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R IS AR PR ISR M E AR RY I 1k
RERARBER"Y

OBt

W E
HQN2 F1JYC17 #fAERE Cu 1EHIET TR,

SRS, FARYE, (B
(R A SRS TR TP SR 3, HI BRIk A b2,

BTW

Fal 210095)

MR P71 B < T P DR AR s - 3 b 23 B S BT BURIRE Cu IOARBTIRE HQIN2 A1 JYC17. % RIbE
S5 PLRW]: bR HQN2 I JYCL7 JFUAT I IR A B 4 11

» LK

XFHEAHEL, RBR HQN2 I TYC17 3 MBS h K, Cu & 5540 306% 1 136%, H537K ) pH BIHIAAE 7.00 4353 AR 3] 4.08
446, 74k, Cu ARfEdUARBRANER CHAHIR . R LR W& Bk HON2 F1 JYC17 % Lerhfidtk Cu JH
WS ARE R . SHICH R UHLE, Bk TYCL7 Rl HQN2 Z3 M6 L ac#eds Cu S 110%F1 270%., Z/EELEAGRFHE
)M K 16S rDNA JF410 5341, Wk HQN2 Fl1 JYC17 735344 5 4715 KT 141 J@ (Arthrobacter sp.)FHIACFT B & (Microbacterium sp.).

KA
FESES: X53

A DX TSRV MR A 5 SR 20 5% 20 2 119 [i] BN R
TG, NHEESEGYE. HIEESEGRE
AT B . A AT DL R AN BB 56 A 4 43 fid B
TR A, EEHEEE W R AR 1EY
A RO R T A I I S T N A i
FSE T . DRI, T g G IR E B VAR AR,
BN NERGEY) . TELJETG Y e E R
DAL 224 BEp . SR RE S H 28 O RS AR AR
WL R TF R OSN3 h B4R EY
A RE 2 R IR 18 S8R — 20 R ) T 2L 5E i [
F2—H (Cw) P FEMIcE, HidE Cu
MAEAE DO IR IE By 4, BT Cu g R &4
SR ER S G, ARV ARG, B R R AR
FEPY, GRERY, BAH EDTA 5] DI 3
HESE Cu MAEYAE KN, RIEENETFAT Cu 1
WY, AR TR s S T LR R R
IR, (RS TS P 2 38 n B 4 8 /b i
ik, TTRES SR SR R KR R K v e
Tihb, B TG S I [ B s A T 3
HAbEICE, W Fe. Mn. Ca. Mg %, ffiixstig
FIM AR EIGIN, AT e S SRS R Z .

W R, A = A T LR
AL IR DA R T A5 4 vy R ) AR o 4 e 1) AR ) R
781, Chen Z5PV {50 R B, Culif PEAR BR 4l B n] LLER

AT HBCTE AR, BRI AN, TIAT B ST 1

i B Culfi PEIF P i M A TR X CullU BUR, VTAF
FAFUINE G RGPy B BICuTE bR, 5B
R AE WS 3 el WV BB CulfiR S . 4k, TR
WA AT LIS A s B G, iy HL m DR B b
EARESE, D T G R KRR A 11
HfE. ARG R CuiMEE R I I7E L Culf A1 i 1L
RS A — 243 ™, (0™ % 74 Cu
i PEDC AR IR B - 3 b 7 B i Cubii P ik, 0
I BRI B R I A IR CufR) 2800 e HEHL
AT RS AR ARG, bk, AT Cufit P
TR IR 73 V25 5 126 0V A T <3 SR Cu R T IEST, - LAY 6
FRME B Culg g TR LB IS R IR A BOR IR 12

1 MR57E%

1.1 EHRE

DIANS R 7R (RERE 10 g, (NH4),S04 1 g,
K,HPO, 0.5 g, MgS0O,7H,00.5¢g, NaCl 0.1 g, F#H}
H05g, HiflF20g, ZH/K 1000 ml, pH7.2) JJLfl
B3k, 120CHEHCKE 25 min, JA KB K
CuSO ¥, HCuZ kSN 50 ~200 mg/Lo
1.2 $EMMERE D BiFiE

