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| solation, screening and identification of Cu, Zn and Pb resistant
plant growth-promoting bacteria from L e an River-Poyang
L ake Wetland

HUANG Cheng WU Zi-Jun HEYing-Hui SHI Wen-Su LU Shi-Na
KONG Zhao-Yu WU Lan’

(School of Life Sciences, Key Laboratory of Poyang Lake Enviroment and Resource Utilization, Ministry of Education,
Nanchang University, Nanchang, Jiangxi 330031, China)

Abstract: [Background] Plant growth-promoting bacteria (PGPB) have good potential in assisting
phytoremediation of heavy metal pollution due to their advantages in promoting the growth and
heavy metal-resistance of plants. In heavy metal-contaminated soils, indigenous PGPB can better
colonize and exert their plant growth-promoting abilities. [Objective] Our aim is to isolate the
indigenous heavy mental-resistant PGPB from the Le an River-Poyang Lake Wetland, which has
been polluted by acid mine drainage for many years, thus to provide superior microbial resources for
bacterial assisted phytoremediation of heavy metal polluted wetland soil. [Methods] Cu, Zn and
Pb-resistant strains were isolated from heavy metal polluted wetland soils and water in Dai cun,
which is located in Le'an River. The plant growth-promoting characteristics (IAA (Indole acetic
acid), phosphate solubilization, siderophore and ACC (1-Aminocyclopropane-1-carboxylic acid)
deaminase activity) of the studied isolates were measured, and the isolates with good
growth-promoting characteristics were selected and identified using 16S rRNA gene sequencing. The
resistant characteristics (heavy metal, antibiotics, acid and alkali, salt) of the selected strains were
also determined. [Results] A total of 22 isolates were able to grow in the presence of Cu 50 mg/L, Zn
400 mg/L and Pb 800 mg/L. Among them, 10 strains showed good plant growth-promoting
characteristics. According to 16S rRNA gene sequencing, 4 strains belonged to the genus Ralstonia,
3 strains belonging to the genus Burkholderia and the other 3 strains belonged to the genera
Cupriavidus, Senotrophomonas and Novosphingobium, repectively. The numerical classification
based on bacteria resistant characteristics was mostly consistent with their phylogenetic position.
[Conclusion] Theisolation and identification of multiple heavy mental-resistant PGPB could provide
good microbial resources for in situ remediation of heavy metal contaminated soils.

Keywords: Heavy metal pollution, Phyto-microbial remediation, PGPB, Resistant strain
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Cu Zn Pb
- (IAA ACC
PGPB )
IAA (Indole acetic acid) ( )
16S rRNA
(4
ACC (1-Aminocyclopropane-1-carboxylic acid) - -
ACC
C 1 bR
PGPE 1.1 EFE. FERAFIME
NA (Nutrient agar) M CcAS (Chromea
] zroul S) 4 PKO (Pikovaskaia's)
[13]
(6]
PGPB DNA Marker Taq PCR
TaKaRa
[7 «C )
PGPB ¢ )
PCR
PGPB Applied Biosystems
PGPB
1.2 #HIXERRTGE
[8] . 121 HHN4E
PGPB (28°92’N  117°48'E)
( )
PGPB
[l 9 5
24 h
40 (101 Cu (319.50-
( ) 2 435.39 mg/kg) Zn (673.72-650.17 mg/kg)
Pb (305.89-1 110.72 mg/kg)
3
122 EHKIFIZ
Cu Zn Pb 10g 100 mL

28 °C 180 r/min 30 min
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20 min
CuSO, 7ZnSO,; PbNO; Cu Zn Pb
0.22 um
1mL 3
(CulOmg/L Zn 100 mg/L Pb 200 mg/L)
SMS (Sucrose-minimal salts) [24]
28 °C 180 r/min 72 h
3 Cul0mg/L Zn 100 mg/L
Pb 200 mg/L  SMS
3 Cu 50 mg/L

Zn 400 mg/L  Pb 800 mg/L

15% -80°C
1.3 REHMNE
1.3.1 FEIAA BEHNE
Salkowski [15] IAA
0 100 250 500 pg/mL

NA
28°C ODsw 0.6 5500xg 10 min
0.5mL 2 mL Salkowski
20 min 540 nm oD
IAA ODsy4g
I1AA 3
132 B INE
PKO
4 28 °C 35d
PKO
(D) (d) D/d
[16]
1.33 FEEkEREESINE
CAS 4
28 °C 3-5d CAS
(D) (d) D/d

