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Isotropic Bicelles Stabilize the Functional Form of a Small
Multidrug-Resistance Pump for NMR Structural Studies
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Although detergent micelles are commonly used as membraneas in dodecylphosphocholine (DPC), dihexanoylphosphatidylcholine
mimetics in biophysical studies of membrane proteins, they do not (DHPC), sodium dodecanoylsarcosine, sodium dodecylsulfate
ideally reproduce the native environment of the protein in the (SDS), and lysopalmitoylphosphatidylglycerol (LPPG). In addition,
membrane and may fail to support the native fold of the protein. excellent ligand binding properties were observed in dihexanoyl-/
Not surprisingly, these nonphysiological conformations are par- dimyristoylphosphatidylcholine bicelles (biPC) withvalues (i.e.,
ticularly common for helical membrane proteins that undergo long-chain to short-chain lipid ratio) between 0.25 and 0.5 (see
significant conformational changes as part of their functional cycle, Figure 1). The dissociation constants for the Smr/TPP complex in
such as the voltage sensor domain of potassium channels, G-proteinbicelles, decyl-, and dodecylmaltoside were determined to be 3.5,
coupled receptors, and bacterial multidrug transporters. One 49, and 3.7uM, respectively. The pH dependence of TPP binding
dramatic example is the small multidrug-resistance pump EmrE was also tested for both DDM and biPC, and as previously reported
from Escherichia coli which was found in three significantly ~ for EmrE* and expected for this proton antiporter, only nonspecific
different conformations in two X-ray structures in deterdémind binding was observed at pH 6.0 (data not shown). In addition,
a cryo-electron microscopy 3D reconstruction map from 2D equilibrium sedimentation analy$tswas used to show that the
crystals? The functional relevance of these structures is the subject protein is present in its native dimeric oligomerization state in
of current debaté,and an alternative method of getting high- bicelles (Figure S1 in the Supporting Information) and to obtain
resolution structural information about the functional protein is an estimate of 15& 50 kDa for the protein/bicelle complex size.
certainly needed. Bicelles, which are a mixture of short- and long-
chain_ _Iipids, have long been suggested as a more native-like [ —&—biPCq05 —o DHPC —+_SDS e DDM
solubilizing agent for the study of membrane protéinsand have 1| —e— pPC % NG - LPPG —e—DM
been used in a number of biophysical and structural studies of these ]
proteins (for a recent review, see ref 8). Here we show that bicelles
are a promising system in the study of Smr, the EmrE homologue
from Staphylococcus aureusince they both preserve the ligand-
binding activity and produce NMR spectra that allowed making &
substantial NMR backbone assignments for this conformationally -
flexible protein.

Smr (Staphylococcal mitidrugresistance protein, also called
QacC) is a 107-amino acid membrane protein that utilizes the proton
gradient across the membrane to pump a range of lipophilic, mostly
cationic drugs out of the bacterium in an antiporter mafireis
functional as a dimer of four transmembrane (TM) helix monomers,
with the highly conserved Glu 13 residues from both monomers
found in close proximity at the dimer interféd€eand involved in
both proton and drug binding.Given the highly dynamic nature TPP [uM]
of small multidrug-resistance pumps evident from previous struc- Figure 1. TPP binding to Smr reconstituted in different detergent and
tural studies, the right choice of membrane mimetic becomes bicelle systems at pH 8.0. The relative fluorescence change upon addition
esseptial in order to study a functionally relevant form of the ?angsn'?op:ﬁgeéja’tghd the solid lines represent the best fit of the binding
protein#

