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Table 1.

=1
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Iron metabolic diversity of bioleaching microorganisms

Iron metabolic pathways

Gene/Operon Position

Electron transfer chain 1 2 3 4 5 6 7 8 9

Cyc2

Cytochrome 572 (Cytsz,)
Rusticyanin A
Rusticyanin B

Iron oxidase
Cytochrome 579 (Cytszg)
Sulfocyanin

aaz oxidase

Cycl

CycAl

cbb3 oxidase
Cytochrome b
haem-copper terminal
oxidase

bc, complex

rusA
rusB
iro

fox cluster

Outer membrane
Outer membrane
Periplasm
Periplasm
Periplasm
Periplasm
Periplasm
Inner membrane
Inner membrane
Inner membrane
Inner membrane
Inner membrane
Inner membrane

Inner membrane

Fe(lIl)—Rusticyanin oxidase
Fe(I1)—Cytszg
Rusticyanin—Cyc1/CycAl
Rusticyanin—Cycl1/CycAl
Iron oxidase—Cyc1/CycAl

Cyts7g—Cytochrome ¢

Cycl—aa; oxidase
CycAl—bc,; complex

1: Acidithiobacillus ferrooxidans; 2: At. ferrivorans; 3: Leptospirillum spp.; 4: Sulfobacillus spp.; 5: Sulfolobus spp.; 6: Acidiplasma

spp.; 7: Ferroplasma acidarmanus; 8: Acidianus spp.; 9: Metallosphaera sedula. White cells: absence of the gene/operon; Black cells:

presence of the gene/operon.
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x2. AENMEYREMKHERESHFNE

Table 2. Sulfur metabolic diversity of bioleaching microorganisms
Sulfur metabolic pathways Gene/Operon Position Electron transfer chain 12345678910
Sox system SoxXYZAB  Periplasm S%7/5%S,057/S057—S0,%
Tetrathionate hydrolase tetH Periplasm S,0¢8 8,02 +50,27+8° . E
Thiosulfate dehydrogenase tsd Periplasm S,052 8,06
Sulfide quinone reductase sqr Inner membrane  H,S—S°
Thiosulfate:quinone oxidoreductase doxDA Inner membrane ;05> —S,04>
Sulfur oxygenase reductase sor Cytoplasm S H,S+S057+5,05%
Thiosulfate sulfurtransferase tst Cytoplasm 5,07 5807+ S°
Heterodisulfide reductase complex hdrABC Cytoplasm RSSH—RSH+ SO3%
Sulfate adenylyltransferase/adenylylsulfate kinase sat/cysC Cytoplasm APS—S0,%
sulfite: acceptor oxidoreductase sar Periplasm SO7—S0”~

1: Acidithiobacillus caldus; 2: At. thiobacillus; 3: At. ferrooxidans; 4: At. ferrivorans; 5: Sulfobacillus spp.; 6: Sulfolobus solfataricus;
7: S. islandicus; 8: S. acidocaldarius; 9: Acidianus copahuensis; 10: Metallosphaera spp.. White cells: absence of the gene/operon;

Black cells: presence of the gene/operon.

hdr hdr
S. thermosulfidooxidans ST  Sulfobacillus AMDSBA1
Sulfobacillus AMDSBAS hdr
Sulfobacillus 71
hdrC
6 2
[37] 3

Desulfobacterium autotrophicum

(67] GSSH

S05*
(APS) APS
(SAT) 71
Metallosphaera
SO5* S0, . (SAR
2)[64, 68]
(TQO)
[69]
(TetH)

1 TQO  TetH

actamicro@im.ac.cn

[70]

Acidithiobacillus spp.  Sulfobacillus spp.

At. ferrooxidans  At. ferrivorans

(Tsd)[35,71]
2.2.2
Desulfovibrio
[72] Acidianus 627374
[8-9] Desulfovibrio
QmoA/B ApsA/B
DsrAB/C H,
H,
(72, 7] Acidianus Urbieta
Ni/Fe
H,
[62,74]

At. ferrooxidans



, 2018, 58(4) 565

At. ferrooxidans
[80-81]

sreABCD!®! Sre
s° H,Sst™

[30, 80]
3 BAEMRKBE ST WHME
&

[29]

Acidithiobacillus

Leptospirillum

RISCs
[r7-78] Hydrotalea ! Frateuria [
Thermogymnomonas ! Thiomonas "
9, 79
( 1) [ 1
RISCs!™® 1 RISCs
abfgi |
N, €O, > ( ke~'> o,
NI (CILO), Fe < b, g~ (CILO),
1
\
\ 807

4

SO% H \
v /
Fet ~— MS 5,07

c: Sulfobacillus spp.  d: Acidiphilium spp.

a: Acidithiobaciltus spp. b Leptospirillum spp.
g: Acidiplasma spp.  h: Thermoplasma spp.

e: Desulfovibrio spp. f: Ferroplasma spp.
1z Sulfolobales spp. k: Acidianus spp.

it Metallosphaera spp.

1. EYASHRMEMRBITIEERMLMS: £BMKY; RISC: TR TTHF w)E>"
Metabolic function network of microbial community in bioleaching system (MS: metal sulfides; RISC:
[8,54,79]

Figure 1.
reduced inorganic sulfur compounds)
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Diversity of iron and sulfur metabolism in bioleaching
microorganisms and their interaction with minerals

Huaqun Yin'%, Zhenghua Liu“?, Xueduan Liu"?
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Abstract: Bioleaching is to extract valuable metals from their ores by microbial metabolic activity to take
iron/sulfur. Microbial metabolic diversity and coupling function networks in metallurgical systems, especially
functional networks dominated by iron and sulfur metabolism, play a major role in driving and accelerating the
dissolution process of sulfide ore. Therefore, it is the core research area on bio-metallurgy technology. We
summarize here the microbial diversity and iron/sulfur metabolism pathways in the metallurgical system, as well as
the interactions between microbial metabolism diversity and minerals from the perspectives of metabolic coupling
functional network.
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