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Advance of heterologous expression study of
eukaryote-origin laccases
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Abstract: Laccases are enzymes belonging to the group of multi-copper oxidases. These enzymes are widely distributed
in insects, plants, fungi and bacteria. In general, laccases can oxidize an exceptionally high number of substrates, so they
have broad applications in textile, pulp, food and the degradation of lignin. However, low yield, low activity and
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thermo-instability of laccase in nature limit the application of laccase. High efficient heterologous expression of the protein
is an effective way for solving this problem. Here, we summarize the research advances of heterologous expression of
eukaryote-origin laccases. We focus on the overexpression of eukaryote-origin laccases using different expression system
and the method for improving the production yield and enzyme activity in yeast cells. Information provided in this review
would be helpful for researchers in the field.

Keywords: eukaryote-origin laccases, heterologous expression, enzyme activity, stability
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Pichia pastoris 1.2 EMFHBERSHERPFRIE

1.1 E&%FBEMEPRIRIE

1
. [26-27]
(21] Panus rudis
[28-29]
CuSO, Saccharomyces
cerevisiae Pichia pastoris
Kluyveromyces lactis
Cyathus bulleri [22] Yarrowia lipolytica Cryptococcus sp.
Rigidoporus lignosus 23] (
) 2 2007
[24]
Termitomyce albuminosus
cDNA (talcc)
K. lactis S. cerevisiae
Pleurotus ostreatus
POX3
Bl G, BU
P, pastoris Coprinus comatus
*1 FEMEAEDBIRE
Table 1 The expression of laccase genes in bacteria
Laccase origin Expression hosts Substrates Active References
Panus rudis Escherichia coli ABTS Yes [21]
Cyathus bulleri Escherichia coli ABTS Yes [22]
Rigidoporus lignosus Escherichia coli Syringaldazine Yes [23]
Termitomyce albuminosus  Escherichia coli ABTS No [24]
Pleurotus eryngii Lactobacillus buchneri NR NR [25]

ABTS: 2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonate); NR: not reported.
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Table 2 Expression of laccase genes in yeast cells

CuSO,

Maximum Applications of

Origin Laccases Expression Expres§1on concentration Qulture activity  the recombinant References
hosts plasmids (mmol/L) time (h) (UL) laccases
Colletotrichum  CILACIL Pichia pastoris pPICIK NR NR NR Decolorization  [34]
lagenarium GS115 of dyes
Moniliophthora LacMP  Pichia pastoris pPICZaA- 0.4 96 232 NR [35]
perniciosa X33 6AA-LacMP
FAS553
Volvariella Vvlcce3 Pichia pastoris pPICIK- 0.3 504 296.83 NR [36]
volvacea GS115 Vvlce3
Basidiomycete  Lacl Pichia pastoris pPICZa- 1.0 216 6300 Decolorization [37]
cerrena sp. X33 Lacl of dyes
Phytophthora PCLAC2 Pichia pastoris pPIC9K/ NR 168 84 000 NR [38]
capsici GS115 Pclac?
Coprinopsis CcLcc2  Pichia pastoris pYM7898 NR 72 NR Dyes [39]
cinerea GS115 decolorization
Okayama-7#130
Coprinus Lac3 Pichia pastoris pPICZaB- 0.5 336 689 Dyes [31]
comatus KM71H 10AALac3 decolorization
Lac4 pPICZoB- 1 465

10AALac4
Phomopsis LACB3  Schizosacchar- pESP-3- NR NR NR Growth [33]
liquidambari omyces pombe lacB3 promotion of

plants
Volvaria vv-lacl  Pichia pastoris pPICIK- NR NR 333.17 NR [40]
volvacea GS115 vv-lacl
vv-lac6 pPIC9K- 227.63

vv-lac6
Canoderma glacTR6  Pichia pastoris pPICIK- 0.3 432 685.8 NR [41]
lucidum TR6 GS115 glacTR6
Coprinus Lacl Pichia pastoris pPICZaB- 0.5 144 550 Dyes [42]
comatus KM71H lacl decolorization
Cyathus bulleri  Lcc Pichia pastoris pPICZoBlcc- 0.4 72 7200 NR [43]

X33 5
Monilinia MfLcc Pichia pastoris pYM8025 NR 48 NR Degradation of [32]
fructigena GS115 phenolic
compounds
Botrytis aclada  Balac Pichia pastoris pGAPZA- 0.1 76 53 300 NR [44]
X33 BaLac

Ganoderma GILCCI  Pichia pastoris pYM 7909 1.0 72 NR Decolorization  [45]
lucidum GS115 of methylorange
Polyporus Lac-T16  Pichia pastoris pPIC3.5K- 0.3 264 320-8 NR [46]
grammocephalus GS115 TR16lac
TR16 pPIC9K- NR NR NR

