
Saudi Journal of Biological Sciences (2018) 25, 1446–1453
King Saud University

Saudi Journal of Biological Sciences

www.ksu.edu.sa
www.sciencedirect.com
ORIGINAL ARTICLE
Extracellular laccase production and its

optimization from Arthrospira maxima catalyzed

decolorization of synthetic dyes
* Corresponding author. Tel.: +91 11 26981717x3414x3412; fax:

+91 11 26980229.

E-mail addresses: tasneemfatma15@gmail.com, fatma_cbl@yahoo.

com (T. Fatma).
1 Tel.: +91 11 26981717x3414x3412; fax: +91 11 26980229.

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

http://dx.doi.org/10.1016/j.sjbs.2016.01.015
1319-562X � 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
S. Afreen
a,1
, R. Anwer

b
, R.K. Singh

a,1
, T. Fatma

a,*
aCyanobacterial Biotechnology Laboratory, Department of Biosciences, Jamia Millia Islamia (Central University),
New Delhi 110025, India
bDepartment of Anatomy (Microbiology), College of Medicine, Al-Imam Muhammad Ibn Saud Islamic University, Riyadh,

Saudi Arabia
Received 27 July 2015; revised 25 October 2015; accepted 8 January 2016
Available online 19 January 2016
KEYWORDS

Laccase;

Arthrospira maxima (SAE-

25780);

Optimization;

Remazol Brilliant Blue R;

Reactive Blue 4;

Decolorization
Abstract In the present study laccase production potential of a photosynthetic, non nitrogen fixing

cyanobacteria Arthrospira maxima (SAE-25780) was investigated for their probable use in synthetic

dye decolorization which poses environmental pollution problem in aquatic bodies. A. maxima

(SAE-25780) showed a constitutive production of laccase which increased up to 80% in the presence

of inducer guaiacol. The optimal condition for laccase was 30 �C, 10 mM sucrose as a carbon

source, 10 mM sodium nitrate as a nitrogen source, and 2 mM copper as metal activator. The

partially purified laccase showed 84% and 49% decolorization potential for the two anthroquinonic

dyes-Reactive Blue 4 and Remazol Brilliant Blue R, respectively (RBBR) within 96 h without any

mediator. Therefore the laccase extracted from A. maxima (SAE-25780) can be used efficiently in

bioremediation of synthetic dyes from paper, pulp and textile industries.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Textile industry is one of the greatest generators of liquid
effluent containing synthetic dyes. Textile dyes are responsible
for the deep color of the effluents. The color of water has

adverse effects on O2 evolution by photosynthetic organism
as reduced dissolved oxygen causes death of flora and fauna
of the habitat. In the current time 10,000 synthetic dyes are
frequently utilized in the textile industry representing an

annual consumption of around 7 � 105 tonnes worldwide
(Karthikeyan et al., 2010). These dyes may be classified based
on their chromophores and can be divided into several groups
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Table 1 Structure and maximum visible wavelengths of dyes.

Dye kmax

(nm)

Structure

Reactive Blue 4 595

Remazol Brilliant

Blue R
592
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such as azo, anthraquinone, sulfur, indigo, triphenylmethyl
and phthalocyanine derivatives. Most of these are stable
against light, temperature and biodegradation and therefore

accumulate in the environment and form recalcitrant com-
pound (Nozaki et al., 2008) and dyes are mutagenic and car-
cinogenic to the human population (Rindle and Troll, 1975).

Thus industrial effluents with synthetic dyes need some tools
and techniques to make them inactive before they are dis-
charged into the environment. Physicochemical methods such

as- (coagulation, flocculation, membrane filtration, and acti-
vated carbon adsorption) have high operating costs
(Robinson et al., 2001). A number of biotechnological
approaches have been suggested by recent research as of

potential interest toward combating this pollution source in
an ecoefficient manner. Biological decolorization has been
considered as effective, specific, less energy intensive and envi-

ronmentally benign, since it results in partial or complete bio-
conversion of synthetic dyes to stable nontoxic end products
(Kuhad et al., 2004).

