotechnology. Cellulase enzyme activity of Trichoderma viride FCBP-142 and its mutant derivatives, Tv-UV-5.6 and Tv-Ch-4.3 was
evaluated by growing them on different substrates at different incubation temperatures, initial pH levels, incubation periods and
nitrogen sources. Optimization growth assays illustrated 2% wheat straw, 4.0 pH, 72 hours of incubation period and ammonium
sulfate as nitrogen supplement for the best enzymatic activity by all the test strains. The suitable temperature for the best mycelial
growth and enzyme activity was 30 °C for each of T. viride FCBP-142 and Tv-UV-5.6, and 32.5 °C for Tv-Ch-4.3. Mass production
of selected test strains indicated the aptness of wheat straw for rapid fungal proliferation and viability under optimized conditions.
Stability of mutants concerning the best cellulase activity potential, evaluated up to 10 generations, revealed that Tv-UV-5.6 and Tv-
Ch-4.3 were highly stable for enzymatic activity under pre-optimized conditions.
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INTRODUCTION

Pakistan being an agricultural country has wide diversity of rich lignocellulosic agricultural by—products that
are low cost and easily available. These lignocellulosics by-products can be exploited as substrate for mass
production of potential enzyme producers to enhance enzyme production (Solomon et al., 1999; Ojumu et al., 2003;
Yang et al., 2006; Membrillo et al., 2008). But, at the same time cultural conditions and their optimization such as
carbon and nitrogen sources, their concentrations, cultivation time, temperature and pH are the critical parameters
that greatly affect microbial growth and subsequent enzyme secretion or product formation (Dahot and Noomrio,
1996; Senthilkumar et al., 2005). Thus an ideal substrate to improve fungal enzyme production should combine a
biomass increasing property with enzyme synthesis induction as the cellulase secretion in fungi is directly
proportional to the mycelial growth (Bhat and Maheshwari, 1987).

The intention of this contemporary study was to stabilize the conditions for mass production of inoculum on
economically feasible substrate to attain large amount of active enzyme from fungi.

MATERIALS AND METHODS

Optimization: The agricultural wastes, wheat straw var. Maxi Pak, rice straw of IRRI Pak—6 were obtained from
Government Agriculture Farm, Shiekhupura, sugar cane waste was obtained from Juice corner of Campus area of
University of the Punjab, Lahore while wood waste of Delbergia sissoo was taken from Campus area of University
of the Punjab, Lahore. All the substrates were dried and chopped into small pieces of 30-50 mm. Two g of each
substrate was taken into a 250 mL Erlenmeyer flask in 100 mL distilled water and pH was adjusted to 4.0. The
contents of the flasks were mixed thoroughly and autoclaved (121 °C and 15 Ib inch? for 15 min). After cooling,
each medium was inoculated with adjusted spore inoculum (5 x 10° conidia mL™). The flasks were incubated on
orbital shaker incubator at 100 rpm and 30 + 2 °C for 96 hours and were assayed after every 12 hours interval for
their maximum activities according to Shafique et al. (2007). Different parameters like the best substrate
concentration, temperature, initial pH, incubation period and nitrogen source were optimized on the best substrate
for active fungal strains.

Mass Production: In order to use mutant strains of fungi on large scale for enzyme production, the mutant strains
were mass produced. The wheat straw was drenched in water for about 12 to 14 hours, for softening of substrate.
Afterwards, 70% moisture content was maintained by using following formula:
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Difference in wt.of substratebefore and after soaking (g)
Initial wt.of substrate(g)

Moisture (%) = x100

Then 200 g of substrate was filled in plastic bags measuring 20x30 c¢m, tied with nylon rope or rubber bands
and was sterilized at 121 °C and 15 Ib inchfor 15 min. After 3—4 hours cooling each bag was inoculated with 0.5 g
of ammonium sulfate (optimized nitrogen source) and two discs of 5 mm diameter from the freshly grown cultures
of native, UV and chemical mutant derivatives. The experiment was run in triplicate. The inoculated bags were
incubated in growth room at 30 + 2 °C for 15 days until the mycelium has fully penetrated the bottom of the
substrate and mycelium ramified the whole substrate.

