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¢ A. niger aglu SDS-PAGE
a- HPLC
Aspergillus a-
nidulans  Emericella nidulans
A. niger o- 36 a-
o-
;
RT-PCR A. niger a- 1
c¢DNA 1.1
1.1.1 Aspergillus niger
’ SG136 Escherichia coli  JM 109
A. niger a- Pichia pastoris KM71 pPICOK
pPICOK pMDI8-T simple vector TaKaRa
’ 1.1.2 LB SOB SOC
DNA YPD BMGY BMMY
a- 1.1.3 NCBI A. niger CBS
0 513.88 aglu 4991096
PCR  overlap-PCR Primer Premier P1-P8 8
a- cDNA P2 P3 P4 P5P6 P7 15 bp
pPIOK- aglu KM71/pPIC9K- 1
1
Table 1 ~ Sequences of primers
Primer Sequence 5'—>3’ Size/ bp Restriction site
P1 ATTAATGCGGCCGCGTCCACCACTGCCCCTITCG 33 Not |
P2 CCGTAGAGGTTTTGGTCAATAGGTGTTC 28
P3 ACCTATTGACCAAAACCTCTACGGCCA 27
P4 TCAATATCGGTCCAGATATATTCCAAC 27
P5 GAATATATCTGGACCGATATTGACTACATGCACG 34
pP6 CGTAGCGTAGGCATCAGAGGCATTTTC 27
p7 GCCTCTGATGCCTACGCTACGTATGACA 28
P8 AGCACTAGCGGCCGCCCATTCCAATACCCAGTTITCC 37 Not |
1.1.4 50 pL PCR DNA
TaKaRa over-lap PCR
CIAP 1 PCR
EcoR1 Not 1 T4 Ex HS Taq Takara Pt P2 P3 P4APS P6P7 P8
YNB DNA PCR exon 1 exon 2
G418 exon 3 exon 4 overlap-PCR exon2  exon 3
PCR P3  P6 exon 2-3
BIO-RAD DYY-6C overlap-PCR exon 2-3  exon 4 P3 P8
exon 2-3-4 overlap-PCR
1.2 PCR exon |  exon 2-3-4 P1 P8
1.2.1 DNA A. niger SG136 DNA exon 1-2-3-4 pMD18-T simple vector
DNA " pMD18-T-aglu
1.2.2 PCR PCR  overlap PCR o shEssmms v TIBAHES htto://journals. im. ac. cn
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intron 1 intron 2 intron 3
P1 P3 P5 P7
P2 P4 P6 ~“Ps
exon 1 exon 2 exon 3 exon 4
P1,P2 P3,P4|P5,P6 P7,P8
@ exon 3 (171 bp)
exon 1 (620 bp) V A V A
exon 2 (411 bp)| exon 4 (1678 bp)
P3,P6
exon 2-3 (582 bp)
l P3,P8
exon 2-3-4 (2260 bp)
PL1,P8
exon 1-2-3-4 (2880 bp)
' 1 o- overlap-PCR

Fig. |
1.3
Not | pMD18-T-aglu pPICOK
E.
coli JM109 ? LB/Amp
10 mL. LB/Amp
8 h
pPIC9K-aglu
1.4
Bgl 1l pPICOK-aglu
KM71
MD 30°C 72 h "
YPD/G418 30°C 48 h
aglu
G418 0.5 mg/mL 1 mg/mL
2 mg/ml. 4 mg/mL
pPICOK
1.5 KM 71/pPIC9K-aglu = PCR
YPD/G418 4 mg/mL P1 P8

PCR

Scheme of gene encoding a-glucosidase and overlap-PCR process.