Cyanobacteria are ubiquitous in nature but their role in the
decolorization and degradation of dyes are scanty. Parik and
Madamwar (2005) reported textile dye decolorization using

cyanobacteria. However, the cyanobacterial enzymes involved
in the decolorization of synthetic dyes have not yet been char-
acterized. Microbial sources may provide stable and reliable
source of enzymes, due to the possibility of the production

of large quantities of enzyme by them and ease of extraction
(Desai and Nityananda, 2011).

Laccases (benzenediol:oxygen oxidoreductases,

(EC:1.10.3.2) are a diverse group of multi-copper proteins that
oxidize a surprisingly wide variety of organic and inorganic
compounds, including diphenols, polyphenols, substituted

phenols, diamines and aromatic amines, with concomitant a
reduction of molecular oxygen to water (Thurston, 1994).
Laccase is a dimeric or tetrameric glycoprotein and usually

contains four copper atoms per monomer. To function, laccase
depends on Cu atoms distributed among the three binding
sites. Due to its low specificity for the reducing substrate,
laccases have attracted increasing attention in industrial and

environmental fields, such as pulp delignification, dye decol-
orization, environmental pollutant detoxification, biopolymer
modification, and biotransformation (Hou et al., 2004;

Leonowicz et al., 2001; Yaropolov et al., 1994). The produc-
tion of active and large quantities of laccase at a relatively
low cost is of major interest. Laccases can be either constitutive

or inducible enzymes and their production occurs during sec-
ondary metabolism and is subject to complex regulation by
nutrients (carbon, nitrogen, inducers, and copper) (Dittmer
et al., 1997; Palmieri et al., 2000). These regulators affect the

transcription levels of laccase and other genes (Collins and
Dobson, 1997; Soares et al., 2001). Aromatic and phenolic
compounds have been widely used to elicit enhanced laccase

production by different organisms (De Souza et al., 2004;
Leonowicz et al., 2001). The presence of inducers increase lac-
case synthesis by providing contact with compounds that may

naturally elicit a stress response and further increase produc-
tion. Laccases are mostly found in plants and fungi but also
in some bacteria (Alexandre and Zhulin, 2000; Claus, 2004).

One of the advantages associated with laccases is that they
do not require H2O2 for substrate oxidation unlike peroxidases
and, moreover, they have broad substrate specificity (Saito
et al., 2003). Of late, the demand for the removal of synthetic
dyes from industrial waste using laccases is being increased
tremendously (Abadull et al., 2000; Zille et al., 2003). There-
fore, search for potential laccases to cope with this demand

is an important task. Due to phototrophic mode of nutrition,
short generation time and easy mass cultivation, cyanobacteria
may appear as good candidate for laccase production.

Previously various studies have been conducted on purifica-
tion and decolorization of synthetic dyes from fungal sources
but so far, in cyanobacteria only Phormidium valderianum

BDU 30501 and Oscillatoria boryana are reported to have
ligninolytic activity and decolorization ability (Palanisami
and Uma, 2010). Considering the potential application of
cyanobacterial laccase for solving environmental problems, it

is essential to define the best conditions for the production
of such enzymes. Thus, in the present study laccase production
potential of Arthrospira maxima (SAE-25780), optimization of

culture conditions for its highest yield and synthetic dye (Reac-
tive Blue 4 and Remazol Brilliant Blue R) decolorization abil-
ity were investigated.

2. Material and methods

2.1. Chemicals and reagents

All chemicals used were of analytical grade and were obtained

from Merck, India. Synthetic Dyes (Reactive Blue 4 and
Remazol Brilliant Blue R) were purchased from Sigma–
Aldrich Chemical Co, St. Louis, MO, USA. The structure of

all dyes is shown in Table 1.

2.2. Culture condition and maintenance

The A. maxima (SAE-25780) was procured from the

University of Chennai, Tamil Nadu; and was grown in
500 ml Erlenmeyer flask containing 200 ml Zarrouk’s medium
(1996) containing (g/L) NaCl, 1; CaCl2, 0.04; NaNO3, 2.5;

FeSO4, 0.01; EDTA, 0.08; K2SO4, 0.08; MgSO4, 0.2;
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NaHCO3, 16.8; K2HPO4, 0.5, Trace metal mix, 1 ml at light
intensity 2000 ± 200 lux; photoperiod 12:12 h light: dark; tem-
perature 30 ± 1 �C. The culture was induced with 100 lM
guaiacol (dissolved in 50% ethanol) for laccase production.
The culture without guaiacol was considered as control. The
cultures were swirled twice a day for aeration and mixing of

nutrients. Sample were collected by centrifugation at 8000g
for 20 min at 4 �C and used for the enzyme assay.

