
Lignin, one of the most abundant organic
polymers on Earth, is a complex chemical
compound most commonly derived from wood.
In nature, white rot fungi are believed to the most
efficient microorganisms in lignin degradation
which is very important for the global carbon
cycle1, 2. They produce enzymes, such as laccases,
which can break down lignin, cellulose, and
hemicelluloses. Recently, applications of white
rot fungi have been extensively attracted because
it can reduce the energy requirement and
environmental impacts3. Extensive studies of
white rot fungi have revealed that they have three
different types of potentially ligninolytic

enzymes: laccase, lignin peroxidase (LiP), and
manganese peroxidase (MnP) [3, 4]. Laccase
(benzenediol : oxygen oxidoreductase, EC
1.10.3.2) catalyzes the oxidation of various
phenolic and inorganic compounds via a one-
electron transfer mechanism using molecular
oxygen as the electron acceptor5, 6.

Cerrena unicolor, commonly known as
the mossy maze polypore, is a very aggressive
decay fungi species which even can attack living
trees and causes extensive white-rot7. It was
previously reported to be an excellent producer
of laccase8-10. In the present study, a strain of C.
unicolor was isolates from the living tree of
Ligustrum sinense. Initial studies showed that the
strain manifested extremely high laccase activity
in PD medium. The goal of the work presented
here was to clarify culture conditions for mycelial
growth and enzyme production in liquid
fermentation.
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MATERIALS   AND   METHODS

Strain
Mushroom fruiting bodies from genus

Cerrena were collected from the tree truck of L.
sinense  located in the campus of Beijing
University of Agriculture (Beijing, China). Pure
culture strain was collected in Beijing University
of Agriculture (numbered as GSM-01) and also
in China General Microbiological Culture
Collection Center (CGMCC No.7713).
Culture media

Potato dextrose agar (PDA) medium
contained (g/L): potato 200 g, dextrose 20 g, agar
20 g, pH 7.0–7.2, distilled water 1000 mL. It was
used for isolation and culture collection. Potato
dextrose (PD) medium contained (g/L): potato
200 g, dextrose 20 g, pH 7.0–7.2, distilled water
1000 mL. It was used for liquid culture. Basic
medium (BM) contained (g/L): glucose 20 g,
soybean peptone 2 g, KH

2
PO

4
 1 g, MgSO

4
 0.5 g,

vitamin B
1
 10mg, agar 20 g, pH 7.0–7.2, distilled

water 1000 mL. Enrichment medium (EM)
contained (g/L): glucose 20 g, soybean peptone
2 g, potato 200 g, KH

2
PO

4
 1 g, MgSO

4
 0.5 g,

vitamin B
1
 10 mg, agar 20 g, pH 7.0–7.2, distilled

water 1000 mL. BM and EM were used in optimal
culture condition tests.
Strain isolation

Pure culture mycelia were obtained
using the tissue isolation method11. In brief, the
fruiting bodies were firstly undergone a surface
disinfection with 70% ethanol. Subsequently,
inner tissue was collected and planted on PDA
media, and incubated at 25 °C for about a week
under dark. Pure culture colonies were collected
and for further studies.
ITS gene amplification and sequence analysis

Total genomic DNA was extracted using
the CTAB method12.  The entire Internal
transcribed spacer (ITS) region (ITS-1, 5.8S, and
ITS-2) was amplified by PCR, using universal
primers ITS1 (5' TCCGTAGGTGAACCTGCGG
3') and ITS4 (5' TCCTCCGCTTATTGATATGC 3').
PCR reactions were performed in a volume of
50 µL under standard conditions13. The PCR
production was sequenced by Invitrogen Corp.
(Shanghai, China), and compared with ITS
sequences in GenBank using the Blast tool in NCBI
(http ://blast .ncbi .nlm.nih.gov/Blast .cgi) .