1.34 7= ACC BiEEsRE INE

Honma [ ACC
ODsyo
Bradford [18]
1 pmol a- ACC
Pseudomnas
putida Uw4%2) P. fluorescens
174001
1.4 E#k 16SrRNA EEF5 04
CTAB [ DNA PCR
16S rRNA 27F
(5-AGAGTTTGATCCTGGCTCAG-3) 1492R

(5-AAGGAGGTGATCCAGCCGCA-3)®  PCR

(50 L) DNA2puL 10xBuffer 5ul  MgCl,
(25 mmol/L) 3 uL  dNTPs (10 mmol/L) 1 uL
27F  1492R (10 pmol/L) 1puL Taq (5 U/ul)
05uL PCR 94°C5min 94°C1min
B5°C1min 72°C2min 35 72°C5min

PCR « )
GenBank

(1

#£1 Btk GenBank BFES
Tablel GenBank accession numbers of strains

Strain code Accession No.
$4-3 KY357351
S6-4 KY 357348
S6-9 KY 357356
S6-12 KY 357355
S$6-13 KY 357350
S8-1 KY 357352
SO-7 KY 357353
$90-15 KY 357354
W1-18 KY 357349
W4-18 KY 357347
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15 BEHRATIIERESIMIE Canoco 5
151 EEgRHMMNE
. o SLP (Sucrose-minimal 2 R
ts lowphosphate)
022 um 21 EKFR
Cu 10-200 mglL 1 (Cu10mg/L Pb 200 mg/L
Zn 1.000-6 000 mg/L  Pb 300-800 mg/L Zn 100 mg/L.) 210
SLP 5 ulL 3 (Cu
28 °C 50 mg/L Pb 800 mg/L Zn 400 mg/L) 22
4
(Minimum inhibition concentration, 18
MIC) 2.2 {REFFMNE
152 HEFRMNE 22
10
(0.22 pm ( 2 10
) NA 221 FIAABEH
10-1 000 mg/L 28°C IAA
MIC 10 9 IAA
153 MEEESIME IAA
NaCl 1% 15% 2% $9-15 IAA 43 69 S6-12
25% 3% 4% 5% NA IAA 500 pg/mL
NaCl NA 28°C IAA 40 pg/mL
S8-1 Wi1-18 W4-18 IAA
154 THELRRAE SIE 500 pg/mL W1-18
pH 40 55 72 90 110 IAA ( 2
NA 1 mol/L HCI NaOH 222 IREEES
pH 10 4
pH  NA S6-4 S6-9 S6-13 W4-18 4
28°C D/d 1-2 ( 2
16 HIEAIE 223 FEEREIREE
Microsoft excel 2010 SPSS 20 10 3
Duncan-test S8-1 S9-7 S9-15 D/d 1.71
NTSYSpc 2.1 1.69 1.48( 2)
(Unweighted pair 224 ACC BiEESE M
group mean average UPGMA) 10 9 ACC
MEGA 7 Neighbor-Joining $4-3 ACC ( 2
16S rRNA uw4 ACC
DNAMAN Wi-18 UWwW4
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R 2 10 REREIREFE
Table2 Plant growth promoting characteristics of 10 selected isolates

IAA IAA production (ng/mL) ACC
Straincode  OHMg/ML 100 pg/mL 250 pg/mL 500 pg/mL AL E Siderophores  ACC Deaminase
Try Try Try Try solubilizing
$4-3 1.61+0.07b 9.44+1.37a 19.05+2.57bc 42.92+6.90ab - - -
S6-4 1.50+0.28b 3.56+1.00c 15.77+1.65c 38.09+2.75b 1.45+0.02b - 0.63+0.03c
S6-9 0.71+0.07c 9.56+2.81a 38.36x4.17a 45.50+0.60a 1.55+0.14b - 0.66+0.01c
S6-12 1.82+0.23b  11.38+0.48a 24.30+2.02b 40.67+2.95ab = - 0.68+0.01c
S6-13 0.95+0.12¢c 5.89+1.68b 21.18+5.66hbc 39.38+8.49ab 1.40+0.05b - 0.59+0.02c
SB8-1 0.97+0.29c 2.12+0.10cd 3.27+0.32d 12.09+2.05d = 1.71+0.04 1.11+0.02b
S9O-7 0.89+0.20c 3.20+0.86¢ 17.58+4.84c 27.89+2.47c - 1.69+0.03 0.26+0.02d
S9-15 - - - - 1.48+0.09 1.10+0.03b
W1-18 0.79+0.46¢ 1.39+0.17cd 2.86+0.78d 6.92+1.79d - - 2.27+0.22a
W4-18 0.58+0.07c 1.77+0.73cd 2.94+0.16d 6.92+1.79d 1.99+0.34a - 0.62+0.13c
uw4 1.49+0.07b 1.95+0.17cd 2.95+0.15d 5.02+0.46e - - 2.35+0.02a
17400 2.54+0.31a 3.13+0.04c 4.53+0.41d 6.33+0.46d - - -
- Try .
Note: —: Strains do not have this ability; Try: Tryptophane.
2.3 16SrRNA EEFEFISH N. capsulatum D16147" 99.69%

10
rRNA
GenBank

(

PCR

1)

16S

10

(Ralstonia sp.)

