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Opening lecture Hiroaki Kitano

s5We need a theory for systems biology,
notably for robustness

s5Robustness Is a system property
#51s robustness conserved?

#& Trade-off between robustness and
fragility (exact?)
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For a theory of robustness

We need a definition of
robustness



An example of robustness
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Definition of robustness vis-a-vis a

perturbation

How robust is a function with respect to a
perturbation in a property?

By what percentage can I pertuthb that

property and still affect system function
by only 1 %?



An example of robustness

g 5% decrease In enzyme activity

1% decrease in function ( flux) J
enzyme activity

1 1.5
Enzyme activity




Robustness is a system property:
Low robustness of processes in isolation

_ 1% decrease in enzyme activity _
1% decrease in function ( flux) J

Fluxversus enzyme activity
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Enzyme activity
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An example of high robustnless

9 ~ 23% decrease In enzyme act|V|ty
%~ 19 decrease in function ( flux) J

Flux ve enzyme activity
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An example of lack of robustness
(fragi_lit)_f)_ e |
» _ 0.1% decrease in enzyme activity 0.1
1% decreasein function ( flux) J

Flux vérsus enzyme activity
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Enzyme activit
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More precise definition of robustness

oln functionj

gg function, [ oenzyme, / enzyme,

ofunction / function}
J )/ all other parameters

3 ( dlnenzyme,

odIn function.

J Jall other parameters

all other parameters

dInenzyme,

1 1.5
Enzyme activity




Robustnhess
——— S )

cThere I1Is more than one definition

5E.g. John Doyle’s definition: frequency domain

5 This one: steady state function with respect to
parameters, such as catalytic activities
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Are robustnesses large?

Silicon cell live models:

Home
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| Parameter | wvalue
P23 w1 YmT I
P29 1 kT GAF 014
P30_ krMAD 0.45
P31 w1 krMADH 0.0z
P32 KYBPGATS 0.1
P33 YWmaf 533
P34 1 Ymar 148.24
P3a_ w1 Yma I
P36_w1 ka0OHAPD 0.1
P3T_ karADH 0.0
P33 w1 kKaNAD 0.4
P39 1 kaG3IPy 2
P40 1 W4 18
Fa1 w1 FAGIPC 1.7
P42 Ym0 200
F43 w1 k1 0Pyr 1.96
Fa4 1 Yml1f G40
Faa 1 Yl 18.56
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Robustness of vital flux of Trypanosomes vis-a-

vis perturbation of various glycolytic steps

step Robustness

Glctr 1.1

GAPdh 42

o > Yes, most

PGl 1546 robustnesses are

i o large; average is 468

TPI 482 here

GDH 66

GPO -251

PGK 61

PK 691

ATPase 2744 N

GlyK 389 L
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Systems Biology: principles

Are there any principles vis-a-vis
this robustness?

Is robustness conserved?



Is robustness conserved?
(e.g. when making the most fragile step robust)

Robustness
double glc
step Robustness transporter
Glctr 1.1 88
GAPdh 42 4
HK 42 20
PGI 1546 412
PFK 234 56.
ALD 38 3
TP 482 64
i 0 ° No, robustness Is not
GPO -251 -15 d
pGK 61 . CONSErve
PK 691 73
ATPase 2744 313
GlyK 389 26 N
SUMm; (average) 6085 (468) 1055(81) ¢
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No principles then?

Yes, there is one!



Sum over all inverse robustnesses = 1

1/robustness
(doubled glc
step 1/robustness transporter)
Glctr 0.887 0.011
GAPdh 0.024 0.249
HK 0.024 0.051
PGI 0.001 0.002
PEK 0.004 0.018
ALD 0.026 0.354
TPI 0N0[0) 0.016
GDH 0.015 0.166
GPO -0.004 -0.068
PGK 0.016 0.144
PK 0.001 0.014
ATPase 0 0.003 >l
GlyK 0.003 0.039 L ——N
e e
. — . Sum— . . _[==20999. __ . _0999., |mt
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Systems Biology principle
concerning robustness
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Implications
i M i

