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ABSTRACT 
 
Aims: Marine-derived fungi are a potential for the search of new compounds with relevant features. Among these, the 

ligninolytic enzymes have potential applications in a large number of fields, including the environmental and industrial 
sectors. This work aimed to evaluate the laccase activity of the marine-derived fungus Alternaria alternata, under 
various cultivation conditions and its application in synthetic dyes decolorization.  
Methodology and results: Wheat bran prepared with 40 mL sea water proportion was the most suitable substrate for 

laccase production (114.06±2.24 U/mL) by A. alternata, after 14 days of incubation in submerged fermentation. Laccase 
production in static cultivation was superior to that in agitated cultures. The simple Boyd and Kohlmeyer medium with 
supplementation of 2 mM CuSO4·5H2O on day 6, at an incubation period of 14 days and incubation temperature of 28±2 
°C under static conditions, yielded amounts of laccase (36.13±0.34 U/mL) less than that obtained with submerged 
fermentation of wheat bran as unique substrate. Furthermore, A. alternata has high decolorization capability toward azo 
dyes in the absence of redox mediators, 75.47% of the reactive black at 0.01% concentration, was removed after 30 
days of incubation. Also has good ability to decolorize the triphenylmethane dye crystal violet, at 0.01% concentration, 
about 69.35% of the dye was removed after 30 days.  
Conclusion, significance and impact of study: These unusual properties demonstrate that the marine-derived fungus 
Alternaria alternata has potentials in specific industrial or environmental applications. 
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INTRODUCTION 

 
Laccases (1.10.3.2, p-diphenol: dioxygen 
oxidoreductases), along with manganese peroxidase and 
lignin peroxidase, are a type of lignin-modifying enzyme 
(LME). Laccases have a wide substrate range, which can 
serve industrial purposes and/or bioremediation 
processes. The simple requirements of laccase catalysis 
(presence of substrate and O2), as well as its apparent 
stability and lack of inhibition (as has been observed with 
H2O2 for peroxidase), make this enzyme both suitable and 
attractive for biotechnological applications (Majeau et al., 

2010).     
      Fungi have been isolated and enumerated from 
mangrove leaves, seagrasses and salt marsh grass 
(Sathe and Raghukumar, 1991; Newell, 1993; 
Raghukumar et al., 1995). Several reports have 
demonstrated active loss in weight of various timber 
blocks colonized by marine wood-degrading fungi 
(Nilsson et al., 1989; Pointing et al., 1998; Pointing and 
Hyde, 2000; Bucher et al., 2004). Interestingly, most of 
these reported fungi belong to ascomycetes and a very 
few to basidiomycetes or white-rot fungi. Enumeration of 

fungi, their succession and decomposition of mangrove 
wood is reported from various tropical and subtropical 
parts of the world by numerous workers (Vrijmoed and 
Tan, 1990; Chinnaraj and Untawale, 1992; Vishwakiran et 
al., 2001). Therefore, fungi growing under such marine 
conditions are expected to have adapted to grow under 
saline (ranging from 10-34 ppt) and alkaline conditions 
since the pH of seawater ranges from 7.5 to 8.2. Such 
LDE-producing fungi should find application in 
bioremediation of lignin-based derivatives in colored 
industrial pollutants such as paper and pulp mills, 
tanneries, molasses-based distilleries and textile mills. 
These effluents are mostly alkaline and have high salt 
content (Bartlett, 1971) and therefore, marine fungi, 
facultative or obligate that grow in the presence of saline 
and alkaline conditions perhaps are well suited for 
treatment of such effluents. 
     The present study was undertaken to explore the 
laccase production ability of the filamentous marine-
derived fungus Alternaria alternata under different 

nutritional conditions. Also describe the effect of addition 
of different supplements on laccase production and 
optimization. The ability of the fungus to decolorize the 
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synthetic dyes: reactive black, malachite green and 
crystal violet were also studied. 
 