(Cupriavidus sp.) 1

(Stenotrophomonas sp.)

(Novosphingobium sp.) 64 69 S6-13
W1-18 Ralstonia sp. S6-4 R pickettii
ATCC 27511" 99.78%

S6-9 S6-13 W1-18 R. mannitolilytica
CSIB3-10 KU305707"

B. cepacia ATCC 25416"
B. seminalis R-24196'

$O-15
99.6%

1

99.7%

S6-12 $4-3 W4-18
C. necator N-17 S maltophilia McS10"

99.93%

(Burkholderiasp.) 1

S8-1

SO-7

99.93% 99.10%
24 T
241 E&RBEMM
Cu Zn
W4-18
Cu 200 mg/L
Zn Pb
Zn 800 mg/L

6000mg/L ( 3)
242 ImEFRMM

S8-1 S9-7 S9-15

1 000 mg/L (

MIC
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Ralstonia mannitolilytica CSIB3-10" (KU305707)
Ralstonia pickertii S-X17A" (KJ806364)

S6-13 (KY357350)

WI1-18 (KY357349)

$6-9 (KY357356)
$Ralsloma pickettii ATCC 275117 (JOVL01000020)

S6-4 (KY357348)

88

90

99

_|Raistonia solanacearum LMG 2299' (EF016361)
Ralstonia solanacearum LMG 1000" (AL646052)

60
" Ralstonia mannitolilytica LMG 6866" (AJ270258)

 Cupriavidus numazuensis TE26" (AB104447)
621 $6-12 (KY357355)
Cupriavidus necator N-1T (CP002878)

71
81{lcupriavidus necator NBRC 1025047 (AB681838)

99 99| Cupriavidus alkaliphilus ASC-732" (HQ438078)

Cupriavidus pinatubonensis 1245" (AB121221)
Burkholderia cenocepacia LMG16656" (JTDP01000003 )
Burkholderia contaminans LMG 233617 (LASD01000006)

99 Burkholderia cenocepacia CSB3-107" (KU305725)
Burkholderia metallica R-16017" (AM747632)

$9-15 (KY357354)
S9-7 (KY357353)
Burkholderia seminalis R-24196" (AM747631)

Burkholderia territorii 1LMG 28158" (LK023503)

S8-1(KY357352)
Burkholderia cepacia ATCC 25416" (AXBO01000009)

Burkholderia anthina R-4183" (AJ420880)
Pseudomonas beteli ATCC 198617 (AB021406)
Pseudomonas geniculata ATCC 19374" (AB021404)

9 Stenotrophomonas pavanii ICB89" (F1748683)

S4-3 (KY357351)
1 Stenotrophomonas maltophilia McS10" (KY078806)
Pseudomonas hibiscicola ATCC 19867" (AB021405)

Stenotrophomonas maltophilia JALV01000036" (MTCC434)
Novosphingobium ginsenosidimutans FW-6" (1Q349046)
8 Novosphingobium capsulatum D16147" (GIFU11526)
W4-18 (KY357347)
Novosphingobium acidiphilum DSM 19966" (AUBA01000045)
ovosphingobium tardaugens NBRC 16725' (BASZ01000029)

98

99

]
0.02
1 ET 16SrRNA EEHN ARG 4 EW
Figurel Phylogenetictreebased on 16SrRNA gene
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R3 NBEEMNESRE. AR, BREAENZH&/NMIEIREMIC)

