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Abstract

the valuable products.

Mutagenesis is a cost economic process generally preferred to produce some specific changes in the genetic
makeup of organisms aiming to produce the desired protein/enzymes. Enzymes can be achieved to specific features
like selectivity, stability, better substrate and product tolerance and better performance under harsh conditions with
mutagenesis. Cellulase producing bacterial strain Bacillus sp. HCB-21 isolated from the forest soil of Himachal
Pradesh showed highest cellulolytic activity, i.e., 8.56 + 0.32 U/mg protein. Different physiochemical parameters
were optimized which resulted in 1.7 fold increase in cellulolytic activity. Further, mutants of Bacillus sp. HCB-21
were generated using physical and chemical mutagens for increased activity, stability and higher substrate/product
tolerance of its cellulase enzyme. Mutant E-11 showed better cellulolytic potential besides enhanced tolerance
to substrate concentration with 10 folds increase in overall enzymatic activity i.e. 85.04 + 0.46 U/mg protein in
comparison to wild. This highly active and stable mutant can be used in various industrial applications to produce
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Introduction

Cellulases refer to a group of enzymes which act together to
hydrolyze cellulose into soluble sugars. These are distributed throughout
the biological system such as plants, animals, and microorganisms.
Microorganisms are considered to be the best source for cellulases
[1,2]. Microbial cellulases are the most economic sources due to their
easy availability higher growth rate and capability to grow on various
inexpensive raw materials such as agriculture waste, forestry, and by-
products of food industries [3].

Despite the enormous advantages of enzyme-catalyzed processes,
there are many biotechnological challenges in this field including the
availability of novel producer strains, improvement of the catalytic
efficiency of available strains and enzymes for increased activity and
yield. To counter this problem mutagenesis is one of the most suited to
enhance cellulase activity and its tolerance towards substrate/product.
Earlier studies have also shown that mutagenesis can be applied to
improve activity and stability of enzymes [4,5]. The combination
of mutagenesis, directed evolution, and rational design offers great
promise to accelerate the development of biocatalysts for applications
in various industries like pharmaceutical, chemical, biofuel, and food
industries [6]. In the present investigation, cellulolytic bacterial strain
Bacillus sp. HCB-21 isolated from the soil of Himalayan pine forests
was subjected to mutagenesis using ethyl methane sulphonate (EMS),
methyl methane sulphonate (MMS), ethyl nitroso urea (ENU), methyl
nitroso urea (MNU), 5-bromouracil and UV to enhance its cellulolytic
potential and tolerance towards substrate/product. This mutant can
be used to degrade the cellulose component of various natural waste
biomasses into simple fermentable sugar moieties which further can be
fermented to biofuel i.e. ethanol. This can be used in vehicles either in
its pure form or used as a gasoline additive to reduce the emission of
greenhouse gases.

Materials and Methods
Chemicals

All the chemicals were purchased from Lancaster Synthesis, England

and mutagens namely EMS, MMS, ENU, MMU, 5-bromouracil from
Sigma, USA and media components from Hi-Media, India. All other
chemicals were of analytical grade.

Microorganism

Cellulase producing Bacillus sp. HCB-21 used in the present work
was obtained from Research Lab-II, Department of Biotechnology,
Himachal Pradesh University, Shimla. This strain was isolated from
pine forest soil of Himachal Pradesh, identified at Institute of Microbial
Technology (IMTECH) Chandigarh and characterized in our laboratory
for its cellulolytic potential. The culture was maintained on nutrient agar
plates and stored at 4°C until further use.

