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Abstract: Thermophiles, including moderate thermophiles and extreme thermophiles, mainly survive
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high temperature. Thermophiles can grow at temperature of 40—80 °C and above. Many of them are
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acidophilic and have specific metabolism types, which endow them to be used into the high
temperature-biomining processes. Biomining processes under high temperature show more
advantages than traditional mesothermal biomining process, which can effectively leach out some of
the refractory primary sulfide minerals, resolve passivation problem, therefore improve leaching rate.
In this review, we summarized the physiological characteristics of main thermophiles used in
biomining processes and their resistance mechanisms on high temperature, iron, copper, arsenic and
other ions, furthermore, the developments and applications of thermophiles in biomining technology

were presented.

Keywords: Thermophiles, Biomining, High temperature-biomining, Heat resistance mechanism,

Metal tolerance mechanism
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Figure 1 Oxidation process of sulfide ores
MS

Note: MS: Sulfide mineral. Black arrows: The common oxidation
process for both acid-non-soluble ores and acid-soluble ores; Red
arrows: The specific oxidation process for acid-soluble ores.

Acidimicrobium

L)

Acidithiobacillus (At.) caldus®'"
(Am.)  ferrooxidans!'!! Leptospirillum
ferriphilum'?  Sulfobacillus (Sb.) [13]

Acidiplasma [14]

Spp.
Ferroplasma (F.) acidarmanus'

(Crenarchaeota) Acidianus (Ac.) spp. Sulfolobus
(S.) metallicus Metallosphaera (M.) spp.
Sulfurisphaera  ohwakuensis Stygiolobus
azoricus™'®!

Acidianus Ac.
sulfidivorans pH 0.35-3.00 45-83 °C

[17]

15181

®1 BTEMEERERNEY

Thermophiles

Table 1 Thermophiles used in biomining operations

C ) pH

Optimal temperature and pH

Electron donor

G+C

Nutritional type G+C content (%) Reference

Bacteria
Acidithiobacillus caldus
Acidimicrobium ferrooxidans
Leptospirillum ferriphilum
Sulfobacillus spp.

Archaea
Acidiplasma cupricumulans
Acidiplasma aeolicum
Ferroplasma acidarmanus
Acidianus spp.

Sulfolobus metallicus
Metallosphaera spp.
Sulfurisphaera ohwakuensis

Stygiolobus azoricus

45°C pH2.0-2.5
45-50°C pH2.0
45°C pH 14-18

40-55°C pH1.5-25

54°C pH1.0-1.2
45°C pH14-1.6
42°C pH12
65-90°C pH 1.5-2.5
50-75°C pH 1.0-4.5
65-75°C pH 1.3-3.0
84°C pH2.0

80°C pH2.5-3.0

F eZ+
/ S Fe*'
S/
Fe?'/S/
S

S

63.1-63.9 [19-20]
68.3 [
55.0-58.0 [12]
47.2-56.7 [13]
34.0 [21]
36.0 [14]
37.0 [15]
31.0 [22]
38.0 [23]
40.0-46.0 [24]
33.0 [25]
38.0 [26]
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Figure 2 Tolerance mechanisms on metal ions of
biomining microorganisms
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EPS .
Note: R: Acceptor on cell membrane; M": Metal ion; ox/re:

Oxidation/reduction reaction; M"™": High toxicity form of metal;

M"T: Low toxicity form of metal; EPS: Extracellular polymeric
substances.
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ATP
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2.2.1 KWL Fe'*
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FeZ+ Fez+ Fe3+
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FeoC Feo (FeoABC)
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At. FeoA
caldus L. ferriphilum
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