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Strains and plasmids

Source

1
Table 1
Strain and plasmid Properties and genotype
Plasmid
pMDI18-T Simple Amp" 2692bp
pMAL™-p2X Amp" 6721bp

pMDI8-T Simple-fdh
pMAL™_p2X- fdh

Strain

Candida boidinii Source of fdh gene

1.1kb DNA fragment with fdh gene in pMDI8-T Simple 3.8kb
1.1kb DNA fragment with fdh gene in pMAL™-p2X 7.8kb

Lab collection
Lab collection
This work
This work

Bought from China General

Microbioloaical Culture Collection Center

K. pneumoniae YMU2 Amp"” Lab collection
E. coli DH5a Lab collection
E. coli DH5a pMDI8-T Simple-fdh  Host of pMDI18-T Simple-fdh This work
K. pneumoniae F-1 Host of pMAL™-p2X-fdh This work

¥ Amp" <50mg/L Amp.

1.1.3 T4 DNA pMD18-T Simple T4 DNA 15°C
Ex Taq dNTPs fdh pMD18-T
TaKaRa Simple pMD18-T Simple- fdh

PCR E . coli DH5a
EcoR 1 /BamH 1
SBS C. boidinii DNA fdh EcoR | /BamH |
Promega Wizard" Genomic DNA Purification Kit pMALm-p2X T4 DNA
15C fdh
1.2 PCR pMAL™-p2X EcoR 1 /BamH 1
Omiga C. boidinii pMAL™-p2X- fdh
fdh Accession No. AF004096 ! K. pneumoniae YMU2
SBS 8
5'-TATTATAGGATCCACAAAATGAA
GATCGTTTTAGTC-3' BamH 1 PCR L.B-
5. Amp" 100mg/L 37C 12 ~ 16h
TACGAATTCTTATTTCTTATCGTGTTTACCGTAAG-3’ SBS pMAL™-p2X-
EcoR 1 Jfdh BamH 1/
1.3 EcoR 1
C. boidinii 20k DNA PcR 15
fdh  20pL C. boidinii pMD18-T Simple- fdh
DNA 1.8pL dNTPs  4nmol ABI PRISM™ 377 XL

20pmol Ex Tag 1U 1 x Ex Taq Buffer 2pL.

20pL 94°C S5min 94°C 90s 55°C
90s 72°C 90s 8 94°C 30s 60°C 60s 72°C
90s 20 72°C 10min 1.1kb
1.4
EcoR T BamH 1
PCR

DNA Sequencer
F Primer M13-47
NCBI BLAST Omiga

pMD18-T Simple
R Primer RV-M

1.6 fdh
F-1 ODgy 0.4~1.0
PTG 0.5 ~ 1.0mmol/L 0
~ 6h YMU2
SDS-PAGE
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R250 2 ~ 4h 4h Pharmacia
1.7
650nm 0D,
1 3-PD HPLC
9
1.8
8000r/min
4°C 10min
10mmol/L pH 7.5 0.1mol/L B-
4mlL 10mmol/L
pH 7.5 0. 1mol/L - g
200W 3s + 3s
10min
13000r/min 4°C 20min
FDH
FDH
340nm  NADH

5

NaCOOH + NAD® CO, + NADH + Na®
10mmol/L. pH 7.5

0. 1mol/L. B- 1.67mmol/I. NAD"*
167mmol/L 30C 10min 340nm
NADH
0 gy = 62201/mot em
1nmol NADH 1U
11
1.9 F-1
o
n=20 2"=1.05x10°
107°
20
2mlL LB 37°C
24h 20
100 20 1
LB
100
IPTG-X-gal + LBA®
12
2
2.1 C. boidinii FDH
2.1.1 fdh C. boidinii

PCR fdh 1.1kb
fdh
2.1.2 pMD18-T Simple-fdh
EcoR 1 /BamH [
Simple-fdh
2.7kb  1.1kb
2.1.3 pMAL™-p2X- fdh
1.4 pMAL™-p2X-fdh
EcoR 1 /BamH |
pMAL™-p2X
1.1kb
2.1.4 fdh
Simple Jfdh
fdh pMDI18-T Simple

