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Abstract

Laccases are a diverse group of multicopper oxidases that catalyze the oxidation of a wide range of
aromatic compounds. These enzymes act on various phenolic and non-phenolic, as well as inorganic
substrates. Owing to their strong oxidative potential, laccases are capable of degrading highly
recalcitrant compounds, thereby playing a crucial role in pollutant removal. They are widely distributed
in nature, occurring in numerous plants, fungi, bacteria, and even some insects. Environmental samples
were cultured on yeast extract—glucose agar, and the isolated yeast strains were subjected to qualitative
screening using guaiacol, ABTS, acetaminophen, and catechol as indicator substrates. A high potential
laccase-producing strain was selected through quantitative assays. Culture conditions were optimized
with respect to temperature, carbon source, and nitrogen source. The enzyme was subsequently purified
and applied to the preparation of chitosan/gelatin hydrogels containing Kochia scoparia extract.
Following qualitative and quantitative screening, the strain Rhodotorula mucilaginosa ASAA1404 was
identified as the superior producer, with a laccase activity of 50.6 IU/L. Glucose and yeast extract were
found to be the most effective carbon and nitrogen sources, respectively, and the optimal cultivation
temperature was 25 °C. The resulting hydrogels exhibited notable antibacterial activity against
Staphylococcus aureus, Listeria monocytogenes, and Escherichia coli. This study demonstrates that
laccase production by yeast and its incorporation within biocompatible hydrogel matrices represent a
novel and sustainable strategy for developing advanced systems in biotechnology, medicine, and
environmental applications.
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Introduction

Laccases are one of the oldest and most well-known members of the multicopper protein family, known as
benzenediol:oxygen oxidoreductases. They are model enzymes for multicopper oxidases and participate in cross-
linking monomers, degrading polymers, and cleaving aromatic compounds. They represent the simplest enzymes
that combine all three types of oxidized copper (1) centers within a single molecule.

One application of laccase enzymes is their use in the preparation of hydrogels for wound dressings, particularly
for chronic wounds. Chitosan and collagen, or gelatin-based dressings are typically produced in hydrogel form,
adhering to the accepted concept of moist wound healing. The stability of dressings for chronic wounds can be
compromised due to the need for infrequent yet repeated replacement. Therefore, these hydrogels must possess
biological stability and mechanical strength, which can be achieved through additional cross-linking.

To this end, various chemical cross-linkers have been used; however, their cytotoxicity makes them unsuitable for
biomedical applications. The search for natural and safe cross-linking agents has led to the use of plant
polyphenols, such as proanthocyanidins and hydrolyzable tannins, due to their low cytotoxicity, among other
reasons, for stabilizing carbohydrate—protein systems. Kochia scoparia seed polyphenols, known as potent
antioxidants, serve as an example.

The aim of this study was to isolate and screen yeast strains producing laccase, optimize the top-performing strain,
analyze the produced enzyme, and utilize it for the fabrication of hydrogel dressings for chronic wounds. These
dressings were designed to contain chitosan, gelatin, and natural phenolics cross-linked by laccase to obtain
bioactive and biostable materials with adjustable physicochemical and mechanical and functional properties.

Materials and Methods

Yeasts isolated for this study were obtained from Isfahan Zoo waste and decaying wood in Kuh-e Soffeh Park,
Isfahan. Samples were collected in sterile containers and transported to the laboratory for further processing.
Samples from the aforementioned sources were inoculated onto plates of yeast extract—glucose agar, YGA
medium and incubated aerobically at 30 °C for 48 hours. Representative yeast colonies were randomly selected
and subcultured 2-3 times on sterile YGA plates to obtain pure isolates. The obtained yeast isolates were
qualitatively screened on yeast extract—peptone—dextrose, YPD agar medium containing the indicator compounds
0.5% (w/v) guaiacol, ABTS, acetaminophen, and 0.02% (w/v) catechol.

Laccase assay was performed using a modified method by Moncultunaroc et al. (2012). This method involved the
spectrophotometric measurement of ABTS oxidation at 30 °C. Oxidation was monitored by the increase in
absorbance at 420 nm, compared to a standard laccase (50 U/mL), using a UV/VIS spectrophotometer. One unit
of enzyme activity was defined as the amount of enzyme oxidizing 1 mmol of ABTS per minute. A growth curve
was plotted for the best isolate, selected based on quantitative and qualitative screening results as it exhibited the
highest laccase production potential.

