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Electronics and Control Systems Engineering rely
on modularity to predict the behavior of a complex
network by the behavior of the composing
subsystems.
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Functional modules seem to recur also in
biological networks (e.g. Alon (2007)). But...
output s is well attenuated are G=100,1000, which
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behavior unchanged? WN may be difficult o realize in vivo.
It these conditions are not always verified, Use separation of time scale between the X production and decay E e,
what mechanism can be used to interconnect processes (internal dynamics) and the binding reaction of X to p b ER:

TR o] modules without altering their behavior? Does (interconnection dynamics)
[Hanahan & Weinberg (2000)] nature already employ such mechanisms?

Protein X Concentration

Result: Computers, Videos, cell phones...

Protein Concentation

Protein Conceniration

L ake r small: po.sor fka < 1. kg = k-fks
"ot attenuate s: G large

Values of the gain for which the retroactivity to the

Protsn Conceniration

kypp>6 and ko =k, rrlka - k() = 8y - ) Design 2: Amplification through phosphorylation and negative feedback
o o through dephosphorylation
~5C+ Lipror - O - O, gn cephiospriory X+Z 0y 50X, +7

d

e _
N Y+ X bx iy
o y C = y(») (the slow manifold) < 6 Yror =Y +Ca, Xror =X+ X, +C1 + Cs

uc
oo By ses Sk S ¥ X + C (total protein concentration)

4 Y 6/—\b —L Phosphorylation and dephosphostylation
—> NN > l - ) p i
Retroactivity s after a fast transient reachon:raorsug?:: ;fﬁi;‘ch:y" protein
& o) 1 Bi = Sbile, @ = daife, k; = dcile,
v /

— = (k(t) - 6X)(1 - kon = kogs/ka, korr€ = dandz = Z + C;

E b R(X, HN=—"—— k() =6~ C1)

1+X/kg)?
Dynamics of X after a %
fast transient PTOT/Kd

Examples: Interconnection changes the output of the upstream component
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