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Enhancement of Laccase Activity by Combining White Rot Fungal Strains
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Abstract The method of combining white rot fungal strains was used to enhance laccase activity and the interaction mechanism
between strains was also studied. The laccase activity of combined fungi of strain 55 Trametes trogii and strain m-6  Trametes
versicolor were 24. 13 and 4. 07-fold higher than that of strain 55 and strain m-6 respectively. No inhibitory effect was observed when
the two strains were co-cultivated. On plate cultivation there was hyphal interference in the contact area where laccase activity was
the highest followed by brown pigmentation. In liquid cultivation strain m-6 played much more important role on enhancement of
laccase activity and the laccase activity of strain 55 by adding strain m-6 was 7. 03-fold higher than that of strain m-6 by adding strain
55 furthermore filter sterilized- and high temperature autoclaved-extracellular substances of strain m-6 could also stimulate strain 55
to excrete more laccase which led to 6. 79-fold and 4. 60-fold increase in laccase activity by adding 20mL respectively. The native
staining results of Native-PAGE showed that the types of laccase isozymes were not changed when strains were co-cultured but the
concentration of three types increased.

Key words laccase combined white rot fungi extracellular substances isozymes

laccase EC1.10.3.2

1~3

45
10 ~ 15
Trametes
versicolor Coriolus  wversicolor Lentinus  edodes
Pycnoporus
6 7
CuSO
4 2009-03-24 2009-06-19
2 2'- - - 3- 863 2007 AA1007002
s KSC2-YW-G-008
-6- ABTS 2 5- 2006 BAD07 A02
1983 ~
DMA ° .

E-mail mimihryl987@ 163. com
* E-mail liaoyz@ cib. ac. cn



466

31

1
1.1
3
55 m-6 m-8 55
Trametes trogii m-6
Trametes versicolor .
1.2
1.2.1 PDA a
200 ¢ 20 ¢ KH,PO,3 ¢
MgSO,- 7H,0 1.5 ¢ 1000 mL pH
115C 30 min.
1.2.2 a
20 g 0.2 ¢ KH,PO, 2 ¢

MnSO, 0.5 g CaCl, 0.1 g 70 mL
1000 mL. pH 5.0 115°C 30 min.
MgSO, 3.0 g MnSO, 0.5 g NaCl 1.0 g FeSO,
- 7TH,S0, 0.1 g CoCl, 0.1 g CuSO, 0.1 g H,BO,

0.01 g ZnSO,- 7H,0 0.1 g AIK SO, ,- 12H,0
0.01 g Na,MoO,- 2H,00.01 ¢ I.5¢
1 000 mL.
1.3 r
min 1 pmol ABTS
1.4
1.4.1
55 m-6 m-8 2
3 1 10 mm
32°C 130 r/min 5d
4 800 r/min 10 min
3
1.4.2
55 m-6 1 ¢ =10 mm
PDA 4 ecm 32°C
2 55
PDA 2 m-6 PDA
1%

Smm X 20mm

2mL pH 5.0 HAc-NaAc

200r/min 1h
1.4.3
1
55 11d
1 m-6 ¢ =10 mm
m-6 13d 1
55 32°C 130 r/min
17 d CK
3 3d
2
@
55 m-6
11d 13d 0.45 pm
Millipore 10 x 10°
u 5000 r/min 40 min
@
55 0.25 pm
m-6
m-6 55
32°C 130 r/min 10 d
5 10 15 20 mL
CK
3
€)
115C 30 min
@
1.4.4
55 m-6
2
200 pL
32C CK
3
1.4.5
55 m-6 55 + m-6
11 13 13 d
90%
Native-PAGE 10%



