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5 mmol/L K,S,0,+10 mmol/L Na,S,0,.5 g/L ¥ Ji
fi 1 50 mmol /L FeSO, o 8 i I 5 OD o, K I B #E A
AN TH B 5~ K, S, 0, F1 Na,S,0, 1 (1 4 K, 43 ) i it
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XTI BT ASCIER T R M. &8 4 d BOFE I e
BRI AR &, FIWT R MR 68 1o Fe (1) B im Bk
T 5 77 905 1, 1020 SE MBIk Lk ¢35 1
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2.1 TE %k Costa C 1 Costa E IR ZE A B9
28w R BT IR JE FE S IR AT AR & AT FeSO, I DY
T A0 IR B 7 ] A4~ i i e R T A4~ A s 1 — 20 B
IR AT T — ST VR, 28 2 OB LR RS VR Al o)
295 A BRI 19 Bk 2 B AR BE 4T 16S rRNA AL P I e
J BLAST 4 #71, 45 W % B iIX S8 B 5 Sulfobacillus
acidophilus 16S TRNA KR AHAME & 99% LL I, 4R Hig
16S rRNA JE IR Lboxf &5 5, A\ b e B bk 23 il 7 44

Tron Mountain clone BU138 (AF226671)
Sulfobacillus benefaciens MT606 (EU495236)
Sulfobacillus benefaciens DSM 19468 (EF679212)

Cobaltiferous pyrite bioreactor clone K55 (AF460984)
Sulfobacillus benefaciens TVK8 ( EU099988)

Copper mine clone A70 ( X72853)

Sulfobacillus sibiricus DSM 17363 (AY079150)
Sulfobacillus thermosulfidooxidans DSM 9293 (AB089844)
Sulfobacillus thermosulfidooxidans BC1 (U75648)

3 Sulfobacillus thermosulfidooxidans G2 (AY140233)
Sulfobacillus thermotolerans DSM 17362 (DQ124681)

Sulfobacillus acidophilus strain GG61 (AY 140234)
Sulfobacillus acidophilus strainNC (AY121610)

88

100 |y CostaE
73 Costa C

421 Sulfobacillus acidophilus DSM 10332 (AB089842)

Bacillus subtilis DSM 10 (AB042061)

1. fk#& 16S rRNA £ X 55| # 2 B E #k Costa C.Costa E IR EMH B RF R B

Figure 1. Phylogenetic tree of Costa C, Costa E and related bacterial species. The tree was constructed according to 16S rRNA gene sequence

similarity with MEGA4. 1 software. Bacillus subtilis DSM 10" was used as an outgroup. GenBank accession numbers were given in parentheses. The

number at each branch points represented the percentage supported by bootstrap. Bar, 5%o sequence divergence.
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4y Costa C Il Costa E, Py ¥R B 55 F A AH 32 &1 A 1) &
GRE T R 1 M4t g5 31, w2k
) 5 B Bk Costa C FlI Costa E T] fE J& Sulfobacillus )&
R A% B3 o

2.2 BHESTEEEWEE

Al

B #k Costa C FlI Costa E )18 7% 4 [ B » B (4, &
T 45 kD, 10 2R 5, 2 I N B S
i FBE K 3% R HBE UL 5 B A O AR R/ 4 ik
(0.4-0.6) pm x (2.5 -4.0) wm 1 (0.4 —0.7) wm x
(2.4-4.9) um (] 2) .

A2

& 2. Costa C #0 Costa E & & 55 (A1 #0 A2,50000 x ) 1334 B 5 (B1 #0 B2,10000 x ) F4HRE 7

Figure 2. Cell morphology of strain Costa C and Costa E under transmission electron microscopy (Al and A2,50000 x ) and scanning electron

