
Pharmacologyonline 3: 1077-1084 (2011)              ewsletter           Pahuja et al. 
 

 1077 

LACCASE FROM THE FUGUS Simplicillium sp. GSH 1: EFFECT OF pH AD 

TEMPERATURE O EZYME ACTIVITY AD STABILITY 

eeraj Pahuja
1
*, Gurinder Singh Hoondal

1
, Sanjeev Kumar Soni

1
 and Hemraj S 

andanwar
2 

*Corresponding author  

Neeraj Pahuja  

Department of Microbiology,  

Panjab University, Chandigarh-160014, India. 

Email: neerajpahuja09@gmail.com   

1.  Department of Microbiology,  

Panjab University, Chandigarh-160014, India. 

2.  Senior Scientist, 

    Institute of Microbial Technology (IMTECH), 

    Sector -39 A, Chandigarh-160036, India. 

 

Summary 

 

Laccase oxidizes both phenolic and non-phenolic lignin related compounds which makes them 

very useful for their application to several processes. Laccases have been found to be applicable 

in textile, food, pulp and paper industries. Laccase can be used in immunoassay, as biosensors as 

well as biolinkers, degradation of xenobiotics and bio-remediation, organic synthesises, 

cosmetics and antimicrobials. An extracellular laccase was isolated from the culture filtrate of 

the ascomycete Simplicillium sp. GSH 1. The optimum pH and temperature for the phenolic 

substrate 2, 6 Dimethoxyphenol (2, 6 DMP) were 4.9 and 55˚C, respectively. The enzyme 

remained stable within an acidic pH range from 3.0 to 6.5 and the thermal stability of the enzyme 

was also determined and the enzyme remained stable up to 40˚C. 
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Introduction 

Laccases are glycoproteins, which are abundunt in nature – they have been reported in higher 

plants and virtually every fungus that has been examined for them. Yoshida described the 

enzyme of this group for the first time at the end of the 19th century as a component of the resin 

ducts of the lacquer tree Rhus vernicifera (1); more recently, proteins with features typical of 

laccases have been identified in insects and prokaryotes and algae (2, 3). Though the laccases 

from different origin are different from each other, they all catalyse polymerization or 

depolymerization processes. They are an important virulence factor in many fungal diseases as 

these enzymes can protect fungal pathogens from toxic phytoalexins and tannins (4). 

 

Laccases are found in a wide range of higher plants and fungi (5) and previously some bacterial 

laccases have also been characterized from Azospirillum lipoferum (6), Bacillus subtilis (7), 

Streptomyces lavendulae (8), S. cyaneus (9) and Marinomonas mediterranea (10) and recently 

some soil algae (3). Laccases in plants have been identified in trees, cabbages, turnips, beets, 

apples, asparagus, potatoes, pears, and various other vegetables (11). The occurrence of laccases 

in higher plants appears to be far more limited than in fungi (12). 

 

Laccases may also be of great interest in synthetic chemistry in future, where they have been 

proposed to be applicable for oxidative deprotection (13) and production of complex polymers 

and medical agents (14, 15). Suberase® (Novo Nordisk A/S, Bagsvaerdt, Denmark) is an 

industrial analogue of laccase has been used in the synthesis of phenolic colourants 

(16).Laccases are second to none in the application in cosmetic world.Laccase-based hair dyes is 

one of the example which as compare to other commercially available hair dyes are less irritant 

and easier to handle. The science behind is just the replacement of irritant H2O2 used as an 

oxidising agent in the dye formulation with laccase (17). More recently, cosmetic and 

dermatological preparations containing proteins for skin lightening have also been developed 

(18)  

In our study, laccase – producing fungus was isolated from various environmental samples using 

Guaiacol, a chromogenic substrate in agar plates. In addition, the production of laccase by the 

positive strain was monitored in liquid cultures. The laccase produced in significant amount was 

preliminarily characterized. pH optima, temperature optima and Laccase stability were studied. 

