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G
iven the overwhelming com-
plexity and difficulty of the
origin of life problem, the
most astonishing thing about

it is that life actually has evolved on at
least one planet in our universe (1). In-
deed, it is entirely conceivable that the
origin of life involved a series of highly
unlikely events, and a substantial part of
the explanation for why there is life on
earth comes from the anthropic princi-
ple (2), i.e., our planet just happens to
be one of the extremely rare parts of
the universe where such a series of
events was realized (3). The anthropic
world view, however, by no means frees
the students of early evolution from the
obligation to explore all possible ways to
decrease the improbability of life by
demonstrating plausible paths to one or
another of the milestones that need to
be reached before life actually takes off.
The paper by Baaske et al. (4) in this
issue of PNAS seems to do just that by
describing a simple abiotic system ensur-
ing striking concentration of mono- and
polynucleotides in inorganic compart-
ments that might be suitable hatcheries
for life.

Spatial compartmentalization is an
essential condition for the functioning
of biological systems. In modern cells,
compartmentalization is provided by
an elaborate, highly evolved system of
membranes that serve to maintain the
integrity of the cell and, at the same
time, provide effective means for com-
munication with the extracellular space
via diverse transport and signaling sys-
tems. For prebiological reactions to pro-
duce the minimal complexity required
for the origin of first life forms, effec-
tive abiogenic compartmentalization is
a must, given that high concentrations
of organic molecules in the entire pri-
mordial ocean are unrealistic, as shown
by geochemical extrapolations (5, 6).
Russell and coworkers (7–9) have exten-
sively developed the scenario under
which networks of inorganic compart-
ments formed, primarily, of iron sulfide
and existing in the vicinity of hydrother-
mal vents constitute a plausible, and
perhaps the most likely, cradle of life.
Indeed, such formations, which exist at
modern vents (10) and have been recov-
ered from fossils of various ages as well
(11), provide not only compartments
with cell-like dimensions but also the
dissipative environment required for the
origin of complex structures in the form
of thermal and electrochemical gradi-

ents and versatile inorganic catalysts
(FeS and NiS) for prebiological reac-
tions (9, 12). Moreover, the notion of
the early stages of the evolution of life
occurring in an abiogenic compartmen-
talized environment is compatible with
the apparent nonhomology of the mem-
branes and the respective biosynthetic
machinery in the two prokaryotic domains
of life, bacteria and archaea, leading to
the proposal that the last universal cellu-
lar ancestor (LUCA) was a noncellular,
although compartmentalized, entity (13).

Baaske et al. (4) provide a crucial
boost to these scenarios of early evolu-
tion by demonstrating in simulation
studies that the temperature gradients
existing at hydrothermal vents turn the
network of pores into a surprisingly ef-
fective concentrating device. Two con-

comitant hydrodynamic processes,
namely, thermal convection and thermo-
phoresis along the temperature gradient,
are shown to result in a �1,000-fold
accumulation of mononucleotides near
the bottom of a plugged pore (Fig. 1).
Concatenation of pores into networks
and/or an increase of the size of the
molecules contained in them lead to a
dramatic increase in the extent of accu-
mulation such that molar concentrations
of �100-base RNA or DNA would be
readily reached. The concentration ef-
fect is shown to be particularly pro-
nounced in long, narrow, vertical clefts
(pores with a high aspect ratio), but
concatenation of low-aspect-ratio pores
into a network is also predicted to yield
extremely high concentrations of mono-
and polynucleotides.

This study not only describes a con-
centration mechanism for abiogenically
emerging small molecules and, espe-
cially, polymers under plausible condi-
tions of prebiological evolution but also
suggests the possibility that networks of
inorganic compartments at hydrother-
mal vents could be veritable ‘‘reactors’’
for RNA synthesis. Indeed, at high con-
centrations of nucleotides, the equilib-
rium would be shifted from hydrolysis to
polymerization, and the rate of the reac-
tion could be made realistic through the
combined effect of the thermal gradient
and inorganic catalysis (14, 15). More-
over, the even more efficient accumula-
tion of polynucleotides provides for the
particularly intriguing possibility of liga-
tion and recombination of these mole-
cules, reactions that are known to be
quite efficiently catalyzed by ribozymes
(16) and that would occur spontane-
ously, given the predicted high RNA
concentrations.

Thus, the putative reactors at hydro-
thermal vents would provide the exact
substrate that is needed for the evolu-
tion of a primordial RNA world,
namely, a dense population of versatile
RNA molecules, some of which would
possess weak catalytic activities. This
system seems to be the best imaginable
abiogenic setting for the emergence of
ribozyme RNA replicases and other ri-
bozyme activities that are required for
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Fig. 1. Evolution of an RNA population in a net-
work of inorganic compartments. Open arrows
show thermoconvection, and horizontal filled ar-
rows show thermophoresis. Compartment 1, accu-
mulation of mononucleotides; compartment 2, ac-
cumulation of abiogenically synthesized RNA
molecules; compartment 3, exploration of the RNA
sequence space by ligation and recombination of
RNA molecules; and compartment 4, emergence of
the RNA world. The putative ribozyme replicase is
denoted by a ‘‘globular’’ RNA molecule, possibly
emerging by the ligation–recombination process.
The stack of compartments depicts a contempora-
neous, three-dimensional network. However,
within the compartments, putative successive
stages of evolution are shown, in the direction
from the inside (near the vent) to the outside of the
network.
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the onset of an evolving RNA world
(17) (Fig. 1). Furthermore, the com-
partments would be expected to also
accumulate other abiogenic organic
molecules, in particular, amino acids,
thus resulting in conditions conducive to
the evolution of translation and the
transition from the RNA world to the
RNA–protein world.

Of course, the results of Baaske et al.
(4) by no means put away all of the se-
vere difficulties associated with the ori-
gin of life. In particular, at the earliest

stages of biogenesis, the formation of
mononucleotides, in the first place, re-
mains problematic, and when it comes
to the more advanced stages, a ribozyme
replicase still is a hypothetical entity
(18), and the evolutionary path to the
translation systems remains essentially
uncharted (19). Nevertheless, the inter-
mediate stage, the transition from a so-
lution of small organic molecules to a
population of RNAs, now appears much
less mysterious than before. Moreover,
the hard combinatorial search for the

extremely rare RNA sequences capable
of catalyzing complex reactions, such as
RNA replication, would be substantially
facilitated in this setting through ligation
of RNA molecules. Best of all, perhaps,
the model of Baaske et al. suggests a
straightforward experimental design, and
such experiments, if successful, could
bring us closer to an actual laboratory
reproduction of the origin of life than
anything done previously.
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