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Construction of an Ethanol Synthesis Pathway in Escherichia coli

XIE Li-ping ZHUGE Jian = WANG Zheng-xiang
The Key Laboratory of Industrial Biotechnology Ministry of Education Southern Yangtze University Wuxi 214036
China

Abstract The two key genes encoded pyruvate decarboxylase and alcohol dehydrogenase Il for
ethanol production were amplified by PCR from the chromosomal DNA of Zymomonas mobilis. The
amplified products were digested and inserted into pUC19 or pUCIS8 to form recombinant plasmid
pUC19  pdc and pUCI8 adh respectively. The recombinant plasmid pPA for ethanol biosynthesis
was further constructed by inserting pdc and adh gene {from pUC19  pdc and pUCI8 adh into
pUCI8 at EcoR | site by transforming into E. coli DH 5a. E. coli Pp+ a carrying pPA was proved
to have activity of pyruvate decarboxylase and higher activity of alcohol dehydrogenase than the origi-
nal organism. An ethanol biosynthesis pathway was constructed successfully in Escherichia coli by
metabolic engineering.
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CoA
DNA
pde  adh 1l
1
PCR
pPA E. coli DH5a
1
1.1
Zymomonas mobilis
ZM4 Rogers E. coli DH5«a
pUCI18 pUC19
TaKaRa EcoR |
Sal I TagDNA T4
LB 1¢gdL 0.5¢gdL
1g dL  NaCl LB
Sg dL 100
pg mL Amp" 20 mg mL.  Xgal 200 mg mL
IPTG
Schiff 95%
ADH
PDC
95% . 250 mL 50
mL
1.2
1.2.1 PCR
EMBL
pdc  adh 1l DNA
pdc Primerl

5" TCCTGAATTCAGACATAGTGTTTTG3’

Primer2

5'GCTTGTCGACAGGCTTACGGCT3’
adh [l primerl
5'TGCTGTCGACTAGTATGTAGGGTGAG3’

primer2
5'ATTAGAATTCGGAGGCATTGTTTG3’
PCR 33 ull 10

Spl MgCl, 25 mmol L 3 plb dANTPs 10

mmol L 4 pl P1 100 pmol pLb 1 pl
P2 100 pmol pl. 1 pl DNA 135 ng mL 1
vl Tag DNA 3U pl 1 pl.

1 95T 5min 2 94 C

50s 55T 90s 72°C 3 min 36 3 72C
10 min.
1.2.2 PCR
pdec  adh EcoR1 Sall
pUC19 pUCIS8 pUCI19
pdc  pUCI8  adh E. coli DH5a.
LB-Amp'-Xgal-IPTG
Ppdc  Padh
T, DNA
pUC18 pPA E.
coli DHSa Pp+a.
1.2.3 Ppdc Padh Pp+a
pUCI18 20 mL LB
16~20 h 10 000 r min 5 min
2 .
PDC 30 C
ADH 25T 1 pmol NAD
3.
1.2.4 3mL LB
Pp+a
pUCI18 1:100
250 mL 50 mL
37 C 60 r min 5 mL
10 mL 1 mL 2%
5 mL 600 nm
4 .
2
2.1
EcoRI Sal 1 pUC19  pdc
pUCIS8 adh
1.7kb 1.2 kb DNA
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pUCI1S8 1.
EcoR I pPA
Z.mobilisHe i fE SIDMA EcoRI ! Sall Z.mobilisH B HDNA
— - 1 —
mp lacI'OPZ Sall Amp' lacI'OPZ,
—_— 2636 bp 2686 bp —
pdc(1744 bp) pdc{1256 bp)
EcoR1/Sall EcoR1/Sall EcoRL/Sall l EcoRLSall
T.DNALigase T.DNALigase
EcoR1 : EcoRl EcoRI
. Amp’ . Amp .
Amp - pde mp :Ja(c:Il(;PZ Sall MP £ pUCI8::adk
PUCIQ..IMIIDP P tacl'OPZ| adh
4430 bp 26346 bp 3942 bp
Sall
E—'p—dc— 8 EcoRUSall EcoRl 8 d_: E
. pdc a
Amp pPA
5686 bplacl'OPZ Sail
adh
EcoRl
1 pPA
Fig.1 The construction of recombinant plasmid pPA
2.2 MgCl,
EcoR I Sal 1
PCR NAD*
pUCI1S8 pUCI18 60 C 30 min . PDC
2 pPA  PDC
0.36 U mg pUC19 pdc PDC
0.40 U mg.
ADH
0.08 U mg pUC19 adh  ADH
0.47 U mg.
1. PCR products of adh EcoR [ Sal | 2. PCR prod-
ucts of pde EcoR1 Sal 1 3. pPA EcwR]1 Sall 2.4 pH
4. pUCI8 EcoR 1 Sal | 5. ADNA Hind Il
2 pPA pH
Fig.2 Restricted profile of plasmid pPA 3
100 10 h

2.3

43 h
0.16%
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0.02% PDC  ADH .pPA  PDC
0.36 U mg lac
3 pdc lac pdc
pH 10~20 h
pH adh 1l Z. mobilis P,
0.18 8 6
0.16 | 1, Z . mobilis CPy mRNA
Q.14 [
fo012f \:. '6§ adh 1l Z.
i a0t \ {s i mobilis P,
£ oos | E 7, PLOI2S6  lac
% 0.06 [ 14 ¥ Z. mobilis  adh Il
0.04 | 15 P P
eo2 B /P\ it
R 2 58
D% 10 20 30 40 50 60
B HEE S TR e AW o
zeh. WEE - M - AE e pH
3
pH
Fig.3 The curve of ethanol amount residual glucose pH E. coli
during glucose fermentation
3
E. coli
. PL PR tac lac
Z . mobilis
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