Materials and Methods 

Organisms, culture conditions and screening of laccase producers 

a. Organism 

Isolate Simplicillium sp. GSH 1 was selected in a screening procedure involving 21 fungi 

collected in the soil and water samples and grown on modified malt extract agar (table1) and 

potato dextrose agar (PDA). The cultures were purified by repeated transfer to fresh agar plates, 

and grown at 25ºC for 9 days and then stored at 4 ºC. The isolates were subcultured regularly 

(19).  
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Table 1 Modified Malt Extract Medium 

Ingredients gm/L 

malt extract agar 45 

Peptone 3 

Final pH 5.5±0.2 at 37
0
C 

 

b. Screening 

Screening for the presence of laccase activity was done by formation of reddish brown 

halos (zones) on solid Guaiacol medium (table 2). In addition, 0.01% (w/v) chloramphenicol and 

chlorotetracycline were added to the media in order to inhibit the growth of bacteria and the pH 

was adjusted to 5.5 with 9M HCl. The media was autoclaved at 120˚C for 30 minutes prior to use 

(19).  

 

 

Fig:1 Reddish–brown colonies/ zones 

apparently due to Simplicillium sp. GSH 1 

laccase catalyzed polymerization of guaiacol 
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Table 2 Solid Guaiacol medium 

Ingredients gm/L 

Glucose 1 

Agar-Agar 15 

Yeast Extract 0.5 

Guaiacol 20 mM 

c. Culture conditions 

For production of laccase a flask of 250 mL containing 50 mL of culture medium was 

inoculated with four mycelial plugs (4 mm diameter) taken from the periphery of a colony grown 

on PDA at 25°C for 9 days in triplicate on a rotary shaker at 150 rpm. Six day old Simplicillium 

sp. GSH 1 was transferred to 20 ml of medium in 100 ml Erlenmeyer flasks (in triplicate). 

Samples were taken each 24 h after the second day of the fermentation process in the basal 

medium.  

pH and Temperature Dependence 

The optimum pH for the laccase was estimated using 2,6 DMP  as the substrate in a 100 mM 

sodium citrate buffer (pH 2.5-6.0) and 100 mM sodium phosphate buffer (pH 6.5-8.0). The effect 

of pH on the enzyme stability was measured after 1 h of incubation at various pHs at 25˚C. The 

optimum temperature for the laccase was determined by measuring the enzyme activity at 

various temperatures ranging from 20˚C to 90˚C in a 100 mM sodium acetate buffer (pH 4.9). 

The effect of temperature on the enzyme stability was investigated by incubating the enzyme 

solution for 1 h in a 100 mM sodium acetate buffer (pH 4.9) at various temperatures. After 

incubation, the remaining activity was determined. 

Enzyme Assay 

  The laccase activity was determined using 2, 6 DMOP as the substrate. The assay mixture 

contained  10 mM 2,6 DMP , a 100 mM sodium acetate buffer (pH 4.9), and 100-µl aliquots of 

an appropriately diluted enzyme solution and 10-µl sodium azide to terminate the reaction after 3 

minutes. The formation of Laccase activity was determined spectrophotometrically by 

monitoring the conversion of 2 mM 2,6-dimethoxyphenol (DMOP) to 3,5,3′,5′-

tetramethoxydiphenoquinone (orange/brownish) at 30°C at 468 nm (ɛ = 49.6 mM
−1

 cm
−1

), and 

laccase activity was calculated from the molar extinction coefficient (20). 

One unit of laccase activity was defined as activity of an enzyme that catalyzes the conversion of 

1 µmole of DMOP per minute.  
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Results  

                                         

 

 

Fig:2 Effect of pH (A) and temperature (B) on the activity of Simplicillium sp. GSH 1 Laccase 

A 
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Effect of pH and Temperature on Laccase Activity and Stability 

The effect of pH on the enzyme activity was investigated at pH values ranging from 2.5 to 8.0 

with 2,6 DMP as the substrate (Fig.2a). The optimum pH for the enzyme was identified as 4.9, 

which was consistent with the optimum pH for the laccase Coriolus zonatus (21). 

