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Abstract
Xylanases have numerous applications in various fields, thus presenting an immense interest in studying. The sources
for these enzymes include bacteria, fungi, yeast and others, the most important producers being fungi. The focus of this
study was on enhancing the fungal strain ability to produce xylanase using random mutagenesis. Several mutants from
Aspergillus brasiliensis and Penicillium digitatum were obtained through physical and chemical mutagenesis from
strains previously selected as xylanase producers. The Petri plates with the fungal spores were exposed to UV light for
physical mutagenesis at the distance of 10 cm and for 5-50 minutes. The chemical mutagenesis involved the use of Nmethyl-N′-nitro-N-nitrosoguanidine and ethyl methane sulfonate, by adding in the Petri plates with the fungal spores
150 µg/ml mutagen (N-methyl-N′-nitro-N-nitrosoguanidine or ethyl methane sulfonate). After both physical and
chemical mutagenesis, several mutant strains were randomly selected and subjected to a qualitative and quantitative
screening for their ability to produce xylanase. For the qualitative screening, the selected strains were cultivated on
selective xylan agar medium with 0.8% oat spelt xylan as the only carbon source. The plates were analysed at every 24
h for the occurrence and evaluation of the hydrolysis area, using Congo red staining. Based on the measurements of the
halo diameter, several strains were selected for a quantitative screening, using the DNS assay for reducing sugars to
determine the xylanase activity. In order to determine the specific enzymatic activity, the protein assay was carried out.
The comparison of the studied strains showed that there are differences concerning the production of xylanase between
the mutant strains and the original ones.
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INTRODUCTION

Mandal, 2015; Motta et al., 2013), Aspergillus
spp., Fusarium spp., Penicillium spp. (Nair and
Shashidhar, 2008; Mandal, 2015; Ja’afaru,
2013) etc., the fungal strains being preferred
due to high yields and extracellular release of
the enzymes and higher enzymatic activity.
Due to extensive use of xylanase in different
industries, the interest on achieving microbial
strains with high xylanase activity has
increased. Therefore, several methods were
used for reaching high xylanase yields:
optimizing growth culture conditions, cloning
of xylanase gene, random mutagenesis, site
specific mutagenesis, or combination of both
(Uday et al., 2015).
Random mutagenesis is often used, because is a
rapid and feasible method. This technique relies
on the exposure of the microorganism to a
physical or a chemical mutagen.
Physical mutagenesis can be achieved with
electromagnetic radiation, such as UV light, X
rays, gamma rays, or a particle radiation with

Lignocellulosic biomass, a promising renewable
resource for obtaining value-added bioproducts,
is composed mainly by cellulose, hemicellulose
and lignin. Hemicellulose, the second most
abundant natural polymer on earth (Agbor,
2011) is represented mostly by xylan, a complex
polysaccharide that consists of xylopyranosyl
residues linked by β-1.4-glycosidic bonds.
The breakdown of xylan to simpler compounds
requires the action of a group of enzymes
called xylanases, that have numerous
applications in various fields such as: pulp and
paper industry, food, feed, fabric bioprocessing, bio-fuels, beverages and juices and
many others (Dhiman et al., 2008; Haki and
Rakshit, 2003; Mandal, 2015; Polizeli et al.,
2005). The main sources for xylanases are
bacteria and fungi, the most important producers
being: Bacillus spp., Streptomyces spp.,
Pseudomonas spp. (Amore et al., 2014;
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strains after the UV treatment and to obtain
isolated colonies. Several isolated mutant
strains were randomly selected for further
analysis.

beta and alpha particles or fast and thermal
neutrons (Kodym and Afza, 2003; Ghazi et al.,
2014; Abdel-Aziz et al., 2011; Kumar et al.,
2009).
Chemical mutagenesis can be performed with
alkylating
agents
(N-methyl-N’-nitro-Nnitrosoguanidine, ethyl methane sulfonate, Nmethyl-N-nitrosourea, dimethyl nitrosamine
etc.), intercalating agents (ethidium bromide) or
azides (sodium azide) (O’Hanlon et al., 2012;
Khodayari et al., 2014; Kodym and Afza, 2003;
MacLeod et al., 1994; Hanim et al., 2013).
The aim of this study was the improvement of
Aspergillus brasiliensis ATCC 16404 and
Penicillium digitatum abilities to produce
xylanase using random mutagenesis. The
mutagenesis was performed with either
physical agent (UV irradiation) or chemical
agents (N-methyl-N’-nitro-N-nitrosoguanidine
or ethyl methane sulfonate).

