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Embryonic Clutch Control
CELL BIOLOGY

William Razzell 1 and Paul Martin 1, 2  

A molecular clutch couples actin-based 

contractions to changes in cell shape that 

drive morphogenesis.

with other proxies for continental tempera-
ture and precipitation.

Second, they measured hafnium (Hf) and 
neodymium (Nd) isotopes. Both the Nd and 
the Hf isotopic composition of rocks are 
determined by magmatic processes in the 
upper continental crust and depend on the 
rock source, but Hf isotopes are additionally 
changed by weathering of silicates. By com-
paring the isotopic composition of these trace 
elements in marine sediments, changes in 
silicate weathering can be deduced. Bayon et 

al. fi nd that the Hf isotopic 
composition was relatively 
low during the Last Glacial 
Maximum (~20,000 years 
ago) and increased during 
deglaciation, whereas the 
Nd isotopic composition 
remained constant.

The results from both 
weathering proxies can 
be explained by chang-
ing climate, except for the 
period between 3000 and 
2000 years ago. During 
the African rainforest cri-
sis of the fi rst millennium 
B.C.E., both proxies show 
that weathering increased 

despite reduced precipitation and constant 
temperatures.

Hence, although climate played a role in 
the rainforest crisis, it cannot have been the 
only factor. The explanation may lie with 
human activities, which may have had a 
strong impact on the forest through slash-and-
burn agriculture and/or cutting trees for iron 
smelting ( 1). If so, then the next task will be 
to differentiate the relative impacts of human 
land-use effects and climatic infl uences.

The results of Bayon et al. also caution 

against using the tropical forest development 
of past millennia as a direct indicator of the 
West African monsoon. The climatic interpre-
tation of the rainforest crisis invokes a shift in 
the yearly migration pattern of the Intertropi-
cal Convergence Zone to explain aridity and 
seasonality in West Central Africa (5–7). How-
ever, if only part of the forest change is climati-
cally induced, any inferences using this forest 
decline will overestimate the aridifi cation and 
increased seasonality of the past 3000 years. 
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1  ~3000 years ago: submontane semideciduous forest changes to savannah 
2  2500 to 2700 years ago: disturbed rainforest, pioneer trees, patches of savannah
3  2500 to 2400 years ago: mature rainforest replaced by secondary forest
4  3000 to 2500 years ago: grasslands extend at swampy and forested sites 
5  3700 to 2000 years ago: two-step decrease of forest, extension of savannah

Atlantic Ocean

Congo River

A time of change. Pottery styles from late Neolithic and iron-age cultures nearer the coast 
(area A) may have been a precursor of the earliest pottery, dated 2500 to 2100 years ago, 
found in the inner Congo Basin (area B) (3). Results reported by Bayon et al. suggest that 
this expansion of agriculturists may have been partly responsible for extensive changes in 
the rainforest between ~3700 and 2500 years ago (numbers 1 to 5) ( 5– 7). Satellite-derived 
vegetation map of Central Africa from (12). Forest in green, forest-savannah mosaic in light 
green, woodland in brown, grassland in yellow, agriculture in pink.
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        A
ll embryos, from worms to humans, 
are shaped during development 
by morphogenetic steps that tug, 

bend, fold, and sculpt epithelial sheets into 
forms that resemble, or are the precursors 
of, the fi nal adult structure ( 1). Most of these 
changes are the consequence of constrictions 
of the apical surfaces of epithelial cells that 

are powered by pulsatile contracting cytoskel-
etal (actomyosin) networks. On page 1232 of 
this issue, Roh-Johnson et al. ( 2) show that, 
just as in a car where the power of the engine 
is linked to forward movement by means of a 
clutch, clutch control is also the rate-limiting 
step for contracting cells in tissues.

One of the best-studied examples of apical 
constriction driving morphogenetic episodes 
is gastrulation in the fl y Drosophila melano-
gaster, in which a strip of approximately 1200 
epithelial cells buckles inward and invagi-
nates to internalize the presumptive meso-
derm of the embryo ( 3). Variations of this 

process drive gastrulation in all organisms, 
as well as other morphogenetic events such 
as neural tube formation in vertebrates ( 4), 
which gives rise to the brain and spinal cord, 
and to formation of the optic and otic vesicles, 
which develop into the human eye and inner 
ear, respectively (see the fi gure). Concerted 
apical constrictions of cells are generated by 
the assembly and contractility of actomyosin 
networks composed of myosin II molecules 
that tug on actin fi laments ( 5). These networks 
are linked to the plasma membrane by adhe-
rens junctions, protein complexes that also 
weld one cell to its neighbor ( 6). Live imag-
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ing of the fl y embryo has revealed the pulsa-
tile and ratchet-like nature of cell contractions 
during gastrulation and other morphogenetic 
processes, with periods of shrinkage and rest-
ing before another round of contraction ( 5, 
 7). This contractile machinery is exquisitely 
responsive to mechanical cues from neighbor-
ing cells and tissue; gentle probing with a nee-
dle can trigger actomyosin assembly and drive 
epithelial invagination ( 8); similarly, disrupt-
ing adherens junctions, which changes tissue 
tensions, can alter the polarity of apical con-
strictions ( 9). The presumption has been that 
the regulatory step for apical constrictions is 
determined by when and where cells assemble 
and contract their actomyosin networks.

