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Fig.1 Metabolic pathway for formation of P 4HB from glucose
Abbreviations GABA Y-aminobutyrate GbdB 4-hydroxybutyrate dehydrogenase GadA E. coli glutamate
decarboxylase GabT E. coli glutamate succinic semidehyde transaminase OrfZcx — acetyl-CoA 4-hydroxybutyrate
CoA transferase from Clostridium kluyveri PhaC,; PHA synthase from Ralstonia eutropha .
1
Table 1~ Strains and plasmids used in this study
Strains and plasmids ~ Genotype Source
Strain
E. coli DH5a Fg80d lacZA lacZYA-argF U169 deoR recAl endAl phoA hsdR17 r™* my,  supEA4\-thi Lab collection
-1 gyrA% relAl
E . coli XL1-Blue recAl  endAl gyTA96‘ thi  hsdR17 ™% my, supk44  recA  lac F proAB + Lab collection
lac1qZAM15 ~ Th10 Tet'
Plasmid
pKSSK5.3 Amp"  phaC orfZ both Hein et al. 1997
pKSBB3.6 Amp" a 3.6kb BamHI fragment containing gbd B Song et al. 1999
pAl Amp"  gadA inserted into pKSSES.3  co-linear to lacZ promoter This study
pA2 Amp"  gadA inserted into pKSSES.3  anti-linear to lacZ promoter This study
pAIT1 Amp"  gabT inserted into pAl co-linear to lacZ promoter This study
pAIT2 Amp"  gabT inserted into pAl anti-linear to lacZ promoter This study
pA2T1 Amp"  gabT inserted into pA2  co-linear to lacZ promoter This study
pA2T2 Amp"  gabT inserted into pA2 anti-linear to lacZ promoter This study
pAIT1B1 Amp"  gbdB inserted into pAIT1 co-linear to lacZ promoter This study
pAITIB2 Amp"  gbdB inserted into pA1T] anti-linear to lacZ promoter This study
pAIT2B1 Amp"  gbdB inserted into pA1T2  co-linear to lacZ promoter This study
pA2T2B2 Amp"  gbdB inserted into pA2T2  anti-linear to lacZ promoter This study
pA2T1B1 Amp"  gbdB inserted into pA2T1  co-linear to lacZ promoter This study
pA2T1B2 Amp"  gbdB inserted into pA2T1 anti-linear to lacZ promoter This study
pA2T2B1 Amp"  gbdB inserted into pA2T2  co-linear to lacZ promoter This study
pA2T2B2 Amp"  gbdB inserted into pA2T2 anti-linear to lacZ promoter This study
1.1.2 LB M9 7 3
10042/ mL IPTG gabT * gadA °
Immol/L. Ralstonia eutropha H16  4-
20ml. 100mL 37°C 250t/min gadB "
48h DHS5a DNA pKESS3.6 Ralsto-
1.2 PCR nia eutropha H16  gbdB
a- P 4HB PCR 3
5 KESS5.3 5 3 BamH T Blo Tl
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gabT 5'-GAAGATCTAG- pKESS5.3  BamH | BamH1  Blgll
GAGGCCATGGGCATGCACAGCAATAAAGAGTTAATGC gadA pKESS5.3  BamHI
AG-3' 5'-GGGGTACCGGATCCGCGGCGCTACTGC BamH 1
TTCGCCTCATC-3’ gadA gadA
5'-GAAGATCTAGGAGGCCATGGGCATGCACAGAAGCT pKESS5.3 gadA
GTTAACGGATTTC-3’ 5'-GGGGTACCGGATCCTTAT phaC LacZ
CAGGTGTGTTTAAAGCTGTT-3’ gadB BamH | gadA
5'-GGCAGATCTCGGAAGGA GGTG- gadA phaC LacZ
CATGCTCAGACGTTTATCTACTATCTGA-3’ 5'-CGG- BamH | gadA
GATCCCGCTGYGYGCTACATGGAC-3"  20upL. PCR phaC BamH |
2ul. 10 x PCR 1pL, 25mmol/L MgCI, gabT  BamH1  Bigll
2pLL Smmol/L. dNTP 1pL BamH [ gbdB
2ppmol/LL 22U Tagq 0.5uL 20ng DNA 5
20pL.  PCR 94°C 2min 94°C 8
30s 50°C 30s 72°C 1min 30 72°C 10min pS.3A2T1B2 2 gabT
PCR DNA LacZ 4
pGEM-T LacZ
E . coli DH5a 1
8 DH5«a
Sangon
1.3
1.3.1 Sml. 400 r/min
15min 2
1.3.2 P 4HB . P e
2
2.1
pKESS5.3 4-
2 pS5.3A2T1B2
CoA ofZ  phaC a Fig.2 Map of Recombinant plasmid p3.3A2T1B2
P 4HB 3 Abbreviations Amp' (-lactamase gbdB 4-hydroxybutyrate dehydroge-
nase gadA E. coli glutamate decarboxylase gabT E. coli gluta-
4- 2abT  Accession No. mate succinic semidehyde transaminase orfZ  acetyl-CoA 4-hydroxy-
M88334 gad A Accession No. M84024 gadB Ac- butyrate CoA transerase from Clostridium kluyveri  phaC,; PHA syn-
cession No. 136817 thase from Ralstonia eutropha .
PCR DH5a 2.3 P 4HB
DNA gabT  gadA Ral- 2% LB 16
stonia eutropha HI16 DNA pKS-
BB3.6 gadB P 4HB 2 5
a-
503 P 4HB
BamH]1  Blgll P 4HB E . coli DH5a
2.2 pS.3A2T1B2 P 4HB
BamH1  Bigll gadA 12% P 4HB

