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Mass / Action Patterns for Enzyme Reactions

E

B|EA|EA B

BA A|E B|E

E

BA

E

k3
k2

k1 k4

k5

k3k1, k2 k4, k5 MA2

E

BA|EA

A A|E B

E

A B

E

k3
k2

k1

k3k1, k2 MA1

E

B|EA|EA B

BA A|E B|E

E

BA

E

k3

k2

k1 k4

k5k6

k1, k2 k4, k5 MA3k3, k6

References

Raf

RasGTP
Raf_RasGTP

RafP

RafP_Phase1
MEK_RafP MEKP_RafP

MEKP_Phase2 MEKPP_Phase2

ERK

ERK_MEKPP ERKP_MEKPP

ERKP

MEKPP

ERKPP_Phase3ERKP_Phase3

MEKP

ERKPP

Phase2

Phase3

MEK

Phase1

k3

k6

k21

k18

k9 k12

k15

k24

k27k30

k1/k2

k4/k5

k7/k8 k10/k11

k16/k17

k22/k23k19/k20

k13/k14

k28/k29 k25/k26

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Stochastic Output − 1 Level

Time (s)

C
on

ce
nt

ra
tio

n 
(L

ev
el

s)

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Stochastic Output − 1 Level

Time (s)

C
on

ce
nt

ra
tio

n 
(L

ev
el

s)

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Stochastic Output − 1 Level

Time (s)

C
on

ce
nt

ra
tio

n 
(L

ev
el

s)

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Stochastic Output − 1 Level

Time (s)

C
on

ce
nt

ra
tio

n 
(L

ev
el

s)

Stochastic vs. Continuous Behaviour

Composition of Building Blocks

place invariants (moieties) 
transition invariants  (EMs / EPs)

input / output relationships, pathway length, etc.
modularisation / decomposition into subnetworks 

correlated subsets, flux-coupling assessment
identification of bottlenecks / fragile nodes

design of knockout experiments
initial marking (state) construction

semi-decision of general behavioural properties, etc.
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Metabolic Pathway vs Signalling Cascade
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Models as Key Players in Systems Biology and Synthetic Biology
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