Other studies have also reported very low optimal pHs (between 3.0 and 5.7) for fungal laccases, 

except for the laccase from Rhizoctonia praticola, which exhibited a neutral optimal pH with 

various substrates (22). When the effect of pH on the enzyme stability was examined at 25˚C for 

1 h, the enzyme remained stable within an acidic pH range from 3.0 to 6.5. Meanwhile, the 

optimum temperature of the laccase for 2, 6 DMP oxidation was 55˚C (Fig.2b) (21), which was 

higher than the optimum temperatures previously reported for other fungal laccases, ranging 

from 40˚C to 50˚C (23-25). The thermal stability of the enzyme was also determined by 

incubating the enzyme at pH 4.9 for 1 h. The enzyme remained stable up to 40˚C, yet the 

stability decreased rapidly above 55˚C, which was similar to the results previously reported for 

the laccases from L. edodes and A. blazei (23, 26). However, the enzyme was less stable than the 

laccases from Phellinus ribis and Trametes sp. strain AH 28-2, which remain stable at 55
0
C and 

70
0
C for more than one hour, respectively (25, 27). 

     Discussion 

Therefore , our study found that the Simplicillium sp. GSH 1 laccase was very active  at 

a relatively  acidic pH and higher temperature when compared with other fungal laccases. Its 

thermal stability remained till 40˚C. In conclusion, the present results showed that the laccase 

from the Ascomycete Simplicillium sp. GSH 1 is a new member of a growing family of laccase 

enzymes that possess important properties for industrial application. In view of the importance 

of laccase, the structure and catalytic mechanism of the Simplicillium sp. GSH 1 laccase will be 

studied further. 

Acknowledgements 

Authors gratefully acknowledge the financial support of the Panjab University for providing 

University Research Fellowship to Mr. Neeraj Pahuja. The author Neeraj Pahuja is thankful to 

the Director Dr. Girish Sahni and all staff members of IMTECH, Chandigarh for their kind help 

and support and Mr. Vinod Singh (ASO), PU for his encouragement and support.    

References 

 

1. Yoshida H. Chemistry of lacquer (urushi). J Chem Soc. 1883;43:472-86. 

2. Claus H. Laccases and their occurrence in prokaryotes. Arch Microbiol. 2003 

Mar;179(3):145-50. 

3. Otto B, Schlosser D, Reisser W. First description of a laccase-like enzyme in soil algae. 

Arch Microbiol. 2010 Sep;192(9):759-68. 

4. Zhu X, Williamson PR. Role of laccase in the biology and virulence of Cryptococcus 

neoformans. FEMS Yeast Res. 2004 Oct;5(1):1-10. 



Pharmacologyonline 3: 1077-1084 (2011)              ewsletter           Pahuja et al. 
 

 1083 

5. Kiiskinen LL, Palonen H, Linder M, Viikari L, Kruus K. Laccase from Melanocarpus 

albomyces binds effectively to cellulose. FEBS Lett. 2004 Oct 8;576(1-2):251-5. 

6. Diamantidis G, Effosse A, Potier P, Bally R. Purification and characterization of the first 

bacterial laccase in the rhizospheric bacterium Azospirillum lipoferum. Soil Biology and 

Biochemistry. 2000;32(7):919-27. 

7. Martins LO, Soares CM, Pereira MM, Teixeira M, Costa T, Jones GH, et al. Molecular 

and biochemical characterization of a highly stable bacterial laccase that occurs as a structural 

component of the Bacillus subtilis endospore coat. J Biol Chem. 2002 May 24;277(21):18849-

59. 

8. Suzuki T, Endo K, Ito M, Tsujibo H, Miyamoto K, Inamori Y. A thermostable laccase 

from Streptomyces lavendulae REN-7: purification, characterization, nucleotide sequence, and 

expression. Biosci Biotechnol Biochem. 2003 Oct;67(10):2167-75. 

9. Arias ME, Arenas M, Rodriguez J, Soliveri J, Ball AS, Hernandez M. Kraft pulp 

biobleaching and mediated oxidation of a nonphenolic substrate by laccase from Streptomyces 

cyaneus CECT 3335. Appl Environ Microbiol. 2003 Apr;69(4):1953-8. 

10. Jimenez-Juarez N, Roman-Miranda R, Baeza A, Sánchez-Amat A, Vazquez-Duhalt R, 

Valderrama B. Alkali and halide-resistant catalysis by the multipotent oxidase from 

Marinomonas mediterranea. Journal of biotechnology. 2005;117(1):73-82. 