KA B R0 LW R 37 b 4 T AR A4,
TR B T3 OR A7 T JE B 4RAS i [B] 5256 25 1EAT Cu Piibk

O #HEWH: FExRARRERESTH (40371070). H5K 863 LI H (2006AA10Z404). “1117 T H (B07030) %8,
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(ITHIE AR |, 28°CHEFR 2d, BRIV T, N
BOLHE R Cu RN b, EEAESE S Cu 200
mg/L PR EA KB, 4C LR

1.3 SEHTMEE AR MEA 1 R B9 A AR AE B

1.3.1  FEMAM TR Culf e Witk Xt
Cul ¥ iR B R A IR AT Nl R R R 7R3, 100
mUBFFREEP IO 0.100 ghilzUBkIR T, RN 5%,
PR A KIS (121°CKTE 40 min) PR AL FE,
b 3 NER, 28°C FREKIRSHEFE (150 r/min)
72 ho BFAIRE 18 hHER IR, B IR e (10000 r/min,
3 min) A RRIAR B AR K 4 S U, I RIS
JE TR R Cu R s T 722 ot
T LG 220 52 40 B OD oo fEL, Al 5 LA K84
FHpH VI B 2 W pHAE, WS R B (1R 7= IR i
715 T AR i R A RS TR P A LR CRORR
WAL AR SRR, R ER. TR
N &, KR HHedera  ODS C g (250

mm x 4.6 mm, 5 pm), BN 0.2 mol/L KH,PO,
(pH2.40), ¥ N 0.7 ml/min, Al 30°C, B K
214 nm.
1.3.2  BERXTS G 13 b Culty s e 5 H
THER A w0 LT S R R (0~ 10 em) T3,
AR AR 1. Bl H T 51 20 H i,
BT SO mIE LT, B 10 g b K mibkish
TANG R AL IR 18 h, B LR RE,
T 25 5 7K1 % i 1x10° CFU/MII # 2. ¥
A P IR R N EIR B0 T, BN 1 mlpE
B 4 mUIEE £ Bk, 28 CREERIFE 10 do R
B A IO B P AR BT, P A s 3 ANEE .
BECu /T R AR — e — A i &, TIE
LS COHEEECE T 1| mol/LZ&s% (1:5 Lyt &
$2, THOKEACUMFRIBCKR - 285 17K (1:1 HKED
Bt TR Culfy e K H I e o ot B

F1 R TIEHELER

Table I Physicochemical properties of soil used in the experiment

+ 3 HHUR CEC pH 4N M P MK HH Cu B Cu
! (g/kg) (cmol/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
TR A 30.4 7.22 6.68 1.41 13.4 85.7 1.57 256

1.4 BHEE

AR 73 B R bR Cuds i I 45 2, BRI i Cu
ORI ERRHQN2 FITYC17 347 %5E . R 168
rDNA 371 3 81 I &5 46 T AR AR 3 AR ARG 4 e i TR
PRo DA BE 1 EADNACH KSR, FIF 40 B 16S tDNA
WASIM BATPCRY 1, P4 B Bl IR AR A
A3 B FIEATINGE o F2 45T BRI O vl s e ik A=
A ALAFAE o

2 #RE5IR

2.1 AMEERNSBESEE

AR G e w] DO A R LD S e A R
PRI, (B i 1 40 VAT R 06 7 T < IR PR 58 7735
A DA MEE <2 e v Qe BB P 00 18 0 126 Y 5 <6 e i 1 40
W v R it e e U B, Ak, 11 b
Culif VEOLFAEY) (R, JRATmE, 637, B146. 5

