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in the one-electron oxidation of a wide range of substrate 
molecules, including phenolic compounds, aromatic amines 
and heterocyclic compounds. They are environment 
friendly enzymes that require just molecular oxygen as a 
co-substrate for catalysis and produce only water molecules 
as a by-product. Due to their substrate promiscuity and 
eco-friendly nature, laccases possess enormous potential 
in the food, pharmaceutical, industrial, and environmental 
industries (Mayolo-Deloisa et al. 2020). Moreover, fungal 
laccases have been recovered from the residual compost of 
industrial production of edible mushrooms including Agar-
icus bisporus and Pleurotus ostreatus, due to their extra-
cellular production. The ability to degrade lignocellulosic 
material renders laccase enzyme suitable for application in 
biorefinery processes for the production of clean biofuels.

Laccases play a role in bioremediation, detoxification 
of wastes, textile finishing (decolorization, detoxifica-
tion), dye discoloration of paper pulp and transformation of 

Introduction

Laccases are multicopper oxidases ubiquitous in fungi and 
also present in higher plants, bacteria, and insects (Shek-
her et al. 2011). In plants, laccases participate in the lig-
nification process, wound healing in response to pathogen 
defense, and iron metabolism (Piscitelli et al. 2010). Lac-
cases are involved in a variety of physiological processes in 
fungi, including stress defense, pathogenesis, pigmentation, 
lignin degradation and morphogenesis. Laccases participate 
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Abstract
The cloning of the laccase gene encoding industrially relevant laccase enzyme was carried out from Coriolopsis caperata 
into heterologous E.coli. Laccase enzymes play a role in the oxidation reactions of one electron of a wide range of phe-
nols, aromatic amines and heterocyclic compounds such as lignin. They are multi-copper oxidoreductases that catalyze 
the one-electron (e-) oxidation coupled with the transfer of four electrons to the catalytic copper atoms, which leads to 
the reduction of two water molecules from reducing oxygen. In the present study, C. caperata was utilized for cloning the 
laccase gene and the protocol for cloning is outlined in the present study. The full-length gene (~ 1622bp) was amplified 
from Coriolopsis caperata by extracting RNA and synthesizing cDNA and PCR using gene-specific primers. By includ-
ing the restriction site sequence of NcoI and XhoI enzymes into the synthetic primers, the directed cloning of the laccase 
gene fragment in the pET28b vector was performed.The construct was transformed into the E.coli BL-21 DE3 strain for 
expression. The transformed E.coli strain was screened on the kanamycin marker plate and the recombinant colonies were 
selected for plasmid isolation. Laccase gene cloning was confirmed by DNA sequencing of extracted plasmid. The cells 
were further processed for inclusion bodies isolation for enzyme recovery. The protein obtained was of size ~ 57kDa and 
confirmed on SDS PAGE which was same as expected size. The enzyme activity was found to be 73.1U/mL using ABTS 
as substrate. The laccase gene was successfully cloned from the fungus C. caperata and because laccase enzyme has 
widespread applications in the pharmaceutical, food, and environmental industries the E.coli recombinant host expressing 
laccase gene could serve as a warehouse for higher laccase enzyme production in these industries.
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xenobiotics (antibiotics, steroids) (Singh and Kumar 2019). 
Despite their valuable properties, the biotechnological 
applications of laccases are hampered by high production 
costs due to low enzyme activity and low yield, owing to the 
inability of traditional fermentation procedures to replicate 
the natural conditions required for cultivating many organ-
isms. The native sources were shown to be insufficient to 
supply the enormous market demand for these enzymes. As 
a result, research is focused on scaling up laccase production 
while both increasing activity and lowering costs (Chen-
thamarakshan et al. 2017).