Physiochemical parameters optimization

In order to enhance the production of cellulase enzyme, different
culture parameters were optimized for selected isolate Bacillus sp. HCB-
21.One variable ata time (OVAT) approach was adopted for optimization
of culture conditions for the maximum production of cellulase enzyme.
A number of variables such as eight media (M1-M8) M1 and M2 rich
in carbon source, rest of six were mineral salt media and the carbon
source, in these media was not clearly defined, incubation time (0-60
h), medium pH (4-11), inducer concentration 0.2-2%, pH (4-11) and
temperature (10-50°C) were taken into consideration for assessing their
effect on the production of cellulase enzyme.
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Mutant generation

For the purpose of mutagenesis of Bacillus sp. HCB-21 was grown
in medium M5 containing glycerol 10 g, peptone 5 g, malt extract 3 g,
yeast extract 3 g/L and 0.4% (v/v) CMC as inducer incubated at 30°C
with continuous agitation at 150 rpm up to its log phase 24 h [7]. Cells
were harvested at 10,000 g for 5 min, washed twice with sodium citrate
buffer (0.1 M; pH 7.5) and cell pellet was suspended in 1 mL of the same
buffer. These cells were further diluted up to 1 OD at 600 nm and used
for mutagenesis.

LD, calculation

LD, is that concentration of a mutagen where the number of
survival cells remains half to that of initial. This was estimated by
treating the resting cells of Bacillus sp. HCB-21 (1 OD at 600 nm) with
different concentrations of mutagens (10-200 mg mL™"). By counting
the surviving colonies on agar plate after plating with appropriate
dilution and comparing with control plate having untreated cells, LD,
of EMS, MMS, ENU, MNU and 5-bromouracil were calculated. For
the generation of mutants, 1 ml resting cells of Bacillus sp. HCB-21
(1 OD) were treated with different concentration of mutagen on the
basis of LD, calculation and incubated at 30°C for 2 h. Treated resting
cells were washed twice with 0.1 M citrate buffer (pH 7), diluted with
saline and then plated on CMC agar plate. After incubation at 30°C for
48 h, the colonies of mutants were picked randomly and screened for
cellulase activity towards CMC [8,9].

Mutants screening

Different colonies of mutants were picked randomly and screened
via same procedure discussed in previous section and cellulolytic
activity was determined by cellulase assay for both wild and mutant
strain. Stability of mutants was checked repeatedly up-to five sub-
culturing.

Comparative analysis of reaction conditions

The various reaction conditions like buffer system, buffer pH (2-
10), buffer strength (0.1-1 M), substrate concentration (0.5%-5%),
enzyme concentration (100 uL-500 pL), reaction temperature (30-

80°C), reaction time (5-50 min), for assay of cellulolytic activity of wild
and mutant of Bacillus sp. HCB-21 were optimized for a comparative
analysis and the cellulase enzyme assay was performed as per discussed
earlier.

Storage stability

Storage stability of Bacillus sp. HCB-21 cellulase was evaluated
by incubating the enzyme at different temperatures (4°C, 30°C, 40°C,
50°C, 60°C) for 10 h and samples were withdrawn after an interval of 1
h for their cellulase activity.

Results

The major objective of the present study was to enhance the
cellulolytic potential of Bacillus sp. HCB-21 through mutagenesis.
Optimization of different culture conditions, generation of hyperactive
mutant, and comparative analysis of reaction parameters of wild and
mutant have been presented in the following sections.

Medium

Growth medium plays a very important role in providing the
desired enzymatic characters. Bacillus sp. HCB-21, when grown in
eight different growth media (M1-M8) maximum cellulase activity
recorded was 8.56 + 0.32 U/mg protein in medium M5 and the lowest
activity was 1.12 + 0.24 U/mg protein in medium M3 (Figure 1). The
growth Bacillus sp. HCB-21 was quite good in all growth media but
cellulase activity was better only in M1 and M5. However, in media M2
and M3 the production of the non-specific crude enzyme was much
higher but very little cellulolytic potential was recorded. Since medium
M5 emerged as best, this growth medium was selected for future
experiments.

