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Heavy Metal Tolerance and Phylogenetic Analysis of Rhizobia Isolated form Metal Tailings in Northwestern
China
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(College of Life Sciences, Shaanxi Key Laboratory of Molecular Biology for Agriculture, Northwest A & F University, Yangling 712100, China )
Abstract : 188 rhizobium strains, which isolated from 23 species of leguminous plants growing in metal mining tailings in Shaanxi and Gansu
Province were used to analyse resistance and the maximum resistance level(MRL) to seven heavy metals. The result showed that there
were great differences in the resistance of tested strains to heavy metals. Strains CCNWSX0386, CCNWGS0138 and CCNWGS0310 were tol—
erant to six heavy metals tested. All of the strains were sensitive to low concentration of Hg?*, Cd** and Cr®*(<0.5 mmol - L"), but most of
strains were less sensitive to Ph?*(<2.5 mmol - L.™"). The resistant strains had higher tolerance in liquid media(TY ) than in solid media
(YMA). In liquid media, strains CCNWSX0403 and CCNWSX0360 could tolerate to Zn** 4.0 mmol - ™" and tolerate to Cu®** concentration up
to 2.4 mmol - L.”" and 2.8 mmol L™ in liquid media, respectively. Strain CCNWGS0139 could tolerate to 0.4 mmol - L' Hg?*, CCNWSX0003
could tolerate to 2.4 mmol - L™ Ni*. Both CCNW(GS0284 and CCNWGS0142 could tolerate to 4.8 mmol L Pb*. 16S tDNA sequences of nine
resistant strains screened were analyzed. Strains CCNWGS0122 and CCNWSXO0003 were identified as Mesorhizobium and Sinorhizobium, re—
spectively. Four strains, specifically CCNWSX0386, CCNWGS0139, CCNWGS0284 and CCNWGS0142, which had better resistance to Ph**
and Hg?* belonged to the genus of Agrobacterium. But three strains, specifically CCNWGS0309, CCNWSX0403 and CCNWSX0360, which
belonged to the genus of Bradyrhizobium had better resistance to Cu** and Zn*". In general, A grobacterium were highly resistant to Hg?* and
Pb*, Bradyrhizobium had higher resistance to heavy metals than Rhizobium, Sinorhizobium and Mesorhizobium.
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AGHR R FORARSE 23 Fh SRR PIAR I (1) 188 #R .
MRS 28 T K T2 ML I, 95% W5 K ¥ 3~5 min,
0.1%1 HgCl, R 1IVHEE 3~5 min, BfiJ5 FH IC K506
5~7 W, BT H AR , 76 YMA F-Ai 35 57 5L
I ZRAERD 28 CHEFEZY T d, AR AE VIR
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1,28 CHEFRL 7 d 5 T 4 CARIRARH
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Tap i}, 100bp DNA FRFEIA [F A B AE D FHE A TR
/N, Proteinase K 1) H 5 [E Merck KgaA H=41/8F] .

CuS0,+ 5H,0 . PbNO; . ZnS0, - 7H,0 .HgCl, . CdCl,
K,Cr;07 NiCly» 6H,0 . C1oH1:N,OsNa, - 2H,0 44 53#r4k
1.3 FEEFE

YMA Fi3edk: HERRE 10 g, BEEEE) 3 g, MgS0,-
7H,0 0.2 ¢,K,HPO, 0.5 g,NaCl 0.1 g, Bifigk; 18 g, 7%
87K 1000 mL,pH 7.0,

TY WARKG IR 5L R IR 5 g, IEREBRARAD 3 g,
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i PR 22 s ek o W 100 L (R e sk
W BN 22 SR SR DY SR 5 He P I AN Rk B ) E 4
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5~10 d, IASINEE 42 i 35 5 5 0t B USRI Ll
B KGN . AP 3 NEE . B RS Tk
BE (B mmol - L) % 41K :Cu®*:0.4.0.8.1.2. 1.6,
2.0;7n%:0.5.1.0.1.5.2.0.2.5;Pb*:1.5.2.0.2.5.3.0 3.5;
Cd?*:0.2.0.4.0.6.0.8.1.0;Cr** :0.1.0.2,0.3.0.4.0.5;
Ni*:0.2.0.4.0.6.0.8 .1.0;Hg’* :0.1.0.2.0.3.0.4.0.5,
T L A3 BT AR R RO B 4 b o
1.5 SRAIMEKE(MRL) BIFE

