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Diversity of microbial community in acid minedrainagein
ancient mine area
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(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The diversities of microbial community in acid mine drainage of Tonglushan copper mine were analyzed by
recombining the community 16S rRNA genes library and restriction fragment length polymorphisms analyses approach.
327 amplified community 16S rRNA PCR products were analyzed by RFLP, and 44 unique 16S rRNA clones were
identified. About 56.3%—69.6% of the total number of 16S rRNA clones in the clone library of each was affiliated with
2—6 dominant operational taxonomic units. The similarity for 93.8% of the sequences of the unique 16S rDNA clones
was greater than 90% with those in current database. The principal-components analysis of the biogeochemical properties
and phylogenetic analysis show that most of the bacterial clones are affiliated with members of the
gamma-Proteobacteria family (mainly Acidithiobacillus ferrooxidans) and the Nitrospira family (mainly Leptospirillum)
in tlsl and tls2 where the concentrations of ions are high, while those are affiliated with members of the
gamma-Proteobacteria family (no Acidithiobacillus ferrooxidans) and the alpha-Proteobacteria family in tls3 where
concentrations of ions are very low. The diversity of microbial community in acid mine drainage is at low level and
samples with similar biogeochemical properties have similar microbial communities.

Key words: acid mine drainage; ancient mine; microbial community; diversity; restriction fragment length

polymorphisms; biogeochemistry

Igis HE: 2006-08—22

EEWMB: EEKAREAEES B H (50374076); [ 5K 11 AR FE 7 58 4 Q00 44 2 46 08 B0 H (50321402) ;18 58 3 50 5L Rl 0 % e #0 K 1 H
(2004CB619201)

TEEE N XIBRA955-), L&, WK A, #9%, NG EYRRESREYE B2

BIRAEE: XHA, &, #d%; HBiF: 0731-8876697; E-mail: x-mine@mail.csu.edu.cn



34

APBR, S5 I FDEIRYER YUK PR ) 2 A 415

A 2 L 2 A NI A R SO AR H SRR
Bl AR E AR AT . AT BE A
P ARSIt TH AR TR A, BE A 2 3000 Z4E 1)
Pisle BEERE GBS EELT, BACH RN AL Ck
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EZNA™ (2l fbik I Gdt AT a4 2047 B e b el vk
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FEh 16S rRNA JEPK PCR 438 1175 [ 9 4 41l v 6
514 63F A1 1387R . I LT (1487 F1(BSA) KA 54k
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FHEHAR S5, IR SR B LR SR AIE [n) S PR R &
BRI E A4l . PCA SR Al e At s Pk (1)
72 VR LR B il 2 (1 254 27 6 32 2 o R ) 222
FEVEREM ;s DL R ML RFLP 45415 8 80 0 454
SR HIC(OTUs), HAHEAEH MM H PCA FEAT 7047
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44 NTEBE T SIAE GenBank $UHE K8 55 N -
DQ458045 (tls1-1), DQ463181 (tls1-2),
DQ458011(tls1-3), DQ463182 (tls1-4), DQ463183
(tls1-5), DQ463184 (tls1-6), DQ463185 (tls1-7),
DQ458042(tls1-8), DQ463186 (tls1-9), DQ463187
(tls1-10), DQ463188 (tls1-11), DQ463189 (tls1-12),
DQ458005 (tls1-13), DQ463190 (tls1-14), DQ463191

(tls2-1), DQ463192 (t1s2-2), DQ463193 (tls2-3),
DQ463194 (tls2-4), DQ463195 (tls2-5), DQ463196
(tls2-6), DQ458034 (t1s2-7), DQ463197 (tls2-8),

DQ458001 (t1s2-9), DQ463198 (tls2-10), DQ458036
(tls2-11), DQ463199 (tIs3-2), DQ458007 (tls3-3),
DQ458010 (tls3-4), DQ463200 (tls3-5), DQ463201
(t1s3-6), DQ463202 (t1s3-7), DQ463203 (tls3-8),
DQ463204 (t1s3-9), DQ463205 (tls3-10), DQ463206
(tls3-11), DQ463207 (tls3-12), DQ463208 (tls3-13),
DQ458037 (tls3-14), DQ458025 (tls3-15), DQ458042
(1s3-16), DQ458038 (tls3-17), DQ463209 (tls3-18),
DQ463210 (tls3-19), DQ463211 (tls3-20).
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2.1 FEHBERES AR

