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E . WAV IS T 5 0e i e 3] 1 RGN, X HIE AR 16S 1DNA FFIFIE R B A AT, 35 22 IRy B
H: 16S tDNA 751 5 g M A AL W BB AT B AR HE AR Acidithiobacillus ferrooxidans ATCC23270 [ 751 ML EE R 99% | ml 452 Ky
RE R AL L BRARAT T R, B n % O WZ- 1. O T WFST sl 05 R 2 iR h B 45 B9 X WZ- | TGP s, B 48T Ni* T |
Cr'*, Cu*' | Zn* X 4 FEEBEFKS ﬁTﬂﬁ%MEﬁ%ﬁ{m)ﬁﬁ%E#ﬁm(&ﬁ WZ-1 Fe** S ARG PR3 WLIT IR R (1) 5 10
IR R W EMRTEIER & 6. 7% . WI4R pH 2.0, HRJE 30°C | 53 150 remin ' /T WRE B4 5.0 g+ L7 0.1 g L7 1)
Ni** | Cr* X WZ-1 (3SR WZ-1 %F Ni?*, G, Cu** zn“E’Jﬂzjcﬂﬁx{M“/\%Uﬁ 30.0,0.1,2.5,30.0 g-L7";
5 FArSEALL e 98 Vs 18 o 465 8 L VRN WZ- 1 TR P 9 S e A D Wl 2 S, A B 55 0T O : Cu/Ni/ Cr/Zn > Cuw/Ni/Zn > Cu/Cr/Zn >
Cu/Ni/Cr > Ni/Cr/Zn.
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Effect of Simulated Heavy Metal Leaching Solution of Electroplating Sludge on

the Bioactivity of Acidithiobacillus ferrooxidans

XIE Xin-yuan, SUN Pei-de, LOU Ju-qing, GUO Mao-xin, MA Wang-gang

(School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract: An Acidithiobacillus ferrooxidans strain WZ-1 was isolated from the tannery sludge in Wenzhou, Zhejiang Province in China.
The cell of WZ-1 strain is Gram negative and rod-shaped, its 16S rDNA sequence is closely related to that of Acidithiobacillus
Serrooxidans ATCC23270 with 99% similarity. These results reveal that WZ-1 is a strain of Acidithiobacillus ferrooxidans. The effects of

2* oxidation and

Ni**, Cr’*, Cu’", Zn** and 5 kinds of simulated leaching solutions of electroplating sludge on the bioactivity of Fe
apparent respiratory rate of WZ- 1 were investigated. The results showed that Ni** and Cr’* did not have any influence on the
bioactivity of WZ-1 at concentrations of 5.0 g-L™" and 0. 1 g-L™", respectively. WZ-1 showed tolerance to high levels of Ni** , Zn>*
(about 30.0 g-L~"), but it had lower tolerance to Cr’*and Cu®* (0.1 g-L™'Cr**and 2. 5 g-L~" Cu®* ). Different kinds of simulated
leaching solution of electroplating sludge had significant differences in terms of their effects on the bioactivity of WZ-1 with a sequence
of Cu/Ni/Cr/Zn > Cu/Ni/Zn > Cu/Cr/Zn > Cu/Ni/Cr > Ni/Cr/Zn.

Key words: Acidithiobacillus ferrooxidans; bioactivity; apparent respiratory rate; simulated heavy metal leaching solution of

electroplating sludge
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1 #MBEFZE

