Published Online: 30 August 2022

JOURNAL OF PURE AND APPLIED MICROBIOLC MICROB\OLOGY

Chaudhary et al. | Article 7694
J Pure Appl Microbiol. 2022;16(3):1479-1491. doi: 10.22207/JPAM.16.3.72
Received: 24 March 2022 | Accepted: 04 July 2022

P-ISSN: 0973-7510; E-ISSN: 2581-690X

REVIEW ARTICLE OPEN ACCESS

Recent Advancements in Biotechnological
Applications of Laccase as a Multifunctional Enzyme

Sonal Chaudhary(”, Ayushi Singh, Ajit Varma and Shalini Porwal*

Amity Institute of Microbial Technology, Amity University, Sector-125, Noida - 201313, Uttar Pradesh, India.

( )

Abstract

Biotechnological and industrial processes involve applications of various microorganisms and enzymes, and laccase,
as a multifunctional enzyme, is admired for its role in degrading a variety of substances. Laccase is a copper-containing
oxidase enzyme that is usually found in insects, plants, and microorganisms including fungi and archaea. Several
phenolic substrates are oxidized by laccases, which results in crosslinking. Various research work and industrial
solutions have identified the true potential of laccases to degrade various aromatic polymers, and their plausible
application in bioremediation and other industries is entirely conceivable. This review focuses on laccases as a
multifunctional enzyme and provides an overview of its natural origin, catalytic mechanism, and various methods of
production. Further, we discuss the various applications of laccase in the biotechnological arena. We observed that
laccase can degrade and detoxify various synthetic compounds. The broad substrate specificity of the same makes it
worthy for different fields of industrial applications such as food and bioremediation technology, textile and paper
technology, biosensors and nanobiotechnology, biofuel, and various other applications, which are described in this
paper. These recent developments in the application of laccase show the multifunctional role of laccase in industrial
biotechnology and provide an outlook of laccase as a multifunctional enzyme at the forefront of biotechnology.
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INTRODUCTION

Enzymes are crucial in biotechnological
applications due to their multifunctional
characteristic. Laccase is an enzyme that is
multifunctional and is used in various
biotechnological applications.!

Laccases belong to the multi-copper
oxidases enzyme group and are classified as
benzenediol oxygen reductases. It is also known
as urushiol oxidases and p-diphenol oxidases.
They are viewed as versatile proteins fit for
oxidizing enormous numbers of particles such as
non-phenolic and phenolic compounds because
of their broad substrate specificity. Laccases,
being a flexible biocatalyst and with eco-friendly
enzymatic degradation, produces water as a
by-product and utilize molecular oxygen as a
concluding acceptor of electrons which results
in increased biotechnological interest among the
science community. Usually, they are present in
insects, plants, and microorganisms including fungi
and archaea, along with other oxidative enzymes
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that degrade lignin. The same is used in a vast
range of bioremediation processes for protecting
ecosystems from damages incurred through
effluents of industries. In recent years, researchers
are intensively focusing on laccase, much of it due
to the large variety of laccases, their usefulness,
and their enzymology, which is very important. *
This group of enzymes is used for several
purposes, including manufacturing of food
additives, in the production process of beverages,
for medical uses, and as a pretreatment agentin the
biofuel production process. They have also been
extensively researched for implantable biosensors
and biofuel cells in nanobiotechnology. In addition,
their ability to convert complex xenobiotics
makes them useful enzymatic bioremediation
biocatalysts. The broad substrate specificity,
high catalytic constants, and the utilization of
atmospheric oxygen as the second substrate
offer the basis for the application of laccase in
the synthesis of organic compounds, biosensors,
and immunoassays.® Various biotechnological
applications of laccase is shown in Figure 1.

Figure 1. Various biotechnological applications of Laccase. The broad substrate specificity and multifunctionality
provide enormous opportunities for Laccase in a vast variety of industrial applications.
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Laccase was first discovered in 1883 in
the latex of the lacquer tree Rhus vernicifera. Both
Bertrand and Laborde established for the first time
in 1896 that laccase was found in fungi. It is found
in higher plants, fungi, bacteria, and in various
insects, as well as in archaea.

