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8 FE: AR E L DA YUK A A R T — MR IR M R R AN, Bk DY. R
WL PR TE, AR, BRI R0.4£0.Dpm X (1.2202)um, HEAKEEN 30 C, miEwiHAdK pH
B4 3.5, REAIFIIZATHE . LA, RERORR R AER, ARERIT FeSO, HHAT/AEK. HAZ KAWL LR, Witk
DY 4 Acidiphilium cryptum(Y18446)f T R4k G M IR —2r32h, HALE N 99.69%. BN (CuFeS,) 2 g i
B R, DY BRI BT HIEE is, BAIEIR B IR AT ARBR AT R ATCC 23270 1RAZH 1T,
AL ERBR AT B PR A B, 30 d S BRI AR S T 35.98%.
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Isolation and identification of Acidiphilium strain DY from complex
sulfide mines and its bioleaching characterization
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Abstract: An Acidiphilium strain DY was isolated from acid mine drainage of Daye mine, Hubei Province, China. The
cell of DY strain is Gram negative and rod-shaped in (0.4 £0.1)pm X (1.2+0.2)um. The optimum growth temperature is
30 °C, and the optimum growth pH is 3.5. It can grow facultative heterotrophically by using glucose, lactose, sucrose and
elemental sulfur as sole energy sources, but can not grow with FeSO,. A phylogenetic tree was constructed with the
published 16SrRNA gene sequences of the relative bacteria species. In the phylogenetic tree, the DY strain has the closest
relative to the Acidiphilium cryptum (Y18446) with 99.69% sequence similarity. The bioleaching experiment of
chalcopyrite revealed that the DY strain has little efficiency of leaching chalcopyrite, but when it is coupled with
acidophilic autotrophilic bacteria Acidithiobacillus ferrooxidans ATCC 23270, it can increase the chalcopyrite leaching
efficiency by 35.98% after 30 d, compared with Acidithiobacillus ferrooxidans ATCC 23270 leaching efficiency.
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ARG it A7 BT PR A0 B A AT )

TRVEW 1% /K(Acid Mine Drainage, [#FX AMD)
W, AR Z R BATIRVE WG IR 1 75 6 R S+
W . FE R A Ak W Ek i M B (Acidithiobacillus
ferrooxidans, fiij B A.f) « %A 1k T &k 4 s 02 i
(Leptospirillum  ferrooxidans) 1 W& PR A+ W J&
(Acidiphilium sp.) 7 2 LA R LA R, WERRAT 1
J&(Acidiphilium sp.) i1 HARRISONI®J- 1981 4 14 V42
e, JFHEIER T8 (05— A B — B 1 v R AT TE
(Acidiphilium cryptum). 1% BER AT ERIFIAE ], F)
FHEH R Hy 5 Fe' sk A Rk Tk i
Ak, HARBERI G EMR L Fe* MENBERAKS, Jf
FLAE LS A KA PE T 40 B M P 5 A 40 B S 5% el
HIRAISHI %} 1 ff) Acidiphilium acidophilum g% 2
S5 AT HORE I AR B2 R L S AE AMD B R
VIREVE ) 3 AR AL, AP e O HA R I
AR, 2ROk )oY B 1R
WA SN e v s I A8 A N At A T N A8 A T 2k 4
I A (VR C G AT T KR AR, (HX g
PR AT TR B 7 AR e i R A AR 2D o AR
A IIBHA IRR T Hi K, 4 B 19 31—k e
L0 A Reds e AR AR SCRE DLARL BTt 4 BEVR 1 7%
AR AN B, 6 L REATHIE 1) 8 SR PR R
WET, RN I AR A Y 2 1R R W R AR H
DU Ry i — 2 106 4 N SR AR

1 XIe

1.1 EFRIR

TR B A AR 9206 55 46 2005 4F 7 1 R TdE K
RN YU X K, BRI YUK 25 °C,
pH {4 2.1. AMD /KFETCE MUK 1 4.

