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The RNA world hypothesis

RNA :

ÅSupports genetic information

ÅIs able of catalysis

Resolves the chicken and egg 
problem of DNA ςprotein 
polymerase (Woese 1968).

The ribosome is a ribozyme !

An RNA which cleaves RNA



Transitions in a pre-biotic RNA world

Hernández & Piccirilli, Nat. Chem. (2013)

The ordering of these steps and their nature are not known at all !



PART 1:
compartmentalization and replicative parasites.



Adam Kun

Eörs Szathmary

Eötvös University Budapest
Parmenides foundation Münich

Michaël Ryckelyink
ISIS (Strasbourg)

Andrew Griffiths

Shigeyoshi Matsumara 
(Toyama University)

Laboratoire de Biochimie ESPCI (Paris)



Template-based replication

¢ƘŜ άŦƛǊǎǘέ wb!-polymerase made of RNA ? 

¸Ŝǘ ǳƴƪƴƻǿƴΣ ōǳǘ ƎŜǘǘƛƴƎ ŎƭƻǎŜǊΧ

The problem of the error threshold (Eigen 1971):

Genome length Error rate 
How many replicators disappear by 
spontaneous mutationswŜƭŀǘƛǾŜ ŦƛǘƴŜǎǎ ƻǊ άǎŜƭŜŎǘƛǾŜ ŀŘǾŀƴǘŀƎŜέ

how many replicators appear by their faster replication



The fundamental problem of parasites
Spiegelman experiment 
(PNAS 1965): 

infectious RNA replicated 
by the Q-beta-replicase

¢ƘŜ ƭƛǘǘƭŜ άƳƻƴǎǘŜǊέ



Compartments and parasites

The stochastic corrector model: 

group selection at a compartment level.
Szathmary J Th Biol 1987



Early compartmentalization scenario

Kamimura PRL 2010

Adamala Szostak Science 2013

{ƻƭƛŘ ǎǳǇǇƻǊǘŜŘ ŎƻƳǇŀǊǘƳŜƴǘǎΣ ŀŜǊƻǎƻƭǎ ΧΦ

ClustersFatty acid vesicles



The Quest for the RNA replicase
Turn a self-splicing RNA into a ligase (transesterifaction reaction) and optimize tunr-over, processivity, 
generality, fidelity. 

Non exhaustive list:

ÅZaug & Cech 1981, from tetrahymena : 15 nt, needs primer, does not stop, no generality

ÅDoudna & Szostak 1989: multiple turn-over ligation of successive fragments

ÅBartel & Szostak 1993: in vitro evolution of RNA ligase from random pool

ÅEkland & Bartel 1996: only copies specific templates

ÅJohnston (Bartel group) 2001 : length ~200 nt, process 14 nt, general, fidelity = 0,967

ÅΧ

ÅWochner 2011 (Holliger lab) by evolution in emulsions: process up to 95 nt, fidelity > 99 %

ÅAttwater 2013 (Holliger lab): Ribozymes extends 206 nt, longer than itself, in ice (euctetic phase) at -
мф /Σ ǘŀƪŜǎ о ŘŀȅǎΣ ōǳǘ ƴƻǘ ȅŜǘ ƎŜƴŜǊŀƭ Χ



A model protocell

άƳŜǘŀōƻƭƛŎέ ŀŎǘƛǾƛǘȅ



Pre-biotic cycles of RNA replicators

selection

incubation

fusion

compartmentalization


