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Abstract: The search for better microbial sources of enzymes has long been an area of active research owing to the 
clear and distinct importance in todays’ world where exploration and application of environment friendly products has 
become a necessity. Though the natural, wild microbial strains, are continuously be searched and explored for their 

potential for amylase production yet, simultaneous attempts for improved enzyme production are necessary too. In the 
present study, a comparison between the influence of different mutational treatments (UV treatment and EMS-EtBr 
treatment) on amylase production was studied. Aspergillus fumigatus NTCC1222, an indigenously isolated amylase 

producer, which has shown an amylase activity of 341.7 U/mL under optimized conditions of SSF in our previous study, 
was subjected to UV- and EMS-EtBr- treatment for possible improved amylase production under optimized solid state 
fermentation conditions. The UV mutated strains yielded an amylase production of 614.2 U/mL while the chemically 

(EMS-EtBr) mutated strain produced 814.1 U/mL of amylase activity thereby indicating the successful enhancement in 
amylase activity for the test fungal strain. 
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1. INTRODUCTION 

A day in the history in 1833, Anselme Payen, a 

French chemist, reported the discovery of first enzyme 

ever discovered "Diastase" [1]. Since then, extensive 

studies on enzymes have brought forward their 

numerous applications, and hence they are widely 

used in many industrial processes and products [2]. 

The exponential increase in the application of enzymes 

in various fields in the last few decades demands 

extension in both qualitative improvement and 

quantitative enhancement through strain improvement 

and medium optimization for higher yield of enzymes 

[3-5]. Improvement of microbial strains for the over-

production of industrial products has been the earmark 

of all commercial fermentation processes. Such 

improved strains can better cater to the parameters of 

performance, economics and feasibility of the process 

[3]. Thus, much emphasis is given nowadays on 

optimization of their use in industries. Amylases are 

one such extracellular enzyme which constitute 25% of 

the world’s enzyme market and have found widespread 

applications in industries such as textile, paper, starch 

liquefaction, brewing, detergent, etc. [6-11]. Though, 

the sources of amylases are many such as plants, 

animals, bacteria and fungi, yet fungal amylases are 

more popular owing to the distinct advantages  
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associated with them [12-15]. Pertaining to the major 

share of amylases in world enzyme market, continuous 

efforts have been made to increase their thermo-

stability, activity and production. Classical random 

mutagenesis and genetic engineering has been widely 

used to produce mutant microbial strains with desired 

characteristics. Irradiation and chemical mutagens are 

mostly employed mutagens for mutations using random 

mutagenesis and some of them have considerably 

increased the characteristics of -amylases in order to 

satisfy one or all of the 3 E’s i.e. Energy, Environment 

and Economy [9]. Promising results through random 

mutagenesis thus has encouraged the research in this 

area [6,16-19]. Aspergillus fumigatus has already been 

shown to be a potential source of industrial enzymes; 

yet, the huge potential of the same is still to be fully 

explored [2,17,20-23]. The aim of the present study 

was to enhance the industrial value of already explored 

as a promising source of amylase, Aspergillus 

fumigatus NTCC1222, in our laboratory [24-27]. The 

study further aims to enhance the amylase production 

for the given fungal strain through mutation. 

2. MATERIALS AND METHODS 

2.1. Microbial strain and Fermentation Conditions 

The test strain, Aspergillus fumigatus NTCC1222, 

was cultivated on PDA slants, incubated at 25oC for 24 

hours and subsequently stored at 4oC. The cultures 

were maintained as a suspension of spores and hyphal 

fragments in 15% (v/v) sterile glycerol at 20 ºC. The 
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fungal strain produced 341.7 U/mL of alpha-amylase, 

0.33 IU/mL of FPase, 0.46 IU/mL of CMCase, 0.587 

IU/mL of pectinase and 106 U/mL of laccase activity 

under optimized conditions of solid state fermentation 

(viz. Incubation period 6 days, incubation pH 6.0, 

Incubation temperature 35
o
C [24]). 

2.2. Improvement of Test Fungus Using Physical 
and Chemical Mutagenesis 

The test fungal strain was grown on wheat bran 

agar medium (WBA) for 3 days at 37
o
C. The fungal 

culture plates were then exposed to UV radiations 

(254-260nm) for varying time duration (3, 5, 10, 15 and 

20 minutes) [6]. The plates were exposed at a distance 

of 50 cm away from the center of the Germicidal lamp 

that served as the source of UV radiations. Due care 

was taken to perform the aforesaid steps in dark to 

avoid photo-reactivation. The mycelia discs (5 mm 

diameter each) from exposed plates (mutants), so 

generated, were used as inoculums production of 

amylases under optimized solid state fermentation 

conditions [23]. The amylase activity was subsequently 

determined [28] which was compared with appropriate 

(wild-type fungal culture) controls. After 15 days from 

the first round of exposure to UV, the 1st-round 

mutants were re-exposed to UV light under the above 

mentioned conditions. The mutants were repeatedly 

subcultured to stabilize the same. Amylase activity was 

subsequently determined and compared with amylase 

activity for non-UV-exposed fungal culture [28]. 

