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Abstract: Industrial effluents contain contaminants that pose threats to the environment and human health. Bioremediation is
an environmentally friendly, sustainable, and cost-effective approach to degrade or transform pollutants using microbial enzymes.
Laccase is a versatile enzyme that oxidizes a wide range of substrates, such as dyes, phenolic compounds, pesticides, and
polycyclic aromatic hydrocarbons (PAHs), with the consumption of molecular oxygen. Laccase can also remove heavy metals by
forming complexes with organic ligands or reducing them to fewer toxic forms. However, the application of laccase in
bioremediation is limited by its low production, stability, and specificity. Recombinant technology has been employed to enhance
the expression, activity, and stability of laccase in various bacterial hosts. Immobilization techniques have been developed to
improve the reusability and stability of laccase in different environmental conditions. This review summarizes the recent
developments in the production optimization of recombinant laccase enzymes and their role in the bioremediation of industrial
effluents. It also discusses the challenges of laccase-based biocatalytic systems for environmental cleanup. Furthermore, it
highlights the potential applications of laccase in various industries, such as textile, paper, food, and pharmaceuticals, and
suggests future directions for research and innovation in this field. To summarize, recombinant laccase bioremediation is a
promising strategy for decontaminating polluted environments, but further research is needed to optimize its production and
performance in practical scenarios.

Keywords: Environmental Pollution, Sustainable Development, Cost-Effectiveness, Enzyme Technology,
Recombinant Technology

negative influence on ecosystems, wildlife, and human health
[1]. For instance, pesticides can contaminate soil and water
sources, leading to the decline of plant and animal populations
[2]. Heavy metals can accumulate in the food chain, posing a
threat to both wildlife and human [2]. Organic pollutants can

1. Introduction

Environmental contamination is a serious issue that has to
be addressed immediately. Pesticides, heavy metals, and
organic pollutants can negatively influence considerable
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disrupt endocrine systems and cause reproductive and
developmental problems in both animals and humans [1].
Bioremediation is a promising strategy for cleaning up
contaminated areas, which uses microorganisms to break

down or convert contaminants into less dangerous compounds.

Bioremediation enzymes such as laccase are essential because
they catalyze the degradation of contaminants. Since it can
break down and change a wide variety of environmental
contaminants, laccase is a versatile enzyme [3].

The oxidation of numerous organic and inorganic
substances, including phenols, polyphenols, and aromatic
amines, is catalyzed by laccases, and copper-containing
enzymes. Many different organisms, including bacteria, fungi,
and plants, have had their laccases separated [4]. However,
nowadays, because of their great stability, a wide range of
substrate specificity, and high activity, fungi laccases have
been the subject of the majority of studies. Although the
fungal laccases have a few drawbacks, such as limited yields
and high manufacturing costs [5] which play a key role in the
manufacturing of this enzyme. Therefore, as a result, alternate
laccase sources are required to be studied for their use in
bioremediation [6].

This systematic review is offered a detailed recent
development on one of the most promising methods based on
the latest technology for producing laccases which are known
as “recombinant DNA technology”. Recombinant laccases are
feasible for large-scale bioremediation applications since they
can be manufactured in significant quantities using bacterial
expression methods. Due to its effectiveness in dissolving
pollutants such as phenolic compounds, dyes, and aromatic
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pollutants, the use of a recombinant bacterial enzyme (laccase)
in bioremediation has drawn interest [7]. Recombinant
laccases also differ from their native counterparts in that they
are more stable, active, specific, and have higher expression
levels. Therefore, it was an urgent need to get an update on
recent development in the field [7].

This review paper focused on the use of a recombinant
bacterial enzyme (laccase) in bioremediation and covers the
various kinds of bacteria that are utilized for expression,
laccase production optimization, and the use of recombinant
laccase in the breakdown of various types of contaminants.
Future perspectives on this topic, as well as the difficulties and
restrictions related to the use of recombinant laccase in
bioremediation, are also highlighted. Overall, bioremediation
using a recombinant bacterial enzyme (laccase) has
tremendous promise for cleaning up contaminated settings,
but more study is required to perfect its creation and use in
real-world applications.

2. Selection of Bacterial Host for
Optimum Production of Laccase

Recombinant laccase has been expressed using a variety of
microorganisms. The selection of bacteria is typically based
on aspects including handling simplicity, growth rate, genetic
alteration, and output yields. Escherichia coli [8],
Pseudomonas putida [9], Bacillus subtilis [10], and
Streptomyces lividans are a few of the frequently employed
bacterial hosts for laccase expression.
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Figure 1. Structure of laccase.

2.1. Escherichia Coli

In order to produce recombinant proteins, Escherichia coli

is one of the most frequently employed bacterial hosts due to
its quick growth, well-understood genetics, and simplicity of
genetic modification [8, 11]. However, the development of
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inclusion bodies and low yields of soluble protein have made
the expression of active laccases in E. coli difficult [12].