microscopy (B1 and B2,10000 x ). Al, Bl: Costa C; A2, B2: Costa E.
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Wyt A AR G, BE AT LA R o A o DY IR B B TR
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PR T AL B T B 4 T o A R R
pH M 2.5 A 1.3 2247, iy Jo i A 4l pH JLF
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% 1. Costa C F1 Costa E 5 Sulfobacillus EBHEEE# (¥k) EEE B LKA L3
Table 1. List of some physiological properties of strain Costa C, Costa E and members of the genus Sulfobacillus
Characteristic 1 2 3 4 5 6
Cell size (pm) (0.4-0.6) x 0.4-0.7) x 0.8-1.2) x (0.6 -0.8) x (0.5-0.8) x 0.7-1.1) x
(2.5 -4.0) (2.4-4.9) (1.5 -4.5) (1.0 -3.0) (3.0-5.0) (1.0 -3.0)
Growth pH range (optimum) 1.2 -5.0 1.4-5.0 1.2-2.4 1.5-5.5 1.1-2.6
(2.8) (2.8) (2.0) (1.7-2.4) 2.0 (2.0)
Growth temperature 30 -55 30 -55 20 -60 20 -60 17 -60
range (optimum) (°C) (50) (40) (40) (50 -55) s =50 (55)
(G +C) mol% 56.1 1.1 56.7+1.0 48.2 +0.5 47.2 -47.5 56.0 1.0 48.2 +0.2
Inorganic substrates Fe**,8%,K,8,0, Fe’*,8°,K,S,0, Fe’*,8°,K,S,0, Fe’*,8°,K,S,0, TFe?*,8° Fe?*,s°
Oxidation of sulfide ores + + + + + +
Organic substrates:
Malate + - + - - -
Fructose - - + + + -
Glucose - - + + + -
Sucrose - - + + + -
Glutathione (reduced) + + + + - -
Casein + + - + - -
Trehalose - - - + - -
Mannose - - - + - -
Glycine - - - + - -
Raffinose - - - + - -
Glutamate - - - + - -
Ribose - - - - + -
Yeast extract + + + + + +
Peptone + + / / / /
Beef extract + + / / / /
Tryptone + - / / / /
Casamino acid + + / / / /

1, Costa C; 2, Coast¥

without detection;

0.781 —&— Abiotic control

—&— Costa C

0.674
0.564 —— CostaE
0.454

0.34+

¢ (Fe™)i(g/l)

0.224

0.114

3
t/d

3. Costa C #0 Costa E Sk Tk TP =M sk
BRET
Figure 3. Change of ferric iron concentration during oxidation

of ferrous iron by strain Costa C and Costa E.
2.3 HRIRWBED

P 5 fr7n, Costa C Fil Costa E ¥y HL A5 ¥ B ¥%
B IRE S . RIS d, S 44k & b MK

i 3, S. thermotolerans Krl"; 4, S. thermosulfidooxidans VKM B —1269"; 5, S. acidophilus NAL"; 6, S. sibiricus N1"; /,

, negative; +, positive. The physiological properties data are cited from literatures [5 —11] .

JERACAR AN, 555 - 19 R, BBK LR BT S
B or s %) 1. 54 o/ L Al 1.58 ¢/L, 19 d 2 J5 M gkik
JEIA B Fa g, B Costa C Al Costa E 132 HY 2K 43 5l
15 %) 30. 4% F1 31. 2% , Costa C Fil Costa E X 1% 3%
W AL T K 2 1) 4 63. 0 mg/L+d 556.8 mg/L+d.

3 itig

t
JE o B AT AT I L Y 3

P, 07 R 41 iR
ITEL ETh X R
T RE S (E il S A5 T

A I
W e PREF W IEE S e Ak T
WA By RS, S E 2 T YA
BRI AT T R AT RE W S AR T A 2R T B AL
{1 1 8L, 35 T 4B R AT ) 1R A A TR [ IS e I 2
JFRAAE W A% AF R A LU 1 & B T (AR
) AR BEBE R 23 i — SE B 50R HT N IR P $42 h
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—44— Abiotic control —5—costa C —#— Costa E
(A) 2.8

(B)  0.074

)(mol/L)

..
|

¢ (SO

4. Costa C #0 Costa E F L 2 EE T2 pH (A) FO5:
BR IR B9 IR E (B) Tk
Figure 4. Change of pH (A) and sulfate concentration (B) during

oxidation of elemental sulfur by strain Costa C and Costa E.

3 85 B () 0 TR kT AR A v R T L R 7 T
B R e E ek e TR R R T &
WA B e H TR OE R D T ik
VR 5 T 375 ) B 08 T 2 o 6L 00 781 e 20>, [
A B 9 32 P B 30 S B2 I BAR Y8 K RE A 4 B
Vo ) P A T £ B 3% 4% 0 AT 180 07 B o 7E P e i
S AT 5 40 B0 45 B0 P RR P A IR AN 1 X R
AL BT 2 50°C —55°C i L » 7] I 7T LAY 3k 57 5
P, B BT I KR o RIS R
WL 45°C Mk OBk T, A Mkl R Gk )
63.0 mg/Led 556.8 mg/Led, i XL BB &
WL () NV 7

2.0 4

—4— Abiotic control
—=— Costa C
—&— CostaE

c (Fe')(g/L)

0.8 1

0.4 1

0 5 10 15 20 25 30
t/d

5. Costa C 71 Costa E 2 H HE A TIE P IR §k
RETL
Figure 5. Change of concentration of total iron during bioleaching

of pyrite by strains Costa C and Costa E.

