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Search for principles

Genome

1Gb

“Template”



Ex of a template: the morphogen gradient

Work from Thomas Gregor et al.

» Enough bits in maternal
gradients to specify gap gene
domains with cellular resolution

» Positional information persist
up to the final organism




Where the template comes from?
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Genome + templates are enough?

» Homunculus: preformation,
miniature prefiguration of the
future organism in the semen

Homunculus
(XVII century)

» Aristotle: Epigenesis,
synthetic creation, progressive
formation of new material from

unformed matter




Self-organization as a source of information




Morphogenesis: searching for principles

Self-organizing system
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What are the control principles of self-organized matter?
... of collective systems?



cell migration



Cell migration

Random collective migration Random single cell migration

Yamaguchi et al, Scientific Reports 2015
From Kotryna




Control by system-scale gradients




Eukaryotic cell migration

RhoGTPases Actin r?nched
Stress fibers - MT
RhoA ~ \ 75!

Mitochondria

Racl/Cdc42 Bundled Vesicles



Rho GTPases signaling

Cell
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optogenetics



Optogenetic dissection

Input
Extracellular ligand
Chemical perturbation
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Main modalities for controlling cells

4 / ~
Gating/allosteric @ ﬂ) Q.’
<«
b J
g )

Ilght
Dimerization ‘G

Cllusterin_g/. \ g‘ / Ilght

oligomerization D‘ G

\_
-

-




Light activated proteins for heterodimerization

Blue activation Red activation
Cryptochrome, LOV | Phytochrome

fluorescent proteilns ’ CFP : GFP1 1 mcjherry 1 iREp :

| | | | | |

[nm] 350 400 450 500 550 600 650 700 750 A

Photosensitive Turn-en Turn-off speed Chremophore Compatible imaging A A Effector affinity
protein speed {t,,) requirement wavelengths (nm) (nm) (nm)
PHYB Seconds = Seconds PCE: exogenous or =514 650 750 = <100 nM
{illuminated at synthcsizl:d im siTu {post 650nm)
7150 nm) * >100pM
* Howrs (dark {post 750nm)
reversion)
CRY2 Seconds 5 minutes Flavin; endogenous =561 405-488 NA Mot determined
LOV Seconds  Tens of seconds ta Flavin; endogenous =514 440473 NA = 1 uM idark)
minutes = 100 uM (light)

llluminating cell signalling with optogenetic tools, Doug Tischer and Orion D. Weiner Molecular Cell Biology 2014



Manipulating protein localization

Plasma membrane

I CRY2-mCherry (TIRF)
CRY2

cu.m/‘@

Predictive Spatiotemporal Manipulation of Signaling
Perturbations Using Optogenetics
Leo Valon Biophysical Journal 2015
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Predictive quantitative control

Biophysical picture > level control
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Predictive quantitative control

Biophysical picture
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» Spatial control
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Predictive quantitative control

Biophysical picture

» Spatial control

Csteady state ~ €
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Light-gated RhoGTPase activation

Truncated GEF
(catalytic domain)
fused to CRY2
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Local cdc42 perturbation induces migration
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Local RhoA perturbation induces reverse migration

RhoA
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a quick comment



Recall: first order kinetics
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Recall: first order kinetics
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Recall: first order kinetics
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Choosing the right dynamic range

Be n Ch ma rki ng d i me rize rs Correlating in vitro and in vivo Activities of Light

Inducible Dimers: a Cellular Optogenetics Guide
Brian Kuhlman ACS synthetic biology 2015
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Engineered RhoGTPase gradients



Shape of RhoGTPase gradients
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Yang et al., Nat Cell Biol 2015



Engineered gradients
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Controlled initial conditions

APP
Cell repellent coating

Isotropic confined cells

BCN-RGD

Fully adhesive surface

Released migration Q.80 SR X RIITEON

Adapted from Van Dongen et al. Advanced Material 2013
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How gradients drive migration

ITSN (Cdc42)
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How gradients drive migration




Eukaryotic random cell migration




Ongoing: optogenetic feedback

Aﬁm

Adaptative light patterns

Move stage to track cells

29 juillet 2019 39



Live cell tracking and imaging

0 min

Membrane label - myr-iRFP
Golgi label - GFP-Rab6A
Nuclear label - Hoechst 33342



Live cell tracking and imaging

Duration - 15h in total



Imposed Cdc42 gradient reorient the Golgi

0 min

DIC TIRF 561nm
iRFP-Rab6a Golgi reporter RPE1-ITSNwt-iLID stable line



Imposed Cdc42 gradient reorient the Golgi

0 min

DIC

iRFP-Rab6a Golgi L Jble line



Current working model

ORIENTS
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membrane
dynamics l
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migration



This week project(s)



Project 4a: ERK signaling Waves

ERK activation wave
A~ Epithelial cells
@ P

Traction force

Collective cell migration

Aoki et al, Dev Cell 2017



Intracellular control of receptors
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Engineered epithelial MDCK cells

optoFGFR1 ERK biosensor




FGFR1 local activation induces ERK waves




Possible aims

» Analyze and dissect mechanisms of wave propagation




Possible aims

» Analyze and dissect mechanisms of wave propagation




LOC?20: Light-based Observation and Control of Cell Organization
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