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Solid-state NMR of membrane proteins in phospholipid bilayers.
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Selected Topics

= Partl: Recent developments in solid-state NMR of aligned samples.
= Lipid bilayers.
» Double-resonance experiments.
= Triple-resonance experiments.

= Part ll: Phospholipid bilayers are essential for biological relevance.

= Mercury transport membrane proteins.
= Vpu from HIV.



Part I: Recent developments in solid-state NMR of aligned samples.



Lipid bilayer samples.



Solid-state NMR spectra of Pf1 coat protein in phospholipid
bilayers.
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Magnetic alignment of bilayers at low temperatures without loss of
resolution.

Effects of Lipid Chain Length and Unsaturation on Bicelles Stability.
A Phosphorus NMR Study

Mohamed N. Triba, Philippe F. Devaux, and Dror E. Warschawski
Unité Mixte de Recherche No. 7089, Cerntre National de la Recherche Sciertifique, Institut de Biologie Physico-Chimigque, Paris, France
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TM helix tilt angle determined by bilayer thickness.

bilayer thickness vs. temperature
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Parallel alignment without lanthanides.

Biphenyl Bicelle Disks Align Perpendicular to Magnetic Fields on Large
Temperature Scales: A Study Combining Synthesis, Solid-State NMR,

TEM, and SAXS

Cécile Loudet,” Sabine Manet,” Stéphane Gineste, Reiko Oda,* Marie-France Achard, T and Erick J. Dufourc®
*UMR 5248 CBMM, CNRS-Université Bordeaux 1-ENITAB, Institut Européen de Chimie et Biologie, Pessac, France; and
TUPR 8641, Centre de Recherche Paul Pascal, CNRS, Pessac, France
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Reinvestigation by Phosphorus NMR of Lipid Distribution in Bicelles

Mohamed N. Triba, Dror E. Warschawski, and Philippe F. Devaux
Unité Mixte de Recherche No. 7088, Centre National de la Recherche Scientifique, Institut de Biologie Physico-Chimigue, Paris, France
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Double resonance experiments.



Selective averaging for high-resolution solid-state NMR spectroscopy
of aligned samples

Alexander A. Nevzorov, Stanley J. Opella ©

D porrtment of Chemisiry and Bloehemistry, Unfversity of Califomia, San Diego, P3N Gibnan Drave, Lo Jolle, O4 0030307, D8A
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SAMPI4 based "H Shift/'H-"°N Coupling/'">N Shift experiment at
900 MHz on a magneticaly aligned bicelle sample.
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Proton-detected separated local field spectroscopy

Chin H. Wu, Stanley J. Opella * 2008
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Triple resonance experiments.



13C vs 5N detection of °N, 3Ca labeled peptides.

single crystal of N-acetyl-leucine aligned sample of Leu (4 sites)
labeled Pf1 bacteriophage
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T"H-13C PISEMA of '3C and >N labeled Pf1 coat protein in aligned
bacteriophage.
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TH-13C PISEMA of Pf1 coat protein in bicelles.
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"H-13C PISEMA / "H-">N PISEMA / 3C/">N HETCOR.

2-13C glycerol/ul >N labeled Pf1 coat protein in “flipped” bicelles.
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Three-dimensional triple-resonance spectrum of a °Ca, °N
labeled model peptide crystal.

13C shift separated "H-13C/13C-1°N dipolar spectra
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Shiftless nuclear magnetic resonance spectroscopy

Chin H. Wu and Stanley J. Opella®

Department of Chemistry and Biochemistry, University of California, San Diego, 9500 Gilman Drive,

La Jolla, California 92093-0307, USA
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The dipole-dipole interaction is anisotropic.

Nuclear Resonance Absorption in Hydrated Crystals:
Fine Structure of the Proton Line

Single crystal
rotation pattern.
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Part Ill: Phospholipid bilayers are essential for
biological relevance.