Chemical mutagenesis with N-methyl-N’nitro-N-nitrosoguanidine (NTG)
After the 96 h culture growth of the Aspergillus
brasiliensis and Penicillium digitatum strains,
the spores were harvested and suspended in 20
ml sterile distilled water. For the non-treated
control, 1 ml of sodium phosphate buffer
(pH=7) was then mixed with 9 ml of spore
suspension. For the chemical mutagenesis, a
solution of 150 µg/mL of NTG in sodium
phosphate buffer (pH=7) was prepared and 1ml
of this solution was added to 9 ml of fungal
spore suspension in order to obtain the samples
for the NTG mutagenesis. Both non-treated
control and mutagenesis samples were
incubated at 30°C for 30, 45, 60, 75, 90 and
100 minutes. At each time interval, 2 mL of
samples were withdrawn from the non-treated
spore suspension and mutagenesis samples.
After incubation, the samples were centrifuged
at 4500 rpm for 30 minutes and washed with
sterile distilled water. Then, the samples were
centrifuged again at 4500 rpm for 2 minutes,
followed by resuspension of cell pellet in 10
mL of sodium phosphate buffer (pH=7). For
both control and mutagenesis samples, 10-fold
serial dilutions were performed and were plated
on PDA medium and incubated at 30°C for 48
h in order to determine the viability of strains
after the chemical mutagenesis with NTG and
to obtain isolated colonies. Several isolated
mutant strains were randomly selected for
further analysis.

MATERIALS AND METHODS
Microorganism
The fungal strains Aspergillus brasiliensis
ATCC 16404 and Penicillium digitatum were
provided by the Department of Genetics and
Genetic Engineering of the Faculty of
Biotechnology in USAMV Bucharest.
The strains were subcultured on potato dextrose
agar (PDA) medium at 30°C for 96 h.
Physical mutagenesis with UV irradiation
In order to perform the physical mutagenesis
through UV irradiation, 5 ml of sterile water
was added to each of the Petri plates with the
96 h growth of the fungal strains and spread
over the surface with a sterile Drigalski spatula.
The excess was transferred to a Petri dish and
the process was repeated. 1 ml of the spore
suspension was withdrawn for control group.
The spore suspensions were exposed to
irradiation at the wavelength of 254 nm at a
distance of 10 cm for 5, 10, 20, 30 and 50
minutes in a vertical laminar flow cabinet. The
Petri plates were uncovered and occasionally
mixed. After each UV treatment period, 1.5ml
were withdrawn for sampling analysis. For both
control and samples, 10-fold serial dilutions
were made and were plated on PDA medium.
The Petri dishes were incubated at 30°C for 48
hours, in order to determine the viability of

Chemical mutagenesis with ethyl methane
sulfonate (EMS)
After the 96 h culture growth of the Aspergillus
brasiliensis and Penicillium digitatum strains,
the spores were harvested and suspended in 20
ml sterile distilled water. For the non-treated
control, 1 ml of sodium phosphate buffer
(pH=7) was then mixed with 9 ml of spore
suspension. For the chemical mutagenesis, a
solution of 150 µg/mL of EMS in sodium
phosphate buffer (pH=7) was prepared and 1ml
of this solution was added to 9 ml of fungal
spore suspension in order to obtain the samples
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every 24 hours for the occurrence and
evaluation of the halo diameter (indication of
hydrolysis area). The Petri plates were flooded
with 0.4% Congo red dye and after 10 minutes
washed with 1M NaCl (Adesina and Onilude,
2013).
Based upon the measurements of the halo
diameter, each isolated strain was graded as
follows: low relative xylanase activity (+),
medium relative xylanase activity (++) and
high relative xylanase activity (+++). The
fungal strains that indicated a relative high
xylanase activity (+++) were selected for
further analysis.