Evaluation of Sporulation of Mass Cultivated Strains: After 15 days, bags were opened and 2 g of material was
suspended in 20 mL of distilled sterilized water. The concoction was shaken and allowed to settle for 15 min in
order to facilitate the loosening of conidia. The resulting suspension was filtered through muslin cloth to remove
large mycelial masses and the remnants of substrates. The concentration of the conidia was measured using
haemacytometer and expressed as number of conidia per 10 pL of suspension (Siddiqui, 2004).

Viability of Mass Produced Inoculum: To check the viability of the conidia, mass produced on selected suitable
substrate (wheat straw + ammonium sulfate), trails were carried out with T. viride FCBP-142 and its mutants Tv-
UV-5.6 and Tv-Ch-4.3 under preset conditions. The conidial suspension @ 5 x 10° conidia mL™ was prepared. The
flasks were inoculated with 1 mL of the adjusted inoculum and their enzyme activity was scrutinized after 72 hours
of inoculation using the same assay procedure of Shafique et al. (2007).

RESULTS

Effect of Carbon Source: Data regarding the influence of variable carbon sources including wheat straw, rice straw,
sugar cane waste and wood waste on enzymatic activity of the selected mutant strains of Trichoderma viride FCBP-
142 is presented in Fig. 1. Evaluation of the data suggested that the candidate microorganisms exhibited maximal
cellulase activity (53.33, 80.34 and 112 Units mL™ for T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3,
respectively) on wheat straw followed by rice straw (47, 76.39 and 104.13 Units mL™ for T. viride FCBP-142, Tv-
UV-5.6 and Tv-Ch-4.3, respectively) and differ significantly (P<0.05) than other substrates. Wood waste was found
to be comparatively less effective substrate. It only supported 27.15, 33.49 and 56.97 Units mL™ of enzyme activity
by T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3, respectively. Consequently, wheat straw was deemed to be the
most suitable fermentation substrate for the biosynthesis of cellulase enzyme by wild as well as its mutant strains
thus was selected for further studies.

Effect of Substrate Concentration: As maximum activity of enzyme was recorded on wheat straw by T. viride
FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3, so the applied dilutions (0.5-4.0%) of wheat straw were evaluated for
further improvement in activity of cellulase enzyme and the results are presented in Fig. 2. The response of the two
mutants differed significantly (P<0.05) from one another as well as from wild strain with each employed
concentration. Among these tested concentrations of wheat straw, enzyme activity was significantly (P<0.05) high at
2% concentration by all the test strains. However, further increase in concentration of wheat straw resulted in a
gradual reduction in enzyme formation.

Effect of pH: Impact of preliminary pH of the medium in the range of 3.5-9.0 using citrate and tris buffers on the
cellulase enzyme activity was studied for wild strain of T. viride FCBP-142 and its mutant derivatives Tv-UV-5.6
and Tv-Ch-4.3. The optimal pH recorded for enzyme activity was pH 4.0 at which maximum enzyme activities of
58.83, 88.84 and 122.68 Units mL™ were attained by T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3, respectively
(Fig. 3). Beyond that, a continuous impede in enzyme activity was observed. These studies signify that all these are
acidophilic microorganisms and produce extra cellular cellulase enzyme at acidic pH more efficiently.

Effect of Incubation Temperature: To evaluate the effect of different incubation temperatures for maximum
cellulase enzyme activity, wild and improved strains of T. viride FCBP-142 were developed at diverse temperatures
in the range of 2040 °C with an augmentation of 2.5 °C. The results pertaining to enzyme activity with respect to
change in temperature and their statistical analysis are presented in Fig. 4. The results revealed that maximum value
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for cellulase enzyme activity of 58.83 and 87.5 Units mL™ was achieved at 30 °C for T. viride FCBP-142 and Tv-
UV-5.6 strain, respectively while Tv-Ch-4.3 mutant displayed the maximum enzyme activity of 120.35 Units mL™
at 32.5 °C. The temperature regimes above and below this level showed lesser enzyme titer.
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Fig. 1. Effects of carbon sources on cellulase enzyme activity by T. viride FCBP-142 and mutants Tv-UV-5.6 and
Tv-Ch-4.3.
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Fig. 2. Effects of different concentrations of substrate on cellulase enzyme activity by T. viride FCBP-142 and mutants Tv-UV-
5.6 and Tv-Ch-4.3.
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Fig. 3. Effects of initial pH of basal medium on cellulase enzyme activity by T. viride FCBP-142 and mutants Tv-UV-5.6 and

Tv-Ch-4.3.
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Fig. 4. Effects of incubation temperature on cellulase enzyme activity by T. viride FCBP-142 and mutants Tv-UV-5.6 and Tv-

Ch-4.3.

