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Abstract

A novel strain of Bjerkandera sp. (B33/3), with particularly high decolourisation activities upon Poly R-478 and
Remazol Brilliant Blue R (RBBR) dyes, was isolated. The role of the ligninolytic extracellular enzymes produced by
this strain on decolourisation of RBBR was studied in some depth. The basis of decolourisation is an enzyme-medi-
ated process, in which the main enzyme responsible is a recently described peroxidase with capacity for oxidation of
manganese, as well as veratryl alcohol and 2,6-dimethoxyphenol in a manganese-independent reaction. © 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction, results and discussion

Decolourisation of specific dyes, e.g. Remazol
Brilliant Blue R (RBBR) and Poly R, has been
used since the eighties as a rapid screening
method for detection of ligninolytic ability in
fungal strains. Dye decolourisation has been as-
cribed by several authors to peroxidases produced
by said fungi, namely lignin peroxidases, man-

ganese peroxidases and laccases (Pasti and Craw-
ford, 1991; Ollikka et al., 1993, 1998; Spadaro
and Renganathan, 1994; Knapp et al., 1995; Vyas
and Molitoris, 1995; Kim et al., 1996; Shin et al.,
1997; Azmi et al., 1998; Heinfling et al., 1998a,b,c;
Swamy and Ramsay, 1999).

Recently, a novel class of ligninolytic peroxi-
dases, with high affinity for manganese and dyes,
has been described; these enzymes can also oxidise
2,6-dimethoxyphenol (DMP) and veratryl alcohol
in a manganese-independent reaction. Those ver-
satile enzymes thus possess a high biotechnologi-
cal interest because of their broad substrate
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specificity, as well as lack of requirement for
mediators to efficiently oxidise and decolourise
several dyes; however, they have only been de-
scribed to exist in Pleurotus sp. and Bjerkandera
sp. (Heinfling et al., 1998a,b,c; Mester and Field,
1998; Camarero et al., 1999; Ruiz-Duenas et al.,
1999; Palma et al., 2000).

In this work, the ability to decolourise RBBR
by a new Bjerkandera sp. strain, obtained from
ligninocellulosic rot material, was studied; the fo-
cus was on the efficiency of decolourisation, but
encompassed also the agents responsible for it in
attempts to shed further light onto the physiologi-
cal performance of Bjerkandera sp. via specific
characterization of the recently described LiP–
MnP hybrid peroxidase.

The new isolate of Bjerkandera sp., strain B33/
3, was selected from within the collection of
strains of Aspergillus niger, Ceriporiopsis sub�er-
mispora, Paecylomyces �ariotti, Penicillium fre-
quentans, Penicillium spinolosum, Phanerochaete
chrysosporium, Pleurotus ostreatus, Pycnoporus
cinnabarinus and another 109 fungal isolates not
yet identified taxonomically, via a screening pro-
cedure for RBBR- and Poly-R 478-decolourisa-
tion ability.

The aforementioned screening procedure was
made in both solid medium, viz. CDAYE medium
composed of 45.4 g l–1 of Czapex Dox modified
Agar (Oxoid) and 5 g l–1 of yeast extract (Difco),
and liquid medium, viz. CDBYE medium com-
posed of 33.4 g l–1 of Czapex Dox modified liquid
medium (Oxoid) and 5 g l–1 of yeast extract
(Difco), both supplemented with 0.05% (m/v)
RBBR (Sigma) or 0.02% (m/v) Poly-R 478
(Sigma). The novel strain of interest was selected
for its ability to rapidly and efficiently decolourise
both dyes in the experimental conditions used; the
remaining strains decolourised only one of the
dyes, or their rate of decolourisation of both was
excessively slow.

The novel fungal strain was originally isolated
from rotting ligninocellulosic material, and was
duly identified by the Centraalbureau voor Schim-
melcultures (Institute of the Royal Netherlands
Academy of Arts and Sciences, Baarn, The
Netherlands) as belonging to the Bjerkandera
genus; it was tentatively named Bjerkandera sp.
strain B33/3.

Cultivations in agitated liquid medium (CD-
BYE) with Bjerkandera sp. strain B33/3 in the
presence of RBBR indicated that decolourisation
was not noticeable until 5 d and achieved a maxi-
mum of 96% decolourisation by 11 d. Swamy and
Ramsay (1999) reported that Bjerkandera sp.
strain BOS55, in agitated liquid culture, achieved
a maximum of 65% decolourisation for the same
dye but only by 20 d and was thus considerably
less efficient than our strain.

In a parallel run, cultures of strain B33/3 were
tested with and without RBBR in the culture
medium. Under the experimental conditions used,
that fungal strain exhibited ligninolytic activities
typically associated with lignin peroxidase, man-
ganese-dependent peroxidase and manganese-
independent peroxidase, in the presence and in the
absence of RBBR; said activities reached their
maxima between 5 and 7 d. Table 1 tabulates the
enzymatic activities determined in the crude ex-
tract for the culture grown for 5 d in medium
without RBBR.

Our results do in general agree with those re-
ported by several authors that have worked with
Bjerkandera sp. Unlike the well-studied model
organism P. chrysosporium, our strain is N-unreg-
ulated, and produces significant amounts of ligni-
nolytic enzymes as a secondary metabolic event
triggered by the discontinuation of growth due to
carbon limitation (Kaal et al., 1993; Kotterman et
al., 1996; Mester et al., 1996; Mester and Field,
1997).

