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‘ Introduction '

Self-organizing
Protocells— Metabolism —=Self-replication
— —~ — —

Possible steps to
natural life

Synthesis of Synthesis of

Corresponding Areas nest
in All?tificia|g|_ife artificial prebiotic a"tlfl_Clal_
chemistries self-replicating
systems
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Simple Computational Protocell Model'

Interacting polymers enclosed in a
protocell (well-stirred reactor)

Example of a catalytic reaction set:
graphical depiction and reaction set.
Reverse reactions are not shown

explicitly in graph.

aaqa aaaad
at+a = aa a+ aaa = aaaa
aﬂa ac&aa
a+ aa = aaa aa + aaa < aaaaaqa
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/ Problem Description I

Objective:
Find a set of N reactions that moves a pre-specified initial
distribution of polymers to an arbitrary distribution of

(longer) polymers.

O time

Such “catalytic engines” may have formed in ()
prebiotic protocells and may have been selected as @
protocells enlarged and divided. C ="

“Programming” such chemistries manually proves difficult.

From past successes in applying GAs to evolving rule-based

\Wstems, we used GAs to evolve simple artificial chemistries
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Two Experiments I

Target Peak

Initial Distribution N
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0 5 10 15 20 25
Polymer Length
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exponential distribution for the initial conditions

“Peak” and “slope” experiments: both have the same decaying
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/ ‘Evolved Reaction Network. \

Evolved reaction network:
e short cycle formation

e key polymers acting as both reactants and catalysts

e target polymers acting as catalysts

Best found reaction set from 100 GA runs:
partial reaction graph: resultant distribution:
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Producer/Consumer Relationship I

Polymer production and consumption in the best-found reaction

set for the “peak” experiment

Left: net number of times each polymer was a product; Right: net

number of times each polymer was consumed

# reactions polymer produced

12 : : : : : : 14

10 127

10 m

(o]
\
# reactions polymer consumed
]
\

pllA

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Polymer (length) Polymer (length)
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