MATERIALS AND METHODS 
 
Chemicals 

     
2-Methoxyphenol (Guaiacol) was purchased from Sigma-
Aldrich, Pf, D-89555 Steinheim, 07323/970, China. 2,2’-
Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 
diammonium salt (ABTS) was obtained from MP 
Biomedicals, LLC.29525 Fountain Pkwy, Solon, OH 
44139,USA. Reactive black, malachite green and crystal 
violet were purchased from Sigma Company, Germany. 
 
Marine-derived filamentous fungi 

     
Decayed wood pieces of old fishing boats from Ismalia, 
Egypt were collected in sterile plastic bags. They were 
washed free of attached soil particles and other 
extraneous matter using sterile sea water.  The wood 
pieces were then blotted between two folds of sterilized 
filter paper and transferred to petri dishes contained Boyd 
and Kohlmeyer (B & K) agar (g/L) (glucose 10, peptone 2, 
yeast extract 1, agar 18 in 1 L of 50% sea water). As soon 
as fungal mycelia were observed to colonize the wood 
pieces the fungal mycelia were picked up and transferred 
to B&K agar slants. The same medium was used for 
maintenance of the cultures in the refrigerator at (5-6 °C) 
for later use (D'Souza et al., 2006).   
     Isolated fungi were identified in the National Research 
Centre, Chemistry of Natural and Microbial Products 
Dept. [Microbial Culture Collection Unit (MCCU)] 
according to (Pitt and Hocking, 1985; Kohlmeyer and 
Kohlmeyer, 1991) which depends on the descriptions of 
the morphology of the fungus.  
 
Qualitative assay for laccase activity 

 
The isolates were screened for laccase production by 
growing them on plates of B&K medium containing 4mM 
guaiacol (D'Souza et al., 2006). The production of an 
intense brown color under and around the fungal colony 
resulting from guaiacol oxidation was considered as a 
positive reaction for the presence of laccase activity 
(Okino et al., 2000).  
 
Inoculum preparation 

      
Two disks 7 mm in diameter from 7 days old cultures 
grown on malt extract agar medium (g/L) (biomalt 20, 
agar 15, 800 mL sterile sea water and 200 mL distilled 
water) were used to inoculate 50 mL of sterile medium in 
250 mL Erlenmeyer flask (Höller, 1999). 
 
Medium and cultural conditions for submerged 
fermentation (SMF) 

 
Various agro industrial residues like corn cobs, wheat 
bran, wheat straw, rice straw and saw dust (each 3g/250 

mL Erlenmeyer flask with 50 mL sea water under static 
conditions) were screened for the production of laccase in 
submerged fermentation. Incubation was carried out at 
28±2 °C for 2 weeks.  
 
Factors affecting laccase activity 

      
Agitation rate (150-200 rpm) and different sea water 
proportions (5, 10, 20, 30, 40 and 50 mL) were also varied 
to study their influence on laccase production. 
    The effect of additives was evaluated by adding the 
tested additives at the following concentrations (g/L): malt 
extract (30), peptone (20) and CuSO4·5H2O (3mM) (Levin 
et al., 2008). 
 
Effect of inducers   

      
In order to study the effect of inducers on enzyme 
production, as another fermentation medium for laccase 
production. various inducers like guaiacol (1 mM), 2,2’-
Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 
diammonium salt (ABTS) (1 mM) and copper sulphate (2 
mM) were added on day 6 to stationary cultures grown in 
50 mL of B & K broth. The basal medium contained (g/L) 
(glucose 10, peptone 2, yeast extract 1, in 1 L of 50% sea 
water) at 28±2 °C to determine laccase activity over a 
period of 21 days (D'Souza et al., 2006). Control flasks 

were supplied with basal medium without any inducers. 
     The culture growth was filtered on days (3, 7, 10, 14, 
17 and 21) to separate the mycelium from the culture 
medium in which the enzyme activity was evaluated. 
Values shown are the mean of duplicate cultivation 
experiments. 
 