Incubation time

The results depicted in Figure 2 showed that the production
of cellulase enzyme by Bacillus sp. HCB-21 is related to its growth.
Cellulolytic activity increased exponentially with increasing amount of
protein production thereafter it showed a decline. The production of
cellulase activity was maximum (10.28 + 0.52 U/mg protein) after 30
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Figure 1: Effect of different media on the production of cellulase enzyme by Bacillus sp. HCB-21.
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h incubation and after that, a gradual decline was observed in cellulase
activity as well as enzyme production (Figure 2).

PY optimization

pH of the growth medium induces morphological changes in the
organism, alters its behavior and also affects the subsequent production
of the enzyme. Bacillus sp. HCB-21 was grown in the selected growth
medium having different pH ranging from 4-11, in order to select the
optimal pH for cellulase production (Figure 3) Maximum enzyme
activity of 11.56 + 0.52 U/mg protein was observed at pH 8.0 and least
at pH 4 (0.62 £ 0.32 U/mg protein). The organism was quite active in
a wider pH range of 6.5 to 9.5 with 1.82 + 0.46 U/mg proteins to 5.2
+ 0.53 U/mg protein yield of cellulase enzyme. The unique feature
of this organism with good enzyme yield in wider pH range makes
it interesting strain for industrial applications especially at high pH
(Figure 3).

Inducer concentration

Cellulose (CMC) acts as an inducer for the production of cellulase.
Cellulase production by Bacillus sp. HCB-21 was studied by growing
it in M5 medium (pH-7, temperature 30°C) with varied CMC
concentrations, 0.2 to 2.0% (w/v) in the M5 medium and cellulase
activity was recorded in each case. As shown in Figure 4, an increasing
trend in the activity of cellulase was observed with CMC concentration
up to 1.4% with maximum specific activity of 12.79 + 0.47 U/mg, but
thereafter, a decrease in activity was recorded with increasing CMC
concentration. Interestingly substrate concentration of 0.8-1.60% had
a very prominent effect on cellulase activity with a non-significant
difference in enzyme yield but the concentration below and above this
range showed a sharp decline in enzyme activity (Figure 4).

Temperature

To study the effect of varied levels of temperature on the production
of cellulase by Bacillus sp. HCB-21, it was grown at different temperatures
ranging from 10 to 50°C and the results have been summarized in
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Figure 5. The results indicated that enzyme production decreased with
increasing temperature with maximum enzyme activity of 14.51 + 0.63
U/mg proteins at 30°C. Further increase in temperature upto 50°C
resulted in a decline in the cellulase activity with the minimum activity
of 3.42 + 0.34 U/mg proteins at 50°C (Figure 5).

Mutant generation

Mutants of Bacillus sp. HCB-21 for enhanced cellulolytic activity
and improving its tolerance towards higher product concentration were
generated using different mutagens. LD50 of EMS, MMS, ENU, MNU
and 5-bromouracil for Bacillus sp. HCB-21 were found to be 75, 75,
60, 64 and 200 mg mL"!, respectively. Total 243 mutants generated with
these mutagens and 19 mutants were found as positive for cellulose
degradation (data not shown) of which five maximum cellulolytic
activity were selected. Out of five only one mutant EMS-11 which
retained its cellulase activity, (E-11) was selected for further studies.

Mutant E-11 stability

The stability of mutant E-11 was checked by repeated sub-culturing
and determination of cellulase activity. The mutant E-11 exhibited
maximum activity of 39.6 + 0.55 U/mg proteins in comparison to wild
14.51 * 0.45 U/mg proteins. The stability profile of cellulase activity for
mutant E-11 has been shown in Figure 6.