2.2. Pseudomonas Putida

For the expression of recombinant laccases, Pseudomonas
putida is another well-liked host. P. putida is a popular
candidate for bioremediation applications because of its
adaptable metabolism and capacity to use a variety of
substrates [9]. It has been demonstrated that P. putida laccase
expression results in large amounts of active protein [13].

2.3. Bacillus Subtilis

An assortment of enzymes and other proteins are produced
by the Gram-positive bacteria Bacillus subtilis [14]. It has been
established that B. subtilis can produce significant amounts of
active protein when laccases are expressed. However,
optimizing growth conditions and expression systems is
necessary for using B. subtilis for laccase synthesis [15].

2.4. Streptomyces Lividans

The synthesis of heterologous proteins is frequently carried
out using the Gram-positive bacterium Streptomyces lividans.
S. lividans is a viable option for bioremediation applications
since it can secrete proteins into the extracellular environment
and has been found to produce significant quantities of active
protein when used for laccase expression [16].

3. Laccase Production Optimization

The selection of the expression host, growing conditions,
induction techniques, and purification tactics are only a few of
the variables that need to be optimized in order to produce
recombinant laccases. To attain high yields of active protein
and lower manufacturing costs, these parameters must be
optimized. The choice of expression host is one of the main
elements that affect laccase production. varied bacteria have
varied genetic histories and metabolic processes, which can
influence the quantity and quality of protein expression.
Therefore, based on the intended production yields and
protein quality, the choice of expression host should be
carefully assessed [17]. The growth environment, including
factors like temperature, pH, and the availability of nutrients,
can also have a big impact on laccase production. For instance,
P. putida and E. coli have distinct ideal growth temperatures
and pHs for laccase synthesis. The availability of nutrients,
such as carbon and nitrogen sources, can be optimized to
increase laccase synthesis [13]. Laccase synthesis can also be
influenced by induction techniques like the use of inducers or
promoters. Based on the expression host and the intended
production yields, a detailed assessment of the inducer or
promoter choice should be made. For instance, the use of
IPTG as an inducer in E. coli can cause inclusion bodies to
form as well as significant amounts of laccase synthesis [18].
To separate and purify active laccase from the bacterial
culture, purification techniques including chromatography
and ultrafiltration are required. The unique properties of the
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laccase and the required level of purity should be taken into
consideration when selecting a purification approach [14].
Laccase purification frequently involves the wuse of
chromatography methods including affinity and ion exchange
chromatography [19]. In conclusion, careful evaluation of a
number of parameters, including the choice of expression host,
growth circumstances, induction techniques, and purification
procedures, is necessary to optimize laccase production.

4. Role of Recombinant Laccase in
Various Types of Contaminants
Breakdown

Recombinant laccase has shown great potential in the
breakdown of various types of contaminants due to its ability

to oxidize a wide range of substrates. For the treatment of a

variety of contaminants, including dyes [20], phenolic

chemicals, insecticides, and polycyclic aromatic hydrocarbons,
laccase-mediated degradation has been researched. (PAHs).
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Figure 2. Bacterial laccase applications in industrial field; Source:
(Chauhan et al., 2017).

4.1. Dyes

Recombinant laccase has been thoroughly investigated for
the adsorption of azo, anthraquinone, and triphenylmethane
dyes, among other dye types. The color molecules are oxidized
by laccase, which transforms them into less complex chemicals
that microbes can then further break down. An environmentally
acceptable alternative to traditional dye degradation techniques
that are frequently expensive and result in harmful
consequences is laccase-mediated dye degradation [21].

4.2. Phenolic Compounds

Phenolic compounds are typical wastewater contaminants,
and it is crucial to prevent environmental harm by degrading
them. Recombinant laccase has been demonstrated to
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efficiently break down a number of phenolic substances,
including cresols, chlorophenols, and bisphenol A. Laccase
degrades phenolic compounds by oxidizing them and
generating reactive oxygen species that cause the chemical
bonds to disintegrate [22].
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Figure 3. Laccase activity on 2-methoxyphenol.

4.3. Pesticides

Agricultural pesticides are frequently utilized and can
contaminate the land and water. To avoid their buildup in the
environment and potential harm to human health, pesticides
must be degraded. Recombinant laccase has been
demonstrated to efficiently break down a number of pesticides,
including atrazine, diazinon, and chlorpyrifos. A promising
method for treating contaminated soils and water is a
laccase-mediated breakdown of pesticides [21].
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Figure 4. Laccase activity on non-phenolic substrate.
4.4. PAHs, or Polycyclic Aromatic Hydrocarbons

Organic chemicals known as PAHs are a persistent category
that has the potential to harm the environment. It has been
demonstrated that recombinant laccase can break down a
variety of PAHs, including naphthalene, phenanthrene, and
pyrene. The PAH molecules are oxidized by laccase, resulting

in reactive oxygen species that weaken the chemical bonds
and cause disintegration [23].

