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Ult‘ Fischer: CYTOCHROMES AND IRON SULFUR PRGTEINS8 IN SULFUR
METABOLISM OF PHOTOTROPHIC BACTERIA

Dissimilatory sulfur metabolism in phototrophic sulfur bacter:ia
provides the bacter:ia with electrons for the photosynthetic electron
transport chain and, therefore, with energy. On the contrary,
assimilatory sulfate reduction 1s necessary for the bicsy.thesis of
sul fur—containing cell components, such as amino acids. Sultide,
thiosul+ate, and elemental sulfur are the sulfur compounds most
commonly used by phototrophic bacteria as electron donors for
anoxygenic photosynthesis. Cytochromes or other electron transfer
proteins, lile high-potential-iron-sulfur protein (HIFIF) function as
electron acceptors or donors for most enzymatic steps during the
oxidaticnh pathways of sulfide or thicsulfate. Yet heme- or
siroheme—containing proteins themselves undergo enzymatic activities
in sulfur metabolism. Sirohemes comprise a porphyrin—-like prosthetac
group of sul fate reductase. Flavocytochromes (cytochrome c reductase,
elemental sulfur reductase, or adenyiylsulfate (APS) reductase) of
phototrophic bacteria react with sulfide. High-spin cytochrome ¢’
exhibits sulfite acceptor oxidoreductase, while sulfite reductases may
contain sirocheme as a new type of heme prosthetic group.

Feduced sulfur compounds at oxidation levels below that of
sulfate serve as electron donors for anoxyqenic photosynthesizs and
carbon dioxide fixation i1n most phototrophic bacteria. When sulfide
1 oxidized to sulfate by purple sultur bacteria (Chromatiaceae) and
green sulfur bacteria (Chlorobraceas), one i1ntermediate product tormed
1s elemental sulfur (§5°), This is stored as sulfuwr globules
ircside the cells of Chrematiaceae. The purple sultur genus
Ectothicrhodospira, however, stores the 5° putcside cells
(as 15 comman for the Chlorobiaceas). Furple nonculfuar bacteria
{Rhodospirillaceas) capable of utilizing sulfide as the electron donor
oiidice it erther to sulfate without the formation of elemental sul fur
or only to 53° which 135 then depusited outside the cells and
which cannot be fw ther oxidized by them to sulfate. The end product
ot anoxvgenic sulfide otidation by cyanobacteria 1s 5° which
can be stered inside or outside the cells. As an electron donor for
photosvnithesis, sulfite (50x2%7) 15 used by orly a few
species of phototrophic bactirial tetrathionate, as tar as known, 1
used only by the thiosulfate-utilizing yreen Chlorobius limicola
{forma throsuilfatophiiumi). The ability to consume 5° 1s
typircal ot Chrumatiaceae and Chlorobiaceae, but not of
Fhodospirillaceae and cyanobacteria. The use of thiosulfate as an
electron donor 1s more exten=ive 1n Chromatiaceae and
rhodospirillaceae than 1n Chlorobiacweae.

Sulfur compounds can be eirther oxidized or reduced by metabolizm.
Electron carrier proteins are necessary for sulfur redo. reactions.
Electron transter proteins 1nclude cytochromes, sirohemes, and
noi~heme iron proteins, such as ferredoiaan, rubredo.in, and HIFIF.
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Figure I-6.5 summarizes the enzymatic steps of sulfur metabolism
where electron transfer proteins are involved.

All enzymatic reactions with the exception of ADP sulfurylase and
adenylate kinase involve transfer of electrons. Electron donors or
acceptors are necessary for each of these reactions. Cytochromes and
iron sul fur proteins, probably components of the plasma or
photosynthetic membranes, are able to transfer electrons.
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Figure I-6.5. Sulfur oxidation in phototrophic bacteria. 1 =
thiosulfate: acceptor oxidoreductasel 2 = thiosul fate
reductage; 3 = sulfide oxidizing enzyme) 3a = elemental sulfur
reductasel 4 = elemental sulfur-oxidizing enzyme} 5 = sulfite
reductase (siroheme)} 6 » AFS reductase} 7 = ADP sul furyl ase)
8 = gulfite: acceptor oxidoreductasel 9 = adenylate kinase.
Abbrevi ations APS =~ adanosine-s’—phosphosulfatel AMP =
adenosina—ﬁ’~triphasphato! Pi = inorganic phosphate$ Bchl
= Bacteriachlorophyli.
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