DA APS MR Y NN ORI S 1A S 6 o E A
ARG T MALBEAT T 20 #7 > 45 F 8 s P RK B 48 i K
ANy 5 R (0.4 -0.6) pm x (2.5 -=4.0) pm 1
(0.4 -0.7) pm x (2.4 —4.9) pm, ¥4 2, 4K
NG I O 30°C — 55°C « fi il AR K B 20 il hy
50 CHI40 C, K pHWWH MM 1.2 -5.0 I
1.4 -5.0, fadi £ K pH 204 2.8; BE v LUFH] Fe
(1) \S\K,S,0, S5 TN b B IR 4T A IR A K
A M P I BRI Ry A A HL AT SR R AR AR TR I
(G+C)% 4y K (56.1 £1.1) mol% i (56.7 =
1.0) mol% , 5 S. acidophilus NAL" (G + C) %
(56.0 +1.0) mol% AE i i WEHK RAE R F K
ZRE, WK 5 Sulfobacillus J& 7 1) 16S rRNA
SE R IR d i A BUTE K T 99% 5 25 DL R A BT
N WK B T Sulfobacillus J&, 77 5 € & M
Sulfobacillus sp. strain Costa C Fl Sulfobacillus sp.
strain Costa Eo 5% T 3X P Bk B R W™ 9 10 4 1 4%
P R BOHL B R AR TE N ¥ I H A A 0 — 28 F
FUMHE)™ o 0 — L8321 A 5T v 2 4 e A 1) 3 7 K
IAE BN 1 R b A7 AE T B2 W8 IR A 41 T Sulfobacillus
JaE b T R R 40 B e A A % AR LB £
BF AT — Rl P AL 2% 8 T 0 A R R
(9 93 A B AE R I8 < AR T A SR BT S i b A
S A 5 T B 26 R A5 PR T b A T AR I TR A AN TR A VR
A R A R R O T R R B U D AR TR iR
B R B E T AR
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Isolation and identification of Sulfobacillus sp. strains and
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Abstract: [Objective] The work aimed to isolate and culture the acidophilic and moderately thermophilic microorganisms
for leaching the sulfide ore. [Methods] We enriched and incubated iron—or sulfur-oxidizing strains from muddy water of
acuric hot spring utilizing ferrous irons or elemental sulfur as substrates. Then, we identified the strains by their
morphological, physiological, biochemical properties and phylogenetic positions, and estimated their bioleaching potential
according to their oxidation rate of pyrite. [Results] Two acidophilic, aerobic and facultative heterotrophic bacterial
strains, Costa C and Costa E, were isolated from the samples of sulfuric hot springs of Costa Rica. Cells of the two strains
were gram-positive, spore-forming and rod-shaped [ (0.4 -0.6) pum x (2.5 -4.0) um and (0.4 -0.7) wm x (2.4 -
4.9) pm, respectively] . Strain Costa C grew at a temperature range of 30°C - 55°C and a pH range of 1.2 - 5.0,
optimally at 50°C and 2. 8. Strain Costa E grew at a temperature range of 30°C —55°C and at a pH range of 1.4 -5.0,
optimally at 40°C and 2. 8. Two strains could autotrophically grow on inorganic substrates such as ferrous irons, element
sulfur and K,S,0O, and also could utilize organic substrates like yeast extract for heterotrophic growth. Phylogenetic analysis
based on 16S rRNA gene sequences alignment demonstrated that the highest similarity between strain Costa C, Costa E
and other species of the genus Sulfobacillus was above 99% . [Conclusion] Based on morphological, physiological and
biochemical analysis, Costa C and Costa E can be affiliated to the genus Sulfobacillus, for which the names Sulfobacillus
sp. strain Costa C and Sulfobacillus sp. strain Costa E were proposed. Both strains could oxidize pyrite, and the oxidation
rates arrived 63.0 mg/L+d and 56. 8 mg/L+d, respectively.
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