pMDI8-T

6.7kb
pMD18-T

pMD18-T Simple-

1095bp
fdh AF004096

C. boidinit
92%
96 % GenBank
DQ458777
2.2 FDH
2.2.1 PCR
PCR 4

PCR 1.1kb

pneumoniae F-1
2.2.2 FDH

~ 1.0mmol/L IPTG
YMU2  F-1

SDS-PAGE 0.5
FDH 1
SDS-PAGE

Target protein

1 IPTG F-1
Fig.1 K. pneumoniae F-1 gene expression induced by IPTG.1 and
2. Control sample of YMU2 at 4h 3 and 4.Non-induced K. pneumoniae
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F-1  IPTG 40.2kDa
FDH IPTG
FDH YMU2
40.2kDa ImageMaster
TotalLab 1.0 FDH
0.5mmol/L IPTG 4h FDH
2~3
2.2.3 FDH B. Braun
Biostat 5L
3.0L 5% 35C 400r/min
pH7.0 99.9%
0.5~1VVM F-1
3h 0.5mmol/L. IPTG 12h 50mmol/L
45h 52.25h 25mmol/L
YMU2 IPTG
F-1
YMU2  F-1
FDH 2
YMU2
F-1
5.47U/mg protein FDH
8-
—— YMU2

FDH specific activity/(U/mg)

1Y e S S —— : .
0 10 20 30 40 50 60

t/h

2 F-1 FDH
Fig.2 FDH specific activity of recombinant F-1.

2.2.4 F-1 F-1

LB

2 F-1 pMAL™-p2X-fdh
Table 2 The pMAL™-p2X-fdh plasmid stability of K. pneumoniae F-1

Generations LB LBA* IPTG-X-gal + LBA*”
20 100 100 100
40 100 100 100
60 100 100 100
80 100 100 94
100 100 100 97

* The number of white clonies counted on the IPTG-X-gal + LBA* plate 1i.

e. the number of positive clonies whose plasmid were not lost.

LB IPTG-X-gal
5 F-1
2 F-1 80
100% 80 IPTG-X-gal + IBA"
F-1
2.3 1 3-PD
3
2.2.3 YMU2 1 3-PD
F-1 30h YMU2 1 3-PD
F-1 1
3-PD 50h 1 3-PD 5%
F-1 1 3-PD
78.6g/L YMU2 69.8¢g/L
12.5% K.
pneumoniae 1 3-PD
50 - 4100
—0— 0D of F-1 —m—1,3-PD of YMU2
—e— 0D of YMU2 —0— 1,3-PD of F-
180
160 2
2
{40 <
120
0

0 10 20 30 40 50 60 70 80
t/h

13PD
Fig.3  Cell growth and 1 3-PD concentration of F-1 and YMU2.

3 F1 YMO2

K. pneumoniae
NADH
K. pneumoniae

NADH

1 3-PD
NADH
C. boidinii
NADH
fdh pMD18-T
Simple-fdh pMAL™-p2X-fdh
DNA PCR
FDH FDH

K. pneumoniae
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Expression and characterization of formate dehydrogenase gene in Klebisella pneumoniae

HUANG Zhi-hua' > ZHANG Yan-ping' LIU Ming' WANG Bao-guang' CAO Zhu-an'"
U Department of Chemical Engineering ~Tsinghua University ~ Beijing 100084  China
% Department of Chemistry and Biology Engineering ~Sanming College ~ Sanming 365004  China

Abstract Glycerol can be converted to 1 3-propanediol by the anaerobic fermentation of Klebsiella pneumoniae during which
reducing equivalent NADH was consumed. Therefore the availability of NADH would be critical for the yield of 1 3-
propanediol. In this paper formate/formate dehydrogenase system was used for the regeneration of in vivo NADH and the
improvement of 1 3-propanediol production. Formate Dehydrogenase gene fdh was amplified from Candida boidinii genome by
PCR and the purified PCR product was inserted into the vector pMDI8-T Simple to construct plasmid pMD18-T Simple-fdh
which was transformed into Escherichia coli DH5a and recombinants were selected by blue-white selection. From the transformant
the fdh gene was separated and inserted into pMAL™-p2X to construct expression vector pMAL™-p2X-fdh ~ which was
transformed into Klebsiella pneumoniae YMU2 and a recombinant strain Klebsiella pneumoniae F-1 was obtained. The plasmid
stability of strain F-1 and the conditions of fdh expression induced by IPTG were studied. It was demonstrated that the plasmid
had good stability and 0.5mmol/L IPTG would induce the expression of protein encoded by fdh gene with the molecular weight
of 40.2kDa. The enzyme activity reached 5.47U/mg crude protein when K. pneumoniae F-1 was induced for 4h by 0.5mmol/L
IPTG. Compared with that of the parent strain K. pneumoniae YMU2 the yield of 1 3-propanediol of recombinant strain F-1
increased by 12.5% in the anaeribic bioreactor.

Keywords Candida boidinii Formate dehydrogenase Klebsiella pneumoniae NADH 1 3-Propanediol
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