2.3. Assay for laccase activity

Laccase activity was assayed at 25 �C using 2, 20-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) as substrate.

The assay mixture contained 2 mM ABTS and 0.1 M glycine
HCl buffer, pH 2.5. Oxidation of ABTS was followed by an
absorbance increase at 405 nm (e = 36,000 M�1 cm�1). Activ-
ity was expressed in units: 1 U as lmol of oxidized product

formed in a min. The blank contained all the constituents
except the active enzyme.

2.4. Zymogram analysis of laccase on Native-PAGE

Partial purification of laccase was done for zymogram
analysis. For this the culture was induced with guaiacol and

the supernatant was obtained by centrifugation at 8000 rpm
for 20 min. The protein was precipitated with chilled cold
acetone at a volume of 1:4 incubated for 1.5 h at �20 �C in
a deep freezer and then centrifuged for 30 min at 10,000g.

The supernatant was discarded and the pellet was retained.
The pellet was air dried to remove any residual acetone and
served as the enzyme source.

Native PAGE was carried out at 15 ± 1 �C using
tris-glycine as running buffer (pH 8.3) under non-
denaturing and non-reducing conditions (Laemmli, 1970). A

uniform amount of protein (500 lg, estimated by Lowry
et al. (1951)) was loaded to each lane along with native
sample buffer (devoid of sodium dodecyl sulfate and

b-mercaptoethanol). Samples were then electrophoresed at
50 V through the stacking gel (6%) and at 100 V through
the resolving gel (10%) using Power Supply-EPS 1001
(Amersham Pharmacia). Laccase activity was visualized in

the gel with guaiacol (1 mM) as substrate in 0.5 M sodium
citrate buffer (pH 4.5)

2.5. Decolorization of synthetic dyes

For finding out the decolorization potential of partially
purified laccase a slightly modified protocol of Couto, 2007)

was adopted. The dye solution [Reactive Blue 4 (50 mg/l)
and Remazol Brilliant Blue R (50 mg/l)] were incubated with
laccase (1.5 U/ml) in 50 mmol/L sodium citrate buffer, pH

6.0 at 30 �C. Samples were taken at 24 h interval and
centrifuged at 8000 rpm for 20 min. The decrease of color
intensity in supernatant was analyzed spectrophotometrically
at k = 495 nm for Reactive Blue 4 and at k = 595 for

Remazol Brilliant Blue R.
Percent dye decolorization was calculated according to

the formula: D = 100(Aini � Aobs)/Aini, where D is decoloriza-

tion (in%), Aini, initial absorbance and Aobs, observed
absorbance.
2.6. Optimization of laccase production

To investigate optimal time for laccase production, the exper-
imental cultures were incubated for 16 days and their laccase
activity was measured after every 24 h. The effect of tempera-

ture on enzyme production was determined by incubating the
inoculated flask at different temperatures (30–60 �C) under
control and induced conditions. Similarly 10 mM of glucose,
fructose and sucrose were tested individually for the effect of

carbon source on laccase yield. Sodium nitrate, ammonium
chloride, Urea at a concentration of (10 mM) each was tested
as nitrogen source to examine their effect on laccase produc-

tion. After 72 h of after inoculation copper as copper sulfate
(0.1, 0.5, 1.0, 1.5 and 2.0, 2.5, 3.0 mM) was added in the cul-
ture medium and its effect on laccase production was deter-

mined at regular intervals.

2.7. Statistical analysis

All experiments were carried out in triplicates and the results
were expressed as mean ± standard error. Dunnett’s multiple
range test was applied and differences among the means were
analyzed by one way ANOVA using Graph Pad Prism version-

6.1 (Graph Pad Software, San Diago, CA, USA).

