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Aquificae and Thermotogae
Hyperthermophiles

belong to the Archaea with 
optimum growth 
temperatures above 85°C 

Thermophilic bacteria
Aquificae
Thermotogae

Figure 19.1



Phylum Aquificae
The deepest (oldest) branch of Bacteria

Aquifex pyrophilus- G(-) Thermophiles
growth optimum of 85°C and maximum of 95°C
microaerophilic
Chemolithoautotroph

uses hydrogen, thiosulfite, and sulfur as electron donor
uses oxygen as electron acceptor

A. aeolicus
genome ~1/3 size of E. coli



Phylum Thermotogae
second deepest branch
Thermotoga

G(-) rods have sheathlike envelope 
hyperthermophiles

optimum 80°C; maximum 90°C
marine hydrothermal vents and 
terrestrial solfataric springs

horizontal gene transfer
~24% of coding sequences similar to 
archaeal genes
~16% similarity to Aquifex

Fig. 19.2 T. maritima



Deinococcus-Thermus
mesophilic or thermophilic
Deinococcus is best studied

spherical or rod-shaped
in pairs or tetrads
G(+)/ no typical G(+) cell wall

lacks teichoic acid
layered with outer membrane
L-ornithine in peptidoglycan

plasma membrane has large 
amounts of palmitoleic acid



Deinococcus
extraordinarily resistant to 
desiccation and radiation

isolated from ground meat, 
feces, air, fresh water, and 
other sources, but natural 
habitat unknown

D. radiodurans
can survive 3-5 million rad (100 rad can be lethal to human)

can repair fragmented chromosomes within 12–24 h
efficient proteins (protected by manganese) and 

enzymes for DNA repair
two circular chromosomes, a megaplasmid, a small plasmid

DNA toroid



Photosynthetic Bacteria
6 phyla 
Anoxygenic photosynthesis

the purple bacteria
the green bacteria

use hydrogen sulfide (H2S), Sulfur (S), or hydrogen 
(H2) as electron source to reduce NAD(P)+ to 
NAD(P)H

Oxygenic photosynthesis
the cyanobacteria

use H2O as an electron donor and generate O2 
during photosynthesis



-differences in 
photosynthetic 
pigments (with 
distinct absorption 
spectra), and O2 
requirements

- inhabit different 
layers of water 
environments 

Fig. 19.4

Photosynthesis pigments



Cyanobacteria
the largest and most diverse 
group 

Chlorophyceae – blue green algae 
G(-) vary in shape and 
appearance

chemoheterotrophs grow in dark
obligate photolithoautotrophs
Photosynthesis pigments-

Phycobilisomes
phycocyanin and phycoerythrin

Fig. 19.6



Oxygenic Photosynthetic Bacteria
resembles eukaryotes

Photosystems and 
chlorophyll

Unicellular rods or cocci
Non-filamentous aggregates
Filamentous

Figure 19.7



Heterocysts

specialized cells used for 
nitrogen fixation

produced when nitrogen deprived
involves reorganization of 
photosynthetic membranes
thick wall prevents O2 diffusion to 
inactivate nitrogenase (for nitrogen 
fixation) 

Fig. 19.8



Phototaxis of Cyanobacteria
Use gas vacuoles to position in optimum 
illumination in water
No flagella Gliding motility

occurs when cells in contact with solid surface
low nutrient levels usually stimulate gliding
cells leave slime trail as glide along
can be very rapid (150 μm~600 μm/ min)

Synechococcus swims to 25 μm per second
motility often lost with age



Advantages of gliding motility
enables cells to encounter insoluble nutrient
sources and digest them with cell bound 
digestive enzymes
works well in drier habitats (soil, sediments, 
and rotting wood)
enables cells to position themselves optimally 
for light intensity, O2, H2S, temperature, etc.



Ecology of Cyanobacteria
tolerant of environmental 
extremes (thermophilic up to 75°C)
blooms in nutrient-rich ponds 
and lakes (some produce toxins)
often form symbiotic
relationships

Lichens: with protozoa or fungi
nitrogen-fixing species with 
plants

profound effect on global C cycle
Synechococcus and
Prochlorococcus account for ~1/3 of 
global CO2 fixation

An eutrophic pond
Figure 19.9
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