Table3 Minimum inhibition concentration (M1C) of heavy metals, antibiotics, acid/alkali resistance and salt toler ance of

theisolated strains

S oo MIC of heavy metals (mg/L) MIC of antibiotic (mg/L) oH cNoiér:trEFcl);

cu Zn P Tc Amp Cm Str Nal &

4-3 75 1200 400 — 800 = >1 000 — 5.5-9.0 3.0
S6-4 75 2400 500 - 800 50 800 - 55-7.2 2.0
S6-9 100 2800 500 - 1 000 50 1000 - 55-7.2 2.0
S6-12 30 2000 500 — - - 300 — 55-7.2 3.0
$6-13 100 2400 500 50 800 - 500 - 55-7.2 3.0
S8-1 75 >6 000 800 50 >1 000 = >1 000 - 4.0-7.2 25
S9-7 150 >6000 800 50 >1 000 = >1 000 - 4.0-7.2 15
$O-15 150 >6000 800 50 >1 000 = >1 000 50 4.0-9.0 3.0
W1-18 100 1200 400 - 800 50 300 100 55-7.2 3.0
W4-18 200 13800 600 = 800 50 = = 5.5-9.0 4.0

- >

Note: —: The strains are unable to grow well; >: The strains are able to grow at a higher concentration than that used.

243 THELHERE
pH 4.0-11.0 pH
55-7.2 pH 4.0
S8-1 S9-7 S9-1 pH 9.0
$A-3  S9-15 pH 11.0
( 3 10
244 THEEES
1%-5%
6 3% 4%
W4-18 ( 3
25 HEHRIMERES
NTSYS-2.0
10 0.76
10 4 Ralstonia
sp. S6-4 S6-9 S6-13 W1-18  Cupriavidus sp.
S6-12 1 Burkholderiasp. S8-1 S9-7

S9-15 2 Senotrophomonas sp. S4-3
Novosphingobium sp. W4-18

( 2 S6-12

(1

26 EFITMEER S 5 (Principal components
analysis, PCA)

PCA 3 36.08%
27.11% 10 5 Ralstonia sp.
64 B9 S6-13 W1-18 Burkholderia
. S8-1 S9-7 $9-15 Senotrophomonas
. $4-3 Cupriavidus sp. S6-12  Novosphingobium

sp. W4-18
( 3
Burkholderia sp. S8-1 S9-7 S9-15 Pb
Te Zn Ralstonia sp. S6-4 S6-9
S$6-13  W1-18 Str
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58-1

§9.7 Burkholderia sp.
§9-15
{36-4 — Ralstonia sp.
S6-12 ——  Cupriavidus sp.
—
S6-13

Ralstonia sp.
Wl1-18
S4.3  — Stenotrophomonas sp.
L P ’ ——— — Wd-18 — Navosphingobium sp.
0.56 0.66 0.76 0.86 0.97

Coetficient

2 ET 10 EHME UPGMA BBAEH[E
Figure2 UPGMA clustering tree based on theresistant characteristics of the 10 selected strains

1.0 } W Ralstonia s
W4-18+ P-
Group + Burkholderia sp.
Cu + Novosphingobium sp.
As He @ Cupriavidus sp.
p * Stenotrophomonas sp.
Amp ST
@ Pb oup 5
= _ > a H-
I Group 2 X8 li R //&B/'p
S Te st
> “n £56-13
U u 1
= S6:-9156-4 SrOUP
Group 3
Str
-1.0¢, , . )
-1.0 1.0

PCA1 (36.08%)

B3 ETEHRRMEERT T

Figure3 Principal component analyses of resistant char acteristics of the 10 selected strains
pH+ pH 9.0 pH— pH 4.0 .

Note: pH+: The growth of strains at pH 9.0; pH—: The growth of strains at pH 4.0.

. b y [ ]
3 WitE4® *
[27]

[25]

[28-29]
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22 Cu Zn Pb 3
L= Po Cd
Burkholderia sp. J62 Pb
(1 000 mg/L) Cd (2000 mg/L) Cu (100 mg/L)
Zn (400 mg/L) SLP
Pb”* (400-800 mg/L)

Jiang

Cu2+ Zn2+
ACC

IAA [30]

(31 2 Cu

ACC IAA
Navarro-Torre 12
48
10 9 I1AA ACC
7 3

10 4

(Ralstonia sp.) 3
(Burkholderia sp.)
(70%)

(33 [24]

Jiang
Burkholderia sp. J62

IAA
3
(Cupriavidus sp.) (Novosphingobium
sp.) (Stenotrophomonas sp.)
[34]
Cupriavidus sp. N8 3

(Cu Ni Pb) Cu Zn
Pereira [

Novosphingobium sp. 1A8 3

(Cd zZn Ay

(Stenotrophomonas sp.)

[36]

3
[37]
de la Iglesa @
As Cu
As Cu
[39] (
pH )
P. putida CZ1
Cu Zn 2
8
( pH
) PCA
(Ralstonia
sp.) (Burkholderia sp.)
Zn Pb
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