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Short Communication

Comparative study on the determination of assay
for laccase of Trametes sp.

Airong Li, Yue Zhu, Liang Xu, Wenging Zhu and Xingjun Tian

School of Life Science, Nanjing University, Nanjing 210093, P.R. China.

The aim of this work was to determine the sensitivity among compounds in common use for detecting laccase activity.
In this study, three assay procedures to measure laccase activity of Trametes sp. were performed in Kirk’s basal salts
mediums of three dyes. In the assay methods, three substrates were employed, which were 2,20-azinobis-(3-
ethylbenzthiazoline-6-sulfonate) (ABTS), -dianisidine and guaiacol. The results indicate that laccase activity used ABTS
as a substrate was significantly higher than the other two. Therefore, the ABTS method is recommended while

detecting laccase activity.
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INTRODUCTION

Laccases (benzenediol:oxygen oxidoreductase, EC1.10.3.2)
are multi- copper oxidases widely distributed among plants,
insects and fungi (Revankar et al., 2006). First isolated in
1883 from Rhus venicifera, the Japanese lacquer tree,
laccases are also commonly found in fungi (Thurston, 1994).
Laccases are attractive, industrially relevant enzymes that
can be used for a number of diverse applications, e.g.,
biosensors (Freire et al.,, 2001), pulp bleaching (Call and
Mucke, 1997; Balakshin et al., 2001), labeling in
immunoassays (Kuznetsov et al.,

2001), bioremediation (Mayer and Staples, 2002) and green
organic synthesis (Karamyshev et al.,, 2003). Fungal
laccases form an important group of enzymes, as they are
involved in the degradation of lignin and in removal of
potentially toxic compounds (Thurston, 1994).

For detecting laccase, some assay methods including
HPLC method, manometry, order spectrum method and
spectrophotometry are involved (Zhu et al., 2006) . Com-
pared with other methods, spectrophotometry is widely used
owing to it's simply and sensitive characteristics. Usually,
there are several compounds that have been used as
substrates by spectrophotometry methods such as 2, 2'-
azinobis-  (3-ethylbenzthiazoline-6-sulfonate) (ABTS)
(Fernandes et al., 2005), syringaldazine (Park et al.,
2006), o-dianisidine (Silva et al., 2005) and guaiacol
(Arora et al., 2002). We encountered the problem regard-
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various substrates while studying the kinetics of laccase ing the
sensitivities of in decoloration of industrial dyes, and no reports
were found related to comparison of these compounds as
substrates. Assay sensitivity for enzyme is largely depended
upon the efficiency of substrates. Thus, sensitivity of substrates
is vital to evaluate enzyme acti-vity. In this study we compared
the sensitivities of the dif-ferent methods to evaluate the activity
of laccase. The results can provide a reference for the substrate
selection for the similar studies in the future.

MATERIALS AND METHODS

Strain Trametes sp. was isolated from basidiomata collected from
Zijin Mountain of Nanjing, China, and maintained on potato dex-
trose agar (PDA). The fungal strain was investigated to decolorize
three different dyes including Fuchsin acid (triphenyl methane),
Orange G (monoazo) and Congo red (disazo). The experiments
were performed by cultivation in liquid medium. Each flask
contained 50 ml of Kirk’s basal salts (KBS) medium and 100 mg/I of
each dye. Inoculums of Trametes sp. were prepared by removing a
6 mm diameter agar plug from the outer edge of a 7-9 days old
culture grown at 28 on PDA to a Petri dish containing 20 ml potato
dextrose broth (PDB) and incubated at 28 for 5 days. The final
mycelia were added aseptically to each flask and shaked at 120
rpm.

Laccase activities were measured spectrophotometrically (Unico,
2100). The first method was based on the oxidation of ABTS at 420
nm with a absorbance coefficient value ( = 36 000 i cm'l). The
reactive mixture consisted of 1.5 ml sodium acetate buffer (1 mM,
pH 5.0), 1.5 ml ABTS (0.5 mM) and 1.5 ml culture medium. The
second was measured as o-dianisidine oxidation at 460 nm ( = 11
300 Mt cm'l). The reactive mixture contained per 1 ml: 200 | citrate
(100 mM)-phosphate (200 mM) buffer (pH 5.0), 100 | o-dianisidine
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Figure 1. Laccase activity of Trametes sp. by three assay
procedures for decoloration of three dyes: (a) Orange G (b)
Congo Red (c) Fuchsin Acid.

