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Identification and heavy metal toxicity assessment upon Fe**-oxidizing
ability of Leptospirillum-like bacterium isolated from acid mine drainage

GAO Jian', DING Jian-nan®, KANG Jian', WU Xue-ling?, QIU Guan-zhou?

(1. School of Life Science, Hunan University of Science and Technology, Xiangtan 411201, China;
2. School of Resources Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: Using a dilution method, an iron-oxidizing bacterium, designated strain ZTS, was isolated from acid mine
drainage of Zhongtiaoshan Copper Mine, Shanxi Province, China. Cells of strain ZTS were spiral or curved-shaped,
gram-negative, and the optimum temperature was 30 ‘C and the optimum pH was 2.5. The strain ZTS was sensitive to
low concentration of yeast extract. The cell shape, physiological characteristics and 16S rDNA sequence analysis
indicated that the strain ZTS should belong to the species of Leptospirillum ferrooxidans. Considering its recent
commercial interest, the effects of copper (Cu®"), cobalt (Co*") and nickel (Ni*") on strain ZTS were investigated during
the oxidation of a ferrous iron solution (40 g/L). The results show that copper, cobalt and nickel individually inhibit the
ferrous iron oxidation in the order Co?*>Cu*" >Ni?". Interestingly, the nickel resistance capability of strain ZTS, which
can resist nickel of 160 mmol/L, is much stronger than that of Leptospirillum ferrooxidans reported ago. This ability of
strain ZTS may be relevant to its genetic characteristics.
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PR ZR P TV PR I S IR (R KT 2 IR AR Rl SR
IR o BEEBACH BRI RE N 2EA T, 1
PERERAE R B T AT R R RIS, e T
e MR, SRR A Al A, NI
SR R DB, RN TR A0 B0 A
AR TR s T LR R )T or b B

LU FRIRIFE 2 T 70 v TR AL AL AR B 710,
WE RSB AT B A G AT, g AR AL
T VRt T A OB R A A A TR I Bk
MRE ) B SRR 5 T o AR B S MR e o (1 S B (1 3.
BRAEALRE D Bl R U 5 T (SR A B ) Sk
TS, P DR A A TR S MR T 43 S A 1 TR
AEo CAMIWITTIESS, (EHR/Z T 40 'CL pH /M T 1.4
I, Ay S MR T A VSR S WA e
M A, A, AR R0 LR, BT
SR SE IR B, UL E B A S R i T 1) 73 s 4l
M T R AR, IR T — P A IE B 2
TPt HAr, BAHE LTI AR R, i o
VAT T T Xt Ay s SR e b Jess [0 55—, B4
PSP R B i W T T 1) 0 8 1A o e R e R PR 7 7%
ML P4 A LR R YRR T K P 23 2t — R SE LU
SR E R (R BRTAR RE e dw 4404 ZTS THbk. JWHY) T ik
LT BR I 73 FEHAT DL RO T R 8 I 2 HE T, AL
TEEAARTICPANAH I 2B, AR
TR SELUA PSR e K] ZTS HAREAT 558 —
FEHE TR LA a2 G BN 3 Bl & T ZTS
WKL RS AL RE T IR0, DAL h 2D (K LAtk v
PSRRI

1 SRIg

1.1 EFRIR

WA BT 4 AR (A Bk, BRI B
BoKIEE N 16 °C, pH K 2.0. WAKKESH T E TR
FHHUBRE A 5 2 AR R SRS AU (ICP-AES), WA i
FEICRIRE WL 1,

F1 AMD FEA T EZRITR
Table1 Main elements in AMD sample(mg/L)

Fe Cu Ni Zn
1575.0 1212.5 15.0 5.0
Co As Ag Mo
16.95 0.3 3.0x107° 1.0x107°

12 EMHNEESS
1.2.1 Bk

1) 9 K 55773 (g/L): (NH4),S04, 3.00; KCI, 0.10;
K,HPO,, 0.50; MgSO47H,0, 0.50; Ca (NOs),, 0.01;
FeSO,7H,0, 44.2, fi] 5 mol/L IR IH™T pH 2 2.5
TS

2) BRI 9 K B 973k (g/L): (NH,),S04, 3.00; KCl,
0.10; K,HPO,, 0.30; MgSO,7H,0, 0.40; FeSO,7H,0,
56.0 ; Fex(SO4)yXHO( £ ¥k & 4 10 mmol/L) ,
Aly(SO,)5 18HO(Z ¥ & 4 1 mmol/L), Fi] 5 mol/L [fIfi
%477 pH 2 1.6 BT,
1.2.2 73 4iifl