Enzyme assay 

      
Laccase (EC 1.10.3.2) activity was measured by using the 
method described by Bournnais et al. (1995) based on the 
oxidation of the substrate 2,2’-azino–bis (3-
ethylbenzothiazoline)-6-sulphonic  acid  (ABTS). The rate 
of ABTS oxidation was determined spectrophotometrically 
at 420 nm.                
     The reaction mixture contained 600 µL sodium acetate 
buffer  (0.1  M,  pH  5.0  at  27 °C),  300  µL  ABTS  (5  
mM),  300  µL mycelial liquid fraction and 1400 µL distilled 
water. The mixture was then incubated for 2 min at 30 °C.  
The absorbance was measured immediately in one-
minute intervals. One  unit  of  laccase  activity  was  
defined  as activity of an enzyme that catalyzes the 
conversion of 1  mole of ABTS ( ε420= 36,000/M.cm) per 
min.  
     The blank contained all the assay constituents except 
the active enzyme; heated inactivated enzyme was used 
in its place. 
 
Dye decolourization studies 

     
The decolorization studies were carried out in liquid malt 
extract (ME) medium containing (malt extract 1% and 
glucose 1%)  (Eichlerovà et al., 2006) and supplemented 
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with the tested dyes (reactive black, malachite green and 
crystal violet) at final concentrations of 0.05% and 0.01%. 
Fungal mycelia (2 discs 10 mm diameter) were inoculated 
into the 250 mL flask (working volume 50 mL) and the 
reaction mixture was incubated at 30 °C under gently 
shaken (60 rpm) in rotary shaker for 30 days. 
     Decolorization was measured in the filtrate after 
removing the mycelia and monitored 
spectrophotometrically at the maximum visible 
wavelength of absorbance (480 for reactive black, 620 for 
malachite green and 560 for crystal violet). Color removal 
was reported as % decolorization = (Ai-At) / Ai × 100. 
Where Ai is the initial absorbance before incubation and 
At is the absorbance after incubation time (4, 7, 10, 13, 
19, 26, 30 days) (Mtui and Nakamura, 2008). 
 
RESULTS AND DISCUSSION 
 
Marine-derived fungi isolation and identification 

        
The marine-derived fungus showed a halo of intense 
brown color under and around the colony (positive for 
guaiacol oxidation) was identified as A. alternata, 

according to their morphological characters. The fungal 
colony has olivaceous-black color. Conidiophores 1-3 
septate, simple or sometimes branched, straight or 
flexuous, medium brown, smooth walled. Conidia is long 
often branched chains, obclavate, obpyriform, sometimes 
ovoid or ellipsoidal, often with a short conical or cylindrical 
beak, with up to 8 transverse and several longitudinal 
septa, pale to medium brown, smooth walled or 
verrucose. 
     Qualitative assay for all the marine-derived fungi 
isolated from decayed wood pieces indicated that the 
fungus A. alternata was the most promising for laccase 
enzyme production and used for the present work Figure 
1. The ability of A. alternata enzymes to degrade the 
aromatic model compound indicated that they are the 
main decomposers of cellulose, hemicellulose and lignin 
contained in the wood samples; this implies that the 
enzymes can also be used in detoxification of aromatic 
pollutants such as agrochemicals and industrial effluents. 

Mtui and Masalu (2008) demonstrated the guaiacol 
oxidation by mycelial cultures of a marine fungal isolate 
Laetiporus sulphureus isolated from mangrove forests of 
coastal Tanzania after 7 days of incubation. 
 
Production of laccase enzyme under various 
cultivation conditions 

      
In order to select the best medium for laccase production, 
two different fermentation media were tested. 
 
Laccase production in agricultural residues-
containing medium 

     
Results presented in Figure 2 showed that, among the 
different agro industrial residues screened for laccase 
production, wheat bran was the most suitable substrate 
  

 
 
Figure 1: Photo of B&K agar plate showing a halo of 

intense brown color formed under and around the marine 
derived A. alternata colony (Positive for guaiacol 
oxidation). 
 
for laccase production (77.50± 1.07 U/mL) by A. alternata 

after 14 days of incubation in submerged fermentation. 
Corn cobs, rice straw and potato shell were also identified 
as promising substrates while the production in other 
substrates like wheat straw and saw dust were very low, 
these results lind with Galliano et al. (1991) and Maltseva 
et al. (1991) who reported the production of laccase and 
Mn-dependent peroxidase by Rigidoporus lignosus and 
Panus tigrinus, respectively, in sawdust and wheat straw 

medium. 
 
