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Abstract

Aspergillus flavus was isolated from soil and exhibited laccase activity under both constitutive and

copper induced conditions. Spiking the medium with 1 mM copper sulfate resulted in an increase in

the activity which reached 51.84 U/mL, a distinctive protein band was detected at 60 kDa. The

extracellular enzyme was purified 81 fold using gel filtration chromatography and resulted in two dif-

ferent laccase fractions L1 and L2, the latter had a higher enzymatic activity which reached

79.57 U/mL and specific activity of 64.17 U/�g protein. The analysis of the spectrum of the L2 frac-

tion showed a shoulder at 330 nm which is characteristic for T2/T3 copper centers; both copper and

zinc were detected suggesting that this is an unconventional white laccase. Primers of laccase gene

were designed and synthesized to recover specific gene from A. flavus. Sequence analysis indicated

putative laccase (Genbank ID: JF683612) at the amino acid level suggesting a close identity to

laccases from other genera containing the copper binding site. Decolorization of textile waste water

under different conditions showed possible application in bioremediation within a short period of

time. The effect of copper on A. flavus was concentration dependent.
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Introduction

Laccases (p-diphenol:dioxygen oxidoreductase; EC

1.10.3.2) belong to the group of blue copper oxidases, they

are the most abundant members of the multicopper protein

family which include tyrosinase, monooxygenase and dio-

xygenase. From a phylogenetic perspective, this group of

enzymes developed from small prokaryotic azurins to euo-

karyotic plasma proteins (Claus 2003). Laccases use oxy-

gen as an electron acceptor to remove hydrogen radicals

from phenolic hydroxyl groups (Eggert et al., 1998). The

free radicals formed can undergo rearrangements that lead

to alkyl-aryl cleavage, oxidation of benzyl alcohols, and

cleavage of side chains and aromatic rings, they have an

overlapping substrate specificity which could be extended

by redox-mediators and therefore, could be used in degrad-

ing a wide range of xenoaromatics (Molianen et al., 2010).

Laccases have been widely known for their biotechnologi-

cal applications, they are used in food industry to modify

color and cross linking of biopolymers (Selinheimo et al.,

2006), in pulp and paper industry (Camarero et al., 2004),

in nanobiotechnology for their application in bioelectro-

chemistry, other applications include soil bioremediation,

synthetic chemistry and cosmetics (Rodriguez Couto and

Toca Herrara 2006) and bioremediation of polyethylene

(Santo et al., 2012), but the most widespread application is

the decolorization of textile dyes (Telke et al., 2010). Due

to the multidisciplinary uses of laccase, there is a dire need

to induce both its expression and productivity through

up-regulation of the enzyme encoding genes. Contrary to

an effective but complex and expensive tools of bioengi-

neering, increasing the enzyme yield by adding inducers is

perceived as simple and cost-effective (Skorobogat’ko et

al., 1996, Levin et al., 2010). There are many different in-

ducers for laccase production (Lorenzo et al., 2002), but the

most common of which is copper, the effect of copper is

considered the most efficient of the putative inducers tested

(Palmieri et al., 2000). Generally, blue copper oxidases are

characterized by having four cupric (Cu2+) ions coordinated

in such a manner that each of the known magnetic species

(type 1, type 2 and type 3) is associated with a single
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polypeptide chain (Telke et al., 2010). The Cu2+-binding

domains are highly conserved in blue copper oxidases.

Laccases are widely distributed in higher plants and fungi,

they are also present in insects, bacteria (Brijwani et al.,

2010) and cyanobacteria (Palanisami and Lakshmanan

2011), but their abundance is mainly in white rot fungi

(Lorenzo et al., 2002, Vanhulle et al., 2007, Moilanen et

al., 2010) , nevertheless, brown rot fungi are capable of pro-

ducing laccases too (D’Souza et al., 1996), Aspergillus

niger and genetically modified Aspergillus are among the

mentioned brown rot fungi which produce laccases with

wide industrial and biotechnological applications (Rodri-

guez Couto and Toca Herrara 2006), Aspergillus ochraceus

are capable of producing laccase and degrading textile dyes

(Telke et al., 2010). Over expression of fungal laccases is

done in Aspergillus niger and Aspergillus oryzae where its

successfully cloned and heterologously expressed (Rodri-

guez Couto and Toca Herrara 2007).

