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Protein Cycles

20% of the human protewsoding

genes encode components of signaling  (IN excess)

pathways, includingransmembrane ATP ADP
proteins, guaninenucleotidebinding

proteins(G

proteins),kinasesphosphatasesand

proteases.

The identification of 518 putative S P
protein kinasegenes and 130 protein

phosphatasesuggests that

reversibleprotein phosphorylations

acentral regulatoryelement of most

cellular functions. Pi HZO

(in excess)



Abundance of Kinases

Species # of putative kinases
Saccharomyces cerevisiae 121
Drosophilamelanogaster 319
C.elegans 437
N~ Arabidopsighal 1049
E@ Human 518

Data from http://www.kinexus.ca



The Simple Cascade

(in excess)
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Linear Response

A A simple example of protein

dynamics: protein synthesis ?
and degradation. |
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Hyperbolic Response

Assume linear kinetics ?
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Hyperbolic Response
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SigmoidaResponse

: : S
Assumesaturablekinetics :
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SigmoidaResponse
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SigmoidaResponse
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SigmoidaResponse

M1 = R/(R+RP)

M2 = RP/(R+RP) :
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Ultrasensitivity

Kms =0.b

Fundamental Properties
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Ultrasensitivity

Kms=0.1

Fundamental Properties
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Fundamental Properties

Ultrasensitivity
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Fundamental Properties

Ultrasensitivity
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Fundamental Properties

Ultrasensitivity
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Collector Current
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http://mobots.botic.com/images/symbol_transistor_npn.gif
http://www.southwest.com.au/~jfuller/electronics/transistor.jpg

Digital Circults

In ultrasensitive mode, cascades can be
usedto build Boolean circuits.
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Ring Oscillator
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NAND Gate
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Basic flipflop

R = reset
S = set
Q = output

Memory Units
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Clocked RS fhftop

R = reset
S = set

C = clock
Q = output
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Counters

Clock input
Binary Counter l\:._ ’
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Half Adder (No carry input)

A B Sum | Carry
0 0 0 0
0 1 1 o)
1 o) 1 0
1 1 0) 1

Arithmetic

Inputs

B

59

()

= L Sum

[y

<E2>
Eq

noiey

25

Carry



SigmoidaResponse
Multiple Cycles

The response of the cascade is the
product of the individual cycle
sensitivities.

Cascades can therefore have considerable
gain values (Hill coefficients >> 10).