1ml of 100 μl/mL ethyl methyl sulphonate (EMS) 

(pH 6.0), was added to 1mLof spore suspension (105 

spores/mL) [23,29] and incubated at 37 C for different 

time intervals (30, 60 and 90 minutes) [16]. The EMS- 

treated fungal samples were then plated to obtain 

survivors and the same were further subjected to SSF 

conditions to determine amylase activity as previously 

described. Further, each of the EMS-treated plates, 

was subsequently treated with 0.5 mg/ml EtBr solution 

(pH 5.0) and incubated at 37 C for 30, 60 and 90 

minutes [30]. After treatment, the spore suspensions 

were washed thrice by centrifugation (5000 rpm for 10 

min) with buffer (pH 6.0) and distilled water. The 

washed spores were then spread plated on wheat bran 

agar medium and incubated at 37
o
C for 3 days. The 

mutated strain was repeatedly subcultured and 

subsequently, the mutated strains were subjected to 

enzyme production under optimized conditions of SSF. 

The enzyme activity was determined as previously 

described [28]. 

3. RESULTS AND DISCUSSION 

Table 1 reports the alpha amylase production by the 

test fungus after UV-treatment. The enzyme activity of 

exposed strains did not show promising results when 

compared to the wild type after 1
st
 round-UV exposure 

Only a slight increase (366.3 U/mL) was seen in the 

amylase activity of the strain exposed to UV for 5 

minutes, while for all the other cases of varied 

treatment times, a decrease in amylase activity was 

observed in comparison to the control (wild strain). The 

amylase activity was drastically reduced for a 10-

minute exposure of UV radiations. A 2
nd

 round of UV 

exposure was given to the same fungal strain under 

same conditions as the previous exposure. 2nd round 

exposure to UV radiation was found to be a great 

success as the amylase activity of the fungal strain 

increased significantly. The highest increase was 

observed in case of 15-min-UV exposure (614.2 U/mL), 

as compared to wild type strain. Interestingly, UV 

treatment of 5 minutes to Aspergillus fumigatus was 

found to be optimum amylase production as per the 

report by other researchers [6] but in our case though 

the amylase activity at 5-min-UV-exposure was the 

best in case of 1
st
 round of UV exposure, yet as the 

improvement in enzyme activity was not too significant, 

a 2
nd

 round of UV-exposure was also investigated. And, 

as observed, after a 2
nd

 round of UV exposure, a 5 

minute exposure could not show the highest 

improvement in amylase activity. This indicated that the 

said mutation was not stably inherited. Instead, a 15-

minute exposure during the 2
nd

 round UV-treatment led 

to a stably-inherited- highest-improvement (614.2 U/mL 

of amylase activity) in amylase activity as compared to 

the control. A 3-minute-UV-exposure exhibited the 

poorest performance (284.2 U/mL), followed by that for 

5-minute-UV-exposure (307.1 U/mL) as compared to 

control. Varalakshmi et al. (2009) also reported 

reduction in amylase production on prolonged 

exposure to UV radiations in case of Aspergillus niger 

[23]. UV radiations mainly influence the hydrogen 

bonds of pyrimidic bases. Thus, the most vulnerable 

regulatory sequences must have been those containing 

the highest concentration of C + T [31,32], indicating 

the existence of control of amylase production under 

such regulon [11]. The UV light is the best studied 

mutagenic agent in prokaryotic organisms [33]. 

Table 2 reports the effect of chemical (EMS-EtBr) 

treatment on amylase production by Aspergillus 

fumigatus NTCC1222. Ethyl Methane Sulfonate (EMS) 

is an alkylating agent which carries one, two or more 

alkyl groups in reactive form. The transfer of methyl or 
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Table 1: Effect of UV Treatment on Alpha-Amylase Production by Aspergillus fumigatus 

UV exposure Time of exposure, minutes Amylase activity, U/mL 

3 341.3±2.3 

5 280.6±3.1 

10 366.3±1.8 

15 56.2±1.40 

1
st
 exposure 

20 223.1±3.4 

3 284.2±2.8 

5 307.1±4.5 

10 466.7±1.9 

15  614.2±1.4 

2
nd

 exposure (after 15 minutes) 

20 544.0±3.2 

Fermentation Conditions: Incubation period (Days): 6, Temperature ( C): 37, pH: 6, Solid Substrate: Moistening agent: 1:3. 
Enzyme assay conditions: Incubation time (minutes): 60, pH: 5, Temperature ( C): 55. 
UV treatment conditions: UV wavelength, nm: 254-260, UV Distance, cm: 50. 
‘±’Standard Deviation from the mean. 
 

