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What the archaeal genomes tell us
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Archaea are a diverse group of organisms that are phylogenetically distinct to bacteria and
eukaryotes based on 16S rRNA sequences. They include a large number of hyperthermophiles,
the extreme halophiles, extreme acidophiles and the methanogens. Archaea have attracted
much attention from various aspects including their evolution, ecology and physiology. There
are now over 2,000 archaeal genome sequences in the Genomes Online Database. The
functions of half of the genes on the genomes are unknown, but based on the genes whose
functions can be predicted, we can tell that the archaea harbor unique mechanisms to sustain
life. In terms of metabolism, we can build metabolic maps and estimate the presence or
absence of classical pathways found in the bacteria/eukaryotes. We have observed that archaea
do not harbor complete sets of genes for numerous pathways that include glycolysis,
gluconeogenesis, pentose synthesis and degradation, and amino acid and coenzyme
biosynthesis. Extensive biochemical and genetic analyses have revealed that the archaea
exhibit atypical mechanisms in metabolism; in some cases utilizing enzymes with novel
structure, while in other cases adopting completely different routes for conversion. Here we
give an overview of our studies on archaeal metabolism and its regulation, mostly performed
on the hyperthermophilic archaeon Thermococcus kodakarensis. The mechanisms identified in
this organism at times display wide distribution among the archaea and provide clues to
understanding the evolution of microbial metabolism.


