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Resistance and Adsorption of Several Bacterial Strains to Heavy Metals *
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( Deparunent of Biology, Yunnan University, Kunming , 650091 )

Abstract: Six bacterial strains were iselated from lead-zine mine tailings with the age of about 100 years, and
their phylogenetic position was determined by the analysis of partial 165 rRNA gene sequence. Three strains be-
longed to genus Asthrobacter, and were close o A. nicotinovorans and A. histidinolovorans. Other three strains be-
longed to genus Agromyces, and were close 10 Ag. mediolanus. All of them were resistant to Pb (NO;),,
CdCl,, ZnS0,, CuSO, and CuCl,. Relatively, minimal inhibitory concentration (MIC) of Zn?* and Co®* of
three Arthrobacter sirains was significantly higher than that of three Agromyces strains. Additionally , these strains
displayed strong adsorption of Ph (NO, ), , CdCL,, ZnS0,. Averagely three Arthrobacter strains could adsorb a-
bout 400mg of Pb** | 177mg of Cd** or 80mg of Zn* per gram of dried cells. Therefore, these strains were im-
portant candidates for application in bioremediation of heavy metal-contaminated environment.
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HEBAEYRMR TR THER T ZRRE. BUEYREQ RENE R RERE,
SF Tk fbde Skl ERBRAEPAESR 7 R AT AR
—HEIERT, EZHRSEFRMSXEIREARECEMMEY. 2R
TR, XEHERCEYAEENE S RBRMET, &SGR TRy B P mRE
AEEEHA B AFRMEL R ETIE . . WREEEERFITEKE IR

1 #E57F%

1.1 XEHEK

RSB HE CS13, CS14, €S15, CM02, CMO3 1 CMOS 435 H 3 FLUHT 0] 24 80 ~ 100a
MOEET S RIET TY RIS .

1.2 EH%RZXFHA

BRI A TY 153555 28°CHE K 16 ~ 18h, B 1mL FiEMIAA & (WATSON Bacte-
ra Genomic DNA [solation Mini Kit) REIH4] DNA, HE 319 (RS8R 5-AGA
GTT TGA TCC TGG CTC AG-3'; Fio|¥k: 5-AAG GAG GTG ATC CAG CCG CA-3") 3k
418 16S rRNA [EC . PHIAZR S 1ul DNA B (A% 20 %) 100ng DNA); SulL 10
x PCR £Z sp 7 # ( 100mmol/L Tns-HCH, pH8.3; 500mmol/L KCl; 15mmol/L MgCl, ),
4ul. ANTP 44 (4 dINTP 3R 4 2. Smmol/L) (TaKaRa), 1. 25U Tagq it ( TaKa-
Ra), W34 Lul (AR¥EE 0. 4pmol/L) , KH LB T KM 50pL, PCR § (X
224 GeneAmp PCR system,  ##LF 4: 95C 4min; 94°C lmin, 60°C Imin, 72%C
Imin, $£32 M {EFF: 72°C 10min, 4C e, PCR =% 1% BiGMEEE B ik /5 VI Hi
1,500bp A/NETH B, SRRl & ( WATSON Gel Extraction Mini Kit) [E{gf5
ABI PRISM 37796 sequencer (£ 7E 74, BigDye (Perkin-Elmer) R R, BiF
B\ hY AT 4, MR R R R AiL SR Ry 1l (29 30ng), Bighye
2.5ul, 1% 1ul (#9 3. 2pmol/L), BK# R OuL, FHEEF A 95Cimin, 56T
Imin, 72°C1min, 35 {§¥; 72°C, Smin, 4C{#AE,

871 DNA %4 NCBI ( National Center for Biotechnology Information} BLAST g%
WS, HI CLUSTAL X (ver. 1.8) ${P#ixsefE s SET MEGF L R BILD R85
R MEER 165 RNA RHFFIHATHEY . £ RERF TR AR RS S, H
A% (Neighbor-joining analysis) P RS K E K. B %M Kimura” s WEH
BRIPATITE -, Bootstrap Ry BHEAT 1, 000 WA
L3 B&EMAMSE

#Adl Tmol/L ZnS0,, Pb (NO,),, CdCl,, CuSO,F CoClL ik, ZMHEAIIKHEA
EIMATY Wikt i, WREET{AEO0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 6.0,
8.0, 16.0, 32.0 mmol /L f§—£FIXE. HAELEBRSG, 28CHEMILIF 15d, fEW
WEma A K SR N ZFE A R {ILWE W A ( minimal inhibitory concentration,
MIC), BT —EWRER IR, 78S il 5 6% B (88 LUK B A3k
M E X,

