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Archaea

highly diverse with respect to morphology, 
physiology, reproduction and ecology

Spherical, rod-shaped, spiral, irregular or 
pleomorphic
Single cells or aggregated filaments (up to 200 μm)

best known for growth in anaerobic, hyper-
saline and high-temperature habitats

also found in marine arctic temperature and tropical 
waters



Phylogenetic relationships

Bergey’s Manual
Prokaryotes

Archaea (Ch. 18)

Bacteria (Ch. 19-22)

Figure 18.1
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Many features in common with Bacteria



Cell Surfaces

Varied S layers 
pseudomurein

lack muramic acid and D-amino acids
complex polysaccharides, proteins, 
or glycoproteins found in some 
other species 
flagella closely resemble bacterial 
type IV pili

Fig. 3.28



Lipids and Membranes

Bacteria/Eucaryotes
fatty acids attached to 
glycerol by ester linkages

Archaea
branched chain 
hydrocarbons attached to 
glycerol by ether linkages
some have di-glycerol 
tetra-ethers (Fig. 18.4)

Fig. 3.27



Genetics
binary fission, budding, fragmentation
Chromosomes (variation in G/C contents- 21~ 68%)

Smaller genomes comparing to eubacteria
~30% of genes (involved in transcription, translation 
or DNA metabolism ) shared with eukaryotes
many genes (involved in metabolic pathways) shared 
only with bacteria

evidence for lateral gene transfer 



Molecular biology
Eukaryotic type DNAP

Bidirectional replication like bacteria
Bacterial type RNA 

polygenic RNA
Eukaryotic type RNAP, promoter, 
and tRNA

A TATA box 
BRE (transcription factor B 
responsive element): purine-rich 
region before the TATA box

Figure 18.5



Translation
like Bacteria

70S ribosomes
Shine-Dalgarno like leaders 

like Eukarya
Ribosome insensitive to 
antibiotics but sensitive to 
eukaryotic inhibitor anisomycin

archaeal unique 
tRNA
2 aa for translation stop 

SECIS (selenocysteine insertion 
sequence elements)
PYLIS

Fig. 18.6

-Incorporated when UGA + SECIS 

- found in all domains of life

-Response to UAG +PYLIS

-Only found in several 
methanoarchaea and a 
single bacteria



Secretion system
As the other 2 domains employ SRPs

(signal recognition particles) for protein 
secretion

Sec pathway
Like bacteria, Archaea can secrete folded 

proteins through TAT system



Metabolism

great variation 
organotrophy, autotrophy, and phototrophy
differ in glucose catabolism, pathways for 
CO2 fixation, and the ability of some to 
synthesize methane

Carbonhydrate pathways unique to Archaea
(Fig. 18.7, 18.8)



Thermostability
Proteins remain folded at extremely high temperatures

increase: hydrophobicity core, ionic interactions on the 
surface, atomic packing density, H bonds…
high levels of valine, glutamate, and lysine
specific group of chaperones

DNA does not denature
reverse DNA gyrase (induces positive supercoiling) 
enhances DNA thermostability
increase cytoplasmic solute concentration preventing loss of 
purines and pyrimidines
histones contribute to stability

Upper thermal limit? 



Taxonomy

Two phyla based on Bergey’s Manual
Crenarchaeota: “spring”

the ancestor of the archaea?
thermophilic

Euryarchaeota: “wide”
most are extremely thermophilic
many are acidophilic and sulfur dependent



Phylum Crenarchaeota
most are extremely thermophilic
(70-80°C)

hyperthermophiles
many are acidophiles (pH 2-3)

many are sulfur-dependent 
(solfatara)

as electron acceptor or as 
electron source

almost all are strict anaerobes

Fig. 18.9
grow in geothermally 
heated water or soils that 
contain elemental sulfur



Two best studied Crenarchaeota

Sulfolobus
thermoacidophiles

70-80°C; pH 2-3
metabolism

lithotrophic on sulfur 
using O2 or ferric iron
as electron acceptor
organotrophic on 
sugars and amino 
acids 

Thermoproteus
thermoacidophiles

70-97°C; pH 2.5-6.5

anaerobic metabolism
lithotrophic on sulfur 
and H2
organotrophic on 
sugars, amino acids, 
alcohols, and organic 
acids 
autotrophic using CO or 
CO2 as carbon source



Phylum Euryarchaeota (Table 18.1)

informally divided into 5 major groups
methanogens
halobacteria
Thermoplasms
extremely thermophilic S0-metabolizers
sulfate-reducers



Methanogens

Anaerobic environments rich in 
organic mater

animal rumens, anaerobic 
sludge digesters, within 
anaerobic protozoa

Fig. 18.3



Methanogenesis
Ecological and practical importance

wastewater treatment
produce significant amounts of 
methane as clean burning fuel and 
energy source

can be an ecological problem:
can oxidize iron contributes to 
corrosion of iron pipes
greenhouse gas global warming
10,000 billion tons of methane 
hydrate buried in the ocean floor
methane consuming microbes?

Methanotrophs

Fig. 18.15 

Methane synthesis



Methanotrophs
methane consuming 
microbes 
~100 species 

using fluorescent probe for 
specific DNA sequences
Methane consuming Archaea
surrounding by a layer of 
bacteria

cooperate metabolically 
oxidized as much as 300 
million tons of methane 
annually 



The Halobacteria

Extreme halophiles (Dead sea)

< 1.5 M cell wall disintegrates
growth optimal ~ 3-4 M NaCl

aerobic, respiratory, chemoheterotrophs
To Cope with Osmotic Stress

“salt-in” approach
use antiporters and symporters to increase 
concentration of KCl and NaCl to level of 
external environment



Halobacterium Rhodopsins
bacteriorhodopsin

chromophore similar to retinal
purple aggregates in membrane

halorhodopsin
light energy to transport chloride 
ions

2 sensory rhodopsins
flagellar attached photoreceptors

Proteorhodopsin
found in marine bacterioplankton
and also found in cyanobacteria



(Bacterio)rhodopsin
widely distributed among 
prokaryotes 

trap light energy w/o chlorophyll
found in marine bacterioplankton
also found in cyanobacteria
low O2 , high light intensity
light-driven proton pump pH 
gradient ATP synthesis

Figure 18.17-The Photocycle of Bacteriorhodopsin



The Thermoplasms
Thermoacidophiles (55-59°C; pH 1-2)

grow in refuse piles of coal mines
cell structure 

lack cell walls
shape depends on temperature
may be flagellated and motile



Extremely Thermophilic S0-Metabolizers

Thermococcus and Pyrococcus
motile by flagella
optimum growth temperatures 88-100°C
strictly anaerobic; reduce sulfur to sulfide



Sulfate-reducing Archaea
Archaeoglobus
cell walls consist of glycoprotein subunits
optimum 83°C
isolated from marine hydrothermal vents
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