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Isolation and identification of Thiobacillus ferrooxidans
and optimization of its culture condition
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Abstract: [Objective] A strain with the ability of bioleaching was isolated. Its culture condi-
tion was optimized. [Methods] The strain was isolated from the soil collected from thermoe-
lectric plant in Chengdu, whose taxonomic status was identified based on analysis of mor-
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phology characteristics, culture characteristics and 16S rDNA sequence. The optimization ex-
periment was designed with Box-Behnken method in the software Design-Expert, in which the
four factors of culture condition that initial pH, temperature, inoculum amount and liquid
volume were investigated. Then the results were analyzed with the response surface analysis
(RSA) and the optimal culture condition was determined. [Results] The isolated strain was
Gram-negative and short-rod, which was named as Z1 and identified as Acidithiobacillus fer-
rooxidans strain by analysis of its 16S rDNA sequence. The optimal culture condition of the
strain was determined, which was initial pH 1.8, optimum temperature 30 °C, inoculum vol-
ume 14% and liquid volume 60 mL medium in a 250 mL flask. Under the optimum condition,
the oxidation rate of ferrousion reached at 99.7%. [Conclusion] The strain Z1 was appreciated
for bioleaching.
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1.1 &

MBI ) RAE L FE, FH TR E .
12 EFE

OK I 1A 33 75 B4 A Mi: (NH,),SO4 3.0 g,
K,HPO, 0.5 g, KCI 0.10 g, Ca(NOs), 0.01 g,
MgSO,7H,0 0.5 g, Z& /K 600 mL, pH 2.0,
1x10° Pa K% 20 min, B #i: FeSO,7H,0 44.7 g,
ZE7K 400 mL, JH 6 mol/L H,SO, 1575 pH Jy 2.0,
T UEBRTA . FEFIEREE A VR B IR -

OK A4 1% 35 3 151 AW : (NH,),S0, 3.0 g,
K,HPO, 0.5 g, KCI 0.10 g, MgSO,7H,0 0.5 g,
Ca(NOs), 0.01 g, T 1 L &K+, 6 mol/L
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H,SO, 3 pH % 2.8, 1x10° Pa K 20 min. B ¥#:
$ 24 g FeSO, 7H,0 ¥ T 180 mL Z&1H K H, 1€
FREA.C W H 15.0 g BifgiA T 400 mL ZE 1K H,
1x10° Pa K4 20 min, M A ¥ EUH 420 mL 5
B M CHIRE -
1.3 HHHEEMH B

FRECS g HFE, fA 10 mLZE8KH, 58504
P, BELMED, BCRIEWBEEA 100 mL 9K YK
Rigedkrp, 30 °C. 150 r/min JE 5535 10 d, £H
WERLIARR . HL 0.2 mL BRI STIR A TE 9K [EIAR
BRI, 30 °C 5557 11 d, PRE vk 2
100 mL 9K ¥ iASEFR A, 30 °C. 150 r/min #&3%
g% 10 do Qs AT 3 Wk, HBTE AR
WS H| — BRI S — W a5 R Wk, s
H 71,
1.4 EEFETE

FHOE 27 5 0 UL 4 1 T 245
TR
1.5 16S rDNA FIINth R ARG A B R BIHE
1.5.1 Z[F2H DNA 893EL: HAR ALK 20 DNA
FRPGA SR AR Z1 LRI ZH DNA,
1.5.2 PCR ##&: #ip 16S rDNA R Ay PCR
P14, IEmS Y 27F: 5-AGAGTTTGATCCTGGC
TCAG-3; Ia5]#) 1492R: 5'-GGTTACCTTGTT
ACGACTT-3"8, Rk Z: [ EMARL 50 pL,
fU4% 10xTaq Buffer 5 pL, dNTPs (2.5 pmol/L) 4 pL,
LRI DNA 2 pL, I, FHESI#(20 pmol/L)4
1 pL, rTaq fit(2.5 U) 0.5 pL, MICHE /K % 50 pL.