Buffer system and pH

Five different buffer systems viz. Tris-HCI, citrate, potassium
phosphate, carbonate-bicarbonate and glycine NaOH and (50 mM)
with varying pH were tested for cellulase activity by the selected mutant
E-11. Among these, the highest cellulase activity of 42.12 + 0.55 U/mg
protein was exhibited by the mutant in citrate buffer (50 mM) at pH 6.0.
The wild isolate also showed the highest activity in citrate buffer (14.96
+ 0.47 U/mg protein) at pH 6 (Table 1). In case of other buffers both
wild as well mutant did not show much improvement in the enzyme
activity. It is quite evident from the results that this enzyme showed
activity in acidic pH while buffers which are alkaline in nature did not
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Figure 2: Effect of incubation time on the production of cellulase enzyme by Bacillus sp. HCB-21.
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Figure 3: Effect of pH on cellulase activity and enzyme production by Bacillus sp. HCB-21.
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Figure 5: Effect of temperature on cellulase activity and its production by Bacillus sp. HCB21.
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Figure 6: Stability profile of cellulase activity of mutant E-11 against wild strain.
Comparative analysis of reaction parameters for cellulase activity of the wild and mutant EMS-11 of Bacillus sp. HCB-21

pH/Buffer Specific activity (U/mg protein)
System Tris-HCI Citrate Potassium phosphate Carbonate-bicarbonate Glycine NaOH
Strain wild Mutant E-11 Wwild Mutant E-11 Wild Mutant E-11 Wild Mutant E-11 Wild Mutant E-11
2 4.16+0.45| 10.24+£0.12
2.5 524+0.31| 1243+0.22
3 556 +0.42| 13.96+0.32 |10.96+0.23| 14.96 + 0.46
3.5 6.06 +0.23 | 14.19+0.24 |10.96+0.35| 16.96 + 0.40
4 6.86+0.33 | 14.23+0.54 |12.96+0.34| 24.96+0.24
4.5 7.25+0.15| 1549+042 |13.96+0.46| 28.96 +0.67
5 744+022| 16.56+0.32 |13.96+0.12| 34.96 + 0.56
5.5 14.96 + 0.54| 38.96+0.24
6 1496 £0.47 | 42.12%0.55 |13.26+0.45| 34.97+0.43
6.5 13.96 +0.33| 40.96+0.34 |14.34+0.34| 35.16+0.24
7 1296 +0.45| 40.96+0.14 |14.86 +£0.23| 38.44 +0.54 14.44 +0.54 | 34.54+0.24
7.5 12.29+0.54 | 37.72+0.33 14.86 £+ 0.21| 34.56 £0.40
8 11.25+£0.22| 35.35+0.24 |13.12+0.34| 33.88+0.16 [13.43+0.12| 24.78+0.34
8.5 11.45+0.24| 30.12+0.32 |1245+0.28| 30.16+0.67 [13.65+0.32| 24.33+0.24
9 9.22+0.36 | 28.08+0.38 |12.67+0.16| 27.34+0.25 | 9.34+0.20 14.87 £ 0.15
9.5 11.36 £0.17 | 22.22+0.32 | 7.89+0.14 9.34 £ 0.26
10 9.54+0.19 | 14.78+0.24 | 5.33+0.45 7.12+0.21

Table 1: Showing comparative analysis of different buffers and their pH on cellulase activity of mutant E-11 against the wild strain.

work efficiently and showed decreased trends of cellulose activity in
alkaline pH.

Buffer ionic strength

The molarity of citrate buffer of pH 6.0 was varied from 0.1 to 1.0
M for the assay of cellulase activity. The wild strain showed maximum
activity 16.02 U/mg protein in 0.5 M citrate buffer while mutant
showed highest activity at 0.6 M of citrate buffer (43.89 + 0.43 U/mg
protein) at pH 6.0 (Figure 7). The wild strain of Bacillus sp. HCB-21 also
exhibited cellulase activity in the same buffer at same pH but at different
concentration. On increasing the ionic strength of buffer, both the wild
and mutant strains showed a decrease in enzyme activity which may be
due to the instability of ES complex at higher buffer molarity.