To compare the abilities of different membrane mimetics to NMR spectra of Smr were collected in both biBG 0.33 and
sustain the native conformation of Smr, we tested the protein’s decylmaltoside at pH 6.5. In both conditioridj—N TROSY
ability to bind tetraphenylphosphonium (TPP), a known ligand of spectrd® of comparable quality were obtained, and the overall
Smr? The protein was purified using an organic solvent extraction similarity in peak positions indicated that the protein was present
and purification schenté®® and then was reconstituted into a in essentially the same conformation in both systems. However, at
number of different detergents and bicelles. The ability of the pH 8.0 where drug binding should be observable, no spectra could
reconstituted proteins to bind ligand at pH 8.0 was monitored by be obtained in DM due to a very rapid degradation in signal
fluorescence quenching of the unique native tryptophan 62, in a intensities, whereas samples in biPC still yielded reasonable quality
fashion similar to a drug binding assay developed for EFrE. TROSY spectra. We therefore decided to ascertain whether further
Among the tested detergents, reproducible binding was only found studies by solution NMR would be possible in bicelles by obtaining
for decyl- and dodecylmaltoside (DM and DDM), with only NMR resonance assignments for this system.
nonspecific binding detected firnonylglucoside (NG), the deter- One of the main problems for the NMR experiments on samples
gent used in the crystal structure determinations of Ehdr&s well of Smr in bicelles is the short sample lifetime due to protein
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104f G3% 4 mechanism. After additional assignments, distance constraints from
¢ paramagnetic relaxation effects in spin-labeled samples and residual
<516 s27_, G6s dipolar coupling restraints will be used to define the structure of
A 104 Smr in this very membrane-like environment. Because only one
109¢ T2 cross-peak per residue is found in the spectra, the present data
%;40 105 suggest that functionally competent Smr exists as a symmetric dimer
= 625 161 € a in bicelles, unlike the asymmetric conformations found in the X-ray
< 114l e  Fee crystal structures. _ . _
El st 193 F103,522 , o Our wo_rk represents the first e_xample where subs_tar_ltla}l solutl_on
= 89 e, F78F39 s °° N'MR assignments for a_polytoplc membrane protein in isotropic
%’ Les %5 S106 ' o532 bllcelles have bgep obtained and shows that small bicelles are a
Z 19l e m @ A an N83 viable anql promising system for t_he study of a highly dyne_1m|c 8
© . 110 84 vsaa 081 ( Eé%_ V14136 (g TM protein by_ NMR. _Togeth_er with the current progress in the
vor&® € &a ,41 T use of mag.netlcally aligned bicelles (see the recent structure of the
A63 w%’é L33 1 2 TM protein MerFt by Opella and co-worké?s these methods
124} ’ 18 " Afs hold great promise in reducing the bottleneck of membrane protein
o2 A f$107 E13 @ structure determinations. Finally, because bicelles more closely
mimic the membrane environment, they should be suitable for the
o study of a large proportion of membrane proteins, therefore reducing
129} d the need for time-consuming detergent screens for every protein
9.5 9.0 8.5 8.0 7.5 to be studied.

Figure 2. H—15N TROSY spectrum at 900 MHz of 0.8 mM uniformly
2H,13C 15N-labeled Smr in ether-linked, PS-spikeps= 0.33 bicelles at pH

"H chemical shift (ppm)
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and DHPC analogues and spiking the bicelles with 10% of
negatively charged dihexanoyl-/dimyristoylphosphatidylserine in the
same 3:1 ratid’~1° These improved samples retained bicelle-like
character as shown by théi#P NMR spectraiand displayed sample
half-life times of 10-14 days at pH 6.5 and 47C. We also
confirmed, with the use of the fluorescence binding assay, that Smr
was still able to bind TPP in these bicelles.

Due to the large size of the protein/bicelle complex, most triple-
resonance experiments conventionally used for making assignments EMBO J.2003 22, 6175-6181.
yielded only a small subset of cross-peaks mostly from the termini Egg gatec,i C. GC-CLE{F- gpr:n- StrIL(JCS- g?lol-%OOG_ %?/1 ‘537{5,‘?%89&8905

. . . anaers, C. R.; Schwonek, J.gfochemistr s .
and the loop regions of the protein. Therefore, thg assignment (6) Glover, K. J.; Whiles, J. A.. Wu, G.; Yu, N.; Deems, R.: Struppe, J. O.;
strategy that we employed was based on two experiments: a 3D E}%T R. E.; Komives, E. A.; Vold, R. RBiophys. J2001, 81, 2163~
NOESY-TROSY experimerif (collected on an 800 MHz spec-  (7) Viold'R. R.; Prosser, R. S.; Deese, AJJBiomol. NMR1997, 9, 329~
trometer with cryoprobe) to obtain sequential amide-to-amide NOEs 335.
_ ; (8) Prosser, R. S.; Evanics, F.; Kitevski, J. L.; Abdul-Wahid, M.

and a 3D TRO$Y HNCA expenmeﬁ%t_(collectgd on a 900 MHz Biochemistry2006 45, 8453-8465.
spectrometer with cryoprobe) to obtait €hemical shifts as well (9) Grinius, L. L.; Goldberg, E. BJ. Biol. Chem1994 269, 29998-30004.
as some additional sequential information. Analysis of these two (10) fzotglocgg—eqoé Reeves, M. D.; Mchaourab, H.BSochemistry2003
datasets allowed the unambiguous assignment of 55% of amide (11) Muth, T. R.; Schuldiner, EMBO J.200Q 19, 234-240.
and C atoms (Figure 2, Figure S2). The assignments are dispersed (12) gggfgg'gg H.; Lebendiker, M.; Schuldiner, 5 Biol. Chem1995 270,
throughout the protein sequence, covering most of TM1 (including (13) Krueger-Koplin, R. D.; Sorgen, P. L.; Krueger-Koplin, S. T.; Rivera-

- _bhindi i Torres, A. O.; Cahill, S. M.; Hicks, D. B.; Grinius, L.; Krulwich, T. A.;
the drug- and proton-binding residue Glu 13) and parts of TM2, G M. E 1. Biomol. NMR2004 26, 4357,

Supporting Information Available: Methods, equilibrium sedi-

available free of charge via the Internet at http://pubs.acs.org.
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