Laccase production in B&K medium with different 
inducers. 

      
The nature of the compound that induces laccase activity 
differs greatly with the species (Leonowicz et al., 2001; 
De Souza et al., 2004). 

     The results of our studies on three different putative 
inducers of laccase, ABTS, guaiacol and copper sulphate 
indicated that copper sulphate was the most suitable 
inducer for laccase production by A. alternata (36.13±0.34 

U/mL), after 14 days of incubation as similar to that in 
most of the fungi (Palmieri et al., 2000; Galhaup and 
Haltrich, 2001). 

The phenolic compound guaiacol (8.18±0.26 U/mL) 
also proved to be a promising inducer for laccase 
production by this strain. Addition of non-phenolic 
heterocyclic ABTS showed less effect on laccase 
production (4.6±0.24 U/mL) compared to the control 
experiment without inducers Figure 3. 
     Static submerged wheat bran medium showed the 
ability of A. alternata to produce appreciable amount of 
laccase after 14 days of addition better than using B&K 
medium supplemented with copper sulphate (2 mM). This 
medium was then used for optimization of the production 
of laccase. 
 
Effect of agitation rate (rpm) 

      
Results in Figure 4 showed less amounts of laccase 
activity in all shaken cultures, the highest laccase activity 
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Figure 2: Production of laccase enzyme by the marine-derived fungus A. alternata on different lignocellulosic substrates 

in submerged fermentation, under static condition and incubation temperature 28±2 °C. 
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Figure 3: Effect of different inducers (added after 6 days of incubation) on laccase production by A. alternata when 

grown in static culture. Values shown are the mean of duplicate cultivation experiments and error bars represent SD. 
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Figure 4: Effect of agitation rate (rpm) on laccase enzyme production in submerged fermentation of wheat bran after 14 

days compared to the incubation under static conditions. 

(77.50± 1.07 U/mL) was obtained at static conditions and 
increasing the rate of shaking resulted in reverse result in 
laccase yield. At 150 and 200 rpm the yield decreased 
1.33 and 4.06 fold, respectively than that of static culture 
(control). This drop in enzyme yield in well-agitated flasks 
could be attributed to the possible damage that may occur 
in the filamentous structure of the organism and thus 
hindering the enzyme production. This explanation agrees 
with that of Robles et al. (2002) who found that the culture 
agitation of Chalara (syn. Thielaviopsis) paradoxa CH32 
resulted in faster growth and earlier laccase production.  
For this, static cultures were used in the following 
experiments.  
 
Production of laccase in different media of wheat 
bran with other additives  
 

The effect of different additives was evaluated, results 
shown in Figure 5 Indicated that the enzyme exhibited 
different responses in the diverse media assayed. When 
using wheat straw, as unique substrate, A. alternata 

produced the highest level of laccase activity , when malt 
extract and peptone were added to the media the titers of 
laccase were very low (16.60±1.37 and 11.71±1.49 U/mL, 
respectively), where maximum fungal growth was 
obtained. Arora and Gill (2001) indicated that malt extract 
broth increased the production of laccase in phlebia raiata 
and phlebia fascicularia. Other study of (Galhaup et al., 

2002) showed that the complex organic N source, 
peptone from meat was the best for laccase production by 
Trametes pubescens. 
     Also addition of cooper sulphate in combination with 
malt extract and peptone decreased the activity and the 
fungal growth. This drop in enzyme yield probably due to 
a toxic effect on the fungal culture, and this high 
concentration of copper is a potent inhibitor of fungal 
growth as well as enzyme production. These results 
agreed with Baldrian (2003) who found that Cu

2+
 inhibited 

the growth of Ganoderma lucidum at concentrations less 
than 1mM, while 150 ppm of Cu

2+
 decreased the growth 

rate of P. crysosporium. Also 1.6 mM Cu
2+ 

reduced the 
growth of T. trogii in submerged fermentation (Levin et al., 
2002). 
 