Substrate concentration

Effect of substrate concentration on cellulase activity was studied

using various concentrations (0.5% to 5%) of CMC. Highest cellulase
activity for wild strain was recorded with 1% CMC (16.26 + 0.54 U/mg
protein) while mutant showed the highest activity (48.12 + 0.27 U/mg
protein) at 1.5% concentration of substrate (Figure 8). Increasing CMC
concentrations above 1.5% resulted in decreased cellulase activities.
However, both the mutant and wild isolate did show comparatively
high enzyme activity in a wider range (1-3%) of substrate, i.e., CMC.

Enzyme concentration

Effect of enzyme concentration on cellulase activity was studied
using varied enzyme volume volumes ranging from 100 pL to 500 pL
and enzyme activity was recorded in each case (Figure 9). Highest
cellulase activity for wild isolate was observed at 200 pL (20.82 +
0.56 U/mg protein) while highest activity was recorded with 300 pL
of enzyme solution (64.24 + 0.37 U/mg protein). Hence, it was found
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that the mutant EMS-11 can tolerate more substrate concentration as
compared to mild strain.

Reaction temperature

The cellulase activity of mutant E-11 was assayed at a wide
temperature range (30°C to 80°C) to see the comprehensive effect
of varied level levels of temperature. Both wild and mutant strains
exhibited maximum cellulase activity at 70°C with 20.87 + 0.56 U/mg
protein and 76.45 + 0.22 U/mg protein respectively in 0.1 M citrate
buffer (pH 6.0) (Figure 10). The cellulase from HCB-21 and its mutant
E-11 seem thermotolerant when checked with reaction temperature
(30-70°C). An increase was observed in the cellulase activity of this
strain up to 70°C. However, a decline started beyond 70°C due to the
instability of enzyme activity.

Reaction time

The cellulase assay was performed at selected temperatures for both

wild and mutant strains. The samples were withdrawn at an interval of
5 min up to the period of 45 min and cellulase assay was done in each
case. The highest activity was shown by wild isolate after at 25 minutes
22.13 + 0.28 U/mg protein and for mutant after 20 min with 85.04 +
0.46 U/mg protein that might be due to the faster interaction of mutant
cellulase than wild cellulose (Figure 11).

