5 28 245 10 1 H = F Eird Vol. 28, No. 10
2008 4 10 A ACTA ECOLOGICA SINICA Oct. ,2008

BET RS AR ESREPREDEE
EHEREBEESEMTL

FooOB, PR, GHAE, R A, AR, X S
(0 & B TR A 0% AN T 52 TR, K0 410083)

FEE LTI AR B E R R B R RAD, B 1000 ZAEHFFRITE , BT IR S5 T Mt Y is s or
FERAL T — B R Ehr. S 16S tRNA S Y PCR SERERARKI TR F LGS 3 MR KK SRR T HMED Z
Kbk, 83t RFLP 4347 4K45 40 4 OTUs, JUFMRLE R T AR ENBT 7 MARIMRFE K E 43X, B Acidobacteria, Acti-
nobacteria , Nitrospira, o-Proteobacteria Fl y-Proteobacteria, Firmicutes , 8-Proteobacteria, iX & 5 HE /3 K43 J8 T y-Proteobacteria,
a-Proteobacteria F1 Nitrospira, #t—35 8420145 5L 3% W 78 45 35 /KRR o 09 98 BR B AL T2k B FT 5 (Acidithiobacillus ferrooxidans ) fif
5 LB R FHAR R 5 0 B, TR i VB BR B R (Acidiphalium ) FI7 o Lo WY B85 F/KRE , 3X 7T BB 5 IR U8 RO SREFF N Acidiphi-
lium FRERH =M EIEIF R 8k R

KR RN YUK (AMD) ;R ; A Y 241 5;16S rRNA ; RFLP

L FEHS:1000-0933(2008)10-4841-08 HEASHE:0Q145,0178,Q938 SCEKARINAG:A

Microbial community diversity of acid mine drainage and sediment at the Dexing

Copper Mine

ZHENG Lu,YIN Hua-Qun,CAOQ Lin-Hui,CHAO Jing, CHEN Qi-Jiong,LIU Xue-Duan "
Key Laboratory of Biohydrometallurgy of Ministry of Education, School of Minerals Processing and Bioengineering, Central South University, Changsha

410083, China
Acta Ecologica Sinica ,2008 ,28 (10) :4841 ~ 4848.

Abstract: One of the largest, original open-cast copper mines in China provides an excellent opportunity to investigate
microbial community structure in exireme environments. Microbial diversity of acid mine drainage and sediment samples
from three sites within the mine were analyzed by 16S rRNA gene library and restriction fragment length polymorphism
(RFLP) analysis. A total of 40 unique 16S TRNA genes, screened from 558 clones, were obtained from all sites. The
sequenced clones fell into seven phylogenetic divisions. The majority of the clones were affiliated with the y-Proteobacteria,
a-Proteobacteria and Nitrospira. At all sites examined, the proportion of Acidithiobacillus ferrooxidans in the acid mine
drainage is greater than that in the sediment. In contrast, the proportion of Acidiphilium is greater in the sediment than that
in the acid mine drainage. This may be due to the anaerobic environment within the sediment, which inhibited aerobic

bacteria, such as A. ferrooxidans. However, Acidiphilium, a heterotrophic bacterium, is able to catalyze the dissimilatory
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reduction of ferric iron to ferrous even in the presence of small amounts of oxygen.

Key Words: acid mine drainage; sediment;microbial diversity ; 16S ribosome RNA; RFLP

BRALH™ A=W B A TE B BR L™ 517K (acid mine drainage, AMD) @ & A S KB M 48 LU KESR
BFUNAR PR B A R A S IR HUKRES R KRS S, BET R R B RO A S R S, I
BRI NRER . BANRIET YUK MR T8, TR T AR 54 , 6 AR & , RAE M =,
PR G T A B o] U AL P AL, T 0% 35 ) A SE L6 U W FAE R . IR, 5 B
SRR E T R T2 RN RN, I AT R T 24 NI . (B2 B A X SRR b i Y
FERSSHPTRRE D W o TABHIR A G5 Y, U T AR X AMD Hf B0 B B 95 4 o
BEAR XTI — BB AR Y SRR R T, 0T D B AR AT R A YL B SR LIRS LR e R

