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Molecular recruitment into functional
domains in the cell plasma membrane
is an important prerequisite for many
cellular processes, such as cell sig-
naling, cell-matrix adhesion, or the for-
mation of synapses. High precision
measurements of the origin and evolu-
tion of these structures is key to their
understanding; however, experimental
methods with which one can detect
molecular dynamics and aggregation,
with microsecond temporal resolution
and at nanometer scales, are scarce
(1–4). One of the most developed ap-
proaches, which is up to the task, is
fluorescence correlation spectroscopy
(FCS). In FCS, fluorescent particles
diffuse through a laser excitation
beam and emit pulses of light propor-
tional to the particle brightness. As
a consequence, measurement of the
brightness across the beam can provide
the total number of fluorophores, and
applying moment analysis to the de-
tected intensity fluctuations can reveal
the particle distribution. However, for
these analyses to yield correct values,
the emitted fluorescence per particle
must remain constant. This, however,
may be difficult when fluorescent
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molecules accumulate in domains,
because electronic interactions among
them can lead to significant intensity
reductions.

One way to circumvent the issue of
relating probe intensities to their num-
ber is to use inverse fluorescence corre-
lation spectroscopy (iFCS) (5). Here, as
opposed to conventional FCS, the
molecule of interest is not labeled but
diffuses in a homogeneously fluorescent
environment, giving rise to negative sto-
chastic intensity fluctuations. Several
variants of iFCS were developed over
time, including the inverse-fluores-
cence cross-correlation spectroscopy
(iFCCS), which can be used to mea-
sure receptor-ligand interactions (6).
Another example is the scanning iFCS
with which one could probe the size of
immobilized nanoparticles on surfaces
mimicking nanodomains down to one-
seventh of the microscope resolution
(7). However, iFCS was hitherto not
used to explore time-dependent pro-
cesses in biomembranes.

In this issue of the Biophysical Jour-
nal, Jiang et al. (5) present, for the first
time, iFCS measurements of the size
evolution of nanodomains in model
lipid membranes. To this end, they
use giant unilamellar vesicles (6) con-
sisting of a mixture of high and low
melting lipids. They record the forma-
tion and growth of nanodomains of un-
labeled lipids (minimal size �50 nm)
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in the fluorescent matrix during phase
separation for 45 min. Their experi-
mental observations are substantiated
and analyzed by extending the rigorous
theoretical framework for iFCS (7,8) to
account for the nanodomain size and
diffusion (9) using moment analysis
(10,11). In particular, Jiang et al. (5)
adapt the iFCS correlation function to
account for the Gaussian shape of the
intensity illumination profile and pro-
vide theoretical expressions for 1) a
nonzero partition coefficient of the
phase-separated state, i.e., where ma-
trix lipids are still present in nanodo-
mains; 2) the moment analysis for
polydisperse domains, which were
found to be Gaussian distributed in
size; 3) the effects of shot noise in
the case of higher moment analysis;
4) the indicator concentration neces-
sary to detect nanodomains above a
certain size threshold; and most impor-
tantly, 5) the use of iFCS for the anal-
ysis of large domains, which show
that the size of a nanodomain can be
accurately measured if it is fivefold
larger than the observation area or if
it is smaller than one-fifth of the
membrane area in the focal volume.
Intermediate domain sizes may be ac-
cessed by dynamically adjusting the
beam size. As such, Jiang et al. (5) pro-
vide comprehensive theoretical means
to deal with first measurements of the
mean number and size of nanodomains
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in lipid bilayers independently of the
diffusion constant.

The results of Jiang et al. (5) are built
on the greatest advantage of iFCS—the
possibility to probe the dynamics of
‘‘the invisible’’ molecules with a reso-
lution comparable to standard FCS.
These unlabeledmolecules scale the re-
corded intensity proportionally to their
number, whereas intensity variations in
the bulk of fluorescent molecules aver-
aged out. Consequently, small varia-
tions in molecular brightness will not
have strong influence on the data, un-
like in standard FCS. This is the key
point necessary for the robust determi-
nation of domain sizes with iFCS.

iFCS, nevertheless, exhibits some
constraints: the background intensity
must be spatially and temporally con-
stant. This is difficult to achieve at
high fluorophore concentration due
to fluorophore clustering and self-
quenching, hence, the linear relation-
ship between fluorescence intensity
and the concentration of the dye should
be evaluated. In the context of phase
separations in membranes, the fluoro-
phore should have a negligible influ-
ence on the phase behavior. This
shows that, as for all FCS-based tech-
niques, the choice of fluorophore is
crucial for obtaining reliable data.

Another difficulty with iFCS is the
slow convergence of higher moments,
which require long and robust acquisi-
tion of fluorescence fluctuations. As
can be seen from the work of Jiang
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et al. (5), generating an ensemble
average of the number and size of
nanodomains necessitates measure-
ments to be performed on the time-
scales of minutes.

On the shoulders of previous effort
(7,8,12), Jiang et al. (5) establish
iFCS as a technique suitable for quan-
titative studies of molecular interac-
tions and the formation of domains in
membranes. A number of applications
in vivo and in vitro are now within
reach—from studies of the formation
of signaling complexes, adhesion
structures, and cellular synapses, to us-
ing iFCS to provide the physical basis
of lipid phase separation and naturally
occurring nanodomains such as lipid
rafts. An intriguing perspective is the
possibility to determine the relative
change of nanodomains in living cells
after addition/removal of substances.
Finally, and in contrast to FCS, the
autocorrelation amplitude of iFCS is
dependent on particle shape. Thus,
iFCS may be utilized to analyze the
shape of particles, if the particle con-
centration is known. In view of these
benefits and challenges, we anticipate
iFCS to be employed and further
improved in the forthcoming years in
various studies probing molecular dy-
namics at the nanoscale.
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