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Table 1 ~ Bacterial strains and plasmids

Strains or plasmids

Phenotype and genotype

Source or reference

Strains

recAl supE44 endA1 hsdR17 gyrA96 relAl thi & lac-proAB

Escherichia coli JM109 This lab
F' traD36 proAB™ lac IV lacZ 2D M15
E. coli SM10 Thr lew hsd recA Km'" RPA-2-Tc¢  Mu integrated 8
E. coli C600 supE44  hsdR thi-1 thr-1 leuB6 lacY1 tonA21 9
A. caldus MTH-04 Wild type 7
Plasmids
pUM3 Ap' As' 10
RP4 Ap" Tc¢" Km' IncP itra* 11
pMMB24 Ap" RSF1010 mob* lacl?/ Prac 12
pSDRA3 Ap" As" IncQ mob* lacl?/ Ptac This study
pSDRA4 Ap" As" IncQ mob* Prac This study
1.1.2 T4 DNA Promega LB 37°C 24h
Hindlll Sall  EcoRI TaKaRa Agarose 600nm oD
Gel DNA Extraction Kit Promega
WFZ UV-2000 A. caldus MTH-04
SPECTRA MAX190 A. caldus MTH-04 pSDRA4
5% Starky-
1.1.3 LB s’ 40°C
37C s 600nm
Starky B pH2.5~3.0 40C oD
Starky-Na, S, O, & 1.5
pH4.8 ~5.0 40°C Smmol/L Starky-Na, S, 0,
Starky-Na, S, O, A. caldus MTH-04
0.05% B pH4.8~5.0 37°C pSDRA4 Starky-S’
1.2 DNA 40°C 7d 1%
DNA 7d 5 50
9 Starky-Na, S, O,
1.3 40°C 7 ~ 10d
SM10 Smmol/L Starky-Na, S, O,
LB 14 ~ 16h 4% ~ 5% 100
LB 15
Starky-S’
40°C 2
8 2.1 pSDRA4
37°C 2~3d Hind Il pUM3
Smmol/L Starky-Na, S, O; 4.3kh Sal 1
40°C 4.3kb
7~ 10d HindIll pMMB24 T4 DNA
" pSDRA3
1.4 EcoR | 1.4kb
E. coli JM109 pMMB24 JM109 lacl’ pSDRA4
pSDRA4 1% . nSDRA4 ‘ N M109
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Amp 80pg/mL LB

1 pMMB24  EcoR |
1.4kb lacl’ 11.3kb
pSDRA4  HindIll
4.3kb
pMMB24  EcoR [
pSDRA4
pMMB24  Amp tac mob
MILo2 3 4 M2
— 231
11.3kb— — 942
43kb— _ jég
2000bp—
1000bp— — 14
1 pSDRA4
Fig. 1  Enzymatic electrophoretogram of arsenic resistance plasmid
pSDRA4

M1.DI2000 DNA marker 2.pMMB24/EcoR 1 3.pSDRA4/Hind Il
4.pUM3/Hindlll M2.ADNA/Hindlll marker.

2.2 pSDRA4
pMMB24 pSDRA4
E. coli ]M109 LB
2
pMMB 24 JM109 Smmol/L
NaAsO,
pSDRA4 JM109  20mmol/L NaAsO,
pSDRA4
2.0
18 —— IMI09(pMMB24)
16 —A— IM109(pSDRA4)
1.4
2 12
< 10
<08
06
04
0.2
0 . ?
0 5 10 15 20 25
¢(NaAsO, ) (mmol/L)

2
Fig.2 The maximal growth curve of E. coli harboring different plasmids

in different concentrations of NaAsO,

2.3 pSDRA4
pMMB24 pSDRA4
mob
E. coli SM10 tra
pSDRA4 E. coli SM10
MTH-04
Smmol/L Starky-
Na, S, 0, A. caldus
MTH-04 pSDRA4 1.444 +0.797
x107*
2.4 pSDRA4
E. coli SM10
MTH-04 A.
caldus MTH-04  pSDRA4
tra
RP, ira
E. coli C600 RP, A.
caldus MTH-04 pSDRA4 E. coli C600
3 37°C
24h Smmol/L LB
E. coli C600 pSDRA4
E. coli C600
pSDRA4 E.
coli SM10 pSDRA4
pSDRA4 MTH-04
2.5 pSDRA4

A. caldus MTH-04
A. caldus MTH-04 pSDRA4

Starky-S’
3 A . caldus MTH-
04 <10mmol/L.  Starky-S
A . caldus MTH-04
15mmol/L
< 25mmol/L
45mmol/L
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—A— 10mmol/L
01 F —X = 15mmol/L
0 < =X X
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id
3 A. caldus MTH-04 NaAsQO,

Fig.3  Growth curve of wild type A. caldus MTH-04 in different

concentrations of NaAsO,

A. caldus MTH-04 pSDRA4
Starky-S’
4
A . caldus MTH-04 NaAsO,
15mmol/L NaAsO,
45mmol/LL
2
0.7
0.6 —0— MTH-04(pSDRA4)
' —&— MTH-04
05
2 04
%0 0.3
0.2
0.1
0
0 5 10 15 20 25 30 35 40 45 50
¢(NaAsO, ) (mmol/L)
4

Fig.4  The maximal growth curve of A. caldus strains in different

concentrations of NaAsO,

2.6
A. caldus MTH-04
pSDRA4
50 76 %
pSDRA4  A. caldus
3
Acidithiobacillus caldus 1994

Thiobacillus caldus

pUM3 IncQ
pMMB24 tac
mob ira IncP
RP4 tra
E. coli SM10
pUM3
pMMB24  iac
pSDRA3 tac
IPTG
pSDRA4
pSDRA4
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RNA
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Construction of an engineered Acidithiobacillus caldus with high-efficiency arsenic resistance

ZHAO Qing LIU Xiang-mei~ ZHAN Yang LIN Jian-qun YAN Wang-ming
State Key Lab of Microbial Technology ~Shandong University — Jinan 250100  China

Abstract Using the recombinant technique in vitro a new arsenic resistance plasmid pSDRA4 was constructed by
subcloning the arsenic resistance genes from plasmid pUM3 into the wide-host-range IncQ plasmid pMMB24 with the
hybrid trp-lac  tac  promoter and followed by deleting the regulative gene of the promoter the lacl’ gene. Then
plasmid pSDRA4 was introduced from E. coli into extremely acidophilic obligately chemolithotrophic Acidithiobacillus
caldus by conjugative transfer with a frequency of 1.444+0.797 x 10~ and the engineered strain of Acidithiobacillus
caldus  pSDRA4  for biomining was constructed. The successful transfer demonstrates the development of a conjugational
system between strains of E. coli and A. caldus. The recombinant plasmid pSDRA4 is stable in A. caldus. Compared
with wild type A. caldus the level of the arsenic resistance of A. caldus pSDRA4 is greatly raised from 10mmol/L to
45mmol/L.

Key words Arsenic resistance gene Acidithiobacillus caldus  Conjugative transfer Extremely acidophilic

chemolithotrophic bacteria
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