1.1 Rk E . gife

HUH VT A8 RN 7 e 125 DX ) sk A B —
JUMy5 Je AT H bR M k3 25, W 20 mL 52T 200
mL O K OK WA IR 738 | B 95 J o Al i an
(g-L™"): (NH,),S0, 3.00, MgS0,-7H,0 0.50,
K,HPO, 0. 50, KCI 0.10, Ca (NO, ), 0.01, FeSO, -
7H,0 44.20, pH 2.0. T 30%C #& JK v 55 3% (150
remin ') FLAERFRR SRR AL (ORP) L&
500 mV LA M BEREC ] mL BRI E RS 9 mL
OK Y 1A 4% 75 JE 1 30 o, 40 Bk 4k 22 A b AR R
1077, F 30°CHEKR 7 (150 remin ") EHRAKRE IR
FERAELL A, B 107 ~ 10 B AR BT 9K
ARG SRR A B R (AR R 3 AN A, Bk
BSR4 BTN (g) < (NH, ) ,S0, 3. 00, MgSO, -
7H,0 0.50, K,HPO, 0.50, KCI 0.10, Ca ( NO,),
0.01, FeSO, - 7H,0 22.40, I Ji§ ¥ 20. 00, 7% 18 /K
1000.00,pH 2.5 1537 7 ~8 d Ja e b AR
KNI C T % | TRV Jo) 61 Ry i e O W] A 1 TR
A AR AT . PRIEGE €5 75 il Ak
PRI 1 IR B 43 B, BN [0 7 8 1) R R
YEFAOR A I T 30°C PG, W EE 3 kLA,
FEAY B AR B AT AL TR . KA B B BA T R e R 3
BEE ) 9K Y R BE 3R JE AE 30°C $E K B (150
remin T ) HORIESR, 2B R AL R R ARLL A IR
B 7RG B N WS B S Rz s i i, 4%
BREYCR R~ S IR/ N VT
1.2 16S tDNA f§ PCR ¥## | F30IE KRG LT
537
1.2.1 DNA HJ$2HL

SR OK VARG FRILREFRANEA 40 h J5 , e S
FE MU ARIT YR VR AR B SR L DL B B 2 H b g R AL T
VE, UEW A4 000 remin " B0 5 min, B VEW 15 000

remin ' R B 5 min, WS B BTS2 B R A, 2R
JEF pH 2.0 FRBRFRVE VR 3 IR 2 1.5 mL EP
I SK1201-UNIQ- 10 #EU4H 3L K 240 DNA fili2
R B MR E UL B ER AN B 1) S 4H DNA.

1.2.2 16S rDNA f¥) PCR 48 . JE5 &

FHTF 165 tDNA PCR #3154 . LiFs |4 7¢
(5'-CAG AGT TTG ATC CTG GCT-3'), FiF5| ¥
1540r(5'-AGG AGG TGA TCC AGC CGC A-3"). 50
pL BRI R : 518745 1 wL(10 pmol-L~") , ANTP
1 wL,10 x PCR Buffer 5 pL, DNA #i#z 1 wL, Tag
DNA R4 0. 25 wL, @ 7K M E % 50 pL. PCR X
N2 R 98°C 5 min; 95°C 35 s,55°C 35 s,72C
1.5 min,35 MEH; 72°C 8 min. WFH FiEET
A TR BR Rl S8 L.

1.2.3 16S rDNA J¥F 534 L R 58 K B W4

14 16S tDNA A 7 45 SR 8 A GenBank H1if 17
JF B L XF B Lexe 38 5 v oA [ ) 1 7 e 500 0
FE5— 5 A Clustalx1. 8 Az i B %A% 2S04, F-0%
A SO A MEGA 3. 1 30, S AR 42 a4
HAGREM.

1.3 F—EERE TN WZ-1 TP

R F L 7 B TS R R I £ 4R
BFLNCT GOt Co M Zn® AR IR T 4R
BT, 1] 9K VR4 8% 77 5L B R [R5 1) 4 s R
AR g 2. 4 Fh o B0 Wz-1 235041,
FH 1.0 mol - L™ B FR 18 15 /& R 91 4 pH = 2.0, 4%
Jo B THEEREKPLE 30°C . 150 remin ' M F 5
F%. BrggadREeb, A 12 h I E BRI pH {5, ORP
DI Fe? " A, I IR)525 0 h, 5548 h, 5
96 h ME WZ-1 RitAE%E. w5 M4 8+ 50
}: NiSO, -6H,0, Cr,(S0,),-6H,0. CuSO,-5H,0,
ZnS0, -7TH,0. REGLH B E WK 1.

1.4 BRI EES Je i 4 8 2 o WZ-1 162
M 6

ARG LA 1. 3 e g R o BTk, 43
WO WZ-1 7552 d5 /N T 4 T R 88 A SR 4L e
PV A m R N T A A E B R i
FEFN 5k E] 1.3 77, 1 1 L 3% 2.

