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Schrödinger famously described living systems as ma-
chines that accumulate “negative entropy” from their
environment, maintaining and increasing internal order
while seemingly “violating” the second law of thermo-
dynamics [1]. A central challenge in origins-of-life re-
search is to understand how such entropy-reducing be-
havior could emerge in prebiotic chemistry. In modern
biology, this role is played by nucleic acids and proteins,
while the RNA world hypothesis posits an earlier stage
in which RNA molecules both stored information and
catalyzed reactions via ribozymes [2].

However, ribozymes are typically long and highly
specific, raising the question of how such functional
polymers could arise in the first place. In this talk, I fo-
cus on the stage prior to the RNA world, where shorter,
simpler information-coding polymers replicate without
enzymes. We consider a minimal system of heteropoly-
mers undergoing non-enzymatic templated replication
under cyclic, out-of-equilibrium conditions [3]. Compe-
tition for monomer resources drives a spontaneous re-
duction of sequence entropy: most sequences go extinct,
while a selected subset forms structured, mutually templating networks. This process constitutes a prim-
itive form of natural selection and has been observed experimentally in templated ligation systems [4].

Building on this pre-selection mechanism, we identify a key and counterintuitive pathway to func-
tion: strand cleavage [5]. While typically viewed as degradation, even spontaneous cleavage promotes
replication by generating short fragments that act as primers, thereby accelerating polymer growth. This
creates a direct evolutionary pressure for polymers to enhance cleavage activity.

We show that this pressure naturally leads to the emergence of sequence-specific catalytic cleavage,
one of the simplest ribozyme-like functions. Catalytic variants spontaneously arise and organize into
cooperative networks of differentiated polymers, with distinct subpopulations acting as catalysts and
substrates. In the minimal case, a four-component catalytic network outcompetes non-catalytic sequences
and sustains replication through cleavage-driven dynamics. The required catalytic enhancement (∼ 102–
103 over spontaneous rates) is modest and consistent with experimentally observed early-stage ribozymes.

This mechanism provides a concrete route from simple replicating polymers to the first catalytic
functions, effectively bridging the gap between non-enzymatic prebiotic chemistry and the RNA world.
Rather than requiring complex ribozymes from the outset, it shows how primitive selection, replication,
and fragmentation can jointly give rise to functional activity. In this picture, catalytic cleavage repre-
sents an early evolutionary foothold that precedes and enables the later emergence of more sophisticated
ribozymes.
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