Effect of different sea water proportion on laccase 
production 

     
Varying amounts of water in the fermentation media 
considered an important factor affecting the fungal growth 
and enzymes production.  
     Results in Figure 6 showed that laccase activity 
increased as sea water proportion increased until reached 
maximum (114.06±2.24 U/mL) with 40 mL sea water 
proportion where the activity increased about 1.47 fold 
compared to the control medium prepared with 50 mL. 
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Figure 5: Production of laccase using wheat bran with different additives such as malt extract, peptone, CuSO4·5H2O. 
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Figure 6: Effect of different sea water proportion on laccase production. 
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This may be due to growing the fungus under conditions 
similar to their natural habitats. Also A. alternata produced 
appreciable level of laccase activity (94.61±6.12U/mL) 
when the wheat bran prepared with 30 mL sea water 
proportion.  Rohrmann and Molitoris (1992) indicated that 
marine basidiomycetes and ascomycetes grown in 
seawater media showed higher laccase activity than 
those grown in fresh water media. 
 
Decolourization of synthetic dyes by the marine-
derived fungus A. alternata in liquid media 

      
The results indicated that the dyes belonging to different 
concentrations and chemically different groups were not 
decolorized to the same extent. 
     Figure 7 shows the decolorization of 0.01 and 0.05% 
reactive black (Azo synthetic dye). At the concentration of 
0.01% reactive black was decolorized to a very high 
extent, 50.16% of the dye was removed after 19 days, 

and 75.47% of the dye was removed after 30 days. Mtui 
and Nakamura (2008) indicated the decolorization of 
Reactive dyes after 12 days by the marine 
basidiomycetes fungus Flavodon flavus. Yang et al. 
(2003) demonastrated significant decolorization of 
aromatic dyes by terrestrial fungi while Raghukumar et al. 
(1999; 2004) and Raghukumar (2005) reported the same 
trends for facultative marine fungi. But at the other 
concentration of 0.05% the decolorization reached only 
about 10.94% of the dye. The results in Figure 8 indicated 
that, malachite green with the two different concentrations 
was decolorized only poorly, after 30 days the extents of 
decolorization were only 9.04% of the dye at 0.01% 
concentration, and 6.07 % of the dye at 0.05% 
concentration, the results are consisted with the reports 
by Eichlerová et al., (2006) who found that the extent of 
malachite green decolorization was only 5% of the dye 
after 14 days. 
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Figure 7: Decolourization of reactive black at final concentrations of 0.05% and 0.01%, by the marine-derived fungus A. 
alternata cultivated in liquid malt extract. 

The pattern of decolorization of crystal violet by A. 
alternata is shown in Figure 9. At the concentration 0.01% 
crystal violet was decolorized quite efficiently, 50.74% of 
the dye was removed after 13 days, and 69.35% of the 
dye was removed after 30 days. These results higher than 
that reported by Eichlerová et al. (2006) who found that 
the extent of crystal violet decolorization was only 27% of 

the dye after 14 days.  
 At 0.05% concentration of crystal violet the 
decolorization was lower (12.97% of the dye decolorized 
after 30 days). Nyanhongo et al. (2002) and Xu (1996) 

also refer to low triphenylmethane dye decolorization 
capacity in white rot fungi. 
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Figure 8: Decolourization of malachite green at final concentrations of 0.05% and 0.01%, by the marine-derived fungus 

A. alternata cultivated in liquid malt extract.  
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Figure 9: Decolourization of crystal violet at final concentrations of 0.05% and 0.01% by, the marine-derived fungus A. 
alternata cultivated in liquid malt extract.  
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CONCLUSION 

      
In conclusion, the marine-derived fungus A. alternata has 

the ability to produce appreciable amount of laccase, by 
using the cheap and easily available agricultural residue 
wheat bran as unique substrate in submerged 
fermentation conditions. Our results showed that A. 
alternata was able to decolorize 75.47% of the synthetic 
reactive black dyes at 0.01% concentration, after 30 days 
of incubation. Also has good ability to decolorize about 
69.35% of the dye crystal violet, at 0.01% concentration, 
after 30 days. Therefore, this strain could be considered a 
promising source for laccase production, an enzyme that 
has wide spread industrial applications and can be 
considered as a great target for future studies related to 
biotechnological applications and bioremediation in high 
salt concentration environments. 
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