Table 2: Effect of Chemical Treatment on Alpha-Amylase Production by Aspergillus fumigatus NTCC1222 

Amylase activity, U/mL at different times of mutagen exposure Fungal 
strain 

*0 *30 *60 *90 

Unexposed 342.5 

± 2.4 

- - - 

EMS-treated - 134.2±1.9 332.2±1.2 456.7±2.0 

 *0 *30 *60 *90 *30 *60 *90 *30 *60 *90 

Unexposed - - - - - - - - - - 

EtBr treated - 438.7±2.1 389.1±1.7 610.5±1.4 814.2 
±1.6 

390.7 
±1.9 

491.2±1.4 394.8 ±1.8 353.3 
±1.5 

415.0 
±2.2 

Fermentation conditions: Incubation period (Days): 6, Temperature ( C): 37, pH: 6, Substrate: Moistening agent: 1:3. 
Enzyme assay conditions: Incubation time (minutes): 60, pH: 5, Temperature ( C): 55. 
Chemical treatment conditions: EMS concentration, l/ml: 100, EtBr concentration, mg/ml: 0.5. 

ethyl groups to the bases such that their base-pairing 

potentials are altered and transitions result. Thus, it 

induces all types of mutations (transitions, 

transversions, frame shifts and even chromosome 

aberrations) with various relative frequencies [34-35]. 

Ethidium bromide intercalates double stranded DNA 

and deforms the DNA [36]. The insertion of Ethidium 

bromide in DNA stretches the DNA duplex, leading to 

frame shift mutations [32]. 90-min-EMS exposed strain 

showed an increase in amylase activity (456.7 U/mL) 

while, EMS treatment reduced amylase production for 

all other exposure times (134.2 U/mL at 30 min-EMS 

exposure and 333.2 U/mL at 60 min-EMS exposure), in 

comparison to EMS-untreated fungal strain (342.5 

U/mL). The enhancement in amylase production by 

EMS treatment has been reported by other researchers 

too [37]. EMS-exposed fungal strains were further 

exposed to EtBr treatment for 30, 60 and 90 minutes 

and its effect on amylase production under SSF was 

determined. The amylase activity was found to 

significantly improve for all the EtBr-treated strains with 

highest improvement for 60 min EMS exposed-30 min 

EtBr exposed fungal strains (814.2 U/mL) as compared 

to wild-type strain. The next best mutagen exposure 

was found to by 30 min EMS exposed-90 min EtBr 

exposed fungal strain which exhibited an amylase 

activity of 610.5 U/mL in amylase activity as compared 

to unexposed fungal strain. The rest of the fungal 

strains can be arranged in terms of decreasing 

amylase activity, compared to the unexposed fungal 

strain: 60 min EMS expose-90 min EtBr exposed 

(491.2 U/mL) > 30 min EMS exposed-30 min EtBr 

exposed (438.7 U/mL) > 90 min EMS exposed-90 min 

EtBr exposed (415.0 U/mL) > 90 min EMS exposed-30 

min EtBr exposed (394.8 U/mL) > 60 min EMS 

exposed-60 min EtBr exposed (390.7 U/mL) > 30 min 

EMS exposed-60 min EtBr exposed (389.1 U/mL) > 90 

min EMS exposed-60 min EtBr exposed (353.3 U/mL) 
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fungal strains. The use of UV and EMS treatment for 

increasing synthesis of lipases have been reported by 

Bondkly and Keera (2007) [16]. Malik et al., (2011) has 

also reported enhancement of enzymes 

(amyloglucosidase) by EMS-EtBr treatment for 

Aspergillus niger [38]. 

4. CONCLUSION 

The study indicates that the test fungal strain can be 

improved upon for the production of alpha-amylases 

under solid state fermentation conditions using UV as 

well chemical mutagenesis. The UV-mutated strain 

showed 614.2U/mL of amylase production which was 

much higher than that of control. The chemical 

treatment drastically improved amylase activity (814.2 

U/mL), indicating that chemical treatment was more 

effective in improving the amylase production by test 

fungal strain.  
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