BT AR T 2 I BR R UK AR PR S5Ok AK R P IR E BRI S M AU B R O R
& T ILANFRRE 1 )@ SR, 20 Lopez-Archilla 28855 8, FEHEF Tinto W §AEYIH P51 5 HETE MIAAEY)
(IR FIARBUBERRAG . RTINS B ST K P RR Tk 2 W0 B T WE R AT 141 I (Acidithiobacillus ) ™), 5 5 A3 ™ J&
Sy BRI S F Fe®t M i FE A 2 B WFE VR 1Y Acidithiobacillus thiooxidans i1 A. ferrooxidans , L4 & W FE Vg
TR Acidithiobacillus caldus , 168 B8 4 B #F 8 T 3 22 [RFHME v-Z5 7 40 B8 ( y-Proteobacteria) . 7 AMD F15%
A TE — 6 LT 1 R R A T A0 22 R B M vE IR AR L R SR A Acidiphilium JEFR T — M-
Leptospirillum J&° %, P J 3 B $5 Acidimicrobium, Ferromicrobium F1 Sulfobacillus J& 1) & 2% £C FH 1 v B2 4
g TR AMD BB, AT A R AR R B, TR, — SRR AR B S, AR S T R Y
WAV RN Z M, KT, BLEAIE AMD W R IER B, 0% 11 Mgy MY,

W R 2B B KU R KR8 2 —, B 10 5%, mTFeRmAedn 8 RELU R
ARG SR, 3K TR AMD BKEI A, AR T TR E MRS Y. A T RIS, RY 20 4F
LA, MRS M T 2 TSR H AR, I DU [N, A BE R i AMD K REgE R 2 R, 1R
M HUK PR SR E FEHAMN 5 Y, 2 2 VRN R IAE  TRIRBE —E W& T, TaE 5K
A TR AT AR 33K Ry B A P AT BE X 5 e SR B AR I B R — 4 SR ™ o B A S B s B
PREL AR E DR S M B IE 5 F UL BOKFE S IR IR BUAE U R 52 R . USSR R DT R
P BK IR 1 3843 JB T+ y-Proteobacteria, a-Proteobacteria Hl Nitrospira =28 ; 7E T 9T #0 3 MEEHLA K
B A ferrooxidans FIf o b K FEAEIR YR A BT 1 LU, T AERR I8 R Acidiphilium Ft &5 HoB R T HAE K FE
JIT 7 B A
1 #MRE5FAE
1.1 FEAREE

2006 4E 7 A MFEAD™ 3 AR LS R TRUE YRR AR S 4O IR 5IRTR . HP L
FK(Z)) AR (YTW) /K BN B2 Wt , ZEAE M /K R & 00K, B Bk A R — 2o KR &9, Ho YTW
IKEELE Z) AKPEEERBAGE . A —A/KFESR A RIS W Bl (KZX) o 78 3 AR D BEm YTW 5 Z] 1
pH H13.0,KZX i pH (A 5.00 M4 150L KRE, 2 0. 22pum SCALURIEI U8 , it W4 U A
BHIEF - 20C A4 . IRIBELA KZX, YTW, Z)3 MEH R ZIETR, RE K H R A BB+, 8T
- 20°C A7
1.2 BEEILIA4 DNA [dhie Sl & 16S rRNA SRR K % 71 se e

B8 Zhou § 75" 1 JrBEE 90 £ DAL SE907 R IR S B AL, 5 3 T FIR
A WEFFEE 3 Y55 13, Sml f9AELZE M (0. Tmol/L BEAREM, 0. Lmol/L Tris-HCI,0. Lmol/L EDTA, 1. Smol/L
NaCl,1% CTAB[pH 8.0]) H150 pl B[ K (10 mg/ml) B4, 2 37°CIE#E 30min, fLA 1. 5ml ) 20% SDS,
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BT 65CAKBHE AL 2h, B .05 BUHEL BB I IA SR SR DNA BT i, KpH 42 DNA 7E 100V M %
F 1% BfsiE Ik 1. 5h, 285 A DNA 4ifbiR3 & (OMEGA , USA ) B¢ [RIHAT 454k .