BamH 1

e ) e, .
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P 4HB

P 4HB

Table 2 Comparison of cell growth and P 4HB  accumulation from glucose

as sole carbon source in different recombination strains of E . coli

Strains CDW/ ¢/LL P 4HB content/ % CDW
With IPTG  Without IPTG ~ With IPTG Without IPTG
E . coli DH5a
p5.3AITIBI 1.61 2.01 4.69 5.87
p5.3AITIB2 1.77 1.98 5.69 6.31
p5.3A1T2B1 1.88 1.96 6.15 5.43
p5.3A2T1B1 2.49 2.49 4.67 6.02
p5.3A2T1B2 2.01 1.91 11.88 12.14
p5.3A2T2B1 2.33 2.31 5.11 3.84
p5.3A2T2B2 2.29 2.32 5.63 5.52
E . coli XL1-Blue
p5.3AITIBI 1.76 1.90 7.67 7.58
pS.3AI1TIB2 1.74 1.96 4.23 4.75
p5.3A1T2B1 1.78 1.84 6.06 3.98
p5.3A2T1B1 1.85 2.23 4.85 4.82
p5.3A2T1B2 2.17 2.30 6.03 4.08
p5.3A2T2B1 2.62 2.47 5.87 4.83
p5.3A2T2B2 2.72 2.81 4.08 3.85

All of the recombinant strains of E . coli were cultivated in LB medium at
37°C with 2% glucose as sole cartbon. There are two group sample. When
cultures were grown to an optical density of 0.6 at a wavelength of 600nm.
IPTG was added 1mmol/L final concentration in one group sample to induce
gene expression. The other was not added IPTG. CDW cell dry weight.

2.4 P 4HB

P 4HB
M9

3 P 4HB
Table 3 Effects of tryptone yeast extract casein acid and different

amino acid on cell growth and P 4HB  accumulation

Strains and carbon sources CDW/ g/l P 4HB content/ % CDW
E. coli DH5a pKSSES.3
2% glucose 1.47 0
2% glucose + 0.4%4HB 1.44 66.17
E. coli DH5a p5.3A2T1B2
2% glucose 1.35 15.83
2% gh'Jcose plus 1% ca- 231 3147
sein acid hydrolate
i:f”j:;:se plus 1% ye= 5 61 30.19
t20‘Zue glucose plus 1% tryp- 251 30.24
2% glucose plus 1% Ala 1.19 12.79
2% glucose plus 1% CGly 1.11 13.96
2% glucose plus 1% Leu 1.11 15.64
2% glucose plus 1% Cys 0.38 8.3

Cells of E . coli were cultivated at 37°C in LB medium over night. The cells
were harvested by centrifugation at 4°C and washed twice with MSM medium.
Then the cells were cultivated at 37°C in MSM medium with 2% glucose and
different nutrient substances. CDW  cell dry weight.

E. coli DH5a p5.3A2TIB2

P 4HB
30% 3
P 4HB

P 4HB

1%
P 4HB

4- E . coli XL1-Blue
pKESS5.3 P 4HB 4-
P 4HB
o-

P 4HB 5
CoA CoA a-
4HB |

P 4HB
P 4HB
-4 P 4HB
P 4HB
P 4HB
a- P 4HB
-CoA P 4HB
P 4HB
P 4HB

P 4HB
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Construction of recombinant Escherichia coli strains producing poly
4-hydroxybutyric acid homopolyester from glucose

SONG Shui-shan' >*  MA Hong' GAO Zhen-xian' JIA Zhen-hua' ZHANG Xia'
! Biology Institute of Hebei Province Shijiazhuang 050051  China
2 School of Life Science Hebei Agriculture University ~Baoding 071001  China

Abstract The aim of this study is to construct recombinant Escherichia coli strains capable of producing poly 4-hydroxy-
butyric acid homopolyester from glucose as sole carbon source. A glutamate succinate semialdehyde transaminase gene
from Escherichia coli a glutamate decarboxylase gene from E. coli and a 4-hydroxybutyrate dehydrogenase gene from
Ralstonia eutropha were cloned by PCR and assembled onto the plasmid pKSSES.3 which haboured the PHA synthase
gene from Ralstonia eutropha and 4-hydroxybutyrate CoA transferase from Clostridium kluyveri . The resulting plasmids
were transformed into E. coli and the pathway for biosynthesis of poly 4-hydoxybutyric acid from glucose via a-ketogl-
utarate an intermediate in TCA cycle was established in recombinant E. coli strains. Recombinant strains synthesized
the homopolyester P 4HB  when cells were cultivated in Luria-Bertani broth with glucose as carbon source. P 4HB
accumulation was enhanced up to 30% of cell dry weight when cells were cultivated in mineral salts M9 medium plus
glucose as sole carbon source with addition of yeast extract tryptone casein hydrolate into medium respectively.

Key words Polyhydroxyalkanoate Poly 4-hydroxybutyric acid ~ Metabolic engineering Recombinant Escherichia coli
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