2 467
4% 0.5mM ABTS 4 d
2 cl c2
55 + m-6 5d
2
m-6
2.1 55 v =
1 2.08 cm/d m-6 v=1.48 cm/d
1
55 + m-6 >55 + m-6 55
+m-8 >55 + m-8 >m-6 >m-6 + m-8 >55 > m-8 2 d 30 d 55
m-6 + m-8 m-6 2e
3 . 55 + m-6
13d 1 838.88 U/L
55 m-6 24.13 4.07
9 395. 85
U/L 4.11
m-6 13 d 11d
55 3.96 m-8 15 d
11.27 al a2 55 +55 7d
bl b2 m-6 + m-6 7d
2 000
&—55 ol @ 55+m6  54d
—— m-6
A— m-8 d e 55 + m-6 10d 30d
1500 e ssemes el 2 d e 55 m-6
'5 —%—55+m-8 2 PDA
—@—m-6+m-8
§ 1000 ;+;Iil6+m_8 Fig.2 Fungal hyphae of combined fungi cultivated on PDA agar
&
B
2.2.2 55 + m-6 PDA
500
o 3 3a 3b
0 2 4 6 8 10 12 14 16 18 55 +55 m-6 + m-6
i [Al/d
1
Fig. 1 Screening of combined white-rot fungi for
¢ B el fune 55 me6
high laccase activity
3¢
2.2 55 + m-6 55 m-6 55
2.2.1 55 + m-6 PDA m-6
55 m-6 . 55 +
2 al a2 bl b2 55 8 d 55 m-6 20. 30
m-6 19. 01 55 m-6
3d 55 + m-6



468

31
55 m-6 10 d
6 m-6
55
20 mL
6.79 . 55 m-6
20 mL
9.61% 20 mL
a 55 +55 60 min b m-6 + m-6 30min
. 500
¢ 55 + m-6 30min 55 m-6 100 A BB m-6 3 38 K Bl oM
3 PDA 5 O MABEERSS It E K B ash
Fig.3  Colour development of guaiacol on PDA agar i 300
g 200
PRl o
—— S o ‘ a1l ‘
T, 150 - —— 55l CK 5 10 15 20
S —A——m6f JMAE /mL
1 100
6
Fig. 6 Effects of filter sterilized extracellular substances
on laccase activity
B TR)/d
4 55 +m-6 2.3.3
Fig.4 Laccase activity of combined fungi 55 + m-6
cultivated on PDA agar 10d
7 m-6
2.3 55 + m-6 55
2.3.1 20 ml.
m
I 3 4. 60 55
m-6 13 d m-6 6' '
m-
55 17 d 5
5 300
m-6 _ TN B Bk - 675 i K B s
- O MNEEBRSS SR K B
17 d 1829.16 U/L 55 &%2""
22.23 £ g0
0 | % | %. |
2.3.2 CK 5 10 15 20
MAR/mL
2 000 7
—&— CK (F#k55) —— WA B Hm-6 Fig.7 Effects of high temperature autoclaved extracellular
"-. 1500 CK (Hitkm-6) A B3 substances on laccase activity
2
§ 1000 2.3
@
& 500 8 1 55 m-6
o < PDA
3 5 7 9 11 13 15 17
INNBE 28 R R R/
5
Fig.5 Effects of one fungus on laccase activity 2.4

of the other fungus

55 + m-6 m-6 55



469

3
55 m-6  PDA
(a) FHkSS (b) WHm-6 o
8 PDA
Fig.8 Hyphae growth on PDA agar with addition
of the other fungal liquid culture
1 /mm
Table 1  Inhibiting effect of fungal liquid culture *
on the other fungus/mm
55 m-6
0 0
55 — 0
6 0 _ 21 22
Native-PAGE ABTS melanin »
9 m-6 2 55 m-6 PDA
a b ¢ 55 3
d e 55 m-6
55 + m-6 1 55
55 m-6 a b d m-6 m-6
m-6
a b c d e
55 d e m-6 a m-6
c 55
Savoie
1 Trichoderma sp. L.
edodes Zhang " Trichoderma
sp. ZH1 Trametes sp.
m-6 55
m-6
55
55 m-6
20 mL
123 55 +m-6 m-6 55
a b c¢c d e 55
9 Native-PAGE m-6

Fig.9 Laccase isozymes of Native-PAGE



470

31

Trichoderma longibrachiatum

PDA

24

. Velazquez-Cedeiio 25

Pleurotus ostreatus

Trichoderma longibrachiatum

Pleurotus ostreatus

poxalb/poxl

m-6

1
55 + m-6

24.13 4.07
2 55 + m-6

m-6

m-6
55
55 m-6
3 Native-PAGE 55
3

Aktas N Cicek H. Reaction kinetics for laccase-catalyzed

polymerization of 1-naphthol J . Biores Technol 2001 80
1 29-36.
Koschorreck K Richter S M Swierczek A

et al. Comparative

characterization of four laccases from Trametes wversicolor
concerning phenolic C-C coupling and oxidation of PAHs ]
Arch Biochem Biophys 2008 474 213-219.

