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Comment on “A 3-Hydroxypropionate/
4-Hydroxybutyrate Autotrophic Carbon
DioxideAssimilationPathway inArchaea”
Thijs J. G. Ettema* and Siv G. E. Andersson

Berg et al. (Reports, 14 December 2007, p. 1782) reported the discovery of an autotrophic
carbon dioxide–fixation pathway in Archaea and implicated a substantial role of this pathway
in global carbon cycling based on sequence analysis of Global Ocean Sampling data. We
question the validity of the latter claim.

Berg et al. (1) reported the discovery of a
CO2-fixation pathway in autotrophic mem-
bers of the archaeal order Sulfolobales,

as well as in members of the Cenarchaeales and
Archaeoglobales. This pathway, which the au-
thors refer to as the 3-hydroxypropionate/4-
hydroxybutyrate pathway, is shown to comprise
a cycle of 16 enzymes, one of which is the pro-
posed key enzyme 4-hydroxybutyryl-CoA de-
hydratase (4HCD). Based on a comparison of
abundances of 4HCD and RuBisCo sequences
in the Global Ocean Sampling (GOS) data (2),

Berg et al. (1) predicted the abundance of the
newly discovered CO2-fixation pathway in the
ocean surface waters to be of the same order of
magnitude as the Calvin-Bassham-Benson cycle,
which is known to be of global importance for
carbon cycling. In addition, the authors proposed
the existence of an abundant group of mesophilic
autotrophic Crenarchaea in the ocean surface wa-
ters that uses the proposed 3-hydroxypropionate/
4-hydroxybutyrate pathway for CO2 assimilation.
We raise several concerns about the validity of
these claims.

First, the abundance of 4HCD homologs
does not necessarily reflect the abundance of
the 3-hydroxypropionate/4-hydroxybutyrate
pathway, because this enzyme is also known
to participate in 4-aminobutyrate fermentation

in a few strict anaerobic bacteria (3). Moreover,
homologs of 4HCD are implicated in unrelated
metabolic processes, including phenylacetate ca-
tabolism (4) and pyoverdine chromophore bio-
synthesis (5).

Second, solely comparing the “number of
identified…gene sequences” (1) in metagenomics
data does not provide an accurate estimate of
the relative abundances of the enzyme or the
species, because these numbers depend on the
criteria used for homolog identification, gene
copy numbers, presence of paralogs, rates of
gene sequence evolution, cloning efficiencies,
and lengths of the individual genes, or even the
choice of filter-fraction size for sample collection.
For example, the relatively large cell sizes of cos-
mopolitan cyanobacteria such as Synechococcus
and Prochlorococcus has likely resulted in a con-
siderable underrepresentation of such sequences
in the GOS data set (6), and hence of Calvin-
Bassham-Benson cycle sequences. Thus, attempts
to infer the abundance of the novel CO2-fixation
pathway relative to the (cyanobacterial) Calvin-
Bassham-Benson cycle based on the number of
sequence reads with gross similarity to 4HCD
and RuBisCo, respectively (1), should be consid-
ered with caution.

Third, below the euphotic zone (>150 m),
pelagic crenarchaeota are known to make up a
large fraction of total marine picoplankton (7)
and to perform pivotal roles in marine nitrogen
and carbon cycles (8). Based on an analysis of
the GOS ocean surface metagenome data, Berg
et al. alluded to the existence of a “group of
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Fig. 1. Phylogenetic
relationships of 4HCD
protein sequences and
a kingdom analysis (9)
of proteins encoded by
the genes flanking the
4HCD sequences in the
GOS scaffolds. The GOS1
and GOS2 clades are
dominated by bacterial
genes (also see fig. S1),
indicating that these
4HCD gene products
are unlikely to function
in the proposed archaeal
3-hydroxypropionate/
4-hydroxybutyrate path-
way for CO2 assimila-
tion. As a control, the
results for the same
BLASTP-search-based
method are depicted
for 50 random proteins
from C. symbiosum and
P. pacifica, respectively
(excluding self-hits). The
phylogenetic tree of the
4HCD proteins is based on the same sequence alignment as in Berg et al. (1, 9).
The scale bar represents a difference of 1 substitution per site, and the numbers
at the nodes indicate the resampling estimated log-likelihood (RELL) support

values. Only RELL values above 0.95 are shown. Major groups that gave a
similar overall topology as found by Berg et al. [figure 3 in (1)] have been
collapsed and depicted as triangles.
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