Differential mechanical
coupling between cardioblasts
ouldes heart morphogenesis

Timothy Saunders

Institute of

Molecular and
Cell Biology




Cell matching is essential in development

Caspary & Anderson, Nature Reviews Neuroscience 2003
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Drosophila cardiogenesis as simple matching system
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cardioblasts cardioblast row ring gland lymph gland dorsal vessel

Tao & Schulz, Sem. Cell Dev. Biol. 2007 Hand>GFP,



Mismatched hearts have beating defects
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Quantifying cell matching
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Quantifying cell matching
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Cell matching robust at boundary of difterent cell types
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Cell matching imprecise without different cell types
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Filopodia are selectively binding to distinct cell types




Svp heart cells have weaker filopodia binding

Svp>moesin-GFP
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Screen focusing on known neural cell matching molecules
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Fas3 Is involved in neuronal cell matching
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Altering Fas3 expression effects filopodia contact time

Fas3 up-regulation

Svp>UAS-moesin-GFP Svp> UAS-moesin-GFP
UAS-Fas3



How does the Fas3 expression pattern affect cell matching?

Fas3 Expression Pattern
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Ten-m is expressed in a complementary fashion to Fas3

LETTER

Trans-synaptic Teneurin signalling in neuromuscular

synapse organization and target choice
Timothy J. Mosca'*, Weizhe Hong'*, Vardhan S. Dani', Vincenzo Favaloro' & Liqun Luo' 0 dd OZ 0 dZ




Fas3 / Ten-m double mutant has severe matching defects
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e
Wild-type Embryos
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Tin-positive CBs initiate contacts (mediated by strong Fas3 expression) (potentially caused by binding competition)
Embryos with reduced Fas3 expression in the heart
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Svp-positive CBs initiate contacts  (caused by low expression of both Fas3 and Ten-m) (mediated by Ten-m when losing Fas3 competition)

o Tin-posititve CB Svp-postitive CB Filopodia Fas3 Ten-m

/hang et al. Developmental Cell (2018)




|s differential adhesion sufticient
to ensure precise cell matching?

2

E, = K(Lcell — LO,a) — (Eaa-x + Eab-)’)
2

Ey, = K(Lcell — LO,b) — (€Epp-X + €gp-Y)

If 6FE <0 Daccept = 1
ox

Paccept = eXP(—5E/5E0)

Tlili et al. Biorxiv 2019 (653535)




Cell matching consistent with an
equilibrium energy approach

2
E, = K(Lcell — LO,a) — (Eaa-x + Eab-)’)

2
E, = K(Lcell — LO,b) — (€pp-X + €gp-Y)

If 6E <0 Paccept = 1

o Equilibrate and measure matching

If 6E>0
Daccept = eXp(—5E/6E0)
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Cell matching consistent with an
equilibrium energy approach

2
E, = K(Lcell — LO,a) — (Eaa-x + Eab-)’)

2
Ep = K(Leeu — Lop)” — (€pp- X + €qp-¥) Potts model

Behaviour depends on
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Mismatch in wild-type and deformed hearts

Spatial mismatch

Cell alignment best at
boundaries between cell types

Alignment consistent with
observed cases of cardioblast
number variation

Tlili et al. Biorxiv 2019 (653535)



Coupling between waves of Myosin-Il and tilopodia
adhesion regulates cell matching

Adopted from http://www.beatascienceart.com/gallery



Known waves of Myosin-Il in cardioblasts during matching

Before closure
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Drosophila
Zipper: Myosin Il heavy chain

Squash: Myosin Il light chain

What is the function tinCA4 > zipper.:GFP
Of thlS Wave? Vogler et al., JCB 2014



Myosin-Il waves have period ~ 4 minutes

00:00

Zipper:.GFP

Interval Time : 260 +45 s
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Counterbalance of filopodia adhesion and Myosin ||

Weak adhesion
g Broken contacts
Retracted filopodia
D % Strong adhesion
\>‘;\_ Contacts stabilise
3 Drives cells matching

Actin-Dependent
Stabilisation

‘ ’ Myosin-Il Dependent
Contraction



Filopodia retraction correlates with Myosin |l appearance at
cell leading edge
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Reduction in Myosin-Il results in reduced cell matching
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Strong force between filopodia in wildtype hearts

Hand>Moe::GFP
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Strong force between filopodia in wildtype hearts
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knockdown

N ZIp

Hand>Moe::GFP; Zip-RNAI

Force between filopodia reduced

wildtype




Force between filopodia reduced in Zip knockdown
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Force between filopodia reduced in Zip knockdown

Instantaneous Recoil Velocity

Control

RV = 0.15+0.04um/s

Filopodia

Gap Regions

0.02+0.03um/s
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Myosin || over-activation also reduces cell matching
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Suggests levels of Myosin are optimised
to enable precise cell matching



Mechanical testing of cellular interactions

Weak adhesion

- Broken contacts
- Retracted filopodia

FiopodiaD Strong adhesion

adheaésions

Cdc42
C

— - Some contacts stabilise

- Drives precise cells matchin
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Extra strong adhesion

- Contacts too stable
- Unable to correct for
. mistakes in matching
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