nd the ruler




MBL-EBI

Or:

Why Reactome, KEGG etc. are In
trouble?
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MBL-EBI Metabolism Vs. Signalling
T

Metabolism = Transport of matter and energy

Signalling = Transport of information



MBL-EBI Metabolism Vs. Signalling
- TI—

Metabolism = Reversible conversions

Signalling = Irreversible conversions

& Hysteresis

T s



MBL-EBI Metabolism Vs. Signalling
I

Metabolism = crave for steady-state

Signalling = exists for perturbation



MBL-EBI Metabolism Vs. Signalling
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Metabolic Networks

Signalling Pathways



Metabolism Vs. Signalling

Metabolic Networks
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WBL-EBI Metabolism Vs. Signalling
- [

‘A Signalling Pathway is a portion of a Signalling
Network highlighted by a perturbation



WBL-EBI Metabolism Vs. Signalling
I

‘A Signalling Pathway is a Signalling Network
filtered by a perturbation

=3



WBL-EBI Metabolism Vs. Signalling
B

‘A Signalling Pathway is a Signalling Network

filtered by a perturbation*

* A perturbation is not a signal, but a weighted
combination of signals



The hourglass
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Signal transduction
S

_ « chemical (ligand binding)
Extracellular signal « electrical (depolarisation)
*  mechanical (stretching)

e thermal
plasma membrane -
_ e chemical (phosphorylation)

-. o electrical (ion flux)

« mechanical
(conformational transition)
Effect




Signal convergence

Signal 1 Signal 2
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Signal convergence
I

Signal 1 Signal 2

' v

i
v

Effect




Signal divergence
I

Extracellular signal

Effect 1 Effect 2 Effect 3




Signal adaptation

Extracellular signal

'

B

Effect




Cross-adaptation
I

Signal 1 Signal 2

v v

transduction @_-

N
v

Effect Effect




The full monthy

Signal 1 Signal 2 Signal 3 Signal 4

v v N

Effect 1 Effect 2 Effect 3 Effect 4 Effect5




The full monthy




“HBI Receptor hourglass

leu-enkephalin met-enkephalin endomorphin-1 endomorphin-2  B-endorphin

T~
o opioidp
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3L-EBI Receptor hourglass
~ I

RECEFTOR 1/2:3 1 1 144 1i42:3 1i4 34 34 34 34 4 4
BINDING

TGF AE BTC EFI Rk HEG2H | MRG3

AL |l

1:1 12 1.3 1d4a Lidb 1:d4e 1:4d 2220 23 2:da 2b 2ide 2:4d 330 3da 34b 3:d4c 3:4d dadadadb dade dadd dbdb dbde dbdd dede deodd 4d4d

c-erbB-4 c-erbB-4 M c-erbB-4 c-erbB-4

EGFR c-erbB-2 ¢-erolbid TMa/CTa IMb/CTall Jma/CTb @ JMb/CTb



Receptor hourglass

RECEFTOR 1/2:3 1 1 144 1i42:3 1i4 34 34 34 34 4 4
BINDING

BTC EFI MEG b HEG2H | MRG3

ERUURRLL |l

1:1 12 1.3 1da L4k 1:de 1:4d 202 23 2:da 2db 2ide 2:4d 33 3:da 3:db 3de 3:4d dadadadb dade dadd dbdb dbde dbdd dede Jedd 4d4d

c-erbB-4 c-erbB-4 M c-erbB-4 c-erbB-4

EGFR c-erbB-2 ¢-erolbid TMa/CTa IMb/CTall Jma/CTb @ JMb/CTb



Receptor hourglass

RECEFTOR 1/2:3 1 1 144 1i42:3 1i4 34 34 34 34 4 4
BINDING

MEG b HEG2H | MRG3

TURL TN |l

1:1 12 1.3 1d4a Lidb 1:d4e 1:4d 2220 23 2:da 2b 2ide 2:4d 330 3da 34b 3:d4c 3:4d dadadadb dade dadd dbdb dbde dbdd dede deodd 4d4d

c-erbB-4 c-erbB-4 M c-erbB-4 c-erbB-4

EGFR c-erbB-2 ¢-erolbid TMa/CTa IMb/CTall Jma/CTb @ JMb/CTb



“HBI 2™ messenger hourglass
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“further down” hourglass

Gui  Goo  Gas  GBy PKC  CaM
SN T
~ adenylatecyclase




Everything together




Everything together




“HBI Everything together

What is the relevan ext event” concept?