FE AR E S R 1 . R 1R,
tls1 Fl tls2 P& TCRIRER =, pH B tls3 %705
WEEYIRAE, pH Bmio

R 1 IR EDRFNFLAT
Tablel Main biogeochemical parameters of three sites
pl(mg'L™)

Mg Cu Zn Mn Si S

R

tlsl 35798 91.51 3836 149 30.79 3035
tls2 34398 1120 59.98 151 59.34 2881
tls3 12.74  0.04 0 0.02 395  44.64

pl(mg-L™")
FEHb pH RS/ C
Fe*  {iFe Al Ca

tlsl 1240 1890 114.76 475 2.1 23

tls2 923 257.12 39145 511 23 24

tls3 0.71 0.75 0.75  66.18 5.4 27

PCA JHRAN & A B PRI 22 7 0k o A2 B & R
FKW, PCl WontEh g2z RN 75.0%, PC2 WoR
FERBEPEZE SR 17.9% (LK 1), PCA #7nil 3 4
FESAH —EIZE5, ts] A ts2 BT BT EY)

kA 25, T ts3 5IX 2 MR ZE R K.
0.8
0.6 *
+ — tlsl
04F = —tls2
*— tls3
™ AL
¢ 0.2
D -
-0.2r N
_04 1 L 1
0.75 0.80 0.85 0.90 0.95

PCI
1 3 A A MIRALE A F 49 PCA
Fig.1 Ordinate plots from PCA Of biogeochemical propreties

PCA [R]Iof AR T fr el e (R &2 E s 5 2
XPRE ) 22 Sk s o AR AT A AR, PCL BoR
PEHJE 22 50 74.4%, PC2 oAt g 2= Sk hy
25.3%. PCA Zpirai REW], 3 AMFEHLIE pH {E. .
WA B S AR 2R, HRuESRERA
K(El2).

1.0
o—pH a— 9 Oy
=— Mg v—Fe
A—Cu »— Al
0.5F +—7n +—Ca
'—Mn o — Fel+
~ «— i %
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Fig.2 Ordinate plot from PCA based on pH, and

biogeochemical data from three different sites

2.2 16SrDNA TEFEIXFERIRFLPA T

X 3 ANFE REET RFLP 20716 PCR & 38 =4 4y
3274, tlsl, tls2 F tls3 20547 112, 113 A1 102 4>
5 EIR, tls1 Al tls2 (2 FEMERUIC, tls2 Al 2 1 i
) RFLP 4577 2R (OTUs) /b, 4 11 4, tls1 [ OTUs
A 144 2 NS IS RFLP 46017 288090 5y 3 FhoRD
2 Firo tls3 ZFEIEER R, AR 19 4~ OTUSs, {H tls3
WA L RFLP 4257 3).

tls1 [ LA RTN tls1-1, tls1-3 F tls1-8, tls2
() E AR tls2-1 A tls2-2. tls] A tls2 A 4
FAHFIY OTUs, 239k tis1-3 Al ts2-2, tls1-7 F
tls2-3, tls1-8 Fl tls2-1, tls1-11 FI tls2-6. H:H tls1-3 F
tls2-2, tls1-8 and tls2-1 4354 2 ANFE A AT R
A4, tls3 124 OTUs 5534t 2 AMFF R OTUs AN,
6 1~ OTUs(tls3-2, tls3-4, tls3-7, tIs3-8, tIs3-9, tIs3-12)
H AL LA (9%~12%) .

X BR PR BT AKAE BT B o B 1 i EAT U
i, S RWE 4 P, WA &g R, OTU 1
Fom A A e b AU R D) BN tls1, tls2 A ts3 435l
757, 37, 99 N5l IR BIMAT . AHTFIT SR E
FEM 435> OTUs, A EIH OTU H iR D>
Gy AHIETUR) v B R A ) DASCRE IR 4T
Z AR E YRR R 20 AT
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(a)

(a) t1sl; (b) t1s2; (c) t1s3
B3 AMD # & L& SUE KT RFLP &4 £ 2 49 OTUs 4 A B
Fig.3 Distribution of OTUs in clone libraries based on RFLP patterns in three AMD samples
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Fig.4 Evaluation of representation of clones obtained from

acid mine drainage samples by rarefaction analysis
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UL OTU FIrwt Y. (1) o b - 1EAT e A1 e , 3R
3 44 FIFH. 13.3%0F 55 MR EdE E ) 168
tDNA FEAAME KT 95%, 20.5%H1FF 5145 24 51 B
FEH 1) 16S tDNA FE A RAHATE R 90%~95%, HAT 7
1l t1s3-17 5 21411 16S rDNA JPFI AT BIER T 90%.

