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ABSTRACT: Proteases are the most important group of industrial enzymes and constitute 60% of the total
worldwide enzyme sales. Strain improvement is an essential part of enhanced production of enzymes from
wild strain available. In present study a wild strain Bacillus sp. APR-4 producing 2578±0.1 U/ml protease in
GYP medium at pH 7.0 after 40h incubation at 50oC was used for random mutagenesis by physical, chemical
and combined method to obtain a hyper producer mutant. The physical mutagenesis using UV-radiation
resulted in 32.4% rate of survival of wild strain after 90 minute exposure which decreased gradually to 0%
after 150 minutes. Isolate UV8 showed maximum zone of hydrolysis (13±0.1mm) and enzyme activity
(2599±2.6U/ml). The chemical mutagenesis of Bacillus sp. APR-4 resulted in 28% survival rate after 90 min
exposure with EMS at 200 µg/ml concentration. In EtBr (150 µg /ml), MMS (150 µg/ml), and FU (200 µg/ml)
after 90 minutes exposure the survival rate was 38%, 20% and 25% respectively. In this study out of the 35
mutant isolates, EMS20 exhibited maximum zone of hydrolysis (18±0.2mm) and optimum enzyme activity
(2678±1.5U/ml) at 200µg/ml of EMS. In combined mutagenesis the isolate UV8 with optimum zone of
hydrolysis and protease activity was treated with chemical mutagens and out of total 71 isolates screened the
mutant UVEMS52 exhibited maximum zone of hydrolysis (25±0.1mm) and optimum enzyme activity
(3209±0.1U/ml). In overall a 1.24 fold increase in enzyme production over parent strain was observed after
combined mutagenesis.
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INTRODUCTION

A continuous effort is being made on search for new
range of enzymes to meet the increasing industrial
demands for enzymes capable to withstand extreme
industrial process conditions (Zhang and Kim, 2010).
The current status of enzyme market is currently $5.1
billion and is expected to rise upto 6.3% annually (Cui
et al., 2015). Proteases are among one of the three
largest groups of industrial enzymes and account for 60
% of the total enzyme sales (Zambare et al., 2011).
Proteases possess a wide range of industrial
applications, mainly in detergents, leather processing,
food processing, bioactive peptide synthesis, metal
recovery, medical purposes, chemical industries, as
well as in waste treatment (Lopez-Otin and Bond,
2008).

Despite massive use of enzymes in
biotechnological applications, there is still significant
need for improvement of enzymes in industrial
processes. Most of the industrial strains currently used
for the production of novel compounds are obtained
from their natural habitats and are unable to synthesize

desired products in bulk and thus affecting both cost
and the productivity. The enzymes used in industrial
applications should be reusable, reproducible with low
cost (Sawant and Nagendran, 2014). Mutants of wild
can reduce the costs with increased productivity and
can possess some specialized desirable characteristics
(Jeyasanta and Patterson, 2014). Mutagenesis through
classical genetic approach involves the use of random
mutations to improve the desired metabolite yield in a
particular wild strain (Chen et al., 2008). A series of
mutagenic treatments using either physical or chemical
mutagens are given to parent strain for developing a
better yielding strain (Soliman et al., 2016).  In Pantoea
dispersa for strain improvement gamma radiation and
UV-mutagenesis were used as physical agents (Gohel et
al., 2010). UV radiation was used as a physical
mutagen in other study to improve the protease
production in Bacillus subtilis (Mrudula et al., 2012). In
a similar investigation either physical or chemical
methods were used for hyper production of protease
from Bacillus sp. (Raju and Divakar, 2013; Nadeem et
al., 2010).
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There are very few reports available on combined
mutation studies of Bacillus sp. for hyper protease
production. Therefore, the aim of present study was to
use some physical, chemical and combined methods of
mutagenesis to obtain hyper protease producer strain of
wild culture Bacillus sp. APR-4 reported earlier (Kumar
and Bhalla, 2002; Kumar et al., 2004) with potential in
silver recovery from x-ray film (Kumar et al., 2002a),
protein recovery from waste meat bone (Kumar et al.,
2003), detergent supplement (Kumar et al., 2004a) and
biologically active dipeptide synthesis (Kumar et al.,
2003a).

MATERIALS AND METHODS

A. Chemicals and microorganism used
Chemical mutagens viz; Ethylmethanesulfonate (EMS),
Methylmethanesulfonate (MMS), Ethidiumbromide
(EtBr) and Flourouracil (FU) used in present study were
purchased from International Scientific and Surgicals,
Solan Himachal Pradesh and other chemicals were of
analytical grade. The bacterial isolate Bacillus sp. APR-
4 as mentioned earlier in introduction (Kumar et al.,
2002) was used in the present study.