Catalytic Mechanism of Laccase

Laccases are generally known to be
monomeric, but also exist in homodimeric,
heterodimeric, and multimeric forms. Some
laccases, such as fungal laccases, are glycosylated.
The enzyme's carbohydrate moiety will make up
10-45 pounds (86-91%) of the protein molecule
by weight. It includes carbohydrates such as
hexosamine, glucose, mannose, galactose, fucose,
and arabinose. Depending upon the source of the
laccases, the molecular masses can differ and, the
probable reason for the variation could be the
variation in its structure. Laccases are MCOs and
are known to have four copper atoms in special
oxidation states: one type-1, one type-2, and two
type-3s, together which form the catalytic site.®

Usually, the laccase spectrum shows the
property of absorption at 280 and 605 nm but
some laccases do not follow the mentioned range.
They belong to the group of multicopper oxidase
with varying content of glycosylation. Mostly,
laccases occur as monomeric and polymeric
glycoproteins.

It catalyzes oxidation of a vast range of
compounds integrated with 4 electrons reduction
of molecular oxygen to water. The biological

Phenolic
Substrate
4x

functionality for laccases depends upon the
sources of origin and life stages of the producing
organisms. Laccases can oxidize various aromatic
compounds including phenol derivatives, amine
derivatives, thiols, and also some inorganic
compounds such as iodine and ferrocyanide ions.”

The action mechanism of laccases
includes two individual sites that bind the reducing
substrate and 02 with four catalytic copper
atoms. Two individual sites connecting decreasing
substrate and oxygen with 4 catalytic copper
atoms form the laccase mechanism of action: the
paramagnetic type 1 copper (T1Cu) responsible
for the distinctive blue color of the protein in the
decreased resting state where the oxidation of the
substrate takes place; the T2Cu and the two T3Cu
clustered 12A away from the T1Cu. This trinuclear
cluster is where 02 is reduced to two water
molecules, receiving four consecutive electrons
through a strictly conserved His-Cys- His electron
transfer route from four separate mono-oxidation
reactions at the T1Cu site. X-ray crystallography
resolved approximately 90 laccase structures to
date.8®

The graphical representation of the
catalytic mechanism of laccase is shown in
Figure 2.

As a novel industrial enzyme, Laccase
received huge attention due to its much higher
abilities for catalyzing the oxidation of aromatic
compounds that worked on the catalytic activity of
laccase hosted in reversed micelles.'® Researchers
have successfully heightened the catalytic capacity

Figure 2. Catalytic mechanism of laccase enzyme. Four monoelectronic oxidations are catalyzed from a substituted
phenolic substrate and free radicals are generated. Four copper atoms within the protein transfer and stores
electron, and are transferred to molecular oxygen to produce two water molecules.
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Table 1. Various sources of laccase and the organism producing it. It is found in higher plants, fungi, bacteria, and

in various insects, as well as in archaea

No. Source Organism References

1.  Phanerochaete chrysosporium, Theiophora Fungi Viswanath et al. 2008
terrestris, Lenzites, betulina Jimenez-Juarez et al. 2005;

2.  Streptomyces lavendulae, Streptomyces Bacteria Arias et al. 2003; Thakker et al. 1995
cyaneus, and Marinomonas mediterranea