RERENTER, KITRIETFIEES R S
ANEHELE 5). R 2 5T 3 ML 5 ARG

1 5e 18003 o % B e RSO A 23 L

L& FE &5 A 2K B (gamma-Proteobacteria,
nitrospira, acidobacteria,
actinobacteria) [ v B T HUh PC #3H4T PCA Z9¥T,
P MR R, PC st B V2= 7210 66.7%.,
PC2 W rFEHE M7 R 31.8%(WLIE 6). HIlE 6 1]
s tlst 55 ts2 ZE BN, i ths3 X 2 MRS
BR.

alpha-Proteobacteria,

X} 16S rDNA S5 SCPEREAT RFLP 43 #f7 RKAff & i
SR TRYER YUK P E YIRS AR . BFIT A Rk
W, MR YUKESRGE T HEH N EAZ R
BEC 0 i, g R A s 13 AR K
FEC, AR 7 R R PR KRR o SUR I 5 A5
BB B IR I A M LA B — 28 0y AR oy BT 4l R R
B, BRPEIRSE A MV 2 A PR AR L b
Y G BRI SRR, BT I
TP A5 iR T R R SUAR R K T 85%, 3
ANFEAOUHIE ts1 F tls2)h 2 R0 1 513 5 240
[N LS TR IR RE FR A1 1T 1) )7 F1 AR %

F2 3G S AKBARKGLET R A b & B L )

Table2 Percentages of clone numbers affiliated to five divisions in three sites

gamma-Proteobacteria Nitrospira

PR Alpha- . Acidobacteria Actino.—
A. ferrooxidans HAth Leptospirillum  HAh Proteobacteria bacteria
tls1 37.5% 13.4% 22.7% 0 4.5% 7.1% 9.8%
tls2 36.3% 12.4% 40.7% 0 4.4% 0 6.2%
tls3 0 29.4% 6.9% 0 46.1% 11.8% 0
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C tls3-
Um'm’.']ugec; gamma proteobacterium (AY 622230)
tIs3-
Serratia marcescens (AJ550467)

E. coli ATCC25922 (X80724)
Gamma proteobacterium (AB212804)
tls3-10
—tls1-3

tls2-2
L‘—A‘ . ferrooxidans ATCC23270 (AF465604)
Uncultured gamma proteobacterium (AF424134)
tls3-17
tls1-2
tls1-10
—tls1-12
L Uncultured gamma proteobacterium (AM116729)
rtls2-8

4| Ttls3-11
L. gratiana (Z49725)

o

tls1-8

tls3-16

tls2-1

ts1-7

tls2-3

Leptospirillum sp. (AJ237903)
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tls3-15

tls1-1
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re

tls1-5
r—A cidobacteriaceae (AY096034)

——tlsl-14

Sphingomonas sp. (AB191723)
- Uncultured alpha proteobacterium (AJ575704)

tls3-9
—ls3-2
tls3-8
tls3-7
tls3-12
tls3-18
tls3-5
Uncultured alpha proteobacterium (AY533923)
0.02

B 5 BRMH FKAER T A4 16S IDNA A7 65 2 %K F #t

i tls3-6
————— L Uncultured gamma proteobacterium (AJ519658)

tls1-9
tls2-5
Uncultured gamma proteobacterium clone (AY395360)
tls2-4

Leptospirillum ferrooxidans (AF356834)

tls2-7
%Ferﬁmr‘cmbmm acidiphilum (AF251436)
tls2-11
Jncultured actinobacterium clone (AY395452)

Bacterium Ellin310 (AF498692)
tls3-4
Acidobacteriaceae bacterium (DQ355184)

Gamma
proteobacteria

Nitrospira

—

Actinobacteria

Acidobacteria
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Fig.5 Phylogenetic distribution of 16S rDNA sequences present in three acid mine drainage samples
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Fig.6 PCA of 6-unit cases at three sites