Subsequently, a neighbour-joining phylogenetic
tree based on ITS sequences was mapped using
the MEGA 4.0 software14.
Effect of carbon sources on mycelial growth

In this assay, mycelial cultures of strain
GSM-01 were grown in various carbon sources
media based on the basic medium. The assayed
carbon sources included glucose, lactose,
maltose, mannitol, sodium carboxymethyl
cellulose, sorbitol, starch, and sucrose. Same
carbon content of different carbon sources
instead of glucose (20 g/L) were used in the basic
medium. Strain GSM-01 was cultured in petri
plates (100 mm × 15 mm) using PDA medium at
25 °C for 7 d. Subsequently, mycelial colonies
(5 mm in diameter) were collected and placed at
the center of new petri plates with the various
assay media. Incubation of the petri plates were
carried out at 25 °C for 5–14 d until mycelial
growth of any treatments firstly reached the edges
of plates. Colony diameter and growth vigor were
measured daily. Growth rate [colony radius (mm)
/ incubation time (d)] and dry weight of mycelia
were evaluated. Basic medium without any
glucose was used as a negative control. All
determinations were performed in triplicate.
Effect of nitrogen sources on mycelial growth

To determine the effect of nitrogen
sources, mycelial cultures were grown in
modified basic media in which various nitrogen
sources replaced same nitrogen content of
soybean peptone (2 g). The assayed nitrogen
sources included beef extract, glycine, soybean
meal, soybean peptone, urea, yeast extract,
NH

4
NO

3
, and (NH

4
)

2
SO

4
. All the petri plates were

carried out at 25 °C for 5–14 d. Growth rate and
dry weight of mycelia were finally evaluated.
Basic medium without any soybean peptone was
used as a negative control. All determinations were
performed in triplicate.
Effect of C/N rates on mycelial growth

In this assay, optimal carbon and nitrogen
sources instead of glucose and soybean peptone
were used in the improved basic media. In the
assayed media, carbon sources were equal to
glucose (20 g), while nitrogen sources were
changed until reaching C/N rates of 10/1, 20/1,
30/1, 40/1, 50/1, and 60/1, respectively. All the
petri plates were carried out at 25 °C for 5–14 d.
Growth rate and dry weight of mycelia were
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finally evaluated. All determinations were
performed in triplicate.
Effect of growth factors on mycelial growth

In this assay, equal amount of various
growth factors including vitamin B

2
, vitamin B

6
,

vitamin C, corn syrup, and inositol were replaced
vitamin B

1
 in the basic medium. All the petri plates

were carried out at 25 °C for 5–14 d. Growth rate
and dry weight of mycelia were finally evaluated.
Basic medium without vitamin B

1
 was used as a

negative control. All determinations were
performed in triplicate.
Effect of temperature on mycelial growth

To determine the effect of temperature
on mycelial growth, a modified enrichment
medium was used. In the assayed medium,
glucose, soybean peptone, and vitamin B

1
 were

replaced by the optimal carbon source, nitrogen
source, and growth factor, respectively. The C/N
rate reached to the optimum, while the pH value
maintained to 7.0–7.2.The assayed petri plates
were carried out at various temperature of 16, 20,
24, 28, 32, and 36 °C for 5–14 d with final
evaluation of growth rate and mycelia dry weight.
All determinations were performed in triplicate.
Effect of pH values on mycelial growth

In this assay, the medium in the
temperature assay was used with improved pH
values of 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and
9.0. All the petri plates were carried out at 25 °C
for 5–14 d. Growth rate and dry weight of mycelia
were finally evaluated. All determinations were
performed in triplicate.
Assay for enzyme production in liquid
fermentation

In this assay, laccase, protease,
ribonuclease, phytase, and lectin activities were
determined. Mycelial colonies were pre-
incubated in PD medium and in an orbital shaking
incubator at 180 rpm and 25 °C for 5 days. The
broth was used as the liquid seed with an
inoculation of 5% (v/v) for the liquid fermentation
using PD medium. After 8 days of cultivation at
180 rpm and 25 °C, the fermented broth was
centrifuged a 12000 rpm for 15 min at 4 °C. Both
the supernatant (broth) and the deposition
(mycelia) were subsequently collected. Enzyme
activities in both broth and mycelia were
determined. All determinations were performed
in triplicate.

