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Abstract: This paper concludes totally more than 600 species in 170 genera of sulfur-circulating
prokaryotes, including more than 150 species in 48 genera with thium, more than 20 species in 6 genera
belong to green sulfur bacteria, nearly 100 species in 33 genera belong to purple sulfur bacteria,
56 species in 23 genera with sulfur, more than 210 species in 50 genera with desulfurization (sulfate
reduction), and 3 species and 1 genus with sulfur dismutation. According to the properties of these
sulfur-circulating prokaryotes, they are classified as sulfur oxidation, sulfur reduction and sulfur
dismutation and of vital importance to sulfur circulation in nature.

Keywords: Sulfur, Sulfide, Thium-microorganism, Sulfate-reducing prokaryotes, Sulfur-oxidizing
prokaryotes, Sulfur-dismutating prokaryotes

Foundation item: National Natural Science Foundation of China (No. 41373086); National Science and Technology
Major Project (No. 2016ZX05050011, 2016Z2X05040002); Beijing Higher Education Young Elite
Teacher Project (No. YETP0670); Beijing Nova Program Interdisciplinary Studies Cooperative
Projects (No. Z161100004916033)

*Corresponding author: Tel: 86-10-89732230; E-mail: wanyunyang@cup.edu.cn

Received: September 25, 2016; Accepted: January 04, 2017; Published online (www.cnki.net): April 10, 2017

E&WE: (No. 41373086) (No. 2016ZX05050011 2016Z2X05040002)

(No. YETP0670) (No. Z161100004916033)
*BWAEE: Tel 86-10-89732230 E-mail wanyunyang@cup.edu.cn
s BEA: 2016-09-25; 3EZHHEA: 2017-01-04; HLEE= H AR B #(www.cnki.net): 2017-04-10



1472 A4 Microbiol. China 2017, Vol.44, No.6
[6-7]
( 150
) ( ( ) 1
) ( ) 1 (Beggiatoa)
(
fied g4 = )
750 pm (0.75 mm) T/ /
300 fied
13000 13 ( 2
1888 - i
(18561953 ) 5 /R ( )
/ 2
(IJSB/1IJSEM)
170
600 Bl L
(Beijerinck) 1904
s s (Thiobacillus) 22
5 TR
1 W - 8 2000
1888 - Lz
theion thium i (Acidithiobacillus) e (Halothiobacillus)
50 iz} (Thermithiobacillus)

Table 1

*1 ARERHEE"

Thium-microorganisms as valid publication®

b

/

No. Year  Domain® Chinese genus Latin genus Number/species Function
1 1842 ¢ Beggiatoa 1 /
2 1888 (] Thiocapsa 7
3 1888 & Thiocystis 6
4 1888 L] Thiodictyon 2
5 1888 & Thiopedia 1
6 1888 7] Thiospirillum 1
7 1888 L] Thiothrix 9
8 1904 L] Thiobacillus 22
9 1907 & Thioploca 4
10 1913 L] Thiovulum 1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1473
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11 1914 & Thiospira 1
12 1936 L Ectothiorhodospira 12
13 1972 7] Thiomicrospira 11
14 1984 ] Thiosphaera 1
15 1989 i Thiobacterium 1
16 1993 & Thiorhodovibrio 1
17 1997 T Thiomonas 8
18 1998 L] Thiococcus 1
19 1998 7] Thiohalocapsa 2
20 1998 ] Thiolamprovum 1
21 1998 2} Thiorhodococcus 5
22 1999 & Thiomargarita 1
23 1999 & Thiorhodospira 1
24 2000 L Acidithiobacillus 6 /
25 2000 o] Halothiobacillus 4
26 2000 iz Thermithiobacillus 1
27 2000 2} Thioalkalicoccus 1
28 2001 i Thioalkalimicrobium 4
29 2001 & Thioalkalivibrio 1
30 2001 L] Thioflavicoccus 1
31 2002 7] Thioalkalispira 1
32 2002 7] Thiobaca 1
33 2005 (] Thiobacter 1
34 2005 T Thioclava 2
35 2005 T Thioreductor 1
36 2005 L] Thiovirga 1
37 2007 iz Ectothiorhodosinus 1
38 2007 4} Thiohalomonas 2
39 2007 L] Thiohalophilus 1
40 2008 & Thiofaba 1
41 2008 T Thiohalorhabdus 1
42 2008 L] Thiohalospira 2
43 2008 7] Thiophaeococcus 2
44 2009 7] Thioalkalibacter 1
45 2010 L] Thiohalobacter 1
46 2010 & Thioprofundum 2
47 2011 & Thioalbus 1
48 2015 L] Thiogranum 1
a b w9 c
d 1991 (Sulfobacillus).

