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mERUEE SR JB11 B X5 R L E A
B 57 HY IR 4

AR MAomA,E AR, EZg%E A OF
(FFFFME R KA a2 SR B, FF5FIR/R 161006)

FE WP TEY SRR (JB1L) MM E AR & I 35 FAR (S, S) -EDDS) £ =i = 3558 f 2T = il 3 vh 5 4
BIREST o DA LHERE SR OREE 1 BT Cd \Ph BABRPTHE M TR IB11, & 4558 R U ENZ & ( Pantoea agglomerans) . JB11 Xf
Pb* Cd* G \Cu™ Zn™ Ni*FZFESBEAMRIIER AN THR HER WRRShEZEAYE, EEE 15—35 CH
pH 4 5.0—9.0 JERI A K RIF, il A KRB 30 °C 8ol pH R 7.0 ZE4H , 7EIE T 3%HY) NaCl B FAK RiF, ik
BFSE T HARE IB11 . EDDS 2 1/2EDDS+JB11 3 Fi b ¥R X§ A= K #E Cd 100 mg/kg Cd 200 mg/kg ,Pb 500 mg/kg FI Pb 1000
mg/ kg £ HErP 1S SE P A = A K R R 4 Cd Pb BEJIRsEN , 25 R 3RH, SN IB11 RE & E 3 e =t i T 5 43
S L IR B, BRSMIN JB11 JE#£4: Pb 1000 mg/kg ZbFHY + 58 2504 FIAY Ph WS (48 Cd 200 mg/kg ZbFH (Y + 4
FPAT =l AR Cd W LA ZE Cd 100 me/ kg ABFE Y 48 & 320 FILT = HARFEAY Cd VI LUSE, S JB1T Ji5 % Ho Al 2 4
JEALAEY) H Ph AN Cd (Y& S #R RN, AN EDDS JEBRTEZ: Pb 500 mg/kg 1Y 3 S 20 ARER Y Ph ik BE SN 22 5 R 18
N AT 4 SR AL BIES T P A B B M (P<0.05) . 1/2EDDS+]JB11 (5 & 4B F MY T 4 8 Wk i 2305 T JB11 Al
EDDS i b3 JB11 HFHEYE R +1E Pb F1 Cd V5 HARKMHS

KRR R PUTE AR YME B ; £ R 3RHIR (EDDS)

Lead- and cadmium-resistant bacterial strain JB11 enhances lead and cadmium

uptake in the phytoremediation of soils

JIN Zhongmin“ , SHA Wei, LIU Lijie, PAN Lin,MO Jixian, HAO Yu
( College of Agriculture, Forestry and Life Science, Qigihar University, Qigihar 161006, China)

Abstract: We investigated the abilities of a Pbh- and Cd-resistant bacterial strain (JB11) and the biodegradable chelator
ethylenediamine dissociate ([ S,S]-EDDS) to improve the absorption of Ph and Cd from soil by tall fescue and red clover.
JB11 was isolated from contaminated soil samples and analyzed for Pb- and Cd-resistance. JB11 was identified as Pantoea
agglomerans. Studies of the biological characteristics of JB11 showed that it is generally resistant to heavy metals, including
Cd*, Cr*, Cu™, Ni*, Pb™, and Zn> and that it is also resistant to antibiotics, such as ampicillin, kanamycin,
streptomycin, and tetracycline. Strain JB11 grows well at temperatures between 15 and 35 °C, pH values of 5.0—9.0, and
NaCl concentrations below 3%. The optimum temperature for JB11 is 30 °C and the ideal pH value is approximately 7.0.
Tall fescue and red clover were grown in pots with soil containing Cd at 100 mg/kg, Cd at 200 mg/kg, Pb at 500 mg/kg,
or Pb at 1000 mg/kg, to which were added JB11, EDDS, a combination of JB11 and EDDS, or water. Pot experiments

were performed to study the effects of JB11 and EDDS on the abilities of tall fescue and red clover to take up Cd and Pb
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from the soil and on their growth. The amounts of biomass produced by tall fescue and red clover were significantly higher in
the JB11 treatments than in the untreated control plants. The Pb and Cd concentrations were significantly higher ( P<0.05)
in the JB11-treated plants than in the control plants, with the exception of the Pb concentration in the above-ground parts of
tall fescue growing in soil containing Pb at 1000 mg/kg, the Cd concentration in the above-ground parts of red clover
growing in soil containing Cd at 200 mg/kg, and the Cd concentrations in tall fescue and red clover roots in soil containing
Cd at 100 mg/kg. The Pb and Cd concentrations were significantly higher ( P<0.05) in the EDDS-treated plants than in the
control plants, with the exception of the Pb concentrations in the tall fescue roots in soils containing Pb at 500 mg/kg. The
Pb and Cd concentrations in the tall fescue and red clover increased in response to the combined EDDS and JB11 treatment.
The amounts of Pb and Cd absorbed by the plants were higher in most of the combined (1:1) EDDS- and JB11-treated
plants than in the plants treated with only EDDS or only JB11. JB11 is Pb- and Cd-resistant, and its application to the soil