Shelf life

The shelf life of cellulase enzyme from HCB-21 of wild and mutant
E-11 was investigated by pre-incubating the enzyme at different
temperatures, i.e., 30°C, 40°C, 50°C, 60°C, 70°C and 80°C. The cellulase
activity was checked after every 20 min and recorded the enzyme
preparation were found stable at 30°C, 40°C till 3 hours but thereafter
a decrease in activity was observed (Table 2). At 70°C and 80°C, there
was an abrupt decline in activity after 1 h of incubation at the respective
temperatures. A similar trend was also observed for the mutant E-11.
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Strain and 20 min 40 min 60 min 80 min U/ 100 min 120 min 140 min 160 min 180 min
Temperature U/mg protein | U/mg protein | U/mg protein | mg protein | U/mg protein | U/mg protein | U/mg protein | U/mg protein | U/mg protein
Wild (30°C) 22.13+0.28 | 22.43+0.23 21.87+0.32 |21.21+0.31| 20.32+0.33 | 20.21+0.54 | 19.43+0.21 | 19.54 +£0.23 19.21 £ 0.43
Mutant (30°C) 85.04 +0.46 | 85.65+0.45 8540+ 0.28 [84.60+0.33| 84.63+0.65 | 84.76+0.45 | 83.78+0.79 | 83.76 +0.54 83.54 + 0.65
Wild (40°C) 22.13+0.28 | 21.87+0.76 20.45+045 |20.66+0.64| 19.13+£0.76 | 19.20+0.28 | 18.76 £+0.23 | 18.32+0.26 17.13+£0.76
Mutant (40°C) 85.04 +0.46 | 85.21+0.53 84.32+0.90 [84.32+0.73| 84.18+0.23 | 83.10+0.98 | 83.23+0.43 | 83.76+0.24 82.43 +£0.76
Wild (50°C) 22.13+0.28 | 21.76 £ 0.86 20.75+0.32 |20.42+0.31| 19.11+£0.77 | 19.15+0.32 | 18.65+0.87 | 17.13+0.23 17.76 £ 0.23
Mutant (50°C) 85.04 £ 0.46 | 84.52+0.40 84.22+0.22 |83.70+0.33| 82.15+0.22 | 82.31+0.42 | 81.87+0.32 | 81.18+0.88 80.16 £ 0.29
Wild (60°C) 22.13+0.28 | 20.46+0.24 19.31+£0.67 |19.61+0.26| 18.13+0.75 | 18.76 £0.87 | 17.32+0.23 | 17.32+0.42 16.37 £ 0.32
Mutant (60°C) 85.04 +0.46 | 84.68+0.54 83.86 + 0.68 [83.16+0.29| 82.53+0.23 | 81.82+0.24 | 80.42+0.90 | 80.65+0.82 79.48 + 0.87
Wild (70°C) 22.13+0.28 | 19.79+0.79 18.42+0.31 |17.72+0.13| 16.76 £0.76 | 15.32+0.27 | 15.18+0.32 | 14.13+0.76 14.42 £0.23
Mutant (70°C) 85.04 +0.46 | 84.12+0.43 83.32+0.54 [82.15+0.13| 81.74+0.22 | 80.65+0.64 | 79.11+0.66 | 78.87 +0.22 77.48 £0.75
Wild (80°C) 2213+0.28 | 18.74+0.23 16.70+0.76 |14.31+£0.19| 13.28+0.21 | 11.76 £+0.28 | 09.76 + 0.22 | 08.34 + 0.76 07.24 + 0.63
Mutant (80°C) 85.04 £ 0.46 | 83.86 +0.65 81.32+0.68 |80.97+0.43| 78.65+0.75 | 76.76 £+ 0.67 | 74.87 +0.95 | 72.76 + 0.32 70.63 £0.78

Table 2: Showing storage stability of cellulase enzyme of wild and mutant E-11 of Bacillus sp. HCB-21.

Enzyme from mutant when incubated at 30°C and 40°C showed better
stability in comparison to the wild one.

Discussion

The results of the various experiments conducted to enhance the
activity of cellulase through mutagenesis of hyper producer Bacillus sp.
HCB-21 using chemical and physical mutagens and further optimization
of various reaction conditions have been discussed in the following
sections. Various techniques are available for strain improvements
such as genetic engineering, metabolic engineering, and mutagenesis.
Of these techniques, mutagenesis which has been efficiently used are
one of the best economic method for improvement of microorganisms
[10]. Mutants, have been successfully constructed using error PCR
(ePCR) and high throughput screening system to screen the library for
improved activity [11,12]. In the present study, Bacillus sp. HCB-21 has
been used for cellulose degradation. In order to enhance its cellulolytic
potential various culture conditions were optimized and M5 medium
supplemented with 1.6% CMC as inducer, (pH 8.0) rich in minimal
salts was found best for cellulase production in 30 h when incubated
at 30°C with maximum cellulolytic activity, i.e., 14.51 + 0.63 U/mg
protein. Similar results were observed by Dias and co-workers when
Bagcillus sp. C1IAC55.07 was grown at 32°C for 54 h, produce 366 U/L
cellulase activities [13]. Similar findings were also observed by Verma
et al., when Bacillus subtilis was grown at 45°C for 48 h which showed
11.51U/ml and 12 IU/ml CMC activity respectively [14].