F& 1 AMD KFETTHR T
Table 1 Element analysis of AMD(mg/L)

S Mg Fe Al Cu
3035 358 1890 114.8 91.51
Mn Si Zn As Mo
149 30.79 38.36 2.13 0.43

12 E&E544k
1.2.1 gk

K9 K FERRT 7R3, W R (NH,),S04 3
g/L, KC10.1 g/L, K,HPO,0.5 g/L, MgSO,7H,0 0.5

g/L, Ca(NOs), 0.01 g/L. 7} B35k 9 K-z Hi
ARG AL 9 K ARG IR B+ 1% M 20+ 1.5 % Il
¥, pH3.5.
122 M5 E2ifl

X B ) 43 B Al AR F 3G Y 43 2592, Sl B R
£, FREREVERE IR . R o] DUBEA T AL RE SR IR X AR R
B SRR SR FeSO4 TH,O MBI LU, Al
Z R ARFATR P o T S A 77 AN AR 7 25 4 UK
B &N RR P BbIE 1 AR, 29 K AR
WS IR RIETR, w4 DY, MEXHIFRT
— BRI

13 HBEEFH
1.3.1  Ho@ A K

FEAH IR DY WM 2 24 9 K A BE
RIS, A E TAFR AT, £ 170 t/min
BT, B 72h N, ERAET N EEEL e AR
ENTIEN N ESR S T
1.3.2 HIdEHI4G pH (I E

FAH FECR ) DY BB A RV 4G pH AE I 9
K A BRAAR ZR 3, 4630 C. 170 r/min &% HT
7%, 572 h BT WAEE T EEHEL e A pH 4
PE T A0 1A KA
133 JRPFI R

THURIRI 7T, R 9 K HEAbRE 7=+ 451
B FeSO4 THO HLJFUIR  BUERAT L B0 75 1%(w/v);
AHURBANT 71, KA 9 K FEREREFREEF Bl
HAERE . FURE . TERE R 1%, K CHUE N DY Wikk
FhEE LIR RPN 9 K JERERTFRIEF, 2430 C. 170
r/min JHHFE, 3 d AR 1 IR ELGAER 3 IKI, TE
WAEE TSR AR I A AR L

14 BHRFENE

75 30 CAR BT IR0 B XA KW, B0l
B, St Y S P0G A M. e
K ZIEVERAA, 4% B i, SR S
TEFHE LT A N AT U

15 WMENEEANE

$ DY BB 5%((w/v) T 9 K FEA
RrFEddh, 230 'C. 170 v/min JR%HEIR, Wi Mg
B FRAE pH AH SRR FERFE 5 DY BRR IR AT V.

16 R XKW
W RE AR IS8T, A R R
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Table 2 Component analysis of chalcopyrite (mass fraction, %)
CuFeS, FeS, CaCOs; Si0,
60.8 20.7 8.4 4.6

BREh 10%, WY EIRE S 1.0X107
cell/mL, H" 5 250 mL ¥ 100 mL, #HE
B 5%, 170 t/min, 30 ‘C. [FJIBEAT 4 407 L sz,
3l FEND 120 DY WARSRMUEAT, FEM 2 0 A R
HETEK ATCC 232708107415 AF465604) A2 A",
FEdh 3 8 LIRP R Rk 101 LUBNRARET, PR 4
h = R

1.7 EFHEIREE 16STRNA E[F 1 18

XAk J5 B 9% 1) W Ak A H Sangon 2 H] (1)
UNIQ-10 #EXJEDIZ4] DNA Hli3R 5] fr i B ik i 41
DNA. ¥ AR 50 pL 41 h: 33 pl BEK. 10X
PCR buffer 5 uL. dNTPs 5 uL. 5|4 63F(5’-CAG GCC
TAA CAC ATG CAA GTC-3")Al 1387R(5’-GGG CGG
WGT GTA CAA GGC-3")!"%1% 2 uL (5 pmol/uL). Taq
DNA (47 1 uL. DY WFEIFEKZ4] DNA 2 uL.

PR 94 'C Smin; 94 'C 455,55 C 455,
72 °C 1 min(3t 30 MEFF); 72 'C, 10 min.

