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Abstract

Laccase {Enzyme commission (EC) 1.10.3.2} is a multicopper-containing enzyme essential for oxidizing a broad
range of aromatic compounds, particularly phenolic substrates. It utilizes molecular oxygen, which is reduced to
water during oxidation. Laccase facilitates electron transfer via oxygen as an electron acceptor, leading to reactive
free radical intermediates that trigger nonenzymatic reactions to break down substrates. The enzyme used in this
study was derived from Penicillium chrysogenum. After 5 days of incubation at 35°C and pH 7.0, the highest
laccase production was achieved. The enzyme catalyzed oxidation reactions with various phenolic compounds,
with ABTS being the most efficient substrate. After purification through ammonium sulfate fractionation,
Sephadex G-200, and DEAE-Sepharose chromatography, the final specific activity was 113.5 units per milligram
of protein, with a separation factor of 103.2-fold and a recovery rate of 26.8% . the optimized culture and
purification condtions considweably improved enzyme vyield ,activity, and stability. These finding highlight the
high catalytic potential of P.chrysogenum laccase in various industrial and biotechnological applications.
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Introduction

Enzymes are often hired in business operations as an
alternative to chemical catalysts due to the fact that
they are both highly impactive and beneficial to the
environment. Among all enzymes, laccase is
distinguished by its remarkable versatility and wide
range of potential applications. [']

Laccase (EC 1.10.3.2) is an extracellular enzyme
from the blue multi-copper oxidase family, known
for its capability to oxidize a variation of aromatic
compounds, especially those containing phenolic
groups. It operates through a radical-based
mechanism, which facilitates the reduction of
oxygen to water 21, Laccase is a crucial enzyme in
various practical applications because of its
capability to catalyze a wide range of enzymatic
reactions with both natural and synthetic organic
substrates. Its versatility makes it an essential tool in
many industries, including those focemployed on
environmental management, bioremediation, and
the production of biofuels, textiles, and food
products. The enzyme’s capability to oxidize a
variety of phenolic and non-phenolic compounds
makes it particularly valuable for industrial
processes that require eco-friendly and efficient
catalytic solutions .

As a results, including complex aromatic
compounds. Its capability to oxidize various
substances, including both phenolic and non-
phenolic compounds, and challenging
environmental pollutants, has led to significouldt
interest from researchers. This enzyme's versatile
catalytic properties make it an attractive option for
tackling complex environmental issues, such as the
degradation of hazardous chemicals and the cleanup
of polluted sites I,

There have been hundreds of investigations that
have been conducted to date, and laccases from
every kingdom have been created and documented.
Laccase could be exhibited in many different
organisms, ranging from higher plants B, bacteria
671 and predominantly in fungi &4,

The substrate specificity of laccase varies among
different species, and its capability to oxidize a
broader range of substrates is significouldtly
enhanced when appropriate redox mediators are
present. These mediators assist in electron transfer,
expanding the enzyme's catalytic capacity beyond
its natural substrates. By facilitating the oxidation of
otherwise non-reactive compounds, redox mediators
enable laccase to efficiently break down a wider
variety of complex organic and environmental
pollutants. This increased substrate versatility
enhances the enzyme's applicability in diverse
industrial and environmental processes [,

Bacterial laccase production is affected by several
environmental factors, such as the presence of
carbon and nitrogen sources, pH, temperature, and
oxygen levels. Studies have shown that each of these
factors is crucial in regulating gene expression and
enhancing the production of laccase in bacterial
strains.  Optimizing these conditions could
significouldtly improve enzyme yield and activity.
The nature and concentration of carbon and nitrogen
sources could greatly impact enzyme yield, while
pH and temperature play key roles in determining
the stability and activity of the enzyme.
Furthermore, oxygen levels are essential for the
aerobic processes necessary for effective laccase
synthesis. By carefully controlling these
parameters, bacterial laccase production could be
maximized for industrial and biotechnological
applications.['%
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Laccases are integral to a diversity of
biotechnological  applications, including the
detoxification of pollutants, wastewater treatment,
textile dyes decolorization, pulp bleaching in the
paper industries, organic synthesis, and biosensors
development for detecting polyphenols within juice
and wine. Their broad substrate specificity and
catalytic properties make them versatile for various
uses [12 In addition, laccases are heavily
researched for constructing oxygen reduction
biocathodes for biofuel cells, and for their role in
biosensors, immunoassay labeling, and biocatalysis
in organic synthesis. These diverse applications are
driven by the enzyme's flexible catalytic capabilities
(13, The present work aimed to isolate laccase and
optimize its production from  Penicillium
chrysogenum (P. chrysogenum) and purify it with
suitable procedure.