In the present work we characterize and investigate

laccase-related enzyme in the brown rot fungus Aspergillus

flavus and test its response to copper and its industrial ap-

plication in terms of textile waste water treatment.

Materials and Methods

Isolation and identification of the microorganism

Aspergillus AF2 was isolated from agricultural soil at

AGERI, Giza, Egypt. The fungus was grown and main-

tained on malt extract agar medium with the following

components per litre: 20 g malt extract, 20 g glucose, 1 g

peptone, 20 g agar, incubated at 30 °C for 5 days, 4 mm fun-

gal discs were cut from the actively growing outer circum-

ference of the fungal colony and were used to inoculate

media in the following experiments. Identification of the

fungus was performed microscopically by examining the

hyphae on water agar according to Barnett and Hunter

(1999).

Induction of laccase under different copper sulfate
concentrations

Two 4 mm A. flavus discs were used to inoculate

250 mL Erlenmeyer flasks containing 100 mL of basal

GYP medium (Galhaup et al., 2002) which contained the

following components per litre: 20 g glucose, 5 g yeast ex-

tract, 5 g peptone from casein and 1 g MgSO4.7H2O. The

culture pH was adjusted to 4.5 prior to sterilization. Lac-

case activity was assayed, as described later, after 6 days of

incubation at 30 °C under submerged conditions (150 rpm).

Three different copper concentrations of filter sterilized

(0.45 �m) CuSO4.5H2O were added to the medium after

24 h of fungal growth to avoid growth inhibition by copper.

The concentrations used were: 1, 5 and 10 mM, were each

added under aseptic conditions to triplicate flasks (n = 3)

and left to incubate as described earlier. Control flasks con-

tained no copper. The plotted results are the mean values

for the obtained data.

Mycelial growth, enzyme assay and protein
determination

The mycelial growth was monitored by weighing the

filtered and washed mycelia on pre-weighed filter paper

and drying them to a constant weight at 70 °C, and calculat-

ing the difference. Laccase activity was measured using

ABTS [2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic

acid)] as the substrate (Srinivasan et al., 1995). The quan-

tity of ABTS converted to product was measured spectro-

photometrically at 420 nm (absorption coefficient value

� = 36000 M-1 cm-1) using a Schimadzu UV 2100 spectro-

photometer. One unit of activity in international units (U) is

defined as the amount of enzyme required to produce 1

�mol product/min at 30 °C and expressed as U/mL, while

specific activity was expressed as U/�g protein. Protein

concentration (�g/mL) was estimated using Lowry method

(1951) using bovine serum albumin (BSA) as the standard.

Polyacrylamide gel electrophoresis (PAGE)

For purification of extracellular laccase, each culture

medium was amended with the optimal copper concentra-

tion cultivated as previously described, mycelia were sepa-

rated by filtration on miracloth, the culture filtrate was

frozen, thawed and centrifuged to remove precipitated

polysaccharides. The filtrate was concentrated using

30 kDa cutoff membrane filters to concentrate each culture,

each were dialyzed twice against 50 mM phosphate

buffer pH 4.8. An amount of 100 �g protein was loaded in

each lane, samples were then electrophoresed at room tem-

perature using Tris-glycine buffer (pH 8.3) at 50 V through

the stacking polyacrylamide gel (6%) and at 100 V through

the resolving polyacrylamide gel (10%) (Laemmli 1970).

After electrophoresis, the polyacrylamide gels were stained

with Coomassie Brilliant blue R-250; the image was cap-

tured by a CCD camera.