TR16lac

http://journals.im.ac.cn/cjben
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2

Pleurotus rPOX3 Saccharomyces pSALA4- NA 48 30 NR [30]
ostreatus cerevisiaeW30 POX3

3-1A 0.6 48 75

Kluyveromyces pYG132- NA 72 12

lactis POX3
Pleurotus Ery3 Free pY-Ery3 0.5 72 88 NR [47]
eryngii Saccharomyces

cerevisiae cells

Immobilized 0.5 120 139

Saccharomyces

cerevisiae cells
Pleurotus POXA3  Kluyveromyces A3L 1.0 336408 20 NR [48]
ostreatus lactis
Ganoderma GLlacl Pichia pastoris pPIC-RCL1 NR 168 NR Antioxidative [49]
lucidum properties
Trametes sp. rLacD Pichia pastoris pPICIK- 0.3 NR 83 000 Decolorization [50]
420 GS115 LacD of dyes
Trametes sp. rLacC Pichia pastoris pPIC9K- 0.3 216 16 200 Dye [51]
420 GS115 LacC decolorization
ABTS: 2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonate); NR: not reported; NA: not added.

Lac3 Lac4 Lac4 -
1 465 U/L Lac3 689 U/L
(0.1-1.0 mmol/L)
Pezzella Y
P, ostreatus 1.3 EREMELRKEEDRHRIE
30 U/L 0.6 mmol/L Aspergillus
75 U/L sp.[52'57] Trichoderma reesei *%°!
48-504 h Penicillium canescens ") ( 3
Trametes sp.
[59] [57-62]
( 2
[32] ( Streptomyces
(33] coelicolor)
[63]
[52,64-65] [66]

Macrotermes barneyi
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Table 3 Properties of some recombinant laccases expressed in filamentous fungi

Laccase origin Expression hosts ~ Substrates Mzt{::/il;l (?Z;n ¢ temgepﬁirem( ) Optimum pH References

Trametes villosa Aspergillus Syringaldazine NR NR 5.0-5.5 [52]
oryzae ABTS 8250 NR 2.7

Ceriporiopsis Aspergillus ABTS 230 NR NR [53]

subvermispora nidulans
Aspergillus niger

Phanerochaete Aspergillus niger ABTS 2 500 NR 3.0 [54]

flavido-alba

Trichoderma reeseii ~ Trichoderma ABTS 46 800 NR NR [58]
reesei Guaiacol NR 5.0-7.0

Trametes sp. AH28-2 Trichoderma ABTS 3620 50 3.0 [59]
reesei Guaiacol NR 50 4.2

Pleurotus ostreatus  Trichoderma ABTS 237 134 50 3.0 [60]
reesei

Trametes hirsute Penicillium NR 3 000 NR NR [61]
canescens

ABTS: 2,2'-Azinobis-(3-ethylbenzthiazoline-6-sulphonate); NR: not reported.

[63-67] [73]
[68-69] [54]

1.5 E#%REEE R RAMFrIRE

[62]

1.4 EZFEBEEYDRIRIE

1 (laccase 1)

Arabidopsis (4]
thaliana Lycopersicon esculentum 2 (laccase 2)
Oryza sativa Nicotiana tabacum (73]
Saccharum officinarum Zea mays Dittmer ¥
Manduca sexta
Pseudomonas syringae 2

[70]
[72]

Coy RACE
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Reticulitermes flavipes

(RfLacA  RfLacB)

M. barneyi

2 BEMRAERBEERNES

pH

DNA Shuffling

X

2.1 BahFHES

+

(GALI  GALI10)
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[64] (CUP1)
CuSOy 0.4-0.5 mmol/L
(ADH1)
(PGK1) (TPI1)
-1 (TEF1) -
3- (GPD1)
(AOX1) (431 0.5%
2.0%
5 2.0 U/mL 11.5 U/mL"®
Pichia methalonica
(AUG1)
0.8% 1%
GAP
Fomes lignosus™ Ganoderma
lucidum'™ [80] Pleurotus
ostreatus""”! Trametes versicolor™"
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o-factor (801
SUC2) (XPR2)
(Xylanase)
[16]
o-factor
T. versicolor laccase IV
o-factor N-
25% 0.88 U/mg 0.68 U/mg'*
P. methalonica
Lccl a-factor (3.17 U/mL)

(1.87 U/mL) 1.7 B
Physisporinus
a-factor

1.6 4.9 pkat/ug

rivulosus

3.14 pkat/pg [84]

Coprinus cinereus

Lcesr™! G. lucidum
Leer ! M. fructigena
LCC2P P. ostreatus
POXAIb"
pH
Kn K
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