improved the net uptake of Pb and Cd from the soil by the experimental plants. There is, therefore, great potential for viable

phytoremediation using JB11.

Key Words: lead- and cadmium-resistant bacterial strain; phytoremediation; [ S,S]-EDDS(EDDS)
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1.1 #hK
1.1.1 3

AR A IR AL . BERE 10 g, (NH,),80, 1 g,
K,HPO, 0.5 g, MgSO, - 7H,0 0.5 g,NaCl 0.1 g, [ £}
#1 0.5 g,CaCO, 0.5 g, Bitlig 20 g, 77K 1000 mL,
pH=7.0,121 C N KE 30 min, $ Pb(NO,),.
3CdSO, - 8H,0 At 10 g/L W, B KA, K5
HR#A AL TR A E R
1.1.2  fEl Ry

i e TV PR R IR ER ) 55 5 M R BT Sk
EEIGY X, LT R 100 H i, Wl # A
iz, pH {H 5.87+0.29, A WL % 5 (15.11£0.72) ¢/
kg, &R T (0.31£0.01) g/kg, W8 (1.73+
0.08) g/kg, 281 &H(8.09+0.39) o/kg, HRLH &
1(179.2+8.91) g/kg, BT EC 1.95+0.09, &4
17 (37.7£1.53) mg/ kg, &5 7% 1 (0.28+0.02 ) mg/ kg,

FREAE ) 1 H [ 55 57 i 2R K Ap Al | ) e B
APERT, pH {H 6.91+0.41, 5 HLJ% & & (16.12+0.9)
o/kg, R H(0.54+0.02) o/kg, WS (1.83+
0.32) g/kg, A&7 (8.81£0.51) go/kg, AL &
(19.8+0.78) g/kg, Hi 7% EC 2.05+0.21 , 45 & &
(11.7£1.05) mg/kg, 248 % 1 (0.06£0.01) mg/kg,
ML =R B At A A E
PR PR I 12 B 3597
WAFKE S o BAEA 45 mL T K I A I 5 Bk
B =, iCE T 28 CHEIRNIRY 30 min, 2RJ5
BEURE SRS B 7 B, AR BV R 1077 11071 (107, 43 3
W UAS [ e i + 875 % 100 pl 3 4 T4 50 mg/L
Cd** F11 200 mg/L Pb*" (IR A 2L A 55 57 57 M
BT 30 CHEFRAE TG SR 48 h ), #E F Al b Pk
STERT A RFEW U E LR R, R AB SRS
Ph> Fl Cd™ ¥k B (1 15 3% 3L 1, R i 58 1y Cd™ AN
Pb* BYBUPE R MR, ZEHUAE & Pb™ MR 1200 mg/L
A CA* W BR300 mg/ L B F-H AR KA b B 4r 1)
B RRIEA T ARG 3R
1.3 PitEE R 16S rDNA (1) PCR ¥ B4 FF 510 &

WARKEFE 16 h, LA 1% W3R i AR5 rh
I A 1% 258 1 7K 1R WA 15 75 64 0 X B

1.2

30 C FHEARRESE 48 h 5, 35 AE 10000 t/min 4%
ETF B0 10 min, FH G & 55 B9 F K 5 1k
(1ICP-) e E A U, Bl —MRXI A E 4 )R
VA RE 7 B () TR ARAE A LA 3 i R s, X B R
HEAT TR VR AR AL ¢ A AR AR50 16S rDNA
51 [RIEAE L X238, LA S oA 28 b 07 . AR
BRA A AR 2 2 BARFERE ik,
PR BR Y A DNA R FH40 T 16S rDNA 514 F
(5'-3") :AGA GTT TGA TCM TGG CTC AG;R(5'—
3"):TAC GGY TAC CTT GTT ACG ACT T #47 PCR
g, PCR RNARZ N 50 L, B AR N . AR
94 °C,10 min; 281 .94 °C,1 min;iE K :51 °C,1 min;
LA .72 °C, 1 min, 3t 30 NMEIF, 5 72 CLEAH 10
min,4 CLRAE, PCR =Y RIERI LY AR
BN FII T, 0 45 S AE GenBank H 5540 3G 7 51) iF
AT EVEPE EEXT . NCBI M3 I Blast #E47 4% H R [R]
TEPE LU, 9028 4 AN
1.4 BERRIAED Rk