3. Results and discussions

3.1. Time course study

The main purpose of this study was to examine the laccase
production potential of A. maxima (SAE-25780). The normal
and guaiacol induced cultures (100 lM) were incubated for

16 days and laccase activity was measured at 24 h intervals.
Under normal condition maximum laccase secretion started
on the 2nd day of incubation and the maximum activity

(54.671 U/ml) was achieved on the 10th day suggesting its con-
stitutive production which was also reported by Scheel et al.,
2000. From the growth curve study of A. maxima (SAE-
25780) we found that during lag phase on the 2nd day biomass

was (3.08 mg/g) then it increased exponentially during log
phase and reached its maximum value (21.42 mg/g) on the
10th day and thereafter stationary phase started which sug-

gested that total laccase activity increased proportionally with
the biomass production. In our study we found that under the
induced condition the average time production of laccase was

decreased and highest activity was measured on the 4th day
(56.894 U/ml) (Fig. 1). It was found that there was a 2–4 fold
enhancement (ANOVA p< 0.0001) in the laccase activity in

the presence of inducer guaiacol as compared to control. The
activity ranged from (12.114–54.671 U/ml) in control condi-
tion to (25.632–56.685 U/ml) in induced condition (Fig. 1).
Aromatic and phenolic compounds have been widely used to

elicit enhanced laccase production by different organisms
and the nature of the compound that induces laccase activity
differs greatly with the species (De Souza et al., 2004;

Leonowicz et al., 2001). Earlier we have reported the presence
of laccase in Synechocystis NCCU-370 but its production was
quite low under normal condition to (25.37 mU/ml) that

peaked on the 7th day (Afreen and Fatma, 2013). A. maxima
(SAE-25780) is better than Synechocystis NCCU-370 in



Figure 1 Extracellular laccase production by Arthrospira max-

ima (SAE-25780) under controlled and guaiacol induced

condition.
Figure 2 Confirmation of laccase production by zymogram

analysis of Arthrospira maxima (SAE-25780) using guaiacol as

substrate.

Figure 3a Effect of temperature on the laccase production in

spent medium under control condition.

Figure 3b Effect of temperature on the laccase production in

spent medium under guaiacol induced condition.
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laccase production as it produced (56.894 U/ml) on the 4th day

in the presence of guaiacol. It is reported that guaiacol supple-
mentation (1 mM) enhanced laccase production in different
fungi eg. Phlebia spp., Pleurotus ostreatus, Coriolus hirsutus
(Hou et al., 2004; Koroljova-Skorobogt’ko et al., 1998; Patel

et al., 2014). Mongkolthanaruk et al. (2012) reported that
8 mM guaiacol acts as a good inducer. It induced laccase pro-
duction from 33 to 56 mU/l after 48 h of incubation in bacteria

viz Rhodococcus sp., Enterobacter sp., and Staphylococcus
saprophyticus. It has been reported that marine cyanobacteria
Phormidium tenue induced laccase production to various folds

after the addition of 100 lM of guaiacol, tannic acid, caffeic
acid, copper (Palanisami and Uma, 2010).

The presence of laccase in cyanobacteria A. maxima (SAE-
25780) was further confirmed by native Page followed by

zymogram analysis. The native PAGE result revealed a single
laccase enzyme was detected by activity staining with guaiacol.
The enzyme was able to oxidize the substrate (guaiacol) and

developed reddish brown color which is due to the oxidative
polymerization of guaiacol in the presence of laccase (Fig. 2).

3.2. Effect of temperature on laccase production

Temperature affects the properties of aqueous environment as
well as all metabolic processes of the organism including nutri-

ent availability and uptake. During optimization of culture
condition for the highest yield of laccase from A. maxima it
was found that temperature has a profound influence on
enzyme activity that was significantly increased (ANOVA

p < 0.0001) daywise and maximum activity was found on
the 4th day at 30 �C under both normal and induced conditions
(Figs. 3a and 3b). Results also indicated that, by increasing the

incubation temperature above 35 �C, a gradual decrease in lac-
case production occurred. At 60 �C after the 2nd day the cul-
ture started to decay and became pale yellow. It produced

only a small amount of enzyme (3.714 U/ml).
A previous study carried in our lab suggested that the opti-

mal temperature for the better growth of this Spirulina strain

was found to be 27 �C–33 �C (Jetley et al., 2004). Above
40 �C, both the growth and laccase production decreased. This
suggested that proper growth of Spirulina is necessary for the
optimal laccase production.
Nakamura et al. (1999) and Zadrazil et al. (1999) have
reported maximum laccase activity at 30 �C in Pleurotus,
Dichomitus squalens and Bjerkendera adusta at 30 �C. Farnet
et al. (2000) and Pointing et al. (2000) have found 25 �C and