Takamiya M Magan N Warner P J. Impact assessment of
bisphenol A on lignin-modifying enzymes by basidiomycete
Trametes versicolor J . J Hazard Mater 2008 154 33-37.
Campos R Kandelbauer A Robra K H et al. Indigo

degradation with purified laccases from Trametes hirsute and

10

11

14

15

16

17

19

Sclerotium rolfsit ] Journal of Biotechnology 2001 89
131-139.
Soares G M B Amorim M T P Costa-Ferreira. Use of laccase

together with redox mediators to decolourize Remazol Brilliant

Blue R J . J Biotechnol 2001 89 123-129.

I 2006 25 2 263-272.
D’Souza D T Tiwari R Sah A K et al. Enhanced production of
laccase by a marine fungus during treatment of colored effluents
and synthesis dyes J Enzyme Microb Technol 2006 38
504-511.
Jang MY Ryu WY ChoM H. Enhanced production of laccase
from Trametes sp. by combination of various inducers J
Biotechnol Bioproc Eng 2006 11 2 96-99.
Ferreira Gregorio A P Da Silva I R Sedarati M R et al.
Changes in production of lignin degrading enzymes during
interactions between mycelia of the tropical decomposer
basidiomycetes Marasmiellus troyanus and Marasmius pallescens
J . Mycol Res 2006 110 161-168.
Savoie ] M Mata G Billette C. Extracellular laccase production
during hyphal interactions between Trichoderma sp. and Shiitake
Lentinula edodes ] Appl Microbiol Biotechnol 1998 49
589-593.
Savoie ] M Mata G. The antagonistic action of Trichoderma sp.
hyphae to Lentinula edodes hyphae changes lignocellulolytic
activities during cultivation in wheat straw J . World J Microbiol
Biotechnol 1999 15 369-373.
Tokimoto K Komatsu M. Effect of carbon and nitrogen sourced
in media on the hyphal interference between Lentinula edodes and
some species of Trichoderma ] Ann Phytopath Soc Japan
1979 45 261-264.
Zhang H Hong Y Z Xiao Y Z et al. Efficient production of
laccases by Trametes sp. AH28-2 in cocultivation with a
Trichoderma strain | . Appl Microbiol Biotechnol 2006 73
89-94.
Baldrian P. Increase of laccase activity during interspecific
interactions of white-rot fungi J . FEMS Microbiol Ecol 2004
50 245-253.
Chi Y J Hatakka A Maijala P. Can co-culturing of two white-
rot fungi increase lignin degradation and the production of lignin-
. Int Biodeter Biodegra 2007 59 32-

degrading enzymes ]

39.

2002. 251-253.

Faison B D Kirk T K. Factors involved in the regulation of a
ligninase activity in Phanerochaete chrysosporium J . Appl
Microbiol Biotechnol 1985 49 2 299-304.

Robert B Michael G P. Demethylation and Delignification of

kraft pulp by Trametes versicolor laccase in the presence of 2 2'-

azinobis-  3-ethylbenzthiazoline-6-sulphonate J . Appl
Microbiol ~ Biotechnol 1992 36 3  823-827.
Boddy L. Interspecific combative interactions between wood-



471

20

21

22

23

decaying basidiomycetes J . FEMS Microbiol Ecol 2000 31
185-194.

Rayner A D M Griffith G S Wildman H G. Induction of
metabolic and morphogenetic changes during mycelial interactions

Biochem Soc Trans 1994

among species of higher fungi J

24 389-393.
Score A ] Palfreyman ] W White N A. Extracellular
phenoloxidase and peroxidase enzyme production during

interspecific fungal interactions J Inter Biodeter Biodegra
1997 39 225-233.

Wessels ] G H. Gene expression during fruiting in Schizophyllum
. Mycol Res 96 609-620.

commune J

Peiris D Dunn W B Brown M et al. Metabolite profiles of

24

25

interacting mycelial fronts differ for pairings of the wood decay
basidiomycete fungus  Stereum hirsutum with its competitors
Coprinus mixaxeus and Coprinus disseminatus J . Metabolomics
2008 4 52-62.

Molla A H Ahmadun F R Suraini A A et al. In-vitro
compatibility evaluation of fungal mixed culture for bioconversion

. World J Microbiol Biotechnol

of domestic wastewater sludge J

2001 17 9  849-856.
Velazquez-Cedefio M Farnet A M  Billette C et al.
Interspecific interactions with  Trichoderma  longibrachiatum

induce Pleurotus ostreatus defence reactions based on the
production of laccase isozymes J . Biotechnol lett 2007 29

1583-1590.