B. Preparation of cell suspension
Stock culture of Bacillus sp. APR-4 was

maintained in GYP medium (glucose 10g, yeast extract
5g, peptone 5g, NaCl 5g, MgSO4.7H2O 0.25g, CaCl2

2H2O 0.5g/L) with 70% glycerol and stored at -20°C. A
loopful culture of Bacillus sp. APR-4 was transferred
into 50 ml of GYP medium and incubated at 55°C for
48h in an incubator shaker. After incubation it was
centrifuged at 5,000 rpm for 30 minutes at 4°C to get
the pellet of cells. The pellet was re-suspended in 10 ml
sterile normal saline (0.85%) to prepare the cell
suspension for further studies.

C. Physical, chemical and combined mutagenesis of
Bacillus sp. APR-4

The improvement of culture was done by using
physical and chemical methods of mutagenesis. For
physical mutagenesis, 4 ml of cell suspension
containing 1×107 cells/ml were pipetted aseptically into
sterile petriplates and exposed to UV light in Laminar
Air Flow cabinet for different time interval (0-150
minutes) and stored in dark overnight to avoid
photoreactivation. After this the cell suspension were
serially diluted in saline and plated on GYP agar
medium and  incubated for 48 h at 55°C.

For chemical mutagenesis different mutagens
viz., ethylmethanesulphonate (EMS), ethidium bromide
(EtBr), fluorouracil (FU) and methylmethane sulfonate
(MMS) were used. A 2-5 ml of cell suspension were
pipetted aseptically into equal volume of different
concentration (50-250 μg/ml) of chemical mutagens
and placed at room temperature (25-27°C) for different
time interval (0-150 min). After this, the microbial
culture was centrifuged at 5,000 rpm for 15 min and

cell pellet thus obtained was resuspended in 10 ml of
saline to stop the reaction. The washed cell suspension
were further serially diluted in saline and plated on
GYP agar medium and incubated at 55°C for 48 h.

In combined mutagenesis, a hyper mutant
selected after physical mutagenesis with maximum
zone of hydrolysis and enzyme activity was further
treated at different concentrations (50-250 μg/ml) of
above chemical mutagens and plated on GYP medium
and incubated at 55°C for 48 h.

All mutants obtained through physical and
chemical mutagenesis were compared with parent strain
on the basis of zone of hydrolysis in GYP agar medium
around colonies and also by assaying the enzyme
activity in GYP production medium. Protease enzyme
activity was determined by the method Manachini et al.
(1988) and one unit of enzymatic activity is defined as
the amount of enzyme required to release 1 micro gm of
Tyrosine/ml/min under assay conditions.

RESULTS AND DISCUSSION

A. Strain Improvement using different mutagenesis and
selection of mutants

The wild strain of Bacillus sp. APR-4 isolated earlier
(Kumar et al., 2002) was evaluated for its improvement
with physical, chemical and combined mutagens at
different concentration and different time interval of
exposure to obtain hyper protease producer mutant of
the wild strain. The mutants thus obtained through
systemic mutagenesis were compared for improvement
with parent strain on the basis of zone of hydrolysis and
production of protease in GYP medium as discussed in
methodology.

B. Physical mutagenesis of Bacillus sp. APR-4
The physical mutagenesis using UV-radiation with

parent strain resulted in 32.4% rate of survival after 90
minute exposure which decreased gradually to 0% after
150 minutes as shown in Fig. 1. Similar trend of
decrease in survivability with increase in UV exposure
time was reported in earlier studies on strain
improvements (Mukhtar and Haq, 2008; Soliman et al.,
2004; Dutta and Banerjee, 2006; Javed et al., 2013;
Merz et al., 2006). Isolate UV8 showed maximum zone
of hydrolysis (13±0.1mm) and enzyme activity (2599±
2.6U/ml) and minimum zone of hydrolysis and activity
was present in isolate UV10 as shown in Table 1.
Similarly Bacillus cereus GD55 showed maximum
enzyme production (14.60±1.15 U/ml) after 70 minute
exposure to UV radiation (Raju and Divakar, 2013). In
another study 1.44 fold increase in alkaline protease
production over the parent strain Bacillus
pantotheneticu was reported by Shikha and Darmwal
(2007). A 2.5 fold increase in protease over parent
strain was produced by UV mutant of Pseudomonas sp.
JNGR242 (Dutta and Banerjee, 2006).
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Fig. 1. Effect of UV radiation exposure on survival rate of Bacillus sp. APR-4 (1×107 cells) at room temperature.