TR R B R AR AR o 3 v ) R A0 R o ok
(1.4~17) x10" CFU/g T+ A1 (0.1 ~3.2) x10" CFU/g
T4, CuftMEANEE Sk (0.7 ~ 9.4) x10° CFU/g

T4 (1.9~8.7) x10° CFU/g T+, MFr1HERmARMR
B - 338 Cudr P 40 w1 5000 ) o S A BT 0.7 % ~
21% F12.5%% ~ 40%; {E 7 Cu 50 mg/Li~FHx b5 &
F| 89 FRCufiPERbE, B ECuik iz, Fiivk 2 n LA
7E 2 Cu 200 mg/LIF1 F-AR 2B A 1R 40 1 1R A 28 ko

W IFIE S 28 FRCubi i BRI 4 1 T Cufi
RS, 25 R BEARHQN2 FIIYC17 X kU e i
M R e, R M DO P R A R B3 B R A T
JE AR . AR B ARRIE 0T (R 2) 2 16S IDNA
FEA o pT (1 RTE 2D, BARHQN2 FIIYC17 434
%5E AT 8 CArthrobacter sp. ) il i AT 1 )&

(Microbacterium sp.), ‘Ef11fIGenBank & 35 43 7| 4

EU036696 HIEU036699.
2.2 EIRFHTHEERRITENSBRIER

HFE 3 AP 4 nTLLE Y, 0 B AL BRI R5 R0 1)
AYE Cu i, pH (ARG IR R N A B %
S, T ERE HQN2 Fl JYC17 Wi Bk B4R A 1 S 1R
fEAE o B EE SR R PR, P AT Cu i
BTG, pH EAWT N, B AR . 75

F2 HOREHAEIBE L
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Table 2 Physiological and biological characterizations AR I RS, 18 h o BWi &, IFE 72h ik
of the strains HQN2 and JYC17 B A, 5RO AT LE, # AR HQN2 F1 JYC17
H Sk AFR TR P AT Cu SR I T 306% A
HON2 e 136%, Bk HQN2 ¥ fiff s 1k 12 i 1) E g EL T R
FIELT(M.R )R K: - + JYC17 5. B5FRiiit) pH BE 4% FE 30 2 R
2 LRI (V.R) W . - e, MEEFER] 72 h I, PR HQN2 1 JYCL7 8595+
USRI e + + ) pH 5K 7.00 23 7] B3 4.08 Fll 4.46, KiFettrh
| - + ) Cu X} 12k HQN2 FI1 IYC17 4 BeAT HLIR 11 5% Wi WL 4%
W e + - 3. HEE 3 WTLLEH, Cu XHRERA VLR A kA i 5
PR AR + - KIS0 . Cu REMEHREEFE HQN2 7 5s . 2 Mg . 7
B A% - - AR SERRA IR, HHARAER. T RAl

VE: +HORMIME, ~FRBIE.
AR (0~ 18h), HIFRMBH Al E Cu W SERE R

87

55

95

52

PR FIHIAE s Cu XS BIAK TYCL7 7 5 | A 2 B IR

Arthrobacter chlorophenolicus A-6 (AF102267)
HQN2

Arthrobacter oxydans DSM 20119 (X83408)

100 ! Arthrobacter polychromogenes DSM 20136 (X80741)

Arthrobacter psychrolactophilus ATCC 700733 (AF134181)

Arthrobacter methylotrophus ATCC BAA-111T (AF235090)

Arthrobacter sulfureus DSM 20167 (X83409)

99

—E Arthrobacter protophormiae DSM 20168 (X80745)
95 Arthrobacter bergerei CIP 108036 (AJ609630)
Arthrobacter crystallopoietes DSM 20117 (X80738)

Arthrobacter citreus DSM 201387 (X80737)

Escherichia coli ATCC 117757 (X80725)

JYC17

Microbacterium oxydans AC94 (AJ717356)
Microbacterium oxydans DSM 20578 (Y17227)
Microbacterium luteolum IFO 150747 (AB004718)
Microbacterium foliorum DSM 12966 (AJ249780)
Microbacterium esteraromaticum DSM 8609 (Y17231)

