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Back to the Future: Fluorescence Correlation
Spectroscopy Moves Back in the Cuvette
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Fluorescence correlation spectroscopy
(FCS) is a well-established technique
based on the analysis of fluorescence
intensity fluctuations. FCS has become
a popular biophysical method for the
investigation of molecular properties
in solutions and in cells (1). In FCS,
the fluctuations in the recorded fluores-
cence intensity F(t) are characterized
by an autocorrelation function that
contains average information about
the typical width and relative magni-
tude of the fluctuations:

GðtÞ ¼ hFðtÞFðt þ tÞi
hFðtÞi2 � 1; (1)

where the brackets indicate averaging
over the entire measurement. The
strength of correlation spectroscopy is
that the averaging process of many
noisy fluctuations yields a robust esti-
mation of the characteristic parameters
describing the origin of the fluctua-
tions. Examples of biophysical param-
eters measurable by FCS are diffusion
coefficients, molecular concentrations,
aggregation rates, molecular interac-
tions, fluorescence brightness, and
binding constants (1).

The relative amplitude of the fluctua-
tions generated by the fluorescent mole-
cules scales as �1/N, where N is the
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number of molecules in the observation
volume. In real experiments, if this
number is too high, the fluctuations
generated by the fluorescent molecules
may be overshadowed by the presence
of other systematic fluctuations. For
this reason, FCS data are typically re-
corded at small values of N, i.e., in
femtoliter (1 fL¼ 10�15 L) observation
volumes and at low concentrations
(<1 mM). Notably, in the very first
experimental implementation of FCS
dating back to 1974, an observation vol-
ume of �103 fL was generated by laser
illumination of a flat, thin-walled
cuvette containing a �1 nM sample so-
lution (2) (Fig. 1 A). However, after this
first experiment in cuvette, it was soon
realized that the confocal microscope
was the ideal instrument for FCS
because of its high photon detection ef-
ficiency and good rejection of back-
ground fluorescence (3). As a matter of
fact, most FCS measurements are
currently performed on confocal micro-
scopes equipped with a high NA objec-
tive (Fig. 1 B). Nevertheless, the
microscope-based configuration may
represent a limitation for certain types
of experiments, for instance those
requiring high temperatures, stirring
of the sample, or use of nonaqueous
solvents (4).

In their article appearing in this
issue of Biophysical Journal, Sahoo
et al. (5) describe a novel experimental
setup for performing FCS directly
from solutions placed inside cuvettes.
They use an extra-long working dis-
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tance (>1.8 mm) objective in horizon-
tal geometry to get enough sensitivity
to perform FCS inside conventional
cuvettes (Fig. 1 C). With an effective
observation volume of �1.8 fL and
a molecular brightness of up to
�50 KHz, the performance of this
cuvette-FCS setup is comparable to
those of most microscope-based FCS
setups. The use of a cuvette seems
advantageous for measurements in
controlled temperature ranges or in
combination with automatic titrators,
as demonstrated by Sahoo et al. In
fact, they study urea-dependent un-
folding of a tetramethylrhodamine-
labeled Nt-apoE4 protein by coupling
the cuvette with automatic titration
and stirring, suggesting that this setup
could find extensive application in
single-molecule studies of denaturant-
dependent folding and unfolding
of proteins (6,7). The novel fluores-
cence correlation spectrometer could
certainly become a convenient alterna-
tive to whoever wants to perform sin-
gle-point FCS in solutions.

Compared to other fluorescence
spectroscopy techniques that were first
established on cuvette and only later
combined with microscopy (for
instance, fluorescence lifetime spec-
troscopy, which evolved into fluores-
cence lifetime imaging), FCS has
become a mature technique in the
confocal microscope. This has natu-
rally led to many important technical
developments, such as, for instance,
scanning FCS (8), image correlation
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FIGURE 1 (A) Schematic of the configuration used by Magde et al. (2) in their first experimental

demonstration of FCS. A lens was used to produce a focal spot size of 5.7 mm, and the optical path

of the flat cuvette was either 25 or 150 mm. (B) A schematic of the FCS configuration used in confocal

microscopes is shown, equipped with a high NA objective. (C) A schematic of the configuration used

by Sahoo et al. in their cuvette-FCS setup is shown. The use of an extra-long working distance objective

makes FCS feasible with standard cuvettes. To see this figure in color, go online.
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spectroscopy (9), and a huge number
of applications in live cells. Now,
with FCS moving back from micro-
scope to cuvette, single-molecule
fluctuation measurements could be
performed as easily as with a spectro-
fluorometer. Still, it remains to be
seen if some of the concepts developed
for microscope-based FCS will find
application in the new cuvette-based
configuration. For instance, a potential
issue of the cuvette-FCS setup is
represented by the huge difference
428 Biophysical Journal 115, 427–428, Augus
between the small observation volume
required to detect single-molecule
fluctuations (�1.8 fL) and the total
cuvette volume (�3.5 mL). In this
respect, mechanical scanning of the
cuvette could be useful to explore a
larger portion of the cuvette, especially
in the case of very dilute samples
(10,11). This idea has been demon-
strated only with large, bright particles
such as fluorescently labeled bacteria
and yeast cells (10,11). The introduc-
tion of a cuvette-FCS setup sensitive
t 7, 2018
to single-molecule fluctuations opens
interesting perspectives toward detec-
tion of very low concentrations of toxic
agents.
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