Microbial Diversity and Evolution
Part I: Overview
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Pongola, South Africa
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eHammersley, Western Australia

e Characterized by laminations of Fe(lll)
minerals and chert (Si)

e ~“>15wt% Fe

e Account for 90% of the world’s Fe




How did the rust [Fe(lll)] form?
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oxidation prcipitation, transformation

Scenario 1: mediated by anoxygenic
photosynthesis

4Fe?* + CO, + 4H* = 4Fe3* + CH,0+ H,0
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Scenario 2: mediated by oxygenic
photosynthesis

i.) H,0 + CO, = CH,0 + O,

ii.) 4Fe?* + O, + 4H* = 4Fe3* + 2H,0
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Numerous




How many microbes are there on Earth?

Microbes = 200 trillion (10!2) Earth-Sun distances

“Prokaryotes: the Unseen Majority”, PNAS, 95:6578-6583 (1998)

Where do they live?
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Ubiquitous




Figure: 12-005

Caption:

Blooms of purple sulfur bacteria. (a) Thiopedia
roseopersicinia, in a sulfide spring in Madison, Wisconsin. The
bacteria grow near the bottom of the spring pool and float to
the top (by virtue of their gas vesicles) when disturbed. The
green color is from cells of the eukaryotic alga Spirogyra.

ic/anoxygenic phototrophs
n of our atmosphere/ore deposi

< g The

Figure: 12-076

Caption:

Streptomyces. (a) Colonies of Streptomyces and other soil
bacteria derived from spreading a soil dilution on a casein-
starch agar plate. The Streptomyces colonies are of various
colors (several black Streptomyces colonies are in the
foreground) but can easily be identified by their opaque,
rough, nonspreading morphology.
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Plants

Pseudomonads, Bradyrhizobia
biocontrol agents, natural fertilizers

Guido Bloemberg

Termites
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“An ecosytem in a microliter”
Prof. Jared Leadbetter, Caltech
Lignocellulose degradation
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: Acidophiles
& Acidithiobacillus ferroxidans
Bioleaching of ores

Andina Cu Mine {low pH) -
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Alkaliphiles
Bacillus arsenicoselenatis
14% C-turnover due to
As(V)-respiration




Psychrophiles
Nutrients from aeolian dust
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Black Smokers

Barophiles
Live at extreme pressures




Geysers
High temperaturé

Thermophiles
Thermus aquaticus

Taq polymerase
Biotechnology




Diverse

Phylogenetic diversity

Mitochondrion
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Ubiquitous

Thiomargarita namibiensis
Diameter 0.75 mm

H. Schulz
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Diverse

Some bacteria glow in the dark...
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M. Mcfall-Ngai and N. Ruby, UW-Madison  Egland and Leadbetter, U. lowa




(Vibrio harveyi associated with microalgae)

Jan. 25, 1995

~ size of
Connecticut

PNAS (2005) 102:14181-14184
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¢ All microbes want to do is divide
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e For this, they need energy and
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(energy generation)
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Carbon

D + ATP




e OXIDATIVE PHOSPHORYLATION
(electron transport chains in membranes)
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Metabolic diversity is vast & modular,
yet subject to certain limits:

“Anaerobic metabolism can proceed close to thermodynamic limits”, Nature (2002) 415:454-456
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SUMMARY

HHMI, NASA, NSF, Packard Foundation