K e K P 7K S (MRL) MR 2 #4298 1 X
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B Cu,Zn> ,Pb>* 1 Ni**:0.4.0.8.1.2.1.6.2.0 2.4,
2.8.3.2.3.6.4.0.4.8.5.6;Hg:0.1.,0.2.0.3.0.4.0.5, %
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¥R T 28 °C, 120 remin™ FEREEFE 3~5 d, WELTH
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Figure 1 Effect of heavy metal concentration

on the survival rate of rhizobia
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M 1T LUE Y, AR 188 FRARIE I RE
i 1.2 mmol - L' Cu* A 7 ¥k i 1.6 mmol « L' Cu® 1)
A 3 Bk 2.0 mmol - L™ Cu* A9 2 Bk, 2300l 5 it
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AEEAARL T RIRE XS IR B 1B Cu A BRIk B T
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2.0 mmol - L™ Cu®, hy e 745 L% R it A SEAR 97
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A 38R, aF £40 0881 G K GBS G, %A REMY
3% 2.0 mmol -+ L™ Zn™ W TR B , 5 A M AL 45 V% K 1 R
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o™ )0 (05 Bk A8k I R A JEAR IR T e
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PEF 1 32 0.3 mmol - L™ He i 3 Bk, Hh CCN-
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NPt He H ¥kAlcaligenes eutrophus ( B8 F= 98 AT 5 )
CH34 11 4 1%, Alcaligenes eutrophus CH34 S 5515 H
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Table 1 The results of screening for heavy metal—resistant rhizobia

bk % 4 JE W% /mmol - L' Heavy metal concentration e

Strain Host plant Cu? 7n> Ph* Cd* Cr® Ni% Hg* Habitat
CCNWGS0122  Hil#k 12 0.5 2.5 — 0.3 — 0.1 YR
CCNWGS0278 IR — — 3.0 — 0.3 — — R
CCNWGS0123 Tl 12 — 3.0 0.2 0.5 — 0.1 B
CCNWGS0284  Hil#E — 1.0 35 — 0.3 0.2 0.3 G20
CCNWGS0124  Hil#k 0.4 — 2.0 0.2 0.3 — — itz
CCNWGSO0136  ZAEHIR T — 1.0 3.0 — 0.1 — 0.2 HYRER
CCNWSX0360 ZAEHIRT 2.0 1.0 2.0 — 0.2 — — R
CCNWSX0366 Z IR T 12 0.5 3.0 0.2 0.2 — — inka20n
CCNWSX0365 ZAEMAR T — — 3.0 02 0.3 — — A
CCNWGS0139 #2647 0.4 1.0 3.0 — 0.2 0.2 0.4 B
CCNWGSO0142 i H-2dd — 1.0 35 — 0.2 — 0.1 YR
CCNWGS0138  #fim4k7 0.4 1.0 3.0 — 0.2 0.4 0.1 R
CCNWGS0309 AR = 1.6 1.0 2.5 0.2 0.1 — — YR
CCNWGS0310  AgfR=E 1.2 1.0 3.0 0.2 0.1 0.4 — YR
CCNWGS0007  [AFFEEAME — — 2.0 — 0.2 0.4 — HYRE
CCNWSX0003  FiAAM 0.4 — 2.0 — 0.2 0.4 0.1 &N
CCNWSX0386 Wit/ — 15 3.0 0.2 0.2 0.2 0.4 L
CCNWSX0403 GINGS 2.0 15 15 — 0.3 — — BB
CCNWSX0374  ¥f K — 1.0 3.0 — 0.5 — 0.1 RN
CCNWGS0153 AR 3l — 1.0 3.0 — 0.5 0.2 0.1 Ciea
CCNWSX0332 K — 1.5 1.5 0.2 0.2 — — BRI
CCNWSX0399 B 35) 0.4 0.5 3.0 — 0.5 — 0.1 [Ai=27n

