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Cells Compute

Calbiochem’ MAPK Family Pathways
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(G No survival without computation!
0 Finding food
0 Avoiding predators

() How do they compute?
0 Unusual computational paradigms.

0 Proteins: do they work like electronic circuits?
or process algebra?

d Genes: what kind of software is that?

G Signaling networks >
d Clearly oinformation processiNrg o0 oo SRR

0 They are O0just chemistryo: mofl ecule interaction
MAPKKK 2 > MAPKKK*

0 But what are their principles and algorithms? ’

() Complex, higher -order interactions MAPKIC <= MAPKK-P <> MAPKK-PP
0 MAPKKK = MAP KinaseKinase Kinase: MAPKK P'ase
that which operates on that which operates on that MAPK 5> MAPK-P <% MAPK-PP
which operates on protein. [ 1
MAPK P'ase
ouTPUT
Ultrasensitivity in the mitogen - activated protein cascade

Chi-Ying F. Huang and James E. Ferrell, Jr., 1996, Proc.
Natl, Acad. Sci. USA , 93, 10078 -10083.
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Stochastic Collectives

WDoCol l ectiveod:

0 A large set of interacting finite state automata:
GNot quite language automata ( large set 6 )
GNot quite cellular automata ( ibteracting 6 but not
GINot quite process algebra ( @llective behavior 6 )
GICf. multi -agent systems and swarm intelligence

WoStochastiocbo:

0 Interactions have rates
GNot quite discrete (hundreds or thousands of components)
GONot quite continuous (non-trivial stochastic effects)
GNot quite hybrid (no oO0switchingdé between regi mes

) Very much like biochemistry
d Which is a large set of stochastically interacting molecules/proteins
d Are proteins finite state and subject to automata -like transitions ?

WDLet ds say they are, at | east because:

GMuch of the knowledge being accumulated in Systems Biology
is described as state transition diagrams [Kitano].



Towards Systems Biology

Epidermal Growth Factor Receptor Pathway Map e

I - L} }oenmdy
- ) . |
endocytosis x ry BT

* e T ——"
re "' ! - I
. = } —=lu|

| s

i ] .

. =
o ] -
MAPK cascade N . -
- LT
Y
. | I e —
e oy nal b e
= . e
, = = | [ i J - o £
= = = v r - — Py B
. - I ! Ly L - ; =
-—- - I L r v )
~ ] h ul
" b ;
[ — o it i — - - L U W L " | o
= ! = —— L] = - &
§ - 1 I . . o [
- ] . e = Ca signaling .
nl- - ] — = ——
: : — = . I L : a3
. u B
: = I " - . ] T
el — I - - ., matt dae - S v
Sy ey = . § T v - -
iranscription - = . - o ’ = } - - ’
¥ 1 T i = - L] !
- | I . I — = P
4 v - . — ¥ "- T At - .
| = oo = fum - . El!l.qdl' L i = s

1:"‘\'1'_ P Gy ke B0y BT b AL, W i e Dy £ mulihuﬂﬂmﬁ’ur P — A R g —




Compositionality (NOT!)

Roche Applied Sciences Biochemical Pathways Wall Chart
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