for EMS mutagenesis. Both non-treated control
and mutagenesis samples were incubated at
30°C for 30, 45, 60, 75, 90 and 100 minutes. At
each time interval, 2 mL of samples were
withdrawn from the non-treated spore
suspension and mutagenesis samples. After
incubation, the samples were centrifuged at
4500 rpm for 30 minutes and washed with
sterile distilled water. Then, the samples were
centrifuged again at 4500 rpm for 2 minutes,
followed by resuspension of cell pellet in 10
mL of sodium phosphate buffer (pH=7). For
both control and mutagenesis samples, 10-fold
serial dilutions were performed and were plated
on PDA medium and incubated at 30°C for
48 h in order to determine the viability of
strains after the chemical mutagenesis with
EMS and to obtain isolated colonies. Several
isolated mutant strains were randomly selected
for further analysis.

Quantitative screening for xylanase production
After the qualitative screening, the selected
fungal strains, were subjected for a quantitative
screening. Therefore, the original and mutant
isolates were cultivated on liquid medium with
0.5% wheat bran or powder wheat bran and
0.3% xylan as the carbon source. Other
components of the medium were (g/L): 0.05 g
MgSO4·7H2O, 0.005 g CaCl2, 0.005 g NaNO3,
0.009 g FeSO4·7H2O, 0.002 g ZnSO4, 0.012 g
MnSO4, 0.23 g KCl, 0.23 g KH2PO4, 2 g
peptone (Adesina and Onilude, 2013). The
Erlenmeyer flasks (250 mL) containing the
medium were inoculated with the selected
original and mutant strains and incubated at
28±2ºC in an incubator with shaker at 120 rpm
for 7 days.

Viability of fungal strains after mutagenesis
The viability of the fungal strains after physical
or chemical mutagenesis was determined by
comparing the calculated colony forming units
of the Petri plates inoculated with the serial
dilutions with the colony forming units of the
non-treated control plates.
Therefore, the colony forming units were
calculated as follows:
CFU/mL =

Number of colonies x dilution factor
Volume of culture plate

Xylanase assay
At every 24 h, samples were collected from the
flasks and centrifuged at 4500 rpm for 30
minutes. The supernatants were analysed for
the xylanase activity according to the DNS
assay for reducing sugars (Miller, 1959; Bailey
et al., 1992). Assay mixture consisted of 0.5
mL sample and 0.5 mL of 0.6% oat spelt xylan
(0.6 g in 100 ml of 0.05M sodium acetate
buffer, pH=5.3) and was incubated in water
bath at 40ºC for 10 min. The reaction was
terminated by adding 1 mL of 3.5dinitrosalicylic acid (DNS) reagent and boiling
for 5 min. 3 mL of distilled water was added to
the mixture and after 30 min the absorbance
was read at 540 nm using a spectrophotometer
to determine de amount of sugar released by
the enzyme. One unit of xylanase was defined
as the amount of enzyme that released 1 μmol

Screening for xylanase activity
Qualitative screening for xylanase production
The fungal isolates from both original and
mutant strains were subjected to screening for
their xylanase activity using the plate screening
method on selective xylan agar medium with
0.8% oat spelt xylan as the only carbon source
(Sridevi and Charya, 2013). The medium had
the
following
composition
(g/L)
as
recommended by Adesina and Onilude (2013):
0.05 g MgSO4·7H2O, 0.005 g CaCl2, 0.005 g
NaNO3, 0.009 g FeSO4·7H2O, 0.002 g ZnSO4,
0.012 g MnSO4, 0.23 g KCl, 0.23 g KH2PO4,
2 g peptone, 19 g agar. The Petri plates
containing the medium were inoculated with
the microorganism in the centre of the dish.
The plates were incubated at 28±2ºC for 3 to 10
days, depending on the strain and analysed at
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reducing sugar as xylose equivalent per minute
in the reaction mixture under the specified
assay conditions.

