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1 mmol/L Cu’t ? 1.2
2 mm
10 g
Cu’* 20 mg/L. 1/5 LB
30°C 3d
15-17 4°C
18-19 EDTA 1.3
EDDS
Cu’" 32 mg/. 64 mg/L
3 28°C 72 h
indoleacetic
acid TAA 2 Salkowski
Chen siderophore ®
20 72 h
ACC
SMN
16S rDNA 1%
ACC SM SMA SMN 30°C 3d
600nm SMA
OD goorsua SM OD gorsm
ACC ACC
1
1.4 16S rDNA
1.1
DNA ’
1.1.1 2008 10
27f 5'-AGAGTTTGATCCTGG-
Elsholizia
CTCAG-3’ 1492y  5'-TACGGCTACCTTGTTACGA-
splendens
CTT-3’ 16S tDNA PCR 94°C
5 min 95°C 1 min 55C 1 min 72C
1.1.2 ) 1/51LB @ ,
90 s 30 72°C 10 min PCR
8 @ SM 6
EB 0.8% PCR
SMN M Hae 111 Msp 12
NH, ,S0, 2 g /L. SMA SM 10 4l 0.5 4l Il
ACC 3 mmol/L @ 10 x buffer 3 uI. PCR 5.5 ul.
2
| 1.034x 10" Pa 37C 3 h 1l 10 x
115 15 min Loading buffer 3%
1.1.3 100V 1 h EB
Taq Hae Il DNA
Msp 1 TaKaRa CuSO, 5H,0 “oqn “0" MVSP3.1
ACC Sigma PTC200 PCR Unweighted Pair Group Mathematical
Bio-Rad Average UPGMA
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1.5 ACC 16S rDNA
2.2
ACC 1 23 11
PCR Cu’* 32 mg/. 64 mg/L
16S rDNA 85.2% 40.7%
BLAST GenBank 63 %
16S rDNA 18 66.7 %
Clustal X1.83 MEGA A/Ar<1 A Ar
4.0 Neighbor-joining 630 nm A/Ar
2 12
A/Ar < 0.4
2.1 44 .4% 10
Cu’* 20 mg/l.  1/5 LB
5 2EBS12 2EBS13 2EBS14
27 2EBS15 3EBS11 SMA
ODsgoorsna ODsgo0/s1 5
2EBS12 2EBS13 2EBSI15 3EBS11 ACC ACC
2EBS12 2EBS13 2EBS14 2EBSI15
2EBS14 3EBSI1
1
Table 1  Characteristics of Cu-resistant bacterial strains isolated from rhizosphere soil of Elsholizia splendens
Strain Cu tolerance® TAA" Siderophore® ACC deaminase activity Phosphate-solubilizing
2EASI + + + + + — — —
2EBS2 + + + + + + + + + + — —
2EBS3 + + + + — — —
2EBS5 + 4+ + + + + 4+ + + — +
2EBS8 + + + + + + + + + — —
2EBS9 + o+ + + + + + + o+ + + — +
2EAS9 + 4+ + + + + + — — —
2EBS11 + 4+ + + + + + — +
2EBSI2 ++ + + + — + n
2EBSI13 + + + — + +
2EBS14 + + + + — + —
2EBS15 + + + + + — + +
2EBS17 + + + + + 4+ + + —_ —
3EBS1 — + + + + + — —
3EAS2 + + + + + 4+ + + — —
3EAS3 + 4+ + + + + + + 4+ + + — —
3EAS4 + o+ + + + + + + 4+ + + + — —
3EBS4 + + + + + — — —
3EBSS + 4+ + + + + + + + — +
3EBS6 — + + + — —
3EAS7 + + + + + + o+ + + — —
3EBS71 — + + + + 4+ + + — +
3EBST72 — + + + + + — —
3EAS8 + + + + + 4+ + + — —
3EASS8 + + + + — —
3EBS8 + 4+ + + + — — +
3EBS11 + + + + + + + +
a + + tolerant 32 mg/L Cu®*  + + + + tolerant 64 mg/L Cu®* . b TAA production + + + >20mg/L. + + 1020mg/L. + <10mg/L.c + +
+++ 002 ++++ 0204 +++ 0.4-0.6 + + 0.6-0.8 + 0.8-1 - Negative
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2.3 16S rDNA 2~4 455 bp 800 bp
74.1% 55.6%
Hae 111 Msp 1 455 bp 800 bp  Msp 1
16S rDNA 1.5kb ARDRA
Hae 111 150 bp ~ 600 bp UPGMA 60 %
3~5 340 bp 240 bp 7 1 77.8%
88.9% GB D G
63.0% 51.6% B 14.8% C F
Hae 111 Msp 1
160 bp ~ 900 bp
| 3EBS72
' 2EBS8 :| A
I 3EAS8 ]
1 [ 3EAS88 |
| | 2EBS2
2EAS1 -
2EAS9 — C
3EBS4
| E 3EBS7 D
3EBS5 -
3EAS3
|| I 3EAs2 P
3EBS71 — F
| 2EBS14
'3EAS4
3EBSI1
2EBS3
2EBS15
2EBS13
2EBS5 |G
3EBS8
2EBS11
3EBS11
2EBSI12
2EBS9
3EBS6
2EBS17 -
1 1 1 I I 1
20 36 52 68 84 100
Percent Similarity
'| 16S rDNA  Hae Il Msp 1
Fig.1 Dendrogram of genetic divergences among strains based on the combined data for the Hae [l - and Msp-digested 16S rDNA .
2.4 ACC Pseudomonadales
Moraxellaceae 2EBS14 1413bp
ACC Alcaligenes faecalis subsp. faecalis"
5 subsp . phenolicus 8% 97%
ACC 16S rDNA 2EBS14
GenBank FJ984617-FJ984621 Alcaligenes
GenBank Proteobacteria B-
2 2EBS12 2EBSI13 Betaproteobacteria
2EBS15 3EBS11 1456 bp Burkholderiales Alcaligenaceae
1456 bp 1455 bp 1453 bp 3