3.  Phlebia radiate Fungi Niku-Paavola et al. 1988

4.  Pleurotus ostreatus Fungi Palmieri et al. 2000

5.  Trametes versicolor Fungi Bourbonnais et al. 1995

6. Trichoderma atroviride, Trichoderma harzianum Fungi Holker and Hofer 2002

7.  Trichoderma longibrachiatum Fungi Velazquez-Cedefio et al. 2004

8.  Monocillium indicum Plant Thakker et al. 1995

9.  Pycnoporus cinnabarinus, Fungi Eggert et al. 1996;
Pycnoporus sanguineus Vrijmoed 2000

10. Toxicodendron vernicifluum Plant Takano et al. 2021
(Rhus vernicifera)

11. Asparagus densiflorus Plant Watharkar et al. 2018

12. Gossypium arboreum Plant Wang et al. 2004

13. Oryza sativa Plant Huang et al. 2016

14. Azospirillum lipoferum Bacteria Givaudan et al. 1993

15. Bacillus tequilensis Bacteria Sondhi et al. 2014

16. Bacillus subtilis Bacteria Enguita et al. 2003

17. Streptomyces, Amycolatopsis, and Bacteria Roberts et al. 2002
Nitrosomonas

18. Marinomonas mediterranea and Bacillus Bacteria Jimenez-Juarez et al. 2005;
halodurans Ruijssenaars and Hartmans 2004

19. Drosophila, Lucilia, Manduca, Musca, Insects Arora and Sharma, 2010

Orycetes, Papilio, Phormia, Rhodnius,
Sarcophaga, Schistocerca, and Tenebrio

of the laccase enzyme to degrade the diclofenac
through carbon nanotubes.'* Some compounds
have been shown to have a capacity to inhibit
laccases, such as halides, acetate, and so on.

Laccase Production

Laccase is an enzyme released in the
extracellular medium by numerous fungi'?
through secondary metabolism, however, not
every fungal species, such as Chytridiomycetes and
Zygomycetes produce laccase.” Laccase synthesis
by soil and some freshwater Ascomycete species
is mentioned in the literature.'#®

Various sources of laccase and the
organism producing it, are listed in Table 1.

Laccase production has also been
discovered in Magnaporthe grisea, Ophiostoma
novo-ulmi, Gaeumannomyces graminis,
Monocillium indicum, Neurospora crassa, and
Podospora anserina, Marginella, Melanocarpus

albomyces.! Botryosphaeria develops a real
laccase-like dimethoxyphenol oxidising enzyme.
Laccase genes that oxidise syringaldazine are
found in Ascomycetes that contribute to plant
biomass decomposition.'® The Basidiomycete
yeast Cryptococcus neoformans generates laccase
and oxidises phenols and aminophenols but not
tyrosine. Only the Saccharomyces cerevisiae
plasma membrane-bound multicopper oxidase
has similarity with fungal laccase.

Various well-known species which
produce a significant number of laccases in
variable quantities are Basidiomycetes and
Saprotrophic fungi.?® Laccases produced by
Pycnoporus cinnabarinus are known to be a
ligninolytic enzymes that can degrade lignin.
However, ability of brown-rot fungi for producing
laccases is unknown, and no laccases are being
purified. Brown-rot Coniophora puteana fungus*
has been discovered to oxidise syringaldazine
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and assist in oxidation of ABTS in Laetiporus
sulphureus.? Laccase production is influenced
by several parameters, including cultivation type
(submerging or in state of solid), limitation of
carbon and source of nitrogen.? Various bacteria
of various genera are used to produce laccases.
Bacillus, Geobacillus, Streptomyces, Rhodococcus,
Staphylococcus, Azospirillum, Lysinibacillus, and
Aquisalibacillus are examples of Gram-positive
bacteria.?*?> For maximum laccase production,
literature suggests that each type of fermentation
(submerged and solid) is suitable.?

Types of Cultivation

Laccase is produced primarily via
submerged and solid-state fermentation methods.
In various cultivation techniques (Table 2),
wild-type filamentous fungi are employed to
produce laccase on a big scale.

Solid State Fermentation

Solid state fermentation (SSF) is well
suited for enzyme production by using natural
substrates such as agriculture residue.?®?” The
sugar-rich lignin, cellulose, and hemicellulose
enhance the growth of fungus in the fermentor
and makes such a process highly cost-effective.?
Many bacteria are common for producing laccases
extra-cellularly, on the other hand, many bacteria
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are not able to secrete laccases outward from the
cell.> Solid-state fermentation is shown as a cost-
effective method to produce laccase by bacteria.
The nearby absence or absence of water that is
free-flowing, causes the process to occur.* Solid
state fermentation requires a moisture content of
roughly 15 percent. Sawdust, wheat bran, cereal
grains, wood shavings, and a variety of other
plants and animal products are the most often
utilized solid substrates for SSF.?° Conditions in
which microorganisms are cultivated under SSF
are comparable to those in their native habitat.
The bioreactor design has a severe flaw in that
heat and mass transport are narrower. Various
bioreactor configurations for laccase production
are investigated, including immersion, extended
bed, tray, inert (nylon), and non-inert (barley
bran) support, with the design of tray yielding
the good results.?! Grape seed and orange peels
are used as substrates in a comparison of tray and
immersion laccase production.?? Rice bran has a
higher laccase production rate during both solid
state and submerged fermentation than other
substrates. Inducers are found to promote laccase
production. The addition of veratryl alcohol or
MnO2 to the cultures seemed to induce laccase
activity production. Cycloheximide is also known
to induce laccase biosynthesis. Based on phenolic
compounds such as vanillic acid and ferulic

Figure 3. Various plausible mechanisms for shifting multiple functions of laccases.