Materials and Methods

Chemicals: Sigma was the supplier of all of the
chemicals, and they were all of the analytical grade.
Microorganism media and growth conditions
The experimental microbe involved in the complex
synthesis of the enzyme laccase was P. chrysogenum
Thom AUMC 14100 gb (Accession No.
MN219732), which was carefully acquired from the
renowned Mubasher  Mycological Center
(AUMMC) at Assiut University, located in Egypt,
providing a reliable source for microbial strains. The
synthesis and isolation of laccase were meticulously
conducted via a modified ABTS-glucose liquid
medium, which was specially prepared and carefully
adjusted to meet the specific experimental
conditions. This medium was prepared in
accordance with the method described by Saxena
and Sinha (1981) (41,

Enzyme assay

Laccase enzyme activity was thoroughly and
meticulously evaluated by carefully incubating an
appropriate enzyme sample in a well-prepared
reaction mixture, which had a total volume of
exactly 2.0 milliliters. This reaction mixture
consisted of precisely 0.5 milliliters of 0.3
millimolar ABTS substrate, carefully combined with
0.1 millimolar sodium citrate buffer at pH 4.5,
ensuring that the optimal conditions were fully met
for the reaction to efficiently occur. The oxidation
process of ABTS was continuously and precisely
monitored at 420 nm (€420 =36 mM—1 cm—1) via a
highly accurate and reliable Cary-100 Agilent UV-
Vis Spectrophotometer, which was manufactured
with great precision in Germany, for a specific
duration of one full minute. The enzyme activity was
then carefully quantified and expressed as the exact
amount of enzyme required to oxidize one
micromole of substrate per minute, providing a
precise and clear measure of the enzyme's
performance and efficiency in the reaction (4,
Optimum conditions

Experiments were carefully and systematically
conducted to determine the most ideal and impactive
cultural conditions for the efficient production of the
enzyme laccase. Various parameters, including
different incubation times, temperatures, and pH
values, were thoroughly evaluated for their potential
impact on the overall production process, and the
most favourable and optimal conditions were then
selected based on the detailed results obtained from
these experiments. The impacts of various
incubation times, specifically 24, 48, 72, and 96
hours, were carefully considered, along with a range
of temperatures, including 25°C, 30°C, 35°C, 40°C,
45°C, and up to 50°C. Additionally, pH values,
which included 4, 5, 6, 7, 8, and 9, were precisely
adjusted via measured amounts of HCI or NaOH to
ensure the ideal conditions for enzyme production
were achieved. After the completion of each
experiment, the crude laccase (supernatant) from the
P. chrysogenum culture flasks was carefully filtered
to remove any residual solids or impurities and then
utilized to accurately and reliably determine the
laccase activity, ensuring consistent and reliable
results for further analysis and comparison..
Purification of laccase