Note: *: Genera names with bolded Chinese characters to express its specificity and validity, same in the following tables; *: A domain is as
the highest taxonomic rank in biological taxonomy where xi as a bacteria domain, same in the following tables; °: Probably first found
sulfur-oxidizing bacteria in the world, oxidizing hydrogen sulfide to sulfur droplet in intracellular; *: Distinguished from genus Sulfobacillus
published in 1991.
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Table 2 Sulfur microorganisms in type species®

No. Year Chinese name Latin name Standing Function
1 1981 (] Thermothrix thiopara
2 1994 L] Catenococcus thiocycli
3 1996 i Bosea thiooxidans
4 1997 i Desulfocapsa thiozymogenes
5 2000 i L Acidithiobacillus thiooxidans
6 2000 o] Roseinatronobacter thiooxidans
7 2001 L] Limnobacter thiooxidans
8 2001 L] Trichlorobacter thiogenes
9 2004 L] Ottowia thiooxydans
10 2006 ] Citreicella thiooxidans
11 2011 ] Acidiferrobacter thiooxydans
12 2011 ] Limnobacter thiooxidans
13 2012 fi&d Magnetospira thiophila
Note: *: Bolded Chinese microbial names to express its specificity and validity.
2 EHM ARG 3 e
1 18 30
/R (Brock) 1972
( 3 (sulfur-uris sulphur)
1 3 23 60 (4
( 28 ) ] ( 15
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Table 3 Purple sulfur bacteria and green sulfur bacteria as valid publication®

° ¢ /

No. Year Domain® Chinese genus® Latin genus Number/species Function
1 1906 Chlorobium 8

2 1913 d Pelodictyon 4

3 1970 Prosthecochloris 2

4 1971 Ancalochloris 1

5 1985 Chloroherpeton 1

6 2003 ¢ Chlorobaculum 4+1

7 1852 Chromatium 13

8 1886 Lamprocystis

9 1892 Nitrosococcus 2

10 1988 Lamprobacter 1

11 1988 Marichromatium 5

12 1996 Rhabdochromatium 1

13 1998 Allochromatium 5

14 1998 Amoebobacter 4

15 1998 Halochromatium 3

16 1998 Isochromatium 1

17 1998 Thermochromatium 1

18 1999 f Pfennigia 1

19 2002 Rheinheimera 16

20 2012 Phaeochromatium 1

a 1 b B
42003 3 (Pelodictyon phaeum) ¢
DSM 1377 UdG 6026 f 2001 /

Note: * Purple sulfur bacteria listed in Table 1 not repeated here; *: Same as Table 1; ® Genera names with bolded Chinese characters to
express specificity and validity; % Three species of this genera were transferred to Chlorobium, however, Pelodictyon phaeum was not
transferred to either Chlorobium or another genus; °: The type strain of Chlorobium chlorovibrioides, DSM 1377 has been lost, and a new
isolate, UdG 6026, was assigned to this species; ": Normal characters to express its non-valid standing and was transferred to Lamprocystis in 2001.

(Desulfovibrio)

1965 (Desulfotomaculum)
(SRB)
(SRB)
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Table 4 List of sulfur microorganisms
B /
No. Year Domain® Chinese genus Latin genus Number/species Function
1 1972 b Sulfolobus 8
2 1991 ¢ Sulfobacillus 6
3 1993 Desulfurella 4
4 1993 Sulfurospirillum 8
5 1995 Desulfacinum 2
6 1995 ¢ Sulfurococcus 2
7 1997 ¢ Sulfophobococcus 1
8 1998 f Sulfurisphaera 1
9 2003 Sulfurihydrogenibium 5
10 2003 & Sulfurimonas 4
11 2004 Sulfuricurvum 1
12 2004 " Sulfurovum 2
13 2006 Sulfurivirga 1
14 2007 Desulfurispora 1
15 2008 Desulfurivibrio 1
16 2010 Desulfurispira 1
17 2010 Desulfurispirillum 2
18 2014 Desulfuribacillus 1
19 2010 Sulfuricella 1
20 2011 Sulfuritalea 1
21 2012 Thermosulfurimonas 1
22 2014 Desulfuribacillus 1
23 2014 Sulfurisoma 1
a « » « - b c
1904 7% (Thiobacillus) ° 1998 i (Thiococcus)  ©
f 1984 e (Thiosphaera) ® 1997 7 (Thiomonas) 8 " 1913
i (Thiovulum) 1

Note: *: A domain is the highest taxonomical rank in biological taxonomy and here Gu as Archaea and Xi as Bacteria; ": Sulfur-oxidizing
microorganisms; °: Sulfur-oxidizing microorganisms, distinguished from Thiobacillus published in 1904; : Distinguished from Thiococcus
published in 1998; ©: Sulfur fearing genus probably sole genus in all genera named with sulfur but without sulfur-function; L Distinguished from
Thiosphaera published in 1984; & Distinguished from Thiomonas published in 1997; ™: Distinguished from Thiovulum published in 1913.
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Figure 5 List of desulfo-genera®

