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1
1.1
1.1.1 ( Escherichia coli)
MG1655 pTre99a
; ATCC824 ( Clostridium

acetobutylicum ATCC824)

; T pMD™ 19T vector Simple
( ) pEASY-T1Simple
1.1.2 :Veriti PCR  (ABI
(Bio—~rad )
( )
( ). DNA .
DNA marker- marker.X-gal ~ (Takara) ;DNA
(Tagplus) . (dANTP) (
);T4 (NEB);
DNA ; (
); A -
CoA -CoA -CoA NADH ( Sigma
)
1.2 PCR
1.2.1 |
1.2.2 PCR C. acetobutylicum ATCC824
thilvadhE2 ~ BCS operon. 100 wL

:94°C 5 min;94°C 1 min 52°C 1 min 72°C

2 —5 min 30 :72°C 10 mino
1
Table 1  Primer sequence

Primer name Primer sequence (5°—3")

thild GGCGCCATGGACATGAGAGATGTAGTAATA
thil2 CGGCGTCGACTTAGTCTCTTTCAACTACGA
adhE2- CGGCGCCATGGAAATGAAAGTTACAAATCA
adhE2-2 CCAGGGATCCGCTAATATAATGAAGCAAAG

GAGCCCATGGTCATGGAACTAAACAATGTC
GTCGGAGCTCTGGGGATTCTTGTAAACTTA

BCS operon-
BCS operon2

Tre-thild ACCTGGATCCGCTGTGCAGGTCGTAAATCA
Tre-thil2 CCGGTCGACTTAGTCTCTTTCAACTACGAG

Trc-adhE24 TCTAGAGCTCGCTGTGCAGGTCGTAAATCA
Tre-adhE2-2 CGCCGGATCCGCTAATATAATGAAGCAAAG

1.3 BCS operon-adhE2-thil /pTrc99a/MG1655
(pBAT)

thil

pTre99a  Ncol/Sall pT;
adhE2  BCS operon(crt-bed-etfB-etfA-hbd)

pTrc99a  Ncol/BamHI ~ Ncol/Sacl

pA  pBo. pT.pA
tre trcthil  trc-adhE2
pB BamHI1/Sall Sacl/
BamHI pBT  pBA;
trethil  trc-adhE2 pBA  pBT
pBAT( 1), 37C
6-8h 16C o
MG1655
lacl Tre promoter 1
I ’ Neo T
pBR322 0rigin’
Amp BCS operon
PBAT
13067 bp
Sal T
thil
Trc promoter 3~ /IV\ Sal 1
Hamiil Trc promoter 2
adhE2
1 PBAT

Fig.1 Recombinant plasmid pBAT.
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1.4 pT.-pA pB IPTG
pT-pA.pB
200 pg/mL LB 37°C 220 r/min
0Dy, 0.4-0.6 0.1 mmol/
L IPTG 5h pTrc99a
MG1655 o
8% 12%  SDS-PAGE o
Bradford BSA o
1.5 pBAT B
:37C 0Dy, 0.4-
0.6 0.1 mmol/L  IPTG
5h (0.1 mol/L Tris—
HCI pH 7.5;1 mmol/L DTT)
(THL) .3-
A (HBD).3- A
(CRT) . A (BCD) .
(BYDH/BDH) B,
(V)
1 mol 1 o
Ac xV  AA x V x 1000
0y = Al exdxAl
(1)
% = Rate ,, - Rate ,, (12)
V: l;e: M 'em ' id:
mm;i: min; Rate:
minfl;exp: scon: o
5