Laccase activity was determined at pH
5.2 following Sun’s assay protocol and using ABTS
(2, 2’-azinobis [3-ethylbenzothiazolone-6-
sulfonic acid] diammonium salt) as the substrate15.
One unit (U) of laccase activity was defined as the
amount of enzyme required to produce one
absorbance increase at 405 nm per minute per
mL of the reaction mixture under the assay
conditions. Protease activity was assayed
following the protocol as described by Wang et
al and using casein as substrate at pH 7.216.
Enzyme unit was represented as a 0.001
absorbance increase per minute in the supernatant
per mL of the reaction mixture under assay
conditions. Ribonuclease (RNase) activity was
determined at pH 5.2 and 7.2 respectively using
yeast tRNA as the substrate17. One unit of
ribonuclease activity was defined as the amount
of enzyme that produced one absorbance increase
at 260 nm per min in per mL of reaction mixture
under the assay conditions. Phytase activity was
determined using sodium phytate as the substrate
and following a modified ferrous sulfate–
molybdenum blue method at pH 2.5 and 5.2
respectively as described by Zhang et al18. One
unit of phytase activity was defined as the amount
of enzyme that released l µmol phosphate per
minute under the assay conditions. Lectin activity
was determined towards 2% rabbit red blood cell
suspension following Chan’s description19. One
hemagglutination unit was the reciprocal of the
highest dilution of the sample inducing
hemagglutination.
Effect of Cu2+ on laccase production

In this assay, CuSO
4
 solution (1 mol/L)

was added into PD medium for liquid
fermentation with final Cu2+ concentrations of 0,
1.0, 2.0, 5.0, and 10 mmol/L, respectively. The
broth was collected at 0, 48, 96, 144, and 192 h,
and laccase activity in broth was subsequently
assayed.

RESULTS   AND  DISCUSSION

Phylogenetic analysis based on ITS sequences
An expected 631 bp DNA fragment of

ITS gene sequence was obtained by PCR
amplification. The sequence was deposited in the
GenBank database with an accession number of
JQ798288.1. BLAST analysis indicated that, it
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manifested the highest similaritiy (over 99%) with
sequences generated from C. unicolor.  A
phylogenetic tree for its phylogenetic position
was constructed based on ITS sequences of
Polypores fungi (Fig. 1). The result indicated that
strain GSM-01 and C. unicolor formed one
cluster with the similaritiy of 100%. In addition,
morphological characteristics of strain GSM-01
also falls well within the descriptions of C.
unicolor in the taxonomy handbooks20.
Effect of carbon sources on mycelial growth

The mycelia can grow using all the tested
carbon sources (Table 1). The favorite carbon
source was determined to maltose based on both
mycelial dry weight and growth rate. The ranking
of its mycelial dry weight towards the carbon
sources was: maltose > starch > glucose >
sucrose > mannitol > sorbitol > sodium
carboxymethyl cellulose > lactose > CK, with a
highest amount in maltose of 57.6 ± 6.0 mg. On
the other hand, the fastest mycelial growth rate
(10.7 ± 0.5 mm/d) was obtained in glucose test
group. In the lacose and CK groups, mycelial
growth rates were 3.8 ± 0.6 mm/d and 4.3 ± 0.9
mm/d respectively, which was just about 40% of
that of the glucose group.
Effect of nitrogen sources on mycelial growth

The favorite nitrogen source of strain
GSM-01 was determined to yeast extract,
followed by soy peptone, based on both mycelial
dry weight and growth rate (Table 2). It can use

all the tested organic or inorganic nitrogen sources
with a dry weight ranking of ‘yeast extract > soy
peptone > beef extract > soybean meal > urea >
NH

4
NO

3
 > (NH

4
)

2
SO

4
 > glycine > CK’. The strain

likes organic nitrogen sources better than inorganic
ones.
Effect of C/N rates on mycelial growth

The strain prefers a low C/N rate rather
than higher ones. Its favorite C/N rate for mycelial
growth was 10/1 with the mycelial dry weight of
38.3 ± 1.1 mg and the growth rate of 3.9 ± 0.1
mm/d, respectively (Table 3). The ranking of its
mycelial dry weight towards various C/N rates
was: 10/1 > 20/1 > 40/1 > 60/1 > 50/1 > 30/1. In
this assay, the growth rates of all the test groups
were very close (about 3.8–4.0 mm/d), whereas
their mycelial mass exhibited high variability. In
10/1 group the mycelia was much whiter and
thicker than that in 30/1 group.
Effect of growth factors on mycelial growth

The favorite growth factor of strain
GSM-01 was determined to vitamin B

1
 based on

both mycelial dry weight and growth rate (Fig.
2A, B). The ranking of its mycelial dry weight
towards various growth factors was: vitamin B

1
 >

vitamin C > vitamin B
2
 > inositol > corn syrup >

vitamin B
6
.