Spectral properties and metal content

The resulting filtrate from cultures containing 1 mM

copper were the ones used for spectral and metal content

determination. The protein concentrate was further

chromatographed on Sephadex G-100 fast flow column

(1.5 x 30 cm). The column was equilibrated at a flow rate of

1 mL/min with phosphate buffer. The resulting fractions

were scanned for protein at 280 nm and laccase activity at

420 nm using ABTS substrate as described earlier. The

fractions with enzymatic activity were pooled, concen-

trated by sucrose, dialyzed again against water. The frac-

tion with the highest activity was used for spectroscopic

characterization of the Cu (II) centers. Spectrophotometric

measurements were carried out between 280 and 700 nm

using a Schimadzu UV 2100 spectrophotometer. The con-

centrations for Cu2+, Zn2+, Fe2+ and Mn2+ were detected us-
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ing Unicam 939 Atomic Absorption Spectrometer

(England). Prior to determination, the purified fraction was

dialyzed against 10 mM sodium acetate buffer (pH 6) for

16 h.

pH and temperature optima and enzyme kinetic data

The pH optima of the purified laccase fraction were

determined in phosphate buffer in a pH range from 2-9. The

temperature optimum was determined by incubating the

enzyme in the same buffer at different temperatures rang-

ing from 25-60 °C and activity was assayed using ABTS as

previously described. Determination of Km and Vmax were

carried out under optimal conditions for the conversion of

ABTS at 50 °C and pH 3. The substrate concentrations

ranged from 2 to 10 �M ABTS. Plots were performed as

Lineweaver-Burke plot.

PCR amplification and sequencing of genomic
laccase

Mycelia of optimal laccase production which was

6 days Aspergillus flavus were filtered on miracloth, liquid

nitrogen. The frozen mycelia were ground in sterilized

mortar and DNA extraction took place using Genomic

DNA extraction kit (Fermentas, EU). DNA was amplified

using PCR (Perkin Elmers) with the following primers:

(FW) 5’-CAC TGG CAC GGN TTC TTC CA, (RV)

5’-GTG ACT ATG ATA CCA GAA NGT (D’Souza et al.,

1996). Amplification was performed under the following

PCR conditions: an initial cycle of denaturation 5 min at

94 °C, annealing 2 min at 54 °C, and extension 20 min at

72 °C, followed by 35 cycles of denaturation 1 min at

94 °C, annealing 2 min at 54 °C and extension 5 min at

72 °C and then final incubation 10 min at 72 °C. Samples

were separated on 1% agarose gel, amplified laccase band

was recovered. Sequence analysis of the recovered putative

laccase was done using ABI Prism BigDyeTM Terminator

Cycle Sequencing Ready Reaction kit according to manu-

facturer’s instructions (PE Applied Biosystems) and an

ABI PrismTM 377XL DNA sequencer (Perkin Elmer). The

DNA sequence was submitted to the National Center for

Biotechnology Information (NCBI) database and deposited

in the Gene Bankit nucleotide sequence database under ac-

cession number: JF683612. The DNA fragment sequence

was reverse transcribed, open reading frame amnio acid se-

quence was deduced using European Molecular biology

Laboratory EMBL (www.embl.de/services/). Comparative

analysis for different laccase amino acid sequences were

obtained from NCBI database for alignment and generation

of phylogenetic tree.

Phylogenetic analysis

A phylogenetic tree was generated using PhyML and

then visualized using the TreeDyn online program

(www.phylogeny.fr). The molecular evolutionary genetics

analysis (MEGA 4.0 software) was used to detect the amino

acid frequencies in percentage (Tamura et al., 2007).

A. flavus laccase application in textile waste water
treatment

A. flavus under laccase induced conditions was used

for decolorization of textile waste water under different

copper sulfate concentrations (0, 1, 5 and 10 mM). Flasks

containing the waste water were inoculated with 48 h spore

suspension (106) and were left to incubate in a rotatory

shaker (150 rpm) under the previously mentioned condi-

tions. The waste water was obtained at the end of a dyeing

process where the dyes belonged to the azo group, the ab-

sorption peak was at 540 nm. The textile waste water was

obtained from a textile factory located near Cairo, Egypt.

The decolorization was performed using a UV-Vis spectro-

photometer (Schimadzu UV 2100 spectrophotometer) and

was calculated from the equation [(A0 - A/A0)] x 100, where

A0 is the initial dye absorption on the day of inoculation; A

is the final dye absorption after incubation. All experiment

were performed in triplicates (n = 3).

Degradation velocity was calculated from the equa-

tion

A
A A

t

t(min )�
�

�1 0

where A0 is the initial concentration and At is the degrada-

tion at time t (48 h or 2880 min).

