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nonchannel to the final channel conformation (denoted as
intermediates I and II). Interestingly, intermediates I and II
display REES of 3 and 4 nm, respectively. The progressive
increase in REES from the nonchannel conformation of grami-
cidin (2 nm) to the channel conformation (7 nm) via the
intermediate conformations (3�4 nm) correlates well with the
gradual conversion of the nonchannel form to the channel form.
These results demonstrate that REES can be conveniently
employed as a tool to monitor membrane protein folding.
The tryptophan residues in gramicidin channels are crucial for

maintaining the structure and function of the channel.127 The
importance of the tryptophans has been demonstrated by the
observation that the cation conductivity of the channel decreases
upon substitution of one or all of the tryptophan residues by
phenylalanine, tyrosine, or naphthylalanine and also upon ultra-
violet irradiation or chemical modification of the tryptophan side
chains. In a recent study, we explored the structural basis for the
reduction in channel-forming propensity using single tryptophan
analogues of gramicidin utilizing REES and other fluorescence
approaches.111 The advantage of using single tryptophan analo-
gues is that ground state heterogeneity in the tryptophan
environment is avoided, and any information obtained could
be correlated to the unique tryptophan residue in the sequence.
Our results showed that the single tryptophan analogues adopt a
predominantly nonchannel conformation in membranes.

5. CONCLUSION AND FUTURE PERSPECTIVES

In this article, we have focused on the application of REES in
exploring membrane organization and dynamics. A general
concern in the case of fluorescence studies in motionally
restricted systems is that red edge effects could complicate results
if fluorophores are excited at the red edge of the absorption
spectra rather than at the absorption maxima. Studies such as
energy transfer could therefore lead to significant errors unless
carried out with caution. In fact, it has been previously
reported that there is a wavelength-dependent variation in
the measured location (depth) of fatty acyl attached probes in
the membrane.72 A potentially exciting application is to obtain
a detailed dynamic and topological map of membrane proteins
and peptides using a combination of site-specific mutation and
labeling.130 This assumes relevance in view of recent reports,
based on crystal structures of membrane proteins such as
rhodopsin and β2-adrenergic receptor, that there are motion-
ally restricted water molecules that could be important in
inducing conformational transitions in the transmembrane
portion of the receptor.131

Water plays a crucial role in the formation and maintenance of
proteins and membranes.43,44 Knowledge of dynamics of hydra-
tion at a molecular level is therefore of considerable importance
in understanding the membrane structure and function. REES is
based on the change in fluorophore�solvent interactions in
the ground and excited states induced by a change in the dipole
moment of the fluorophore upon excitation and the relative rate
at which solvent molecules reorient around the excited state fluoro-
phore. Since in the case of membranes the ubiquitous solvent is
water, the information obtained in such cases will have its origin
from the otherwise optically silent water molecules. The unique
feature of REES is that while other fluorescence measurements
(such as fluorescence quenching, energy transfer, anisotropy
measurements) yield information about the fluorophore itself
REES provides information about the relative rates of solvent

(water in the case of membranes) relaxation (reorientation)
dynamics that is not possible to obtain by other approaches. This
makes the use of REES particularly useful in membrane research
since hydration plays a crucial modulatory role in a large number
of important cellular events involving the membrane such as
lipid�protein interactions and ion transport.132,133
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