SCIENTIFIC CORRESPONDENCE

Wide diversity of Crenarchaeota

SIR — The traditional perception of the
diversity of the bacteria-like Archaea based
on cultivation studies has been that the
kingdom Euryarchaeota is a physiologically
variable group including halophiles,
thermophiles and methanogens, whereas
the kingdom Crenarchaeota is more homo-
genous, consisting exclusively of sulphur-
dependent, extreme thermophiles'. This
has led to the notion that the Crenarchaeo-
ta are not widespread, but are restricted to
specialized habitats. Using sequence-based
techniques that sidestep the cultivation
of organisms, crenarchaeal small-subunit
ribosomal RNA (rRNA) genes have been
detected in open marine waters™. We now
report the detection, in terrestrial lake and
marsh sediments, of three novel, deeply
divergent lineages of low-temperature Cre-
narchaeota, one of which includes the
marine types. This finding indicates that
such organisms are globally distributed and
have an important role in the biosphere.
We isolated DNA directly from shallow-

ARCHAEA Euryarchaeota
Haloferax
Maethanospirillum
Crenarchaeota Methanosarcina
Sulfolobus Methanobacterium
4 /
Group2  pGricze P T hainacosds
Group 3 pGrfBZg? 5 Methanopyrus
P

psL 22
pSL 12

Group 1 pGrfAd

Marine Gp.1

0.1 changes per nucleotide

BACTERIA

E.coli , mitochondria

EM 17

sediment and marsh samples (5-32 °C) col-
lected from Lakes Griffy and Lemon near
Bloomington, Indiana, and used it as tem-
plate in the polymerase chain reaction
(PCR) to amplify small-subunit rRNA
genes (1DNA), as previously described”.
We used an Archaea-specific forward
primer (4Fa, see figure legend) and a uni-
versal reverse primer with a polylinker tail
(1492RPL) for initial amplification to en-
rich for archaeal rRNA genes, and then
used forward primers specific to marine
crenarchaeal sequences™ (89F), or to all
known Crenarchaeota (542F), in conjunc-
tion with 1492RPL to reamplify the initial
PCR products. We cloned and screened
the rDNA copies from both rounds of PCR
by restriction fragment length polymor-
phism (RFLP) analysis of rDNA inserts,
and sequenced a representative of each
RFLP type either partially or completely
(~500 or 1,500 nucleotides, respectively).
On phylogenetic analysis, summarized
in the figure, we found that the collection
describes three deeply
divergent clades within
the Crenarchaeota. We
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Phylogenetic analysis of terrestrial Crenarchaeota. DNA was puri-
fied directly from sediments collected from Lakes Griffy and
Lemon, and used for PCR as outlined in the text and detailed previ-
ously*. Forward primers used were: 89F, 5-GGCTCAGTAACG-
CGTAGTC-3'; 542F, 5'-CGCGGTAATACCAGCYC-3'; and 4Fa, 5'-TCC-
CGGTTGATCCTGCCRG-3'. All PCR products were generated using
reverse primer 1492RPL, 5’-GGCTCGAGCGGC-
CGCCCGGGTTACCTTGTTACGACTT-3'. PCR products were cloned as
described, screened for unique types by restriction analysis and
unique types were fully or partially sequenced. Sequences were
aligned with others from the rRNA sequence database'* and phylo-
genetic analyses were done. The phylogenetic tree shown is a com-
posite tree based on evolutionary distances® and full sequences
of representatives of the three clades discussed in the text.
Clones pGrfA4, pGrfC26 and pGrfB286 represent groups 1, 2 and
3 Crenarchaeota, respectively. All sequences determined (31 par-
tial and full sequences) have been deposited in the GenBank
database, accession numbers U59968-U59999. Sequence align-
ments and bootstrap analyses of phylogenetic trees were as previ-
ously described®. Additional details of methods are available
electronically (http://crab2.berkeley.edu/~pacelab/cren.htmi).
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bootstrap values (not
shown) for specific place-
ment of the pGrfB286
line (group 3) indicate
that its branch-point in
the tree is not resolved,
however, this lineage
clearly is highly divergent.

Each of the three new
clades detected in this
survey is specifically
associated with sequen-
ces originally cloned
from Obsidian Pool, a
hydrothermal (73-93 °C)
spring in Yellowstone
National Park*’. The
nesting of the low-
temperature sequences
within groups from hot
springs is consistent with
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a high-temperature ancestry for the low-
temperature organisms®’. This correlation
also suggests that the ability to grow at
low temperatures has arisen within the
Crenarchaeota in at least three separate
instances.

The occurrence of diverse low-temper-
ature Crenarchaeota in marine and terres-
trial environments is unexpected, and
shows that members of this kingdom of
the phylogenetic domain Archaea are
phenotypically more varied than was pre-
viously thought. Because neither these
organisms nor their close, high-tempera-
ture relatives have been cultivated, we
have no information about their meta-
bolic properties. Considering the general
metabolic capacities of other Archaea,
however, we predict that the low-tempera-
ture Crenarchaeota can use molecular
hydrogen as an energy source. The oxida-
tion of hydrogen, generated abiotically
and biotically, is a significant theme in
microbial ecosystems'’. The ubiquity
of low-temperature Crenarchaeota in
marine and terrestrial environments sug-
gests that they are widely distributed in
nature. The rRNA sequences provide
tools for the study of their distribution
and role in the global ecosystem.
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