PRI RN B 4 S AT AR R A B pE a0 e TRk )
LEFTEARWEESE (PH Cd> G Cu™ |
In™ N7 FIAFERESIAER (RIPER A FE®
R EER WUHR) iR L, 30 C TR 48 h,
BEE 2 MR HAER A K ARG, W&
XTEERE IBLL A5 B AR R 30 C g1 16 h, LU
5% WH D & B A AR SR R A B E R
20,30 F1 40 °C, pH {H 43 5% % R 3.5.6.7.8.9 Fl
10, NaCl ¥4 1.0% .2.0% .3.0% 1 4.0% , 535 18
h (8 751 4306 56 BE 3 I 5 45 TR B WY 0Dy,
nm H
1.5 BERRX S 2R3 fLr = B AR A AR A5

Fh e R ETIR AP 12 h, 2 2% KA TRYNZ 1
TG HRERN . 76 500 mL BRIE b0 B2 A A Cd
100mg/kg .Cd 200 mg/kg .Pb 500 mg/kg 1 Pb 1000
mg/kg i LHF 400 g, B 7500 A6 A F 5P FLl =it
FiF 1—1.5 ¢, 3 Fh 30 d, FFHE MR AR B 4 8 1 e 13
AR RAFS , FEAE Y AR AR A RE 97 2 X 5UE K
PR BB , B AT 4 Fpab B 35 J0 K 19 28 3 6 R
(CK) JELHKYER 1x10%cfu/g B (JB11) M
1.0 mmol/kg EDDS 0.5 mmol/kg EDDS + 5x10°cfu/
g W (1/2 EDDS+JB11) 4% 20 mL, #&Fh 45d J5 Uk
AU B O R S, BEIRAR R, 105 CFRE
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HET 2 h, Rt B ARAAR AR T E . A2 3HNO, ¢
2H, 0, W )5 F TCP- e 0 o 4 i B Tk B, 430l
FAEARRIAE B AR PR £, AR TH550% 43 B 8 bt
P 20 TR A A T B
1.6  HdE 4T

PRI 3 NEE, ITREAE R A Excel Fl
SPSS 13.0 BTG o0 M b 22 5 W 38 MR AG 3

2 HREHS

2.1 ARS8

SHERRAEEE Ph Cd RYIGfL 256 25 SRR 0,
BERE IB11 7655 Pb ¥ R 400 mg/L A Cd WRE N
100 mg/L ARG RAF A4 it H RB TS AL DT TE A
Pb Cd, W P> Cd* MR EEIG I, (35 32 M 1Y
Ph* WA F] 171.4 mg/L, CA* ¥ E A F] 46.9 mg/
L, & T AEE X (Pb™2.08 mg/L Al Cd*
1.45 mg/L) (P<0.05), Wtk JB11 7EA A SEFRH
A EOR R W RE R % W, ARFF AR,
W R B P, W 32T s 0 B, VAP S Ry BH A,
RS AL AT W 7 R, vy R S g PP | AN 7K A T
W R A 52t BT ms e Iz 1 BRPE 5 R FH 48 7 16StDNA
B YHEAT PCR 18 15 24 FE 2428 1500kb (947
if":% y r?ﬁﬂ 5 Pantoea agglomerans ﬁﬁ% El"] Iﬁ] ﬂﬁ
PE(99%) . BEIEAS A A RE, W10 E
B Ak JB11 R il M1 iZ B ( Pantoea agglomerans.) ,
Genbank %3554 1X262490,
2.2 BFE IB11 A9

PR JB11 X EE 4 i i Az 2 Ptk | fig
F£5 Pb* 1500 mg/L ,Cd** 200 mg/L Cu** 10 mg/L .
Ni**20 mg/L Zn**300 mg/L HIMEBEA EEGF T R

200 - Ock [IB11

150 i

100

OIRH

[

X

50

OO

GPA A X G ANEAME . Witk JB11 £ & RIRE R
30 mg/L R RHER R 200 mg/L VIR EK 20 mg/L E
R 10 mg/L WARIGFRETRIFAER,

BBk JB11 7EIRE 12—38 “CHl pH H H} 5.0—
9.0 LRI N A K R4, feid B KIRE R 30 C, fid
pHEN 7.0 2247, 7EALT 3% Y NaCl ¥R JE T 4K
R4f.
2.3 PR IB11 EDDS MW &2 & A BN R 350 F

