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Actomyosin in its diversity

Myosin membrane

Drosophila mesoderm & PMG C elegans
[Chanet et al, 2017] [G. Michaux, Rennes]



Pulsatility of actomyosin

non-RKNAi

C elegans zygote [Nishikawa et al, 2017]

Drosophila amnioserosa during dorsal closure [Fischer et al, 2014]



Pulsatility of actomyosin and dorsal closure

posterior ————————p» anterior

Drosophila amnioserosa during dorsal closure [Fischer et al, 2014]
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Myosin pulsations in dorsal closure

with Guy Blanchard, Alfonso Martinez-Arias (Cambridge) and
Nicole Gorfinkiel (Madrid)

— .
x> 8
A

apical area (um®)
> 8
A

g

:

:

myosin f.i. (a.u.)

0 1000 2000 3000 4000
time (s)

Machado et al, BMC Biol 2015



Myosin pulsations in dorsal closure

with Guy Blanchard, Alfonso Martinez-Arias (Cambridge) and
Nicole Gorfinkiel (Madrid)
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Can we use Myosin as a proxy for stress?

with Atef Asnacios, MSC Paris 7
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Can we use Myosin as a proxy for stress?

with Atef Asnacios, MSC Paris 7
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Can we use Myosin as a proxy for stress? not really
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Can we use Myosin as a proxy for stress? not really
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Can we use Myosin as a proxy for stress? not really

100 F ]
.
L;; ol -1 400% ’g_\_ 4TOLE I_--J
5 — —
E — 300% § Y
E B - 8—4 |
~ 4 200% E *3 o
S = = o
1 8 y o p— U 'U\)
- (o)
100% 47 E L= QGaA
0.1 1 1.0 1(.)0 10-00 o-o

External stiffness k& (nN/um, logscale) 7
4
k=00 IF /S=0,

[Mitrossilis et al, PNAS 2009] , [Etienne et al, PNAS 2015]



Can we use Myosin as a proxy for stress? not really
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Can we use Myosin as a proxy for stress? not really
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Stress inference combining myosin, strain and model
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Stress inference combining myosin, strain and model
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Stress inference combining myosin, strain and model
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Stress inference combining myosin, strain and model

O= O=
ES(t,w)e | Ef(t,w)e

O=
E;(t,w)e

[Machado et al, BMC Biol 2015]



Stress inference combining myosin, strain and model

[Machado et al, BMC Biol 2015]



Stress inference combining myosin, strain and model
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Myosin pulsations in dorsal closure

with Guy Blanchard (Cambridge) and Nicole Gorfinkiel (Madrid)
PhD of Nilankur Dutta

12 embryos, 400 cells, ~ 10° foci




Travelling foci




Travelling foci merging




Travelling foci merging and splitting
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Travelling foci merging and splitting




Kinematics of foci
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Kinematics of foci
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Kinematics of foci
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Kinematics of foci
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Kinematics of foci
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Myosin around foci
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Myosin around foci
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Foci coverage of the tissue




Myosin in other cells
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self-avoiding walk with occasional splitting.
‘Infection’ of nearby cells. Disassembly when ‘trapped’
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Convergence—extension during germband axis extension
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Convergence—extension during germband axis extension
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Planar-polarised myosin and convergence—extension
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Planar-polarised myosin and convergence—extension
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Tissue stress-strain relation
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Tissue stress-strain relation...is not enough!

[Rauzi et al, Nat Comm 2015]
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Tissue stress-strain relation...is not enough!

Anterior
: {1I0LI0H8ISOd

[Rauzi et al, Nat Comm 2015]

m

(min)

Mh

| O,=0,€epyepy



Mechanical balance
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Mechanical balance
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Mechanical balance
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Model of epithelium

Mechanical balance
V.o = Ffriction

Constitutive relation (material property):

o—2né(v) — (V- -v)l =0,

stress dissipation due dissipation due myosin
tensor to pure shear to area changes pre-stress
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Model of epithelium

Mechanical balance
V - 0 = Fiiction
v Constitutive relation (material property):
To O+ 0 —2ng(v) —np(V-v)I =0,

viscoelastic stress dissipation due dissipation due myosin
behaviour tensor to pure shear to area changes pre-stress

|
o +(m |+l m|F | |OF,=0,epyepy




Germband extension modelling
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Mimicking PMG invagination

ventral midline
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Numerical method




Numerical method

Solve as a constrained minimisation problem, { min }E(v)
v-n=0



Numerical method : accuracy

error measure (a.u., log scale)
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Simulation:
Mesh
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Simulation:
Planar-polarised myosin
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Simulation:
Planar-polarised myosin can explain germband extension

. dorsal view

ventral view




Germband extension modelling
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Germband extension modelling
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Germband extends under the action of PMG pull

dorsal view

ventral view




Germband extends under the action of PMG pull
and/or planar-polarised myosin
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Germband extends under the action of PMG pull
and/or planar-polarised myosin

- dorsal view

ventral view




Germband extends under the action of PMG pull
and/or planar-polarised myosin
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Resistance to changes of apical area and morphogenetic flow
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Resistance to changes of apical area and morphogenetic flow
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Hydrodynamic length and morphogenetic flow

ventral view




Hydrodynamic length and morphogenetic flow
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Hydrodynamic length and morphogenetic flow
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Hydrodynamic length and morphogenetic flow
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Geometry of myosin patterning and morphogenetic flow
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Comparison with real data
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Comparison with real data

strain rate €5p (s1)

0.2

-200-100 0 100 200
AP coordinate (um)

strain rate €py (s1)

0.2

-0.2

-200-100 0 100 200
AP coordinate (um)

strain rate €py (s1)

0.4

0.3

0.2

DV distance to midline (um)

0

100

200




Conclusions and perspectives

» Whole embryo mechanics can be crucial for our understanding



Conclusions and perspectives

» Whole embryo mechanics can be crucial for our understanding

» Continuum approaches give a different light on morphogenesis
compared to cell-explicit modelling



Conclusions and perspectives

» Whole embryo mechanics can be crucial for our understanding

» Continuum approaches give a different light on morphogenesis
compared to cell-explicit modelling

» Planar-polarisation may have more direct influence on global
movement than intercalations



Conclusions and perspectives

» Whole embryo mechanics can be crucial for our understanding

» Continuum approaches give a different light on morphogenesis
compared to cell-explicit modelling

» Planar-polarisation may have more direct influence on global
movement than intercalations

» Towards an integration with whole-embryo imaging: are
geometry and myosin signal fully predictive of flows?
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Contraction and ventral furrow formation
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Apical drive of ventral furrow formation
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Apical drive of ventral furrow formation
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Apical drive of ventral furrow
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Mimicking PMG invagination

ventral midline
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