The determination of relative xylanase activity
based on the halo diameter (low xylanase
activity +, medium xylanase activity ++ and
high xylanase activity +++) allowed the
observation that both physical and chemical
mutagenesis lead to obtain A. brasiliensis
mutant strains with xylanase activities higher or
comparable with the original strains (Table 1).

Protein assay
In order to determine the specific enzymatic
activity, the quantification of total amount of
soluble protein was measured using the Lowry
method (1951).

Table 1. Relative xylanase activity for Aspergillus
brasiliensis mutant strains

RESULTS AND DISCUSSIONS

Aspergillus brasiliensis ATCC 16404
Relative
Mutant
Mutagen agent
xylanase
strain
and time
activity
exposure (min)
UV1
UV 5
+
UV2
UV 5
+++
UV3
UV 10
+++
UV4
UV 10
+
UV5
UV 10
++
UV6
UV 20
+
UV7
UV 20
+++
UV8
UV 20
+++
UV9
UV 30
+
UV10
UV 30
+
UV11
UV 30
+++
UV12
UV 50
++
UV13
UV 50
+
UV14
UV 50
+++
NTG1
NTG 30
++
NTG2
NTG 45
+++
NTG3
NTG 60
+
NTG4
NTG 75
+
NTG5
NTG 90
+
NTG6
NTG 90
+++
NTG7
NTG 100
++
NTG8
NTG 100
+
EMS1
EMS 30
+
EMS2
EMS 45
+
EMS3
EMS 60
+
EMS4
EMS 75
++
EMS5
EMS 90
+++
EMS6
EMS 90
++
EMS7
EMS 100
+
EMS8
EMS 100
+++

Qualitative screening of isolates for xylanase
activity
The original and the mutant isolates of
Aspergillus brasiliensis ATCC 16404 and
Penicillium digitatum obtained with physical or
chemical mutagenesis were evaluated by
measuring the clear zones of hydrolysis of
xylan (Figure 1 and Figure 2) around the fungal
colonies grown on xylan containing medium.

Figure 1. Clear zone of hydrolysis of xylan
(Aspergillus brasiliensis ATCC 16404)

After the analysis of the results (Table 1), ten
mutant strains that showed high relative
xylanase activity were selected for further
determinations of xylanase activity, as follows:
A. brasiliensis UV2, A. brasiliensis UV3,
A. brasiliensis UV7, A. brasiliensis UV8,

Figure 2. Clear zone of hydrolysis of xylan
(P. digitatum)
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were cultivated in liquid medium and xylanase
activity was determined by DNS assay for
reducing sugars.
The results showed that there are differences
between the enzymatic activity of the original
strain and the xylanase activity of the mutant
ones (Table 3).
In addition, it was observed that several mutant
strains showed different behaviour in liquid
medium: the fungal mycelium surrounded the
wheat bran substrate and circular pellets
formations are formed (Figure 3).

A. brasiliensis UV11, A. brasiliensis UV14,
A. brasiliensis NTG2, A. brasiliensis NTG6,
A. brasiliensis EMS5 and A. brasiliensis EMS8.
Similar results were obtained regarding the
relative xylanase activity with P. digitatum
subjected to physical and chemical mutagenesis
(Table 2).
Table 2. Relative xylanase activity for Penicillium
digitatum mutant strains
Mutant
strain
UV1
UV2
UV3
UV4
UV5
UV6
UV7
UV8
UV9
UV10
UV11
UV12
UV13
UV14
NTG1
NTG2
NTG3
NTG4
NTG5
NTG6
NTG7
NTG8
EMS1
EMS2
EMS3
EMS4
EMS5
EMS6
EMS7
EMS8

