4508 %55 10 H A 2 # Vol.28,No. 10
2008 4£ 10 A ACTA ECOLOGICA SINICA Oct. ,2008

BIGRT BN UK KESIKREPRBEDREZ
EREUEREREZEATWL

OB, FHEB, MR, A, R, X R
(Eh e HEREALRE , FRASTRNTSEMTREE, Kb 410083)

WE LSRR EXET —PERERNERITRET , 7 1000 ZENFFRTGE , B I E ABmITE T HEE Wi 5
FURET MR R . A 16S rRNA ZRE) PCR SERARBN TRETZEAT 3 M AR KR SRR BEY 2
FetE . S8 RFLP 43473R75 40 A OTUs , WM RERE AN RUENBT 7T M ARNRERE 45K, B Acidobacteria, Acti-
nobacteria , Nitrospira, a-Proteobacteria Fl y-Proteobacteria , Firmicutes ,3-Proteobacteria, X575 & f{) KB4 /B F y-Proteobacteria,
a-Proteobacteria I Nitrospira, BF—35 B HTEE B3R S B A KR BB BR E AL T 88T 5 (Acidithiobacillus ferrooxidans) Bt
o BLBIR T HAE TR P 0 L], TR U Y PE BRER R (Acidiphilivm) BT o LGB B8 T 7K AR X T RE SR IR AY SREEZFIEHN Acidiphi-
lium B REB R = MR R M R R R
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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 rRNA 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

AL =Y BT BB T 51K (acid mine drainage, AMD) BH SHRIKENEK B EUKESLRE
BTG 4 RS S . TRM BUKRES | I K RS e, BTN R T KRR R R, I
B AKMER, BINRBET SUKMMET B, TR LIRER 451, 8 T RS , RIEDHS E="
FR MR /K T U W T LU SR Wi S 4L, T 5 6 HH B SR SE e T TAE R . BRI, X 84k
SRMERIRG R T HFEMREARWER, P MLIFRT 28 BB, B2 B A XX SR E ey
BEGWRIB AN, BT ERCBEBEM KA, R T HAFD X AMD B354 Y % 4 i
WA X — IR P R M B R R AT, T O RAR D T R R T SRR R IR

WAET BB IERE R T SUK A MIREE SRR , K R P e R A B A E R R IR
ET IR E B B8RP P, 20 Lopez-Archilla AR, lBETF Tinto W ifAYHIFF 55 BT C HBEY
SRR AR B BT 5% SR Y PERR A VIR T B TRBRAT BB (Acidithiobacillus) ™' , B S X A8
AVES L BRIEFI S I Fe®* (AR FE BR 4 B AN YR Acidithiobacillus thiooxidans Fl A, ferrooxidans , L) J H BE Vg
1R W Acidithiobacillus caldus ,iX Y68 R A BE AP J@ T 4 22 IRFA M v-22 B 40 58 (y-Proteobacteria) , 7E AMD 33%
R AE— B B B VB TR A T A0 22 IR B R BR SR S R AN Acidiphilium B RB T — A F 41 E -
Leptospirillum B Ll R B Acidimicrobium, Ferromicrobium F1 Sulfobacillus J& B B 22 IS FH 4 ¥8 B2 40
Y HFTE AMD R AR R AR, E L, — PR AR B S UN, KA RIRE
MAEVRBHRZ N, R, BE AFE AMD SRR RIOBEY, EA0F 1L NRBEWD .

XY BB RN BRIFREAY 2 —, =8l 10 517, BTFLBRAY BRELUR
A YRS SRR, T K2 AMD BOKH A, 5 A BEE R T ERINEG R, AT BT, K% 20 4
LURT, ZENMA ME T 2 MNHTAEYR R, I DO N , 24038558 i AMD sk R HE 2 RIS, BR
PR HUK P E S BB TSN — SR, A2 R LURREA PR, TIREE—ENFAH T, TaRS5K
VR Y RS He , SX AP RSB I FT REX F i A B AR Una A — e S B XY, BEAHmEE
Vsl R E AT B MR IR S5 LU FOK R S IR BRI A IR R S 2 5% . SEIREE SRR BT R
YK Y KER43 BT y-Proteobacteria, a-Proteobacteria 1 Nitrospira =28; 78 I 19 3 eI, 7K
Kb A, ferrooxidans FT o HB T HAERIR P AT Y Hefi] , M ZE R TR AP Acidiphilium Jit o Ho W) X T HAEKHE
BT o B9 LA
1 HEE5FZE
1.1 HaRE