To address these bottle necks, recombinant protein 
expression in amenable hosts offers great solutions to 
improve productivity in shorter time and lowering down 
production costs. Another method is to screen for the hyper-
secretory strains. Enzyme engineering, enzyme evolution 
and immobilization are also viable options for improving 
the stability and activity of laccase enzymes. Basidiomyce-
tes (white rot fungi) are the prolific producers of laccases, 
while other phyla such as Ascomycetes and Deuteromycetes 
also produce this enzyme (Yang et al. 2017; Wadgaonkar 
et al. 2021). In addition to a few examples of homologous 
expression (Alves et al. 2004), heterologous expression of 
laccases has been successfully performed in bacteria (Cheng 
et al. 2021), yeasts such as Yarrowia lipolytica, and Pichia 
pastoris (Iimura et al. 2018; Liu et al. 2020), filamentous 
fungi for e.g., Aspergillus niger, Aspergillus oryzae, and 
Trichoderma atroviride (Larrondo et al. 2003) and plants 
such as Zea mays and Arabidopsis thaliana (Li and Stef-
fens 2002). E.coli serve as the excellent heterologous host 
for expression of laccases (Suzuki et al. 2003; Fernandes 
et al. 2007; Tan et al. 2017). Recently, a thermostable and 
organic solvent-tolerant laccase from Bacillus pumilus 
ARA has been expressed in E.coli which showed potential 
decolorization activities against various industrial synthetic 
dyes (Jiang et al. 2021). Remarkably, the application of lac-
case enzymes for decontaminating environmental pollutants 
holds great value (Yang et al. 2017). In another example, a 
white-rot fungus, Obba rivulosa derived recombinant lac-
case, has shown potential in mediator promoted oxidation of 
biorefinery lignin at acidic pH (Kontro et al. 2020).

Noteworthy, the recombinant enzymes tend to form 
aggregates and pose challenges in the purification, in case 
of heterologous expression in the E.coli host. On contrary, 
the expression of the laccase enzyme in other bacterial hosts 
such as Streptomyces lividans has resulted in significant 
amount of laccase enzyme with superior purity (Dubé et al. 
2008). Previously, various studies have shown the higher 
level production of laccases by the white rot-fungus Corio-
lopsis caperata using media and fermentation optimization 
approaches (Nandal et al. 2013; Wadgaonkar et al. 2021).

Following the present literature, the present study 
attempted to clone and express the full length 1622-base-
pair gene, lac-2 gene (laccase gene) from Coriolopsis cape-
rata into the E.coli system.

Materials and methods

Strain, plasmids and reagents

The Coriolopsis caperata culture was isolated and cultured 
on the Potato Dextrose Agar (PDA) medium at 25°C. The 
heterologous expression strain, Escherichia coli BL21 DE3 
strain was procured from Thermo Fisher Scientific. Corio-
lopsis caperata was cultivated in the liquid Potato dextrose 
broth medium for 72h, followed by centrifugation of sus-
pension culture at 4000rpm for 10min to pellet the cells for 
RNA isolation. The RNA extraction was performed using 
the Trizol (Thermo Fisher) reagent as per the manufactur-
er’s protocol. The restriction enzymes NcoI and XhoI were 
purchased from New England Biolabs, Inc, which were uti-
lized for directional cloning of laccase gene fragment into 
the pET28b vector (Merck). The pET28b vector lineariza-
tion was done using the calf intestinal alkaline phosphatase. 
The Promega DNA ligation kit containing T4 DNA Ligase, 
Ligase 10X Buffer was utilized for ligating the digested lac-
case gene fragment and pET28b vector.

RNA extraction and cDNA synthesis

The RNA extraction from the 72h grown culture of Corio-
lopsis caperata was performed using Trizol reagent (Life 
Technologies, USA) and chloroform as per the manufac-
turer’s protocol. The integrity and quality of extracted RNA 
were checked on the 1% agarose gel and the RNA estima-
tion was done on the Qubit fluorometer (Thermo Fisher Sci-
entific). Next, the cDNA synthesis was carried out using 5 
mM oligo dT18 primer, 200 U of Moloney murine leukemia 
virus reverse transcriptase (MuMLV-RT Invitrogen, USA), 
1 mMdNTP solution and 3 mM Mg2+ in a volume of 20µl.

