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Introduction

Metabolism Self-replication

Corresponding Areas
in Artificial Life

Possible steps to
natural life

Synthesis of 
artificial prebiotic

chemistries

Synthesis of
artificial

self-replicating
systems

Self-organizing
Protocells
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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.
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Problem Description

Objective:

Find a set of N reactions that moves a pre-speci�ed initial

distribution of polymers to an arbitrary distribution of

(longer) polymers.

Such \catalytic engines" may have formed in

prebiotic protocells and may have been selected as

protocells enlarged and divided.

time

\Programming" such chemistries manually proves di�cult.

From past successes in applying GAs to evolving rule-based

systems, we used GAs to evolve simple arti�cial chemistries
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Two Experiments

\Peak" and \slope" experiments: both have the same decaying

exponential distribution for the initial conditions
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Evolved Reaction Network

Evolved reaction network:

� short cycle formation

� key polymers acting as both reactants and catalysts

� 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

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

0

2

4

6

8

10

12

0 5 10 15 20 25 30 35

# 
re

ac
ti

on
s 

po
ly

m
er

 p
ro

du
ce

d

Polymer (length)

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35

# 
re

ac
ti

on
s 

po
ly

m
er

 c
on

su
m

ed

Polymer (length)

slide 14



' &

$ %

C
o
n
c
lu
si
o
n
s

F
ro
m
th
es
e
ea
rl
y
re
su
lt
s,
w
e
h
av
e
d
em
o
n
st
ra
te
d
th
a
t

si
m
p
le
,
a
rt
i�
ci
a
l
ch
em
ic
a
l
re
a
ct
io
n
n
et
w
o
rk
s
ca
n
b
e

sy
n
th
es
iz
ed
to
m
ov
e
a
sy
st
em
o
f
p
o
ly
m
er
s
in
to
st
a
te
s
o
f

in
cr
ea
si
n
g
co
m
p
le
x
it
y.

T
h
e
re
a
ct
io
n
se
ts
fo
u
n
d
a
re
ro
b
u
st
in
th
e
se
n
se
th
a
t

th
ey
p
ro
d
u
ce
d
es
ir
a
b
le
b
eh
av
io
r
in
eq
u
il
ib
ri
u
m
.

O
n
g
o
in
g
e�
o
rt
s:

�

re
st
ri
ct
io
n
to
m
o
re
b
io
ch
em
ic
a
ll
y
p
la
u
si
b
le
re
a
ct
io
n
s

�

tw
o
a
n
d
th
re
e-
le
tt
er
a
lp
h
a
b
et
s
a
n
d
lo
n
g
er
p
o
ly
m
er
s

�

m
em
b
ra
n
e
fu
n
ct
io
n
a
li
ty

�

co
m
m
u
n
it
ie
s
o
f
in
te
ra
ct
in
g
p
ro
to
ce
ll
s

s
li
d
e
1
5