(1 mM), 600 | culture medium and 100 | hydrogen peroxide (2 mM).
The third method was measured based on guaiacol oxidation at 450

nm ( =12 100 i cm'l). The reactive mixture was 3 ml acetate
buffer (10 mM, pH 5.0), 1 ml guaiacol (2 mM) and 1 ml culture
medium. The results used syringaldazine as a substrate were not
reported because of its instability. One unit (U) of laccase activity
was defined as the amount of enzyme catalyzing the pro-

production of one micromole of colored product per min per ml. The
experiment was performed in triplicates. Control was done without
substrates. The significance between the assay procedures was
determined using analysis of variance (ANOVA) at the level of
P<0.05.

RESULTS AND DISCUSSION

The laccase activity measured by the three methods was
greatly different. By ABTS method, laccase activity could
be detected in all KBS mediums with monoazo, disazo
and triphenyl methane dyes (Figure 1). The lowest values
were assayed on the first day in decoloration of all dyes,
and then, activities of laccase increased. The highest
activities were appeared after 6 or 7 days of cultivation.

By the o-dianisidine and guaiacol oxidation assay, only
high activity of laccase could be detected. Comparing
with the ABTS method, values of laccase activity declined
sharply used o-dianisidine and guaiacol as substrates. No
activities were detected at the initials of incubation. In
Fuchsin acid medium, the highest laccase activity was
33.31 U using ABTS (Figure 1c). Under the same condi-
tions, the highest was 5.75 and 3.31 U using o-diani-
sidine and guaiacol as substrates, respectively. The
similar results were obtained in the other two dyes
medium (Figure 1a and 1b). In the experiment, the values
used o-dianisidine was slightly higher than that used
guaiacol. The compound o-dianisidine was relatively
more sensitive than guaiacol.

The results clearly showed that the laccase activity
assayed by the ABTS substrate was significantly higher
than the other two substrates (P<0.05). The ABTS
method was more sensitive than o-dianisidine and guaia-
col methods. These results were in accord with some
literatures. They showed that the catalytic efficiency of
laccase from fungi tested was much lower for the
substrates of o-dianisidine (Robles et al., 2000) and
guaiacol (Liers et al., 2007) than that for ABTS. It also
reported that enzyme inactivation by reaction products
had been responsible for the lower activity of laccase
toward guaiacol (Robles et al., 2000).

The great differences in the oxidation rates of the
different substrates should be attributed to differences in
redox potential between the enzyme and substrate
(Reinhammar and Malmstrém, 1981). Guaiacol is a
metonymy- substituted monophenol, which could be
oxidized to aldehydes. o-Dianisidine is a substituted dia-
mine and was oxidized to compounds containing disazo
groups. ABTS is a non-phenolic heterocyclic compound.
ABTS could be oxidized to cation radical (ABTS-+) and

ABTS dication (ABTSZ+) (Johannes and Majcherezyk,
2000; Fabbrini et al., 2002). ABTS is colorless, mean-
while the ABTS:" colors blue-green and presents absorp-
tion in the visible region (Solis-Oba et al., 2005).

Laccase is a phenol oxidase (EC1.10.3.2) that cata-
lyzes oxidation of several substances, particularly phe-
nols and aromatic amines (D’Acunzo et al., 2002). The
catalytic properties of laccase have had a great impact on



the development of biosensors, and fungal laccase have
been widely used in more and more scopes (Amitai et al.,
1998). Therefore, the methodologies of evaluating lac-
case activity are significant in studies. The determination
of the most sensitive substrate is indispensable. ABTS
was found to be the most sensitive substrate among all
tested compounds to evaluate the activity of laccase.
Therefore, it is recommended based on this study to use
ABTS assay method for detecting laccase activity during
study.

ACKNOWLEDGEMENTS

The financial supports of the National Natural Science
Foundation of China (30470299) and Key Project of Na-
tional Science Foundation (30430570) are gratefully
acknowledged.

REFERENCES

Amitai G, Adani R, Sod-Moriah G, Rabinovitz I, Vincze A, Leader H,
Chefetz B, Leibovitz-Persky L, Friesem D, Hadar Y (1998). Oxidative
biodegradation of phosphorothiolates by fungal lacccase. FEBS Lett.
438:195-200.