Penicillium digitatum
Mutagen agent and
Relative xylanase
time exposure (min)
activity
UV 5
+
UV 5
+
UV 10
+
UV 10
++
UV 10
+
UV 20
+++
UV 20
+++
UV 20
+
UV 30
+++
UV 30
+
UV 30
+++
UV 50
+++
UV 50
+
UV 50
++
NTG 30
+
NTG 45
+
NTG 60
+++
NTG 75
++
NTG 90
+
NTG 90
+++
NTG 100
++
NTG 100
+
EMS 30
+
EMS 45
+
EMS 60
+
EMS 75
++
EMS 90
+
EMS 90
+++
EMS 100
++
EMS 100
+

Figure 3. Circular formations of Aspergillus brasiliensis
UV11 in wheat bran liquid medium
Table 3. Xylanase activity of mutant strains compared
with the original ones
Microorganism

A. brasiliensis ATCC
16404 (wild type)
A. brasiliensis UV2
A. brasiliensis UV3
A. brasiliensis UV7
A. brasiliensis UV8
A. brasiliensis UV11
A. brasiliensis UV14
A. brasiliensis NTG2
A. brasiliensis NTG6
A. brasiliensis EMS5
A. brasiliensis EMS8
P. digitatum (wild type)
P. digitatum UV6
P. digitatum UV7
P. digitatum UV9
P. digitatum UV11
P. digitatum UV12
P. digitatum NTG3
P. digitatum NTG6
P. digitatum EMS6

After the measurements of the halo diameter
(Table 2), eight mutant strains of P. digitatum
were selected and subjected to further
evaluations: P. digitatum UV6, P. digitatum
UV7, P. digitatum UV9, P. digitatum UV11,
P. digitatum UV12, P. digitatum NTG3,
P. digitatum NTG6 and P. digitatum EMS6.
Quantitative screening of isolates for
xylanase activity
The selected mutant strains from both
A. brasiliensis ATCC 16404 and P. digitatum
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Xylanase activity
(µmol/ml/min)
Wheat bran
Powder wheat
medium
bran medium
2.12
2.39
1.59
1.65
2.08
1.95
1.86
2.89
2.40
1.10
0.95
1.09
2.45
1.50
1.23
0.87
2.10
2.53
2.09
1.63
1.17

2.29
2.20
2.75
2.07
1.54
3.18
2.41
1.05
1.12
1.23
2.52
1.38
1.34
1.14
2.40
2.65
2.48
1.42
1.23

with the protein content obtained in other
studies (Ho and Ho, 2015).
Regarding the specific enzymatic activity, the
best results were obtained with the strain A.
brasiliensis UV14 that present a specific
enzymatic activity of 1.5 µmol/mg protein,
higher than the activity of the original strain 1.14 µmol/mg protein. The specific enzymatic
activity obtained was higher than the activity of
the wild strain with almost 32%.
For Penicillium digitatum mutants, there were
similarity between the results of specific
xylanase activity in comparison with the wild
strain.
UV mutagenesis
The fungal microorganisms that had a high
xylanase activity compared with the wild strain
were: A. brasiliensis UV7 and A. brasiliensis
UV14.
The mutant strain A. brasiliensis UV14 obtained
after physical mutagenesis with UV irradiation
for 50 minutes exposure time had the highest
xylanase activity of 2.89 µmol/ml/min on
wheat bran medium, and of 3.18 µmol/ml/min
on powder wheat bran medium (Table 3).
These values were higher compared with the
original strain: with 36.3% higher in liquid
wheat bran medium, and 33% higher in powder
wheat bran medium, respectively. Moreover,
the ability of the mutant UV14 to degrade xylan
was increased comparing with all the other
selected mutants (Table 3). These results were
comparable with the records of other scientists
(Ho and Ho, 2015).
Regarding the Penicillium digitatum evaluations,
the mutant strain that had the highest xylanase
activity was P. digitatum UV12 obtained after
UV irradiation for 50 minutes. The xylanase
activity detected was 2.53 µmol/ml/min on
wheat bran medium and 2.65 µmol/ml/min on
powder wheat bran medium (Table 3), being
the highest among other mutant strains and
original one. Although the ability of
Penicillium digitatum to produce xylanase is
not well researched (Cole and Wood, 1970), in
this study, P. digitatum UV12 had a relatively
high xylanase activity.
The viability of fungi after the UV irradiation
treatment ranged between 23% (after 20
minutes of exposure) and 29% (after 50
minutes of exposure). These results suggest that
the selected fungal strains with increased

At a microscopic level details regarding the
interactions between fungal hyphae and wheat
bran substrate were observed (Figure 4).

