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1

1.1
(31°14' ~
32°07'N 118°22" ~ 119°14’E)0 ~ 20 cm

20 pH

[20] Cu Pb Zn Mn -
- 5% HNO;
(ICP-OES)
(DTPA) Cu
3.00g 50ml
1:2 6 ml
1 mol/L NH,OAC  0.05 mol/L DTPA
2 h 12 000 r/min 10 min ICP-OES
NH,OAC
DTPA Cu
1.2
(Sorghum
sudanense(Piper)Stapf.)

1.3

(
8.7 g/kg 7.1¢g/kg)2 g
6.0kg
2% 15

310 g/kg 20 gkg

25 ~32°C 21 ~25C 75% ~ 79%

80

75% 3 min
2.5% 2 min

10 mg/L Cu**  1/5LB

100 pl 1/5
LB

105°C 30 min 55°C

200 mg 2 ml

HNO; 5% HNO;

10 ml ICP-OES Cu
1.4
14.1 ACC
Belimov 1% SMN
28°C 18 h SM
2 SM (
) SMC(ACC )  SMN((NH4),SO4
) 28°C 48 h
ODyo SMC
SMN SM
ACC
1.4.2
1/51LB 30°C 48 h
6 000 r/min 1.0 ml
1.0 ml CAS lh
630 nm 1.0 ml
1/5 LB

10 min

1.0 ml CAS
[21-22]
1.4.3 (IAA)
2.5 mg/ml LB
(2 ml)
0.5 ml 0.5 mg/ml
30C
72 h 6 000 r/min 10 min
50 pl 10 mmol/L
Sackowski's 25°C

530 nm

1.0 ml
2 ml

30 min

5 10 20 40 60mg/L TAA
IAA [23-24]
1.4.4 (ADC)
Sun [ 50¢g
50g D- 05¢g B6( )5 mg
(1.6%)0.625 ml 0.02g 1L
18g pH®6.0
L- L-
1% pH6.0~6.3
10 min
30C 3~5

121°C

(arginine decarboxylase)
1.4.5

NBRIP (23] 30°C



1.5

1.5.1 Cu

CuSO, 1/5LB Cu*"
100 200 500 mg/L 30°C 3

20 50

50 100
100 mg/L 20
100 200 mg/L 28°C

200 mg/L 20 50
50 100 mg/L 50
48 h
1.5.2 pH
1/5 LB 7C
15°C 28°C 37C 427C 72 h

Imol/L HCl Imol/L NaOH 1/5LB
pH 40 50 60 7.0 80 9.0

10.0 pH
28°C 72 h

NaCl 0.5%
1/5 LB
28°C 72 h

1.0% 2.0% 3.0% 5.0%

1.6
[26]

DNA 16S rRNA 27F
5’-AGAGTTTGATCCTGGCTCAG-3’ 1492R  5°-
TACGGCTACCTTGTTACGACTT-3’

DNA PCR (25 ul)
10xTaq DNA polymerase buffer 2.5 ul 25 mmol/L
MgCl, 1.5 pl 27F  1492R(10 mmol/L) 0.5 pl
2.5 mmol/L dANTP 2 ul 5 U/uL Tag  0.15 wl
DNA ddH,0O 25 ul PCR

94°C Smin 94°C I min 52°C
1 min 72°C 1.5 min 30 72°C
10 min PCR 0.8%

BLAST GenBank 16S
rRNA
1.7 Cu

75%
5 min 25C

18 h LB
30C 180 r/min 18 h 8 000 r/min

5 min 2
10° cfu/ml
4 h
(0.6%) 10
Cu 0 4.0 mg/L 3
12 h
15~25C Hoagland 15
Cu 1.3
1.8
Microsoft Office Excel
2007 Originpro 8.0 SPSS 20.0
2
2.1
pH 6.29
8.0 g/kg 58.6 mg/kg 8.5 mg/kg
50.2 mg/kg 2 297 mg/kg 4.06 mg/kg
322 mgkg DTPA
171 mg/kg 13.4 mg/kg 91.5 mg/kg
652 mg/kg
Cu Cu
(Cu =400 mg/kg)
Cu
[4]
2.2
Cu
42¢g 105¢g Cu
673 mg/kg 40 mg/kg
3
1/5LB 3
[14]
(5] 15 Cu
ACC
K1-6 K3-9 ACC K1-6
K3-9 16S
rRNA K1-6 K3-9
(Rhizobium sp. K1-6) (Enterobacter
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aerogenes K3-9) Genbank KJ631290 233 pH
KJ631293 100%  99% 3 Ki1-6 K3-9 15~
2.3 37C 30C
2.3.1 Cu K1-6 Ki-6 K3-9 pH 5~10 K1-6
K3-9 Cu 500 mg/L 100 mg/L pH 4 K1-6 K3-9
K1-6 K3-9 0.5% ~ 3% NaCl K1-6
Cu 1 KI1-6 K3-9 5% NaCl K3-9
Ki1-6 4 K1-6
K3-9 N , N e y
F3 EFEE. Y195 pH MEIREMEKE KM
K1-6 Table 3 Effects of culture temperature, initial pH and NaCl
K3-9 concentration on strain growths

