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Intrinsic chirality of the Xenopus

egg's actomyosin cortex--

Mike Danilchik

danilchi@ohsu.edu

¿cleavage-stage embryonic patterning?

¿contractile ring organization & 

function during cytokinesis?
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Unfertilized egg is radially 

symmetric and has only a 

single (cellular) axis ...

How does the more 

complex body plan arise?
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Play “movie1.mov”
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Stage figs from Nieuwkoop & Faber (1956)
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Localization of maternal determinants is 

microtubule-dependent 

Weaver & Kimelman 2003yolk GFP-kinesin

Play “movieWK ”
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dorsal-

specific

genes

Jeff Miller
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... so, in Xenopus, vegetal 

rotation specifies the 

dorsal-ventral axis… 

Play Amaya, Danilchik, Keller, or Williams’ 

gastrulation/neurulation movies, located at:

http://www.xenbase.org/xenbase/original/atlas/movies.html

… the plane of mirror-image 

(bilateral) symmetry emerges 

directly from this specification; 

first manifested during 

gastrulation.
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left
right?

DV and AP are fixed early, and 

thus define the mediolateral plane …

What about L-R?
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Visceral organization isn't 

mirror-image symmetrical
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Sandra Kolker & Dan Weeks, www.xenbase.org/atlas/organs/heart/
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Capdevila et al., Cell 2000
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Raya & Izpisua-Belmonte 2006
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Fukumoto et al., Curr. Biol. 2005

early Xnr2 (nodal) expression
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Capdevila et al., Cell 2000

Cilia-Driven Leftward Flow Determines Laterality in Xenopus

Schweickert et al 2007. Current Biology
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Mike Levin (2003) BioEssays 25

… but other LR asymmetries exist before nodal cilia appear
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How do cleavage-stage

asymmetries develop across 

the embryonic midline?
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Danilchik, Brown, Riegert, 2006

Normal X. laevis cleavage exhibits slight chiral torsion
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Molecular Biology of the Cell © 2002 Alberts et al.

Cytokinesis
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BDMUntreated
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Response always (100%) CCW
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before

after

first second third

CCW 

every time

Play "movie2,3,4.mov"
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left

right

When?
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normal heart and 

gut arrangement

situs inversus 

(heart and gut reversed)

conjoined 

twinning
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first 

cleavage
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Unidirectional shear @ equator during first cell cycle

(BDM-treated embryo)
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Unidirectional shear @ equator during first cell cycle

(untreated embryo)
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left

right
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Contractile ring organization 

& 

function during cytokinesis
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DRUG CSK FX FX ON TORSION

nocodazole

(10 µg/ml)

depolymerize MTs none

jasplakinolide 

(0.4 µg/ml)

block actin 

assembly

none

cytochalasin B 

(10 µg/ml)

block actin 

assembly

none

latrunculin B 

(1 µg//ml)

depolymerize 

actin

blocks



2009 Mike Danilchik (danilchi@ohsu.edu) 41
Somers & Saint, 2003
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Prick activated in presence of BDM plus the 

microtubule-depolymerizing drug nocodazole

Microtubules not necessary for chiral response to 

BDM:  parthenogenetically activated

eggs also exhibit CCW torsion.

Play movie7.mov!
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BDM enhances microfilament bundling
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RhoGTP

ROCK

MLC

phosphatase

MLC

kinase

MLC MLC-P

citron-k
mDia

(formin)

RhoGDP

increased 

actin 

polymerization

actin filament 

stabilization

myosin 

activation

stress fibers, contractile ring, etc.
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Noguchi&Mabuchi, 2000

Kamasuki&Mabuchi, 2007
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Fluorescent actin participates in contractile ring

assembly and reveals cortical actomyosin torsion

Play "movie6.mov"
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Injected CA-Rho 
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CA-Rho injected 70 min after activation induces 

CCW-shearing pseudofurrow

Play "movie9.mov"
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RhoGTP

ROCK

MLC

phosphatase

MLC

kinase

MLC MLC-P

citron-k
mDia

(formin)

RhoGDP

increased 

actin 

polymerization

actin filament 

stabilization

myosin 

activation

stress fibers, contractile ring, etc.
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MyoIIB morpholino KO interferes with chiral response to BDM
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Phalloidin staining (for f-actin)
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Spiral cleavage, Lymnaea
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Dendraster excentricus; no treatment
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BDM treatment induces CCW torsion in sand dollar

embryo during contractile ring constriction

Play

"movie8.mov"
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Observations

• Normal cleavage in two deuterostomes shows subtle signs 
of consistent chirality, reminiscent of spirallian 
(protostome) cleavage (!)

• BDM-treatment provokes strongly chiral cleavage, 
probably by ectopically activating a step or steps in RhoA 
pathway

• Chirality is entirely a property of actomyosin in the cortex, 
not requiring instruction via MTs or centrioles

• BDM exposure during early cleavage period produces 
situs inversus & twinning, possibly by 
influencing/entraining MT vegetal-cortical organization

Conclusions
• Cortical actomyosin reveals tendency to organize chirally   

during first cell cycle without input from microtubules 

• Contractile ring actomyosin assembly also organizes and 

operates chirally

• A cleavage-stage step in left-right patterning exists
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