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I n  these days of gene chips and genome se- from the environment. But these cultivation 
quencing, it is only natural to assume that approaches are not always optimal for eco- 
most of the organisms inhabiting Earth are logical studies, because the isolation proce- 
well known. Yet in truth, biology is still dis- dure obviates the community, and many mi- 
covering basic information about the most crobes simply resist cultivation. Today, com- 
abundant, widely distributed, and biochemi- parison of conserved gene sequences plucked 
cally versatile organisms on the planet-the directly from the environment is fast becom- 
prokaryotes. Prokaryotes (microorganisms ing a standard method for surveying natural 
that lack a membrane-bound nucleus) have microbial communities. Nearly every study 
been thriving on Earth for more than 3.5 applying these molecular techniques reveals 
billion years. Their morphological simplic- new microbial groups, many still undetect- 
ity belies a rich and complex biological heri- able by cultivation (2). Comparative mo- 
tage. In part because of their venerable evo- lecular approaches in microbial evolution 
lutionary history, prokaryotes mediate most and ecology are bringing a previously invis- 
of the key chemical transformations of car- ible world into much better focus. 
bon, nitrogen, and sulfur in our biosphere. Molecular phylogenies have also proved 
During their evolution, some have been en- the existence of a major new evolutionary 
gulfed by their neighbors lineage: the Archaea (3). 
and transformed into sub- Genealogies of riboso- 
cellular workhorses, the ma1 RNA (rRNA) genes 
mitochondria and chloro- I 2 showed that the Archaea, 
plasts. And even now, $ although prokaryotic in 
prokaryotes thrive in bi- cellular ultrastructure, are 
zarre and extreme habi- " evolutionarily quite dis- 
tats, from polar deserts to tant from their prokary- 
geothermal springs. Yet 3 otic cousins, the Bacteria. 
despite their antiquity, In fact, Archaea appear to 
ubiquity, and ecological share a common ancestor 
significance, prokaryotes with eukaryotes (4), or- 
are arguably the least ganisms like us that pos- 
well understood compo- 9 sess cellular organelles 
nent of Earth's biota. and a membrane-bound 

Fortunately, several nucleus. This distinctive- 
conceptual and techno- ness of the Archaea pre- 
logical advances have cipitated a recategori- 
opened new views on the zation of life into three 
microbial world. Com- Portraits in sit". cold-dwelling Cren- major domains: the Eu- 
parisons of universally archaeota: (Top) Planktonic archaea carya (all eukaryotes) and 
conserved nucleic acid from monte re^ Bay (green cells) sur- the two ~rokarvotic do- 
and protein sequences rounded by bacterial neighbors mains, Archaea and Bac- 

(blue cells). (Bottom) The symbiotic teria (5) .  Recent break- now the construe- Cenarchaeum symbiosum (green cells) 
tion of global genealogies .. . i n  its sponge host, Red spheres are throughs in genomics 
encompassing all living the nuclei of the sponge host. tend to support this tri- 
things (1). For the first partite organization of 
time, all cellular life can now be clearly life, with whole genome sequences now testi- 
viewed in one unified evolutionary vista. fying to the status of Archaea as one of life's 
This molecular evolutionary perspective has three main evolutionary branches (6). 
also unex~ectedlv invigorated the field of mi- At the time of their discoverv in 1977. - - ,  

crobial echogy (2). ~ k r o b i a l  biologists have the Archaea (then archaebacterii) were an 
traditionally depended heavily on the isola- odd collection of beasts, united mainly by 
tion and cultivation of microbes one by one their evolutionary heritage. The known 

habitats of cultured Archaea were brines 
five times as salty as the oceans, geothermal 
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Where they live. Contemporary Crenarchaeota 
can inhabit geothermal springs (top) or surface 
waters off the Antarctic Peninsula (bottom). 

even trace amounts of oxygen prove lethal. 
In the vernacular, cultivated Archaea are 
"extremophiles" par excellence. One main 
branch of Archaea, the Crenarchaeota, is 
especially notorious for growth at high tem- 
perature. All cultivated Crenarchaeota 
originate from geothermally heated habitats 
like submarine vents and terrestrial hot 
springs. Most are hyperthermophiles, requir- 
ing temperatures in excess of 80°C for opti- 
mum growth. The crenarchaeon Pyrolobus 
fumarii holds the current record for life at 
high temperature, growing at temperatures 
as high as a scalding 113°C (7). 

Until recently, Archaea, especially Cren- 
archaeota, were not thought to contribute sig- 
nificantly to the ecology of aerobic marine or 
terrestrial habitats. It was therefore surprising 
when close relatives of Crenarchaeota started 
cropping up in surveys of cold aerobic marine 
plankton off both coasts of North America 
(8). These sitings reflected the now apparent 
fact that several major groups of Archaea 
(group I and group 11, see the evolutionary tree 
in the figure) are common and abundant com- 
ponents of marine plankton. The list of 
archaeal sighting5 in nonextreme marine 
habitats is growing rapidly, with most marine 
plankton samples yielding evidence for an 
archaeal presence. Shallow and deep marine 
waters at polar, temperate, and tropical lati- 
tudes, the guts of abyssal sea cucumbers, and 
marine sediments are all crawling with the 
cold-adapted cousins of hyperthermophilic 
Crenarchaeota (9). With this distribution and 
abundance in such an ex~ansive habitat 
(ocean waters below about 100 m), these 
Archaea are one of the more abundant 
prokaryotic cell types on Earth. 
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