Figure 4. Microscope image of the hyphae of
A. brasiliensis UV11 cultivated in liquid medium
with wheat bran as substrate

Protein assay
For the fungal microorganisms that were
detected with high xylanase activity, it was
determined the protein content, in order to
evaluate the specific enzymatic activity. The
protein amount is expressed in mg protein/mL.
The results demonstrate that both physical and
chemical mutagenesis had a small influence on
the protein production of the mutant strains
(Table 4).
Table 4. Protein content and specific xylanase activity of
the mutant strains
Fungal strain

Protein
concentration
(mg/ml)

A. brasiliensis
ATCC 16404 (wild
strain)
A. brasiliensis UV7

0.209

A. brasiliensis UV14
Aspergillus
brasiliensis NTG2
P. digitatum (wild
type)
P. digitatum UV12
P. digitatum NTG3

Specific
enzymatic
activity
(µmol/mg
protein)
1.14

0.215
0.212

1.27

0.206

1.16

0.49

0.51

0.57
0.42

0.46
0.59

1.5

The protein content of A. brasiliensis UV7 of
0.215 mg/mL was the highest amongst the
others mutant strains (Table 4), and was similar
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The best xylanase activity of 2.89 µmol/ml/min
on wheat bran medium, and of 3.18 µmol/ml/min
on powder wheat bran medium was obtained
with Aspergillus brasiliensis UV14 a mutant
strained resulted after 50 minutes of exposure
to UV irradiation. Therefore, there was an
increase of xylanase production in comparison
with the wild strain with 36.3% higher in liquid
wheat bran medium and 33% higher in powder
wheat bran medium.
The best specific xylanase activity was
obtained also with Aspergillus brasiliensis
UV14 with 1.5 µmol/mg protein, higher than the
original strain - 1.14 µmol/ mg protein. The
increment between the specific xylanase
activity of the mutant strain and the wild one
was almost 32%. A less studied strain regarding
xylanase production, Penicillium digitatum
UV12 had a relatively high xylanase activity,
thus implying the need to further research.
In this study, UV mutagenesis appeared to be a
successful method for enhancing the xylanase
activity.

degradative abilities could be considered as
mutants.
Furthermore, in this study it was concluded that
the mutagenesis with UV irradiation has
resulted in obtaining mutant strains with higher
xylanase activity in comparison with chemical
mutagenesis.
Mutagenesis with N-methyl-N’-nitro-Nnitrosoguanidine (NTG)
The treatment of fungi with the chemical
mutagen N-methyl-N’-nitro-N-nitrosoguanidine
determined a decrease of fungal viability to
almost 36% after 100 minutes of exposure.
Among the selected mutants, the highest xylanase
activity was observed with A. brasiliensis
NTG2, a mutant strain obtained after 45 minutes
of NTG exposure. The xylanase activity of this
strain was 2.40 µmol/ml/min on wheat bran
medium, higher with 13.2% than the activity of
the original strain, and of 2.41 µmol/ml/min on
powder wheat bran medium, comparable with
the original strain (Table 3). The results
regarding the increase of xylanase activity
between the original and the mutant strain were
comparable with other recorded results (Ho and
Ho, 2015).
Similar results were obtained in Penicillium
digitatum: the mutant strain P. digitatum NTG3
selected after 60 minutes of NTG exposure
exhibited a xylanase activity of 2.48 µmol/ml/min
comparable with the activity of the original
strain (Table 3).
Mutagenesis with ethyl methane sulfonate
(EMS)
After the treatment with ethyl methane sulfonate,
the fungal viability has decreased with almost
30%, after 100 minutes of exposure.
All the mutant strains obtained with EMS had
lower values for xylanase activity compared
with the original strains for both A. brasiliensis
and P. digitatum suggesting a negative impact
on genes involved in xylanase production.
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