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NMR structural investigations of water-soluble proteins are well membrane proteins reconstructed into rHDL should be observable
established in biological and biochemical resedrdthe recent using the TROSY technique and modern high-field NMR spec-
developments in solution-state NMR methodology and in isotope- trometers. In principle, the rHDLs could provide superior membrane
labeling strategies significantly extend the applicability of these mimicking characteristics and enhanced sample stability as com-
methods for large proteins and supramolecular complexes. Uniform pared with conventional membrane mimetics, therefore they may
side-chain deuteration and relaxation-optimized NMR experiments be a very attractive environment for NMR investigations of
(TROSY, CRINEPT) permit the spatial-structure determination of membrane proteins.
water-soluble proteins with a molecular weight (MW) up to 100 To test the applicability of high-resolution NMR methods for
kDa and investigation of protetrprotein complexes with a MW studies of membrane proteins and membrane-active peptides
up to 1000 kD&. Unfortunately, this rapid progress does not incorporated into rHDL particles, the uniformi§N-labeled peptide
significantly facilitate the studies of other biologically important ~ Antiamoebin-I (Aam-1, one membrane associated helix) was used.
class of proteins, the membrane ofes. Aam-| (Ace-Phé-Aib—Aib-Aib-Iva-Gly-Leu-Aib8-Aib-Hyp-GIn-

The main stumbling stone in the NMR investigation of membrane |va-Hyp-Aib-Pro-Phi9) is a membrane-active peptaibol antibiotic
proteins is a search for suitable membrane mimetic environment jsolated from fungal species belonging to Erericellopsigienus’
for protein solubilizatior?:* In the ideal membrane mimetic media,  Previous studies showed that Aam-I is insoluble in water, displays
proteins should retain their native structure and should provide high fast conformational exchange between several conformations in
quality NMR spectra in terms of signal dispersion and line-width. isotropic membrane mimetic (methanol), and adopts a right-handed
The commonly used media suffer from a number of serious helical conformation upon binding to the surface of DMPC/DHPC
shortcomings. Organic solvents are isotropic in nature and cannotpjcelles?
stand as a suitable model for biological membranes which have a  The attempts to incorporate Aam-I into rHDL particles following
water/lipid interfacé? On the other hand, such membrane mimetics published protocoféwere unsuccessful and therefore an alternative
as detergent micelles and small lipid/detergent bicelles display a protocol was developed. Small volumes of uniforriiy-labeled
significant curvature of the water/lipid interfécewhich can  Aam-I solubilized in methanol were added to the preparations of
seriously deteriorate the structure of the embedded pr&téire empty rHDL containing zwitterionic (DOPC, DPPC, or POPC) or
lability of the detergent complexes also enhances the dynamics inanjonic (DOPG) lipids (total amount of added methanol was less
the helical membrane proteins that often makes transmembraneen 5%). After that, the samples composed from zwitterionic lipids
fragments inaccessible for NMR investigaticrfs. became turbid and a significant amount of the peptide precipitated.

In search of alternative media for high-resolution NMR studies At the same time, the sample of Aam-I with DOPG/rHDL was
of membrane proteins, we concentrated our attention on reconsti-yisyally transparent and clear from precipitates. This sample exhibits
tuted high-density lipoprotein particles (rHDL%) These particles aH-15N correlation spectrum which is very similar to the Aam-
are composed of a patch of planar lipid bilayer160 lipid spectrum in neutral DMPC/DHPC bicelles (Figure 1AB) and
molecules) surrounded by a dimer of apolipoprotein A-l (apoA-l). - gjightly different from spectra in anionic micelles (LMPG, SDS,
The reconstitution of rHDL particles in vitro was for the first time  ggo Supporting Information). All expected 13 backbone HN
described in 1982 but recently this reconstitution system has been agonances were observed in this spectrum, but the signals were
elegantly adapted by S.G. Sligar and co-workers to incorporate gjgnificantly broader¥H Av ~ 40—60 Hz in rHDL versus~30
various membrane proteifis.rHDL has a disclike shape with 7 in picelles). Dynamic light scattering measurements indicated
diameter of about 1812 nm and thickness of 4 nm, the same 5t the size of the rHDL particles did not change upon Aam-I
thickness as measured for a biological relevant lipid membféne. i, comoration. The measured hydrodynamic radius (4.4 nm) agrees
The theoretical calculation of the rotational diffusion tensor for e with theoretical expectation for the disclike rHDL particle with
rHDL with dimensions 10 nmx 4 nm indicates rather isotropic dimensions of 10 4 nm& However, the'H line-width of Aam-I
motions of this particlé.Calculated rotational correlation times resonances corresponds to the overall rotation of the peptide with

