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Table 1 Strains plasmids used in this study

Relevant characteristic

Reference

Strains

E. coli TOP 10

G

E. coli BW 2511340

E. coli BW 2511341

E. coli BW 2511342

F - AlacX74 A(ara-Heu) rpsL(StrR) N~

E. coli BW2511 AhyaB AhybC AhycE 3  defective in large subunit of hydrogenase 1

2 and hydrogenase 3
E. coli BW25113 AhyaB AhybC AhycE

chromosome

E. coli BW25113 AhyaB AhybC AhycE

intergrated on chromosome

E. coli BW25113 AhyaB AhybC AhycE

with hydF and hydG of C. actetobutylicum ATCC 824

with hydE hydF and hydG of C. actetobutylicum ATCC

Invitrogen

hydrogenase 3

with hydG of C. actetobutylicum ATCC 824 intergrated on .
This study

This study

E. coli BW 2511343 824 intergrated on chromosome This study

E. coli BW 2511344 E. coli BW 2511340 transformed with plasmid pQE30-But-hydA

E. coli BW 2511345 E. coli BW 2511343 transformed with plasmid pQE30-But-hydA

plasmids

pMDI18-T(or simple ) T-clone vector TAKARA

pQE30 Expression vector QIAGEN

pKD46 Gene disruptions assistant plasmid CGSC

pKD3 Chloramphenicol resistance gene template plasmid CGSC

pKD4 Kanamyein resistance gene template plasmid CGSC

plJ778 Spectinomycin resistance gene template plasmid John Innes Centre
1.1.2 : T- T4 o

( ) ; 1.2 3 BW2511310
DNA (KOD"™) .
; .PCR . Sm.Cm  Km
_DNA plJ778 .pKD3  pKD4., [FeFe]

hydE(CAC1631) <hydF (CAC1651)
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Table 2 Primers used in this study

Primer

Sequence (5°—37)

Hyd E+/ Hyd ER

Cm-¥/Cm-R
HydG+/HydGR
Km¥/Km-R
HydF-F /HydF-R
Sm-F/Sm-R
Sm-hydF ¥
Sm-hydF-R
Km-hydG+F
Km-hydGR
Cm-hydE¥
Cm-hydER
SFF/SFR

KG+ /KGR
CEF/CER
Ldh¥/Ldh-R
Ybiw¥/Ybiw-R
AdhE-F/AdhER"

HydE¥“/HydE-R”
HydF-¥“/HydF-R~
HydG+"/HydGR~

GGATCCATGGATAATATAATAAAGTTAATTA/GAGCTCTTAACCAATAGATTCTTTGTAGCTT
GAGCTCGTGTAGGCTGGAGCTGCTTC/CCCGGGATGGGAATTAGCCATGGTCC
GGATCCATGTATAATGTTAAATCTAAAGTTG/GAGCTCTTAGAATCTAAAATCTCTTTGTCCC
GAGCTCGTGTAGGCTGGAGCTGCTTC/CCCGGGATGGGAATTAGCCATGGTCC
GGATCCATGAATGAACTTAACTCAACACCC/GAGCTCTTAGTTCCTACTCGATTGATTAA
GGTACCTGTAGGCTGGAGCTGCTTC/AAGCTTATTCCGGGGATCCGTCGACC
ATGAAACTCGCCGTTTATAGCACAAAACAGTACGACAAGAAGTACCTGCAGAATTCATTAAAGAGGAGAA
TTAAACCAGTTCGTTCGGGCAGGTTTCGCCTTTTTCCAGATTGCTTAAGTATTCCGGGGATCCGTCGACC
ATGGCTGTTACTAATGTCGCTGAACTTAACGCACTCGTAGAGCGTGTAAAGAATTCATTAAAGAGGAGAA
TTAAGCGGATTTTTTCGCTTTTTTCTCAGCTTTAGCCGGAGCAGCTTCTTATGGGAATTAGCCATGGTCC
ATGACCACACTGAAACTGGACACGCTCAGCGACCGCATTAAAGCGCACAAGAATTCATTAAAGAGGAGAA
TTACAGCATATGTTCAGTACGGGCGATGATATCGTCCTGAGCGTCTGGAGATGGGAATTAGCCATGGTCC
ATGAAACTCGCCGTTTATAG/TTAAACCAGTTCGTTCGGGC
ATGGCTGTTACTAATGTCGC/TTAAGCGGATTTTTTCGCTT
ATGACCACACTGAAACTGGA/TTACAGCATATGTTCAGTAC
GATGATGACGCTGAACCG/TCCATACCCAACGAACCA

