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,Slmplified* view on signal transduction
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A more ,realistic* view on signal transduction
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Structure and functions of e |
Iipid rafts ] M:H!H[ ].[ CCCCCCCCCC ETU.I .
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Local assemblies of highly concentrated sphingolipids and cholesterol in the cell

membrane:
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* Slow down protein
diffusion due to tight
packing (higher
VISCOSity)

Specifically include
and exclude proteins

Increase local
protein concentration
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Grid-based model of spatial lipid rafts / receptor
dynamics

Cellular Automata implementation:

* Implemented in JAMES II

* Diffusion handling adapted from
Lattice Gas Cellular Automata
(LGCA)

* \olume exclusion for membrane-
integral particles

* Coordinated group behaviour
(movement) for rafts

* Receptor movement coupled to
movement of rafts (sweeping
effect)
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\
Impact of raft characeristics on receptor/raft
accumulation
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Raft dependent binding kinetics

25% Raft Coverage

Mobile Rafts Immobile Rafts
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Impact of lipid rafts on signal transduction

* Receptor diffusion -> clustering/Aggregation
* Protein/Receptor binding kinetics
* Signal amplification/Inhibition

* Ambiguous/non-linear impact of lipid raft characteristics
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Lipid Rafts in T-Cell Signaling

(a) Resting

Lipid raﬂ\
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TCR

Activation of downstream signalling
(PTyr, PLCy/Ca2+, Ras/ERK)

Janes et al, Sem Immunol. 2000
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(a) Resting

sy’ 55,1 * Clustering and fusion of lipid
g rafts to build immunological
synapse

* |ncreased Recruitment of
kinases
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Segregation of
phosphorylated substrates
(LCK) from phosphatases
(PTPase)

Activation of downstream signalling
(PTyr, PLCy/Ca2+, Ras/ERK)

Janes et al, Sem Immunol. 2000
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* Lipid raft assembly on stimulation is largely impaired in T-Cells from elderly
humans and aged mice

* |ncrease of cholesterol concentration in membrane
* Altered mobility & fluidity of lipid rafts
— Reduced merging & clustering

* Change of lipid raft composition
— Hampered recruitment of kinases and coupling factor
— No exclusion of phosphatases

Fulop et al, Drugs Aging 2005
Lillemeier, Nat. Immunol. 2010
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Diseases for which rafts and raft proteins are

10.10.15

Table 1
Diseases for which rafs and mft proceins are targets

Alzheimer dissase

Parkinson diszase

Muscular dystrophy

Polyneuropathies, demyelinating diseases
Autoimmune disease, chronic inflammation, vacone response
B cell response

T cell response

Asthma and allergic response

Meoplasa

Atherosclerosis

Hypertension, hemaodynamic regulation
Diabetes

Hyperparathyroudizm

Osteoarthrnites

Castrointestinal ulceration

Parcwyrsmal nocturmnal hemeoglobinuna
Lysosomal storage disease

Miemann-Pick disease

Tay-Sachs disease, morbas Fabry, metachromane leukodystrophy

Pilmeus-Merzbacher disease

Postsqualene cholestercl biosynthesis disorders
Pore-forming boxins { gas gangrene)

Sepsis, septic shock
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Bacrerial infections

Escherichia coli

Mypmobacteria tubsaronosis and bois

Campylobacter jsjwni

Vibrio cholerae

Clostridiwm difficile { pseudomembranous colims)
Clostrichium tetani

Salmanzlla, Shigella

Viral infections

Influenzm wirus

HIW-1

bleasles vinus

Respiratory syncytial cell vines
Filowindae { Ebolavirus, Marburgwirus)
Fapillomasindas and polyomasvindas
Epstein-Barr wirus

Echowirus 1

Other pathogens

Plasmodiam {malana)

Trypamosomy | sleeping sckness)

Leishmania

Prions | Crevtefelde-lakob disease, Kury,
Gerstmann-Strivssler-Scheinker syndrome)

Tongplasma gondii

targets

Simons et al, Nat. rev. 2002
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Impact of lipid rafts on canonical Wnt signaling
In neural progenitor cells

Cell Lineage

+\Wnt

Lemcke et al Cell Sign 2013
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Canonical Wnt signaling
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Involvement of Lipid Rafts on canonical Wnt signaling?

A B C
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Developing a hierarchical, rule-based model of raft-
dependent Wnt signaling

M1 - Membrane Model

Q “‘—’@

R9/R10

Plasma < Rl gLRP 5/6 I
- Membrane I (wnt) (wnt, @ Lipid Raft

ML-Rules specification of LRP6/Raft shuttling (simplified)

// LRP6 diffusion into Lipid Rafts
Cell [Membrane [LR[] + Lrp6]] -> Cell[Membrane[LR[Lrp611]

// LRP6 diffusion out of lipid rafts
Cell [Membrane [LR[Lrp6]]] -> Cell[Membrane [LR[] + Lrp6]]

10.10.15 Lipid Rafts and Wnt signaling | Fiete Haack
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Developing a hierarchical, rule-based model of raft-

dependent Wnt signaling

M1 - Membrane Model

'“égmﬁgﬁgm

: R?:R R?fRB 2
' Plasma < Rl LRP 5/6 -
- Membrane — @ (Wit m Lipid Raft
; - 4—-'@
Qo R91R10 R1/R2 R3/R4
ML-Rules specification of LRP6/Raft shuttling
// (R1) LRP6 diffusion into Lipid Rafts
Membrane (A) [LR(radius, p)[s?]:1 + Lrp6(d, ra, pheos, bind):r ] ->
Membrane (A) [LR(radius, p)[Lrp6(d*p, ra, phos, bind) ]] @ k_1is*#l*#r=*ra
// (R2) LRP6 diffusion out of lipid rafts
Membrane (A) [LR(radius, p)[Lrp6(d, ra, phos, bind) + s%7]:r ] ->

Membrane (A) [LR(radius, p)[=s?] + Lrp6(d/p, ra,

phos ,

bind) 1 @ k_2##1l=*#r

10.10.15
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Fitting raft/receptor aggregation to experimental data

Lipid Rafts Model

25% raft coverage, raft radius 4nm

q —
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Sakane et al J Cell Sci 2010
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Wnt Model (intracellular + membrane)
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Validation of Wnt Model (in silico)
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Wnt Model (intracellular + membrane)
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Wwnt Signal Transduction

ROS/Wnt Model (extended intracellular + membrane)
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Validation of ROS/Wnt model (in vitro)
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Future Directions — |
ﬂml R
- Endocytosis and recycling of receptor complex — N |
- Simulation of longer time scales
a
- Lipid rafts dynamics osome " 7 —
- Growth, fusion, fission D W
| [ Axin |
- Smale scale simulation?! More experiments? . EndocytossRocycing odel

Cell [Membrane [LR[LRP6(diff, ra, ’P’, ’B’, bind):rec + AXIN(phos, bind)]]] ->
Cell [Membrane[LR[s_17] + s_m?] + Endosome [LRP6(diff, ra, ’P’, ’B’, bind) +
AXIN (phos, bind)] + s_c?] @ if bind == ’free’ then 0 else kEndox*#rec;

Cell [Endosome [LRP6(diff, ra, ’P’, ’B’, bind):e + AXIN(phos, bind)] + Membrane]->
Cell [Membrane [LRP6(1, 0.15, ’uP’, ’uB’) + s_m?7] + s_c7?]
@ if bind == ’free’ then 0 else kRecyclingx*#e;
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