At a temperature of 4 degrees Celsius and a
saturation level of 80%, the crude enzyme was
precipitated by the use of ammonium sulfate
fractionation. Ten minutes were spent centrifuging
the mixture at a temperature of four degrees Celsius
and a force of 10000 rpm. The pellets were dialyzed
for twenty-four h at four degrees Celsius against the
same buffer after being dissolved in sodium
phosphate buffer with a concentration of 0.1 M and
a pH of 6.0. After the enzyme was dialyzed, it was
placed on a Sephadex G-200 column that had been
pre-equilibrated with sodium phosphate buffer (0.1
M, pH 6.0). The column was 2x50 cm in length. At
a rate of one milliliter per minute, fractions of two
milliliters were collectedIn accordance with the
findings of Othman and Wollenberger (2020) 3], a
detailed analysis and quantification of both laccase
activity and protein concentration were performed
on the collected fractions. The active fractions were
carefully pooled together, concentrated, and
subsequently loaded onto a 2x30 cm DEAE-
Sepharose column that had been thoroughly
equilibrated with a 0.1 M Tris buffer at pH 6.0 to
ensure optimal conditions for protein separation.
After an initial wash step with the same buffer, the
bound proteins were progressively eluted from the
column by applying NaCl gradients ranging from
0.0to0 0.4 M, in the equilibration buffer, over a series
of minutes while maintaining a consistent flow rate
of 1 ml per minute. Once the 3.0 mL
chromatographic fractions were collected, the
laccase activity and protein content in each fraction
were accurately measured and quantified, following
well-established protocols to ensure reliable results.
Protein determination
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For the purpose of determining the amount of
protein present, the Bradford (1976)1*%1 technique
was employed, with bovine serum albumin serving
as the standard reference material.

Statistical analysis.

The tests were all performed three times to ensure
accuracy. The data is represented by utilizing the
averages of the values obtained, with a standard
error of +.

Results

Research was conducted to determine how factors
such as incubation time, temperature, and pH of the

growth medium affected the production and activity
of laccase enzyme. The ultimate goal was to
optimize these conditions to boost laccase
production in P. chrysogenum. According to the
findings which are shown in Table 1, P.
chrysogenum demonstrated the capacity to
synthesize the laccase enzyme on each and every
day of the studies, although with varying degrees of
enzymatic activity. The fifth day of the studies, on
the other hand, produced the maximum amount of
enzymes, with an enzyme activity of 15.0 units per
milliliter.

Table 1: Impact of varying incubation duration on laccase production by P. chrysogenum.

Incubation period
(days)

Enzyme activity
(U/ml)

oOOUlTh WN PP

3.5+0.2
7.3+0.3
10.4+0.4
12.4+0.3
15.0+0.5
13.6+0.4

The observations of the investigation examining the
impact of pH levels on laccase enzyme synthesis by
P. chrysogenum are presented in Table 2. The data
indicates that a growth medium with a pH of 7,

which resulted in an enzymatic activity of 14.6
units/ml, produced the highest laccase yield. Further
details could be observed in the following table:

Table 2: Impact of varying pH values on laccase production by P. chrysogenum

pH

Enzyme activity (U/ml)

4

©O© 00 N o ol

2.2+0.2
5.8+0.3
9.0+0.3
14.6+0.6
11.2+0.4
4.7+0.2

It has been shown that P. chrysogenum had the
maximum capacity to manufacture the laccase
enzyme at both 30°C and 35°C. However, the most
impactive synthesis of laccase was exhibited at
35°C, with an enzyme activity of 14.0 units/ml. A
representation of the findings of the research is

shown in Table 2, which depicts the influence that
temperature has on the synthesis of the laccase
enzyme. The fact that the synthesis of enzymes is so
low at temperatures of 25 and 45 degrees Celsius
makes it abundantly evident that these temperatures
are not optimum for laccase activity.

Table 3: Impact of varying temperatures on laccase production by P. chrysogenum.

Temperature Enzyme activity
(°C) (U/ml)

25 4.7+0.2

30 8.3+0.3

35 14.0+0.5

40 10.5+0.4

45 8.3+0.3

50 6.0+£0.3

The activity of the enzyme laccase was investigated
via P. chrysogenum in order to determine the impact
that various substrates had on the enzyme's
performance. ABTS, 2, 2,6-Dimethylphenol (6-
DMP), syringaldazine, guaiacol, catechol, and
pyrogallol are the compounds that are included in
the 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic

acid) compound.

A few examples of the substrates that were
employed in the procedure for this. The reaction
media was employed to investigate them, and the
concentration of the reaction medium was 5 mM.
According to the data that are provided in Table 4,
ABTS was exhibited to be the most efficient
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substrate for laccase. It had an activity level of 14.0
units/ml,  which  further ~ demonstrates its
impactiveness.

Optimization of Laccase Production and Purification from Penicillium chrysogenum

Table 4: Impact of different substrates on laccase activity from P. chrysogenum.