FERE M 31 C IR O TE R AU 9 K RS
T = FIM R (IR 5610 pH by 2,50 Fe*' IKIE 4 20~30
g/L), ¥IHET 30 CHUATIKTHRY, PRIKFEHEN
180 r/min, HEFFFIEFIEAL AL AN, HIZRAGHE X
BRI . BERL. WS BB FERAN A S, Rl e
— B R IR IR RO E R, B T E R
Fe’ W 48y 40~60 g/L 4, HAMIEFREMHEAAS, X4
BRI AR T i, B3R EE AR E S5m0
BEk . WS BMRBERAN G 5, Rl AU R R
YT SR YL I FOR TR, BR T pH b 1.6+ TJEA 37
CHIMANLHE S 10 mmol/L ) Fe¥* 4k, Hfhds a4
53R AVE LW SR AR, IR AR AR
RALEOIT, RIERAS S AR AR TR . ik M3
WERR AN T, B AR SRR SRR e
ROTvERR, BT N 1 mmol/L ff) AP 4, HAlk:gE
KA 53R = ACE W SAT AR, IR
AL AN, ISR VIR R 7. KD E
23, NE, BN EEEFRYR AR 5k
BHATAL . R, RS 107, 1072,
107, 1074, 107, 10°%, 1077, 1078 A1 107° Fike i 432
FURM R MAA 9 K B R TR, RIRIN Fe' Al
AP, HAIEAREE IR AR, e m R 41 T3k
PN B TR 44 0 ZTS Witk

1.3 HEHRBIFEEFENE

B ORI R0 BOWI AR, H pH b 1.5 1
B BRI JLIR L e Bk Fe™, T K B 280K e J LI o
— 7 TS 5 B R AT 322 R O 5 A e A
MEE, i —J7 UG BB AA 4% 1) 5 WA e b 2R
JEAEE S BT P WS HEA.

14 BEHmREEKEERIEEK pH 89N E
BB O B VER G, EERIFAEARS Fe'
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(1) OK FEABEFRILPIRELN 1x10° A1 /mL)VE N
Foh A5 AR FEIRHE Ty 180 r/mim. RPN 5%( v/v)
(RIZAE T SR FH T IR B30 V22O B AR A AR T L
JE ANF pH 4 FIAEAL Fe* RE . 4% SR 416
W%, B RHIE Fe? Uk B RN JC 1 26 1K +h 78
RIZERARIIK S o RIS TATHE, B34 Ak
P AP

15 BEEHEEUIN ZTS B E W s B ImaniFes

FE T L3P 1) ol B AL E N pHL, A 38 R
% 180 rimim, G S%(vIAE T, RIS
P S 50 S A (O R ER D Z TS TR
Fe* SAALAE S . SERISE Fe® ik BRI L 218K
TSR BRI S . WY BATATRE, Fifs
AP TR

1.6 E#kEEL DNA B93ZEFA 16S rDNA PCR ¥

B, mESNF

B IE B R A, H pH A 1.5 TR RV e
3 WG, R B T A AR5 (1) UNIQ-10 A [
41 DNA 3l @ He UL N 4] DNA

16S rRNA FE[K ) PCR 4" 34 5% Fd A 5 1 21
27f(5- CAGAGTTTGATCGTGGCTCAG -3) H1 1506f
(5-CGGGTACCTTGTTACGACTT-3). PCR X Nk %
(50 uL): 10xPCR 2239, 5.0 uL; Mg (25 mmol/L), 3.0
ul; dNTP(#% 5 mmol/L), 2.0 pL; 31420 pmol/L)#%
1.0 uL; Taq DNA A H#(1 U/uL, MBI), 1.0 pL; #%
BR 2.0 uL £ 20 ng; KB T/K 35 ulo Y IEGFETF A 94
CHAEYE 3 min, 2R)5, 94 °C,30s; 52 °C, 30s; 72 °C,
1.0 min; 30 MEHF 5 72 C 10 min. PCR =4 /1] Omega
AFVEM EZNA™ B ORI G alith; 4tk
PCR 7“#JH] Invitrogen 2 7 2E/= 1) TA SekE il &5
e, AN pCR@2.1. HAAEAEY S IG5
HEAT o seBEF= I e TAE At =1 A AR TR

AR

1.7 RHEAEDHR
AR AL B HR T 16S IDNA 551 (5L R e & it 5«

EF025338), iz BLAST F£/71£ GenBank (¥ /7= H /3
AT RIJE PP R o AR R P A R A5 A, Rk
ISR 16S tDNA JP3, S5 AR R P51 e
—ig, i MEGA4.0 #AEPTHAR 4.1 34T ILRCHE
Hl, AR5 KT 48427 (Neighbor-Joining)* 347 R G
OFiAe:

1.8 EJEEEX ZTS Btk E WL MmAY I

A 50 250 mL ) =R HEN 1.0 mL B
I AT SN IR B2 4208 25 11 99 mL 9 K #5355
e, MR B R, TR IR pH O RIELRE b i
i, EREPREE ) 180 r/min 4 FIELEREFR 10d, Sk
Ji SR FH T T B s v I s B MR Fe IRIR
JE, BRIZE R R IK I G TR 28Rk fb 7o 1050 0
ASPATRE, PTASas R W 1 3 . X5k H K4
JEERYNBRIR R, W R 2 (R ) A AR A

NG
2 FER51he

21 BEHRRIESEIFE

LR YL LRI, ZTS R 2% KB
JOES AL BAEE s (L 1), TR A IR Bl i
Ko BIRRIAUE LA R EAZ 0 W a5 R, Bk ]
R e 1) i R T e P R 1%

1 ZTS WHEH) TEM &
Fig.1 TEM image of strain ZTS

22 BEHMBIREEKERE

75 9 K AR FRHEE R 55 9% ZTS Wbk, Fe™ (RN
40 g/L)VEAME—RIREYR, HILHHSEHR 15~45°C, pH i
2.0, FRPEHIEY 72 ho 4B AEKIERTINE Fe* 4L
HORME . B 2 B IR ZTS WAL Fe® 3
M. B2 AP, ZTS WAKRERLE 15~40 CYEHN
AR, 15 CRAEKIER N, 45 C NERMAEK
SEARANG], HEAEAKEE N 30 CHfi. # 30k
(24264118, Tr40 g e b JE 11 4 AP, RIA A2k
BB E TR« WE PR R ity MR B B R i A2
i TR R[] S A A I K it MR R, AN AT
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K g iy R T T R IR K A g R T AT 1Y) 2 B IR BB 7
45 CHEK, i, ZTS Bk 0T )8 T4 2k i i
WEHE PR ] 2 AR i R T 1 R TV 2 Ei BR e T
3 AP R R —

100

60 -

40

Fe?*-oxidized rate/%

20

15 20 25 30 35 40 45
Temperature/C

2 REXEK 3 dJE ZTS BRI Fe® 11

Fig.2 Effect of temperature on Fe?* oxidation of strain ZTS

grown for 3 d

2.3 BEHBIRIESEAK pH

15 9K ARRG FRIE PRI ZTS Wikk, Fe™' (RN
40 g/LYWE N ME— M RER, )4h pHAE A 1.0~4.0, 155
WA PR EOE AR, RN 72 b, HoAhkE
FREA A 1o AR A KR . e (R4 Ab R R o
Kl 3 Fionky pH X ZTS BFRSEM Fe 15 m. M 3
AL, WHGEE K pH A 1.5~3.5, ZTS WitkEaE 4
K pH g 2.5; pH b 1.0 B, 41 B AR K32 F58 24 (140
il I 45 G SCRR[24-26 1A [ S VBB i R
BRI B A K pH B A — 3.

100

80

60 -

40

Fe’"-oxidized rate/%

20

| | | 1 | |
1.0 1.5 20 25 30 35 40
pH

3 pH X ZTS Wik AL Fe* 15 m
Fig.3 Effect of initial pH values on Fe*" oxidation of by strain
ZTS

2.4 BEEHEEIX ZTS BHEE LT LRS00

WK, HFRAW, Rl pe kb B
TR AN AT BUK . ik, AREFRELR T A
[Fi) ¢ 2 PRI P BEER I ZTS TR Fe? I PRI 52
. P 4 Fios A EERHEIUIXT ZTS WAL Fe* 5
Wi MNP 4 WPFH, 28R R REE UM (1) IR A
T 0.03%(w)I, ZTS WAEIIE Fe* TP pT 32 5
BNy HEERHEUIIRIE N 0.09%0,  ZTS BRI
P Fe™ 3G I A 17 24 P RS IR FE A 0.18%
If, ZTS WKIAAL Fe* TG se A il ZTS Witk
XA AR P I BRI I U S5 VARDANYAN Al
AKOPYAN 7& 2003 AF45E [ 1 PR 1S ) v R T 1T 1)
P57

100

Yeast extract

= — Control
80 e —0.01%
% 4 —0.03%
£ L v —0.09%
260 0l18%
X
S 40f
F
g
2 20t
09 v v
1 1 1 1 1
0 10 20 30 40 50 60

