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Research progress of sulfur chemical speciation impacted by
acidophilic sulfur-oxidizing bacteria

HE Huan, XIA Jin-lan, PENG An-an, ZHANG Cheng-gui, QIU Guan-zhou

(Key Laboratory of Biometallurgy of Ministry of Education of China, School of Resources Processing and Bioengineering,
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Abstract: Acidophilic sulfur-oxidizing bacteria (SOB) are the mostly studied bioleaching bacteria which exists widely in the
elemental sulfur and sulfides-containing environments. Under impaction by SOB, the solid sulfur and other reduced sulfides
(including metal sulfides) are distributed in different chemical speciations inside or outside the cells as well as in the
pertinent environmental deposit. The sulfur globules may be stored intra-cellularly after the solid sulfur is activated and
transported by the bacteria. The reduced sulfur compounds, with polythiosulfate and/or elemental sulfur as the main
transients, are finally oxidized to sulfuric acid. The chemical speciation of elemental sulfur impacted by various SOB was
very poorly investigated, further research may provide theoretical support to the elucidation of sulfur metabolism of
acidophilic SOB.
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Table 1 Tsolated acidophilic sulfur-oxidizing bacteria making use of reductive sulfur compounds
Physiological characteristic
Survivin, i isti
g Genus Specie Optimal ] pH Characterl.st.lc of Ref.
temperature temperature/ C gram stamning
Acidithiobacillus ferrooxidans 30 1.8-2.0 G [8]
Mesophiles . _
“10 © thiooxidans 28-30 2.0-2.8 G [28]
albertensis 30 3.5-4.0 G [6]
Acidithiobacillus caldus 40 2.5 G [29]
Sulfobacillus sibricus 55 1.7 G [21]
Moderate . . .
thermosulfidooxidans 50 1.6 G [30]
thermophiles . ) . .
disulthidooxidans 35-40 1.5-2.5 G [24]
40-60 C
acidophilus 50 1.7 [31]
thermotolerans 40 2.0 [23]
Sulfolobus shibitae 80 3.7 [32]
Extreme solfataricus 80 2.0-4.0 [33]
thermophiles metallicus 65-70 1.5 [34]
>60 C acidocaldarius 75-80 2.0-3.0 [35]
tokodaii 80 2.5-3.0 [36]
Metallosphaera sedula 75 2.8 [37]
prunae 55-80 3.0 [38]
hakonensis 70 3.0 [39]
Acidianus brierleyi 65 1.5 [40]
infernus 88 2.5 [41]
ambivalens 80 2.5 [42 —43]
sulfidivorans 74 0.8-1.4 G [44]
manzaensis 80 1.2-1.5 G [45]
tengchongensis 70 2.5 G [46]
Sulfurisphaera ohwakuensis 85 2.0 G [26]
Stygiolobus azoricus 80 2.5-3.0 [27]
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Acidithiobacillus thitooxidans (EU084707)
Acidithiobacillus albertensis (DQ423683)
Acidithiobacillus ferrooxidans (AM502931)
Acidithiobacillus caldus (DQ256484)
Sulfobacillus sibiricus (AY079150)
Sulfobacillus thermosulfidooxidans (AB089844)
Sulfobacillus thermotolerans (DQ124681)
Sulfobacillus acidophilus (AB089842)
Sulfobacillus disulfidooxidans (SDU3497)

—— Sulfobacillus metallucus (D85519)

Acidianus infernus (X89852)

Acidianus ambivalens (D855006)

Acidianus sulfidivorans (AY907891)

Acidianus manzaensis (AB182498)

Metallosphaera sedula (X90481)

Metallosphaera prunae (X90482)

Metallosphaera hakonensis (D86414)

Acidianus brierleyi (ABU3835)

Acidianus tengchongensis (AF226)
Sulfolobus tokodaii (AB262006)
Sulfrisphaeraohwakuensis (D85507)
Stygiolobus azoricus (D85520)

Sulfolobus acidocaldarius (D14053)

T 16S rRNA FETRTEAL AN B RG K F W

V-proteobacteria

Bacilli

Thermoprotei
(Archaea)

Fig.1 Phylogenetic tree based on 16S rRNA gene-sequence/accession number in brackets is gene bank of each strain
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Table 2 Main sulfur compounds and their oxidation states Table 3 Chemical speciation of elemental sulfur species
Sulfur Chemical o Sulf Chemical formul Ring sizes or
Compound formula Sulfur oxidation state ultur cmical formuia chain lengths
=6-20
2- H 1 S
Sulfate S04 *6 omoeyeEs ! (pure compounds)
Thiosulfate S,03" + 5 (sulphone S)/— 1 (sulphane S) Polymeric sulfur S, n>10’
Polythionates —03S(S),SO;  + 5 (sulphone S)/0 (inner S) Polysulfides 5 n=1-8
Sulfite S03” +4
Polysulfanes H—S,—H n = 1-8 (pure compounds)
Hydrosulfite S,0%" +4
Elemental S 0 Organic R—S,—R n=1-13, R is an organic
sulfur n polysulfanes group (pure compounds)
_ — 1 (terminal S)/0 (inner S) . i
Polysulfid S; —038—S;— =1-
olysulfides n (terminal S)/0 (inner S) Polythionates 3 n—SOj3 n=1-4 (pure compounds)
Sulfide HS/S* -2
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