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We present a comparative analysis of two genome fragments isolated from a diverse and widely distributed
group of uncultured euryarchaea from deep-sea hydrothermal vents. The optimal activity and thermostability
of a DNA polymerase predicted in one fragment were close to that of the thermophilic archaeon Thermoplasma
acidophilum, providing evidence for a thermophilic way of life of this group of uncultured archaea.

Molecular phylogenetic surveys of microbial communities in
deep-sea hydrothermal vents have recently revealed the exis-
tence of archaeal lineages that were unanticipated from clas-
sical microbiological methods. Using primers specific for the
archaeal 16S rRNA gene or specific probes, the diversity and
abundance of members of the DHVE2 lineage within the
deep-sea hydrothermal vent Euryarchaeota (DHVE) have been
well documented (11–12, 16–17, 19, 24–25). Based on their
ecological distribution, members of DHVE2 lineage can be
considered likely candidates to represent a group having a
significant impact in hydrothermal habitats. Since they escaped
cultivation despite valuable efforts (17), their phenotypic and
metabolic features are unknown. Instead of cataloging single
genes, the capture of large environmental DNA fragments
from naturally occurring microbial assemblages has recently
been developed to explore the physiological potential of un-
cultured microorganisms and is now becoming a common
method to characterize microbial communities (1–2, 4, 10, 22).

The alvinellid polychaete Alvinella pompejana colonizes the
walls of black smokers on the East Pacific Rise (6), and its tubes
provide sites for attachment for microorganisms discharged by
the hydrothermal emissions. In an effort to get a more compre-
hensive view of uncultured archaea from deep-sea hydrothermal
vents, we recently constructed a fosmid library from microbial
assemblages associated with the polychaete tubes (15). Based on
the Bayesian phylogenetic analysis (13) of the 16S rRNA gene
sequences they contained, four fosmid clones containing an ar-
chaeal 16S rRNA gene (Alv-FOS1, Alv-FOS2, Alv-FOS3, and
Alv-FOS4) clustered within the DHVE2 lineage (Fig. S1 in the
supplementary material).

To get more insight into the physiology and genetics of
members of the DHVE2 lineage, the �40-kb inserts of the two
fosmids that appeared the most distant in the 16S rRNA tree,

Alv-FOS1 and Alv-FOS4, were sequenced completely. The
inserts of clones Alv-FOS1 and Alv-FOS4 comprised 40,482 bp
and 41,331 bp, respectively. In both genome fragments, neither
23S nor 5S rRNA genes were present in the immediate sur-
roundings of the 16S rRNA gene, but a Met-tRNA gene was.
The situation found in the DHVE2 genome fragments is not
common but is similar to that observed in the genomes of
Thermoplasmatales spp. and Methanopyrus kandleri, a methan-
ogenic hyperthermophile, and in genomic fragments of uncul-
tured planktonic euryarchaeota whose closest cultured neigh-
bors are the Thermoplasmatales (7, 14, 18, 23).

A total of 41 and 44 predicted open reading frames (ORFs)
longer than 50 amino acids were identified in Alv-FOS1 and
Alv-FOS4, respectively. Most of the predicted ORFs of Alv-FOS1
and Alv-FOS4 (24 of 41 and 25 of 44, respectively) showed se-
quence homologies to the products of known genes (Table S1 and
Table S2 in the supplementary material; Fig. 1). Others were
homologous to conserved hypothetical proteins (5 of 41 ORFs
and 6 of 44 ORFs for Alv-FOS1 and Alv-FOS4, respectively)
or were predicted proteins of unknown function without ho-
mologs in databases (12 of 41 ORFs and 13 of 44 ORFs for
Alv-FOS1 and Alv-FOS4, respectively).

Seventeen ORFs were predicted to represent core compo-
nents of information-processing systems, e.g., involved in DNA
replication, conformation, and repair and in translation and
transcription (20, 26). Among them, a putative family B DNA
polymerase exhibited the six conserved motifs indicative of the
family B DNA polymerases and the tree motifs 3� to 5� of
exonuclease motifs, suggesting that the protein exhibits both
activities (27). The putative family B DNA polymerase exhib-
ited the highest similarities to homologs from Thermoplasma-
tales (51 to 53% identity). This was confirmed by the Bayesian
phylogenetic analysis of these sequences, which showed the
emergence of the Alv-FOS1 DNA polymerase in a very well
supported group (posterior probability [PP] � 1) with ho-
mologs from the Thermoplasmatales (Fig. S2A in the supple-
mentary material). Within this group, the Alv-FOS1 DNA
polymerase branched with those of Thermoplasma spp. with a
relatively low posterior probability (PP � 0.67). Additional
phylogenetic analyses carried out using a set of well conserved
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protein-coding genes predicted in both genome fragments and
the identification of individual genes and gene clusters specific
to the DHVE2 lineage and the Thermoplasmatales provides
further insight into the relationship between both lineages
(Tables S1 and S2 in the supplementary material). In contrast
with these findings, the genome fragments analyzed here also
encoded proteins that have not been predicted in genomes of
Thermoplasmatales spp. (e.g., DNA topoisomerases VI sub-
units). Bayesian phylogenetic analysis showed that the A sub-
unit of Alv-FOS4 topoisomerase emerged at a position occu-
pied by the Thermoplasmatales genus in phylogenies reconstructed
using 16S rRNA genes (Fig. S2B in the supplementary mate-
rial). If the DHVE2 lineage shared a common origin with
Thermoplasmatales (as supported by above phylogenetic anal-
yses), this suggests that the Thermoplasmatales spp. have lost
the genes encoding DNA topoisomerases VI after their diver-
gence from the DHVE2 lineage.

