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Abstract
This communication reports a new laccase as an effective biocatalyst, obtained from the liquid culture growth medium of the
indigenous fungal strain Abortiporus biennis MTCC-1176 in the selective synthesis of substituted benzaldehydes from respective
substituted toluenes. Selective bioconversions of 3-nitrotoluene to 3-nitrobenzaldehyde, 2-chlorotoluene to 2-chlorobenzaldehyde
and 4-chlorotoluene to 4-chlorobenzaldehyde have been performed in the presence of ABTS as mediator molecule within 1 h to 4 h
at room temperature.
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Introduction
Laccase [E. C. 1.10.3.2] belongs to a group of multicopper containing oxidases [1,2] and catalyzes [3-5] the four-electron
reduction of molecular oxygen to water. Laccase was first reported in Japanese lacquer tree Rhus vernicifera [6]. Little is
known about higher plant laccases, probably due to their presence in cell walls. Laccases are the lignolytic enzymes and
abundantly occur in the fungal systems [7]. Laccase is also reported in bacteria Azospirrullum lipoferum [8] which was the
first laccase producing bacteria. They are also found in Streptomyces spec. [9,10] and Anabaena azollae [11]. In addition to
fungi, plants and bacteria, the presence of laccases has also been reported in wasp venom [12] as well as in insects [13].

To perform their catalytic functions, laccases depend on Cu atoms that are distributed at the three-different copper centres
viz. type-1 or blue copper centre, type-2 or normal copper centre and type-3 or coupled binuclear copper centres, differing in
their characteristics electronic paramagnetic resonance (EPR) signals [14,15]. The organic substrate is oxidized by one
electron at the active site of the laccase generating a reaction radical which further reacts non-enzymatically. The electron is
received at type 1 Cu and is shuttled to the trinuclear cluster where oxygen is reduced to water.
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Fungal laccases act as potential synthetic biocatalysts. They are stable and have high catalytic efficiency. After the
development of redox mediators [16,17] such as ABTS (2, 2’ [Azino-bis-(3-ethylbonzthiazoline-6-sulphonic acid)
diammonium salt]), HOBT (1-hydroxybenzotriazole) etc., which have tendency to enhance the catalytic substrate range of
laccases, synthetic and industrial applications of laccases have become, surprisingly, enhanced. The ability of laccases to
catalyze the oxidation of various phenolic as well as non-phenolic compounds, coupled to the reduction of molecular oxygen
to water makes it valuable from the point of view of their commercial applications [4,18-20]. During the last two decades,
laccases have turned out to be the most promising enzymes for industrial uses [19,20] having applications in food, pulps,
paper, textile, and cosmetics industries and in synthetic organic chemistry such as biotransformation’s, coupling reactions,
drug syntheses etc. [21-42].

The objective of this communication was to obtain crude laccase from the liquid culture growth medium containing natural
lignin substrate bagasse/wheat straw of Abortiporus biennis MTCC-1176 and to demonstrate the selective bioconversions of
3-nitrotoluene

to

3-nitrobenzaldehyde,

2-chlorotoluene

to

2-chlorobenzaldehyde

and

4-chlorotoluene

to

4-

chlorobenzaldehyde in the presence of ABTS as mediator molecule. Though, this type of work has been done previously,
however, during study authors have found that laccase obtained from different sources have different ability to oxidize
different types of toluenes. Laccases obtained from some sources have very less efficiency to oxidize these compounds due to
which they cannot be properly used for such type of synthetic reactions. In this order, authors have found another effective
fungal source which secrete laccase and this laccase have been effectively utilized for such type of synthetic reactions in the
presence of mediators like previously reported laccases.

Experimental
Materials
4-Chlorotoluene was from Sigma Chemical Company, St. Louis (USA). 2-Fluorotoluene, 2-chlorotoluene, 2, 2’-Azino-bis
(3-ethylbenzthiazoline-6-sulphonic acid) diammonium salt (ABTS) and 2, 6-dimethoxy phenol (DMP) were from Fluka,
Chemi new Ulm (Switzerland).

Preparation of crude laccase
The fungal strain was procured from the Microbial Type Culture Collection Center and Gene Bank, Institute of Microbial
Technology, Chandigarh (India) and was maintained on agar slant as reported in MTCC catalogue of strains-2000 [43-46].

In order to find the crude laccase, A. biennis MTCC-1176 was grown in five 100 mL culture flasks each containing 25 mL
sterilized growth medium reported by Coll et al. [47] (medium consisted of glucose 10.0 g, asparagine 1.0 g, yeast extract 0.5
g, MgSO4.7H2O and FeSO4.7H2O, 0.01 g in 1.0 L of Milli-Q water) with 500 mg of the good inducer bagasse particles/wheat
straw particles, under stationary culture condition in a BOD incubator at 30°C. Since, the maximum activity of the laccase is
generally found between 6th-10th days [27,39-42] of the inoculation of the fungal mycelia, all the cultures in the five flasks
were pooled; mycelia were removed by filtration through four layers of cheese cloth on the 7 th day. The culture filtrate was
centrifuged using refrigerated centrifuged Sigma (Germany) model 3K-30 at 12500 rpm for 20 min at 4°C in order to remove
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another particle types impurities present in the culture liquid. This culture filtrate has been used as a crude laccase for
synthetic applications.