/ /
No. Year Chinese genus Latin genus Number/species Number/subspecies

1 1936 b Desulfovibrio 65 8
2 1965 Desulfotomaculum 32 2
3 1981 Desulfobacter 6

4 1981 Desulfobulbus 7

5 1981 Desulfococcus 2

6 1981 Desulfonema 3

7 1981 Desulfosarcina 3

8 1988 Desulfobacterium 9

9 1991 Desulfohalobium 2

10 1991 Desulfomonile 2

11 1994 Desulfomicrobium 2

12 1994 ¢ Thermodesulfovibrio 5

13 1995 Thermodesulfobacterium

14 1996 Desulfofustis 1

15 1996 Thermodesulforhabdus 1

16 1997 Desulfocapsa 2

17 1997 Desulfonatronovibrio 4

18 1997 Desulforhabdus 1

19 1997 Desulfospira 1

20 1997 Desulfosporosinus 8

21 1998 Desulfonatronum 7

22 1999 ¢ Desulfobacca 1

23 1999 Desulfocella 1

24 1999 Desulfofaba 3

25 1999 Desulfofrigus 2

26 1999 Desulforhopalus 2

27 1999 Desulfotalea 2

28 2000 Desulfobacula 2

29 2000 Desulfovirga 1

30 2001 Desulforegula 1

31 2001 Desulfotignum 3

32 2003 Desulfonauticus 2

33 2004 ¢ Thermodesulfobium 1
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34 2006 Desulfarculus 1
35 2006 Desulfoglaeba 1
36 2006 Desulfothermus 2
37 2007 Desulfopila 2
38 2007 Desulfovermiculus 2
39 2007 Desulfovirgula 1
40 2008 Desulfoluna 2
41 2008 Desulfonatronospira 2
42 2009 Desulfobotulus 2
43 2009 Desulfocurvus 2
44 2010 Desulfosalsimonas 1
45 2011 Desulfosoma 2
46 2012 Desulfobaculum 1
47 2012 Desulfonatronobacter 1
48 2013 Desulfoconvexum 1
49 2014 Desulfocarbo 1
50 2015 Desulfoprunum 1
a b c « »
bacca baca °

Note: : Sulfate-reducing bacteria; *: To reduce sulfur compounds; : To oxidize sulfur including sulfide; % It should be baca instead of bacca
with the meaning of olive as a Latin female name; °: To reduce sulfur compounds.

F6 FIEREIIER
Figure 6 List of sulfur-reducing prokaryotes

No. Year Domain Chinese genus Latin genus Number/species Function
1 1977 : Desulfuromonas 7
2 1983 b Desulfurococcus 5
3 1987 52 S Desulfuroglobus 1
4 1994 d Desulfuromusa 4
5 1998 ! Desulfurobacterium 3
6 2008 T * Dethiobacter 1
! ) ( ) °
1996 1986 (Acidianus)
¢ 2004
(Desulfofaba) 2001 (Desulfomusa) 1994 (Desulfuromusa)

Note: * To reduce sulfur, probably including sulfide (sulfate); °: To reduce sulfur including sulfide (sulfate); °: To reduce sulfur compounds
including sulfate. This genus was combined to Acidianus (1986) in 1996 indicated that those not named with desulfur/desulfo- genera
probably having microorganisms with these characteristics; *: To reduce sulfur and probably including sulfide. It deserves to be mentioning
to distinguish from Desulfomusa with similar name and could be confused.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1479

") (1
(SO45) 1977
— (Desulfuromonas)[l2] (Desulfurella)
(Campylobacter) (Geobacter) (Pelobacter)m]
(Pseudomonas) (Proteus)
(Salmonella) (Sulfurospirillum) (Wolinella)
(Campylobacter)
(Shewanella)m]
( 0
(SRP)
(2 ( 6
(s") / / (G

x7 HEWMUEETIE

Figure 7 List of other sulfur-function microorganisms
/

No. Year Chinese genus Latin genus Number/species Function
1 1994 ! Desulfitobacterium 6

2 1996 : Sulfitobacter 1

3 1996 b Aneurinibacillus 6

4 1997 & ¢ Dethiosulfovibrio 5

5 1999 4 Desulfonispora 1

6 2004 ¢ Desulfatibacillum 2

7 2004 ¢ Thermodesulfatator 2

8 2005 & f Tetrathiobacter 2

9 2006 : Desulfitibacter 1

10 2007 ¢ Desulfatiferula 2

11 2007 L] ¢ Dethiosulfatibacter 1

12 2008 ¢ Desulfatirhabdium 1

13 2008 g Thermosulfidibacter 1 (Szf)
14 2010 : Desulfitispora 1

15 2013 ¢ Desulfatitalea 1

16 2014 ¢ Desulfatiglans 2

: (sulfis-itis) (de-) ° c “
) (SO (S2057) d (desulfono-)
( ) ¢ (desulfas desulfatator) ( )
f (S406) ¢ (sulfidum) 1991
1994 2011

Note: *: sulfis-itis or de-; ®. No sulfur in the name of Aneurinibacillus; °: Thiosulfate, 820327; d. desulfono- is desulfonating and is very
scarcely; °: desulfas desulfatator indicates sulfate reduction; ": Oxidizing tetrathionate; & sulfidum is sulfide (sulfur-containing compounds),
such as type species Sulfobacillus thermosulfidooxidans identified in 1991, Rhodovulum sulfidophilum identified in 1994 and Phaeovibrio
sulfidiphilus identified in 2011.
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