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Abstract: The extreme microorganisms Ferroplasma spp., play an important role in bioleaching of sulphide ores at low pH value
and temperatures around 50°C. Without cell wall, Ferroplasma spp. is sensitive to pulp density, shearing force and heavy metal ions.
Thus it is difficult to obtain their high cell density cultures, which limits the large-scale industrial application. In this paper, the
optimum culture conditions of Ferroplasma thermophilum were studied by shaking culture. The results showed that the optimum
culture conditions are as follows: 50°C, initial pH 0.5, 50 mL working volume in 250 mL shaking-flask, inorganic nitrogen source
(NH4),SO,4. The optimum combination of FeSO,7H,0, yeast extract and peptone was determined by orthogonal experiments,
including FeSO,4- 7H,0 40 g/L, yeast extract 0.3 g/L, peptone 0.2 g/L. Under the optimum culture conditions, the cell density was up
to 6.3x107 cell/mL, and the oxidation of 40 g/L ferrous sulfate heptahydrate was finished in less than 72 hours. The results might

Received: January 15, 2008; Accepted: March 12, 2008

Supported by: the National Basic Research Program of China (No. 2004CB619204), the National Nature Science Foundation of China (No. 40646029),
the Program for New Century Excellent Talents in University (No. NCET-06-0691), and the China Ocean Mineral Resources Research and Development
Association (No. DYXM-115-02-2-07).

Corresponding author: Hongbo Zhou. Tel: +86-731-8877216; Fax: +86-731-8710804; E-mail: zhouhb@mail.csu.edu.cn

[H 5% T S BT 505 H (973)(No. 2004CB619204), [H 5% [ R EBF 2 54 (No. 40646029), HH &8 284075 A A 3245 1 % (No. NECT-06-0691)F1
KVE 2R3 (No. DYXM-115-02-2-07)% B



JE ks %5 mEhE R B RS T Ferroplasma thermophilum (935 35 4 -4k 1041

provide information for scale-up of archaeon culture as well as its industrial application.

Keywords: bioleaching, archacon, Ferroplasma spp., culture, optimization
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Fig. 5 Analysis of the orthogonal experiment results
A: ferrous sulfate heptahydrate, g/L; B: yeast extract, g/L;
C: peptone, g/L
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Table 1 Orthogonal experiment results

Factor

Experiment No.

Target

A(Ferrous sulfate heptahydrate)/(g/L) B(yeast extract)/(g/L) C(peptone)/(g/L) Cell density/(10” cell/mL)
1 20 0.1 0.2 2.016
2 20 0.2 0.3 2.457
3 20 0.3 0.4 2.657
4 30 0.1 0.3 1.633
5 30 0.2 0.4 2.533
6 30 0.3 0.2 4.00
7 40 0.1 0.4 2.467
8 40 0.2 0.2 4.34
9 40 0.3 0.3 3.77
Result analysis
7.13 6.116 10.356
8.166 9.33 7.86
10.577 10.427 7.657
K1 2.377 2.039 3.452
K2 2.722 3.11 2.62
K3 3.526 3.476 2.552
R 1.149 1.437 0.9
HiR 2 1301, HEUE Z MK a=0.05, ARG
Foos(2. 2)=19, ifii FA. FB I FC AT 19, =% © 00 R
AT AR, HR BRI F thermophilum € ol
AR I ok B, DRI ot rp S s P AR §
2.7 MRLIEFEMT F thermophilum B9E k Fe® E 1
RAEK sk £ 404
F. thermophilum 7 1.3 B R 5= 444, M E 20 /
1AL BT 2 4.0x107 A/mL, 5 72 h A4 2 .
1k5E 30 g/L (1) FeSO, + 7TH,O., F. thermophilum 7& 07 ' -
@E@%#F(EI] i%?%ﬂ};{‘ 50°C, ?}]ﬁﬁ‘ ij{l 0.5,250 mL 0 10 20 30 4t(Zh) 50 60 70 80
(R W 100 mL, JEHLAL B (NHL),SO,, ®) 7
FeSO, + 7TH,0 40 g/L, ERRHY 0.3 /L, 1M 0.2 g/L) 6] S
Begemt, 455K 6. F. thermophilum 24 h J5#EA g 51
S
£2 EXHREROFTEN 3
Table 2 Variance analysis of orthogonal experiment E 24
Varance GRS Deedom square T Yale 31 o
Factor A 2.08542 2 1.04271 34.1639 o ../ i i i i
Factor B 3.34656 1.67328 54.82425 0 20 40 : h)60 80 100
Factor C 1.50594 2 0.75297  24.670716 (
Random error  0.0610416 5 Bl 6 F. thermophilum BYE L F $% (a) & & 1€ (b) B 22 M
Fig. 6 Ferrous iron oxidation curve (a) and growth curve
Summation 6.99897 8
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XEEON, kAR EE R 0.104 h', SN
6.56 h, #7172 h #A 7 REM . i3SI E rY ik
JEik 6.3x107 ~/mL, 30T 25 50%, Fe* A AL R
KAKHEF, 40 g/L (1) FeSO,4 + 7TH,0 7£ 60 h 5 B 29
AT 90%, 72 h A4,

3 i

(B H KRR REY]: BIREEIR D, R
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(NH4),SOy, & BN AT ALY A B A T AR I

(QIEASIR I 45 R EK W FeSO, - TH,O . BEEEH) Al
E MBI A AT F thermophilum X543 i 2 50,
FOrP EERE VR B B B B . S A BOE Y
AR A FeSO, - TH,0 40 g/L, BERER; 0.3 g/L, &
% 0.2 g/L
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