Recombinant laccase has also been demonstrated to break
down a number of other pollutants, such as lignin, humic acids,
and chlorinated compounds, in addition to these contaminants
[24]. Environmental applications for laccase-mediated
degradation include the bioremediation of polluted soil and
water, wastewater treatment, and detoxification of industrial
effluents. Recombinant laccase is a promising method for
environmental restoration because it can break down a variety
of pollutants [20]. To maximize laccase production and create
effective and affordable application techniques for
laccase-mediated degradation in environmental applications,
more study is required.

5. Discussion

5.1. The Use of Laccase in Cleaning Up the Contaminated
Environment

Cleaning up contaminated settings holds great potential
when using the recombinant bacterial enzyme laccase.
Recombinant laccase's capacity to target complex chemical
compounds that are challenging to break down using standard
techniques is one of its main benefits [17].

Compared to  conventional cleanup  techniques,
laccase-mediated degradation has a number of advantages [25].
It is a practical strategy that doesn't generate any negative
byproducts and is also environmentally beneficial. Furthermore,
recombinant technology makes it possible to manufacture
laccase in massive numbers, making it a feasible choice for
extensive environmental remediation initiatives. Several
research has effectively proven the usage of recombinant
laccase. Recombinant laccase, for instance, was utilized to
break down phenolic chemicals in contaminated soil,
significantly reducing its toxicity [26]. Recombinant laccase's
potential for wastewater treatment was demonstrated in a
different investigation where it was employed to decolorize a
textile dye effluent [27]. The versatility of recombinant laccase,
which may function under a variety of circumstances, is another
benefit. Laccase is suitable for the cleanup of contaminated
soils and water bodies with changing oxygen levels since it can
work in both aerobic and anaerobic environments [28, 29].
Additionally, the stability, catalytic efficiency, and substrate
specificity of laccase can be altered to increase, making it an
even more powerful instrument for environmental cleanup.
Protein engineering methods like directed evolution and
rational design can be used to accomplish this.

Table 1. Comparative table laccase-mediated degradation viruses conventional clean-up techniques.

Aspect Laccase-mediated degradation

Conventional clean-up techniques

By-products
Environmental impact

Doesn’t generate any negative by-products
Environmentally beneficial

Production . .
laccase in massive numbers

Very low concentration after the processing
Practical strategy

By product contamination
Practicality

Recombinant technology makes it possible to manufacture

May generate negative by-products

May have a negative environmental impact

May not be feasible for extensive environmental
remediation initiatives

Comparatively high concentration after the processing
May not be as practical
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5.2. Removal of Heavy Metals Using Laccase Enzymes

One of the main environmental pollutants that seriously
endanger both human health and the ecosystem is heavy metal
pollution. Precipitation, coagulation, and adsorption are
examples of traditional heavy metal removal techniques [30].
These techniques have some drawbacks, such as high cost,
poor efficiency, and the production of secondary waste [31,
32]. A viable alternative technique for removing heavy metals
from contaminated water and soil is bioremediation using
laccase enzymes. The heavy metal ions are changed from their
soluble and toxic form to their insoluble and non-toxic form
during laccase-mediated oxidation [2, 32]. Metal
oxide/hydroxide precipitates, which may be easily removed
from the environment, are formed in order to carry out this
operation. Studies have shown that laccase enzymes are good
at removing heavy metals like copper, lead, cadmium, zinc,
and nickel. For instance, laccase was successfully utilized in
one study to remove copper from aqueous solutions, with
removal efficiencies reaching up to 98%. According to
another study, the removal efficiency of lead and cadmium
during laccase-mediated oxidation was up to 80% and 70%,
respectively [12].

5.3. Limitations

Although in comparison to conventional techniques,
laccase-mediated removal of heavy metals has a number of
benefits [33], however, it also comes with several
restrictions that must be addressed [32]. The low stability of
laccase  enzymes under specific  environmental
circumstances, such as high temperature and severe pH, is
one of the major restrictions [34]. Another drawback is the
potential toxicity of laccase enzymes to some
environmental bacteria [35].

6. Conclusion

Using recombinant bacterial enzyme (laccase) in
bioremediation has thus far proven to be a successful method
for decontaminating contaminated environments. Heavy
metals and hazardous organic compounds are just two of the
pollutants that laccase enzymes can break down into less
dangerous byproducts. Recombinant laccase enzyme
utilization has created new opportunities for improving the
enzyme's effectiveness and stability under varied
environmental factors. Recombinant laccase enzyme use in
bioremediation has a number of benefits over conventional
techniques, including affordability, environmental
friendliness, and high efficiency. The limited enzyme stability
and probable toxicity of some microbes are just two of the
limitations that need to be addressed. Recombinant laccase
enzymes have a lot of potential for cleaning up polluted
locations, and with further study and development, this
technology could become a commonly used method of
environmental rehabilitation.
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