L RPN — M R A B R, " RN i S R A e R AN REAE K

() 2 Bk , A 3 4300 Sk SRR AR kg [ el O e 7
28 BRFTHAZ 0.2 mmol - L Cd*, 4 Bkt 0.5 mmol -
L7 Cr® il 4 KT 5Z 0.4 mmol - L™ N fR B #K , 43501 o 4t
RERIY 4.2% 2.2% F 2.2%., BEkkZ 8% 5 48 it
YR RS, 50 0 B %i G CCN-
WSX0386 ., #H2k477 i CCNWGS0138 FI IR #L
CCNWGS0310, w] LA 57 6 Flif B4 m i E 42, 46
IR X} 22 e 4 S [ ) ELA B A2 P R L T
SYBREXT BTA B 4 R AR U (R AR A ) o Refg IRl
i} 2% Z2 o T 4 Ja (1) AR 11T BE RST80T L R
DL LR , e IR R IR B, s A o 4 ), il
A=Y S5 E LSRG U A, AR,
PR R AR P R A I A B A A HLIR A5
FhE IR ARG =0, SCI0I0 K BLRENN 52 Cu>1.2
mmol - L kR HA 12.3%4 8 E A, 143 55
H AR I BRI AR XS Ph?  Cd? | Cr® A1 B i 32
[G]}, M52 Ph*>3.0 mmol L™ . Zn*>1.0 mmol L™ ¥
PRt 545 28.6% 46.1% ) H R A2 438 AR,

M8 HER B &0 AR B X He? \Pb* Zn*
HIEA BTS2, Gadd ZEHA R i A PG ig 3k
PRREE MBI IE AN R A K (HARSE 36
RINE R PUE SRR SR EH R W
i s 200 B w8 LA Y DI Rl il 4 i TR X 1
PEAS B BAT B A2 P ) 22 MR, 3 32 AL
FRIIRE R TR 2, 45 5 31.8% 1 22.7% , i iX 2
Fh R ) 5 AR TR Y 2R AR R AT e A R BT
HEERES] . AL, RIBRFAE 78 T AR, B A
it 5 TR AR R R G Gl R DA R R
EEJEIT R A FE I 0k 7 AR SR 1 e
it/

2.3 EEHRNERXITEKTE(MRL)

PEELFE 1 thX} Cu? Zn®* (Pb** Ni** Hg HAA 5
U1t 52 PR 89 9 A% 7 : CCNWGS0309 . CCNWSX0360
CCNWSX0403 .CCNWSX0386 ,CCNWGS0142 .CCN-
WGS0139 .CCNWGS0284 .CCNWGS0122  F1 - CCN-
WSX0003#E4 7 i KPTE AR, 45 UL 2.,
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Figure 2 The maximum resistance level(MRL) of heavy metal— resistant rhizobia tested

HER 1 A 2 ATLUE Y, PRI SR S rh A A
RE W8N 52 T o Wk 32 1) ¥ 42 8 75 -, CCN'WSX0003 1)
ZERIL R, X N2 MRL {E35%) 2.4 mmol - L',
Sy [ AR B 5% 3 b it 372 K -89 6 £% . CCNWGS0309,
CCNWSX0360 F1 CCNWSX0403 % Cu®*f#) MRL {8 4%
o8 2.0.2.4 1 2.8 mmol - L™, %} Zn**[¥) MRL {H43 %1
9 2.5.4.0 F14.0 mmol - L', L0 7E A 32 3 b iy
it 52 7K -5 20%~300% , X 7] G 5 B % 4 35
HA 5, CCNWGS0284 FiI CCNWGS0142 Xif Ph2*
MRL {H 5k 4.8 mmol - L', 3 F7E [ A5 72 5 iy
i 32 PEHE T 37.1%, X He* X Fh B 4 A 01
CCNWGS0139 % Hef) MRL {7 0.4 mmol - L™, 57¢
[ A TR Th T 52 7KFARTF], 1T CCNWSX0386 A1
AETFRE, UL He fE R R R SR A 5 m 2, nl
e He MG AL FR B s R i n A A O . X
PRI Hg™ it 32 7K P58 , (B Cu™ i it 52 7K F-—
f% A CCNWSX0403 it Cu* /KAy 14.3%F128.6%,
CCNWSX0360 i 16.7%7H1 32.4% , Al fig %t Hg> A phk:
PIBCHERLE , 5 i — 2D H5E .
24 MEREKRHNERSEEZBEXRESH