x1 ERMREZRMRME

Table 1  Antibiotics-resistances of bacterial strains

(mg/L)
K1-6 K3-9
50 + +
100 + +
200 - +
20 + +
50 + -
20 + -
50 + -
100 + -
50 +
100 -
N _
2.3.2 2
Cu ACC
K1-6  K3-9
IAA 21.8 ~ 54.9 mg/L
K1-6 K3-9
K1-6 K3-9
NBRIP
Cu
ACC
IAA 1]

R2 BEHREMERERSE

Table 2 Plant growth-promoting characteristics of bacterial strains

ACC
(mg/L)
K1-6 549+t1.6 - + + -
K3-9 21.8+0.7 ++ + + +
630 nm
+ 08~10 ++ 0.6~0.38
+ _

K1-6 K3-9
(C) 4 - -
15 + +
28 + +
37 + +
pH 5 + +
6 + +
7 + +
8 + +
9 + +
10 + +
NaCl (%) 0.5 + +
1 + +
3 + +
5 + -
2.4 K1-6 K3-9
ACC IAA
[14-15, 27-28] K1-6
K3-9 ACC IAA
(D
1 K1-6  K3-9
Cu2+
K1-6
46%  40% (P<0.05)
K3-9
11%  18% (P>0.05)
Cu* K1-6
27%  13%
(P<0.05) K3-9
41%  37%
(P<0.05) Cu**

K3-9 K1-6
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Isolation of Endophytic Bacteria from Roots of Cu-tolerant
Sorghum sudanense and Their Biological Characteristics

WANG Lu, HE Linyan, SHENG Xiafang"

(Key Laboratory of Agricultural and Environmental Microbiology, Ministry of Agriculture, College of Life Science, Nanjing
Agricultural University, Nanjing 210095, China)

Abstract: Two ACC deaminase-producing endophytic bacteria (K1-6 and K3-9) were obtained from the roots of
Cu-tolerant Sorghum sudanense grown in Cu mine wasteland. The biological characteristics of the two endophytic bacterial
strains were characterized. Strains K1-6 and K3-9 showed resistance to high levels of Cu and antibiotics, solubilized inorganic
phosphate, and produced indole acetic acid (IAA). Strain K3-9 could also produce siderophores and arginine decarboxylase.
Strains K1-6 and K3-9 had also the characteristics of acid or alkali and salt tolerance and temperature resistance. Strains K1-6 and
K3-9 were identified as Rhizobium sp. K1-6 and Enterobacter aerogenes K3-9 based on the analyses of their 16S rDNA gene
sequences, respectively. Plate culture experiment was used to investigate the effects of the two endophytic bacterial strains on the
growth and Cu accumulation of Sorghum sudanense grown in 0 and 4 mg/L of Cu added as CuSO,. The results showed that
significant (P<0.05) increase was observed in the root (ranging from 10.6% to 45.5%) and above-ground tissue (ranging from
13% to 40%) dry weight of the bacteria-inoculated Sorghum sudanense compared with the control. Inoculation with strain K1-6
was found to significantly increase Cu contents of the roots and above-ground tissues of Sorghum sudanense compared with the
control, however, no significant difference was observed in Cu contents of the roots and above-ground tissues between the strain
K3-9-inoculated and control plants. Furthermore, total Cu uptakes of the roots and above-ground tissues of the plants inoculated
with strain K1-6 were increased by 88% and 114% (P<0.05) respectively compared with the control, while total Cu uptakes of the
roots was increased by 44% in the presence of strain K3-9 compared with the control. Notably, Cu content of the roots was
16-23-fold higher than that of the above-ground tissues of the plants inoculated with the two strains. The above results showed
that the endophytic bacterial strains K1-6 and K3-9 from the roots of Cu-tolerant Sorghum sudanense have the innate multiple
plant growth-promoting traits, can increase the growth and Cu tolerance of Sorghum sudanense, and enhance Cu accumulation in
the roots. In addition, the increases in the growth, Cu accumulation and tolerance of Sorghum sudanense are dependent on the
strains.

Key words: Cu mine wasteland; Sorghum sudanens; Plant growth-promoting endophytic bacteria; Rhizobium sp. K1-6;

Enterobacter aerogenes K3-9



