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GOD - pPIC9 Pichia pasto-

ris GSI115 GOD a-Factor ~ AOX1
GOD 3~4d GOD 30 ~ 40u/mL.  SDS-PAGE
GOD 60% ~70%  Q Sepharose™ Fast Flow

GOD 426.63u/mg GOD 1.6
GOD K, ke 38.25mmol/L. 3492.66s " GOD
GOD
Pichia pastoris
Q789 A 1000-3061 2001 04-0400-06

Glucose oxidase EC 1.1.3.4

GOD 1
H,0, 1.1
1.1.1 Pichia pastoris
GOD GS115 pPICO
T
GOD 9029 Promega
! ATCC
GOD E . coli DH5a pPICO T
GOD Frederick K
R’ Whittington H * 1.1.2 LB
GOD YPD

GOD Witts MD MM RD
GOD Pichia pastoris

80 ~ 90 LB L' 10g Sg 10g

4 YPD L 20g 10g 20g
Pichia pastoris GS115 MD L™ YNB 1.7g
GOD GOD Sg 20g 400pg
GOD MM L' YNBI.7g S¢g 12mL
GOD 400pg 10g pH5.6
2000-12-25 2001-04-04
39870204
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RD L™' YNBI.7g 5g 20g
400p.g 30g 184.4¢
1.1.3 DNA T4DNA
TaKaRa  Sangon
GOD BSA
Bio-Rad

Sigma

1.2
1.2.1
’ 26°C 2d
10mL 10mL
100mmol/L Tris-HCl 40mmol/L. EDTA pHS8.5
1 10mL 2mlL,
10%SDS 6ml.
50°C 1h
1 6mL 3mol/L
15min  4°C  60001r/min

10min

15min
DNA
1.2.2
° GSII5  YPD
10mL 1
10mL. SED  1mol/L 25mmol/L. EDTA
S50mmol/L. DTT 1 10mL 1mol/L 2
10mL SPE Lmol/L.
10mmol/L. EDTA 0. 1mol/L pH7.5
5.2mg/mL 30°C
80% ~ 90%
10mL 1mol/L 2
L CaCl, Imol/L 1
0.6mL CaS

OD¢, = 0.2

2041

10mL CaS 10mmol/

100p.L 4pg
DNA Swm [ 20pg DNA
20min ImL 20%
3350 10mmol/L. CaCl, 10mmol/L Tris-HCl pH7.4
15min
150pLL SOS  1mol/L
* YPD 30min
ImL.  200pL

10mmol/L CaCl, 0.3
1mol/L
55°C  10mL RD

MD

8ml 0.1%
SDS  10mmol/L. Tris-HCl  Smmol/L. EDTA  50mmol/L
NaCl pH7.4 K RNA
100pg/ml.  37°C 2h 70°C
0.8mL Smol/L

10min

30min
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DNA
1.2.3 GOD 23
Sigma GOD pH5.6
0. 1mol/L 2mg/mL 2mg/
ml 100u/mL
SmL ImL 2mL
100p.L
30C 10min 20uL. GOD
30C 3min 2mL
Smol/L OD 55
1.2.4 SDS-PAGE 10%
R-250 Bio-Rad
Gel Doc2000
1.2.5 GOD Q Sepharose™ Fast Flow
pH6.0 NaCl 0~
0. 1mol/L
1.2.6 Bio-Rad
BSA
1.2.7 7 3ul.
20% BSA 10pL 2mg/mL GOD 2pl,
2.5% 2cm Teflon
lh
Teflon
2
2.1 GOD
2 GOD

SnaB1 Hindlll Not 1
5'-TACGTAAGCAATG-

GCATTGAAGCCAGC-3' 5'-AAGCTTCATGGAAG-

CATAATCTTCCAAG-5' SnaB I
Hind[ll 1.7kb GOD
PCR T
T4 DNA
DH5a
PCR GOD
T T-GOD T Not 1
T-GOD GOD
SnaB 1 -Not | pPIC9
DH5a GOD

