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Crossroads for archaebacteria

Sfrom D.P. Kelly

Two extraordinary new microorganisms
are described as independent reports in this
issue of Nature. They are extraordinary not
only for living in hot acidic mud holes but
also, and more importantly, for seeming to
represent a crossroad in the evolution of
archaebacteria — an ancient line of
bacteria which is distinct from other
bacteria (eubacteria) and eukaryotes.

Karl Stetter and his colleagues have ob-
tained their archaebacterium from solfa-
taric craters in Italy. As reported on page
787, it grows best at pH2 and at 90° C, but
its outstanding claim on scientific attention
is its ability to grow either as an aerobic
autotroph, oxidizing sulphur with the pro-
duction of sulphuric acid, or as an anae-
robe, by the reduction of sulphur with
hydrogen to hydrogen sulphide at very low
redox potentials. Such metabolic versat-
ility, alternatively oxidizing or reducing
sulphur, has never before been reported or
even thought to exist.

Many biologists are familiar with the ac-
tivities of sulphate reducing bacteria (like
Desulfovibrio) and sulphur-oxidizing
bacteria (like Thiobaciilus), the respective
activities of which sustain a large part of
the anaerobic and aerobic phases of the
global sulphur cycle. While some enzymes
and reactions in the reduction and oxida-
tion of sulphur in these two types of
bacteria are similar, the organisms them-
selves are physiologically, ecologically and
phylogenetically very distinct from each
other. In recent years, two seemingly
distinct groups of thermophilic archae-
bacteria have been isolated from very hot
natural environments. These are the extre-
mely thermoacidophilic Sulfolobales,
which can synthesize their organic require-
ments from inorganic precursors, obtain-
ing energy from the aerobic oxidation of
elemental sulphur even at pH 1.0, and the
Thermoproteales, which grow at higher pH
under anaerobic conditions and obtain
energy from the oxidation of hydrogen
coupled to the reduction of elemental
sulphur to hydrogen sulphide. Although it
has been reported that the anaerobic ox-
idation of sulphur is coupled to molybdate
reduction in Sulfolobus brierleyi, it has not
been considered that there might be any
physiological ‘overlap’ between the ac-
tivities of the sulphur-oxidizing Sulfolobus
and the sulphur-reducing Thermoproteus
species.

The isolation by Stetter’s group of an
organism that readily switches between
such extremely different biochemical and
physicochemical conditions for growth has
many implications in biochemistry and
phylogeny. By various means Stetter and
his colleagues have proved that the switch
is a phenotypic adaptation of the whole

population and not a result of multiplica-
tion of selected individuals within the
cultures. By the criterion of DNA hybridi-
zation, the genomes of cultures growing
anaerobically and aerobically are identical
but are not significantly similar to the
genomes of conceivably related bacteria,
such as Sulfolobus brierleyi.

If one takes the view that the evolu-
tionary sequence was from anaerobic sul-
phur-reducing energy conservation (as seen
in present day Thermoproteales) to aerobic
sulphur-oxidizing processes (as in the
Sulfolobales) following the appearance of
the oxygen atmosphere, then the new
organisms represent a relict of the branch
point in evolution from which the two ex-
tant groups arose. The metabolic versatili-
ty and complexity of the newly discovered
organism is such that it cannot be regard-
ed as a metabolically ‘primitive’ ancestor
of the modern day Sulfolobales. Indeed, it

could well represent an evolutionary line
from the Thermoproteales that is parallel
to that of Sulfolobales.

The bacterium described by Wolfram
Zillig and his colleagues on page 789 comes
from a solfatara in Iceland which also
yielded Thermoproteus in the enrichment
cultures. It is similar to Stetter’s, growing
best at pH 2.5 and 85°C. The most exciting
observation so far from this strain is that
although its DNA-dependent RNA poly-
merases are identical whether it is growing
aerobically or anaerobically, there are
electrophoretic differences in the cellular
proteins and a plasmid of 7,700 base pairs
seems to be amplified five-fold during
anaerobic sulphur-reducing growth.

The discovery of these remarkably ver-
satile archaebacteria may thus have provid-
ed material not only for comparative
biochemistry and phylogeny, but also for
the development of a cloning vector to
study information transfer and metabolic
regulation in the Sulfolobales. !

D.P. Kelly is in the Department of Environ-
mental Sciences, University of Warwick,
Coventry CV4 7AL, UK.

Macroevolution

The Red Queen

Jrom Michael J. Benton

VAN Valen’s Red Queen hypothesis ! has
attracted a great deal of interest since it was
first proposed, and it has also been the
subject of some controversy. Hitherto, dis-
cussions of the validity of the Red Queen
have often been rather inconclusive because
of the lack of an adequate test of the hypo-
thesis. Now, Stenseth and Maynard Smith 2
have proposed a test, and two groups have
already attempted to apply it>4.

The Red Queen hypothesis was based on
the observation that, within any particular
group of organisms, the probability of the
extinction of any species or other taxon is
constant through time (the Law of Con-
stant Extinction). Thus, a species might dis-
appear at any time, irrespective of how long
that species has existed. Van Valen’s ex-
planation for this observation is that the
various species within a community main-
tain constant relationships relative to each
other, but that these interactions are con-
stantly evolving. Thus, the antelope evolves
greater speed in order to escape from the
lion, but the lion evolves greater speed in
order to catch its dinner, and so the status
quo is maintained. Or, as the Red Queen
put it in Lewis Carroll’s Through the
Looking Glass, ‘““Now here, you see, it
takes all the running you can do, to keep
in the same place’’. Thus, species evolve
continuously as a result of biotic inter-
actions, and changes in the physical en-
vironment are not needed in order to propel
evolution,
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put to the test

Several authors have questioned whether
the Red Queen hypothesis is the only ex-
planation of the Law of Constant Extinc-
tions 6. There certainly seems to be a
paradox if we consider that organisms may
be continuously evolving and adapting, yet
this process does not improve their overall
chances of survival: the probability of
extinction is independent of the age of a
species.

Stenseth and Maynard Smith 2 contrast
the Red Queen model, in which evolution
is driven principally by biotic interactions,
with a Stationary model, in which evolution
is driven mainly by abiotic factors (for
example, climatic change, or topographic
change). The Stationary model is probably
in better accord with traditional assump-
tions about evolution, and it predicts that
evolution will cease in the absence of
changes in abiotic parameters. Translated
into practical terms, the two models should
give quite different patterns of species evo-
lution, and Stenseth and Maynard Smith
suggest that an examination of the fossil
record might provide a resolution between
the two. The Red Queen model predicts
constant rates of speciation, extinction and
phyletic evolution in ecosystems, even when
they are at equilibrium diversity, whereas
the Stationary model predicts zero rates of
evolution at equilibrium, interrupted by
bursts of evolution, extinction and speci-
ation in response to changes in the physical
environment (see top pair of figures).
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