














Enrichment culture of acidobacterial photoheterotroph and Anoxybacillus species
1solated. Acidobacterial culture shown to possess type 1 reaction centers, bchla and
bchlc, and chlorosomes and to grow aerobically:
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Fig. 2. (A) Cultures containing (1) Synechococcus sp. strain JA-2-3B'a (2-13), Cab.
Thermophilum, and Aroxybacillus sp.; (2) Cab. thermophilum and Aroxybacillus sp.; and
(3) Anoxvbacillus sp. (B) Absorption spectra of an enrichment culture containing Cab.
thermophilum and Anoxybacillus sp. after serial culturing three times in the light (L3) or
in the dark (D3). The 745-nm absorption due to aggregated BChl ¢ is only observed in the
light-grown cells. Note the change from 746 to 745 nm to match the number in the figure.
(C) PCR amplification with the use of primers (9) (table S1) specific for Cab.
thermophilum (top) and Anoxybacillus sp. (bottom) and DNA templates isolated from an
initial light-grown inoculum (1), and serial cultures 1 and 2 grown for two periods of 5
days exclusively in the light (L, L,) or in the dark (D, D,). Escherichia coli DNA was
tested as a negative control with both primer sets. For additional details, see (9). (D)
Light micrograph of a 5-day-old enrichment culture containing Cab. thermophilum and
Anoxybacillus sp. grown in the light. (E) Fluorescence micrograph of the field of cells in
(D). Cells were treated with 1-hexanol to disrupt the BChl ¢ aggregates and to enhance
BChl ¢ fluorescence (9)



Nitrite, an electron donor for photosynthesis
Griftin et al. 2007 Science 316: 1870.

Anaerobic enrichments with nitrite in the light from a sewage treatment plant and
freshwater sediments yielded the new organism.

It contains bchla and is similar to Thiocapsa sp.
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Fig. 1. Time courses for nitrite consumed (&), nitrate produced (M), cumulative nitrite
consumed (#), and growth as the change in optical density (AODgg) (@) for triplicate
enrichment cultures (N = 3). Data are mean = SD. (A) Initially incubated in the light. (B)
Initially incubated in the dark. The plus signs indicate nitrite feedings, and arrows denote
a switch from the initial light condition. The minus signs indicate when the cultures were
starved of nitrite to assess nitrite dependence of growth. (C) Phase-contrast micrograph
of strain KS. The scale bar represents 10 pm.




Sulfur-oxidizing bacteria

Sulfur cycle on earth: sulfur compounds are continually oxidized and reduced by biological
and chemical reactions.  Sulfur-oxidizing bacteria are one of the major groups of prokaryotes

involved in detoxifying H,S formed in anaerobic environments.
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Fi_g. 1. The sulfur cycle. The colorless sulfur bacteria are involved primarily in those steps in which $*- and S are oxidized
with O, or NO,". (Adapted from Bos and Kuenen, 1983),



Examples of reactions used by the colorless (nonphotosynthetic) sulfur oxidizing
bacteria to gain energy for growth. Note, that these reactions are oxidations and
not oxygenations. For instance, some organisms will perform the oxidations
anaerobically with nitrate as the electron acceptor.

.S+ 2 Oy — H,50, (1)
DMLS+ Oy = 258° 4 21,0 (2)
25% 30+ 2 HyO — 2 Hps Oy (3
MO + 2 Og + H0O — Way SO, + H50, )
4 Na;S;D; + '::'g + 2 Hg':' — 2 Nags.;':'.s +4 NaOH (5}
2 NagS.;Cl.g +7 Dg +é Hg':' — 2 Naﬁ@.; +é HQSD.; (6]
2KSCH +4 0y +4 0 — (MH),50, + K50, + 2 CO; 7
SH5+ B ENO; =4 KOy + Hp20, +4 1, +4 H O ()
55%+6 KENO:+ 2 HyO — 3 K50y + 2 Hy504 + 3 1y ey
2Feb +2Ha0+7 Oy — 2 Fel0y + 2 Hy50, (107
4 FeS0 + Oy + 2 HyS0s — 2Fel(S04): + 2 HO (113

Oxidation of reduced sulfur compounds (H,S, S°, S,0,*, SCN") or reduced iron
(Fe®) using oxygen or nitrate as an electron acceptor.

From: L.A. Robertson and J.G. Kuenen, “The Genus Thiobacillus™ in The
Prokaryotes

Physiological type of sulfur-oxidizing bacteria range from lithotrophic (uses and
inorganic energy source and inorganic carbon source, ie. autotrophic) to
chemolithoheterotrophic

o 50:50 organic  (uses and inorganic energy
~.— I source and organic carbon
i S — source.

|
obligate autotroph

— Mixotrophic: simultaneous
facultative autotroph (mlxotrf:r!::_-.h) use of organic and
chemolithoheterotroph  INOrganic carbon and
energy sources

obligate heterotroph
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Sulfur-oxidizing bacteria are
widely distributed in the
proteobacteria. Major groups
include species found in the:

a.-proteobacteria:

Paracoccus spp. In the
Rhodobacteria group

B proteobacteria:

Thiobacillus spp. related to
Hydrogenophila group

Gallionella spp. related to
Methylophilus group

y_proteobacteria:

Thiothrix group: includes
Beggiotoa, Thioploca

purple sulfur bacteria:
Chromaticeae,
Ectothiorhodospiraceae
(includes some colorless sulfur-
oxidizing bacteria)

€-proteobacteria

Includes Thiovulvum



Beggiatoa. Cells commonly in filaments 1-5 um in diameter and 100-500 um in length.
Cells divide by transverse fission of cells within the filament and fragmentation of the
filament. Sulfur inclusions are common in cytoplasm. Cells are motile by gliding. Usually
found at the anoxic-sulfide interface in marine and freshwater sediments.

oligotrophs: grow only in the presence of low amounts of organic compounds.
Beggiatoa oxidizes fatty acids as well as sulfide.

respiratory: growth by oxidation of organic compounds or sulfide and reduction of
0O,. All strains form inclusions of S°. In the marine strains, these appear to be
oxidized to SO, In the freshwater strains, the S° inclusions serve as electron
acceptors in anaerobic zones.

microaerophiles: aerobic (or facultative aerobic) organisms that use O, as an electron
acceptor but grow optimally only under reduced concentrations of O,. Beggiatoa are
0, phobic. '

gradient organisms: found at the anoxic/oxic interface where low levels of organic
compounds, S?%, O, are available.
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Fig. 9. Diurnal cycle of oxygen and sulfide distribution and of microbial zonation in a marine sulfuretum. The zero line
in each box indicates the interface between the sediment and the overlaying water phase. The dominant genera at each
stratum are indicated in each box. Diatoms were primarily seen among the Oscillatoria. In addition to diurnal changes
in light, oxygen, and sulfide, another important factor was that the Beggiatoa which are gliding bacteria could not move
out of the sediment, whereas Chromatium, which is also motile, was able to move into the water phase above, From
Jorgensen (1982).





