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Colorless sulfur bacteria
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Thiobacillus, Sulfuricella)
Purple nonsulfur bacteria
(Betaproteobacteria: Rhodocyclus,

Rhodoferax)

Purple sulfur bacteria
(Ectothiorhodospiraceae:
Ectothiorhodospira,

Colorless sulfur bacteria
Thioalkalivibrio, Thiohalospira)

(Acidithiobacillia, Acidithiobacillus)

Purple sulfur bacteria
(Chromatiaceae: Allochromatium,  Chloroflexi

Marichromatium, Thioalkalicoccus, (Chloroflexus)
Thiocapsa, Thiorhodococcus)

Purple nonsulfur bacteria
(Alphaproteobacteria: Rhodobacteraceae,
Rhodospirillaceae, Phyllobacteriaceae,
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Colorless sulfur bacteria
(Epsilonproteobacteria: Sulfurovum,
Sulfurimonas, Sulfuricurvum)

Aquificae ¢ Green sulfur bacteria
: 0.05 (Sulfurihydrogenibium, 8 (Chlorobiaceae: Chlorobaculum, Chlorobium,
Hydrogenivirga)

Chloroherpelon, Prosthecochloris)

AMREFHRENFR TR 165 rRNA EEFHIMERBAEZERFE L BER

The neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of the representative
members of sulfur-oxidizing bacteria in this study. Bar, 0.05 nucleotide substitution rate, (Kny) units.

1.
Figure 1.
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Table 1.

1

HRMEEZLBERREARORIGFED
Metabolic features of representative SOB from four main taxal®

Taxonomic affiliation

Metabolic features

Representative species

Molecular system(s)

GSB
Chlorobi

PSB
Chromatiaceae

Ectothiorhodospiraceae

PNSB
Alphaproteobacteria
Betaproteobacteria

CsB
Alphaproteobacteria
Acidithiobacillia

Gammaproteobacteria

Gammaproteobacteria

Obligate phototrophy; S*, S° or S,05° as e
donors for reduction of CO,; extracellular S°
globules; potential mixotrophy

Photoautotrophy except for Rheinheimera spp.; $*
and S° as e~ donors of photosynthesis; intracellular
S° globules

Oxidation of %~ for all the members; extracellular
S° globules; polysulfides under alkaline
conditions; Some can oxidize S,05% to SO,>

The preferred photoheterotrophy under anaerobic
conditions; photolithoautotrophy with $27/S,05%
Chemoorganotrophy/chemolithoautot-rophy under
aerobic or microaerobic conditions

Facultative chemolithoautotrophy; Oxidation of
S%, S, S,05% or SO5” to SO4*

Obligate chemolithoautotrophy; Oxidation of S°,
S,04° or S,0¢> by the incomplete Sox system; S°
globules as intermediates

Obligate chemolithoautotrophy; extracellular S°
globules under low oxygen/pH; Transient
accumulation of SO4%~ or polythionate during S°
globules or S,032 oxidation
Chemolithoheterotrophy/mixotrophy; intracellular
S° globules

Chlorobaculum tepidum,
Chlorobaculum
thiosulfatiphilum
Allochromatium
warmingi,
Isochromatium buderi
Allochromatium
vinosum,
Ectothiorhodospira
vacuolata
Rhodopseudomonas
palustris

Rhodocyclus purpureus

Paracoccus spp.

Acidithiobacillus
ferrooxidans

Thiomicrospira
crunogena

Beggiatoa spp.

SoxXAYZB, APS
reductase, Qmo complex
and Fcc.

SoxXAYZB, Sqr,
DsrABEFHCMKLJOPNR
S, APS reductase and Fcc.

SoxXAYZBCD, SoxEF
and Sqr.

SoxXAYZBCD and
SoxEF.

SoxXAYZB, DoxDA,
GSSH, and Sqr.

SoxXAYZBCD and Sqr.

Dsr, Sgr and APS
reductase

S,0:5 1 GSB i Ak 1 Ak A i A BT A

Rhodospirillaceae . Acetobacteraceae . Rhodobacteraceae .

Gregersen %% GSB Hi/F £ fi A Ak 3 2 18 1t
T2 B At J b v A

LI (Purple sulfur bacteria, PSB)F: %2
1838 J& T Gammaproteobacteria 4 Chromatiales H
H1 i) Chromatiaceae £ fil Ectothiorhodospiraceae 7}
AR BRTAR 1) 33K PR A 4 o I 4 B R 4 A7 5
PEANIR], B AR T2 8], J o s T L
Jeil o s ] 1) B B A A AR A 3, (HLAn A FRL 5
WA o X PIABE P E AT T B AN i AR
4y 512 Allochromatium vinosum DSM 180!
Thioalkalivibrio J& H i) i)

22 (4 ) B3 40 A (Purple nonsulfur bacteria ,
PNSB) ¥ # 43 $f Alphaproteobacteria 24 # A9

Bradyrhizobiaceae #iI Hyphomicrobiaceae %5} B
¥kF1 Betaproteobacteria 2X(t 4l Rhodocyclus il
Rhodoferax) it i £k, k£ % PNSB Hi k¥ AL
LR SO AR HA S AR, - SR PNSB
i Z AL RE ) 22 5, (HEMART S, PNSB i %2
WAL e GSB Al PSB HL I [FRIET, 55 GSB
1 PSB A, PNSB REWSTELF S AMA AT T ot
Timisfb. B, PNSB M FiE T 1z,

Je i 40 5 (Colorless sulfur bacteria, CSB)¥E
% JE:45 Betaproteobacteria, Gammaproteobacteria .
Epsilonproteobacteria #1/> % Alphaproteobacteria
NE BT, A E UL JE & Paracoccus

Thiobacillus, Acidithiobacillus, Thiomicrospira Fl
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Figure 2.
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The pathways of sulfite oxidation in bacteria® !,
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Advances in sulfur-oxidizing bacterial taxa and their sulfur
oxidation pathways
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China

% Key Laboratory of Marine Biogenetic Resources, Third Institute of Oceanography, State Oceanic Administration, Xiamen
361005, Fujian Province, China

Abstract: Sulfur, as an essential element for organisms, is involved in cell energy and substance metabolism, i.e.
protein, vitamins, antibiotics. In nature, sulfur exists in multiple valence states, represented respectively by element
sulfur, reduced inorganic sulfur compounds (RISC) and sulfate as well as sulfur-containing organics. Sulfur
oxidation is of significance in the biogeochemical sulfur cycle, which refers to the oxidation process of element
sulfur and RISC by various microorganisms. Among sulfur-oxidizing microorganisms, sulfur-oxidizing bacteria are
highly diverse, and their genes, enzymes and pathways of sulfur oxidation are varied. In recent years, significant
progresses have been gained in many aspects, but some important issues at different levels still need to be solved.
In this paper, we summarized the progresses of sulfur-oxidizing bacterial taxa and their sulfur oxidation pathways.
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