VEE IR 9 BEFEHEAT 16S tDNA 4 J55105E . %
FIRES) 52 LRI 2T 6 T LA A5 2L 16SrDNA
EFHNEERE RS LB ROIRE (FE 3),

SERLRI, 4 B A R A TR Bk CCNWGS0284 1
Bi T CCNWSX0386, #m4k497 i) CCNWGS0139
Il CCNWGS0142 5 - HEAF 18 19 26 4% ¢ Rk, 1
16S rRNA ¥ H R 175 5 Ag. tumefaciens 1AM 13129
AHRLPEY SN 100% , %5 e -3 1 (Ag. tumefa—
ciens ), SCHRFRUIMINE B AR F AR
Y03 B 3 I, X 5 Mhamdi"™H] gusA dridikfs
0 AT R SEAEAE AR , JF 7] AR LRI (1) 25

Genetic distances

0.05 |

CCNWGS0284
CCNWGS0139
CCNWSX0386
CCNWGS0142
Ag. tumefaciens TAM 13129(D12784)
Ag. rubi LAM 156(X67228)
Ag. albertimagni AOL 15(AF316615)
R. leguminosarun LMG 8820(X67227 )
R. tropici CIAT 899(U89832)
S. kummerowiae CCBAU 71714( AY034028)
S. xinjiangense IAM 14142(D12796)
S. arboris LMG 14919(AM181744)
CCNWSX0003
10013, meliloti LMG 6133(X67222)
M. tianshanese USDA 3306 (AF041447)
M. loti LMG 6125 (X67229)
67 M. mediteraneum UPM—-Ca36 (1.38825)

CCNWGS0122
M. amorphae ACCC19665 (AF041442)

B. elkanii USDA76 (U35000)
4100E B. japonicum LMG 6138T (S46916)
100| | B. japonicum NA 6059 (AB070563)
99111 ccNWGS0309
B. liaoningense USDA 3622 (AF208513)
957 CCNWSX0360
CCNWSX0403
e BPR S 32 1 I EF R A (51, 0.05 Ferm st G B, 15
S N-K GenBank &35

The figures on branch stand for the reliabilities. The numbers in the

100

100

929

100

parenthesis are the GenBank accession number of the sequences

3 FiEE RSB LLERE 165 1DNA 255 RE R EHRHRE
Figure 3 Phylogenetic dendrogram based on the 16S rDNA gene

sequences of resistant species and sequences of relating species

& CCNWGS0309 .CCNWSX0403 il CCNWSX0360
YIJE T8 A AR o s ) 4 57, o CCNWSX0403
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CCNWSX0360 5 B. liaoningense USDA 3622 HJAH{
4 100% ,CCNWGS0309 5 B. japonicum NA6059 [
HIUEE N 99.6% . CCNWGS0122 J& T rr i A5 H g B
J& (Mesrhizobium ) , 5 M. amorphae ACCC19665 {9 4H
L1 100% ; CCNWSX0003 J& T 42 4R 95 13 )
(Sinorhizobium) , 5 S. meliloti LMG6133 [ #8014 K
99.9% ., A~[m) )i 114 AR IRE T Xof 42 J O TS 52 BE 0 A TR
561 2 MK 3 ATLUE 18 A AR A AR AR B
AR TR 4 SR e, TR e B R o Pk P A A R AR
TR 133.3% , AT R AR T R Ik, 5 AT IRITTE 4
SR R IR TN i 4 1 BRI A <A zorhizobium>
Rhizobium=Mesorhizobium=>Sinorhizobium>Bradyrhizo—
bium —3§, Kinkle S5 HF5E A B, 70 B 2w 15 e 1+
' Bradyrhizobium japonnicum WG AT FARYE K
VLK | RS A R A O o (EASITTE R, R Ph™ (Hg™
fiff 32 P 4 (4 k7 CCNWSX0386 , CCNWGS0139
CCNWGS0284 F1CCNWGS0142 )& F + 3T H s
X 4 BRI R Cu (i SZPEAN 5 JB T8 R R T s
A CCNWGS0309 ,CCNWSX0403 F1 CCNWSX0360 X
Cu™ (T 2 K85, % Ph* (Hg™ BT 52 7K P — ik 5
CCNWGS0122 ,CCNWSX0003 Il & 2 Hi X Cu®t \ Ph**
Zn* Hg* P EET3Z . Mohamed S5 5 43 J& MRy
— iR R B AT bRz T T 4 A WORRIR T R 2R
Preputs T RIFIBOR , S50 45 R U] 1 X by i
BA 1.

3 #Zig

(1) 3R 6 MR E A BT ik, 2 2
2 F UL B TR Bk CCNWSX0403 Xf Cu** (1) MRL B K
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