A. Distinct functions at various locations in a cell.

B. Disparate behavior of proteins; intracellularly and intracellularly

C. Discrete functions of proteins when oozed by different cell types.

D. Protein activity actuality is influenced by the binding of substrate, products, or cofactors.
E. Proteins have discrete binding sites for various substrates (Sharma and Kuhad 2008).
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Table 2. Laccase production by various microorganisms as reported in the literature, the cultivation conditions

required for laccase production, inducers used, and the laccase activity detected

Microorganism Cultivation Types Inducers Laccases Activities
(U/L)
Pycnoporus cinnabarinus Submerged 10mM Veratryl 280
alcohol (VA)
Trametes pubescens Submerged 2mM Cu2+ 333000
Neurospora crassa Submerged 1 uMcyclohexamide 10000
T. versicolor SSF (Immersion, nylon Tween80 229
sponge)
T. versicolor SSF (Immersion, barley bran) Tween80 600
T. versicolor SSF (Expanded bed, nylon sponge) Tween80 126
T. versicolor SSF (Expanded bed, barley bran) Tween80 600
T. versicolor SSF (Tray, nylon sponge) Tween80 343
T. versicolor SSF (Tray, barley bran) Tween80 3500
T. hirsute SSF (Tray, grape seeds) - 18715
Streptomyces Submerged - 350
coelicolor
Escherichia coli SSF (sawdust) - 41,000
Bacillus subtilis SSF (agro residue) - 402

acid, rice bran has the ability to induce laccase
production. A wide variety of agricultural wastes
are also used for laccase production, including
seeds of grapes, wastewater, barley bran, cotton
stalk, and wheat bran. This is because laccase
production was not maximized in either solid-state
or submerged fermentation.”

Submerged Fermentation

In submerged fermentation, the
microorganism is cultivated in a liquid nutrient
medium that contains a high level of oxygen
concentration. When it comes to fungal submerged
fermentation, the main problem is the viscosity
of broth. Because oxygen and mass transfer
are limited because of mycelium formation,
impeller action is hindered. Diverse strategies
have been employed to combat this issue. For
maximum efficiency, the bioreactor must run
continuously. Trametes versicolor is used to
decolorize synthetic dye, and a pulse system was
developed for this purpose.® Cell immobilisation
also solves problems with broth viscosity, mass
transfer and oxygen. Because Neurospora crassa
is immobilised on membrane, Luke and Burton
report that regular laccase production occurs for
four months without enzyme deactivation. As part
of the bioremediation of pentachlorophenol (PCP)
and 2,4-dichlorophenol (2,4-DCP) nylon mesh is

used to compare free cell cultures of T. versicolor
having an immobilised culture of these chemicals.

Multifunctional Biotechnological Applications
of Laccase

Due to its multiple signature functions,
laccase can be employed as a multifunctional
enzyme, relying on the cell type and the
conditions under which its isozymes are expressed
(intracellular or extracellular). Figure 3 shows the
various plausible mechanism for shifting multiple
functions of laccases.

As biosensors or bioreporters, multiple
oxidoreductases can be added. A miscellaneous
and limitless supply of energy sources may be used
by enzymatic biofuel cells, which has encouraged
scientists to concentrate on small, implantable
power devices in living systems.3*