Arora DS, Chander M, Gill PK (2002). Involvement of lignin peroxidase,
manganese peroxidase and laccase in degradation and selective
ligninolysis of wheat straw. Int. Biodeter. Biodegr. 50:115-120.

Balakshin M, Chen C-L, Gratzl JS, Kirkman AG, Jakob H (2001).
Biobleaching of pulp with dioxygen in laccase-mediator system—
effect of variables on the reaction kinetics. J. Mol. Catal. B: Enzym
16:205-215.

Call HP, Mucke | (1997). History, overview and applications of mediated
lignolytic systems, specially laccase-mediator-sy D’Acunzo F, Galli C,
Masci B (2002). Oxidation of phenols by laccase and laccase-
mediator systems. Eur. J. Biochem. 269:5330-5335.

Fabbrini M, Galli C, Gentili P (2002). Radical or electron-transfer
mechanism of oxidation with some laccase/mediator systems. J. Mol.
Catal. B-Enzym. 18:169-171.

Fernandes L, Loguercio-Leite C, Esposito E, Reis MM (2005). In vitro
wood decay of Eucalyptus grandis by the basidiomycete fungus
Phellinus flavomarginatus. Int. Biodeter. Biodegr. 55:187-193.

Freire RS, Duran N, Kubota LT (2001). Effects of fungal laccase
immobilization procedures for the development of a biosensor for
phenol compounds. Talanta. 54:681-686.

Johannes Ch, Majcherczyk A (2000). Natural mediators in the oxidation
of polycyclic aromatic hydrocarbons by laccase mediator systems.
Appl. Environ. Microb. 66:524-528.

Karamyshev AV, Shleev SV, Koroleva OV, Yaropolov Al, Sakharov IY
(2003). Laccase-catalyzed synthesis of conducting polyaniline.
Enzyme Microb. Tech. 33:556-564.

Kuznetsov BA, Shumakovich GP, Koroleva OV, Yaropolov Al (2001).
On applicability of laccase as label in the mediated and mediatorless
electroimmunoassay: effect of distance on the direct electron transfer
between laccase and electrode. Biosens. Bioelectron. 16:73-84.

Liers C, Ullrich R, Pecyna M, Schlosser D, Hofrichter M (2007).
Production, purification and partial enzymatic and molecular
characterization of a laccase from the wood-rotting ascomycete
Xylaria polymorpha. Enzyme Microb. Technol. 41:785-793.

Mayer AM, Staples RC (2002). Laccase: new functions for an old
enzyme. Phytochem. 60:551-565.

Park C, Lee M, Lee B, Kim SW, Chase HA, Lee J, Kim S (2006).
Biodegradation and biosorption for declolrization of synthetic dyes by
Funalia trogii. Biochem. Eng. J. doi:10.1016/j.bej.2006.06.007

Reinhammar B, Malmstrom BG (1981). “Blue’copper-containing
oxidases In: Spiro TG, editor. Copper Proteins. New York: John Wiley
& Sons, Inc., pp 109-149.

Revankar MS, Lele SS (2006). Enhanced production of laccase using a
new isolate of white

rot fungus WR-1. Process Biochem. 41:581-588.stems (Lignozym®-
process). J. Biotechnol. 53:163-202.

Robles A, Lucas R, Cienfuegos GA, Galvez A (2000). Phenol-oxidase
(laccase) activity in strains of the hyphomycete Chalara paradoxa
isolated from olive mill wastewater disposal ponds. Enzyme Micrab.
Technol. 26: 484-490.

Silva CMMS, Melo IS, Oliveira PR (2005). Ligninolytic enzyme
production by Ganoderma spp. Enzyme Microb. Tech. 37:324-329.
Solis-Oba M, Ugalde-Saldivar VM, Gonzéalez I, Viniegra-Gonzélez G
(2005). An electrochemical-spectrophotometrical study of the
oxidized forms of the mediator 2,2’-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid) produced by immobilized laccase. J. Electroanal.

Chem. 579:59-66.

Thurston CF (1994). The structure and function of fungal laccase.
Microbiol. 140:19-26.

Zhu S, Yu S, Yang L (2006). Prodution, properties and application of
fungal laccase. China Food Addit. 1:116-131.