Effect of Incubation Period: Changes in the activity of typical cellulase enzymes by T. viride FCBP-142, Tv-UV-
5.6 and Tv-Ch-4.3, over a range of different time periods up to 96 hours, are plotted in Fig. 5. Data shows that
enzyme activities of fungal isolates varied considerably at different incubation periods with LSD value of 1.81.
Maximum enzyme activity was attained after 72 hours of incubation. A decrease in enzyme production was
observed beyond that period. Similar trend was exhibited by Tv-UV-5.6 and Tv-Ch-4.3 in response to change in
time course. The maximum enzyme activities were 53.48, 93.8 and 128 Units mL™ for parental, UV and chemical

mutant strains, respectively.
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Fig. 5. Effects of incubation period on cellulase enzyme activity by T. viride FCBP-142 and mutants Tv-UV-5.6 and Tv-Ch-4.3.
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Fig. 6. Effects of different nitrogen sources on cellulase enzyme activity by T. viride FCBP—142 and mutants Tv-UV-5.6 and Tv-
Ch-4.3.

Effect of Nitrogen Source: Growth and enzyme production of any organism are greatly influenced by the nutrients
available in growth medium. The results of cellulase activity using ammonium sulfate, urea, peptone, yeast extract
and sodium nitrate as nitrogen supplements in wheat straw are presented in Fig. 6. Both organic and inorganic
nitrogen sources were found effective for the production of cellulase enzyme. Ammonium sulfate and peptone were
found to be the promising nitrogen sources for the enzyme activity. Nevertheless, maximum activity of 83.33,
107.22 and 145.1 Units mL™ of cellulase enzyme by T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3, respectively
was achieved when 2% wheat straw was supplemented with ammonium sulfate (0.5%). Yeast extract and urea also
proved good sources of nitrogen for better enzyme activity of T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3.
Sodium nitrate was considered to be the least effective as it resulted in 47, 50.86 and 83.39 Units mL ™ of enzyme
titer for T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3, respectively.
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Stability of Mutant Derivatives: Stability of mutant derivatives of T. viride FCBP-142 i.e., Tv-UV-5.6 and Tv-Ch-
4.3 was evaluated up to 10 generations after every two months to check their ability for synthesis of hyper active
enzyme under previously adjusted assay conditions. The results revealed that these improved isolates exhibited same
yield with insignificant difference up to the last test generation (Fig. 7).
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Fig. 7. Stability of Tv-UV-5.6 and Tv-Ch-4.3 mutant derivatives of T. viride FCBP—142 for cellulase activity.
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Fig. 8. Mass production of T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3 mutant derivatives.
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Fig. 9. Viability of T. viride FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3 mutant derivatives.

Pilot Scale Mass Production of Mutants Under Optimized Conditions: The assessments to categorize the most
suitable substrate for mass production of T. viride FCBP-142 and its mutant derivatives Tv-UV-5.6 and Tv-Ch-4.3
demonstrated that among all the substrates wheat straw, with ammonium sulfate as nitrogen supplement at 70%
moisture content and 30£2 °C temperature, was the best carbon source for rapid mycelial colonization, maximum
conidial production and the highest enzyme activity of these test strains. It was biologically the most active source
and propped up healthy growth of the fungus which was supported in terms of conidial productivity. The mutant
derivatives Tv-UV-5.6 and Tv-Ch-4.3 produced conidia almost at the same rate i.e., 2.22 x 10° and 2.24 x 10°
conidia 10 pL™ on wheat straw. However, among these, Tv-Ch-4.3 yielded slightly higher number of conidia. By
contrast, relatively low mycelial colonization and conidial production was attained by native strain T. viride FCBP-
142 on the same substrate i.e., up to 2.06 x 10° conidia 10 puL™ (Fig. 8). Thus, wheat straw was considered as an
active biological source for the maximal and conidial productivity of the fungal strains to be used as inoculum for
enzyme production.