Figure 5 Effect of nitrogen sources on laccase production by

Arthrospira maxima (SAE-25780).
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50 �C as optimal temperature in Marasmius quercophilus strain
and Pycnoporus sanguineus.

3.3. Effect of carbon on laccase production

The concentration and nature of carbon source used in the
medium showed a notable effect on enzyme production

(Gawande and Kamat, 2000). Exogenous addition of fructose,
glucose, and sucrose as different carbon sources increased the
laccase production in A. maxima (Fig. 4). In terms of maxi-

mum activity during carbon supplementation experiment,
sucrose and fructose showed a much higher activity than glu-
cose being 60.914, 60.114 and 37.118 U/ml. Mansur et al.

(1997) found a 100 fold increase in the specific laccase activity
of basidiomycetes fungi with fructose. But on the 2nd day glu-
cose supplementation showed the highest laccase production in
comparison to sucrose and fructose. Early, enzyme enhancing

response of glucose may be due to ready and quick utilization
by organism (Fig. 4). The order of activity was 52.863, 47.083
and 44.457 U/ml in the presence of glucose, fructose and

sucrose. Glucose supplementation also showed increased lac-
case activity in C. hirsutus (Koroljova-Skorobogt’ko et al.,
1998) and Ganoderma sp. (Revankar et al., 2007).

3.4. Effect of nitrogen on laccase production

Nitrogen is involved in amino acid synthesis which makes up
proteins and other value added substances. The effect of nitro-

gen sources on laccase production by different organisms
appears to be greatly controversial (Collins and Dobson,
1997). Nitrogen sufficient media has been reported to enhance

ligninolytic enzymes production in many fungi (Kaal et al.,
1995) but in Phanerochaete chrysosporium laccase was limited
by nitrogen sources (Buswell et al., 1992). In the present study

the effect of different nitrogen sources viz urea, ammonium
chloride, and sodium nitrate on laccase production was deter-
mined. All nitrogen sources (10 mM) tested stimulated the lac-

case production that ranged from 2.5–3.5-fold. Among the
tested nitrogen sources on the 4th day maximum enzyme
production (47.885 U/ml) was achieved with sodium nitrate
as compared to control (13.485 U/ml) (Fig. 5) that may be

due to higher growth of the organism (Anwer et al., 2012).
Figure 4 Effect of carbon sources on the laccase production by

Arthrospira maxima (SAE-25780).
Shraddha et al. (2011) also found sodium nitrate as the best
nitrogen source for laccase production.

Ammonium chloride also significantly increased (ANOVA

p< 0.0001) laccase activity on the 4th day of incubation.
P. ostreatus fungi showed the highest laccase activity with
ammonium chloride (Stajic et al., 2006). Culture supplemented

with urea resulted in least laccase activity (34.971 U/ml) but
still it was much higher than control (13.485 U/ml). Pleurotus
sanguineus also showed contrary higher laccase activity with

urea than sodium nitrate (Lee et al., 2006). The order of differ-
ent nitrogen sources on laccase production was sodium
nitrate > ammonium chloride > urea.

3.5. Effect of copper on laccase production

Laccase are multicopper oxidases therefore, copper as
micronutrients has key role as metal activators. For optimizing

copper concentration for higher laccase production by A. max-
ima, copper as CuSO4 (0.1–3.0 mM) was added in culture med-
ium on the third day of inoculation and on the 4th day it showed

a considerable increase in activity (ANOVA p< 0.0001)
(Fig. 6). Enhanced laccase yield after the third day copper addi-
tion might attribute to the fact that organism was already

adapted to the media conditions and exponential growth was
starting, leading to enhancement of laccase production by the
primary metabolism (Palmieri et al., 2000). On the 4th day