Table 1: Selection of mutants of Bacillus sp. APR-4 after treatment with UV radiation exposure at room
temperature.

*Data: mean± SD (n=3)

C. Chemical mutagens of Bacillus sp. APR-4
On the other hand chemical mutagenesis of Bacillus

sp. resulted in 28% survival rate after 90 min exposure
with EMS at 200 µg/ml concentration. However with
EtBr (150 µg/ml), MMS (150 µg /ml) and FU (200

µg/ml) after 90 minutes exposure the survival rate was
38%, 20% and 25% respectively. It decreased gradually
with increase in exposure time to 0% after 150 min, 120
min, 150 min and 150 min respectively in above
chemical mutagens as shown in Fig. 2.

(A)                                                             (B)

Physical Mutagen Exposures time  in
UV radiation (min)

Selected mutant
isolates with code

Zone of
hydrolysis (mm)

Protease activity* (U/ml)

UV radiation

30

UV1 12±0.1 2581±1.5

UV2 12±0.2 2580±3.6

UV3 11±0.1 2475±3.2

60

UV4 12±0.3 2579±2.0
UV6 12±0.1 2470±1.5
UV5 12±0.2 2582±3.6
UV7 12±0.3 2584±1.7

90

UV8 13±0.1 2599±2.6
UV9 7±0.2 1449±3.0
UV10 7±0.1 1337±3.6
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(C) (D)

Fig. 2. Effect of different chemical mutagens on survival rate of Bacillus sp. APR-4 (1×107 cells) at room
temperature. [(A) Ethylmethanesulfonate (EMS); (B) Ethidiumbromide (EtBr); (C) Methylmethanesulfonate

(MMS); (D) Flourouracil (FU)].

Similar pattern of decrease in survival rate with
increase in exposure to chemical mutagen also been
reported earlier (Nadeem et al., 2010; Dutta and
Banerjee, 2006; Javed et al., 2013). In present study out
of the 35 mutant isolates, EMS20 exhibited maximum
zone(18±0.2mm) and optimum enzyme
activity(2678±1.5U/ml) at 200µg/ml concentration of
EMS and minimum zone of hydrolysis (7±0.1mm) and
activity (936±2.0 U/ml) was observed in isolate FU47
as shown in Table 2.

D. Effect of combined mutagenesis
In combined mutagenesis the isolate UV8 with

optimum zone of hydrolysis (13±0.1mm)  and optimum
protease activity (2599±2.6U/ml)  was treated with
different chemical mutagens for 90 min at (50-250
µg/ml) concentrations. In overall 71 isolates were
screened and out of 71 mutants, isolate UVEMS52
exhibited maximum zone of hydrolysis (25±0.1mm)
and optimum enzyme activity (3209±4.0U/ml) as
shown in Table 3.

(A)                                                                  (B)

Fig.  3. Zone of casein hydrolysis of cultures on skimmed milk agar plates after incubation at 55oC for 48h. [(A)
wild culture of Bacillus sp. APR-4 (10mm±0.01) and (B); its mutant UVEMS-52 (25mm±0.01)].
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Table 2: Mutants of Bacillus sp. APR-4 selected on the basis of zone of hydrolysis and enzyme activity after
treatment with different chemical mutagen.

Chemical Mutagen Conc. of mutagens
(µg/ml) used

Selected mutant
isolates with code

Zone of hydrolysis
(mm)

Protease activity*
(U/ml)

Ethylmethanesulfonate
(EMS)

50 EMS11 13±0.4 1899±3.5
100 EMS12 12±0.2 1612±2.0

150

EMS13 12±0.3 1750±3.7

EMS14 10±0.4 1209±3.2

EMS15 13±0.1 2184±3.2

EMS16 11±0.1 1438±2.6

EMS17 12±0.2 1532±3.5

EMS18 11±0.3 1369±1.5

200

EMS19 17±0.1 2486±3.0

EMS20 18±0.1 2678±1.5

EMS21 17±0.2 2544±2.0

250 EMS22 15±0.2 1894±1.0

Ethidiumbromide
(EtBr)