Mercury transport membrane proteins with 2, 3, and 4
trans-membrane helices.
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Solution NMR of the mercury transport membrane protein MerF in
micelles.
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Effect of “flipping” on MerFt (60aa, 2TM) spectra.
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13C decoupling of a selectively >N Leu (13 sites) and 3C’ Tyr (3
sites) labeled membrane protein.

only one 3C-"°N bond in the protein
Tyr42 - Leu 43
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Resolution, measurement, and assignment of resonances.
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Two orientationally dependent frequencies for each residue
enable calculation of three-dimensional protein structures.

back-calculated spectrum
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Structure and dynamics of terminal domains of MerF.
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MerF (80 aa, 2 TM) vs. chimeric MerTf (114 aa, 3 TM).
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'H-""N NOE
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'H-"N RDC H/D Exch

MerTf chimera in micelles vs. g=3.2 bicelles.
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Vpu of HIV-1.

= 81 residue membrane protein.

= Enhances virus particle release from infected cells.
= Associated with the trans-membrane domain.
= Associated with ion channel activities.
» Affected by “channel-blocking” drugs.

» Facilitates the degradation of CD4/gp160 complex.
= Associated with the cytoplasmic domain.
» Affected by phosphorylation of two conserved serines.

Vpu oligomer forms ion channels HIV budding from membrane
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Tilt angle compensates for hydrophobic mismatch.
No change In rotation angle.
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'H-'5N dipolar coupling (kHz)
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Lipids affect the structure of wild-type Vpu TM.
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Gel electrophoresis suggests that Vpu forms a tetramer.
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Structure varies with the type of biological membrane.

Type of biological membrane | Basolateral Endoplasmic Golgi Apical plasma
plasma reticulum membrane
membrane

Hydrophobic thickness (A) 23.1+086 250+04 27004 30.0+0.3

Predicted tilt angle (degrees) 40 34 :

Tetramer model




A18H mutation makes Vpu of HIV-1 act like M2 of influenza.

M2 TM domain -SSDPLVVAASIIGILHLILWILDRL-
Wild Vpu2-30+ QPIQIAIVALVVAIIIAIVVWSIVIIEGRGGKKKK
A18H Vpu2-30+ QPIQIAIVALVVAIIIHIVVWSIVIIEGRGGKKKK

Jovatlabie anline at waww scencedirect.com

.cuue.@malct' VIROLOQY

ELSEVIER Vimdogy xx (2008) xxx -xxx

wan dsevies coendocase yem

A single amino acid substitution within the transmembrane domain of the
human immunodeficiency virus type | Vpu protein renders simian-human
immunodeficiency virus (SHIV gy 10mca3) susceptible to nmantadine

David R. Hout, Lisa M. Gomez, Erik Pacyniak, Jean-Marie Miller, M. Sarah Hill,
Edward B. Stephens *
Depantman of Anoey and Call Bicdogy University of Kawas Matica! Convar 2001 Ralndow Slod | Kamaas Cieg A5 ol an US4
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A18H mutation makes changes structure of Vpu.

M2 TM domain -SSDPLVVAASIIGILHLILWILDRL-
Wild Vpu2-30+ QPIQIAIVALVVAIIIAIVVWSIVIIEGRGGKKKK
A18H Vpu2-30+ QPIQIAIVALVVAIITIHIVVWSIVIIEGRGGKKKK

Wild-type Vpu TM | A18H Vpu TM
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'H-""N RDC (Hz)

A18H Vpu TM domain: Micelles vs. Bicelles.

Dipolar Waves
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A18H mutation makes HIV-1 infection sensitive to rimantidine.

M2 TM domain -SSDPLVVAASIIGILHLILWILDRL-
Wild Vpu2-30+ QPIQIAIVALVVAIIIAIVVWSIVIIEGRGGKKKK
A18H Vpu2-30+ QPIQIAIVALVVAIITIHIVVWSIVIIEGRGGKKKK

A18H Vpu TM - |A18H Vpu TM + drug|
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Structures of Vpu TM: willd-type vs. A18H mutant.

Wild type Vpu TM A18H Vpu TM + drug




Biotechnology Resource for NMR Molecular Imaging of Proteins
at UCSD.
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