The bomb




Combinatorial explosion
S

II N NMDA + CaMKIl <=> NMDA-CaMKII



’m{“' Combinatorial explosion

II msmmmmm NMDA + CaMKIl <=> NMDA-CaMKi|
NMDAC + CaMKllc <=> NMDAc-CaMKIlc
II I I RS NMDAO + CaMKllc <=> NMDAc-CaMKIIc
- NMDAc + CaMKllo <=> NMDAc-CaMKIllo

NMDAo + CaMKllo <=> NMDAc-CaMKIllo



MBL-EBI Combinatorial explosion
TN

II . NMDA + CaMKIl <=> NMDA-CaMKII

NMDAo + CaMKIllc <=> NMDAc-CaMKllc
NMDAc + CaMKllo <=> NMDAc-CaMKillo

II I I Qg — NMDAc + CaMKllc <=> NMDAc-CaMKIIc
= NMDAo + CaMKllo <=> NMDAc-CaMKIllo

NMDAc + CaMKllc <=> NMDAc-CaMKIlIc
NMDAo + CaMKllc <=> NMDAc-CaMKllc
NMDAc + CaMKllo <=> NMDAc-CaMKllo
e NMDAo + CaMKllo <=> NMDAc-CaMKllo
PNMDAc + CaMKllc <=> pNMDAc-CaMKllc
II I I PNMDAo + CaMKllc <=> pNMDAc-CaMKIlic
— PNMDAc + CaMKllo <=> pNMDAc-CaMKllo
PNMDAo + CaMKllo <=> pNMDAc-CaMKIllo
NMDAc + pCaMKllc <=> NMDAc-pCaMKIlc
I I NSNS P MDA + pCaMKIlc <=> NMDAC-pCaMKIlc
m NMDAc + pCaMKllo <=> NMDAc-pCaMKllo
NMDAo + pCaMKIllo <=> NMDAc-pCaMKllo
PNMDAc + pCaMKllc <=> pNMDAc-pCaMKIlc
PNMDAo + pCaMKllc <=> pNMDAc-pCaMKIlic
PNMDAc + pCaMKllo <=> pNMDAc-pCaMKllo
PNMDAo + pCaMKllo <=> pNMDAc-pCaMKiIlo



Combinatorial explosion

2
34




Additional reactions
L




L-EBI

Combinatorial explosion
I

@ Grb2 < > PI3K-p85 @ STATS 4 Crk <« Src/CSK
I sShc -' Chl = PTP-2¢ . Mck ' SH3BGRL
EGFR ErbB2 ErbB3 ErbB4
f .llf H" :
I il H
BN il
| 1
Schulze et al. (2005)
Mol Sys Bio, 3
doi: 10.1038/msb410001 2| lov-0r27 oY-0680 st —
' pY-0789 pY-0833
pY-0764 pY-0823 pY-0875
pY-0801 pY-0824 pY-0B08
Y-0813 pY-0868 e
p‘f 0827 pY-08E8 pY-0950
e pY-0887 -
pY-0869 , iy
pY-0891 pY-0941 pY-1022
: ) pY-1035
SRS e pY-1056 <>
pY-1054_ > pY-1066
| Las. pY-1005 [ py-1132 pY-1081
% Ll pY-1023 = pY-1159 pY-1128
o pY-1197<__ > pY-1130
] . pr-1112 = pr-1162 €D
<" v ngasl pY-1127 pY-1188 *
! P [pY1016 = 9?11139‘ pY- 1133:
- |pY-1060 il — py-1222 0D pY-1202 D
pY-1002 @D preue™s e pY-1208 D
. _ pY-1221 PY-1260 €50 v-1221 @D
pY-1110 b p
;PY 1125 -‘ pY-1222 - pY-1262 ! v-1242
pY-1276 <> P
I -1
pY-1248 [ pY-1288< ﬂ_,‘ggg
. pY-1307 pY-1266
py-1284 [

pY-1301




WBL-EBI Combinatorial explosion
- TI——

A molecule with 10 features = 2 = 1024 states

A molecule with 10 features reacting with a molecule
with 10 features = 1 048 576 possible reactions.

... plus all the interconversions.



WBL-EBI Combinatorial explosion
- [T

A molecule with 10 features = 2 = 1024 states

A molecule with 10 features reacting with a molecule
with 10 features = 1 048 576 possible reactions.

... plus all the interconversions.

Do-we want (can-we) store millions of reactions in
a pathway database?



MBL-EBI

Combinatorial explosion
T

A molecule with 10 features = 2 = 1024 states

A molecule with 10 features reacting with a molecule
with 10 features = 1 048 576 possible reactions.

... plus all the interconversions.

Do-we want (can-we) store millions of reactions in
a pathway database?

However, all the states do not affect all the

reactions:
« Reduction of dimensionality needed



The ruler
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DIFFUSION

Spatial hysteresis
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Kholodenko et al.



Spatial hysteresis
I

membrane

Cytoplasm

‘ ‘PBOG

P305

PP2A




“HBI Spatial cascades

Kholodenko (2003) J Exp Biol, 206, 2073-2082

Plasma membrane

N N N N N N N N N N N N N . N N N N W N N N N N N N W N e W o W W W W o W

ERK
cascade



wl-iﬂllmportance of topology : the nose of the bacteria
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wl-ﬂil Receptor clustering and sensitivity

Chemotactic receptors form clusters at cell poles in E. coli (Shimizu,
Le Novere et al. (2000) Nat Cell Biol 2: 792-796).

ious signals (Hazelbauer et al. 1989).
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Effect of conformational spread
coupled

uncoupled
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Effect of conformational spread

Asp +10°M

Coupled
Uncoupled




Complex post-synaptic machinery

- |

CASK ,%'D*_mamin
Weli |

L
int-1 [-Meurexin

Shaker
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Ca®*-ATPase
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Conclusion: a brain map of signalling

T
[non-steacy state - ,;--laﬂ-' combinatorial E]-[FIIlDSiIIIr'I]
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