2006 4£ 7 § WNEXHID 3 NAF ML ACRE I TREYREE AL ST K SRR, HPi
K (Z)) Atk (YTIW) 7K B R4 Wi , TR R K P 89 50K, BB K DL Rk — KBS, 2 YIW
IKPEE Z) K PRAERBAGE . 53— /KEER B RIS i ) B #EK (KZX) o 78 3 MRSt He i YIW 5 ZT i)
pH % 3.0,KZX i pH {4 5.0, MEAFES K UREE 150L 7KEE, 2 0. 22 um #FLUB R U8 | 3 UB YRk 5 A5
BHRHETF -20CHAEEH. KERA KZX, YIW, Z13 MEBHREZRE, REBERABBE b, BF
-20C1R_%F,

1.2 FPE R4 DNA (8 .4kl & 16S rRNA B 3 fl s

B Zhou J Z %" BT IR BUMAE W) 5 DNA, L RANT  FRER Sg BEd, 55 3g FRKE Y TR
A BARDEE3 ,513. 5ml B3R rp ¥ (0. 1mol/L BEER4, 0. 1mol/L Tris-HC1,0. 1mol/L EDTA,1. 5Smol/L
NaCl,1% CTAB[pH 8.0]) #150 wl ZEHE K (10 mg/ml) {BA, %4 37CIET 30min, A 1. 5ml ) 20% SDS,
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BT 65C/KEHT AR 2h, BL.0J5 BUR B FINASF AR I 7 N BR(E DNA #7 i , ¥4 42 DNA 7 100V R
T 1% ZABFEHRIK 1. 5h, 48 /5 A DNA Zi4kit50] & (OMEGA , USA) BER s #4744k o

4tk ) EL P 4H DNA VRO 4T 16S rRNA 2 EY 1, )W K R P48 100ng/ 1 DNA,1 x PCR buffer,
2mmol/L dNTPs,2. 5mmol/L MgCl, ,£% 5pmol/L 1E WM 81514, 3 IMA 1. 25U Taq B, 1EM 5|9 0E 514
63F (5'-CAGGCCTAACACATGCAAGTC-3"), 5| ¥ N #E A 51 49 1387R (5'-GGGCGGWGTGTACAAGGC-
30" PHESBHAE 4CHS AR L BI A PCR X, M FHR B 94°C , B2 Smin; 5 34 27 R B2 P
45s,55°C 1Bk 455 ,72°C ZE{# 1min , 30 PMEIF , B/GT7E 72°C IEM 7Tmin, PCR F=43% 1% IR EEE I s ki
M, 3R JFF DNA i fkif5) & (OMEGA , USA) gk By B

4tk PCR =¥ 7o &t TOPO TA Taf& iR & B Z Ikt , SRIG 55 A Escherichia coli TOP10F JR3Z 7541 M
(Invitrogen, USA) , B PMERAREYIPRIE T 115 A BT T #E4T PCR 3801k, FFoEA7 Ik I, FH i PCR
FETIMABR il P9 VI Hin61 71 Mspl - 2U, BF 37 COKREE VIS . BEVIT=WI4 3% S et be i v vk i
W, 3k 5 #4T RFLP 253824047 o
1.3 FINERRERE I

Bt 44T RFLP B3, 3hPkik 40 A~ BA R F MM 16S rRNA EE 55| #1470 % 7547, JF51K A NCBI
(http ://www. nchi. nlm. nih. gov/BLAST/) i BLASTN T HE.# 47432 % %, 3 FIH Clustal W (fiiA 1.8) #l
Mega( J507 3. 0) H1 94582 ( neighbor-joining) XA 71 FRL O BC R ¥ B A5 2600 R s B B 5000 T 915
MARZRT PR, TR 16S rRNA JP5| FRM Pk 1 ORI Clustal W BIFHERFEK TR,
1.4 FiRgitEabth

RT AR Z IR 2R, & )RR W B A U 2L RFLP B35y — W #4E 85 (0TU) s it &
H: Shannon-Weaver ZREMIEE(H) ;

H =- (pi)(log,pi)

KA, pi N E—A> OTU 7EkE P BT o B LR, BPZE AR s B — Vil OTU By A SR I oy B e FE %K
BB, X aA-FHE OTU BT M Rkt 8t

B, R RN il 2% (SigmaPlot V8. 0) 2 434 Fr ki i o [ 125 B I (URBARUE B K F . HA
KF:

y=ax[1 —el 7t ]