“fifk 4 DNA FIVERAR SR #E4T 16S rRNA ZEEY 18 | ) Bk & 43,7 100ng/ 1 DNA,1 x PCR buffer,
2mmol/L dNTPs,2. Smmol/L MgCl, 4% Spmol/L 1E[M] FIZ M54, H-IMA 1.25U Taq B, EMGI¥AERATIY
63F(5'-CAGGCCTAACACATGCAAGTC-3") , IZ [ 81 % i@ FI 5| 9 1387R (5’-GGGCGGWGTGTACAAGGC-
31U P RTE 4C T, ARG SE BT PCR (X H, BOE FHR B 94°C , FAEH: Smin; 51 78 /P 2 FUE 1
455,55°C 3B 'k 455,72°C FEfH 1min, 30 NMEIR, B /G FE 72°C L Tmin, PCR F=Y1 R 1% W DEHEWEEEBE v vk A5
W, 3% F DNA #4385 (OMEGA , USA) 4fifk B 4 B0

#lifb i PCR FE# vifE TOPO TA s &7 R T, SRIGHE A Escherichia coli TOP10F JF%32 A4l fd
(Invitrogen, USA), &FFESBENLYkGE T 115 AT 74T PCR ¥ 840 18 , I 3E47 ¥ Ik A , B4 PCR
PP ARR B YT BE Hin6l F1 Mspl 4% 2U, BF 37 CAKIBHREEVIE R . BEYIT=Y 2 3% SR IR WHEE AL F vk ke
W, B3k 5 #64T RFLP £55R 5047
1.3 FIERFERE 5T

Wit sr4F RFLP B4, Hedk ik 40 P~ EA R MR 16S rRNA E Ky #4705 4087 F1R A NCBI
(http ://www. ncbi. nlm. nih. gov/BLAST/) ) BLASTN T E.i#47 4328 % &, 3 F| F Clustal W ( fAs 1.8) f0
Mega (Jifi4s 3. 0) H #9455 ( neighbor-joining ) Xt BT & 7] FH B BRIF 5 T VI L R E R E 401, BT R
K RGERE T4 R, 7T HK) 16S rRNA [75) FHER Pk ORI H ClustalW BRFHEBRZE R T
1.4 BaRGH Ko

R T A AR Z B 2R, @ A B B AH AT B RFLP B — A #/E 850 (OTU) ; IR
H Shannon-Weaver ZFEPEFEE(H) .

H=-Y (pi)(log,pi)

KA, pi RAE—A OTU 7ERE BT o5 9 LL B, BAE 48R AP 48—V OTU B9 4 A A R B L o B T R 3
B, XA OTU FATH RIS 8 o

Ak, SR MO ANBE 28 (SigmaPlot V8. 0) K4 BrHkik i 7 i T30 H Fr AR MU WBEE KT . HA
AAF .

y=ax[1-e ]

i FIGE T4k SPSS V13. 0 #47 £ 8535047 (PCA ) , L OTUs 45 A3 B 34T 435047 , Wit R vt o
2 #R
2.1 RFLP 4#f

M3 ANEE RBIZKREFIIG 8 16S rRNA TRl SCRE P & Bk 115 PNFfET. RFLP ERE07 B, N ERE S P
HOTU BEFEHABMZERME(EL),

TP KB OTU 1, 8A 1 Fh2REIR) OTU A FIrA 1 3 MES /KB SR . SR, 840
FERL 204 3 84 4 OTU TEBAREE T &5 I H.

e KZX 53, DX19 HHELEIRE, 5T KEX H S &M B FRE N 71% , KA RRBhd b T2 mk
TEHEM 22% ., AT, DX19 L H RS FH AL AL, BAF 6 4 OTU(DX19,DX25, DX32, DX34,DX35,
DX36) 77 K SIRIB T, HREE OTU £ H T4 B F e B S AR E, DL OTU y3ali45
HIZREPESE B (H) R B, B R KZX /K RERE SN 2 REMEFE B0 1. 76, T HUR IR M AL HEFE 50 2. 89, BiEAH
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Fig. 1  Distribution of OTUs in clone libraries for 16S rRNA fragments amplified from genomic DNA in AMD samples and its sediment

££ YTW #£ 5KHE, DXS5,DX6 1 DX18 AL, B0 0& & YIW AR £ e P4 A /Y 14% &£

A, HAEJR IR BT o ELBIUAR Do T DX34 AR i — B H, 5 7 YTW #E SRR 2 B FE e T80 B 1
22% o, LESLHE R KFESIRIEA 12 4> OTU BIAH I, KA 4 4> OTU (DX4,DX5,DX10,DX13) 2K I

FERAE M, mERP A 3 4 OTU (DX31, DX34,
DX38) KB R ATR AR, LA OTU NEmMITE LML
REPESRBC(H) R, FE R YTW B KFERE 5 AR MR
¥k 3. 54, MR TR R ZEEMERRECN 3. 62, I AR,

