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Introduction:  Cellular life is based on biopoly-

mers that have the ability to replicate themselves. Ac-

cording to the RNA World hypothesis, early organisms 

achieved this replication using RNA polymers. Here 

we consider how a self-replicating RNA system may 

have originated.  

 
Chemical Reaction Model: The reaction system 

above represents synthesis of nucleotide monomers, 

conversion of monomers to an activated form, and po-

lymerization by the addition of an activated monomer 

to the end of a chain. We suppose that these reactions 

can occur spontaneously at a small rate, but they can 

also be catalyzed by ribozymes, if ribozymes are pre-

sent. We suppose that a small fraction of polymers 

longer than some minimum length L have the ability to 

act as polymerase ribozymes. The total polymerization 

rate is r = r0 + kPL, where r0 is the spontaneous polym-

erization rate, PL is the concentration of polymers of 

length at least L, and k is the catalytic efficiency of the 

ribozymes. The system contains autocatalytic feedback: 

increasing the polymerization rate causes the concen-

tration of ribozymes to increase, which causes a further 

increase in the polymerization rate.  

Deterministic Results: For an infinite volume, the 

reaction dynamics are deterministic and the equilibrium 

concentrations of all molecules can be calculated. The 

system has two stable states, which we refer to as 

‘dead’ and ‘living’. In the dead state, the concentration 

of ribozymes is negligible and the polymerization rate 

is almost equal to r0. In the living state, there is a high 

concentration of ribozymes and the polymerization rate 

is much higher than r0, i.e. the living state is an auto-

catalytic system in which ribozymes catalyze synthesis 

of ribozymes. The phase diagram below shows the re-

gions of parameter space where either the living, the 

dead, or both states exist. In the region where only the 

living state exists, life would emerge spontansously 

very easily. In contrast, in the real world, the origin of 

life must be difficult but not impossible. Therefore the 

real world must lie in the region where both states ex-

ist. The origin of life is a transition from the dead to the 

living state. We have shown [1] that this translition can 

occur in this model due to concentration fluctuations. 

 
Stochastic Simulations: In a finite volume, such as 

the interior of a lipid vesicle or other small compart-

ment, the reaction dynamics is stochastic and concen-

tration fluctuations can occur. We use a stochastic al-

gorithm to simulate the reaction system in a finite vol-

ume [1]. If a system begins in the dead state, the ri-

bozyme concentration is very low, but concentration 

fluctuations can lead to a transition to the living state. 

Thus, if a small number of ribozymes is initially 

formed spontaneously, this can be enough to drive the 

system to a state where ribozyme-catalyzed synthesis 

of large numbers of additional ribozymes occurs. This 

transition occurs most easily in volumes of intermedi-

ate size. If the volume is too large, concentration fluc-

tuations are too small, and the system remains stable in 

the dead state. If the volume is too small, then no ri-

bozymes are produced initially, so the autocatalytic 

feedback cannot begin to occur.  
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