lower CuSO4 concentration (0.1 mM–1.5 mM) does not affect
significantly as compared to control. In 2.0 mM CuSO4 laccase
activity increased and was the highest, whereas, above 2 mM
CuSO4 (2.5 and 3.0 mM) its laccase activity decreased. The sup-

pression at higher copper concentration may be due to downfall
in the growth of organism due to metal toxicity that results
from a low photosynthetic rate (Fathi et al., 2005). Copper

has been reported to be a strong laccase inducer in the fungal
species Trametes versicolor and P. chrysosporium (Collins and
Dobson, 1997; Dominguez et al., 2007). Hao et al. (2007) also

found 2.0 mM of CuSO4 as optimal concentration of copper
in Pestalotiopsis sp. but Palmieri et al. (2000) found 150 lM
of copper sulfate as the best concentration for laccase activity.
The regulation of the synthesis of several laccase isoforms by

copper occurs at the level of gene transcription (Galhaup
et al., 2002; Palmieri et al., 2000).



Figure 6 Effect of different concentration of CuSO4 on the

laccase production by Arthrospira maxima (SAE-25780).

Extracellular laccase production and optimization 1451
3.6. Decolorization of synthetic dyes

The dye decolorization ability of the partially purified laccase
of A. maxima (SAE-25780) was assayed regularly against
anthraquinonic synthetic dyes Reactive Blue 4 and RBBR

(Fig. 7). From the results we found that the decolorization rate
of Reactive Blue 4 (50 mg/l) was 84% and 49% for RBBR
(50 mg/l) by laccase enzyme within 96 h of incubation. Both

the dyes were not decolorized at the same extent that may be
due to the difference of the redox potentials and the suitability
of their steric structure with the active site of the enzyme
(Tavares et al., 2008). The extent of decolorization activity

depends on the source of the enzyme and the chemical struc-
ture of the dye (Abadull et al., 2000; Couto, 2007). It was
reported that laccase hardly decolorized RBBR which might

be due to the absence of mediator as suggested by Hamid
et al. (2012). According to them crude laccase enzyme requires
mediator like – 1-hydroxybenzotriazole (HBT) for efficient dye

decolorization. The decolorization rate of Reactive dyes was
increased from 3% to 70% by the addition of HBT as the
mediator (Claus, 2004). Yemendzhiev et al. (2009) have also

observed efficient decolorization of Reactive Blue 4 (50 mg/l)
by fungus T. versicolor. Parik and Madamwar (2005) reported
that the cyanobacteria Phormidium ceylanicum, Gloeocapsa
Figure 7 Decolorization of anthraquinonic textile dyes Reactive

Blue 4 and RBBR by Arthrospira maxima (SAE-25780) laccase.
pleurocapsoides and Chroococcus minutes showed 70–90%
decolorization of dye (50 mg l) after 26 days of incubation.
However in our study A. maxima laccase showed a rapid

decolorization of Reactive Blue 4 (84%) and of RBBR
(49%) without any mediator within 4 days.

4. Conclusion

The results of this work disclose the potential of cyanobacteria
A. maxima (SAE-25780) to enhance laccases production. It

showed a constitutive production of laccase which increased
up to 80% in the presence of inducer (guaiacol). Under normal
condition laccase production was the highest on the 10th day

but in the presence of inducer (guaiacol) the duration for max-
imum production of laccase was reduced to 4th day that will
reduce cost production during its industrial application and

the optimal condition for laccase production was 30 �C,
10 mM sucrose as a carbon source, 10 mM sodium nitrate as
a nitrogen source, 2 mM copper as metal activator. The syn-
thetic dyes viz RB4 & RBBR were efficiently decolorized

84% and 49%, respectively within four days of incubation
with extracellular laccase. To the best of our knowledge this
is the first report on laccase production from cyanobacteria

[A. maxima (SAE-25780)] that has anthraquinonic dye (Reac-
tive Blue 4 & RBBR) decolorization potential for the bioreme-
diation of synthetic dyes from paper, pulp and textile

industries. More efforts are needed to increase the laccase yield
from A. maxima (SAE-25780) in order to make it more
economical.
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Mansur, M., Suárez, T., Fernández-Larrea, J.B., Brizuela, M.A.,
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