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50 Years of Molecular Cell Biology

SOLVING THE NEUTRINO MYSTERY » RECOGNIZING ANCIENT LIFE

() The genome (human: 3 GBases= 750MB)
IS made of DNA

0 Stores digital information as sequences of 4
different nucleotides

d Directs protein assembly through RNA and the 50 YEARS OF THE

Genetic Code DOUBLE ‘

Q) Proteins (~1M coded from ~30K genes)
are made of amino acids strings

d Catalyze all biochemical reactions
0 Control metabolism (energy & materials) ““‘ H
0 Process signals, activate genes cos—

CJ Bootstrapping still a mystery

0 DNA, RNA, proteins, membranes are today
interdependent. Not clear who came first

0 Not understood, not essential for us



Cells Compute

Calbiochem MAPK Family Pathways

(G No survival without computation!
0 Finding food
d 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
6 Clearly oinformation processiMygo0 S

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 Pase
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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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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