Statistical treatment of data

Each experiment was performed in triplicate. Analy-

sis of the variance (ANOVA) was performed using MS

Excell statistiXL version 1.8.

Results

The effect of copper on Aspergillus flavus laccase

The addition of copper to the cultivation medium

showed an initial increase from 5.1 U/mL to 51.84 U/ mL

when 1 mM copper sulfate was added, this was followed by

a gradual decrease which reached 21.6 U/mL at 5 mM cop-

per sulfate and a further decrease which reached 6.91 U/mL

when 10 mM copper sulfate was added to the cultivation

medium. The growth pattern was initially high at 0 and

1 mM copper sulfate (5.1 and 6.09 g/50 mL respectively)

but there was a drop in mycelial growth when 5 mM copper

was added that reached 2.7 g/50 mL while a further drop

which reached 0.94 g/50 mL when 10 mM copper sulfate

was added (Figure 1).

Protein electrophoresis and enzyme characterization

Figure 2 shows a distinctive band was detected at

60 kDa in SDS-PAGE electrophoresis of laccase produced

under copper inducing conditions, this band was vaguely

present in control cultures containing no copper and in
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5 mM, cultures amended with copper, on the other hand, it

disappeared from cultures containing 10 mM.

Purification data of the extracellular laccase is given

in Table 1. The enzyme was purified 81-fold, purification

resulted in two laccase fractions, L2 being more abundant

with an activity of 64.17 U/�g protein. The nature of the

catalytic centre of L2 fraction was investigated spectro-

photemetrically by UV-Visible spectrum. Figure 3 shows a

small shoulder at 330 nm suggesting the presence of type

II/III binuclear Cu (II) and the lack of a strong peak of ab-

sorption at 610 nm which is typical for type I Cu (II) con-

firms the absence of copper type I in the purified fraction.

The enzyme lacked the usual blue color characteristic of

typical laccases. The metal content of L2 fraction did not

contain Iron or Manganese but Copper (7.49 �g/mL) and

Zinc (0.28 �g/mL) were present.

The enzyme showed a temperature optimum at 50 °C

after which the activity dropped. The enzyme showed

� 50% activity at 30-50 °C. The pH optima was in the

highly acidic region at pH 3, the activity dropped but was

still showed some activity in the alkaline region (Figure 4).

The enzyme showed a calculated Km value of 2.48 �M

while Vmax was calculated to be 4.78 x 10-2 mM.s-1.

The relatedness of A. flavus laccase with those of

other genera was compared (Figure 5). The figure shows

that the closest resemblance for the strain under study is

Aspergillus flavus, the relatedness to other genera was 62%

representing other white rot fungi.

The effect of copper on textile waste water treatment
by A. flavus laccase

Table 2 shows that the increase in copper concentra-

tion was concomitant with the increase in decolorization.

The results show 71% decolorization when no copper was

added, but an increase that reached 78 and 82% when 1 and

5 mM copper was added to the culture medium, the highest

decolorization was 92% when 10 mM copper was added,

this is contrary to the results shown in Figure 1 which

showed a decrease in laccase activity after the addition of 5

and 10 mM copper to the cultivation medium. The degrada-
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Figure 2 - SDS-PAGE (10%) for control, and media supplemented with 1,

5 and 10 mM copper sulfate, added after 24 h of cultivation for Aspergillus

flavus . A prestained molecular marker was used in the range from 250 to

17 kDa (M).

Figure 1 - Growth and laccase activity in Aspergillus flavus after 6 days of incubation at 30 °C under submerged conditions (150 rpm). Different concen-

trations of CuSO4.5H2O were added to the medium after 24 h of fungal growth.



tion velocity in the presence of copper was as follows:

0.0273, 0.0285 and 0.0319 A. min-1 for 1, 5 and 10 mM

copper, respectively as compared to 0.0173 in cultures de-

void of copper.