GTATCGTTTGGTCGTATGGA /TGAGGTTAGGCTGAGTGGAA
TCAAACTCGCACCTTCCC/GTTCGTACATAACCCACAT
GCCGATAGAGTACGTGAA/CAACTGTTTGATACCCATAA
CACCACGAGCAAGTTCTA/ACTTCCTCAGCAGCAAAC
GGTCTTCTCCAGCCTCTA/GTTTGCTCCTCTTTATCTTT

But-hydA ¥ /But-hydA-R

GGATCCATGATAAATTTAATTATTGAT/GGTACCTTATTTTTCAAACTGCGGATGGC

hydG(CAC1356) o BW 2511340 PCR
o Cm hydE BW
pQE30 pQE30-hydE-Cm; Sm  hydF 2511341, hydF-Sm
pQE30 pQE30-hydF-Sm; BW 2511341 BW
Km  hydG pQE30 2511342 ; hydE-Cm
pQE30-hydGXm. BW 2511342 BW 2511343

hydEhydF  hydG

o

1.3 pQE30-hydA

(ybiW) . (ldh) (adhE) C. butyricum DSM 10702
3 (ABR 25256. 1) But-hydA—F /R
o PCR
pMD18-T
3 57 simple pQE30
ybiW.ldh  adhE 50 bp ( pQE30-But-hydA. pQE30But-hydA
2 ) Cm-hydE+/R. Sm- E. coli BW2511340 E. coli BW25113-
hydF¥/R  Km-hydG¥/R. Cm-hydE-¥/R. 13 E. coli BW2511314 E. coli
Sm-hydFF/R  Km-hydGF/R pQE30-  BW251135.
hydE-Cm. pQE30-hydF-Sm pQE30-hydGKm 1.4 RNA PCR (RT-PCR)
PCR hydE-Cm . hydF-Sm hydGXKm
pMDI18-T o 1 mL 5¢g/L LB
Datsenko BW 2511340
* o hydGKm pMD18-T-hydG—-Km BW 2511343 RNA,
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RNA Trizol RNAeasy BW 2511343  ybiW.ldh  adhE o
mini kit ’ ReverTra Ace® RNA 1 2 1 4 s . M b
¢DNA ¢DNA CE 4
PCR 23
20
1.5 [FeFel - 0.4
6.6
LB FS —43
—23
37 C 2.0
SmL 5 g/L LB
IPTG 0.5 mmol/L 30 C —94
16 h o GK —43
—23
° 2.0
1.6
. p 1 5 PCR
[FeFel King . . - .
Fig. 1 PCR confirmation of 5 recombinant clones. CE. PCR
° products with primers CE¥/R; FS. PCR products with primers SF-
8 mL F/R; GK. PCR products with primers KG¥/R; M. N\ Hindll DNA
1.8 mL 1 mL marker; +. Positive control with plasmid pMDI18-T-hydE-Cm
100 de 100 mmol /L pMD18-T-hydF-Sm and pMD18-T-hydGKm as template for CE FS
and GK respectively;—= Negative control with BW 2511340 as
100 L 400 mmol/L ) , ]
template; 1-5. Using 5 clones of BW2511343 strain as template.
2
.37 C 1h 2.2 RT-PCR 3 hydE . hydF
GC 9700 o hydG  BW 2511343
8 mL BW
1.9 mL I mL 2511340 3 ybiW . ldh
100 L 100 mmol/L adhE ( 2-4). 3
3 .37<C RT-PCR ybiW.ldh  adhE
30 min 0 304.438 451 bp
3 ybiW-ldh  adhE
2 o 3
o BW 2511340
2.1 3 BW2511310 BW 2511343 RT-PCR ( 2B)
hydE hydF  hydG 198,239
KGF/R. SF¥/R CEF/R 176 bp 3
PCR BW 2511343 1D
PCR 5 CE¥/R PCR 0
2257 bp 2.3
PCR 2436 bp 3 BW 2511340
0 KG¥/R  SF¥/R BW 2511343 5 g/L LB
PCR 3083 bp 2822 bp 0
PCR BW 2511343
2676 bp 990 bp. PCR 3 7.5 h
hydE hydF  hydG 8.5h
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— 451
s - e e — 13400
<«—304bp

