
inserted into the plasma membrane and can be 
detected by increased capacitance (capacitance 
should give a readout proportional to surface 
area, whether the membrane is folded or not)6,7. 
Lung epithelium may behave in a similar way to 
bladder epithelium8. Macrophages also increase 
their surface area as they engulf particles by 
phagocytosis: surface area increases as the cell 
extends a pseudopod around the particle, and 
then decreases when the phagosome is pinched 
off. Area increase can again be detected by 
capacitance and phagocytosis seems to depend 
on the exocytosis of membrane vesicles into the 
phagocytic cup9–11.

The surface area of an irregular, motile 
cell is less easily measured. Using recon-
structions from optical sections we found 
that Dictyostelium discoideum cells can 
increase their surface area by 30% over a few 
minutes5. We did not see an unfolding of 
the membrane that might contribute to this, 
and total internal reflection fluorescence 
microscopy did not reveal folding of the 
lower membrane12. It is difficult to exclude 
a contribution from sub-microscopic folds, 
but we prefer to propose that these cells regu-
late their surface area mostly by changing the 
balance between exocytosis and endocytosis. 
This would also explain why an operational 
endocytic cycle is essential for motility in 
D. discoideum cells13.

Surface area regulation: 
underexplored yet crucial in cell 
motility
Robert R. Kay, Paul Langridge, David Traynor and Oliver Hoeller
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In response to our review article (Changing 
directions in the study of chemotaxis. Nature 
Rev. Mol. Cell Biol. 9, 455–463 (2008))1 
we thank Maurice Hallett and co-workers 
(Chemotaxis and the cell surface-area prob-
lem. Nature Rev. Mol. Cell Biol. 23 July 2008 
(doi:10.1038/nrm2419-c1))2 for their com-
ments in which they emphasize the importance 
of the ‘surface-area problem’ in chemotaxis, as 
indeed they have done in the past for phago-
cytosis3. The problem arises because motile 
cells often change shape in a way that increases 
their apparent surface area — they project 
pseudopodia or flatten out — yet they are 
possessed of a plasma membrane that is barely 
expandable4. To avoid rupturing their plasma 
membrane, motile cells therefore need some 
way of increasing their surface area on demand. 
In principle, this could be achieved either by 
unfolding surface wrinkles, as championed by 
Hallett and co-workers3, or by exocytosis of 
vesicles from within the cell, as we propose5. 
However these need not be stark alternatives, 
and evidence for both methods can be gleaned 
from cells with different physiologies; indeed 
both methods may be used by the same cell at 
different degrees of surface-area expansion.

Bladder epithelium expands and contracts 
cyclically as the bladder fills and empties. The 
epithelial surface is thought to initially expand 
by unfolding, but then new membrane is 

Surface-area regulation is a little explored 
facet of cell motility, yet is likely to be crucial. 
Progress would be made if we could develop 
improved methods for measuring the surface 
area of motile cells and understand better their 
endocytic cycle and its possible regulation by 
membrane tension.
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