1.8 16S rRNA ERE N F &5

PCR 7= ¥ I EZN.A™ Gel Extraction Kit
(OMEGA)[FIW, Ji5 [l PBS-T #AA&(BBI)E#2 J5 #: A\ K
JYkT i DHSo S22 41, 200 (1970 S5 PR BH 2 5
Bk b = E A B YA R A R P
HICAHEATH] GenBank(E 55 : EF585285), K
DY 1] 16S rRNA LK 7417 GenBank %1% 5114k
PR EAT AL, H clustalx 1.8 S EEEIT 42751
HetU7, JEH MEGA 3.1 #@ 2 4 R B RIS,

2 HR5H

21 BEMESSEEBE Y

YA R Y], WK DY 4 22 P
L R R, R AR, AR N A(0.4
+0.1) um X (1.2£0.2) pm, WK 1(@)Ffr; 789 K [#
PRI b, WVERETE, HAEcEEY], HIARAA
0.6~1.0 mm, K[JEH, WE 1b)FR.

Bl 1 DY B SEM (GAH % L&
Fig.1 SEM image and colony of DY

22 BREEKEREMRIEVG pHE

Bl 2 Bk DY BRI AE KB 4k, T /e
20~40 ClATAEK, HoHdEA KR LA 30 C.
B3 Fios Wi pH GENE L, 1% ] 72V
pH2.0~6.0 Z[AIHHAT/AEK, HadEKy)ih pH HL0
3.5,

2.3 BERHM M
Wik 3 prdl, HEE DY GEF)H PR AR . ST

50

40t

30F
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El 2 DY WAREA R N AR

Fig.2 Curve of cell destinies in stable phase at different

temperatures
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Fig.3 Curve of cell destinies at different initial pH values

TR RIAERE . FLBE.  ORERE, BETEK, EARER
M FeSO, BHAT A . IXSEHH R W% s HAT € Mk
PURPERNAE, £ A 75T B ] DA AR SRAG fE 5
BATAEAR, AT DM 2 FRAes AT A [ i
R R AR 2 R B A T 2 R A K

&3 DY FARBEIR I E

Table 3 Characteristics of DY strain with different substrates

Substrate Fe?* s° CuFeS, FeS,
Growth - + + +
Substrate  Glucose Lactose Sucrose

Growth + + +

24 EENWEMSE

4 it} DY BRRAESR T 5%(w/v) 55 (1) 9
KAl IR rh g AR AR K it e F s 7R 3 pHL {E 1AL
Mk, ¥ DY BREERN R & BT 9 K FEAlR IR
ST 3 d BT, 0B AR KA TR, pH RREE
NRELLIRZENS s A 3 d BIE 15 d AR AR K AL
T AR, pH MEERRTR: 18 d £ 21 d [A], pH
AT L%, SRR AR KA T PRI, 17 d
LU pH FREE] 1.0 LLR o X UEWIZE 5T 1) 9 K LAl
REFRBEr, BRRAE AR RO R AN T A AR A A A R
FHEERFEEN pH AEAKT B, HAILAT pH 3.5 [ 2
pH 0.9, KL, % DY BFEHARR I AT

2.5 E#k DY B 16SrRNA EEFFI4H 1R

K PCR E2R, By 4 16S rRNA HERH, 4R
Ji e I, I 5 (977 81K B R 1307bp, 71 GenBank
() 415305k EF585285. LA 16S rRNA JEEH 551

[FIJEPE N SR R RGO B, WK 5 FivR. Witk DY
5 Acidiphilium cryptum(Y 18446)f5 A AHAL, FHALLEE
99.69% .

¥ 3.6
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13.2
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.—E’ 80
= o— Cell destiny 724 —
S 60F =— pH value =
b e 12.0
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0
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Time/d

4 DY Wbk AR TP A i 2k K BRI pH I
A ith 2
Fig.4 Growth curve and pH value curve in sulfur oxidation

by DY strain

Escherichia coli(EF06T833)
Acidiphilium facilis(D30774)
Acidiphilium angustum(D30772)
Thiobacillus acidophilus(D86511)
DY(EF585285)

Acidiphilium crvprum(Y 18446)
Acidiphilium mudtivorum(ABO0GT)
Acidiphilium mudtivorum(D30773)
Acidiphilivm symbioticum(AY632901)
Acidiphilium cryptum(’Y 18445)
Acidiphilium organovorum(D30775)
Acidiphilium sp. STH(AY 040740)