3.1 HMmPE A. ferrooxidans 5 Leptospirillum

tlsl Fl tls2 ¥, 5 A. ferrooxidans FHIT I va e 1t
ARHEB S, (AAE tIs3 HIFAR K IAH R b+ 38 1 KW,
tlsT A1 tls2 (1< Je B TR AR T tls3 i, pH {EAH
T tls3 MG, X5 A4S
AU YER oK A2 7 IPHIRE . WFgT R, 7EMR
pH H K HRIABE ' Leptospirillum H& BEH ST
24, Leptospirillum 52 Wi R M PR 855 o A Oy =22 11
W& R S A B AR A Ak A B . AT, EAR pH E)
tls1 Fl t1s2 WA 2K & 1K) Leptospirillum, — {E pH %t
) ts3 T AT 7 AN EBE T Leptospirillum 1K

WHoTat R, 7E tis1 Fl tls2 1 A. ferrooxidans
BT v 1 LU ARARL, {EAE ts2 H Leptospirillum T b7 LEA
L tis1 fr iy EEBHIRIR 2, R

a. A. ferrooxidans W LA 52 %58 5k B 1) H 42 g 159
TS, AT LA AR T I R Y Pl 1 R A 85 e A
K, Leptospirillum S8 11 UL,

b. tIs2 ¥ Fe’* 55 Fe 4k J5 A L tls1 (1)
AR ts] P, BT Fe? AR, 1815 A. ferrooxidans
P EK; 1 ds2 1, Fe'' Fe? S it iz i,
T Leptospirillum 5 .2 8 = W25 & 1,
Leptospirillum 4575 BRI B Y 7],

32 # S Ay Acidiphillum 5 Ferrimicrobium
acidiphilum

Acidiphilum cryptum ] NARE—N 504
SR e S e el N 7 (1 A 1 A =l
(pH=3.0), & & ¥k. BARWE T /7HY Acidiphillum A1
KA, HEABFEAESRGETERAE T EEN
fEH o WFREE AR, Acidiphillum H EALERPERHTK

“A. ferrooxidans

RGO S ad JsAE U,

Ferrimicrobium acidiphilum W] UL YT/K R
Gerh gy B kPO, BAR Ferrimicrobium acidiphilum A
FIRW, AHAEF ST T AT DU BRI AE RS A R
A RUE R AEIFTTR, A ts R tls2 TS b
W T Ferrimicrobium acidiphilum #15<, T tls3 H
T T Ferrimicrobium acidiphilum #15<, tls1 I
tls2 S EAT EIRBE R, T tls3 U R A kR B KA T
i Ferrimicrobium acidiphilum JCi%E+K .

33 HMEMSMEMRREMEMN

PCA(JE 1) T 45 3SR, tls1 A tls2 A ALK R
MR P, ts3 BIFEHLUE TS E P A RR I ZE
PCA(K 2)% 1] 3 MFEHLIY pH LS A8k BRI

GEEMZER K. RAKF NS RER, tis] A tls2
2 B S B TP 4 S gamma-Proteobacteria
Nitrospira M %, it K A 1R > & 0 5 alpha-
Proteobacteria t1%, tIs3 5 gamma-Proteobacteria 1
alpha- Proteobacteria #1CI el 1L %2, HARD
HITE B F 745 Nitrospira 2%

PCA( 6)73 T iz, tls] Al tls2 Hifg B ALK Bk
HERER SR N, 1S3 LTI BB RV ik
HWARNIES . RGERTIEREY], ts1 H tls2
AHEMIARL I EYREE SR . tls] TFA 6 4> OTU
KA ts2 R EFIAHME R T 96%. fEI1X 6 4
OTU 1, tls1-3(f7 tlsl SFESCER 37.5%) 7515
tls2-2( o7 tls2 BEFE SO 36.3%) 1R AUARAATE R T
99%; tls1-8 Hl tIs1-7(43 5l iy tls1 FLfE ST 17.0%A1
4.5%) I FEB153 515 ts2-1 1 tls2-3(53 5y tls1 5 30
JEI) 33.0%01 8.0%) K134+ 3 AL . BFFE4s SRR,
T Je 1R A R R MR B0 /K B AT AR I Tl A R i
H K

a. K 16S rRNA D448 LUK BRI g U] K5
ZATET T TR AT LA TR YED SR TR i i ik
H ko

b. FEAR &% L™ B I DR R T B K A A
WU ER 5 AN HE, ZFEEAG.

c. {EAMZRILA A JF XN pH . & s 1R
JE R IR PR BT BT K R, AR ) R VR A5 R T
gamma-Proteobacteria (¥ B} A. ferrooxidans) H
Nitrospira (X%} Leptospirillum)kJJ; 7E8 = pH
G IR B IR UK, TP Sl i 2
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