Acinetobacter calcoaceticus ATCC 23055

98 %

Acinetobacter

Proteobacteria Y-

Gammaproteobacteria

11 24
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2EBS12 (FJ984617)

100
3EBS11 (FJ984620)

Acinetobacter calcoaceticus™ (AJ888984)
2EBS13 (FJ984618)

1001 2EBS15 (FJ984619)

Acinetobacter ursingii* (AJ275038)

100 Acinetobacter hvoffii* (X81665)

L Acinetobacter haemolyticus™ (X81662)
Acinetobacter baumannii* (X81660)
Achromobacter xylosoxidans™ (M22509)
Castellaniella defragrans 54Pin (AJ005447)
g7| Alcaligenes faecalis subsp. Jaecalis™ (M22508)

Alcaligenes faecalis subsp. phenolicus (AY296718)

2EBS14 (FJ984621)
Alcaligenes faecalis subsp. parafaecalis™ (A1242986)
0.02 02 || Alcaligenes aquatilis* (AJ937889)

'z ACC 16S rDNA

Fig.2  Neighbor-Joining tree shows the phylogenetic relationships among 16S rDNA sequences of Cu-resistant strains containing ACC deaminase activity and

89 Alcaligenes faecalis M3A (AF155147)

their closely related sequences downloaded from GenBank. The numbers at the nodes indicate the bootstrap values based on neighbor-joining analyses of 1000

resample data sets. Scale bar indicates evolutionary distance.
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Isolation and biodiversity of Copper-resistant bacteria from rhizosphere soil of

Elsholtzia splendens

Leni Sun Linyan He Yanfeng Zhang Wenhui Zhang Qi Wang Xiafang Sheng”

College of Life Science Nanjing Agricultural University Key Laboratory of Microbiological Engineering of

Agricultural Environment Ministry of Agriculture Nanjing 210095 China

Abstract Isolation and characterization of rhizosphere copper-resistant bacteria from a copper accumulator plant

Methods

Objective
Elsholizia splendens were investigated. Cultivable Cu-resistant bacteria were isolated by plating and screening from
rhizosphere soils of Elsholizia splendens growing on a copper mine tailing. Bacteria were characterized regarding characteristics
that may be relevant for a beneficial plant-microbe interaction—Cu tolerance phosphate-solubilizing 1-aminocyclopropane-1-
siderophore and indoleacetic acid production and further classified by restriction analysis of

Results

carboxylic acid ACC deaminase

16S rtDNA ARDRA . Strains that produced ACC deaminase were identified by 16S rDNA sequence analysis.

Twenty-seven Cu-resistant strains were isolated from rhizosphere soil of FElsholizia splendens and classified by ARDRA in 7
different taxonomic groups at the similarity level of 60% . All strains produced TAA or their derivatives 44.4% of the strains
produced a very high level of siderophores and five strains were able to grow on ACC as the sole nitrogen source. Strains
2EBS12 2EBS13 2EBSI15 and 3EBS11 were identified as Acinetobacter strain 2EBS14 was essentially consistent Alcaligenes .

Conclusion Cu-resistant rhizobacteria isolated from Elsholtzia splendens have abundant characteristics relative to promoting
plant growth and genetic diversity rhizobacteria Acinetobacter sp. and Alcaligenes sp. contained ACC deaminase activity.

Rhizosphere Cu-resistant bacteria biodiversity ACC deaminase Elsholizia splendens
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