Optimization of laccase production was performed in the aforementioned yeast culture medium using different
carbon sources (glucose, sucrose) and agricultural products such as Kochia seeds, molasses, iris leaves, green tea,
cocoa, and whey at a concentration of 1% (w/v), along with various nitrogen sources including peptone, yeast
extract, ammonium sulfate, sodium nitrate, and potassium nitrate. Different incubation temperatures (25, 30, 35,
and 37 °C) were also tested. The medium was inoculated with 1 mL of a 48-hour yeast culture and incubated at
the same temperature. After 72 hours, the amount of laccase produced in each medium was measured.

Laccase enzyme purification was carried out according to the method of Ding et al. (2012). Crude laccase was
purified using ammonium sulfate precipitation. Polyphenols were extracted from Kochia scoparia seeds using
water and ethanol solvents. Since the ethanol extraction method yielded better results, it was used in subsequent
stages. Chitosan and gelatin solutions were mixed at a 2:3 (w/w) ratio at room temperature overnight.
Subsequently, 20 mL of the extracted Kochia solution was added to 75 mL of the previously prepared chitosan-
gelatin mixture (2:3 w/w). The cross-linking reaction was initiated by adding 15 mL of laccase solution (10
units/mL) and continued for a specified period of 24 hours at 45 °C under constant stirring. The enzymatic
reaction was terminated by heating at 100 °C for 2 minutes, and the resulting mixture were frozen and freeze-dried
at-20 °C.

Scanning Electron Microscopy (SEM) micrographs of the hydrogels were prepared at x25 magnification. The
antimicrobial activity of the enzymatically synthesized hydrogels was evaluated against Staphylococcus aureus,
Listeria monocytogenes, and Escherichia coli.
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Results

A total of 22 laccase-producing yeast strains were isolated from the samples. The qualitative screening results for
laccase production by these 22 yeasts, isolated from various sample sources, were examined for growth and
laccase production on screening media containing catechol, guaiacol, acetaminophen, and ABTS. Isolates
showing no response to the substrates or only a weak response to a single substrate were discarded. Only isolate
F12 showed the most positive response to all substrates. The results of the quantitative screening of yeast isolates,
measuring laccase activity using 1 mM ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), showed
that yeast isolates F12 and F14 had the highest activity at 50.6 U/L, followed by isolate F11 (47.9 U/L). The
lowest activity was observed in isolate F1 with a value of 24 U/L. Based on the qualitative and quantitative
screening results, isolate F12, which had higher growth and laccase activity, was selected as the superior isolate
for further studies. F12 was isolated from zoo waste. Isolate F12 was identified based on morphological,
microscopic, and physiological characteristics. The colony morphology of isolate F12 on PDA medium was
creamy and raised. The microscopic shape of the isolate was shown in the corresponding figure. The sugar
fermentation pattern of isolate F12 showed that this yeast could ferment sorbitol, maltose, mannitol, trehalose,
glucose, and galactose, but was unable to ferment xylose.

Based on a BLAST search of the complete ITS region sequence, the yeast strain used for F12 showed the highest
similarity (90%) with strain ASAA1404 of Rhodotorula mucilaginosa. The sequence of the yeast isolate was
deposited in the GenBank database with the accession number SUB15519713. Figure 3 shows the phylogenetic
tree of the superior strain. Growth and laccase-producing enzyme activity were monitored for up to 216 hours.
The correlation between the growth curve and laccase production showed that the maximum enzyme production
occurred during the logarithmic and stationary phases. The yeast isolate Rhodotorula mucilaginosa ASAA1404
exhibited its highest laccase activity in glucose (50.34 U/L), its maximum activity with yeast extract (50.18 U/L),
and its highest laccase activity at 30 °C (60.02 U/L).

The results of laccase purification from Rhodotorula mucilaginosa ASAA1404 and its effect on total protein
content and total laccase activity are shown. The total protein content decreased from 0.452 mg/mL to 0.160
mg/mL at each purification stage, subsequently increasing the specific activity of the enzyme. Scanning Electron
Microscopy (SEM) micrographs of the chitosan and gelatin hydrogels with freeze-dried Kochia seeds revealed
porous structures with varying pore sizes and shapes, depending on the cross-link density (enzymatic reaction
time). The antimicrobial activity of the enzymatically synthesized hydrogels against the Gram-positive bacteria S.
aureus and L. monocytogenes and the Gram-negative bacterium E. coli was demonstrated. The hydrogels inhibited
the growth of all three strains after 24 hours of incubation.