Roh-Johnson et al. challenge and extend 
this idea through a series of elegant studies 
in the worm Caenorhabitis elegans. In this 
model organism, two neighboring endoder-
mal precursor cells (Ea and Ep) constrict 
their apical surfaces and ingress beneath the 
surface during gastrulation. The authors fol-
lowed actomyosin network dynamics in these 
cells by tracking fl uorescently tagged myo-
sin II and, concomitantly, measured changes 
in the shape of the apical membrane. They 
observed that myosin moves centripetally 
toward the center of the cell at a constant 
pace, whereas the apical cell surface initially 
shrinks slowly, or not at all. At early stages, 

actomyosin fl ow (the engine) runs for several 
minutes before any cell constriction actu-
ally happens. Only later does myosin move-
ment occur in unison with the movement of 
“contact zones” (adherens junctions). After a 
transitional period of “slippage,” the fl ow of 
actomyosin is only later effi ciently coupled 
to constriction of the apical cell surface. The 
authors observed very similar mechanisms 
operating during Drosophila gastrulation, 
and it might now be feasible to live image and 
observe whether the same is true for verte-
brate embryos, too ( 10).

What explains the initial lack of linkage 
between actomyosin fl ow and cell shrink-
age? Roh-Johnson et al. suggest that a 
“molecular clutch” engages the myosin II 
engine with the apical membrane so that 
actomyosin contractility can drive shrink-
age of the apical cell surface. Because corti-
cal tension generated within the apical acto-
myosin network increased only a little after 
clutch engagement, constriction of the api-
cal plasma membrane must refl ect a change 
in effi ciency of the link between actomyosin 
and contact zones.

Clutch control of myosin fl ow is not an 
entirely novel concept. In the migrating neu-
ral growth cone, the actomyosin engine is 
continually running, but only when positive 
guidance cues are received does a region of 

lamellae engage the clutch and extend for-
ward ( 11). What are the benefi ts to having a 
clutch during morphogenesis? It may be eas-
ier to synchronize the start of a morphogenic 
event if the engines of all the participating 
cells are already running and clutch engage-
ment is the rate-limiting step. Indeed, Roh-
Johnson et al. observed that cells “rev” their 
actomyosin engines at least once or twice 
before the fi rst sign of cell contraction is seen. 
It might also be easier to subtly respond to 
local cues (for example, the faltering contrac-
tion by a neighboring cell) by slightly altering 
the degree of engagement of the clutch—as 
one might when starting a car on hills of dif-
ferent inclines—than by crudely switching 
the engine on or off.

What is the molecular basis of this clutch 
and how is it regulated? Roh-Johnson et al. 
show that disruption of the small GTP-bind-
ing protein Rac, or of various components of 
adherens junctions (cadherin and the caten-
ins), disengages actomyosin fl ow from cell 
contractions in the worm embryo. Further 
clues may come from observing the altered 
linkage between actomyosin contractions and 
the generation of tissue tension in fl y embryos 
that harbor mutations in either of two key tran-
scription factors, snail and twist ( 9). Or, pos-
sibly clutch machinery is regulated by a factor 
called folded gastrulation, a diffusible signal 
that synchronizes cell constrictions during fl y 
gastrulation ( 12). Perhaps the ezrin-radixin-
moesin family of proteins, which both trans-
duces signals in the cell as well as links acto-
myosin with the plasma membrane ( 13), is 
a potential candidate for clutch proteins. We 
can now shift attention slightly away from 
the engine and unravel how the clutch works 
although, as those who drive manual trans-
mission cars can attest, clutches are not always 
the easiest of gadgets to get to grips with. 
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Cell apical constrictions during embryonic morphogenesis. (A) Concerted apical constrictions in epithe-
lial sheets drive invaginations to form structures such as the otic cup from which the human inner ear derives. 
(B) Constricting cells become wedge-like to drive many morphological movements. (C) As in a car, the engine 
(actomyosin fl ow) during gastrulation can run without output. Only when the clutch is engaged and the motor 
is directly linked to the effector (apical plasma membrane) can there be movement of the apical membrane.
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