exon 1-2-3-4 KM 71/
pPICOK  PCR
KM 71/pPICOK- aglu
1.6 KM 71/pPICIK-aglu
10 mLL YPD
30°C 24 h 1mL 50 mL BMGY
30C 24 h 0D 4.0
25 ml. BMMY
24h 48 h 72h 96 h 200 pLL
250 pL 1%
KM 71/pPICOK
1.7 SDS-PAGE
SDS-PAGE
12% 5% 5%
5 min 6 pL
pH 8.5
8% SDS 5%
SDS 6 pL
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1.8 o-
14
pH 10%
0.5%
5 min 0.22 pm
HPLC s
1 SugarPakl
1300 mm x 6. 5 mm 85C
30C 0.5 ml/min 10 pL
I Hypersil NH, 250 mm x 4.6 mm
30C 30C /75125
\7AY% 1 ml/min 10 pL
2
2.1 A. niger SG136 aglu  c¢DNA
A. niger SG136  aglu 4 3

A. niger SG136
DNA PCR
over-lap PCR
cDNA
cDNA
pMDI18-T simple vector aglu
2880 bp 960 A.
niger CBS 513.88 aglu 4991096
898 A.
513.88 A. niger SG136
2.2 pPICIK-aglu
pMDI18-T-aglu

niger CBS

pPICOK

Not | E. coli ]M109
EcoR 1
2221 2320 1223
EcoR | EcoR |
9300 bp
2200 bp 10000 bp
800 bp
11500 bp
EcoR T 2200 bp 10000 bp
pPICOK-aglu
2.3 KM 71/pPICIK-aglu

pPICIK- aglu

KM 71 MD YPD/G418
0.5 mg/ml. 1 mg/ml. 2 mg/mL

4 mg/mL. 4 mg/mL YPD/G418
P1 P8 PCR
2880 bp
2.4 SDS-PAGE
50 mL. BMGY
30°C 24 h 1%
BMMY
5% 72 h
SDS-PAGE 2-A
98 kDa 33 kDa
A. niger a-

«—33kDa

SDS-PAGE

Fig.2 SDS-PAGE and native PAGE of recombinant P. pastoris culture
supernatant. A SDS-PAGE analysis M. Marker 1. Supematant of P.
pastoris KM 71/pPIC9K-aglu 2. Supematant of P. pastoris KM 71/
pPIC9K. B Native-PAGE analysis.

2.5 pH
72 h BMMY
a-
pH
1.2.8

55°C pH 456

HPLC
pH 5 2
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2 pH
Table 2 The effect of pH on the transglucosidation of recombinant enzyme

Reaction time/h

pH Contents/ %
4 6 8 12 16 20 24 28 32 36
4 L 6.1 6.8 6.9 6.5 7.2 8.6 9.1 10.2 10.1 9.5 9.7
p 5.2 4.3 5.1 5.9 6.2 6.1 5.8 6.2 5.3 4.8 4.9
I, 2.5 2.6 2.2 3.1 3.6 2.8 3.2 3.5 3.6 3.0 3.0
L+P+1, 13.8 13.7 14.2 14.5 17.0 17.5 18.1 19.9 19.0 17.3 17.6
5 L 7.2 8.0 8.8 10.5 11.2 12.0 12.2 14.0 13.5 13.8 13.8
p 6.1 6.3 7.5 8.1 8.2 8.2 8.8 8.6 8.0 7.1 5.8
1, 2.6 2.8 3.0 3.3 3.1 3.1 3.4 3.4 3.7 3.1 3.2
L+P+1, 15.9 17.1 19.3 21.9 22.5 23.3 24.4 26.0 25.2 24.0 22.8
6 L 7.0 7.5 7.7 7.0 7.8 9.2 10.0 12.4 12.0 10.7 11.0
P 5.2 5.4 5.1 5.2 5.2 5.7 5.8 6.0 5.4 4.8 5.0
1, 3.0 2.8 3.1 3.3 3.1 3.2 2.9 3.0 3.1 2.8 2.7
L+P+1, 15.2 15.8 15.9 15.5 16.1 18.1 18.7 21.4 20.5 18.3 18.7

I, P 1, represent isomaltose panose and isomaltotriose respectively .