15 2] B, DX20 SR X REY, v 5 Z2) FE 28
FRETFEE K 40% ARV i T 23wk 3 E
1) 15% . #KTf,DX20 FEECERE SR M. AIME T
A~ OTU(DX1,DX2,DX20,DX21,DX22,DX24 i DX25) 7F
IKFE SRR R ILA 1, HR A OTU fE2F TR 740
HAF R LB SRR, 5T Z) BRI &I 751
HI¥ 15% 1) 2 A~ OTU(DX26,DX34) FE /K K A U A o
LA OTU S Emlit 5 b i SRR S (H) R R 2 1
IKFERES SRR R 3.1, TR IR ZFE MR EICH 3. 67,

16S rRNA 11 B i 2% 73 47 32 B A 01 50 BT A6 DU 14 52
PFEFHE B LU B S UE MR TR 1 2 SO
AR (B 2) o

= KZX « YTW * 71
¢ Predicted KZX <« Predicted YTW o Predicted ZJ
s+ KZXS - YTWS e ZJS

v Predicted KZXS o Predicted YTWS . Predicted ZJS
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16 |-
14 |-
12 |
10
8_

Number of unique clones

S N

i i Il ! | i -
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B2 16 rRNA BGHFIRE B 2% B
Fig.2 Evaluation of the representation of the clones obtained from the

AMD samples and its sediment by rarefaction analysis
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2.2 RHEEESN
FE 16S rRNA 2 [F ST SCEE R, Bkt 50 M RA NRMR R THTNF . WHEERRHKBTFF

(97% ) 5 NCBI BB FEFEHFIIA 72% ] 99% WA LME, Ko RE 3% W F 51 5 2 #1758 H UK
F 85% ,

73 MREARIKEE SRR, e YRR S EESRE T N FEEFR Y, P RKESHTFSE T
5 4~24%¥ . y-Proteobacteria , Acidobacteria, 3-Proteobacteria, Nitrospira Fll o-Proteobacteria, 575 4k — /N 5B 43 i) 52 &
J& T Actinobacteria , Firmicutes (& 3) ,

HrpJ& T Proteobacteria ) TR N BN THE X EPEEENT o, B EEH a-Proteobacteria F -
Proteobacteria, #5572 y-Proteobacteria 7£ & MEE M /K SRR 5 H 8L, M o-Proteobacteria M A 42 Hi 81
AN SRR It B RMA R

RERBEWTEAR, 3 MEAR/KEE SIS, B 3 Nirospira, B FH J& F Nirospira W41 B 1,53
K3 ARGy . TEXNHRILHBE T, Leptospirillum ferrooxidans FEPE T Bk KZX # RURIR S Z1 # SRR LASMY H

EREG Ao Leptospirillum ferriphilum FE7E TR KZX 7K LAAM AR A H

TR TEREZ N, A. ferrooxidans i BITERR KZX #nuﬁ%u&bﬂﬁﬂfﬁﬁt&ﬂ’vﬁ# HE R+ (KZX,
YTW,YTWS,ZJ, Z]S) , 3F B4 YTW RS HK P A IRE R, SHABIREFHRB 32% (K1),
Leptospirillum ferrooxidans £ YTW ¥ i /KA B 2R EFEE (405 5 & B BT R 15 %) HEREH
RKEES RIS, B S BRI <6% ) o 75, RIBTF Pseudomonas HiTH I 7a. e R 7E ZJ # s R TR

PR, X S5HAREEERTIXR,

T KZX B R WK R 5 iR v W FEAE Acidobacteria , Nitrospira , y-Proteobacteria I a-Proteobacteria, Xt F
Acidobacteria , ¥ R A5 DX25, H B Fr G b B A [F]o XFF Nitrospira, £ KZX £ 5 W 7K B 334 Leptospirillum
ferrooxidans , Wi AE H i Y8 A |32 4 Leptospirillum ferriphilum ., XtF a-Proteobacteria , 7 5h i JEEIB LK HEP £ T —
AKHI(DX11) o 47 y-Proteobacteria , B i B BE e JErh AR R A