In order to enhance the cellulolytic potential of Bacillus sp. HCB-
21 it was subjected to chemical, i.e., EMS, MMS, BU and physical
mutagenesis using UV. Total 243 mutants were generated, out of which
19 showed higher activity than wild and rest showed activity similar or
less than wild. Five mutants which showed quite higher cellulase activity
were further sub-cultured till seventh subculture and the mutant strain
(EMS-11) generated using 100 mM EMS was selected for further studies
based on its comparative performance. The enhancement in enzyme
activity more is due to increase in gene copy number and amplification
of the DNA region [15]. The EMS has been reported to induce point
mutation by transition i.e. GT to AT base pair [16]. The enzyme activity
largely depends on the buffer system, concentration, and pH of buffer
component and pH of the reaction medium. The cellulase activity of
wild and mutant of Bacillus sp. HCB-21 was found maximum at pH
5.0 and pH 6.0 respectably in citrate buffer. It indicates that the enzyme
had attained the most active (catalytic state) ionization state at this pH.

The results of the present study, i.e., enzyme being most active at
pH 6 are also similar to the findings. Results showed that pH above

and below the pH range of 4-9 caused the loss of activity. Variation
of external pH may directly affect cytoplasmic pH of microbial cells
thus resulting in decreased microbial growth or enzyme production by
disrupting the plasma membrane or inhibiting the activity of different
metabolic enzymes. Alteration of pH may also change the ionization
state of nutrient molecules and reduce their availability to the organism.
Change in the pH not only affects the shape of the active site of the
enzyme but may also change the charge properties of substrates so
that either the substrate cannot bind to the active site or its catalysis
is not achieved. Buffer maintains an ambient pH and ionic strength
for activity of enzyme. The enzyme assumes perfect conformation or
ionization state at optimum pH that favors maximum catalysis [17].

The maximum activity of cellulase was observed at 1.5%
concentrations of CMC for both Bacillus sp. HCB-21 (22.77 U/mg
protein) and mutant EMS (74.23 U/mg protein) [18-20]. Verma et al.
[14] have also reported the maximum activity of 20 IU/ml with 1.5%
substrate concentration. Higher or lower substrate concentrations
caused decreasing activity. Bacillus sp. HCB-21 gave maximum
cellulolytic activity in 25 min whereas in case of mutant E-11 reaction
time was reduced by 20 min thus revealing greater affinity of enzyme
towards substrate compared to wild strain [21-25]. With the increase
in time enzyme activity decreased which might be due to denaturation
of the enzyme on prolonged incubation. The enzymes from both wild
and mutant were stable up to 40°C and beyond this temperature activity
decreased [26-28].

Higher temperature resulted in higher kinetic energy which in turn
lead to fasten the rate might result in thermal denaturation of enzyme.
At 40°C and beyond the activity of cellulase of Bacillus sp. HCB-21and
its mutant decreased, which might be due to the breakdown of the
intermolecular attractions between polar groups (H-bonding, dipole-
dipole attraction) as well as the hydrophobic forces between non-polar
groups within the protein structure with temperature changes [9].
Secondary and tertiary structures of protein also change when these
forces are disturbed. Some researchers have also reported maximum
production of cellulase at 40-50°C [29-31]. To increase the enzyme
yield, mutant like E-11 produced in the present study seem extremely
useful which can be successfully employed as a bioresource for various
important biotechnological applications such as animal feed, textiles,
pharmaceutical and chemical synthesis, clarification of fruit juices,
manufacturing of bread and wine and renewable energy products, such
as bio-ethanol after extensive R&D and scale-up/demonstration efforts.
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Conclusion

The catalytic efficiency of cellulase from Bacillus sp. HCB-21 was
enhanced 10 folds by chemical mutagenesis. EMS proved to be the
best mutagen with enhanced cellulolytic activity (85.04 + 0.46 U/mg
protein) of mutant E-11 that showed better efficiency at higher pH (6.0)
and showed higher substrate tolerance (1.5% CMC) for the production
of fermentable sugar. These findings showed that chemical mutagenesis
can be efficiently utilized to improve the catalytic efficiency of not only
cellulase but various other industrially significant enzymes.
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