214000 M ~'em '; 6220 M ' em ' ; 6700

M 'em ™' ;6220 M 'em ™' 6220 M 'em
1.6 E. coli pBAT

pBAT LB

1:50
250 mL
0D, 0.4-0.6
0.1 mmol/L.  IPTG 30 h

0D, 0.4-0.6

50 mL

IPTG
N, 30 h;
N, 30
h.
2
2.1 pBAT
pT.pA pB
thil
adhE2 BCS operon
99.5% »
pBAT
2 o 2 1-6 3
9.0 kb.2.8 kb 1.4 kb  DNA
pB \tre-adhE2 tre—thil
o 6 pBAT.
2 pBAT
Fig. 2 The identification of pBAT. 1 —6:pBAT Sacl +
BamHI + Sall;M1:\EcoT 14 1 digest.
2.2 pT.pA pB
pT-pA pB 0.1 mmol/L.  TPTG.
37°C 5h SDS-PAGE 3 o
thil
(THL) 392 44
kDa " . 3A 12 3
2 44 kDa o
adhE2 (BYD/
HBDH) 858
94.4 kDa " . 3-A 34 5
4
; 3B 97.2
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kDa o 4 o
BCS operon 3 201 DE coli MG1655 BE. coli pPBAT
1.8+
B- A (uBD) ol
282 30.5 kDa; }g 141}
B- A (CRT) 261 §§'~2-
1.0
28.2 kDa; A (BCD) £€ sl
379 40. 8 kDa; FE 06}
etfA 337 36. 1 04r
02}
kDa; etB 260 N ., A
27.2 kDa ” . 3-A 6 7 8 THL HBD CRT BCD BYDH/BDH
The different kev enzymes
6 40 kDa 29.0 kDa
7 8 4 MG1655 pBAT
Fig. 4 The key enzyme activities of E. coli MG1655 and
5 7 8
pBAT.
5
2 THL 0. 160
U/mg protein 30
o -CoA
. HBD 5 o
(A) kDa
HBD
944
BCS operon
440
40.8
282 o CRT
1.53 U/mg protein
MG1655
- BCD 32 .
(B) R
94.4 NADH
BCD 5
o BYDH/BDH
2.4
LB
3 SDS-PAGE 3 30 h
Fig.3 SDS-PAGE electrophoresis. 1:pT-0 mmol IPTG;2: 0D600 2 R
pT-0.1 mmol IPTG;3 8:pTrc99a-0. 1 mmol IPTG;4:pA-0. 1 LB E. coli pBAT
mmol IPTG;5:pA-0 mmol IPTG;6:pB-0. 1 mmol IPTG;7:pB-
0 mmol IPTG; M1 : Protein Molecular Weight Marker (low).
AE: pA9.1 0.3 0.5 0.7 0 mmol IPTG; M2: Protein 30 h ODg, 1.0 o

Molecular Weight Marker (high).

2.3
(U/mg
protein) . THL.HBD.CRT.BCD.BYD/HBDH
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2 LB
Table 2 The effects of the different fermentation methods on n-butanol production in LB media.
Crowth condition Cell Density c¢(Ethanol) / c(Butanol) / c¢(Formate) / c(Acetate) / c(Lactate) / c¢(Succinate) /
0D, (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aerobic 5.05 14.5 - 900. 8 - -
Mico-aerobic 0.85 22.6 84.5 729. 1 - 527.8
Anaerobic 0.68 12.2 83.1 612.1 - 508.2

«

- ”indicate the amount is less than detectable.
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Responsible for Butanol Production in Alcohologenic

Cloning and expression of key genes of butanol synthetic
pathway in Escherichia coli
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' State Key Laboratory of Bioreactor Engineering > Department of Food Science and Technology School of Biotechnology
East China University of Science & Technology Shanghai 200237 China

Abstract: Objective We constructed a recombinant Escherichia coli strain for butanol production by cloning the ¢cDNA
sequence of the key butanol synthetic pathway genes from Clostridium acetobutylicum ATCC824. Methods We
amplified the genes of thil adhE2 and BCS operon by PCR with C. acetobutylicum ATCC824 genome as a template. We
constructed the recombinant strain E. coli pBAT (BCS operon-adhE2-thil /pTrc99a/MG1655). We used 0. 1 mmol/l
Isopropyl beta-D-thiogalactopyranoside (IPTG) to induce the recombinant E. coli pBAT for 5 h for recombinant protein
expression. We measured acetyl-CoA acetyltransferase ( THL)  B-hydroxybutyryl-CoA dehydrogenase ( HBD) 3-
hydroxybutyryl-CoA dehydratase ( CRT)  butyryl-CoA dehydrogenase ( BCD) and butyraldehyde dehydrogenase
(BYDH) /butanol dehydrogenase (BDH) activities in E. coli MG1655 and E. coli pBAT. The fermentation of E. coli
pBAT was done in flask in aerobic micro-aerobic and anaerobic mode separately. Results In the recombinant E. coli
pBAT THL activity was 0. 160 U/mg protein about 30 times higher than that of E. coli MG1655. HBD activity was 5
times higher than that of E. coli MG1655. CRT activity was 1.53 U/mg protein whereas not detectable in E. coli
MG1655. BCD activity was about 32 times higher than that of E. coli MG1655. In addition the results show that n-
butanol could be produced under anaerobic and micro-aerobic conditions. The maximum n-buntanol concentration of 84
mg/1l was detected in cultivation broth. ~Conclusion The key genes of butanol synthetic pathway were expressed in E.

coli and the recombinant strains would offer an alternative strategy for butanol biosynthesis.
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