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Winogradsky's drawings of Beggiatoa
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Unicellular and filamentous sulfur-oxidizing
bacteria and archaea use hydrogen sulfide
as energy source, oxidizing it aerobically

to elemental sulfur, then to sulfate.

AEROBIC

Many plants and microorganisms
use sulfate as sulfur source for the
sulfhydryl groups of amino acids.

Organic sulfuris
converted to H,S.
v Assimilatory
Desulfuration sulfate reduction

H,$ {E= ] Organic-SH < 1 50,%

Sulfur
oxidation

Sulfide
oxidation

Phototrophic Oxidation

( Phototrophic purple
and green sulfur
bacteria use sulfide

as an electron donor in
photosynthesis,
producing elemental
sulfur and sulfate

ANAEROBIC

Sulfate-reducing bacteria
and archaea use sulfate

TABLE 24.7

of reduced sulfur compounds

Bacterial groups responsible for the oxidation

Microbe type

Oxidative Activity

Photosynthetic Bacteria

Purple Sulfur

Green Sulfur

Some Cyanobacteria
Chemosynthetic Bacteria

Filamentous Sulfur Oxidizers (e.g., Beggiatoa)

Unicellular Sulfur Oxidizers (e.g., Thiobacillus, Microspira)
Heterotrophic Bacteria

Filamentous Sulfur Oxidizers (e.g., Beggiatoa)

Unicellular Sulfur Oxidizers (e.g., some Pseudontonas spp.)
Archaea

Acidianus, Sulfolobus

H,S - 8" - SO,*
H,S—S" - SO,*
H,S - S°

H,S - S" - S0,*
H,S - 8" -»S50,*

H,S - S"— 50>
H,S - S" - 50,

H,S —» 8% > SO *

as electron acceptor...

anaerobically.

LN

...and other bacteria
and archaea use
elemental sulfur in
anaerobic repiration.

Figure 24.25 Sulfur cycle
Cycling of sulfur through the biosphere. S” indicates
elemental sulfur.
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S-oxidizers: 3 pathways are known
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Figure 9.20 Reversed Electron Flow. The flow of electrons in the
transport chain of Nitrobacter. Electrons flowing from nitrite to oxygen
(down the reduction potential gradient) will release energy. It requires
protonmotive force or ATP energy to force electrons to flow in the
reverse direction from nitrite to NAD*,



Sulfur compounds and electron donors for

O sulfate reduction

Compound Oxidation state
Oxidation states of key sulfur compounds

Organic S (R—SH) ~2

Sulfide (H,S) —2

Elemental sulfur (S°) 0

Thiosulfate (S,05%7) +2 (average per S)
Sulfur dioxide (SO5) +4

Sulfite (SO5%7) +4

Sulfate (SO4%7) +6

Some electron donors used for sulfate reduction

H, Acetate

Lactate Propionate
Pyruvate Butyrate

Ethanol and other alcohols Long-chain fatty acids
Fumarate Benzoate

Malate Indole

Choline Hexadecane



SRB's can make active sulfate compounds

0 .
Adenine CHZ_o_ﬁ_o_ﬁ_oH
o) o)

Used in dissimilative metabolism

OH OH
APS (Adenosine 5’-phosphosulfate)

o
CH,—0—P—0-5—0H
O O

Used in assimilative metabolism

PAPS (Phosphoadenosine 5’'-phosphosulfate)



ADP
ATP PP; ATP

$042 ——=Z, APS PAPS
ATP sulfurylase APS kinase

reductase NADP+
\ AMP PAP
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SRB dissimilative vs. I l

.. . . H,S H,S
assimilative metabolisms ! '
Excretion Organic sulfur compounds
(cysteine, methionine,
and so on)
Dissimilative Assimilative

sulfate reduction sulfate reduction



gH+ ETS in SRBs
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Sulfur Disproportionation

5,0, + H,0> 50,2 +H,S

AGY = -21.9 kJ/rxn (not huge!)

Get your cake and eat it tool



Axial Volcano
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Neutrophilic Fe-Oxidizing Bacteria
zeta-Proteobacteria (novel class)
Mariprofundus ferrooxydans (Type strain)



Rusticyanin (Cu)
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2 Ho0

HEGE + 2Ht

ferrous 2 Fe2+ + HoOp + 2 H* —> 2 FeB+ + 2 Ho0

No net change
in catalyst

ferric 2 Fed* + Ho0Op —> 2 Fe2+ + 0p + 2H*

'DE + Z2H*

Iron cycle