TE YTW £ s 7K B P £ 7E y-Proteobacteria, a-Proteobacteria , Nitrospira, 8-Proteobacteria, Actinobacteria
Firmicutes , 7 L U6 7 W) §k /D> §-Proteobacteria, X}-F Actinobacteria , Firmicutes Fl Nitrospira , B i /K 5 HJE
RHFRNMEERK, MXTT a-Proteobacteria, JIEIE M| Lk 2 T — 125 (DX34) ,

TE Z] B35 HI IR "R FFAE y-Proteobacteria , a-Proteobacteria , Nitrospira , 3-Proteobacteria F1 Acidobacteria , T £E

kAL ) /D> a-Proteobacteria

F1 EMEMPREDMBGSHER
Table 1 The affiliation of the sequenced clones and percentage found at various sites

KZX(% ) KZXS(% ) YTW (%) YTWS(% ) Z}(%) ZJ8(% )
Acidobacteria 9 11 0 0 46 20
Actinobacteria 0 0 1 3 0 0
Firmicutes 0 5 10 0 0.
Nitrospira 1 9 23 15 20 22
<y -Proteobacteria 88 54 42 31 26 36
« -Proteobacteria 2 26 3 32 0 14
& -Proteobacteria 0 26 9 8 8
A. ferrooxidans of y-Proteobacteria 1 0 32 19 7 3

2.3 ERSO

B i 844 SPSS V13. 0 Xt OTU HRAE LA (PCA) , LK 2,

RIETFEBFEE > 1, BRI 3 T, SR LA 4,

FiA OTU #) PCA A #i 3k 7 H 78. 8% My ml ARk, Hvp PC1 #3K T 29.5% , i PC2 #3K T 27.3% , i
PC3 KT 22% . HE 4 ATEH 3 MEHPMBAEYBE LG B EXERE BRI KRS REELR
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HEAREIRK
1000 DX2(Y=8;,¥5=8,2=3,7Z5=1) T
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DX14(Y=1;¥5=3)

AY765999 Acid streamer iron-oxidizing bacterium (actinobacteria) :I Actinobacteria

AJ519394 Uncultured actinobacterium partial 16S rRNA gene, clone JG37-AG-8

322 961 —DX15 (Z=2)

1000 L DX20 (2 =36; ZS =13)
Acidobacterium capsulatum D261

000l pyas (k=8 KS= 10724 755

994, DX18 (Y =15, YS=3)
999 DX318(K=1;,¥YS=4,Z=1)
{[ AJ278718 Acidithiobacillus ferrooxidans ATCC23270

Firmicutes
88p

Acidobacteria

465 6547 DX1 (Y=12, ¥YS=7,2=6, ZS=3)
724LDX17 (¥ = 12; YS = 53)

1000 DX4 (Y=1)
__I:CI)X_N (Z5=2)
999 DX37(K=1,Z=1)
DX7(Y=5,Y5=5,Z=5)
DX13(Y=1)
DX33 (ZS=5)
AB208676 Acinetobacter sp. N12 gene for 16s IRNA. (Gammaproteobacteria) | Gamma proteobacteria
DX24 (Z=6; ZS=5)
1000 | DX36 (K=1; KS=5,Z5=2)
DX38 (KS=5;¥YS=3.2=3)

r DX26 (ZS=12)
984 DX28 (KS=15,Z=2)

DX32(K=6,KS=3,2ZS=2)
AY 096032 Gammaproteobacterium W2
DX19 (K = 64; KS =20)
505 DX10(Y=1)
479 DX35(K=3;KS=2) I

1000 [ DX11 (K=3;Y=3,YS=9)
986 X91796 Acidiphilinm sp. A
DX34 (K=2; KS=21; YS =19, z5=12)| Alpha protecteria
1000 D86512 Acido sphaerarubrifaciens

399 DX21(Z=T7,28=3)
AY689890 Uncultured delta proteobacterium clone BPM3 C02 168S ribosoma RAN
DX5(Y=15,25=2)

486

196 Delta proteobacteria

826

DX6 (Y = 14; YS=8)
0.02

B3 16S rRNA B& KM 4T

Fig.3 Phylogenetic distribution of the 16S rRNA sequences present in these three AMD samples and its sediment; The clone composition of each
station are provided; Cloned sequences from three stations are labeled by margin

K ERPRELE RS b KoRE 5P H SR TR, KOS - B REAE S TR b 1) B K O RSV o tE B WK B, Vs SRR R AR A7 ks 8 5 b B
WHC YS SRR IS B R VB tH BRI E, Z - SRR TR 5ORE A T BRI IR B, Z8 - SRR /E 10 28 I RE V8 o Y B W3