A large colinear region (�16.6 kb) between Alv-FOS1 and
Alv-FOS4 contained 18 ORFs, the 16S rRNA-encoding genes,
and the Met-tRNA-encoding genes (Fig. 1). The colinear sec-
tion included genes encoding putative proteins involved in the

metabolism of coenzymes and cofactors, nucleotides, amino
acids, and nucleic acids (Tables S1 and Table S2 in the sup-
plementary material). The only difference between both gene
clusters corresponded to a small protein of unknown function
(ORF34 of Alv-FOS1) absent in Alv-FOS4. Most of the un-
known proteins encoded by the syntenic region contained
strong predicted transmembrane helices, suggesting that their
products were membrane anchored. No synteny identical to
that observed between Alv-FOS1 and Alv-FOS4 could be iden-
tified in other genomes.

To determine some biochemical properties of the Alv-FOS1
family B DNA polymerase (ORF16), the gene was amplified by
PCR, cloned into the prokaryotic expression vector pAHRS
(5), and transformed into Escherichia coli DH5� (Clontech)
according to standard procedures (21). DNA polymerase ac-
tivity was performed in a final volume of 20 �l containing 20
mM Tris-HCl (pH 9), 25 mM KCl, 1.5 mM MgSO4, 10 mM
(NH4)2SO4, 0.1 mg/ml bovine serum albumin, 0.1% Tween 20,
0.35 �M [methyl-1�,2�-3H]dTTP, ammonium salt ([3H]dTTP;
119 Ci/mmol; Amersham Biosciences), 200 �M of each four
deoxynucleotide triphosphates (dNTP; Q-Biogene), and 4 �g

FIG. 2. Effect of the temperature on Alv-FOS1 DNA polymerase activity. FOS1 DNA polymerase (1.4 pmol) was assayed under standard
conditions for 20 min at the indicated temperature. DNA polymerase activity was determined by measuring the incorporation of [3H]dTTP into
activated calf thymus DNA.

FIG. 1. Schematic representation of the euryarchaeal clones Alv-FOS1 and Alv-FOS4. Open reading frames (ORFs) categorized in proteins
with assigned functions, conserved hypothetical proteins, unknown proteins, and rRNAs are differentiated as indicated in the inset. The tRNA
genes are indicated by black bars. ORF numbers of the FOS1 and FOS4 fragments refer to Tables S1 and S2 in the supplementary material,
respectively. Shading between the clones indicates homologous regions with the percentage of identities of deduced amino acid sequences.
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of activated calf thymus DNA (Sigma-Aldrich). Under these
conditions, the DNA polymerase activity was found to be 0.3
U/ml. The Alv-FOS1 DNA polymerase activity was optimal at
70°C (Fig. 2). However, the optimal temperature of Alv-FOS1
DNA polymerase could not be accurately determined, since
activated DNA was not stable above 75°C.

To better evaluate its ability to resist elevated temperatures,
we compared its thermal stability with that of DNA poly-
merases from microorganisms of different thermal classes. The
Klenow fragment of E. coli DNA polymerase I, the Alv-FOS1,
Taq, and Isis family B DNA polymerases (from Thermus
aquaticus and Pyrococcus abyssi, respectively) were preincu-
bated for 30 min at temperatures ranging from 4°C to 90°C,
and their ability to incorporate dNTPs into the DNA substrate
was tested at 65°C for 20 min. Contrary to that of E. coli,
Alv-FOS1 DNA polymerase was found to be resistant up to
60°C (Fig. 3). However, Alv-FOS1 DNA polymerase was less
thermostable than DNA polymerases purified from P. abyssi
and T. aquaticus. Its thermostability was comparable to that of
the T. acidophilum DNA polymerase (9). Our expression study
provides evidence that Alv-FOS1 (and most likely its relatives
of the DHVE2 lineage) harbors a thermophilic lifestyle. This
physiological trait had previously only been speculated on the
basis of the high-G�C content of their 16S rRNA, a typical
feature of thermophilic microorganisms (3, 8).

By providing new insight into the evolution, mode of life,
and diversity of members of the DHVE2 lineage, our study
illustrates the potential of the metagenomic approach. Our
analysis identified several genes indicative of metabolic path-
ways. Unfortunately, this information was not sufficient to pre-
dict precise metabolic traits that could suggest useful strategies
to elaborate culture media. Better knowledge of the environ-
mental distribution and abundance of DHVE2 members could
provide strategies for capturing new genomic sequences of this
particular phylogenetic group and/or direct selective isolation
attempts.

We are grateful to Nadine Le Bris and Françoise Gaill, chief scien-
tist and project leader of the Phare cruise, for inviting us on board.
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