Laccase in Food and Bioremediation Technology

Without a costly investment, laccase
could improve production, performance, and
quality of food products and has the advantage
of being a moderate technology. Laccase is one
of the most studied enzymes for bioremediation;
credited for its ability to decompose phenolic
compounds. Laccase helps in the bioremediation
of food industry wastewater. Various researchers
recorded that laccase has been immobilized
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on organogel support and was able to extract
aqueous suspensions from naturally occurring
and xenobiotic aromatic compounds. In a
model wastewater solution, with the help of
polyethersulphone the laccase was immobilized on
it through adsorption which is capable for reducing
phenol concentration.®® In food industries, laccase
is the choice because of its capability to expedite
homo- and hetero- polymerization reactions.
It may be used in the stabilization of wine and
beer, processing of fruit juices, baking process,
improvement of the sensory parameter of food,
and gelation of sugar beet pectin.?® Owing to
its huge polyphenol contents and dark-blown
colors, beer-factory wastewater is a significant
environmental concern. The white-rot fungi
producer of laccases, Coriolopsis gallica, is used
by researchers for degrading its high-tannin-
containing wastewater.*’

When it comes to the food industry,
the major application of laccase is for wine
stabilization. While the aroma of wine is caused
by alcohol and organic acids, different wine types
may be determined through the enrichment of
wine with the various compound of phenolic
which plays a crucial role in facilitating distinct
color and taste to it. To preserve color and flavor
in wine, different methods have been used, such
as the elimination of polyvinylpolypyrrolidone
(PVPP) phenolic groups, alternatively, oxidizers are
blocked using sulfur dioxide. Fungal laccase (e.g.,
derived from Trametes versicolor) is well-suited for
polyphenol removal from wines but requires a set
of conditions essential for proper functioning, such
as medium acid stability with an ideal pH range
around 2.5-4.0 and reversible sulfite inhibition.3®
Beer polyphenols can be oxidized and removed
through the application of laccases (eg. Laccase
derived from strains of Aspergillus, Neurospora
etc.) —filtration or other separating processes are
preferred for the removal of formed polyphenol
complexes. Laccases were also preferred for
the removal of O2 from beer at the end of the
production process, thus enhancing the storage life
of beer.*® Excessive phenolic oxidation has almost
always been considered unfavorable for apple
and grape juices. By delaying the onset of protein-
polyphenol haze formation, laccase has also been
used to stabilize fruit juices in several tests.*

Various other applications such as sugar
beet pectin gelation, improvement of food sensory
parameters, and ascorbic acid determination,
where fungal laccases were proved to be an
extremely potential and propitious enzyme for the
food industries.

The xenobiotic may be oxidized by
laccase or Laccase-mediator System (LMS), which
may be readily taken away through a practical or
mechanical process to produce a product that is
less toxic or has greater bioavailability. Laccase
has been reported to oxidize numerous hazardous
compounds alone or through a redox mediator.
Laccase enzyme may be employed for detoxifying
pollutants — the toxins are oxidized into free
radicals or quinones, as a result, it undergoes
polymerization and partial precipitation. In
their insoluble shape, the contaminants are less
harmful and can be separated from water through
physical procedures.** To form reactive aryloxy
radicals, both laccase and peroxidase oxidize
phenolics, which automatically polymerize for
forming an insoluble complex. Such complexity
may be eliminated with the application of
physical methods like precipitations, filtrations,
or centrifugations.*! Laccase from Trametes
versicolor can potentially decompose pesticides
(insecticides, fungicides, and herbicides). While
trinitrotoluene does not serve as a substrate for
an oxidative enzyme such as laccases, whereas,
partial degradation is possible and it does cause
the accumulation of reduction of metabolites
such as aminodinitrotoluenes (ADNT), azoxies
compound, and diamino nitrotoluenes.*

Laccase in Textile and Paper Technology

Laccases are enzymes that have been
applied to bleach textiles, modify cloth surfaces,
and synthesize dyes in addition to de-colorize
textile effluents. Therefore, various chemicals,
energies, and water-consuming textile operations
could be replaced by laccase-based processes.
Laccase-based processes seem to be an appealing
alternative due to their ability for degrading
dye of various chemical structures, which also
include synthetic dyes which are being used in the
industry.* 43

Different aromatic compounds (which
includes phenol and aniline) may also be oxidized
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by laccase to simultaneously facilitate non-
enzymatic homo and hetero-coupling reaction,
resulting in color palettes of various useful textile
dyes (which include phenoxazine and azo dye).*