1.4 BEHEEWESERR
1.4.1 THEERH. SAEEEA 200mL & TY 5% (pH7.0 ~7.2), 28°C,
100r/min $EHEEE 5 24h, IEFRIGTE 8, 000r/min LU CEB IR, F{ALAMKRIEK2
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i, RESGHTRGRATRER, R 0.0l THREHS SRR E % Smmol/L ) Zn-
50, Pb (NO,),. CACL %k SOmL B (ERARMELRFESLBER NI HLRBE
WRE), 28C, 100r/min $£5E 24h., 8, 000r/min B> 10min, FERRERAS S
FOEH (ICPS—1000 M &Y, HASMAF) MERKSTFR, FMLERBEES
B ES R B TR X, B ERBTRARE,

IR (mg/g) = (KPERMEMIMKEE-SCHIRIT) xBMAER (L) x#HBEK
/HEEE (g)
1L.4.2 IR SR EIEA SOmL 43 344 2mmol/L Zn®* . Immol/L Ph* N
0. lmmol/L Cd*" ¥k, 28C, 100/ min JEH 24h 1R HE 3%, 8, 000r/min &
> 10min J5, LIFWIER ERTEMERRESBRSE, BES0CTREFEGHK
E, RIGEBE ERFETRESBRRHME . UAEMESHE TS ENEF e xR,

2 &R

2.1 HhRREZHEST

Y PR L, BREEETHNEI M EART BEIE (creamy and nondiffusion-
able, CND) AH®, KMy BHFFIE (big, white and diffusionable, BWD) Y AT R
ik 34.0% F116.3% , BEWLABEE 3 %, WT T EI169554) 165 (RNA BEHE
5, AMBTRHELEAR (F1), RER CND BHHMN 3 BKERE T VAFER (4r
throbacter) , [8] A. nicotinovorans H1 A. histidinolovorans P Fh & £ 4], BWD WSR3 B

RTHREWER (Agromyces), [Fl Ag. mediolanus ARG FR LR, BRENFHLE
HRETERRKE L0 B AR HARE,

Arthrobacter nicotingvorans( X 80740)
A.histidinolovorans( X 83406}
CS13(AY371255)
CS14(AY371256)
89 [t CSI5(AY3T1257)
A keyseri(AF256196)
82L 4. ureafaciens( X 80744)
A. chlorophenolicus(AF102267)
CMO2(AY452075)
_{CMOS(AY452078)
CMO3(AY452076)
Agromyces mediplanus(X 77449)
100 82 Ag. bracchium(AB02335%)
99 Ag.aurantiacus(AF389342)
Ag.luteolus(AB023356)
Streptomyces ambofaciens(M27246)

100

7

-

0.01

B R4 6 sl S 168 (RNA ZHEFFIHENES S TR
YRR L Streptomyces ambofaciens H5MEE, W F AT 1,000 KEEHEHESENTHE, RERT
FFRAT 0% MHF, FFTHEFRTRERR CenBank 8%
2.2 EeRERMERE
RERFETRDRFELE, FUEINNYEERENESERMEESN. HE
TEMNYS MEGESFHORESE, SR25WMAE (F1). EHFAERMILLE, T
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F#E3 Zn, Co MK FHRE TIREE, RUAREBRKHMEE —HFHENFENE
5o
£1 BEEAKRNESEREMWRE (mmol/L)

s 53 AT Btkw S n®* Ph** cd?* Cu?* Co**

CSI3 32 8 2 8 4

W Cs14 32 4 4 8 4
CS15 32 4 2 8 8

CMO2 8 4 2 8 2

HEA CMO3 8 4 2 16 1
CMO5 8 4 4 16 1

itk EARF * NS NS NS .