5 DY W1 16S rRNA JEH )T 51 R 40K 7 W
Fig.5 Phylogenetic tree derived from 16S rRNA gene

sequence of DY strain

26 =H R

TN A0 RN S 25 A 6 o, FEdscd]
(4 d 20, Cu* IR BRI BOR IR I T ik
M2 VE . S, A1 Cu® 1R AR b 3 S
Pro AEEHINR 30 d 2 )5, DY BEFE AR H v
W Cu™ WRIEAA 051 g/L, Af brvEREFE ATCC
23270 FRGR AR Cut R N 1.82 g/L, 1fif DY
HIAS FRAERE MR ATCC 23270 YRG0 Cu W )
LB 247 g/l HlE R WA A0 T G s TR AR R
KK e T PR 40 B R AT R R

FEYN BRI S (O R, A1 R R Fe 4
Lk Fe* s
2CuFeS,+8.50,+H,S0,—~2CuSO4+Fe,(S04);+H,0

(bacterially mediated) )
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Fig.6 Copper extraction from chalcopyrite by DY strain

Fe' " B T — R 201 428 B UL R RNR
A, FERRVEAATT, A LORE S 4 Ak -
CuFeSz+Fez(SO4)3—>CuSO4+FeSO4+ZSO l (2)

TEMVESAE R, A Fe* R SO i 41 i 7 k48
th, ARk Fed Fil HySO,:

4FCSO4+02+H2SO4_’2F62(SO4)3+2H20

(bacterially mediated) 3)
28"+2H,0+30,~>2H,S0,
(bacterially mediated) 4)

2 AF ARAEEFE ATCC 23270 H0E L B4R e N
1 F% R A LA Fe® A S°, IR BES b nf ALk -
B 4 A RNAFIAEAT, HBHE P A SR,
SRR R R BRI Cut iR KR
P, B N IREAT, Cu® R g . LR
T RE A : S —7Eeiy R ol ferh, T —2ey
VEW TN LR B BRI R S N S T 7 o T
SO R 8 — 2 BU% IR, (2540 A
BRG] Fe™ Xk AR B 31 3 h™ (2 i, FHAS T R
REREE R A A A TR BRARU T A
GHURDRR R R TR R, W HASMAEKES 4
B E P, NI T X R
o 1M DY BPRFME H S e, e A B
Ak P RE S, AT S IfE s, HUfgfifb &
Ni(4)s FERETTAERE S N Q)BT S0 2 th ik 5 1 1
MR T ST D RE D L8 . T4 DY BERRAT AS bR
HERFE ATCC 23270 JRAEN I, DY HHkAEILEE S°
FAGCHBRIR, R A 2 T I 2 A R LN B e ik
A2 e L o R £ S ™ 3 TR B R 1) T

EAF AN TR Fe™ AN 1AW B 2 B4 (K i, A i
BERNAWIHEAT . 5346, DY B AR K R s s
Fe’ A Fe?', — 7 T A A0 0 R AT TR 1) A KA 4l
BEURE, —JT IR T 51 3 o S A I B AR A 1)
PERAT IR AR A AL, REE TR
BRBRLAF BT ) A AT AT O 3 iy 1 S8 A M BR AR A 1T
XS (R A

3 it

1) ML R Bk 4r B3 3] T — K 40 B
DY, M ZCITEANR, FAIR, WK/ A(0.45
+0.05) umX (1.5+0.4) um. Heid B KEE A 30 C,
1538 pH A 3.5, 16SIRNA FEPRIN 52 K REL KR & /04T
SR NI A Acidiphilium J& .

2) B HEVE IR, Ae AR H A R 5L
B RERERI SR TR N e AE K, ANRELL FeSO41E N
REVR ARG, JEREAH 2 i AT AR K

3) DY BRESAME ST 1SS, HAER
Af ARHERE R ATCC 23270 A8 4y I, 5 Af
FrRAERE ATCC 23270 BRI AHLE, 30 RIFRHH
P T 35.98%.

4) (EIRGFEN TR, AR TR 2 )
X WA RN, —J7 HREE T el i f 3
R AR e, Sy — I B R T AN A
SRR S, i s TR iR .
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