1.5 FEbRMEIHr ik

(1)pH. ORP Al Fe** Wil 5%

pH. ORP X J FE20K 4§ %5 pH i+l &, pH H
A5 A LE438, ORP HLHK 15 2 LES10 (44 -
FERN 208 ( i) A BRA T ) 5 Fe? ™ ¥ B2 E R H
SRAEMIR L
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Table 1 ~ Group settings of the experiment for investigating the influence of single heavy metal on WZ-1’s bioactivity
e i) ik 9K WUMARIE IR 7K Rl Cu®* ¥R Ni** i Cr** W In®* YRE

i pH /mL /mL /mL /g-L"! /g L /gl /gL
CK-1 2.0 140 10 — — — — —
CK-2 2.0 140 — 10 — — — —
Cu-1 2.0 140 — 10 2.5 — — —
Cu-2 2.0 140 — 10 5.0 — — —
Cu-3 2.0 140 — 10 10.0 — — —
Ni-1 2.0 140 — 10 — 5.0 — —
Ni-2 2.0 140 — 10 — 30.0 — —
Ni-3 2.0 140 — 10 — 60.0 — —
Cr-1 2.0 140 — 10 — — 0.1 —
Cr-2 2.0 140 — 10 — — 0.3 —
Cr-3 2.0 140 — 10 — — 0.5 —
Zn-1 2.0 140 — 10 — — — 10.0
Zn-2 2.0 140 — 10 — — — 30.0
Zn-3 2.0 140 — 10 — — — 60.0

1) FARE AL, Tl

F2 EHBESRESERUEX WZ-1 FHEZMIXBHERE"

Table 2 Group settings of the experiment for investigating the influence of simulated leaching solution of electroplating sludge on WZ-1’s bioactivity

R e wIhh OK VRIAREFRIE  ZEMRIK il Cu?* YR EE Ni? * ¥R JiE Cr’ ik Zn®* YR
P pH /ml, /mL /mL /gL~ /g-L"! /g-L! /gL
CK-1 2.0 140 10 — — — —
CK-2 2.0 140 — 10 — — — —
Cu/Ni/Cr/Zn 2.0 140 — 10 2.5 5 0.1 10
Cu/Cr/Zn 2.0 140 — 10 2.5 — 0.1 10
Cu/Ni/Zn 2.0 140 — 10 2.5 5 — 10
Ni/Cr/Zn 2.0 140 — 10 — 5 0.1 10
Cu/Ni/Cr 2.0 140 — 10 2.5 5 0.1 —
(2)WZ-1 2IHFEAE IR ERIE T 2.1 WHRIESHHE

WZ-1 ZFEA a1 BI-2000 H fifg F % A ]
FE O AN RN BT AR AR, WZ-1
PEWAR TG R R D EA T S0, TRl AT Fe® 4L
YER, Wi I IERIVE & S BUK BN 0, BLHAE,
SO R I BEAG, SN 5 R, TSNV UE
2, FLfR AT N SR T | AMEETROET R, A
BREM B TFWOE I, RGE A shiim B g e R, TH iR
HLRFR BRI O, #MFESR N BTHAERY O, , MR ™
A H, R B KA, EIRE S, Sk RO
T, M3 T AR S, B oG LR TR
RBE B A ALIE R, & 3 min i8R 1 K.
BI-2000 WA ELAT F 8 ) B FE D fg , 5% 8
> 100 remin "' ,7k{’§{5ll§ﬁ‘j 30°C. f&%ﬁﬂ‘,/ﬁfﬁi
B 100 mL IR S FR 1T 150 mL KB, 41358
B R HEFT Rk, KIS 24T 1 h FER SR
Ji 5t e fa g I, 1E 2R SISO 4h .

2 HR5E
2.1 HHRIEARHE K 16S tDNA JFFI 5001 5 R4k
B

IR WZ-1 S22 22 [OBAVEAN A, 761 000F5ihes T
SELFIARTEZS, T L WZ- 1 BN B A S 0 AR, B A
KA HF(0.5+0.1) pmx (1.5 +0.2) wm. 7E 9K [
RS TR Y, R TR, BR2480.5 ~
1.0 mm  HGAKI , ] 2 8 €0, il S e (0,
2.1.2 168 xDNA 35341 5 R GER T

AN L 241 DNA 518 (76, 1540r) 973
16S tDNA J¥41, & 1 &y PCR =435 N 4 v ik &1
X 16S rDNA JE #4775, JF 514 B A1 368 bp,
GenBank H1 T HE 5 R JQ968461. H4 ¥ 45
#i A GenBank F Blast 47781 [R] U 14 Hogse | 45 2%
B 5 R IRV A AL W AR B AT B 8 (Acidithiobacillus
ferrooxidans ) B2 ¥k 240 B HA 8= B9 RNEE (99% )
H v 5 Acidithiobacillus ~ ferrooxidans  strain
ATCC23270 HBIME R 99% , 45 & HIB A8 A5 FRAE T LA
B 2 12 0 R PR R TR A A IR BT T ), 1B 2 Ol WZ-1
MIRGEET M.