Substrate Enzyme activity
(5 mM) (U/ml)

ABTS 14.0£0.5
2,6-DMP 10.3+0.4
Syringaldazine 7.7+0.3
Guaiacol 5.5+£0.3
Catechol 3.7£0.2
Pyrogallol 2.9+0.2

Table 5: Purification of laccase from P. chrysogenum.

Purification step  Total Total activity Specific Recovery Fold of
protein (8)) activity (%) Purification
(mg) (U mg!
protein)
Crude extract 77.9 85.0 1.1 100 1
Ammonium 19.0 69.5 3.7 81.8 3.7
sulphate ppt
Sephadex G-200 2.4 48.9 20.4 57.5 18.5
DEAE- 0.2 22.7 1135 26.8 103.2
Sepharose
Discussion industrial potential. Their capability to work with
Laccases are highly versatile and efficient diverse substrates makes them valuable for

biocatalysts that are widely employed for various
industrial applications, owing to their capability to
catalyze a wide range of reactions. The techniques
and variables that significouldtly contribute to the
enhanced activity of laccase enzymes, particularly
those generated by bacteria, have been the subject of
a substantial and ongoing investigations that has
been done in the past years. These extensive
investigations primarily focus on determining the
substrate specificity of the enzymes, which is crucial
for understanding how they interact with different
substrates. Additionally, considerable attention has
been given to optimizing the pH and temperature
conditions under which the laccase enzymes exhibit
their highest performance and efficiency, leading to
improvements in their overall catalytic activity and
their application potential in various industrial
processes (19,

Laccase enzymes could be produced by various

species, including  fungi,  bacteria, and
cyanobacteria, utilizing different types of substrates
(10161 Among these, bacterial laccases are

particularly advantageous due to their superior
thermal and pH stability when compared to those
derived from fungi and plants, which makes them
significouldtly more efficient and reliable for
various industrial applications 71 . Moreover,
bacterial laccases exhibit a notably broad substrate
specificity, allowing them to catalyze a wide variety
of reactions. This versatility, combined with their
economic efficiency, significouldtly enhances their

applications in industries such as bioremediation,
textiles, food, and biofuel production. Additionally,
their relatively low cost of production compared to
chemical catalysts further boosts their appeal for
large-scale processes, making bacterial laccases a
highly attractive tool in sustainable and cost-
impactive industrial applications 8],

The research exhibited that P. chrysogenum
produced the highest levels of laccase after five days
of incubation at 35°C, with the growth medium
adjusted to a neutral pH of 7. This result is consistent
with several other studies that have examined
different methods to enhance laccase enzyme
production in microorganisms. These studies
consistently show that by fine-tuning culture
conditions, such as incubating the culture for five
days at temperatures between 30°C and 35°C and
adjusting the pH of the medium to a range of 7 to 8,
laccase productivity could be significouldtly
maximized. Such optimization strategies are crucial
for improving enzyme vyield and efficiency in
industrial applications (19201,

The laccase enzyme from P. chrysogenum was
purified with a 103.2-fold increase in activity. In
contrast, laccase from Trichoderma harzianum
strain HZN10 achieved a 25-fold purification via
ammonium sulfate (70%), ultrafiltration, DEAE-
Sepharose, and Sephadex G-100 chromatography
1211 1on exchange and gel filtration chromatography
methods were also employed for laccase
purification, with DEAE-cellulose being commonly
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employed. Other researchers have utilized CM-
Cellulose, Sepharose, and DEAE-Sepharose CL-6B
for similar purposes ?4. Additionally, various forms
of Sephadex, including Sephadex G-25, G-75, G-
100, and G-200, are widely applied in gel filtration
techniques for purifying laccase enzymes 21,

In conclusion: Laccase production reached its
maximum following six days of incubation at 35°C,
via a growth medium with a pH of 7. The findings
indicated that ABTS was the most efficient substrate
for the laccase produced by P. chrysogenum. Due to
their broad substrate specificity, laccases offer
substantial potential for various biotechnological
applications, such as in biochemical pulping, dye
degradation, and the detoxification of xenobiotics.
The enzyme was purified by 103.2-fold with a
recovery of 26.8%. Consequently, this purified
laccase enzyme shows promise for use in industrial
processes.
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