11. Levine WG. Laccase: a review. The biochemistry of copper: proceedings, September 8-

10, 1965. 1966:371. 

12. Pahuja N, Hoondal GS, Soni SK. Laccase: An everlasting story. Pharmacologyonline. 

2010;3:302-21. 

13. Semenov AN, Lomonsova IV, Berezin VI, Titov MI. Peroxidase and laccase as catalysts 

for removal of the phenylhydrazide protecting group under mild conditions. Biotechnol Bioeng. 

1993 Nov 20;42(10):1137-41. 

14. Nicotra S, Cramarossa MR, Mucci A, Pagnoni UM, Riva S, Forti L. Biotransformation of 

resveratrol: synthesis of trans-dehydrodimers catalyzed by laccases from Myceliophthora 

thermophila and from Trametes pubescens. Tetrahedron. 2004;60(3):595-600. 

15. Kurisawa M, Chung JE, Uyama H, Kobayashi S. Enzymatic synthesis and antioxidant 

properties of poly(rutin). Biomacromolecules. 2003 Sep-Oct;4(5):1394-9. 

16. Mustafa R, Muniglia L, Rovel B, Girardin M. Phenolic colorants obtained by enzymatic 

synthesis using a fungal laccase in a hydro-organic biphasic system. Food research international. 

2005;38(8-9):995-1000. 

17. Lang G, Cotteret J. Hair dye composition containing a laccase. L'Oreal, Fr) Int Pat Appl 

WO9936036. 1999. 

18. Golz-Berner K, Walzel B, Zastrow L, Doucet O. Cosmetic and dermatological 

preparation containing copper-binding proteins for skin lightening. International Patent 

Application, WO2004017931. 2004. 

19. Kiiskinen LL, Ratto M, Kruus K. Screening for novel laccase-producing microbes. J 

Appl Microbiol. 2004;97(3):640-6. 

20. Claus H, Filip Z. The evidence of a laccase-like enzyme activity in a Bacillus sphaericus 

strain. Microbiological Research. 1997;152(2):209-16. 

21. Koroljova OV, Stepanova EV, Gavrilova VP, Biniukov VI, Jaropolov AI, Varfolomeyev 

SD, et al. Laccase of Coriolus zonatus: isolation, purification, and some physicochemical 

properties. Appl Biochem Biotechnol. 1999 Feb;76(2):115-27. 

22. Bollag JM, Leonowicz A. Comparative Studies of Extracellular Fungal Laccases. Appl 

Environ Microbiol. 1984 Oct;48(4):849-54. 



Pharmacologyonline 3: 1077-1084 (2011)              ewsletter           Pahuja et al. 
 

 1084 

23. Nagai M, Sato T, Watanabe H, Saito K, Kawata M, Enei H. Purification and 

characterization of an extracellular laccase from the edible mushroom Lentinula edodes, and 

decolorization of chemically different dyes. Appl Microbiol Biotechnol. 2002 Nov;60(3):327-35. 

24. Shin KS, Lee YJ. Purification and characterization of a new member of the laccase 

family from the white-rot basidiomycete Coriolus hirsutus. Arch Biochem Biophys. 2000 Dec 

1;384(1):109-15. 

25. Xiao YZ, Tu XM, Wang J, Zhang M, Cheng Q, Zeng WY, et al. Purification, molecular 

characterization and reactivity with aromatic compounds of a laccase from basidiomycete 

Trametes sp. strain AH28-2. Appl Microbiol Biotechnol. 2003 Feb;60(6):700-7. 

26. Ullrich R, Huong le M, Dung NL, Hofrichter M. Laccase from the medicinal mushroom 

Agaricus blazei: production, purification and characterization. Appl Microbiol Biotechnol. 2005 

May;67(3):357-63. 

27. Min KL, Kim YH, Kim YW, Jung HS, Hah YC. Characterization of a novel laccase 

produced by the wood-rotting fungus Phellinus ribis. Arch Biochem Biophys. 2001 Aug 

15;392(2):279-86. 

 

 