2.2 PR E X WZ-1 PR
2.2.1 HR—HBEE X WZ-1 Fe** FALIG TR

Al
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El1 E[EH DNA PCR 74
Fig. 1 PCR products of extracted genomic DNA
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Acidithiobacillus ferrooxidans 1E £ ¥ 37 th 1 2
H RSN Fe® ALY Fe’ X — i o kA [ 3k
KEFEFTTRE, Fe ™ 19 UL TR S AR R AR AR
PET Fe AR ARIRN (1) 314

Fe2+ %’f‘t% — Cre2vpiy — Cre2+Hi% X 100% ( 1 )

Cre2+ ity

Bl 3 435I Nt | Pt ot Rl Zn®t X
WZ- 154k Fe?* B2 mifEH.

M 3 AL 25 1AL CK-2 T WZ-1 412 h 5
BV AP RO I, BRI Y Fe? " 7E 72 h INB5E
Sk, Fe® T AL T, 107. 83 mg-h ™', F B
WZ-1 BABAFH Fe* " EALIEPE.

HIE 3 (a) . 3(b) 485l Al 1 AR BE Ni** (5.0
g L) G (0.1 g-L7") X WZ-1 1) Fe’ S Mk
PEILT- A . B 3272hEF, Ni-1 | Cr-1 2 A 1k
Acidithiobacillus ferrooxidans CCM 4253 (EF465493.1)
Acidithiobacillus ferrooxidans ATCC 19859 (AF362022.1)
Acidithiobacillus ferrooxidans N-Fe3 (X75268.1)
WZ-1
Acidithiobacillus ferrooxidans Z-11 (HQ405786.1)
Acidithiobacillus thiooxidans QUEI6S (AY552084.1)
Acidithiobacillus sp. nju-T1 (FJ915156.1)

Acidithiobacillus caldus DX-2 (DQ470072.1)
Thermophilic bacterium N39-45-02 (EF199989.1)

B2 ETF16S rDNA FIIHRSKR B
Fig. 2 Phylogenetic tree based on the 16S rDNA sequence of WZ-1 and the sequences of related species

9% LI I 1) Fe**, Fe’* S Ak F 3 3 & 4y B A
105.77 ., 104.29 mg-h ™" B2 4 CK-2 JLF A
Zh. X —-EREEUM | Cabrera ™ YA
2B A TR TR] BB Ni* %A AR B AT B %
PRI JFEHINR 0.1 g-L7'CF Y fRFERT, &
FEAIR A, f ) Fe? " AL R, WZ- 1 XF iRk &
Ni** | Gt T B I M A3 N BB ) B0/ 5 1% B R
ARG, M Ni°Y | O R BT, WZ-1 1
Fe A8 A6 1 W I 4R 32 B4 ), 22 9 B2 43 Sl 3k )
60.0. 0.3 g-L ™', WZ-1 584325k Fe* " A ALTE 1,
XEESBWREEMEA RSB ERAL FRE
B M 2090 5.0, 0.1 g-L7"BY N2, ' X WZ-1
(I M AT sE A (HL B 5 VB LT, WZ-1 s M T
iR Z B .

Bl 3(c) . 3(d) il AR EE Cu®t | Zn* 5%
R EEgR s Fe? " AR . Y Cu®* | Zn?
YRS} 2.5, 10.0 g+ L7 I, WZ-1 fi 458 i 101
24 CK-2 ZEK: 12 h, 7 24 h )5, Cu-1 JEA
X EC A I, B 35 R VR T Y Fet I R e DR A

16,72 h B Fe’ " EALRILE] 94. 13% ,Fe* " A AL FIY
A 098,16 mg-hfl JHHEIETZ), Zn-1 By Fe** 4k
SR A 91. 45 mg-h'l. [ - e SR G TR
o R EE R HE S, WZ-1 1Y Fe AL T M 2 3 0
. ARERSE B 0, WZ- 1 XF Cu®* Ay TR 52 e
fliF 5.0 gL', % Zn®* 19 55 K A2 ¥ B2 4 30. 0
g L7 X —4E 0 5 Cabrera %5 UBFFT 45 SR — 2K
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