FN 4544 94 °C 5 min; 94 °C 45 s, 55 °C 45 s,

72°C 90 s, 4t 35 MMEFF; 72 °C 10 mint*™,
1.5.3 16SrDNAMIF. D RWERG A ER:
{1 FH IR IR ) 2% PCR 3 14 = b A7 4lifk, 1%
Je R A IR A R A FIDIT o KRtk Z1 19
16S rDNA J751 ] BLASTn #E47 [RIMEME LR, #F
LR R T 91 5 LR 45 SR v [R5 548 e 1 8 g

P EEN T T i)

JH ClustalX 1.81 #1747 51 Lt . 1 MEGA 5.0
Ay Br Hs R4 i, LA Kimura-2 2800188
PR, R N-J SRR G R BN, X L
Fric 1000 YR EE HRASFHY A A% Bootstrap {H .
1.6 HFRREET SHAM LD

XPIEG pH (E . IRE . BRI E 4
WZE T4, alid hEsE AL B, CHID, &
ANRZEB 3 DK, L Fe? EAR SR i b,
it i R; | Al Design-Expert %k {4 b (¥
Box-Behnken 11528 5, 4 Btk Z1 TEANIRIY
B4 . 150 rimin IR 1597 25 h, MEREFR
W) Fe L3,

1.7 Fe"SILERNE

Fe* e JEF P R SR FH A A R )

AL AR BT B A LTS YE ) Fe™ LRk
FTAE, Fe BB, RIFHE Fe® Akl Fe™
I RE STk, S PR S
2+]1>’&| _[Fe*]
[Fe* 1.,

P [Fe* AR Fe® VB, [Fe* lan
SRR Fe? W, RIRNER 9K BigRdtdhy
Fe™ M .

2 HZFR5SH

2.1 BEWRESIEFEE
FIRSEEFPIR, F2 B (E 1),

F
e L «100%

TE 9K ¥

1 ZIEME=ZREBRES
Fig. 1 Morphology of Z1 strain by gram stain
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( 2).

2.2 16S rDNA FIISth R RS A& R B9ME
Itk 16S rDNA K JE 24 1416 bp, GenBank

2 K EFEFMEEERS
Fig. 2 The colony feature on the 9K medium

B 5ok IX545229, FH BLAST #4754 [ PR
ek, 53R monFRE Z1 5 Acidithiobacillus fer-
rooxidans ATCC 23270 (4[] Jit: ik 99%, K%
PR AR T 91 5 ok &85 R v ) U5 3 v 1 17 3 s
ClustalX 1.81 #4747 HLxf, FIH MEGA 5.0
ARG R TM (K 3), Wtk Z1 5EmRIER
LR AT H B 1E R G R B LA T IR —4 32,
SEA AW AR, FTURE R Z1 g IR bE
AL KB AT # (Acidithiobacillus ferrooxidans).
2.3 HEHRIEFFHBIRL

ARSI WG pH A L R | R AR
AT AL, AKX 4 AR DA R AL
B. C. D, FHZEKFMEMIWE 1, L Fe*
SAALRME MR, 88 Ro SR R K4 R
W2 2,

= 100 | Acidithiobacillus ferrooxidans ATCC 23270 (NC_011761.1)
0.001 100 [ ] Acidithiobacillus ferrooxidans ATCC 53993 (NC_011206.1)
33
Z1 (1X545229)
61 Hahella chejuensis KCTC 2396 (NC_007645.1)

Methylococcus capsulatus str. Bath (NC_002977.6)

77 Nitrosococcus halophilus Nc4 (NC_013960.1)
_—— Allochromatium vinosum DSM 180 (NC 013851.1)

Acidithiobacillus caldus ATCC 51756 (ACVD01000050.1)

100 _[ Acidithiobacillus ferrivorans SS3 (NC_015942.1)
78

Acidithiobacillus sp. GGI-221 contig_1296 (AEFB01001296.2)

3 LUE#k Z1 16S rDNA F5 AR AKX BEH
Fig. 3 Phylogenetic tree based on the 16S rDNA sequence of strain Z1
TE: 4330 B F RN IRI% 0 SO BAR L, 2B R 2GRS, 55 P )3 S 2 BBk AY GenBank %55
Note: The digital representation on the branch point is degree of confidence. The scale indicates is genetic distance. The serial num-

ber in parentheses is the GenBank accession numbers of the strain.