21 = A - B TR 5 e
2.3.1  R[RAR BT A5 RN = i AR ) R S

AP L& 2 AT, 308 IB L R 4R e 2R 50 R
L= AR E T E AR, & Cd 100 mg/kg |
Cd 200 mg/kg .Pb 500 mg/kg F1 Pb 1000 mg/kg 1Y
TR IB1L S5 R A R T A ) Lk AR
15 49.8% 35% .37.3% F1 31.3% , AR T 43 1) Hb %) B 1
T 41.7% 18.6% 11.0% Fl 14.5% ; 1. = - #b b3+
T X PR 42.2% 27.5% . 26.6% 1 16.8% , 1R
) T BRI 18.1% . 26.2% (19.4% 11 53.2%
(583 ,P<0.05) , 7 UL, FkE IB11 X 28 e
SRR BB AR SRR R DL A
Y FEAEH . EDDS 4bBEAH Cd Ph {5 4 B
HEAE Y 9 A W B A AR AR B A G (R 22 /R
W3 (P<0.05) , EDDS REAS (i 118 vh 8 4 J& 1 % it
FERG N, A i 4 MAAR TS 1) | BBz 5% | 451 4
R 5 2 Aok 4 R R 248 R R AT ) AR JS  E R
A 5T b ) AR B AR R e R E B A, e
M 4 Jm (1 B ME R AIR D, DT B I A 4 26 )
1/2 EDDS +JB11 AbFRAYHE Y T FE A T2 JB11 Filds
EDDS (43 ],

X [S,S]-EDDS(EDDS) 1/2 EDDS+IB11

E1 AELEMNERKERERE Pb.CAd FHEEFMO= Mt M TFENRM

Fig.1 Effect of different treatment on shoot ( above-ground) dry weight of tall fescue and red clover grown in different concentrations of Cd

and Pb
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Fig.2 Effect of different treatment on root dry weight of tall fescue and red clover grown in different concentrations of Cd and Pb

2.3.2  AN[E AL BN SRR AT = s AR A R

FEE 1 Al AN IBLL J5 i 2 8 L = 4%
Py g+ 49 b il 1 ERFIARFREL SR Pb Al Cd 5 1 4B
Hehn, JB11 W] LA 5 350 FN L =X Ph #1 Cd 1Y
FRE BRI ETEZ Cd 100 mg/kg AbFH () 1 18
ESE S L = ok 3B Cd Y B 4 i 3 m
130. 4% 11 164.3% , {E 25 Cd 200 mg/kg 4b P ) + 15
R RS R LT = AR Cd Y B a4y i m
148. 0% 11 64.1% ( P<0.05) , +3Eh A% Cd )&
435 FEX R i1 9.5% F11 18.8% , #EZ: Ph 1000 mg/
kg A H Y 4 b E P ML B P VR E 48 Cd
200 mg/kg AbFR A 4 4 rp iy 5P AR AN = b
TBIK) Cd HeBEHE A B2 (P<0.05) , iR 5 48
W FE R O U EE Ph A Cd ARFRAE JB11 AY{E S
FIFML =& E AR AR A BTG, £
AR 4 R B i O BRI B A, S R R
LR IR G, HEY) W S 5 4 Jm e ) BRI vl fig
2 1 VR B 4 B N AR I 0 5 R, S AR 3
WL RE S, 4Min EDDS J& 745 Pb 500 mg/kg #il
Cd 200 mg/ kg Ab3H ) 43 rh 5 AR A P Wk
N 2E FoR W2 A kb s 3 2% (P<0.05), i
EDDS figfifi (228 fLr = H_E35 Ph Cd 75 i K
FERE N, 7T REJE EDDS A i 4 18 [ A1 o T 4 8 B R
B, AR Ph . Cd P AR P AR S 1) ML B 52 (H
EDDS XHEHMIAR R P, Cd 7 & 1 A —, ZE4b
BRER TR (P<0.05) . 2504 1/2EDDS+JB11
W AP AR N Ph ., Cd & & T JB11 Al EDDS
FAL B 2 ], A A B ACSR OE F skom JB11 AN
EDDS 3R, 3% 1] Al 2 PR ok 20 B 43 06 4 i 4 1 1R
1k, 5 EDDS 454 1T AR 0 5 4 s A iR

