Eukaryotic cell polarity and protein sorting

Andrea Gamba

POLITECNICO
DI TORINO

Landau Institute, April 27, 2018



Plan of the talk

¢ Membrane identity in eukaryotic cells

¢ How membrane identity is created and maintained
¢ Molecular sorting

¢ Phenomenological theory

¢  Experimental validation
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Domain coarsening

The competition hypothesis predicts that polarity establish-
ment should frequently proceed via a transient intermediate
stage with more than one polarity cluster, but there s limited
experimental evidence for such intermediates, as only rare,
fleeting two-cluster instances were identified in rsriA cells
(Howell et al., 2009). Thus, either competition occurs very
rapidly, or some other mechanism ensures that only a single
cluster develops. To distinguish between these possibiities,
we developed higher-resolution filming conditions that circum-
vented the phototoxicity of previous protocols. We now docu-
ment the frequent formation of more than one polarity cluster,
and rapid competition between clusters, during symmetry-

cells,

Cell1 .

Cell2

Cell 3

Time (mins) 0:00 045 130 215

AG, I Kolokolov,
V Lebedev, G Ortenzi
PRL 2007

time

Figure 1. Dynamic Behaviors of Bem1p-GFP
during Polarity Establishment

Inverted images (so dark spots represent concen-
trations of Bemp-GFP) from movies of cells breaking
symmetry. Time in min:s. Scale bar, 2 um. (Neck) The
“old" neck signal in the attached daughter cell

(3) Growth of multiple Bem1p clusters (umbered
in the key at right) and resolution to a single cluster.
indicates the first detection of polarized signal.

Howell et al, Cell 2012
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Microdomains
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Molecular crowding induces membrane bending
and vesicle nucleation

Large IDP domains JC Stachowiak et al
drive bending more efficiently Membrane bending

by protein-protein crowding
Nat Cell Biol 2012
. Hexa-his tag

@@= DOGS-NTANI

Epsin1 ENTH (no Helix0) bJ Busch etal
2 N Intrinsically disordered proteins drive
70-100 nm? per molecule membrane curvature.
Nat Commun 2015

Small globular domains
drive bending less efficiently

o

B

15-20 nm? per molecules
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Domain growth
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Numerical simulations

¢ : incoming molecule flux
D : diffusivity
g : aggregation strength

: number of neighbours
Rp: extraction size
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A phase diagram of sorting
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Endocytic sorting
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Distribution of domain sizes
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Distribution of domain sizes
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Conclusions

@ aphysical model of molecular sorting:
e molecular factors become enriched in localized microdomains

e microdomains bend the membrane and initiate vesicle nucleation

¢ two control parameters:
e molecule flux

e aggregation strength

o aggregation strength is crucial:

e there exist an optimal region where sorting is most efficient
and the number of sorting domains is (close to) minimal

¢ experimental validation:

e endocytic sorting observed to take place close to the optimal regime
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Outlook

quantitative analysis of sorting processes

>
& interfere with interaction strength and other parameters
to check influence on sorting efficiency
+ different mechanisms along the optimal line?
e low flux / clathrin-dependent (high g?)
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