RS SPSS V13. 0 #E4T 53704 (PCA) , LA OTUs 4B ZE B 34T T M40 4T KR LR BT
2 £R
2.1 RFLP 43t

M3 AR BKEERUR TR 16S rRNA TERESCE P A PRk 115 4~ i T, RFLP BESHT B8 , AR R H
HOTUHEBFEWBKNEZRE(E L),

TR R OTU o, 84 1 F2REl) OTU A TR K 3 MERKIKE SRR . SR, 284
B, EH 3 344 OTU B MRS & EFME

& KZX #4, DX19 i A3 008, i T KZX s 2w T8 E K 71% , KRR 8 G T2
FEEW 22% , R ,DX19 ZHEHSFEH AL, BF 6 4~ OTU(DX19,DX25, DX32,DX34, DX35,
DX36) 3t T SIRIEH B R 54> OTU 7E2FR sl T4 B F I LA LA BL OTU Sy a3
B ZREHAE () W, H R KZX BKRERR G SRR RO 1. 76, T R R TR B SR 20 2. 89, BIE M
EZRZ,
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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

7 YTW # g7k B¢ ep ,DX5,DX6 #1 DX18 (5 A g, B HI& 5 YIW # HeMu@ETFHEN 14% £
A, HAR BT & B MAR 2>, T DX34 MIZERRH & —EhH, & T YIW # SRR LHme T8 E 8
22% , FEMLEE S, KBESIRIRA 12 4 OTU RILH K, KEEP7 4 4 OTU (DX4,DX5,DX10,DX13) 2JKR
PRAER, MERFHEAE 3 4 OTU (DX31, DX34, P KZX e vTW o o
DX38) RAKREH ARG, Bl OTU MBBHBHIE e vrws g
#'lﬂf%ﬁ( H) %Eﬂi , Fﬁﬁ YTW B‘J7K1¢1¢|ﬁ:ﬂ@g1¢‘ﬁ?§ 1; ,Predicted KZXS & Predicted YTWS - Predicted ZJS
R 3. 54, M HIKIRA ZREMIEECH 3. 62, B A 16 |-

TE Z) ¥E 5, DX20 SR xR, Bl 2 BHEeH  , ul
TERETFHER 40% FEHRRS B T 2R FE
W 15% . $RTH,DX20 ZERERE S PR, HIME T
A~ OTU(DX1,DX2,DX20,DX21,DX22 , DX24 il DX25) 7
KRESIRRPRIEA N, (BRE1 OTU LTk T4
BB IS AR, 5T Z) B AR R T T3 2L
E i 15% ¥y 2 4~ OTU ( DX26, DX34 ) 76 /K #E v M A of | | | | | |
LA OTU SHZERiH B H M SRR S (H) R0, RS 20 1Y 0 g0 60 8100 120
IKPERER I RENEN 3.1, TR IRAY S REMFREON 3. 67,

16S rRNA 471 By 2R 4347 2 B3 AR B0 52 BT A0 A9 5
B FHE BB S RUE IR R SR R

AR (B 2) .

@

Number of unique clones
oo
T

B2 165 rRNA 1B E ML 1T
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 RERBAM

7E 16S rRNA ZER ) safE SR, Pkt 50 N RA RFBHHN T HITNF . WFSREZWRE D FI
(97% ) 5 NCBI #i FErb B HIFF1H 72% 3 99% w AL, Hb HF 3% W ¥ 3 5 B HFF 51 B A 2L %
F 85%,

73 M RRKEE SRR, AEYREN S EBEIRE T N FBEFR P, HPXKEI0FFET
5 2% : y-Proteobacteria , Acidobacteria, 8-Proteobacteria, Nitrospira F1 a-Proteobacteria, 75 #h— /NS 43 W) 78 [
JB T Actinobacteria , Firmicutes(J& 3)

He & T Proteobacteria ) G [E NV BN REXEPREEZM IS, HEZE K a-Proteobacteria 1 -
Proteobacteria, 4F 772 y-Proteobacteria 7E &M S Y K SRR ¥H H L, T a-Proteobacteria Mk 25 H B
&SRR, O B R IEHE Rk

RERBTROH B, TE 3 MERKKE SRR, I Nirospira, HFT A J& T Nitrospira W45 W5
3B TR E A, Leptospirillum ferrooxidans F7E T B KZX # SRR S Z] # SRR LS
‘Bt Leptospirillum ferriphilum FFTETBR KZX H SUKFELASME HABRE S