Time/h

4 FERHEEUIG ZTS B Fe* 1R
Fig.4 Effect of yeast extract on Fe*" oxidation of strain ZTS

25 BHHHMRZLZEDHN
$T ZTS BRI 16S rDNA #5115 GenBank.

EMBL. DDBI HI PDB %5 #% I 7 51 Efa 14 v 4 v R g
AT LA 60 D3 PRV ISP 1) B R S () 3R 8 7 R DL
Bl So AEARWIIUH, T4 b e B s 70 4> 2y 1
J& T AU HE 2N (NITROSPIRA), [Al 1, 4+ Nitrospira
moscoviensis AESPRBEGHIEAT 73 3o R, —f
i LT AN o AN RBE AR N T REN N R BE R B T
FUIRDA GO AL O R AL W) LLBL I AR 2R, B BN
RN R R AT RRE, B RAHLTH
5, BAEHGARRE AR T I ERE) . AR SCHR[25-26]
i, T 16S rRNA FERKRGELE M, B
BERE Jm I 43 1. 11 A0 T ZHOX Rl 325 L GH+C &
ARUERI 3 3 AL — 2, F S A Ak A i R e
P 49879 BAREAEEE T A1 ML IARER, ek ey o 2 e Pl
Fairview BFE/E 0 1T A RACER, Tl A AL k4
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uip R TE R UBAL AKAEZE T 41— fRK. I S
AAL R TR R T A B S 3 R4 . ZTS
PRS2 T 410580 M0 Bk ity W8T 71 2R IS A — -2 JE J e
SE AN 3 NP FIARBIE R B (WK 2), ZTS
BIARSEE T AR bR 49879 [¥)3 5 AIBUPE ik
100%; ‘B AIEE 11 45T Bt 2 7] ) 16S tDNA 741 —
NN 92%~93%, 15 %41 S B FE Fairview [¥1)7 5141
B AT 93%; ‘& F1ER T ZHME— 1K) b2 2 TR 1 16S
tDNA FEH— 8N 83%. MHILEW], ZTS HEkkN
T T ARG T K ity R T

2.6 E€RX ZTS BME LT KHI T

M, ACBIA YRR, LAl A
MRS (™R s IR ERWI AR IR I E 55), IR
AL Fe RE ISR, PUd)m B IR, HRH
PEoEE . Kk, T ZTS Btk B mpikae
HATEBE )90 . A, Fe’ E b ks 7
JIURE T (14 e e S M i MR B A K S

97

58
100

99

0.02

100

L. ferriphilum strain Warwick

L. ferriphilum strain Fairview
100 1 1, ferriphilum strain ATCC 49881

& 5

T B IIME— I RERDRIE, I, AR LA A Ak
FE IR 4 35 T X6 ZTS BARSEAL Fe RE S (e ok &
TERTR 46 J Bk Be D (R 59 «

ANFHREE ) Cu®'s Co™ FI Ni¥' % ZTS Btk b
Fe’ BE 2 ma LI 6. P 6 ar g, St iUG ML,
WP A 10 mmol/L ) Cu® 5% Ni* %} ZTS Bikk%E Ak Fe*'
BE S LT BAT R, 5598 1) Fe?' (40 g/L)fE 2d W
WeseaxE Ak, 1 10 mmol/L ) Co*' X ZTS HkkE AL
Fe? e (0 s ma b W 8, BE 3k Fe 2 6 d 4
W se A A £E 20 mmol/L I, 3 PhE4)EE 14,
Co™ X} ZTS WHREIL S dbE, R Rk i) Fe®'
TE 10 d Ao A5 2 Co™ Ml Cu” IR EE A kT
40 F1 80 mmol/L i, ZTS HFEA L Fe® hE Ty 58 4l
i, TMOREEE, ZTS R AT IR ) N HI R
R PTIE, BRI NiT R IE K T R sk
Fe” Wi se AL IR . Likgs RN, 3 FiE4)E
Cu® ' Co™" FNNI*" Xt ZTS B [0 55 1 5 55 37k U =
Co*">Cu* >Ni*",

Strain ZTS

L. ferrooxidans strain 49879
. . G I
L. ferrooxidans strain Sy P

L. ferrooxidans strain Parys

Group 1I

L. ferrodiazotrophum strain UBAI 7 Group III

N. moscoviensis X82558

JET- 168 tDNA @A) ZTS LLEAHSCHE IR R G0 B W

Fig.5 Phylogenetic tree derived from 16S rDNA sequences of strain ZTS and relative strains (N. moscoviensis has been acted as the

outgroup)