The occurrence number of population in station of the Dawu River = K; The occutrence number of population in station of the Dawu River’s sediment
=KS; The occurrence number of population in station of the Yangtaowu = Y; The occurrence number of population in station of the Yangtaowu's
sediment = YS; The occurrence number of population in station of the Zhujia = Z; The occurrence number of population in station of the Zhujia’s

sediment = ZS

3 iFie
— B R, T AMD MR £ )& T Actinobacteria , Nitrospira , Firmicutes F1 Acidobacteria 4
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% | LR AR/ 1 Proteobacteia'’ o #RT , 7EAR IR U BR LSR8 +h , HoAE MU BEE VAL E AR K . FEABTSTH BT
A 3% BB YK S A E RE T Acidobacteria , Actinobacteria , Nitrospira , a-Proteobacteria 1 y-Proteobacteria,

Firmicutes ,3-Proteobacteria,

F2 ERSoHAgGIHE
Table 2 Initial Eigenvalues

FE5 I MR HE(E 7 £ AR (% ) ABRHETERE(%)
Component Total % of Variance Cumulative
1 1.77 29.54 29.54
2 1.63 27.30 56. 84
3 1.32 22.00 78.84
gom 7 Derived from x
Deﬁved 0 -0.25 -0.40

0.25 *0‘2,0 0

075 030
1.00 =~
0.60
0.40

0.20

-0.20
-0.40
-0.60

-0.80

060 -0.40 920

0
020 040 060 g0 100

K4 SRR YRR PCA 247
Fig.4 PCA at the three sites
L KB R K, 2. KB EWEOKAIRTR, 3485, 4. BRREMJRTE, 5. 0K, 6. MAEWIKTR 1 = Station Dawu River; 2 =

Station Dawu River’s sediment;3 = Station Yangtaowu; 4 = Station Yangtaowu's sediment; 5 = Station Zhujia; 6 = Station Zhujia's sediment

Schrenk % M Leptospirillum 4345 545 pH fH BB . Edwards 2 F 2 B 2438 B9 J7
BXHAL TR E KD Leprospirillum W47 85017, RIAFEIR BB . pH BAKRHIERIR T Leprospirillum b A.
ferrooxidans A TFAS T, TEARFFH, RE YIW #1 ZJ #5818 pH B L EE AMD 355, HEX 2 M
FE KZX BA AR pH {E, 3 Leptospirillum B ) L BIHL L KZX SR

M Leprospirillum B #6835 3% s | I 43 F A = FE N TR KRB — RIFII L8, &4 A 1k,
Leptospirillum B FE 43 K 3 NA[EHY Group: Group 1 (L. ferrooxidans) ,Group II (L. ferriphilum) 5 Group
IUS7 BT, 2 BTA R S P A EEREE R BE SR 3 A Group WTERE , H B B B AYEH: Group,

Acidiphilium J& T a-Proteobacteria i 1 & ,F R FH, X BB GEW N Leptospirillum F Acidithioba-
cillus BEA NN R . REEARDII A REBD R Acidiphilium , i T H B FI R AR = 9 R 1E 0 88
WU BEREE THEE S, R TN E7E AMD A B REFREEREA, ‘

£ AMD ARG HIRFFAERE Ferrimicrobium acidiphilum , W] TEH E &AM T FAK TR ERH T REBIE
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SR AEARWBIIT R ORI T R Y, RSO E . AR, AR R E 2 F
ikE¥ (DX28,DX32) 5 | FHERAEE H 3% X AEE 534 K ) y-Proteobacteria WI-2 HI#kELA B BEAR LM, 1k i
WI2 kR RE | MRS ER

X 3 AFERHKAE S RIGHAT ST, RBLA. ferrooxidans 727K #1715 5T T LUK T HAE S I8

WILLB. A. ferrooxidans J& 3T 4, T K VB /B BLE 3158, N L HORBEAE B P K B LE, T EUR B e A

Serrooxidans KR AR E F, 5H KB A. ferrooxidans NEEFI M =MELEF. Wi Acidiphilium TEJEIREE
At R R BAFAE , MR K AR D, X AT RER R AR TR M B SR BRAE T Acidiphilium B¥ = 8kE FR —#r
YA ERRED Y,
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