T VIR TEBE Z N, A. ferrooxidans 1 BRAE B KZX FE iR TB LASME BB HE B E K S IR I (KZX,
YTW,YTWS,Z], ZJS) , 3f BL7E YTW e MK B A R R, SR B EEFHE 32% (£ 1),
Leptospirillum ferrooxidans £ YTW # g /K FE R B2 L EFPHE (3 & B BT EE 15 %) BEHEH
HEKEE SRS, KA S8 BIAR /N <6% ) o 535t , BT Pseudomonas I KT E R TE 2] H SRR
R, X5 ARREREBIIXR,

7 KZX S WK SRR ¥ FTE Acidobacteria , Nitrospira , y-Proteobacteria F1 a-Proteobacteria, X
Acidobacteria ,¥J R DX25, R 2 5 LB A [E, FF Nitrospira, 76 KZX ¥ S B KB ¥4 Leptospirillum
ferrooxidans , I 7E HJE TR P W8 Ky Leptospirillum ferriphilum, 31T a-Proteobacteria, B 5 B JEETR LK FEH 2 T —
AHEHI(DX11) o XFT y-Proteobacteria , ¥ i B 7K 5 R IR A Z A Ko

T YTW H S B KR FF7E y-Proteobacteria , a-Proteobacteria, Nitrospira, 3-Proteobacteria , Actinobacteria 1
Firmicutes , 7 XL U2 o Wk /L 3-Proteobacteria, Xt Actinobacteria , Firmicutes 1 Nitrospira , ¥ fh /KB 5 HIE
T NFEZEA K, MXF a-Proteobacteria, JIEIRH Mtk H 2 T —4 25 (DX34) ,

TE Z) H S WK TR E7E y-Proteobacteria, a-Proteobacteria , Nitrospira , 8-Proteobacteria F1 Acidobacteria , I 7E
Hok e M) &R/ a-Proteobacteria,,

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

KZX(%) KZXS(% ) YTW (% ) YTWS(% ) (%) 28(%)
Acidobacteria 9 11 0 0 46 20
Actinobacteria 0 0 1 3 0 0
Firmicutes 0 0 5 10 0 0
Nitrospira 1 9 23 15 20 22
v -Proteobacteria 88 54 42 31 26 36
a -Proteobacteria 2 26 3 32 0 14
& -Proteobacteria 0 0 26 9 8 8
A. ferrooxidans of y-Proteobacteria 1 0 32 19 7 3

2.3 EWSAH

STk SPSS V13.0 Xf OTU $udlfE 3 54347 (PCA) , K 2,

IR EBUSIEE > 1, 5kX 3 M T4, 8557 A 4,

FiA OTU B9 PCA ZMHi2R T 3 78. 8% By T A8 itk , Hivp PC1 #3K T 29. 5% , i PC2 3K T 27.3% , i
PC3 #3RT 22% ., HE 4 WA 3 MEBPRMEYRE RA BE 2R BREF A KFESREER
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PARIB K
1000 DX2 (Y=8;¥S=8,72=3,25=1) 7
DXl16(Z=1)
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AY765999 Acid streamer iron-oxidizing bacterium (actinobacteria) :| Actinobacteria
1000 AJ519394 Uncultured actinobacterium partial 168 rRNA gene, clone JG37-AG-8

322 961 —DXI15 (Z=2)
1000 DX20(Z =36; ZS =13) ) y
4|:|_£Acidobacterium capsulatum D261 Acidobacteria
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994 |\ DXI18 (Y =15, ¥S=3)
999 DX318(K=1.YS=4,Z=1)
“{AJ2787 18 Acidithiobacillus ferrooxidans ATCC23270

165 6547 DX1 (Y=12: YS=7,Z=6, ZS=3)
724LDX17 (Y= 12; YS=33)

1000 DX4(Y=1)
_‘:'jxﬂ (ZS=2)
662 999 DX37(K=1,Z=1)
DX7(Y=5,YS=5,Z=5)
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DX33 (Z§=5)
AB208676 Acinetobacter sp. N12 gene for 16s IRNA. (Gammaproteobacteria) | Gamma proteobacteria
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1000 | DX36 (K=1; KS=5;,7S=2)
DX38 (KS=5; ¥YS=3,Z=3)
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DX28 (KS=15,Z=2)
DX32 (K=6;, KS=3;ZS=2)
AY096032 Gammaproteobacterium W2
DX19 (K =64; KS=20)
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479 DX35(K=3;K5=2) _

1000 {DX11 (K=3,¥=3;¥S=9)
986 X91796 Acidiphilium sp. I o .
DX34 (K=2, KS =21: YS = 19: z§=12) | “lpha protecteria
1000 D86512 Acido sphaerarubrifaciens