/journals. im. ac. cn



17

402
2.2 GOD 8 4
6 pPIC- GOD
GODI GS115 RD GOD
30~40 / 1.2% MM
4 PCR GOD 1.2% GOD
MM
5'-TACGTAAGCAATGGCATTGAAGCCAGC-3’ 24h GOD
5'-AAGCTTCATGGAAGCATAATCTTCCAAG-3’ GOD 96h
GOD 2 3 GOD
pPICGOD1 GS115 1.2%
pH5.6 MM 4d
" GOD
5000
2500
~ 3
1000 £
E
=
g
1 pPICGOD1 ©
Fig.1 Restriction pattern of recombinant pPICGOD1
1 6.DL15000 DNA marker 2.pPIC9 digested with Bgl Il
3.pPICGOD1 digested with Bgl Il 4.pPICGODI digested 0 1 2 3 4 5 6
with Sal I 5.pPIC9 digested with Sal | Induction time/d
1 2 3 4 5 6 3 Wi GOD
o Fig.3 Effect of induction pH on GOD yield
40
—2000 —— 0.4%MeOH
—1000 —— 0.8%MeOH
30 | —A— 12%MeOH
— 500 z —— 1.6%MeOH
) —¥%— 2.0%MeOH
:? 20
— 100 3
)
Q
“ 10
2 DNA PCR
Fig.2 PCR assay of recombinant yeast genomic DNA 0
1 6.DI2000 DNA marker 2 ~ 4. Positive transformants 0 ! : Ind G4 ’ ¥
nduction time/d
5. Negative transformant
pH 4 24h GOD
GOD 3 4 Fig.4 Effect of methanol content on GOD yield
pH pH4 ~ 8 MD
pH  GOD pH=5.6 MM
pH5 6 GOD 4d
pH=38
GOD GS115 a-Factor
GOD 95.7%  GOD

GOD pH5.0~6.5
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1 GS115 GOD 1.6 GOD GOD
Table 1 Activity of GOD produced by GS115 K,
pichia pastots Activiy/ w/ml. 38.25mmol/L. 33.44mmol/L
GS115 Extracellular Pellet Total
34.48 1.55 36.03 k"“‘ kc‘“/K
2.3 GOD GoD k., k.,/K, 3492.66s""  91.31
5 s 'mmol " L 2303.56s™"  68.89
GOD GS115 s 'mmol " L GOD
60% ~ 70%
0.002 KD e
200—
mol/L pH6.0 e
Q Sepharose™ Fast Flow 130 S _ |
pH6.0 0.01mol/L 974 w—
pH6.0 0 ~ 0. 1mol/L NaCl 66.2— -
GOD SDS-PAGE
GOD 6 GOD  Q Sepharose™ 43—
Fast Flow SDS-PAGE
GOD GOD 6 GOD  SDS-PAGE
GOD Fig.6  SDS-PAGE of purified GOD from yeast
1. HMW protein marker 2. Purified recombinant GOD
2 9 3. Commercial GOD
2 GOD GOD
! > ’ “‘:.. D Table 2 Kinetic parameters of Glucose oxidase
: — 200 S £ COD Specific activity/ K./ kel ke K/
i e o u/mg protein mmol/L.  s~! s 'mmol 'L
. e — 130
. By 974 A . niger 266.82 33.44 2303.56 68.89
i ’ P . pastoris 426.63 38.25 3492.66 91.31
' e 2.5 GOD
GOD 1h
7 7 GOD
5 SDS-PAGE GOD
Fig.5 SDS-PAGE of crude protein extract 4 ~40°C 40°C
1.GS115 carrying pPICGOD1 2. Commercial GOD 120
3.GS115 carrying pPIC9 4. HMW Protein marker 100
2.4 GOD "
< 80
GOD =
T 60
30°C pH5 .6 Ei —&— Commercial
GOD GOD 10 12 30 cop
—— bi
14 16 18 20 25 30 35 40 50 60 80 100mmol/L S
0 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
2 GOD Incubation temperature/ °C
GOD 7 GOD GOD
426.63u/mg 266.82u/mg
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70°C 0
GOD GOD
pH pH8
pH8  pH8 Tris-HCI
GOD GOD
15u/mL 30°C 12h GOD
8 GOD GOD pH4 ~7
pH 4 7
120
100
=
2 8
E
é 60
E 20 | _._CR}E;:gnbinant
L C ial
20 - G(())n[l)mercl
0
2 4 6 8 10
pH
8 GOD GOD
Fig.8 Comparison of GOD pH stability
2.6 GOD
GOD
GOD
EFIA 7
GOD GOD
9 2.0mL/
min 25pL GOD
0 ~ 50mmol/L
GOD 0 ~ 35mmol/L
GOD GOD
25
—l— Commercial GOD
5 L electrode
;:; —a&— Recombinant GOD
= electrode
15
2
&
0.5
0 1 1 1 1
0 10 20 30 40 50
Glucose concentration/(mmol/L)
9 GOD GOD