B, anq 7C) at a temperature of 30_3 K ar_e 78, _80' and 85 ns, correlation time not greater than 50 ns, indicating the presence of
respectively. That corresponds to an isotropic rotation of a globular additional peptide motions within the Aam-I/fHDL complex.

protein with a MW of about 200 kDa, and a protein/THDL complex The observed preferential binding of the neutral Aam-I to the

Shgwd have ?ln;:Iar relaxaFlon lpropﬁrtles hand comparable I";e' DOPG/rHDL particles indicates that the choice of lipids plays an

widths (Av) of the NMR signals. Thus, the NMR spectra of ;h51ant role to the insertion of Aam-I in the lipid bilayer and
# Russian Academy of Sciences. that the optlmlgatlon of phospholipid erL composition is requwe_d
§ Novartis Institutes for BioMedical Research. for NMR studies of membrane proteins and membrane-active
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= detergent containing complexes (micelles and bicelles), the rHDLs
i (A) & . (B) allow a change of the sample buffer by dialysis and can be easily
= 6 diluted or concentrated. Moreover, the integral membrane proteins
; o= o trapped into rHDLs are protected from unfavorable intramolecular
ol ¢ ¢ T » _—N\ = interactions’ The rHDL particles contain a section of lipid bilayer
115¢ - n with packing properties identical to that of liposoniésThe
® phospholipid composition of rHDLs can be easily varied to better
5 o186 | 2 5 mimic the properties of different biological membranes. The major
708 - T > shortcoming of the proposed system is the relatively broad line-
.3 3 212 width of the signals. The present communication gives an example
¢ X 4 pr of a membrane associated peptide, which is possibly involved in a
02 % ° fast rotation relative to rHDL bilayer normal. In the case of integral
3 7 membrane proteins, twice largéi Av values are expected. This
_ problem can be significantly alleviated by using deuterated proteins
Lo = and phospholipids for the preparation of rHDL particles.
L 20 § In summary, the here presented study of the membrane bound
0 5 peptide Aam-I reconstituted in rHDL particles, shows considerable
(] promise for future studies of membrane proteins by solution-state
[ 60 § NMR. To the best of our knowledge, this is the first application of
" 80 % rHDL in the field of the high-resolution NMR spectroscopy.
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Figure 1. (A) 2D N-HSQC spectrum of Aam-I solubilized in DMPC/
DHPC bicelles. (B) 2D'*N-TROSY spectrum of Aam-I/DOPG/rHDL - . . . . .
complexes. (C) Relative attenuation (%) of intensity of cross-peaks in the Supporting Information Ayallable. The expepmental details of
TROSY spectrum of the Aam-I/DOPG/rHDL complexes by the 16- the protocol for rHDL formation and the comparison of Aam-I NMR
doxylstearate. (Insert) Topology of the Aam-I binding to the fragment of spectra in different membrane mimetics. This material is available free
DOPG bilayer in the rHDL particle. The horizontal dashed line arbitrary of charge via the Internet at http://pubs.acs.org.
divides Aam-I residues in two categories: strongly and weakly attenuated.
The ribbon, representing the N-terminal part that immerses deeper into the References
membrane is colored cyan, whereas, the ribbon of the C-terminal part is
colored green.
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of anionic lipids. The close similarity of Aam-I spectra in anionic
rHDLs and in neutral DMPC/DHPC bicelles indicates that the
peptide in complex with rHDL adopts a right-handed helical
conformation very similar to conformation observed in lipid
membrane8.In contrast to that, the solubilization of Aam-I in
anionic detergents (LMPG, SDS) possibly leads to distortion of
the peptide structure.

To give an example of structural information that can be gained
from protein/rHDL complexes, we investigated the topology of
Aam-| in the lipid bilayer of rHDL using the well-established lipid-
soluble relaxation probe technigife. This method has been
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to a final concentration of one relaxation probe per rHDL particle.
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N-terminus of the peptide immerses slightly deeper into the
membrane interior as compared to other parts of the molecule.
The obtained NMR data indicate that rHDL particles are suitable
media for investigation of membrane proteins and membrane-activ:
peptides by means of high-resolution NMR. The advantages of this
medium are the controlled size of the particles, isotropic hydro-
dynamic properties and enhanced stability. In contrast to the
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