BB EAFHTFBE, «+ P<0.05, NS FR¥F

2.3 EHBHESERT

2.3.1 THERMEEE: BNELEREEIETLRT 7T ERERNES R E
B TRFABN TEEASEETRENEEX Zn, Pb 1 Cd R, FEEBRNASR
—&BBETF, PHEMBEER Zn HERHRD 58 77.9 #0084 1mg/g THIK, —F
LHEHBEER, & Pb B FR4r Fl Jy 404 F1363mg/g T 1K, RIEBEE. MXF Cd K
WP 4 B4 177 M 91mg/g THIK, RIEABHERMEAE (H2)., HERPEHF
E3IMESEE FHERT, BREEX ZIn BMESFIEZE 11 M 19mg/g THRTE,
%t Ph B Bt 3t fE 2 147 F1210mg/g TEIUK. X Cd U6, 7 FF BY B8 Bk AU TR B Rt P
KT, (IH95 my/g TR, (AEBEHARASE 135 mg/g THIK (B3),

500 500
% I % i
: 400 & 0
300 | e 300 F
= >
£ 200 E 200 |}
L =
§ 100 § 00 b
0 oo,
F2 Wl T gt BNREE B3 W THENRS SRR
REES—TREE RERE N — T ERAE
mZn’* | OPH* . @Cd Wzl OPY*, @Cd

2.3.2 ARMAEHEE . XRERTESARRKREESBNEREPVRTLIEE,
E AT A KRR RPN ES B R/, EFAXRPRE T
Btk CS14, CS15 FEE EH CMO2 SN, EHTES N EA 2mmol/L Zn*" | Tmmol/L
Pb** | 0. lmmol/L Cd** A TY MEkREFRSPIRIIETE 1d, CMRMERE 4, 5, ¥
FHETHE, BRHEAKEEFTHEEROMER Zn RESEFE FE L6, 55053 143
#1167 mg/g THE. BT3RS Pb f1 Cd BIRBICKREAS, 43500 107 Hl 10mg/ g
Tk, (AR AR EERR 14 F 110, SEE B CMO2 #4 KM% Pb AWM
BN S5Img/g TR, HXHETEENERME 417my/'s THEEBA IS, BX Cd B9
B BREIK, XF 14 mg/g TEEK, AHHETHERMERER 1/10,
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Zn Pb Cd Zn Pb cd
M4 FHEEEELTERTE SR BS5 BEHEHEHTEESESE
TR Bft i P TR [ £
AR, O EE B EEE, O FEik

3 itig

ISERHAT R Pb, Zn ) Cd X R ER BT 4481.08 £716.23 | 3590.03 +
112.63 #163.31 7. 82mg/kg * , {OAEIEH ARLIERIFME, HEX 1 x10°)/g
B . fERCEME PR BRI A A B TSRS (B 1), FAE
BREKAL M ESBOEIAMEKE (£, BRTHESRBISRFESNSERE, BT
B P RRUE R R AR T TAER D, R SRR ST RS0 E TS
AT SR O A B AR AL X PO S A B B R AR SE R 2 Gt IH AR X BB [ R 5 A RN TE 16S
rRNA SERFFILA R AT & . R E Tl 47 AR 259 (B 3CIRIE),, BRE @

BEE TG AR LRI AR YIF
RERE ST ARG TS B AR RO M, AREMNEE - E£R. T
AT AR — S EE TR A, WEEAA P, Cd RRB RS (K 2).

HeSb, BEGR G R A A IR P LM S R B TR R SR B R e —
TEETORMEER L ERE FRAMNE (B3), R0 EE TR A4 WL HE
H-

WS RTR RAE AR I SN A 2 TR B F AR AR TR T itk TEASRAMT,
PR R TE A AT A AR 0 T X8 Zn 25 7 9 R MHEL G Cd VIR KIBE T I (B 4,
5). BB R - AR 4 BTRIR AR . ORI RTA R TR A % 4 B A IR R 4
Ry ELHESS 3 e 4R M 2 T 6% 4 TR Y S R 0 4T 1 2 D O A R ) A 5t
B BAEATEMANE E K RIS S, W T Zo (EVAI RN, HE R
RBMETTHE, SHBEYHEEHRATIE . Btk K S5 iRk 2 m
BURSh, 04 Zn B 7RSI A MRS . T 16 U T 08 1A I B S 00 ob {0 A 8 1R A B
. B &R RRRTA /. f1 T Cd B ERR, R ME TR E A E
Ak, AMEPETHEO TR SABEMEEHRR, HERSHGE THEREE LM

=
H -

VRIS TRAS XS Ph & TR R SIREAT, ATHE Y Cd B T Aol i HAr Al o pLa.
(AR MTER IR X Ph B F MBI, bR TR0 “ORF + ZHRREAGSS " BLRISE, 5
TR AR SRR, HITE P B TIEAER . A RAEKT AT S B —Fh
ATLAMZ R Pb B5F Ao Jemmi iR 4, tean BRI, TSI T F AN SR S F 1
EHES . WAHESA tomol/L f) Pb 857 TY WK 37 £ o AT LA 0B 515845 1 1 481 o L
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