3
Table 3 The effect of temperature on the transglucosidation of recombinant enzyme
Temperature/  Contents/ Reaction time/h
C Yo 2 4 6 8 12 16 20 24 28 32 36
45 L 6.2 6.5 6.8 7.2 8.3 9.0 10.9 12.0 10.8 10.5 10.0
p 4.7 4.8 5.0 5.4 5.8 6.1 6.4 6.5 6.5 5.9 5.8
I, 2.4 2.5 2.8 2.7 3.0 3.0 3.3 3.2 2.8 2.8 2.7
L+P+1, 13.3 13.8 14.6 15.3 17.1 18.1 20.6 21.7 20.1 19.2 18.5
55 I, 7.2 8.0 8.8 10.5 11.2 12.0 12.2 14.0 13.5 13.8 13.8
p 6.1 6.3 7.5 8.1 8.2 8.2 8.8 8.6 8.0 7.1 5.8
I, 2.6 2.8 3.0 3.3 3.1 3.1 3.4 3.4 3.7 3.1 3.2
L+P+1, 15.9 17.1 19.3 21.9 22.5 23.3 24.4 26.0 25.2 24.0 22.8
65 L 6.5 6.5 6.6 7.1 9.2 10.8 11.0 11.5 11.2 10.9 10.8
p 5.1 5.2 5.5 5.9 5.9 6.8 6.7 7.0 6.8 6.8 6.1
I 2.6 2.7 3.0 3.1 3.0 3.0 3.2 3.1 2.9 2.6 2.5
L+P+1, 14.2 14.4 15.1 16.1 18.1 20.6 21.9 21.6 20.9 20.3 19.4
I, P 1, represent isomaltose panose and isomaltotriose respectively .
pH 5 55°C 2% h
26.0% KM 71/pPICIK- aglu
a-
KM 71/pPICIK- aglu a- a-
3124 bp 4 3
3 25
960 ’
N
253 ~ 266 14
a-
16
A. niger  o- SDS-PAGE
PCR  overlap-PCR 98 kDa 33 kDa
A. niger SG136a- a-
cDNA NCBI A. niger CBS a-
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Cloning of the gene encoding a-glucosidase from Aspergillus niger and its expression
in Pichia pastoris

Xing Tong' 2% Qiusong Tang' Yufei Wu' Jing Wu' " Jian Chen' 2 ?
"State Key Laboratory of Food Science and Technology of China *Key Laboratory of Industrial Biotechnology of Education
Ministry 3School of Environment And Civil Engineering Jiangnan University Wuxi 214122 China

Abstract Objective a-glucosidase from Aspergillus niger SG136 was expressed in Pichia pastoris. Methods c¢DNA of
mature a-glucosidase aglu  was amplified from the total DNA of A. niger SG136 by PCR and overlap-PCR with primers
designed based on the sequence of A. niger CBS 513.88 in NCBI database. The gene was cloned into pMD18-T simple vector.
The sequencing result showed that the gene encoded for a protein of 960 amino acids residues which was 1 amino acid different
from that of A. niger CBS 513.88. The expression vector pPICIK-aglu was constructed by subcloning the gene into plasmid
pPICOK and then transformed into P. pastoris through electroporation after linearized by Bgl [ digestion. The recombinant P.
pastorts KM71/pPIC9K-aglu were screened in MD and YPD/G418 plates and identified by PCR. In shaking culture condition
methanol was added to a final concentration of 1% to induce the secretion of a-glucosidase. Results Electrophoresis analysis of
KM71/pPICOK- aglu culture supernatant showed that there were two major protein bands corresponding to 98 kDa and 33 kDa
respectively in SDS-PAGE and there was only one band in Native PAGE  while in the control experiment of KM71/pPICOK there
were no visible bands. Transglucosidation reaction from crude enzyme revealed that contents of isomaltooligosaccharides were up
to 26.0% under the optimal conditions of pH 5 and 60°C at 24 h. Conclusion A . niger a-glucosidase was expressed in P.
pastoris with transglucosidation activity .

Keywords Aspergillus niger o-glucosidase cloning overlap-PCR  Pichia pastoris ~expression
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