50 EtBr25 11±0.1 1331±2.0

EtBr26 11±0.1 1488±2.5

100

EtBr27 12±0.1 1502±2.6
EtBr28 12±0.2 1560±4.5

EtBR29 16±0.1 1968±3.5

EtBr30 10±0.1 996±2.6

150 EtBr31 15±0.2 1641±4.5

200 EtBr32 10±0.1 1180±4.5

EtBR33 11±0.2 1252±4.5

Methylmethanesulfonate
(MMS) 50

MMS34 12±0.4 1680±3.5

MMS35 12±0.2 1536±1.5

100

MMS36 12±0.1 1446±4.3

MMS37 13±0.1 1651±3.4
150 MMS38 17±0.3 2432±3.6

200
200

MMS39 14±0.2 1809±4.3

MMS40 12±0.2 1588±3.2

250 MMS41 12±0.1 1507±2.9

Flourouracil
(FU)

50 FU42 9±0.2 1339±3.2

100 FU43 9±0.3 1372±3.2

150 FU44 10±0.2 1446±3.0

150 FU45 9±0.1 1481±2.0
200 FU46 8±0.2 1243±2.0

250 FU47 7±0.1 936±2.0
*Data: mean± SD (n=3)
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Table 3: Use of chemical mutagens on UV exposed hyper mutant (UV8) of Bacillus sp. APR-4 as combined
mutagenesis to evaluate its effect in hyper protease production.

Mutagen Conc. of chemical
mutagens (µg/ml)

Selected isolates
and their codes

Zone of
hydrolysis
(mm)

Protease
activity
(U/ml)

Ethylmethanesulfonate
(EMS)

50 UV+EMS48 18±0.2 2780±2.5
100 UV+EMS49 21±0.1 2817±2.8
150 UV+EMS50 21±0.2 2734±2.5
200 UV+EMS51 24±0.2 3191±3.0

UV+EMS52 25±0.1 3209±4.0
250 UV+EMS53 12±0.3 1598±2.0

Ethidiumbromide
(EtBr)

50 UV+EtBR54 21±0.1 2729±1.2
100 UV+EtBR55 19±0.1 2140±2.0

UV+EtBr 56 18±0.3 2251±4.3
150 UV+EtBR57 13±0.2 1761±1.5

UV+EtBR58 15±0.1 1836±2.0
200 UV+EtBR59 13±0.2 1630±4.3
250 UV+EtBR60 12±0.1 1512±4.5

Flourouracil
(FU)

50 UV+FU61 9±0.2 1091±1.5
100 UV+FU62 10±0.1 1140±1.5
150 UV+FU63 9±0.2 1106±1.5
200 UV+FU64 8±0.1 963±2.6
250 UV+FU65 8±0.3 945±2.3

Methylmethanesulfonate
(MMS)

50 UV+MMS66 10±0.1 1224±3.5
100 UV+MMS67 12±0.2 1569±2.9

UV+MMS68 13±0.1 1646±1.5
150 UV+MMS69 21±0.1 2700±4.3
200 UV+MMS70 15±0.2 1778±2.6

*Data: mean± SD (n=3)

The present finding are supported by earlier work by
Nadeem et al. (2010) which reported 2.1 fold increase
in enzyme activity when Bacillus pumilus was exposed
to UV radiation followed by EMS and MMS. Similarly
in Bacillus cereus GD55 mutant developed by
combined mutagenesis using EtBr followed by EMS,
showed 2 fold higher fibrinolytic protease production
than wild strain (Raju and Divakar, 2013).

CONCLUSION

In the present study the improvement of Bacillus sp.
APR-4 isolated earlier was carried out through systemic
mutagenesis using physical, chemical and combined
mutagens to isolate a hyper protease producer strain.
For this UV- radiation was used as physical mutagen,
and  EMS, EtBr, FU and MMS were used as chemical
mutagens individually. The protease activity increased
to 2599±2.6U/ml in mutant (UV8) with UV exposure
alone.

On the other hand chemical mutagens increased this
production to 2678±1.5U/ml and rate of survival get
decreased with increased exposure time after treatment
of wild strain with different chemical mutagen. Further
the UV optimized mutant UV8 was treated with
individual chemical mutagens at different concentration
to see the combined mutagenesis effect on protease
production. However, subsequent treatment of UV
optimized mutant with chemical mutagen, further
increased this production to 3209±4.0 U/ml in mutant
UVEMS52. This mutant showed 1.24-fold increase in
enzymatic activity as compared to its wild strain. In
conclusion this mutant strain with increased protease
production will have more impact on enzyme economy
for use in various industrial applications. The detailed
characterization of this mutant of wild Bacillus sp.
APR-4 is further under process to evaluate its potential.
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