K1 AELENFEFMI=ME.RK Pb.Cd SEHI N
Table 1 Effect of different treatment on the concentrations of Cd

and Pb in tall fescue and red clover

T 0 WEF o
Heavy Me:tal b Tall fescue/ Red clover/
concentrations ( mykg) ( mg/kg)

. . Treatment
in soils/ M EE MR M B AR
(mg/kg) Shoot Root  Shoot  Root
Pbh500 X CK 29.6¢ 117.4b 26.4¢ 111.1c
Btk JB11 42.3b 155.1a 43.4b 149.3b

L REZ 38R EDDS 39.1b 122.2b 69.1a 159.1b
1/2EDDS+JBI11 58.1a 158.9a 71.3a 183.6a
Pb1000  CK 100.1b 269.9¢ 91.3¢c 229.5¢
JB11 121.8b 300.3b112.6b 287.7b

EDDS 147.4a 318.1b193.8a 298.5b
1/72EDDS+]B11 161.5a 379.1a186.3a 312.1a
Cd 100 CK 16.1c 189.5b 11.2¢ 39.2b
JB11 37.1b 201.6b 29.6b 43.6b
EDDS 78.9a 300.6a 68.4a 53.5a
1/2EDDS+]B11 42.3b 291.7a 62.2b 55.3a
Cd 200 CK 35.2¢ 330.0a 17.1b  66.6b

JB11 87.3b 348.2a 23.5b 109.3a
EDDS 126.8a 312.1a 45.4a 99.9a
1/2EDDS+]B11 93.6b 338.7a 47.3a 10l.1a

[R5 PR [RING SRk 3R 25 57 .35 (P<0.05)

ZE4A 1 /2EDDS+IB11 AL FR A & SE SR 4 B4 5%
1R SR = i - RTARER 5 Ph Cd Bl 14
5 Pb Cd Ve B3 & I 3 0, AR Y & f i K T b
BB, X AT RE A P AR AR ) T A e U s
FIAR B 2% 11 B2 i 45 22 P 7 50K - 38075 R v 3 B 4
J& ,(AAR R N IRZE X E 4 R e R 1l B R AL, M
AT 1] O AE SR AL B gl 2 52 31 P9 B2 2 B LA Ay B
£, P ER YO E 4R 3 RBEARE Y W
P 4 @ AE 228 LT =R N G £ ZE AR R
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LT 2 J 5 34 06 X 5, ST (32 A 3 LR
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3 Fit5iTie

WEEY - B G185 78 R 5 T
EPME R A DL, B AR Y AR ) A7 A
FIE WG EROR B AN - E ZFE AL, B
AT RGE BB E 15 Y AR M B E 4
Ja 15 YL I 3 TR 53 WA B B . — AT AR R W i
GEItiEm A M L, R E SR E AR
TR A A AF, Bradley 5585 A& B 42 P i 1 AR
FAE )Xo W WA T 4 B 4 TR TS YR W B e D 3, T 4
BRI AR, Y EEES R EERKEER
SN R] A s 4 i e S S e M TR R T AL
Je L 43 AR R W 4 TR R RE T, xR A K
A AR HEAE R, AR 00 5 4 JE 1) AE PR Hb 1
BT 1) M R S S 3 70 R 184 i A e b i Ak A
4 JE W B, AR R 6 4 R W i A
£ EDDS fEBE LR RSB E T, B RS
AL TR SR SR AW, Cao 2511 SR T 3
477 EDDS H1 MGDA , KA HERI ) 5K AT XS Ph il Zn
W

ARIEHTE T 3 F 0 ML =% Cd \Pb (1 & 4
FHIE, A Ph Cd $iPEREE JB11 5245 EDDS Xf
Cd.Pb /53 L IEHATH B BRE , A KM TR LR
W PR IBL1 REfl = F 230 Ll =i AR W)
Jn, R R N A Ph Cd BE R R ER N (P<
0.05) . WHR IB1L XF &5 Cd . Pb FR R AYHE I
PN B0 A ey O [ G e S N TR L= S o S EA
= HEXF Ph Cd Y5 SR 57 R, AT B2 B 3% AR
FEYIFN AT E 1, S 1 R 2 B2 v sl 2 W s AL AT )
B B, W NGE Ph, Cd A S5 AR A
HAEMJT ARG, I B AR i EDDS FA R AL
P AL = Ph Cd R E R 28 T IBI1
1 EDDS Bph A #
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