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Abstract The gene encoding a extremely thermostable and acid-stable a-Amylase was amplified by PCR using hyperthermophilic

archaebacterium pyrococcus furiosus genomic DNA as template. Then the gene was cloned into the vector of pPICIK. The

recombinant vector pPIC9K-amy was then transformed into E . coli DH5a strain. Sequencing test showed that the a-amylase gene

cloned consisted of 1305 base pairs and the mature protein encoded by the gene consisted of 435 amino acids. The recombinant

vector was transformed into chromosome of methylotrophic yeast Pichia pastoris GS115 strain. Regulated by the o-Factor

promoter of AOX1 gene and termination signal of yeast genomic the recombinant a-Amylase was expressed and excreted out of

the cells. The expression of the recombinant a-amylase was strictly induced by methanol. As induction time increased the

activity of amylase per milliliter medium went up accordingly. After 7 days induction the activity of the amylase reached the

max. The recombinant a-amylase exhibited maximal activity at 90 ~ 100°C and at pHranging from 4.5 to 5.0.The enzyme is so

thermostable that after disposed at 100°C for 5 hours over 60% of activity was retained.

Key words  extremely thermostable and acid-stablea-amylase  Pyrococcus furiosus pPIC9K vector  Pichia pastoris GS115
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a-1 4-glucan-4-glucanohydrolase EC.3.2.1.1
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Archaebacterium Pyrococcus furiosus

100°C * Pyrococcus
Sfuriosus  a- a-
34
Ca’* ’ 1997
Steen
25 435
o Dong G Q
7
8
-
a- a-
pH 4.0~ 4.5 pH 6.0
pH 4.5~4.0
pH
o—
pH4.5~5.5 105 ~ 120°C
P . furiosusa-
P. furiosus
o-
1
1.1
1.1.1 Archaebacterium
Pyrococcus furiosus DSM3638  pPICOK
DH5«a Pichia pastoris
GS115

1.1.2 LB
YPD RDB MD MM BMGY BMMY ’
1.1.3 EcoR1 Bglll  Promega
BamH ] CIAP T, DNA ligase  TaKaRa
Salmon sperm DNA  Sigma DNA /
DNA Marker ADNA/Eco Rl + Hin dlll
PCR Sangon
1.2
1.2.1 P. furiosus
Tris HCl pH8.0 EDTA
1h STE SDS
K 37°C lh
RNase
1.2.2 PCR P . furiosus
P. furiosusa-

6 10

5'GCGAATTCATGGCAAAATACTTGGAGCTTGAAG
3'CGGAATTCTCATTACCCAACACCAC

P. furiosusa-
PCR 94°C 60s 55°C 60s 72°C 60s 30
1.2.3 pPICOK-Amy
EcoR 1 pPICOK
Eco R1 PCR
T4 DNA
DH5a
PCR Eco R1
Bam H 1
Bam H |
5’ ACTACTATTGCCAGCATTGCT
3/
1.2.4 Pichia
pastoris GS115 His™ Mut” 5mL YPD
30°C  200r/min 18 ~ 19h SmL
YPD 50mlL YPD 30°C
200r/min 2.5h 1000r/min Smin
50mlL
1000r/min Smin Sml.
0.1mol/L. LiAc 6000 ~ 7000r/min
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1.2.5 LiAc Bgl 1l
pPICOK-Amy 100ng
DNA 10pl. 100°C DNA
100pL Ss
530l PEG 60pL 1.0mol/L LiAc 5s 30°C
200r/min 30min 70 DMSO
42°C 15min 12000r/min 10s
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30C
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Yeast/pPICOK
1.2.6 GS115
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His4 RDB
His” AOX1
Mut”™
RDB His*
MM  MD MD
MM
12
1.2.7
25:24:1 TE
DNA RNase TE
37°C 4mol/L
DNA TE
1.2.8
AOX1
8
SmL BMGY 30C 48 h
Sml. BMMY 30°C
24h 48 h°
1.2.9 o-
0 501 2001
0.5% 50mmol/L -
pH 15min

500uL 0.01mol/L

1% 20041
0D g Imin 1%

1.8mL

1.2.10
0.4%
20% WIwW
15min 3

15min

20 ~ 30min
10min
10min 2-

1x

2.1 PCR
PCR

Steen

1300bp

DNA Pyrococcus

Sfuriosusa-

2.2 pPICIK-Amy
Eco R 1 pPICOK-Amy 1.3kb

BamH |

pPICOK-Amy 1.2kb

—LR

1 pPICOK-Amy
Restriction pattern of recombinant vector pPICOK-Amy

Fig. 1
1 pPIC9K-Amy digested with Bam H1 2 pPICIK-Amy digested with
Eco R1 3 pPICIK digested with EcoRI 4 ADNA marker/ EcoRI
+ Hin dlll .

2.3 DNA PCR
pPICOK-Amy
Yeast/pPICOK-Amy
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pPICOK
pPICOK
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Fig.3 SDS-PAGE analysis of the concentrated
culture supurnatant
1 Induced culture supernatant of Yeast/pPICOK 2 Induced culture
supernatant of Yeast/pPIC9K-amy 3 Molecular weight standard.

2.0%
4 1% 6h
-
95°C 5 pH
2 DNA  PCR 4.5~5.0 6 Koch. R P.
Fig.2 PCR assay of recombinant Yeast genomic DNA Sfuriosus - 100°C
1 Positive transformant template Yeast/pPICOK-Amy genomic DNA pH 50 Steen
2 Negatigve transformant template Yeast/ppicOk genomic DNA 100°C
3 Template Yeast GS115 genomic DNA 4 ADNA marker/ Fco R 1 +
Hin dlll . pH 4.5°
24h 1%
2.4 84h
Sangon 7d
6 10 7
2.7
2.5 o- SDS-PAGE 100
8 Yeast/pPICOK- ol
Amy Yeast/pPICIK 6d =
g SOt
4001 2 or
40pL 1 x S 20}
SDS-PAGE 38 ol . .
Yeast/pPICIK-Amy 0 ' detontimed ’
60kD —— 0.2% methanol —ll— 0.5% methanol —— 1.0% methanol
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4
Steen 6
2.6 a- Fig.4 Effect of concentration of methanol on
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