Effect of temperature on mycelial growth
In this assay, maltose, yeast extract, C/N

rate of 10/1, and vitamin B
1
 were used as the

carbon source, nitrogen source, C/N rate, and

Table 1. Effect of carbon sources on mycelial growth
of Cerrena unicolor GSM-01

Carbon sources Dry weight of Mycelial growth
mycelia (mg) rate (mm/d)

Maltose 57.6 ± 6.0 a 9.2 ± 1.3 de
Starch 55.1 ± 5.5 a 9.2 ± 0.4 cd
Glucose 48.7 ± 6.4 ab 10.7 ± 0.5 a
Sucrose 41.0 ± 4.4 bc 10.4 ± 0.7 ab
Mannitol 33.4 ± 6.2 cd 10.0 ± 0.9 bc
Sorbitol 27.1 ± 5.6 de 10.5 ± 2.0 a
Sodium 25.6 ± 7.5 de 8.2 ± 0.6 de
carboxymethyl
cellulose
Lactose 20.5 ± 6.1 e 3.8 ± 0.6 e
Negative control 16.7 ± 2.3 e 4.3 ± 0.9 e

Note: Different small letters mean significant differences
(P<0.05).

Table 2. Effect of nitrogen sources on mycelial growth
of Cerrena unicolor GSM-01

Nitrogen Dry weight of Mycelial growth
sources mycelia (mg) rate (mm/d)

Yeast extract 30.5 ± 1.6 a 8.6 ± 0.1 a
Soy peptone 28.5 ± 3.4 a 8.8 ± 0.3 a
Beef extract 22.4 ± 1.2 b 8.3 ± 0.2 b
Soybean meal 20.6 ± 2.8 b 6.6 ± 0.1 d
Urea 19.3 ± 1.2 bc 6.6 ± 0.2 d
NH

4
NO

3
15.5 ± 4.0 cd 7.9 ± 0.1 c

(NH
4
)

2
SO

4
14.1 ± 3.3 d 7.9 ± 0.1 c

Glycine 14.0 ± 0.7 d 4.0 ± 0.2 f
Negative control 11.8 ± 1.0 d 4.9 ± 0.3 e

Note: Different small letters mean significant differences
(P<0.05).
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growth factor, respectively. The best growth
condition was observed at 32 °C with a mycelial
dry weight of 48.2 ± 6.0 mg and a growth rate of
13.2 ± 0.2 mm/d, respectively (Fig. 3A, B). The
mycelia can grow among the assayed temperature
range of 16–36 °C, with a mycelial dry weight
ranking of ‘32 °C > 36 °C > 28 °C > 24 °C > 20
°C > 16 °C’. As a white rotting fungus, fruiting
bodies of Cerrena unicolor often emerge in hot
seasons. That is why strain GSM-01 manifests a
much higher favorite growth temperature.
Effect of pH values on mycelial growth

The favorite pH value of strain GSM-01
was determined to 6.5, with a mycelial dry weight
of 35.5 ± 6.6 mg and a growth rate of 8.9 ± 0.1
mm/d, respectively (Fig. 4A, B). The ranking of

its mycelial dry weight at various pH values was:
6.5 > 5.0 > 5.5 > 7.5 > 9.0 > 7.0 > 8.5 > 8.0. The
strain GSM-01, just like most of fungi species,
requires acidic conditions for its optimal growth.
Enzyme production in liquid fermentation

After liquid fermentation, laccase,
protease, ribonuclease, phytase, and lectin
activities were determined in both broth and
mycelia. The results were shown in Table 4. GMS-
01 manifested extremely high laccase activities
of 673.6 ± 18.5 U/mL and 2822.7 ± 312.3 U/g in
both broth and mycelia, respectively.
Considerably high RNase and phytase were
obtained, whereas protease and lectin activity
were devoid.

Fig. 1.  Phylogenetic analysis Cerrena unicolor GSM-01 and other Polypores species based on their ITS sequences

Table 3. Effect of C/N rates on mycelial growth of
Cerrena unicolor GSM-01

C/N Dry weight of Mycelial growth
rates mycelia (mg) rate (mm/d)

10/1 38.3 ± 1.1 a 3.9 ± 0.1 ab
20/1 30.5 ± 1.6 b 4.0 ± 0.0 a
40/1 22.4 ± 1.2 c 4.0 ± 0.1 a
60/1 20.4 ± 0.8 c 3.8 ± 0.0 b
50/1 15.5 ± 4.0 d 3.9 ± 0.1 ab
30/1 14.1 ± 3.3 d 4.0 ± 0.0 a

Note: Different small letters mean significant differences
(P“ÿ0.05).

