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Comments to the Editor
Modeling the Membrane Environment for Membrane Proteins
Increasingly, the membrane protein community is recog-
nizing the sensitivity of protein structure and function to
the protein’s environment. Höfer et al. (1), in their recent
Letter in the Biophysical Journal, aim to develop a crystalli-
zation protocol that will have increased biological rele-
vance. The approach utilizes ‘‘lipidic mesophases’’ to
deliver protein to the crystal interface via cubic phase lipids.
We applaud the authors for attempting to develop such an
approach that could potentially generate more nativelike
membrane protein structures. This approach has been previ-
ously demonstrated for large membrane proteins (2), and
here Höfer et al. (1) have used this approach to determine
a structure of gramicidin A (gA). However, the main point
of this Biophysical Letter, that the observed crystal structure
of gA demonstrates that the in meso approach is a physiolog-
ically relevant environment, is misleading for the readership
of the Biophysical Journal. The observed gA structure is not
the native membrane conformation and, therefore, does not
validate the in meso approach as a more physiologically
relevant environment for small membrane protein crystal-
lography.

The approach for crystallization that Höfer et al. (1)
described is one in which monoolein and gramicidin A are
cosolubilized in trifluoroethanol followed by drying the
organic solvent, hydrating (40% by weight water), and
then adding a precipitant, in this case, polyethylene glycol.
Crystals of a double-stranded (DS), left-handed, antiparallel
structure were obtained, similar to several other structures of
gA that have been previously characterized (3–7).

Höfer et al. state that ‘‘controversy exists as to whether
this (native structure) is a head-to-head single-stranded
dimer or a left- or right-handed intertwined parallel or
anti-parallel double helix.’’ Note that this controversy was
put to rest more than a decade ago—first with structures
in detergent micelles (8) and later with a high-resolution
structure solved by solid-state NMR spectroscopy in
lamellar phase lipid bilayers (9,10). These structures were
single-stranded (SS), right-handed structures. In 1999,
when a gA structure crystallized from glacial acetic acid
was then touted as the physiologically relevant conforma-
tion (11), 14 research groups from seven countries identified
arguments from the fields of NMR spectroscopy, x-ray crys-
tallography, and other biophysical methods as well as the
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field of physiology verifying the SS right-handed structure
as the correct gA conformation in lipid bilayers (11,12).
Unfortunately, the structure of gA achieved by Höfer et al.
is the same nonphysiological structure as that which
spawned the international outcry in 1999.

In a lipid bilayer, the minimum energy conformer of gA is
SS because of the four Trp residues. This amphipathic side
chain is well known to prefer the hydrophobic/hydrophilic
interfacial region of lipid bilayers based on numerous
crystal structures of proteins and experiments by Yau
et al. (13), White and von Heijne (14), and Killian and
von Heijne (15). The SS conformation has all of the indole
groups in the interfacial region, whereas in DS conforma-
tions several of these residues would obligatorily reside in
the middle of the lipid bilayer (16,17), which is energeti-
cally unfavorable. This biophysical foundation is further
supported by experiments involving the purposeful insertion
of a parallel DS conformation into a lipid bilayer and
measurements of DS-SS interconversion rates (18–20),
which show that the DS conformation is unstable in lipid
bilayers and converts readily to the SS conformation. It
has also been shown that, if the Trp residues are replaced
by Phe residues (known as gM), the DS conformation
becomes stable in a lipid bilayer (21), supporting an impor-
tant role for a specific interactions between Trp residues
with the lipid/water interfacial region for adopting the SS
conformation.

Consequently, Höfer et al. are attempting to develop a
more physiologically relevant membrane mimetic environ-
ment for crystallization, but their protocol has not succeeded
in stabilizing the physiological conformation of the peptide
used for this demonstration and, therefore, has not validated
this in meso method as being more physiologically relevant.
This is not to say that the protocol will not work for other
small membrane proteins. For gA, a wealth of structural
and electrophysiological data clearly shows that the DS
structure is not the native membrane conformer.
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