Discussion

Laccases have been discovered and studied since the

nineteenth century, they occur in bacteria, various plant

parts and insects, but the majority is found in higher fungi,

these laccases are produced by fungi which cause white rot,

plant pathogens or soil saprophytes (Fernandez-Fernandez

et al. (2012). The isolate used in this study was obtained

from agriculture soil and was tested for its laccase produc-

tion; it was identified as Aspergillus flavus. Usually,

extracellular laccases are formed in fungi during secondary

metabolism and are constitutively produced in small

amounts; enhancing laccase-producing ability of the micro-

organisms is considered important for industrial applica-

tions (Levin et al., 2010); therefore, copper was used in this

study for this purpose as it is considered one of the common

putative laccase inducers (Palmieri et al., 2000). The

addition of copper sulfate on the day of inoculation had a

negative impact on the decolorization and fungal growth,

while after 24 h; both fungal growth and decolorization

were observed (data not shown). This suggests that copper

sulfate might act as an inhibitor or inducer depending on the

time of addition to the cultivation media and the microor-

ganism used. Gallhaup et al. (2002) added copper after

64-96 h cultivation for Trametes pubescens, while copper

was added on the day of inoculation for Pleurotus ostreatus

(Palmieri et al., 2000) and for Corliolus hirsutus

(Skorobogat’ko 1996). It is plausible to say that the addi-

tion of copper at this stage had an inducing effect, but that

there is also constitutive laccase since there was low

laccase activity in control cultures devoid of copper. The

results show that crude laccase activity in the presence of

copper reached 51 U/mL. Brijwani et al. (2010) stated that

typical fungal strains show activity ranging from 4-100

U/mL. The concentrations used to induce laccase are vari-

able, Zhuo et al. (2011) tested the effect of copper at 1 to

5 mM, Fonesca et al. (2010) used 0.5 and 1 mM, Schuckel

Copper induction of A. flavus laccase 289

Figure 3 - UV- visible spectrum of the purified L2 fraction.

Table 1 - Partial purification of extracellular laccase from Aspergillus flavus grown in basal GYP medium amended with 1 mM copper sulfate.

Fraction Volume (mL) Activity (U/mL) Protein (�g/mL) Specific activity (U/�g) Purification fold

Culture filtrate 1200 320.85 401 0.8 1

Ultrafiltration 100 157.025 18 8.72 11

Gel filtration, Sephadex G-100

Fractions:L1 15 25.92 6 4.32 5.5

L2 10 79.57 1.24 64.17 81



et al. (2011) used 1 mM, Gallhaup et al. (2002) used 2 mM

while Litvintsva and Henson (2002) used 0.4 mM and only

150 �M was required to induce laccase in the white rot fun-

gus Pleurotus ostreatus (Palmieri et al., 2000).

Although most laccases isolated from fungi show

similar structural properties, yet the physiology of their

production is markedly different in even closely related or-

ganisms (Grazillo et al., 1998). Trametes trogii showed a

single polypeptide chain with a molecular mass of 70 kDa

(Grazillo et al., 1998), Coriolus hisrustus showed a 55 kDa

laccase (Skorobogat’ko et al., 1996), on the other hand

Aspergillus ochraceus produced a 65 kDa laccase (Telke et

al., 2010). The most significant result that describes A.

flavus laccase is the spectral and metal content of the puri-

fied fraction. The majority of laccases are blue containing

four copper atoms per enzyme molecule. The typical

UV-Visible spectrum for the four differently coordinated

copper ions give a maximum absorption at 610 nm which is

typical to type 1 plus an absorption maximum at 330 nm

which is usually formed by the coupled binuclear site type 3

(Salony et al., 2006 and Telke et al., 2010). However, a

number of untypical yellow and white laccases were also

reported (Palmieri et al., 1997, Pozdnyakova et al., 2006,

Giardina et al., 2009, Shuckel et al., 2011). The presence of

a shoulder at 320-340 nm is characteristic to the yellow

laccases, even though they contain four copper atoms and

lack a shoulder at 610 nm. It was suggested that the forma-

tion of yellow laccases result from binding of the lignin

degradation aromatic products which in turn results in the

reduction of type 1 copper and loss of the characteristic

blue copper of laccase (Giardina et al., 2009). While white

laccase is characteristic by the presence of a single copper

atom in addition to other metal ions such as zinc, iron or

290 Gomaa and Momtaz

Figure 4 - Temperature and pH optima for laccase calculated as percent-

age activity. Km was calculated to be 2.48 �M while Vmax was calculated to

be 4.78 x 10-2 mM.s-1.

