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2 min 102107 10" o
(Cu’") (10 50 100 250 500 1400 mg+L"') LB
o 1072107 10 100 pL
3 28 C 1~5d.
Cu2+
Cu** 100 200 300 400 500 600 700 800 900 1000 1200 mg °
L™ o
1.5
1.5.1 LB N N
1.5.2 16S rRNA (F:5"-AGAGTTTGATCCT-
GGCTCAG3~ R:5"-GGTTACCTTGTTACGACTT3") PCR o
( ) NCBI BLAST NCBI 9 16S rD-
NA MEGA®6. 06 o
1.6
1.6.1 pH 1% pH (pH 5.56.06.57.0
7.5) (5mL) 3 180 r * min ' 28 °C 24 h 0D,y -
1.6.2 1% 10 mL
24 26 28 30 32 34 36 C 3 180 r * min "' pH6.0 24 h
0Dy -
1.6.3 1% NaCl (0 0.5%
1% 1.5% 2% 3%) 3 180 r * min~' 34 °C pH6.0
24 h 0D,y
1.7 Pb** Cd** Pb** 100 300 500 700 900 1 100
1300 1500 1700 mg+L™";Cd** 50 100 150 200 250 300 mg * L~'
24 h 0Dy, 3 (@DCu Pb;
@Cu Cd; @Pb Cd; @ Cu Pb Cd) 24 h ODgy  ©
2
2.1 Cu” 1400 mg * L™' Cu** 6 .
( : Cud Cu=2 Cu3 Cu4 Cu5 Cu-b) 3
Cu®* o
16
Tab.1 The growth of six isolated strains under different concentrations of Cu®*
800 mg * L.~ 900 mg * L™ 1000 mg* L~ 1200 mg« L~
Strain
1 2 3 1 2 3 1 2 3 1 2 3
Cud + — — — — — — — — — — —
Cu=2 — — — — — — — — — — — —
Cu3 + — — — — — — — — — — —
Cu+4 — — — — — — — — — — — —
Cu-5 — + — — — — — — — — — —
Cu-6 + + — — — — — — — — — —
N L+ =

Notes: Normal growth: + + +; weak growth: + ; none: —
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Fig. 1 Morphology of Cu-6 on LB plate Fig.2  Gram staining of Cu-6 cells
16S rDNA M S

3 2 000 bp

16S rDNA Cu-6  DNA PCR

1 500 bp ( 3). 1000 bp

Cu-6 16S rDNA 1 441 bp. 750 bp

2 16S rDNA 97.5% 500 bp

1 ° CU‘6 16S I‘DNA 250 bp

( 2) MEGA Cu-6
( 4). Cu-6
BLAST Cu6 K3 B BER L Uk TN PCR 77 )

Fig. 3 PCR products of 16s rDNA analyzed
by gel electrophoresis
M: Marker DL2000 plus; S: PCR products

( Enterobacter cloacae)

2 16S rDNA blast
Tab.2 The blast results of Cu-6 16S rDNA against NCBI nucleic acids database

Strain Homogenous strain Homology Accession Number Result
Enterobacter cloacae strain T137 99% KC764978. 1
Cu-6 Enterobacter cloacae strain PCX2 99% KU936831. 1 Enterobacter cloacae
Enterobacter cloacae strain344 99% JQ435862. 1
Engerobacter cloacae strain EC7 99% KJ210328. 1
2.3
2.3.1 pH 5-A Cu6 pH6.0 pH6.0 pHo

pH o
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04|0: KU161286.1 Enterobacter cloacae strain BIA141
0 0 KX233847.1 Enterobacter cloacae strain FRM22
0 0 KU161288.1 Enterobacter cloacae strain BIA146
0 0 KJ210328.1 Enterobacter cloacae strain EC7
0 0 )
KU936831.1 Enterobacter cloacae strain PCX2
0 0
Cu-6
0 0 KJ863539.1 Enterobacter hormaechei strain D15
0 KC764978.1 Enterobacter cloacae strain T137
0.000 7 )
JQ435862.1 Enterobacter cloacae strain 344
0.0011 [ 0.0007 JQ435861.1 Enterobacter cloacae strain 341
4 Cub
Fig. 4 The phylogenic tree of Cu-6 and other Enterobacter strains
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Fig.5 Effects of different conditions of pH (A), temperature (B) and osmotic pressure (C) on Cu-6 growth
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Fig. 6 The growth of Cu-6 under different concentrations of Pb*, Cd*, or mixture of three metal ions
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Isolation and Identification of a Multiple Resistant
Bacterium to Heavy Metals

NIU Shiyao LIU Peiyi XU Yufeng LONG Yunpiao
NIU Xiaolei LI Chunxia CHEN Yinhua TAO Jun

( Institute of Tropical Agriculture and Forestry Hainan University; Hainan Key Laboratory for Sustainable

Utilization of Tropical Bioresources Haikou Hainan 570228 China)

Abstract: Heavy metals could affect the development of plants and microbial communities in soil. They can be
transported into plants and animals by the food chain and may cause human diseases. In this context soil samples
were collected in Changjiang mining area of Hainan Province China from which four copper—resistant strains
were isolated. These strains were cultured in the LB medium containing different concentrations of heavy metals
and found to be resistant to copper. Moreover the strain Cu-6 was observed to be resistant to plumbum ( Pb)
and cadmium ( Cd) as well. Cu-6 was identified as Enterobacter cloacae and had an optimal growth in the con—
ditions of 34 °C pH6.0 and 0.5% NaCl. Cu-6 showed a good growth in the liquid LB medium containing 800
mg * ™' CuSO, *5H,0 1700 mg+ L' C,H,O,Pb+3H,0 150 mg * L' CdCl, *2.5H,0 or even mixture
of these three metal ions indicating that this strain should have a strong adaptation to the complex soil environ—
ment and have a potential of soil improvement from the soil contaminated by heavy metals.

Keywords: Heavy metal pollution; tolerant bacterium; Enterobacter cloacae