Comparison of GOD electrode responses

GOD
GOD
10~ 12
GOD Pichia pasto-
ris GS115
GOD GOD
a MD
130g /L b. AOX1
GOD
60% ~70% c. a-Factor
95 % GOD 3~4d
GOD 30 ~ 40u/mL d.
Q Sepharose™ Fast Flow
GOD
pH
GOD GOD
Kﬂl GOD kl"dl
k('al/Km
GOD
GOD
GOD GOD
REFERENCES

Witt S Singh M Kalisz H M. Structural and kinetic properties of
nonglycosylated recombinant Penicillium amagasakiense glucose oxi-
dase expressed in Escherichia coli . Applied and Environmental Micro-
biology 1998 64 4 1405 ~ 1411

Frederick K R Tung J et al . Glucose oxidase from Aspergillus niger .
J Biol Chem 1990 265 3793 ~ 3802

Whittington H  Kerry-Williams S et al . Expression of the Aspergillus
niger glucose oxidase gene in A . nidulans and Saccharomyces cerevi-
siae . Curr Genet 1991 18 531 ~ 536

Cregg J M Vedick TS Raschke W C. Recent advances in the expres-

sion of foreign genes in Pichia pastoris BIO/ TECHNOLOGY 1993
11 905 ~ 910

ZHU H QU F ZHU L H . Exacting fungi
DNA for molecular biology analysis with benzyl chloride. Acta Myco-
logica Sinica 1994 13 1 34~40

© 6 ERCeeas BM Baret K7 Pt Bastoris asoa hostusysten, fon, transm



4 405

formations. Mol Cell Biol 1985 5 12 3376 ~ 3385 ies of Penicillium notatum AS 3.3871 glucose oxidase. Microbiology
7  ZHANG X E ZHANG X et al . Determination of 197411 1~5
glucose by an enzyme electrode flow injection analyze system 11 LIYR ZHANG Y L et al . Biosynthesis of glu-
EFTA . Chinese Biochemical Journal 1990 6 cose oxidase 1. Screening of glucose oxidase producing strain and
294 ~ 300 study on the enzyme producing conditions. Industrial Microbiology
8 Mao Q X Huang Y F et al . Comparison of the 1993233 1~6
partial qualities of several glucose oxidases. Journal of South China 12 YANGHY LIHY et al . Exploration on the ex-
Agricultural University 2000 21 2 54 ~56 traction of glucose oxidase from Aspergillus niger 1 The synthesis of
9 Mackay V L. Biological Research on Industrial Yeasts CRC Press glucose oxidase and its properties. ACTA SCIENTIARUM NATURALI-
Inc. Boca Raton FL.1987 2 27 ~ 36 UM UNIVERSITATIS SUNYATSENI
10 Glucose oxidase interworking group . Stud- 1998 37 5 49-~52

Cloning and Expression of Aspergillus niger Glucose Oxidase Gene in Methylotrophic Yeast

ZHOU Ya-Feng! ZHANG Xian-En'*  LIU Hong' ~ZHANG Cheng-Gang® Anthony E G Cass’
' Wuhan Institute of Virology Chinese Academy of Sciences Wuhan 430071 China
% Shenyang Institute of Applied Ecology Chinese Academy of Sciences Shenyang 110015 China
3 Biochemistry Department Imperical College of Science Technology & Medicine London SWT2AY UK

Abstract The DNA fragment encoding A . niger glucose oxidase was amplified by PCR using A . niger genomic DNA as tem-
plate and was cloned into vector of pPIC9 for expression in Pichia pastoris . When transformed into methylotrophic yeast Pichia
pastoris GS115 The constructed plasmid pPICGODL1 directed the synthesis and secretion of functionally active GOD. After induc-
tion in MM medium for 4 days the GOD activity in the medium reached 30 ~ 40u/mL. SDS-PAGE revealed that recombinant yeast
GOD was expressed up to 60% ~ 70% of the total soluble protein and the secreted GOD could be purified to electrophoretic ho-
mogeneity with one purification step using Q Sepharose™ Fast Flow ion exchange chromatography. The recombinant yeast GOD
had very high catalytic activity showed about 1.6-fold increase of specific activity over the commercial A . niger GOD. Kinetic
analysis clearly demonstrated that recombinant yeast GOD showed similar substrate affinity for glucose to A . niger GOD but the
turnover number of the GOD from yeast was determined to be much higher than that of A . niger GOD. In addition the linear range
of glucose electrode made with recombinant yeast GOD was efficiently widened due to the high catalytic activity of yeast GOD.

Key words glucose oxidase Pichia pastoris gene expression purification kinetic analysis biosensors
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