Table 2 - The decolorization of real textile waste water effluent under dif-

ferent copper sulfate concentrations.

Copper sulfate

(mM)

Decolorization

(%)

Degradation velocity

(A. min-1)

0 51 � 1 0.0173

1 78.6 � 0.577 0.0273

5 82.1 � 0.288 0.0285

10 92 � 1.1 0.0319

Figure 5 - Phylogenetic tree obtained by neighbor-joining analysis of Laccase gene sequence and its relationships to other fungal laccases. AF2,

Aspergillus flavus under investigation (JF683612), Aspergillus flavus laccase (XP_002382290), Ganoderma lucidum laccase (AAR82934), Pycnoporus

cinnabarinus laccase (AAC39469), Trametes versicolor laccase (BAA23284), Lentinula edodes laccase (ACR24356), Phanerocheate chrysosporium

multicopper oxidase (AAS21659).



manganese (Palmieri et al., 1997). The enzyme isolated

from A. flavus lacked the typrical blue color, did not show a

shoulder at 610 nm and Zn was present in addition to the

copper, therefore, it is suggested that it is a white laccase.

Type I copper was also reported at 604 nm for Chaetomium

thermophilium (Chefetz et al., 1998). Other characteristics

of the obtained laccase is that the optimal temperature

(50 °C) and pH (3) are similar to other laccase (Schuckel et

al., 2011), the low Km value 2.84 �M for ABTS as the sub-

strate is quite low, but this not uncommon (Baldrian et al.,

2006), the low Km reflects a high catalytic efficiency. A

white laccase was produced from Marasmius sp. with Km

value 3.9 �M for ABTS as the substrate. Generally, the ma-

jority of research done on fungi are almost exclusive to

white rot fungi, which are not available in Egypt, therefore,

Laccase gene-specific sequences are detected not only in

white rot fungi, but are also detected in brown rot fungi

(D’Souza et al., 1996). Therefore, we consider A. flavus

laccase under study is closely related to A. flavus and 62%

related to white rot laccase.

The increase in decolorization and degradation veloc-

ity was correlated to the increase in copper concentration

added to the medium. The addition of copper sulfate at low

concentrations seems to induce laccase enzyme which is

usually the primary mechanism responsible for decolori-

zation of a number of dyes (Hou et al., 2003, Murugesan et

al., 2009, Telke et al., 2010, Schukel et al., 2011), but the

increase in decolorization at high copper concentrations

seems irrelevant to laccase production suggesting that there

is another mode of action involved in this process. Copper

is known to be a pro-oxidant, its addition to the fungal culti-

vation media and its interaction with the fungal cells results

in the formation of hydrogen peroxide as an oxidative stress

response (Palansiami and Lakshmanan 2010). Copper ions

were reported to interact with dioxygen in the medium in a

Fenton-like reaction (Urbanski and Berjesewicz 2000), its

presence may have contributed to increasing the attack to

the dye molecules present in the effluent. Copper is an im-

portant component of laccase active site could enhance

laccase activity under certain conditions, it is also an impor-

tant metal that acts as a catalytic oxidant, Copper-dioxygen

complexes have been suggested to play important roles in a

number of catalytic oxidation reactions, it is the major com-

ponent protein involved in dioxygen metabolism and a

main contributor to several physiological functions such as

dioxygen carriers, oxidases, oxygenases and superoxide

dismutases, it is therefore considered plausible to consider

copper dioxygen adducts as the main key reaction interme-

diates in enzymatic reactions (Akyilmaz et al., 2010).

Conclusion

Aspergillus flavus laccase is not only constitutive but

also inducible under low copper concentrations; spectral

and metal characteristics of the obtained laccase suggest

that it belongs to the unconventional white laccases. A.

flavus laccase possesses characteristics very close to those

of other laccase containing fungi. The enhanced decolo-

rization and high degradation velocity suggest that there is

a laccase-copper synergistic effect that enhances the treat-

ment of textile waste water. Further studies are in progress

to examine copper oxidative stress response and the expres-

sion of constitutive and induced laccase on the RNA level.
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