F1 EZEKERE

Table 1 The value of the factors

GEES IK3F Level
Factors -1 0 1
A pH 1.5 2.0 25
B Temperature (°C) 26 30 34
C Inoculum size (%) 5 10 15
D Culture volume (mL) 50 70 90
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Table 2 The plan and the results of the experiments

No A B Cc D R No. A B C D R
1 -1 -1 0 0 28.61 15 0 1 -1 0 46.27
2 -1 1 0 0 88.93 16 0 1 1 0 67.31
3 1 -1 0 0 37.46 17 -1 0 -1 0 15.67
4 1 1 0 0 57.68 18 -1 0 1 0 97.26
5 0 0 -1 -1 45.37 19 1 0 -1 0 38.59
6 0 0 -1 1 46.42 20 1 0 1 0 91.71
7 0 0 1 -1 95.22 21 0 -1 0 -1 61.73
8 0 0 1 1 96.11 22 0 -1 0 1 62.14
9 -1 0 0 -1 83.96 23 0 1 0 -1 50.17
10 1 0 0 1 86.42 24 0 1 0 1 51.06
11 1 0 0 -1 80.10 25 0 0 0 0 82.01
12 1 0 0 1 74.18 26 0 0 0 0 81.77
13 0 -1 -1 0 30.46 27 0 0 0 0 81.77
14 0 -1 1 0 65.81

B 1 Design-Expert XX gt 17004, 15
Al 9 J5 72 : R=81.85-0.98xA+6.26xB+24.22xC+

0.063xD—10.03xAxB—7.12xAxC+13.58x AxD—
3.58xBxC+0.14xBxD—0.040xCxD—10.17xA%~
20.24xB?-9.15xC*-3.64xD?,

F 1A 5 B A] DU — O FRE i C A
B2 Xof i o F 1) S e Ay i 3, 1SS B3R AxD
St (L A B R BRI, (AT C B B2/
RZ., K, ATLARASIE: 4 MR ZIEROCR
ETIRRR, IR RRMARICR, W HA
RZ A2 BAE A R UL BN, LI
T AT A E B A R B s BAE

M4 [ ) 5 #2 Al iy Design-Expert 44 H
Wi 7 T 7 AAS IR (B 4-9)., 11 Design-Expert i 1 [
AL AT e 355 R AR B A R TR
A R, pH AR A — i E AN
3,

H1 Design-Expert 3% {47 il 1, 3% Bl A5

R A KA HHE N 98.39, LI5S R & B 4

A pH 1.8, JEE 30 °C. M 14% . e
60 mL . A5 N {EUFN 5246 S iE (R A —F, BT LA
TSR A ARG R 25

Fixed levels: C=1, D=1

El 4 pH R E #2000 8% 5 4 2R B0 52 32K E
Fig. 4 The response surface picture of the effect of pH
and temperature on the oxidation rale of ferrousion
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Fixed levels: B=0, D=1

Bl 5 IZFHEFN pH 2T Ek S (b 20 Y AL iR E
Fig. 5 The response surface picture of the effect of pH
and inoculum volume on the oxidation rale of ferrousion

87.0

78.5

R 70.0
61.5
53.0

90

2.50

D 60 1.75
50 ~1.50

Fixed levels: B=0, C=1
B 6 IiBEF pH SN S b 200 [y LR E
Fig. 6 The response surface picture of the effect of pH
and culture volume on the oxidation rale of ferrousion

A

Fixed levels: A=—1, D=1

B 7 ZEMEFNRE WIS (KN ik E
Fig. 7 The response surface picture of the effect of
temperature and inoculum size on the oxidation rale of
ferrousion
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Fixed levels: A=—1, C=1

E 8 RHEFNEE RNk E RN E LK E
Fig. 8 The response surface picture of the effect of
temperature and culture volume on the oxidation rale of
ferrousion

97.00
83.75

R 70.50

57.25

44.00|

90 15.0

5
©

— 12.
10.0

S0 o S

Fixed levels: A=—1, B=1

B9 EiRFAIZEFE £ ImIE X S 1k 2= Mo 52 1 AL K E
Fig. 9 The response surface picture of the effect of cul-
ture volume and inoculum size on the oxidation rale of
ferrousion

3 &g

(1) MU ECHRHEE TR AR A o B A 2
—PRANTA Z1, RO L ICBAYER, PR, &
16S rDNA %5 JRE R AL WARBRAT 14

(2) AR SCR FH 7 TRT 43 BT 3 X TR AR 1) 355 37 5%
PEHEAT T Ak, 0 Hom i B g 24 W06
pH {H 1.8, IRFEFH 30 °C. APy 14% ., %
BN 60 mL, fEMERAESMET, 1553 24 h
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