PCR amplification of laccase (Lac2) gene

The gene sequence of the lac-2 gene (GenBank, accession 
number: AGE13770) was retrieved from the NCBI Gen-
Bank database from the Coriolopsis caperata cDNA data-
base. Next, the gene-specific PCR primers were designed 
to amplify the entire gene fragment for cloning using the 
Primer 3 tool available online at https://primer3.ut.ee/. The 
primer sequences and details were as per Table 1. Addi-
tionally, to introduce the restriction sites for cloning into 
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the pET28b vector, the site-specific sequences and adapter 
nucleotide sequences were added to the primers.
Table 1 Primer details
Name 
of 
Primer

Primer Sequence No. of 
Bases

Size of 
PCR 
Product

Lac-
case F

ATGGCCGGGTTCCAAACT 18 ~ 1622bp

Lac-
case R

TCACTGGTCATTAGGGTCCAG 21

The laccase enzyme encoding gene (Lac2 gene) was 
amplified using standard PCR reaction with gene-specific 
forward and reverse primers with an annealing temperature 
of 57°C. The PCR amplified product was resolved on the 
2% agarose gel containing 0.5µg/ml of EtBr, prepared in 
0.5X TBE buffer. 5.0µl of PCR product was mixed with 6X 
gel tracking dye for loading along with 5µl of molecular 
marker 1Kb size (APS Lifetech, Pune) DNA ladder.The 
bands were visualized under a UV Trans illuminator, and 
the gel images were recorded using BIO-RAD GelDoc- XR 
gel documentation system. A single band of PCR amplified 
product of laccase gene (size 1622bp) was expected.

Cloning of laccase gene (lac-2)

For cloning of the laccase gene into the pET28b vector,  
the amplified PCR was extracted from the gel using a gel 
extraction kit (Thermo Fisher Scientific), followed by liga-
tion of the double digested PCR product and pET28b vec-
tor with XhoI and NcoI restriction enzymes (New England 
Biolabs, Inc). Prior to ligation the vector DNA was dephos-
phorylated. The ligation of the purified lac-2 gene into the 
cloning vector pET28b (Merck) was performed using theT4 
DNA ligase as per the manufacturer’s instructions (Promega 
Ligation kit). The ligated construct (5µl) was transformed 
into E. coli BL21 DE3 strain and the transformed cells were 
plated onto the Luria-Bertani (LB) media plates containing 
kanamycin (30µg/mL). After overnight incubation at 37°C, 
the transformants were allowed to grow on the selection 
media and few colonies were selected and grown in 5ml 
LB media with kanamycin overnight (12–16h) at 37°C for 
screening for positive recombinants through plasmid isola-
tion followed by DNA sequencing. Sanger DNA sequencing 
was performed for confirmation of presence gene of interest 
at geneOmbio Technologies Pvt Ltd., Pune with primer spe-
cific to vector pET28b T7 promoter and also the laccase gene 
specific primers used for PCR. The positive clone harboring 

the Laccase 2 gene in correct orientation according to the 
sequencing results was termed as pET28b-Lac-2MW.

Inclusion bodies isolation and SDS PAGE

The overnight grown culture of recombinant E. coli was 
inoculated in 1 lit of LB media with kanamycin. The flask 
was incubated at 37°C overnight. The 1mM IPTG and 0.25 
mMCuSO4 were added as inducers in the culture and further 
incubated at 16°C for 5h. The cells from the culture were 
harvested after 5h and the cell pellet processed for inclusion 
bodies isolation. Inclusion bodies were isolated by sonicat-
ing the cell pellet on ice for 3 cycles of 20min. The lysed 
cell pellet was treated with with Urea, Sodium chloride, 
DTT and Triton X solution. On centrifugation the pellet was 
treated with 25mM and 50mM Trizma one by one. The cen-
trifugation steps were performed at 9000g for 10min each 
at low temperature. The pellet obtained from the procedure 
was resuspended in 2M Urea in 100mM Tris buffer. The 
dissolved IBs were loaded on SDS PAGE for the confirma-
tion of molecular weight of protein. The protein bands were 
stained with Bromophenol blue. The sample was run along 
with molecular marker of range 3.5kDa – 205kDa manufac-
tured by Genei (cat No. 3,110,475,001,730).