Table 4. Enzyme activities of in broth and mycelia of
Cerrena unicolor GSM-01

Enzymes In Broth (U/mL) In mycelia (U/g)

Laccase 673.6 ± 18.5 2822.7 ± 312.3
Protease 0 0
RNase pH 5.2 4.3 ± 1.8 64.9 ± 16.7

pH 7.2 11.4 ± 0.6 84.4 ± 23.0
Phytase pH 2.5 10.4 ± 0.5 31.0 ± 4.4

pH 5.2 9.1 ± 2.6 20.8 ± 2.8
Lectin 0 0
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Fig. 2. Effect of growth factors on mycelial growth of Cerrena unicolor GSM-01: a) Dry weight of mycelia, b)
Mycelial growth rate (mm/d). Different small letters mean significant differences (P<0.05).

Fig. 3. Effect of temperature on mycelial growth of Cerrena unicolor GSM-01: a) Dry weight of mycelia, b)
Mycelial growth rate (mm/d). Different small letters mean significant differences (P<0.05).

Fig. 4. Effect of pH values on mycelial growth of Cerrena unicolor GSM-01: a) Dry weight of mycelia, b) Mycelial
growth rate (mm/d). Different small letters mean significant differences (P<0.05).

Laccase activity of Cerrena unicolor was
reported in previous studies7-9, 21. A laccase from
C. unicolor C-139 was fermented in the Lindenberg
and Holm medium with Cu2+ adjunction. The
obtained laccase level in culture liquid was about

65,000 nkat/L (3.9 IU/mL) towards syringaldazine8.
C. unicolor VKM F-3196 manifested a 15 U/mL of
laccase activity towards ABTS on the 8th day of
cultivation with its optimal Cu2+ adjunction
concentration of 0.1 mM9. In the present, laccase
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activity in the broth was as high as 673.6 ± 18.5 U/
mL without any Cu2+ adjunction, which was about
45-fold of that of C. unicolor VKM F-3196 with its
optimal Cu2+ adjunction.
Effect of Cu2+ on laccase production

Activation of Cu2+ on laccase production
was shown in Fig. 5. The highest extracellular
laccase activity of 2855.0 ± 41.6 U/mL was
obtained in the broth with a Cu2+ adjunction
concentration of 1.0 mM after a 8 th day of
cultivation. It is a 4.2-fold of that of Cu2+ free
(CK) group and about 190-fold of that of C.
unicolor VKM F-31969. Since copper is a heavy
metal, mycelial growth of GSM-01 was intensely
inhibited when the Cu2+ adjunction concentration
was higher than 5.0 mM. The mycelia can not
survive with a Cu2+ concentration of 10 mM.

Laccase is usually called multicopper
oxidases with copper atoms in the catalytic
centre22, 23. Cu2+ adjunction during the cultivation
can promote laccase production in many fungi
species including C. unicolor8, 9,  Phlebia
radiate24, and Proteus hauseri25, etc. The optimal
Cu2+ adjunction concentration of GSM-01 is 1.0
mM, which is different from that of C. unicolor
VKM F-3196 (0.1 mM)9 and P. hauseri ZMd44
(3.0 mM) [25]. Zheng et al speculated that the
possible activation mechanism of copper ions
with high concentration was they can enhance the
laccase genetic transcription level during the
laccase synthesis25. Based on the present study,
laccase activity of 5.0 mM Cu2+ group emerged
at 6th day, and was considerably higher than the
CK group at 8th day. It indicates that copper ions
might transform into laccase and low the copper

ions level in media. That is why the lacase activity
suddenly increased since 6th day.

CONCLUSION

In the present study, a white-rotting
fungus with extremely high extracellular laccase
activity was isolated from the tree trunk of L.
sinense. It was determined as C. unicolor by ITS
gene amplification and phylogenetic analysis.
Culture condition studies showed that it
manifested favorite carbon source of maltose,
favorite nitrogen source of yeast extract, favorite
C/N rate of 10/1, favorite growth factor of vitamin
B

1
, optimal temperature of 32 °C, and optimal

pH of 6.5. It demonstrated extremely high laccase
activity in liquid fermentation with extracellular
laccase activity of 2855.0 ± 41.6 U/mL in the
broth after an 8th day of cultivation.
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