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420 Trametes sp. 420 lacD Pichia pastoris
rLacDx N- rLacDe N- 8 18d rLacDx
1.21 x 10°w/L 7.38 x 10 u/LL 22- -3- - -6 ABTS
2.39 x 10°uw/L. 7.5d 50C
rLacDx ABTS 1761u/mg rLacDe 1122u/mg K., 427 pmol/L
420
Q786 A 1000-3061 2007 06-1055-05

rLacDe

rLacDx

pH3 ~ 10
rLacDe 604pmol/L

Abstract A laccase gene lacD from the basidiomycete Trametes sp. 420 was heterologously expressed in Pichia pastoris in

two ways resulting in two recombinant enzymes of rLacDx with native N-terminus and rLacDe with eight additional amino acid

residues at N-terminus. The yields of rLacDx and rLacDe in shaken-flask cultures after an 18-day growth were 1.21 x 10°u/L and

7.38 x 10*u/L respectively as determined with 2 2" -azinobis 3-ethylbenzothia-zoline- 6-sulfonic acid

ABTS as substrate.

The yield of rLacDx was further increased to 2.39 x 10°u/L under high-density fermentation while the production process was

decreased to 7.5 days. In addition rLacDx and rLacDe exhibited similar enzymatic characters in oxidizing substrate guaiacol

and were stable at 50°C and at a pH range from 3 to 10. However the specific activity of rLacDx 1 761u/mg for ABTS was
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higher than that of rLacDe 1 122u/mg
oM.

Key words  heterologous expression high-density fermentation laccase Pichia pastoris

Laccase EC 1.10.3.2

.. 7
Saccharomyces cerevisiae P.

Pichia methanolica
11

pastoris * °
Kluwyveromyces lactis

Yarrowia lipolytica

13 14

Trichoderma reeset Aspergillus oryzae

15

Aspergillus niger Aspergillus
nidulans '° Coriolus versicolor "
Coprinopsis cinerea
1.0 x 10*u/L
Trametes sp. 420
LacE
4
P . pastoris
lacD
lacD N-
1
1.1

Trametes sp. 420

and the apparent K, value of rLacDx 427 pM was less than that of rLacDe 604

Trametes sp. 420

Escherichia coli  JM109 Stratagene
P . pastoris GS115 pPICOK
Invitrogen DNA RNA
TaKaRa
BMM BMG BMGY MD  YPD
Pichia Invitrogen
FBS PTM, Pichia
Invitrogen
1.2
Trametes sp. 420 20
cDNA lacD DNA
AY839942 Psl
AAACTCGAGAAAAGAGCCATCGGTCCGGT Ps2
AAAGAATTCGCCATCGGTCCGGTCG Pa
AAAGCGGCCGCTCAGATGCCGTCGGGGTA
Psl-Pa  Ps2-Pa PCR
lacD ¢cDNA
pPICOK Xho 1 -Not 1 EcoR I - Not 1
pPDx  pPDe E. coli
JM109
ORF
1.3
pPDx pPDe pPICOK  Hpa |
GS115
MD His*
His”* 0.3mmol/L. CuSO, 0.2
mmol/L. ABTS ~ BMM pH6
1.4
pPDx  pPDe
GSDx  GSDe 10
10mL. BMG 100mL 30°C 150
r/min 24h 3000g Smin
30mL. BMM pH6.0 0.3mmol/L
CuSO, 0.6% 0Dy 1
150mL 20°C  200r/min
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pH6
1.5
GSDx GSDx1
100mL. BMGY 500-mL 30°C
ODg, =5~ 10
1.2L FBS 2L 5.2mL
PTM, 1mL 30°C 22h
5.3mL/h 50%
1.2% PTM, 4h
20C 7d
~30% *
pH6.0
1.6
600nm
10D, 5% 10’
o ABTS’ 1
u 1 pmol
3
5%
1.7
9
SDS-PAGE
o BCA Hyclone
pH 100mmol/L
-Na, HPO, Buffer A pH3.0~ 8.0
-NaOH Buffer B pH8.0 ~ 10.0
Immol/L pH
Buffer A 30C 30°C 40C 50°C
60C Buffer A pH7.0
ABTS 30°C
21
2
2.1
Trametes sp. 420 lacD cDNA
1494bp 498 ¢DNA
pPICOK Xho 1 -Not 1
EcoR 1 -Not 1 pPDx
pPDe  10.8kb ug DNA MD
50 ~100 His®
200 ABTS BMM
pPDx  pPDe GSDx GSDe