Viability of Mass Produced Inoculum: The viability tests of the conidia of T. viride FCBP-142, Tv-UV-5.6 and Tv-
Ch-4.3, mass produced on selected suitable substrate (wheat straw + ammonium sulfate), for cellulolytic enzyme
production (quantitatively) revealed that the efficacy of the inocula was not affected during mass culturing. All the
strains exhibited almost similar activity of cellulase enzyme i.e., 53, 85.33 and 121.33 Units mL™ by T. viride
FCBP-142, Tv-UV-5.6 and Tv-Ch-4.3 respectively, under similar conditions as described earlier (Fig. 9).

DISCUSSION

Stepwise trials were conducted in the present study to select an inexpensive and easily available substrate
together with the optimization of culture conditions to reduce the cost of enzyme preparation. Agricultural wastes
and by-products are not only cheap and easily available but also supply sufficient nutrients to grow microbial
cultures (Thiry and Cingolani, 2002; Narasimha et al., 2006; Bhatti et al., 2007; Latifian et al., 2007). Therefore,
these economically feasible substrates were employed for the optimization of growth conditions of mutant strains of
fungi for large scale enzyme production.

Cellulase enzyme activity data of native test fungal species T. viride FCBP-142 and its mutants, Tv-UV-5.6 and
Tv-Ch-4.3, testified that cellulolytic activity of the fungal strains was significantly dependent on carbon source and
nitrogen supplement in the medium. The maximum activity of enzyme was observed when 2% wheat straw was
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used as fermentation medium, further increase in amount of wheat straw led to declined enzyme activity. Apparently
the extra accumulation of basal substances in fermentation medium with resultant richness caused decline in anxiety
and poor mixing of air which was crucial for organism’s growth as well as enzyme production as has earlier been
suggested by Haq et al. (1998; 2002). In a similar kind of study, role of carbon and nitrogen sources on cellulose
enzyme synthesis by A. niger was investigated by Hanif et al. (2004). They reported wheat bran and cellulose as the
most operational promoters of B—cellobiohydrolase and filter peperase (FPase) activities, respectively, followed by
rice bran. These findings are supported by more recent reports on the effect of nitrogen source on production of
cellulase enzyme where results were found to vary on the basis of fungi as well as nutrient sources tested
(Kachlishvili et al., 2006; Membrillo et al., 2008).

Presently, optimization assays further revealed that all the test strains exhibited maximum enzyme activity at pH
4.0 after 72 hours of incubation period with ammonium sulfate as the best nitrogen supplement. The temperature of
30 °C was found effective for T. viride FCBP-142 and Tv-UV-5.6 whereas Tv-Ch-4.3 exhibited the best mycelial
growth and enzyme production at 32.5 °C. However, the effect or range of these parameters was found to vary with
the species/strains involved. Shi and Cui (2001) in similar studies have optimized fermentation conditions for the
mutant strain of Trichoderma koningii (Oud) T-199 for p—glucanase production. The mutant obtained by exposing
wild strain to ultraviolet light and N-methyl-N-nitro-N-nitrosoguanidine, produced about 8 times more p—glucanase
at pH 5.0 and 60 °C than its parent strain. Barley B—glucan was reported as the most promising substrate for growth
and enzyme production.

A variety of substrates have been employed by several workers for the better production of inoculum (Buswell
et al., 1995; Solomon et al., 1996; Stepanova et al., 2003). The results of present findings indicate that for selected
test strains wheat straw was the most suitable for rapid fungal proliferation and viability under optimized conditions.
Thus both wild and mutant strains expressed great potential to utilize cellulosic substrate for mass production. In
earlier findings it has been attributed to bioconversion of indigestible cellulose, hemicelluloses and lignin in wheat,
rice straw and cotton waste into digestible material (Kirk, 1983; Ali, 1986; Margaritis and Merchant, 1986; Puniya
and Singh, 1995). Differential response of fungal enzyme activities could be due to difference in their nutritional
requirement and better response on wheat straw could be due to large surface area and appropriate moisture content
contributing in extensive vegetative and reproductive growth.

The stability of mutants regarding cellulase production potential was investigated up to 10 generations. Tv-UV-
5.6 and Tv-Ch-4.3 revealed enormous stability for production of enzyme under pre-optimized conditions. These
results are consistent with previous report of Mohsin (2006) who also tested the mutant stability with respect to
enzyme secretion and discerned markedly stable mutants under defined conditions.
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