999 DX21(Z=17,2ZS=5)
AY 689890 Uncultured delta proteobacterium clone BPM3 C02 168 ribosoma RAN
196 DX5(¥Y=15,28=2)

826 DX6(Y=14;YS=8)

0.02

486

Delta proteobacteria

B3 165 (RNA RGE LRI

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

KSR RIS T P i L ACRE At BRSO R B, KS : SEAPEFTE IR P B _E YK IR TR AP E BREGIR R, Y. A BE TR Db R s U BRI
WL, YS FEA PR PRI B R VB AP BLAIR L, Z M IR TESLA0RE R P H BRI VRS, ZS - LA R TR S IR B iy B YR 3

The occurrence number of population in station of the Dawu River = K; The occurrence number of population in station of the Dawu River’s sediment
=KS; The occurrence number of population in station of the Yangtaowu = ¥; The occurrence number of population in station of the Yangtaowu's
sediment = ¥S; 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 i
—WHREER, FHET AMD HEF K HHE EEE T Actinobacteria , Nitrospira , Firmicutes 1 Acidobacteria 4

hitp : //www. ecologica. cn



10 41 R F JENET BRIET AR SRR IR S R R SR 4847

%, DA B AR/ B9 Proteobacteia'!! o AT , ZEA R BRIEFR S vh , LB WA VAL AR K ZEABRST, BT
£k BRHET YK P A E B T Acidobacteria , Actinobacteria , Nitrospira , o-Proteobacteria F1 y-Proteobacteria,

Firmicutes , d-Proteobacteria,,

®2 RS HTRGTE
Table 2 Initial Eigenvalues

By KPEE WG T 2 TR ( % ) BRITETRE(% )
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
(ed from™ Z 0.25 Derived from

Det

0.60
0.40

0.20

-0.20
-0.40
-0.60

-0.80 i
-0.25

0.60 040 -

020 040 440 0 075 Tz

B4 SEEHhiE RSN PCA 7
Fig.4 PCA at the three sites

LR K, 2. 0P ERKERTR, 340638, 4 . AMBKIRE, 5. 85K, 6: BRKIKE 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 % E BTS2 Leptospirillum {5345 515K pH B8 HI X" . Edwards %5 IR IR 1 24381 T7
XL T R EBRY B Leptospirillum WEHEFTE BT, R AR IR EEE . pH BARKIIFIRET Leprospirillum I, A
Jerrooxidans A FFR BT, FEARBG A, RE YIW F1 ZJ B0 pH {E LEESKY AMD 3555, (HEX 2 M
RBLKZX BAE{RE) pH {H, K Leptospirilium B E) Hfildu bk KZX H S B ™o

M Leptospirillum B 45 35 7% S A 43 F £ W% 05 e NI IR PRI — RIF I 047 LA, & 5 R Ik,
Leptospirillum B X B8 3 NAIE K Group: Group I (L. ferrooxidans) , Group 1l (L. ferriphilum) 5 Group
M54 ARBRFE R, 78 BT B S A R #RRE R B L3R 3 4 Group HITEIE , HLIA WA B i3 Group,

Acidiphilium J&F a-Proteobacteria [ 1 @ , K EW , XA B BE BB N Leptospirillum 1 Acidithioba-
cillus BEANBEEYR . REEARBIE D REHREY Acidiphilivm., B T BB R R 7 B R 915 A B
WU KA FRE TRIRE S, R BT A7 AMD R RGP EEERA,

£ AMD AR RGHIRIFAEE Ferrimicrobium acidiphilum , VI7EH B4 T @G MR &M T BB E
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RS FEARBIT, R T IR RUE Y, R RERE B, AEBNE, ABRK 2 #
FilE T (DX28,DX32) 5 1 FHBRAEE B R ARE 7K B9 y-Proteobacteria WJ-2 Bk A i B A UM: , X b
W2 bkt REHE | MRS B .

Xt 3 AR EKHE SRR ET BT, KBL A, ferrooxidans FE7K H BT o JLMET B HL IR T HA KR+

BB, A. ferrooxidans J& 5 A , TR IR & Sk A3, B HARETE IR IR o REA7E, T ELR ¥ gk A

ferrooxidans A TR HIMEKES T, &5H K& A. ferrooxidans AREFIFRI =M KB T T Acidiphilium 72 IRH
R BT, MAE KPR, X AT R BN IR IR Sk B G T Acidiphilium B =4 B8 SR — 4
% EATERIE ™,
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