L':Microbacterium laevaniformans IFO 152347 (AB004726)
9% Microbacterium flavescens IFO 15039T (AB004716)

Escherichia coli ATCC 117757 (X80725)

002 Bl 1 ET 16S rDNA FFIRIE R HQN2 8 Rt (i
Fig. 1 Phylogenetic tree based on the 16S rDNA sequence of strain HQN2
86
100
84
52
P
0.02

2 ET 16S 1DNA FFIRERR JYC17 MR G H
Fig. 2 Phylogenetic tree based on the 16S rDNA sequence of strain JYC17
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WA SR SRMT REEAREER, =
TIILA BAHERFNIR - 48 Cu (AL E T 44t
R AR HLRR 1A i o

BIFRHQN2 FIJYC17 fEA KRR A B s il 1 i
BRI 3 R 4), RUIHELKTE AN REUE i 52
45 J Cullil HLAE S8 7 i M VE IR R A . 50

K PECu T BB, A RE 40 AT Culf e R
FHNT > T 0 b K HECu i i, 1H59% 18 W, 1§
PRIACIETE B3G5, W P I pHBRAIG, X B i o
VR RE I3 58 . 94, AR mT DUE A = AR A
HURR R A 1 B4 B 1 O, ARt 6 W, B FRHQN2
FIYC17 W] R F 2@k AUl = A 2R . SE AR

RN M I e R, 8 v P K i v
Cugs (F3FK4, £3).

AL, R AR R TR P K P ECu s R B B
e B:EdI (0 ~ 18 h), FEAE 40BN, W

2.0 S P HOD( O BRI HOD —a— $2 RipH{] —e— K HpHAT ] 8 ) )
18t = = {4 160 —a— EHCUIRE —e— KT HCuk ¥
1.6f e [ 140
. . N 16
141 -°. X ~ 120
g t 15 S L
Q@ 1.2 o X o = 100
o 107 14 = E/ 80 I
0.8 13 & L
0.6 12 6 60 -
04 40 —
02f 11 20
0 0 0
0 18 36 54 72 0 18 36 54 72
NI (h) IFIE] (h)
3 BEHk HQN2 XU ERER SR Y (2R 1E
Fig. 3 Solubilization of Cu,(OH),CO3 by strain HQN2
2.0 o O T BRI HOD (T —a— B HipH{i —e— BEXIGHpHAT 7 8 160 T —h— PEFCUIRIE —e— F UG BCuIR L
1.8t 7 140 [
161 L
141 6 ~ 120
. —
g 121 -_ : S 100 f
2 L -+ 14,5 & L
o 10 °3° e 7 4 = 80
08+ . e = 14 NS 60 -
0.61 &
2 |-
0l 40 —\//
02} 1 20 1
0 0 0
0 18 36 54 72 0 18 36 54 72
IFIE] (h) I 1) (h)
4 EHKIYC17 M ERER IR AR IB1E A
Fig.4 Solubilization of Cu,(OH),COj3 by strain JYC17
%3 EZE CuXE# HQN2 #1 IYC17 FrE B HEERI I (mg/L)
Table 3 Effects of copper on the production of organic acids in solution by strains HQN2 and JYC17
BIFR Lb 3 AHLR
IR R bAREY iz SRR LR Fr IR =R NTR
HON2 A 21.8 86.9 6.0 99.2 116.5 - 7.6 -
B 16.4 52.1 2.1 37.0 86.4 54 10.9 65.6
JYC17 A 7.4 57.6 32 434 127.3 - 137.5 16.4
B 6.8 23.7 2.1 - 46.2 12.5 - 33.1

