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Identifying submicroscopic corrals in

the plasma membrane has been of

interest since the classic Sheetz barn-

yard model of confinement of proteins

by the erythrocyte membrane skeleton

(1). In this issue, Wawrezinieck et al.

(2) present a novel fluorescence corre-

lation spectroscopy (FCS) method to

identify corrals.

What is a corral? From the stand-

point of cell biology, there are several

possible corrals: a), the spectrin-actin

membrane skeleton, a lattice of tri-

angles of side ;75 nm (1); b), actin

filaments near the membrane, possibly

with transiently or permanently bound

transmembrane proteins forming the

pickets of Kusumi’s picket fence model,

side 32–110 nm (3); c), a lipid domain,

either raft or nonraft, with the raft size

0–700 nm (4); d), the extracellular

matrix (5); and e), tethers connecting

the mobile species to an immobile

structure. To identify a corral from

diffusion measurements, a corral must

be taken to be an area with boundaries

impenetrable enough that a mobile

particle is confined to the area for a

time much longer than the diffusion

time across the area. One must be able to

distinguish real confinement from the

apparent confinement that is an inher-

ent fluctuation in an unconfined ran-

dom walk. This statistical problem is

discussed in the context of single-

particle tracking by Saxton and Jacobson

(6) and in the supplemental material of

Kusumi et al. (3).

How can a corral be detected? In a

fluorescence photobleaching recovery

(FPR) experiment, it is necessary to

replenish the entire bleached spot to

obtain a complete recovery curve.

Diffusion is therefore over an area on

the order of 10 times the spot size,

where the spot size is diffraction-

limited or larger. For the membrane

skeleton or actin corrals, the measure-

ment thus averages over many corrals

and the diffusion coefficient is propor-

tional to the corral area/mean residence

time. Lipid domains, however, may be

large enough to be detectable. In FPR

measurements of lipid and protein

diffusion in fibroblasts, Yechiel and

Edidin (7) varied the spot size over a

range of 0.35–5.0 mm, and found that

the mobile fraction decreased mono-

tonically with spot size. They interpreted

their results as showing protein-rich

domains of radius 0.4–1.5 mm sur-

rounded by a protein-poor continuum.

For years, mostmeasurements of lateral

diffusion were made by FPR, but a com-

bination of technical advances, reviewed

by Webb (8), brought about a renaissance

in FCS. It is now highly popular, as a

walk through the appropriate poster

sessions at the Biophysical Society annual

meeting shows. FCS has single-molecule

sensitivity, and averaging is carried out

to obtain the autocorrelation function, so

data analysis is less difficult than in single-

particle tracking (reviews: 9,10,11).

How can this highly sensitive method

be used to identify corrals? The ex-

perimental approach, developed in-

dependently by Masuda et al. (5) and

Wawrezinieck et al. (2), is to vary the

beam size. The major advance made by

Wawrezinieck et al. (2) is in the method

of data analysis. In their FCS measure-

ments and simulations, they varied the

beam size w, and measured t, the width
of the autocorrelation function at half-

maximum. For free diffusion, t is linear
in the beam area,

t ¼ k1 w
2;

with k1 proportional to 1/D, where D is

the diffusion coefficient. But for dif-

fusion in the plasma membrane, they

found experimentally, and confirmed

by extensive simulations of confined

diffusion, that the function is not linear

but affine,

t ¼ t01k2 w
2;

with t0 and k2 constants. Furthermore,

the y-intercept t0 is positive for trapping
by an isolated corral but negative for

trapping in a network of barriers. Plots

from the simulations show three re-

gions:

Beam area � corral area: free

diffusion; linear dependence.

Beam area; corral area: transitional

region.

Beam area � corral area: affine

dependence.

The beam radius is 190–400 nm,

but as the authors point out, the auto-

correlation function can be affected

by processes on smaller length scales.

(Trivially, consider a point high-affinity

binding site for the diffusing species.)

Their estimate of the minimum detect-

able microdomain radius is 60 nm.

Single-particle tracking gives higher

resolution, with particle positions re-

solved to tens of nanometers (6), but

the ability to detect 60-nm corrals by

FCS is an important advance.

The work of Wawrezinieck et al. (2)

is a promising beginning. The theory

remains to be done, and a test of the

method and the resolution in a well-

defined (nanofabricated?) model sys-

tem. It would be useful for the authors

to revisit the experiments of Yechiel

and Edidin (7) to see whether the new

FCS approach can tell us more about

these influential results. Likewise it

would be interesting to examine by

FCS the larger corrals found in the

single-particle tracking experiments of

the Kusumi laboratory (3). The most

informative experiments would use the

same cell types, diffusing species, and

labels as the earlier measurements.
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