5 Flux robustnesses can be homogeneous
(robustness the same v/is-a-vis all enzyme
perturbations) or heterogeneous

s5Average robustness Is higher when
robustness Is heterogeneous

¢5BY Increasing fragility vis-a-vis one step
One can Increase the average robustness

s5Lowest robustness Is best drug target

>l

AN
b.:-—-- -'

-
. -
u [ ] u ‘ [ ] I” r' ? -_- ; u - [ ] - - u [ ] u > ‘ :
Wesierhoiiet.al,, Yolkohama, 061014%4° == Emerging Principles: a theery for rebustness -




Opening lecture Hiroaki Kitano

sWe need a theory for systems biology, —‘
notably for robustness \'S

s5Robustness Is a system property l—‘
#1s robustness conserved? -

& Trade-off between robustness and
fragility fexact?)
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Robustness of ERK phosphorylation

EGF initiated signal
transduction



ERK-PP in single cells upon EGF stimulation

180 min

Green: total ERK
Red: ERK-PP



ERK-PP profile upon EGF stimulation
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Research guestions
#To which perturbations Is this signal
transduction robust (fragile)?

s5Does this differ for the various aspects of
the signal?

d5Are there generic principles here?
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Robustness of ERK-PP vis-a-vis perturbation

€

g FRK-Plaay _ { Oln enzyme,

] all other parometqrs

dln ERK - PR,
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Robustness of ERK-PP amplitude in model MAP
kinase pathway: mostly robust

ERES phosphatases Sum

Ampli| 6 | 4 [ 2 |-7|-5|-3|-6]| -9

tude
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Duration robustness in model MAP kinase pathway
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Research guestions
#To which perturbations Is this signal
transduction robust (fragile)? Most

sgEDoes robustness differ for the various
aspects of the signal?

d5Are there generic principles here?
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Robustness depends on function considered and is
not conserved

ERES phosphatases Sum

Ampli| 6 | 4 | 2 | -7 | -5|-3|-6| -9
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Systems Biology principle
concerning robustness
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Research guestions
#To which perturbations Is this signal
transduction robust (fragile)? Most

sgEDoes robustness differ for the various
aspects of the signal? Yes

d5Are there generic principles here? Yes
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Systems Biology principles

Concerning robustness differ

>
amplitude
R

1=1
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Incidentally, the math behind
these theorems....

Metabolic Control Analysis



Fragility vis-a-vis Kinases and

phosphatase perturbation?

s Duration more than amplitude is fragile
ViIs-a-vis phosphatase perturbation

FAmplitude more than duration is fragile
vis-a-vis Kinase perturbation
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Duration more than amplitude is EGF
fragile vis-a-vis phosphatases

EGFR—Shc/Grb2/Sos
Y
Ras
Raf
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Amplitude more than

duration is fraqile vis-a- EGF
I EGFR—Shc/Grb2/Sos

! '

' iEGFR ACE

—&— control Rzlf
—&—5uM PD 98059 — ¥
10 uM S
v
—0— 25 uM o
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Is 1t all true?

EDuration fragility resides more in
phosphatases D

FAmplitude more fragile vis-a-vis kinaseD
activity
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Detailed kinetic model of signaling by EGF Schoeberl et al. (2002)
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MAP kinase signaling: which steps are robust?

EGF
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Oncogenes affect steps for which the
system 1s least robust

And increase the robustness

Tumeor cell is more robust



Emerging Principles of Living Systems:

Robustness
¢t Robustness, a quantitative definition D

48 Example: robustness of the vital flux of Trypanosomes
[~]Robustness is not conserved
[~]General principle 1: fluxes ]

45 Robustness in signal transductim
(~IGeneral principle 2: amplitude

[~ Duration fragile vis-a-vis phosphatases perturbation more than
kinase perturbation D

~]Amplitude also fragile vis-a-vis kinase perturbationD
45 Oncogenes: may act to enhance robustn@s
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Opening lecture Hiroaki Kitano

s5We need a theory for systems biology,
notably for robustness

s5Robustness Is a system property
#51s robustness conserved?

#& Trade-off between robustness and
fragility (exact?)

SHiroaki was right! s
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2nd FEBS Advanced Course
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