In the paper pulp industry, laccases are
favored over peroxidases (lignin, manganese, and
flexible peroxidases) because unlike peroxidases,
they utilize O2 instead of H,0, and the co-substrate
does not affect their functioning. There have been
records of enzymatic bleaching of flax pulps along
with laccase of various fungi and redox mediators
of pure and synthetic origin.** Various other
applications are there including some fungal and
bacterial laccase-induced grafting of phenol to flax
fiber for the production of paper.* 4647

Laccase in Biosensors and Nanobiotechnology

Enzyme immobilization is useful in
biomedicine. Enrico et al.***® worked with the
production of cheaper carriers of nylons 6 film and
nanofiber and immobilization on nylon carriers by
laccase, which helped to develop new biocatalytic
material for industrial use.*

Chauhan et al.> made a laccase (Coriolus
Versicolor) immobilized biosensor on a polyethers
sulfon membranes at pH value 4.5, which is
added to the base electrode of Universal Sensors.
Reduction of the oxidation product of several
laccase catalyzed polyphenols was performed at
a potential for which the polyphenol of interest
has been found to react. Catechol reductions
have been found to occur at the potential of -200
mV, sometimes referring to the polyphenolic
biosensor literature.* researched the production
of the catechol biosensor, and laccase enzymes
were used from two separate sources, namely
tree laccases from Rhus vernicifera and fungal
laccases from Coriolus hirsutus. Laccase, through
glutaraldehyde coupling, isimmobilized on amine
termination thiol monolayer on the surface
which is golden. Based on sensitiveness, stability,
reproducibility, and various electrochemical
properties of enzyme electrodes and many
monolayers which are investigated, Cystamine has
been found much optimal**° worked to make a
novel laccases-modified screen-printing electrodes
and these bio nanocomposite sensors were
optimized in terms of enzyme loading, pH, and
applied potential. It was assessed for Bisphenol A
(BPA) determination.*®

A laccase biosensor can be used for
electrochemical estimation of the polyphenol
index in wines using a laccase biosensor. It
was reported to be used for rapid and reliable
amperometric estimation of the total content
of polyphenolic compounds in wines.*! By inter-
linking with the glutaraldehyde on a glassy carbon
electrode, the enzyme was immobilized. To carry
out such an estimation, caffeic and gallic acid were
chosen as a compound that is standard.

Laccase in Biofuel and other Applications
Laccase plays a major role in the
biodegradation of lignin, and its potential uses
as an agent in the development of biofuels and
as biocatalysts for the removal of growth of yeast
inhibitors (majorly phenolics) for the consecutive
enzymatic process is therefore being studied.
Laccases are the enzyme, the investigation
of which is done not for potential use as a
pre-treatment agent in developing biofuels,
primarily as enzyme delignify, on the other hand,
also as a biotechnological method to extract
(mainly phenolic) inhibitors from subsequent
enzymatic processes.>? Researchers developed
laccase—glucose oxidase biofuel cells with designs
and analysis of biofuel cells consisting of an anode
basis on glucose oxidase (Aspergillus niger) and
laccases-basis of cathodes (Trametes versicolor)
using redox polymers basis of osmium as a
mediator of electrons transferring by biocatalysts
to graphite electrodes surface.*® Laccases-based
biocathode for bio electrocatalytic oxygen
reduction and its use of advanced electrode
material, like nanoparticle and nanowire is
researched for commercial applications.>*
Laccase is very promising as a biocatalyst
in the synthesis of bioactive compounds. Their
response requires molecules of oxygen only and
as only by-products, releases water. To generate
reactive radicals, Laccase catalysis requires
abstracting one electron through its substrate.
Subsequently, free radical is subjected to homo &
hetero-coupling for forming oligomeric, polymeric,
dimeric, and cross-coupling products through
practical consequences for organic synthesis.>
Laccases can be used in the formulation of
hair dyes to substitute H,0, as an oxidizing agent.
The potential for real phenols for forming products
beneficial in hair dyeing is explored by laccase-
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Table 3. Laccase industrial applications and their innumerable usages. The wide range of applications is in the
industries of food bioremediation, nanotechnology, textile, pulp, and paper industry, dye synthesis and dye

decoloration, petroleum chemistry, biosensor, etc.