Discussion and Conclusion

The yeast isolates with the best laccase potential in this work were isolated from zoo waste. The yeasts showed
diversity in their response to several indicator compounds, which is consistent with the report by Baldarian
(2004). This can be attributed to a preferential tendency towards different substrate groups (ortho- and para-
diphenols). The formation of a dark brown color in positive microbes was due to the reactive quinone product
generated during the reaction, which often spontaneously polymerizes to form dark brown or black melanoid
pigments. This research investigated and optimized the feasibility of producing laccase enzyme from yeast as a
cost-effective and efficient biological source. The initial screening results showed that the selected yeast strains
were capable of producing laccase with a significant level of enzymatic activity. This finding aligns with previous
studies that have reported yeasts such as Yarrowia lipolytica and Pichia pastoris as potential laccase producers.
Optimizing the culture conditions led to a significant increase in laccase production yield. Key factors, including
the type and concentration of carbon and nitrogen sources, as well as incubation temperature, were identified as
effective parameters. The optimal conditions resulted in an approximately 2-3-fold increase in enzyme activity
compared to control conditions, indicating the direct influence of these factors on enzyme expression and stability
in the environment.

In the second part of the study, the produced laccase was used as a biocatalytic agent in hydrogel synthesis. The
use of laccase in the cross-linking reaction of polymers such as polyvinyl alcohol and derivative polysaccharides
led to the formation of stable and uniform three-dimensional networks. Evaluation of the physicochemical
properties of the hydrogels, including swelling degree, mechanical stability, cell biocompatibility, and controlled
release capability, showed that the final product possessed desirable properties and had the potential for use in
drug delivery systems or tissue engineering.

10.22108/bjm.2025.146566.1650



file:///D:/work/1404/azar-%20ebteda/میکروبی%2016/10.22108/bjm.2025.146566.1650

86 Journal of Microbial Biology, 14" Year, Vol. 14, No. 54, 2025

A comparison of these results with similar studies indicates that using yeast laccase instead of fungal laccase may
offer advantages in terms of production cost, growth time, and biological safety. Furthermore, laccase-based
biocatalytic processes reduce the need for harsh reaction conditions, providing a green and sustainable approach to
the synthesis of biomaterials. However, challenges such as complete enzyme purification, long-term stability of
the hydrogel in a physiological environment, and in vivo toxicity studies remain, requiring more extensive
research and development at both pilot and industrial scales. Additionally, engineering yeast strains through
molecular methods could improve laccase gene expression and increase enzymatic activity.
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Table 1: Qualitative plate screening of laccase enzyme production by yeast isolates on yeast extract peptone dextrose (YPD)

agar containing different screening indices based on brown colony formation
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Figure 1: Quantitative graph of growth and quantitative activity of laccase enzyme of isolated yeasts
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Figure 2: A) Colony of isolate F12 on PDA medium. B) Morphology of isolate F12 with Gram staining under light
microscope.
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Figure 3: Phylogenetic tree of Rhodotorula mucilaginosa strain ASAA1404.
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Figure 4: Relationship between the growth curve and the amount of laccase enzyme activity produced in the supernatant of
the culture medium by the Rhodotorula mucilaginosa strain ASAA1404.
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Figure 5: Effect of different carbon sources on laccase enzyme activity by Rhodotorula mucilaginosa ASAA1404.
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Figure 5: Effect of different carbon sources on laccase enzyme activity by Rhodotorula mucilaginosa ASAA1404.
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Figure 7: Effect of different incubation temperatures on laccase activity by Rhodotorula mucilaginosa ASAA1404.
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Figure 8: a) Scanning electron microscope (SEM) images of chitosan and gelatin hydrogels with broomrape. b) Morphology
of the produced hydrogel.
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Figure 9: Antimicrobial effect of broomrape seed extract alone on Gram-positive and Gram-negative bacteria: a)
Staphylococcus aureus and b) Escherichia coli.
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Table 2: Antimicrobial activity of hydrogels made without laccase enzyme and after adding laccase enzyme. (Adding the

enzyme prevents the removal of polyphenols during hydrogel production)

Microorganism

: Antimicrobial
activity ZOIl (mm)
With Laccase

: Antimicrobial
activity ZOI (mm)
Without laccase

Escherichia coli ATCC 25922 20 5
Staphylococcus aureus ATCC 27664 15 5
Listeria monocytogenes PTCC 1163 8 4
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