The protein was initially denatured at 950C for 10min 
along with the 2X reducing dye and then loaded on gel. 
The 12% gel was used for gel electrophoresis.

Enzyme activity

The enzyme activity was measured at 420nm under UV-
Vis spectrophotometer by using substrate 0.5 mM of 2,2’- 
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS, 
Himedia) (extinction coeffar 420, 36,000M cm-1) at room 
temperature in 1mM sodium acetate buffer (pH5.5). The 
absorbance was used to calculate enzyme activity (Balti-
erra-Trejo et al. 2015).

Results

The aim of the present study was cloning and expression 
of laccase gene (lac-2) from the Coriolopsis caperata into 
the heterologous host, E.coli. The C.caperata culture was 
grown in the liquid medium for 72h for isolation of RNA to 
synthesize cDNA using oligo dT primers. Figure 1 shows 
the gel image of isolated RNA, the integrity of the RNA 
was confirmed by the presence of 3 distinct bands on the 
gel. Next, the cDNA was utilized as the template for the 
amplification of laccase gene using gene-specific primers 

1 3

197



Vegetos (2023) 36:195–200

checked with DNA sequencing, and the positive clone was 
named pET28b-Lac-2MW.

Figure 4 shows the laccase band which was expected 
to be present at ~ 57kDa on SDS PAGE as per ex-situ size 
evaluation of the protein. Molecular weight of native lac-
case from Coriolopsis caperata and recombinant enzyme 
was found to be similar respectively. The enzyme activity 
was found to be 73.1U/mL using ABTS as substrate.

Discussion

In this study, the cloning and expression of a laccase gene 
(lac-2) was performed from C.caperata into the heterolo-
gous host E.coli using directional cloning. Successful clon-
ing and expression was achieved as detailed in the present 
study. Expression of the laccase enzyme was confirmed by 
SDS PAGE, and further the activity of the laccase enzyme 
also evaluated. Next, a comparative study of native and 
recombinant enzyme for their stability and production cost 
is to be done for its industrial application. Purification and 
characterization of enzyme could help in exploring the other 
parameters of recombinant laccase production.

(Fig. 2). Figure 2 shows the PCR amplification of the lac-2 
gene using the cDNA template and gene-specific primers. 
A single band of size 1622 band was expected for the lac-2 
gene. Following PCR, the amplicon was resolved on gel and 
extracted for cloning into the pET28b vector by direction 
cloning. The ligated lac-2 gene fragment into the vector was 
transformed into the expression BL-21 DE3 E.coli strain 
and the recombinant strains were screened on the kanamy-
cin antibiotic plate. The positive clones were screened by 
isolating plasmids and confirmed through DNA sequenc-
ing. Figure 3 shows the lac-2 constructs in the pET28b vec-
tor. The identity of the recombinant plasmid was further 

Fig. 2 Shows the PCR amplification of laccase gene (lac-2) using 
gene specific primers. Left to right: Lane M -1Kb molecular marker, 
Lane NTC-Negative test control, and Lane Laccase PCR-lac-2gene of 
Coriolopsiscaperata

 

Fig. 1 Shows the image of RNA extracted from the Coriolopsis cape-
rata in 72 hr liquid culture. 5µl of RNA sample was loaded and the 
RNA bands were resolved on to the 1% agarose gel prepared in 0.5X 
TBE buffer

 

1 3

198



Vegetos (2023) 36:195–200

Fig. 4  Protein loaded on 12% 
SDS PAGE gel Well no. 1: 
Molecular marker; Well no. 
2: Laccase from native organ-
ism Coriolopsis caperata; Well 
no. 2: Recombinant Laccase from 
E. coli; Well no. 3 Parial purified 
recombinant IBs from E. coli

 

Fig. 3 Shows the gel image of plasmid DNA isolated from recombi-
nant strains of BL-21 DE3 strains of E.coli. Lanes represents the plas-
mids isolated from two different colonies for screening; 5µl of plasmid 
DNA was loaded in each well. The bands were resolved on 1% agarose 
gel prepared in 0.5X TBE buffer. Five microliter of Coriolopsis cape-
rata plasmid DNA was loaded on gel.
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