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Response toComment on “Arsenic(III) Fuels
Anoxygenic Photosynthesis in Hot Spring
Biofilms from Mono Lake, California”
R. S. Oremland,1* J. F. Stolz,2 M. Madigan,3 J. T. Hollibaugh,4 T. R. Kulp,1 S. E. Hoeft,1
J. Fisher,4† L. G. Miller,1 C. W. Culbertson,5 M. Asao3

Schoepp-Cothenet et al. bring a welcome conceptual debate to the question of which
came first in the course of planetary biological evolution, arsenite [As(III)] oxidation or
dissimilatory arsenate [As(V)] reduction. However, we disagree with their reasoning and
stand by our original conclusion.

Schoepp-Cothenet et al. (1) challenge our
conclusions regarding dissimilatory arse-
nic reduction on primordial Earth (2). The

authors argue their points based on suppositions
concerning the redox state of the Archean, and
their entrained bioenergetic/phylogenetic reason-
ing. With regard to their point about redox state,
although Fe(II) is believed to have been abun-

dant in the anoxic Archean, this chemical spe-
cies does not reduce As(V) to As(III). Free sulfide
can reduce As(V), but this requires a very low pH
for any reasonable kinetic resolution (3). In ad-
dition, the production of As(V) by As(III)-linked
anoxygenic phototrophy would have opened
localized niches for As(V) respiration without
affecting the overall redox balance of the Archean
Earth. This is similar to what has been proposed
for photosynthetically linked Fe(II) oxidation
and banded iron formations (4). Indeed, the tight
coupling of As(V) reduction/As(III) oxidation
has been seen in periphyton samples (5) and salt-
saturated anoxic sediments from Searles Lake
(6). We have also observed this phenomenon in
“red” hot spring biofilms from Mono Lake as
part of an ongoing study. Finally, although in silico
phylogenetic analyses of genomes can provide
grist for evolutionary schemes, their validity is

dependent on correct annotation. Unless proof
of function is known for a given homolog, bio-
chemical or genetic confirmation is necessary
(7). For example, the dimethyl sulfoxide reduc-
tase family of molybdenum enzymes is composed
of oxidases, reductases, and dehydrogenases, and
enzymes sharing high sequence identity can have
very different functions (8). Moreover, arsenate
respiration has been demonstrated in two Pyro-
baculum species; however, the respiratory arse-
nate reductase in these organisms has yet to be
identified. Investigations of the arrA amplicons
obtained from the extreme environment of Searles
Lake, California, suggest unexpectedly high se-
quence diversity, with most lying well outside the
boundaries established with cultured anaerobes
from the domain Bacteria (9). Such observations
indicate that there are many more “novel” prokary-
otes out there (including Archaea) with the ca-
pacity to respire As(V), awaiting isolation and
characterization and, ultimately, genomic analysis.
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