BB O R AT ARIER hetp:

90% ABTS
pPICOK
2.2
10  GSDx  GSDe
GSDx1 GSDel
0.3mmol/L. CuSO, 0.6%
BMM pH6.0 20°C 18d GSDx1
GSDel 1.21 x 10°uw/LL
7.38 x 10*u/L. Fig. 1
P . pastoris
pH 1d
pH3 ?
12} —A— rLacDx A
—_ —V—rLacDe /
2 10f /‘
kS /A
= gl
z A
2 6t /A /V
'g /A VV
g 4 A VV
3 /A—A‘A_V/V‘V/
= aaATVY
A
v
2 4 6 8 10 12 14 16 18
Culture time/d
1
Fig.1 Production of recombinant laccases in
shaken-flask cultures
Pichia
12 1.4 x 10°u/L*
GSDx1 GSDel
GSDx1
1 2.39 x 10°u/L
Fig.2 20 0Dy,
600
18
1.0 x 10*u/L
rLacDx
2.39 x 10°u/L Pycnoporus

"/ pougnsl (Mg cn
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. —O— Cell density AAA J
§ 200k —A— Laccase activity . i/o-O-C‘ le00 S cerevisiae
) 5-0-0"%/ g
X o S *
X sot o S {450 S 0
2 o / 2 N-
Z /A g
g 1007 » A 1300 = rLacDx  rLacDe
z ¢ A 1 &8
g L 4 O Fig. 1
g 50 O/ A 1150 )
rLacDx
O 1 1 1 1 1 1 1 1 O
61 2 3 4 5 6 7 8 rLacDe ABTS K 604
Culture time/d "
) HacDx pmol/L rLacDx 427pmol/L
Fig.2  Production of rLacDx under high-density fermentation 2.4 pH Figs.4 and 5
rLacDx 7.5d 200 A tacDx x/
—V—rLacD
> 20d .l rLacDe
rLacDx 1761u/mg
o < 150} L
rLacDx 135mg/L Pichia = [/ %
Al 160 £ 100} .
3 ~
mg/L rLacDx ol \
V/a v
0 St 1 | L 1 1 1
3 4 5 6 7 8 9 10
2.3 K, pH
4 pH
lacD ¢DNA LacD P
Fig.4  Effect of pH on laccase stability.
53.3kD pPDx rLacDx 8 P . Y .
rLacDx and rLacDe were incubated at 30°C in buffer A at a pH range from
N- pPDe 3 to 8 and in buffer B at pH range from 8 to 10.
rLacDe  N- 8 r
100+ —A—rlLacDx b
Glu-Ala-Glu-Ala-Tyr-Val-Glu-Phe | ——sacme \v
< 80F &
: L 7
SDS-PAGE acDx  rlacDe Z ool A A
< F
77kD  78kD Fig.3 li a0l a X
30% £
20+
51 rLachix  rLacDe L
kD ol . . i
30 40 50 60
V74— - — Temperature/C
56.2— S 100 - —A—rLacDx -
I —v—rLacDe / \
2 507 by
-°:>\ L
41.0— - g oor
3 8 /0
g wf J b
~ I -
20 [ o \&
g
. ol . . . .
10— - 3 4 s 6 71 8
pH
3 rlacDx  rLacDe  SDS-PAGE 5 pH
Fig. DS-PAGE of :Dx acD . . .
ig-3 SDS-PAGE of rlacDx and rlacDe Fig.5 Effects of pH and temperature on lacase activity.
M standard molecular weight marker. . . .
a rLacDx and rLacDe were incubated at different temperatures in buffer
rLacDe ABTS 1122U/mg A at pH5.8 b they were incubated at 30°C in buffer A at different pH
rLacDx 1761u/ mg values. Guaiacol was used as the test substrate.
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pH rLacDx  rLacDe
pH3 ~ 10
pH7.0 30C 240h
Fig.4 40°C

50°C

60°C 11h 45min 2min

45°C Fig.5a pH pH5.8 Fig.5b
lacD  Trametes sp. 420
P . pastoris
7.5d
rLacDx 2.39x 10°u/L
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