Enzyme assay
The assay solution 1.0 mL for DMP as the substrate [40] contained 1.0 mM DMP in 50 mM sodium malonate buffer pH 5.0
at 37°C. The reaction was monitored by measuring the absorbance change at =468 nm and using the molar extinction
coefficient [26] value of 49.6 mM-1 cm-1.

Syntheses in the presence of ABTS
The bioconversion of 2-chlorotoluene to 2-chlorobenzaldehyde [25-27] was done in 100 mM sodium acetate buffer pH 4.5
containing 20 mM toluene in 20 mL of dioxane, 0.1 mM ABTS and 1000 µL of crude laccase kept in a 100 mL conical flask
which was stirred vigorously for 240 min (completion of the reaction is confirmed by the UV/Vis spectrophotometer Hitachi
(Japan) model U-2900). The reaction solution was extracted thrice with ethyl acetate. 20 µL of the ethyl acetate extract was
injected in Waters HPLC Model 600E using spherisorb C18 5 UV, 4.5 × 250 mM column. The eluent phase was methanol at
the flow rate of 0.5 mL/min. The detection was made using Waters UV detector model 2487 at λ=254 nm.

The biotransformations of 3-nitrotoluene to 3-nitrobenzaldehyde and 4-chlorotoluene to 4-chlorobenzaldehyde were also
studied using the same method described above except time of stirring the reaction solutions were 120 min and 200 min,
respectively.

Isolation: Since only small amounts of chemical auxiliaries are applied which remain in the aqueous phase after extraction of
the aldehydes with an organic solvent (ethyl acetate), very pure compounds are obtained requiring no further purification.
During these oxidations, no side reactions occur because of the high specificity of laccase as biocatalyst. Thus, authors have
used ethyl acetate as organic solvent for the extraction of products and found the almost pure substituted benzaldehydes in
high yields (average yield was >90%).

Results and Discussion
Laccase have different synthetic applicability due to which they are promising enzymes in research. Selective bioconversion
of aromatic methyl group to aldehyde group is an important application out of its different valuable synthetic applications.
The chemical routes of these conversions are inconvenient because methyl groups are preferably converted into carboxylic
acids and it is very difficult to stop the reaction at aldehyde stage. Moreover, they require drastic reaction conditions which
pollute the environment. The conversion done with laccase occurs under milder conditions, yield is >93% and the process is
eco-friendly. The use of crude laccases for this purpose has been studied [25,26] in the presence of mediator molecule like 2,
2’-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt (ABTS) [25]. A number of work have been done on
this topic, however, the purpose of this work was to identify a new laccase from another fungal source which can perform
these types of synthesis effectively. In this order, authors have find successfully that laccase secreted from Abortiporus
biennis MTCC-1176 can be effectively utilized as a biocatalyst for the synthesis of aromatic aldehydes from toluenes in the
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presence of the mediator molecule which was tested using 2-chlorotoluene, 3-nitrotoluene and 4-chlorotoluene as substrates
given in SCHEME 1.
CHO

CH3
X

X

Crude Laccase, Mediator
1-4 hrs, Room Temperature ,
90-100 %

Y

Y
z

z
Cases: (i) X= Cl, Y= H, Z= H
(ii) X= H , Y= NO 2 , Z= H
(iii) X= H, Y= H, Z= Cl

SCHEME 1. Reaction of different substituted toluenes with crude laccase of Abortiporus biennis MTCC-1176 in the
presence of ABTS as mediator at room temperature.
Infrared (IR) spectroscopy (KBr, ν, cm-1)
Identification and characterization of products obtained during enzymatic reaction were analyzed on the basis of IR-results
given below: ~3037 cm-1, ~2846 cm-1, ~1699 cm-1, and ~1378 cm-1, expect 1511 cm-1, 1326 cm -1 band which were additional
in case of 3-nitrobenzaldehyde may be due to presence of nitro group. In above IR results bands near ~2846 cm -1 were due to
the aldehydic C-H stretching and near ~1699 cm-1 were due to conjugated aldehydic C=O stretching which confirm the
products formation.
1

H NMR (CDCl3)

For 2-chlorobenzaldehyde: δ=9.43 (s, 1H), 7.83 (db, 1H), 7.71 (db, 1H), 7.28 (t, 1H) and 6.89 (t, 1H).
For 3-nitrobenzaldehyde: δ=9.49 (s, 1H), 8.42 (s, 1H), 8.31 (db, 1H), 7.81 (t, 1H), and 8.25 (db, 1H).
For 4-chlorobenzaldehyde: δ=9.39 (s, 1H), ~7.86 (db, 2H) and ~7.47 (db, 2H).
A singlet δ=9.31-9.49

(1H) for each biotransformed product shows that all the compounds containing aromatic methyl group have been converted
into their aldehyde group.
Synthesized products were given in TABLE 1 with the yields of products.

TABLE 1. Enzymatically synthesized benzaldehydes from their respective toluenes in the presence of mediator with
yields.

Reactants

Products

Yield (%)

3-Nitrotoluene

3-Nitrobenzaldehyde

96

2-Chlorotoluene

2-Chlorobenzaldehyde

92

4-Chlorotoluene

4-Chlorobenzaldehyde

93
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Conclusion
This communication shows the successful bioconversions of aromatic methyl group of different substituted toluenes to
corresponding aldehyde group in the presence of ABTS as mediator molecule using crude laccase of A. biennis MTCC-1176.
Yields were excellent and all the syntheses were done at room temperature and pressure. In this way this communication
provides another fungal source which secretes effective laccase that have strong tendency to oxidize different substituted
toluenes.
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