T A INIBECERIRH: B: ARESIBHABRIRI : — R R I ENZA A LR LA Bl 5 0 BRI 72 b il - 24

2o 10 R TR, LR HSNUKES Cu &
AR 50 HERACBE) F IR AT Cu AR

iR E RS 1B PR B1ER
BB K HQN2 FI JYCL7 3 NEH X 75 Y+ 1,

2.3
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T, HiA# 8 E 27K (p<0.05). SxfHAH
b, FEp AL I A A Cu SR AN T 1.1
W (BFRJYCL7) 2.7 f% (kK HQN2); 5% A
Eb, W TYC17 ARBE 3k PE Cu &R W
SR, TR HQN2 BB (p<<0.05) $gm Tigh
KEPE Cu W&, T KN Co SEMINT
106.6%.

MR BT A= P e 3 A RS sh 3 = LA R

8
WESEE DKW
7t
o6
=4
an
E sp
=
@) 3F
2
 or
e
l,
0 S

JYC17 HQN2

LS

AR ARIG L], HXTRAHEL, B AR+
% pH TR XFHRACEE 3 pH b 6.95 +£ 0.23, 1
AEFE 435 pH 23510 6.74 £ 0.31 (HQN2) 1 6.88 + 0.49
(JYC17), BB FE HQN2 A1 TYC17 nJ LU HLAR
AL P Cu, RE PR Cu
o AL, Cu FiEE R HQN2 1 TYC17 78 Cu y5 4+
Sy s E AR L VAR T Cu SN S SEHLHI LA B bk
sEAL Cu V54 TR E SAE S EA BT

MR ORISR
35 ¢

KB Cu kg (mg/kg 1)

JYC17

HQN2

R

B 5 EHk HQN2 1 JYC17 ¥ HIBHMEAM Cu BRAEIER

Fig. 5 Solubilization of unavailable copper in soil by strains HQN2 and JYC17

3 N

1) WNEIT Pk 73 b 75 4 Ja i 2 L AR A A s 138
Hor B IE BIPIAR Cu PLtERIAR HQN2 A1 JYC17, &
AT 16S tDNA JF41 5387 43 0 2858 15 B

(Arthrobacter sp.) Mk J& (Microbacterium sp.).

(2) Cu PRk HQN2 M1 JYC17 4 B 2 R
HMEVETE Cu IRfE S, Hikk HQN2 MIEHfE 114 TYC17
o, PR AR A T Cu A S AR = A
MURAT O, 1 HAr B T X Cu 5 44 3 1) Cu
A B IS .
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Isolation of Copper-resistant Bacteria from Rhizosphere Soils of

Copper-tolerant Dominant Plants and Bacterial Solubilization of Copper

MA Hai-yan, ZHANG Yan-feng, SUN Le-ni, HE Lin-yan, SHENG Xia-fang

(Key Laboratory of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture,

College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In this study two copper-resistant bacterial strains, HQN2 and JYC17, were isolated from rhizospheric soils of heavy metal-tolerant
dominant plants growing in copper mining wasteland. Copper solubilization of strains HQN2 and JYC17 were investigated in solution culture and
copper-contaminated soil. Compared to the control treatment (CK), water-soluble Cu concentrations released from Cu,(OH),CO; by strains HQN2
and JYC17 increased by 306% and 136%, respectively. pH values in the bacterial inoculation treatments decreased from 7.00 to 4.08 (strain HQN2)
and 4.46 (strain JYC17) respectively. Copper could promote the production of organic acids (such as gluconic, malic and acetic acids) by the tested
strains. The two strains could significantly increase the exchangeable Cu compared to CK. The exchangeable Cu concentrations increased by 110%
and 270% respectively compared to CK. Based on the physiological and biochemical tests as well as 16S rDNA gene sequence analysis, the bacterial
strains HQN2 and JYC17 were identified as Arthrobacter sp. and Microbacterium sp. respectively.

Key words: Copper mining wasteland, Copper-resistant strains, Copper solubilization, Organic acids, Arthrobacter sp., Microbacterium sp.