R 2 ZTS GRS B e i AN 53 1Y) 16S rDNA P81 I AHALLYE LA

Table 2 16S rDNA sequences similarity(%) between strain ZTS and given members of genus Leptospirillum
Group II Group [ Group III
Strain (L. ferriphilum) (L. ferrooxidans) (L. ferrodiazotrophum)
Fairview 49881 Warwick 49879 Parys Sy UBALI

ZTS 93 92 93 100 99 99 83
Fairview 100 99 98 93 93 93 84
49881 100 97 92 92 92 86
Warwick 100 93 93 93 84
49879 100 99 99 83
Parys 100 99 83
Sy 100 84
UBAI1 100




21 55 11 OB, 5B RRERBUK B BRI 0 5 B L AR ) R VA 225
AFAE IR BRAR I B S 0 o 3t Cu Ptk s, AL
101 PREQURIBIE RN Cu® [ 3268 ) mif ik 25 g/L(H
sl *4F 400 mmol/L ) Cu™), fKMthAT 20g/L; ifi AHF
3 FiHh ZTS BRI Cu® 11 52 & 1%+ 80 mmol/L. X
E ol 4 5 SAND SPHRE L RANLERK, XK
3 UESE T B SRR AR . Rl ZTS Hikkes
& 4or h—C T —ER Y, o cu® it el LUAE] 300
320 2 Z 10 mmoliL mmol/L, Bl 19.2 g/L(¥dh k& o) BT N2 Hidk,
N gg mgi{t SAND %5 PRI (1 &5 S It S 10 0 2k g ity R g 1 1) T
y . — Ni*' B8 735 8 g/L, ZUAH4T 134 mmol/L [y Ni**, if [&]
2 e 800 6 M1, X T IR 3 P 42J 8 7, ZTS Bk Ni2!
100 W R I A2 66 ), %F Uk, ZTS BT Nitt
® SYSIHE 160 1 320 mmol/L ¥ 52 M th B TR . 45 %
< 80 WY, 24 N 160 mmol/L I, ZTS B bkZeid 20 d
% MIREFE)G, WM Fe g %k; M2 Nitik
T T C J¥ 2% 320 mmol/L I, ZTS WFRMHELEL 35 d HIKETR
E w0l ¢ — 20 mmol/L Ja, BEFRUR I Fe UREAIR 5 0 E 25 A B R
W » — 80 mmol/L T Fe? IR FEM L Bn R BoR). IXEW ZTS HkE
20 /DRI RZ 160 mmol/L(9.44 g/L)Y Ni*'. W4h, 1F
SAND “EPIRE L S A A P Ak B s MR e 1T 1T
4 6 g 10 Ni*' [tk Cu K32, (I ZTS WAk
Time/d Ni*'PrrERE N EIL Cu* Btk mfd 2, Enlae A S
119 (AR A G, BRI, BURGIE NI K400 I kA
5ol Ui R E T ZTS BRRIV 73 15, A J Sl G 4 A 0 B e g
S WEVE AT (K AR B E AL LR A T B (KA o
-:3 60
E 401 e 3 Zig
: ISl
2 = 40 mmolL 1) ML o L 5 P R R K o 1
f : y . - - H— BRIR R BTCRAN B, Ar el ZTS Bbk. £IES

Time/d
6 AIFKEEN Cu™. Co™ Ml Ni* X ZTS k4L Fe**
HE SIS
Fig.6 Effect of Cu®' (a), Co®" (b) and Ni** (c) on Fe*'-
oxidized ability of strain ZTS (C: Inoculated flasks without

metal addition)

i SAND “FPIHR I, UL AR B SR E % Co®
PR UK, HN 52 Co™ MBI LN T 2 g/L, AT
FU ZTS BRI 52 Co™ IR TRk i b HL 4 SR A —
B, R B 3R B R 9 TR ] 1) Co itk
FIRERATA ROETE . a4, AT LT S Eng
MRAC AR BT BT W IR AU Bt A T AT S A I Bk
S MR T TR X S AP AR SR I R A S R e
G RS WAL GRAT B Cu® A1 Ni* O BeHEAR Y, {1

2 AEREAE DL RAZRER 16S RNA LK E5 90 b0,
ZTS W& T4 WAk v 2 Jig B (L. ferrooxidans).
2) EaEPUHR SRR, ZTS Bk 52 Ni**
[FRE S nI ik 160 mmol/L, M ik 7 HH A8 e 1) 1 FH iy
Sto RN, &S B A S SR S AR A T A i R T
BRI AR WL B A T AR A I el
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