Application Use

Reference

Industries of Food

Stabilization of Wine, Stabilization of Beer, Processing of Fruit

Osma et al. 2010

Juice, baking (bread), preparing cork stoppers, pectin gelation
of sugar beet, improve in parameter of food sensory etc.

Bioremediation

Degradation of xenobiotics,degrading Pharma & Products
of personal care (PPCPs), degradation of antibiotics,
reduce estrogen concentration from municipal waste

Viswanath et al. 2014
Yang et al. 2017
Strong and Claus 2011

water treatment plants, removal of pentachlorophenols
(PCP) and polychlorinated biphenyls (PCB) from waste water.

Nanotechnology

Laccase mediator system- As substrate molecule is not able
for entering into the active sites of laccases because of size,

Christopher et al. 2014
Li et al. 1999

these mediator react as carrier of electron b/w enzymes and
substrates. Mediators mostly used are 3-hydro-xyanthranilic
acids (3-HAA), N-hydro-xyphthalimide (NHPI), p-coumaric acid,
syringaldehyde, 1-hydroxy benzotriazole (HBT), 2, 2-azinobis-
(3-ethylbenzthiazoline-6-sulfonate) (ABTS), and 3

hydroxyanthranilic acid
Textile, Pulp and
Paper industry

Discharging treatments of pulps and papers industries, pitch
control, Laccases assisting transformations of lignin to value

Singh and Arya 2019

adding aromatic compound, denim finish, cotton bleach, rove
scoure, treating of dye contamination of waste water.

Dye synthesis and
Dye decoloration

Petroleum
chemistry
Biosensor

in petroleum waste produce

compound

Dyes of old news print & waste papers through laccase
mediator system, synthesis of hair dye using plant derived
phenols catalyzed by laccase enzymes.

Used for degrading of Polycyclic Aromatic Hydrocarbon (PAH)

Laccases-base on biosensor for detecting of phenolic

Singh and Arya 2019
Ibarra et al. 2012
Jeon et al. 2010
Peixoto et al. 2013
Wang et al. 2018
Rodriguez-Delgado
et al. 2015

catalyzed polymerization.>® By use of mixtures of
two phenolic monomers, 15 phenol test yields
colored product after treatment of lacquer, and
diversity of color has been achieved. The study
shows that for the production of new cosmetic
pigments, laccases- catalyze polymerizations of
natural phenol are applicable.>®

Various industrial applications of laccase
and its innumerable usages are listed in Table 3.

CONCLUSION

Because of its ability for oxidizing phenolic
and non-phenolic lignin relating compounds as
well as extremely recalcitrant environmental
contaminants, laccases have gained great attention
from researchers in recent decades, which make
them much beneficial for their application in
biotechnological process. These uses include the

detoxifying industry's waste, primarily from paper
and pulps, textiles and petrochemicals industry,
and the use of herbicides, pesticides, and some
explosives in the soil as a method for medical
diagnostics and as bioremediation agents. There
are numerous applications in food handling, such
as heating, gluten-free bread, beverage stability
(wine, juice, brew), bioremediation, and so on, and
enamel plays a vital role in green food preparation.
Future research with laccase will further extend
the scope of its multifunctional applicability in
biotechnology and various industrial and research
field.

Biotechnological applications are likely
to be found for laccase due to its high increase
potential, which makes it a better choice for
biotechnological applications in the food industry.
Laccase may make food handling safer for the
environment and more prudent. This potential
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is expected to be fully implemented with a
better understanding of laccase creation and its
mechanism of activity. Mediators can be used
to extend the laccase portion to non-phenolic
substrates, as well. Laccase's infinite occurrence
in various organisms ensures its widespread
accessibility, particularly among wood decay
parasites, also known as white decay growths,
which are excellent laccase producers. Laccase
overexpression in heterologous frameworks has
been shown to increase laccase expression levels
and improve catalytic activity. Streamlining the
media and selecting the appropriate producers can
provide further benefits to increased production
with less resource use. Laccases were created
using aggressive aquatic cultivation processes,
according to scientists. Reduced fermentation,
on the other hand, promotes the SSF for modern
laccase production. Future efforts to improve the
design of SSF bioreactors could make SSF even
more unique and competitive.
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