The detection of the manganese-independent
peroxidase activity is also in agreement with the
realization that MnP isoenzymes of the Pleurotus
sp. and Bjerkandera sp. differ from those isolated
from P. chrysosporium because they are able to
oxidize DMP and veratryl alcohol in a man-
ganese-independent reaction (Heinfling et al.,
1998a,b,c; Mester and Field, 1998; Camarero et
al., 1999; Ruiz-Duenas et al., 1999; Palma et al.,
2000).

When RBBR was present in the culture
medium, the maximum activity of the ligninolytic
enzyme MnP (43 IU l−1) was higher than that
reported by Heinfling et al. (1998c), viz. 23 IU
l−1, for a Bjerkandera adusta strain grown in
glucose–ammonium medium added with the azo



Table 1
Enzymatic activities of the crude extract of Bjerkandera sp. strain B33/3 before and after desalting

Type of enzymatic activity Specific activity�S.D. (IU mg−1)dActivity�S.D. (IU l−1)

Desalted extractCrude extract Crude extract Desalted extract

LiPa 220�1 94�11 7.6�0.1 2.5�0.3
27�0 1.2�0.136�4 0.7�0.0MnPb

44�2 2.1�0.2 1.2�0.1MiPc 62�8

S.D., standard deviation.
a The activity of lignin-peroxidase (LiP, EC 1.11.1.14) was determined with veratryl alcohol (Aldrich) as substrate following the

method by Linko and Haapala (1993). One unit of enzyme activity (IU) is defined as the amount of enzyme that transforms 1 �mole
of substrate per minute.

b The activity of manganese-peroxidase (MnP, EC 1.11.1.13) was determined with MBTH (Sigma) and DMAB (Sigma) as
substrates following the method by Castillo et al. (1994). One unit of enzyme activity (IU) is defined as the amount of enzyme that
transforms 1 �mole of substrate per minute.

c The manganese-independent peroxidase activity (MiP) was determined with DMP (Sigma) as substrate following the method by
Mester and Field (1997). One unit of enzyme activity (IU) is defined as the amount of enzyme that transforms 1 �mole of substrate
per minute.

d Protein was measured with the Bio-Rad Protein Assay (Bio-Rad Laboratories), according to the manufacturer’s instructions,
using bovine serum albumin (Fluka) as standard.

dye reactive violet 5. Furthermore, and in contrast
with Heinfling et al. (1998c), it was possible to
detect the activity of the ligninolytic enzyme LiP,
which reached a maximum of 111 IU l−1. One
unit of enzyme activity (IU) was defined as the
amount of enzyme that oxidises 1 �mole of
RBBR per min.

For the RBBR decolourisation activity studies,
the crude extract of strain B33/3 was previously
desalted by passing through Sephadex G-25 PD-
10 (Amersham Pharmacia Biotech) so as to avoid
the presence of Mn(II), veratryl alcohol or small
molecular weight compounds that might interfere
with the assay. Table 1 includes the enzymatic
activities determined after desalting.

The influence of RBBR concentration upon the
decolourising activity of strain B33/3 is illustrated
in Fig. 1. The RBBR decolourisation rate in-
creased (as expected) with increases in substrate
concentration, from 5 �M (26.44 IU l−1) up to 25
�M (43.51 IU l−1). Further increases in RBBR
concentrations led to inhibition: 105 �M RBBR
actually led to an activity that was 32% below the
maximum obtained. Vyas and Molitoris (1995),
using crude extract from a P. ostreatus strain,
claimed that the RBBR decolourising activity fol-
lows Michaelis-Menten kinetics: its rate increased

until a plateau of 100.5 �M RBBR was reached;
this concentration is, however, higher than the
one that produced the plateau with our strain (i.e.

Fig. 1. Influence of concentration of substrate (mean and
standard deviation) upon RBBR decolourisation activity by
the crude extract of Bjerkandera sp. strain B33/3. The RBBR
decolourising activity was assayed spectrophotometrically by
measuring the decrease in absorbance at 595 nm and 30 °C.
The enzymatic standard reaction mixture consisted of 0.05
mM RBBR and 70 mM sodium tartrate buffer (pH 3.5). The
reaction was initiated via addition of 0.1 mM H2O2. The
RBBR decolourising activity was calculated from the time
slope of the first linear stage of reaction, using as molar
extinction coefficient �595=8266 M–1 cm–1.



25 �M). Using purified peroxidase isoenzymes
from Pleurotus sp. strains and Bjerkandera sp.
strains, Shin et al. (1997) and Heinfling et al.
(1998a,b,c) determined apparent Km values for
several azo, phthalocyanine and anthraquinone
dyes including RBBR; those values are close to
the values obtained in our experiments.

The RBBR decolourisation takes place in the
absence of exogenous Mn(II). Furthermore, after
several purification steps, it was eventually possi-
ble to isolate the main enzyme responsible for that
decolourisation process. However, the lignin per-
oxidase isolated from this strain was not able to
oxidise RBBR directly. The enzyme that accounts
for this capacity is able to oxidise manganese, as
well as veratryl alcohol and 2,6-dimethoxyphenol
in a manganese-independent reaction, and has a
high affinity to RBBR; it corresponds to the
newly described third peroxidase, which was al-
ready mentioned above. This fact sugests that this
enzyme is the one responsible for the high effi-
ciency of decolourisation by this strain that is
observed in vivo.
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