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Membrane proteins are estimated to constitute nearly 30% of |
encoding sequences, are targets for the majority of currently used A
pharmaceuticals, and their structures are critical to understanding |
many fundamental biological procesge$As a result, membrane ’
proteins are a focus of the current structural genomics effort.

Typically, structure determination using high-resolution NMR or
X-ray diffraction employs detergents to solubilize the membrane
protein, resulting in a micelle or bicelle phaseAlthough these N [\
. . . LRt J ;M
phases are generally thought to substitute for the native membrane . )
environment, there is little direct evidence comparing the structure ] \[‘/\{_’ (T
and function of membrane proteins in these mimetic systems to Wmm [
those in bilayer§.’ Il {

Here we use site-directed spin labeling (SDSL) and EPR ! ||
spectroscopy to show that the conformation of the N-terminal
energy-coupling motif of BtuB in micelles or bicelles differs from
its structure in a bilayer phase. BtuB is a 66 kD TonB-dependent
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the periplasnt:® The crystal structure of BtuBis similar to other ] me__;_, .|"I
TonB-dependent transporters FepA, FhuA, and FecA and consists = ' '_,;’/\’"M'
of a 22-strand transmembrafiebarrel and a globular N-terminal . . EPR e of ically Spinlab Ivd ftes in BB, (A) |
i i igure 1. spectra of specifically spin-labeled sites in BtuB. n
?ha;C?OLhSL;?gllziZfeghzt tt)s(rar?\ll:t:rgli?]:z, ?r?qls{e_:)\;egoif?slobnel?:\lllgg the presence of POP_C bilayers with (re_d) and without (blue) substrate. (B)
. . . o ’ > In the presence of mixed OG/POPC micelles.
to mediate the proteiprotein coupling interaction with the
transperiplasmic protein TonB, which is necessary for transport. denatured protein and indicate that this segment is lacking a defined
Furthermore, when BtuB binds substrate the Ton box undergoes asecondary structuf@.Upon By, addition, the EPR line shapes for
conformational change, which may provide a signal to TonB that F15R1 and E16R1 change only slightly if at all, whereas the line
the receptor is loaded with substrate!® shape for Q17R1 becomes more immobilized and is characteristic
SDSL is a powerful technique to study membrane protein of a side chain that is buried in the protein interior in strong tertiary
structure and function because proteins can be examined in theircontact with other parts of the protein.
native membran&14in reconstituted lipid bilayer systerd,!” When samples of BtuB in the absence of substrate are placed
or in micelles!® SDSL was used previously to show that the energy into a mixed micelle phase by addition of either dodecylmaltoside
coupling Ton box motif of BtuB (residues—6L2) exists in two (DM) or octylglucoside (OG), the conformation of the Ton box
different conformational staté$1°In the absence of substrate, the changes. This conformational state differs from that induced by
Ton box is structured and docked within the transporter barrel, and substrate binding. Shown in Figure 1B are spectra obtained for
upon substrate binding it undergoes a change to an unfolded orsamples prepared in a mixed micelle environment of OG:POPC
undocked state. Residues 3 are unfolded in both states, and the (17:1). The EPR spectra for T3R1, L8R1, and V10R1 are similar
conformational change upon substrate binding involves an order to those obtained in the presence of substrate; however, for residues
to disorder transition up to residue 14 with the region near residues F15R1, E16R1, and Q17R1 the line shapes are dramatically
15—16 acting as a hinge or pivot poitf. different from those obtained in either the absence or presence of
Single engineered cysteine residues in BtuB are derivatized with substrate. These EPR line shapes exhibit greater motional averaging
a methanethisulfonate spin laffeto produce the nitroxide side  than those in Figure 1A and indicate that in this mixed micelle
chain R1. BtuB is then reconstituted into palmitoyloleoylphos- environment the N-terminal region has unfolded past residue 14.
phatidylcholine (POPC) bilayers. Figure 1A shows EPR spectra in This perturbation is reversible, and detergent removal by dialysis
bilayers at selected sites within and surrounding the Ton box in restores the Ton box conformation to the docked state. Structural
two different conformational states. In the absence of substrate (bluemodels that are consistent with the EPR data for the substrate-
lines), broad spectra are seen for a number of residues, includingfree, B»-bound, and detergent-destabilized states are illustrated in
L8R1 and V10R1. These spectra indicate that in the substrate-freeFigure 2.
form the Ton box has a defined secondary structure. The relatively The mixed micelle environment does not appear to perturb the
narrow line shapes for residues T3R1, L8R1, and V10R1 in the conformation of BtuB deeper in its core region. In particular, the
B1, bound state (red lines) are similar to those observed for a EPR spectra for R1 placed along the fifsstrand in the core,
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Figure 2. (A) Crystal structure for BtuB in the absence of substrate. Region
in red shows positions-617 and includes the Ton box (PDB ID: 1NQE).
(B) Model for substrate-bound form consistent with EPR data showing
residues 614 unfolded. (C) Model for detergent unfolded form consistent
with EPR data showing residues-&7 unfolded.
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]

Figure 3. EPR spectra of V10R1 reconstituted into DMPC or DMPC/
DHPC bilcelles (100 G scan).

positions 25-30, are nearly identical for samples reconstituted into
POPC bilayers or mixed POPC/OG (1:17) micelles (see Supporting
Information). Previous work on BtuB using SDSL indicated that
the S-barrel retains its fold but becomes more dynamic in the
presence of detergentsThis increase in dynamics is particularly
dramatic toward the periplasmic surface of the protein and may be

responsible for weakening interactions between the hatch and barrel

that maintain the N-terminal fold.
Bicelles may offer a more appropriate membrane mimetic

environment than micelles because they are thought to resemble

small bilayer disks. Bicelles can be formed spontaneously in
mixtures of short-chain and long-chain phospholipids (usually
dihexanoylphosphatidylcholine (DHPC) and dimyristoyl-phosphati-
dylcholine (DMPC)), and they have been utilized in NMR

investigations of membrane prote#d®4 and in crystallizatior?®

disk-shaped bicelles, the narrower spectral component resulting from
an unfolded N-terminus is now the dominant population. Hence,
for BtuB, bicelles with high DMPC/DHPC ratios provide a better
membrane mimetic system than detergent-based micelles or mixed
lipid—detergent micelles.

The energy difference between docked and undocked forms of
the Ton box is estimated from the EPR spectra to be about 2 kcal/
mol in the absence of substrateThe sensitivity to detergents may
be due in part to this modest energy, which may be typical of energy
differences for other membrane protein conformational transitions.

In summary, the work presented here demonstrates that relatively
mild detergents such as OG and DM can alter the conformation of
membrane proteins, and that detergents are not necessarily a
substitute for a membrane environment. This work also demon-
strates the value of techniques such as SDSL, which can be used
to directly compare the conformation of membrane proteins in
different membrane mimetic systems and test structural models
generated by X-ray diffraction or NMR.
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