2 RT-PCR (A)
3 (B)
Fig.2 Verification of the transcription activities of the genes to be
interrupted in BW2511340 (A) and 3 accessory genes of FeFe -
hydrogenase in BW2511343 (B). 0. Negative control ( RNA
sample) ; 1. ybiW; 2. Idh; 3. adhE; 4. hydE; 5. hydF; 6.
hydG.

7.5h 22.5h

0D, 0.64 0.35,
50% 3
2.4 [FeFe]
PCR 1.7 kb
( 44). pMD18-T
4 ( 4B).
FBR1
[FeFe] (99% )
1725 1612
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( )
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Fig.3  Aerobic (A) and anaerobic (B) growth curves of strain
BW2511340 and strain BW2511343.

BW2511343 (A)

pQE30-But-hydA.
2.5 [FeFe ]
BW2511343
BW 2511345
hydA
o N BW 2511340,
BW 2511343 BW 2511343
pQE30
( 54A) o
BW 2511314
hydA hydE hydF
hydG o
BW 2511345
¢ 58)

[FeFe] (
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M 1 2 3 4 0 (A)

2
6275 6.471

mV
(]
%
0.235
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5 [FeFel
Fig. 5 FeFe -hydrogenase activity assay. A: hydrogen evolution
activity; NC. Negative control; BW. BW 2511340; BW-A BW
2511344; 13. BW 2511343; 13-P. BW 2511343 with plasmid
pQE30; 13-A. BW 2511345; B: hydrogen uptake activity; 1.

4 [FeFel Negative control; 2. BW 2511343 with plasmid pQE30; 3. BW
Fig. 4  Construction of expression vector pQE30-But-hydA. A: PCR 2511345.
product of But-hydA; 0. Negative control; 1-4. Four samples. B:
pMDI8-T-But-hydA digested by BamH I and Kpn T 5 1. Plasmids from [Fefe]
four clones. C: pQE30-But-hydA digested by BamH 1 and Kpn [ ; 1-2. hydE‘hde hde
Plasmids from two clones. BW 2511340
N (ybiW) « (ldh) (adhE)3
o BW 2511345
[FeFe]
° [FeFel
o 3
3 BW 2511343
[FeFel o BW 2511343
[FeFe]
10 °
PCR
AY / N
11
12-14
PCR [FeFe]

IPTG & N
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3
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o E. coli N
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Engineering of Escherichia coli for convenient expression
of FeFe -hydrogenase
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Abstract: Objective A new method used to heterologously express FeFe -hydrogenase in Escherichia coli was
investigated in our present study. Methods By homologous recombination three assistant genes (hydE. hydF and
hydG) for hydrogenase were integrated into the chromosome of E. coli BW 2511340 in which all hydrogenase genes were
inactivated. A hydrogenase structural gene hydA from Clostridium butyricum was used to test the hydrogenase maturation
ability of the recombined E. coli. BW 2511343 Results The corrected integration of the three assistant genes was
confirmed by PCR and RT-PCR results indicated that the three accessory genes were transcripted in the recombinant. The
active expression of hydA indicated that the constitutively expressed accessory proteins could assist the maturation of the

FeFe -hydrogenases. Conclusions A simplified FeFe -hydrogenase expression recombinant E. coli BW2511343
was constructed. It would lay foundations for the functional screening of FeFe -hydrogenases and the construction of
novel hydrogen producing pathways in E. coli.
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