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Recently, structure determination of small peptides and proteins

became possible using MAS (magic angle spinning) solid-state 104 a0 50
NMR spectroscopy.So far, dynamic aspects are not considered 15 - ) AEE"
in uniformly isotopically enriched samples. Information on dynamic PR o7y asgRe
processes are, however, important to properly characterize the 209 S . e 323&4;;’"’"3 e/
function of a protein. In the past, deuterium labeling was used ~— 251 e - RRNEIIE > -/ S
successfully to investigate dynamics in the solid-state NMR in £ 204 . v e ’ )
various crystalline and amorphous solids, such as liquid crystals, = 35 4 N .;

polymers34 biomembrane8,and membrane proteifisThe quad- £ 10 S

rupolar interaction, which dominates the deuterium spectral shape, @ ™ | 3’ 2

is very sensitive to the molecular motion over an extremely large 8 45 i, & .

kinetic window?-8 Anisotropy of the spirrlattice relaxation time, ‘E 50 ° -

T., was used previously in solid-state NMR to study fast molecular & 554 - B DE
motion (108-10"12 s)7 In static solids, molecular dynamics in 8 604 . / T f'?

the slow motion regime (8-10° s) can be investigated by ] s .

selective inversion, decay of quadrupolar order, or 2D exchange 651 e ’ §
spectroscopy. Intermediate motions, 16—10"7 s, are usually 704 o -'":gm
studied by interpretations of the line shape distortions due to 75

anisotropic?H T, relaxation3® We and others could show that —————————
deuteration and back-substitution of exchangeable protons ef- 75 70 65 60 55 50 45 40 35 30 25 20 15 10
ficiently suppress strontH,'H interactions and allow sensitivél 13C Chemical Shift [ppm]

detectiont! determination of long-rang¥,'H distances? and the B c
localization of mobile water molecules in the protein structdre. V/ogsim LJULI

In this communication, we present deuterium NMR experiments ———+J 5
on a uniformly 2H,13C >N-labeled, crystalline sample of the 06
a-spectrin SH3 domain. We show that, using this approach, a wealth vas 0
of dynamic information can be obtained which was not accessible
so far in the solid state. The experiments involve the measurement
of 2H T, relaxation times, as well as the measurement of the tensor
parameters by evolution of th1 chemical shift. The presented 0z
experiments are based on 3D pulse programs employii@,&C V58
correlation in order to resolve individugH atoms. In the , T . , eSS
experiment, magnetization originates fréhh, taking advantage of +50 . . 50 o g 004 000 008 a0 032
theprelatively sh%rt sp'rnlatticegrelaxation time,Tl,gof deuter?um ?H Chemical Shift [kHz] Alsed]
(~ 60 ms for CR3). After a?H chemical shift evolution period, Figure 1. Three-dimension&H,'*C,*3C MAS solid-state NMR correlation
magnetization is transferred frofdl to 13C using cross-polarization.  experiments for ¢H,1*C *N-labeled SH3 ¢, = 10 kHz,°H w/27 = 60
Application of an adiabatic CP o, as suggested by Ems|&, kHz for /2, 40 kHz for CP, and 23 kHz for 2H GARP!® decoupling;

h . . . RFDR mixing time= 3 ms, recycle delay= 250 ms;T = 7 °C. (A) Two-
did not yield an improvement with respect to the obseri dimensional3C 13C projection. (BH spectra along for selected valine-
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resonance intensity. After’dC indirect evolution period, RFDR resonances. The simulated spectrum on the top assumes a two-site jump
homonucleat*C,13C mixing yields magnetization transfer between with a jump angle of 40 (C)2H T, recovery curves for the three alanifie-
neighboringt3C nuclei. To obtairT; recovery curves, 2H 7-pulse resonances in the SH3 domain.

was implemented followed by a dela¥, which was varied from ]

1 to 100 ms prior to théH z/2-read-out pulse. N&H decoupling NMR experiments were performed on a Bruker Avance 600 MHz

is required in all experiments. Instead, deuterium scalar decoupling B Spectrometer equipped Wita 4 mmtriple-resonance MAS

during detection and the indire&iC evolution period was found ~ Probe.

to be beneficial. CP was optimized in order to restrict magnetization  Figure 1A represents the 2B*C—°C plane from the 3D

transfer between directly bondéd and3C (zcp = 2.5 ms). All experiments taken a;(*H) = 0 Hz. Assignments were obtained
previously!” Aliphatic methyl groups display the highest intensity

due to their long?H T,. Aromatic resonances are mostly missing

in the 13C13C correlation due tdH line broadening because of
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* Present address: Laboratoire de RMN bioroaleire, UniversiteClaude

Bernard Lyon 1, CNRS UMR 5180, 69622 Villeurbanne, France. dynamic processes. As an example, Figure 1B displaysthe
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Figure 2. Structural model and experimental electron densities ¢at 1
around residues (A) V23 and (B) V53 in the X-ray structure of the SH3
domain (PDB code: 1U06). The model for side chain V23 was refined
assuming two orientations with equal occupancy.

can be represented well, even by using only a radio frequency field
of 60 and 40 kHz for the excitation pulse and the CP, respectively.
This is due to the fact that crystallite orientations are almost sampled
isotropically due to sample rotation. The spectra for V53 and V58
are characteristic for a methyl group, where the effective quadru-
polar coupling constants are fitted ©0; = 54 and 51 kHz,
respectively, and to an asymmetry paramejer, 0. The smallC,
is a result of fast rotational motion around the pseudo-3-fold
spinning axis'® The spectrum for V23, in contrast, is characterized
by an intense central peak. To fit this spectrum, an asymmetry
parameter ofy = 0 must be assumed.

The best fit for the quadrupolar parameters in the case of/\V23
is obtained if the tensor adopts valuesGyf= 46.6+ 2.1 kHz and
n = 0.59+ 0.1. The nonzero asymmetry parameter and the reduced
value of the quadrupolar coupling constant indicate additional

motion. We simulated the average quadrupolar tensor components

[C,0and Oin case of V23, assuming different motional
processed? The best fit is obtained, assuming a two-site jump
between two equivalent sites with a jump angle of @gure 1B).
The average quadrupolar parameters are ffigi—= 43.6 kHz and
@y0= 0.21. Other motional models yield larger root mean square

functions are orientation dependent in the solid state. Analytical
expressions foll; relaxation rates for a variety of coupling mech-
anisms are derived by Torchia and Szébio. contrast to static solids
or liquid crystalline samples, a concrete motional model cannot
easily be fit to the frequency dependd@ntrelaxation rates? due to
almost isotropic sampling of all crystallite orientations during MAS.
In conclusion, we could show that deuterium NMR experiments
are possible in the solid state to characterize dynamics, using
uniformly 2H,13C 15N isotopically enriched proteins. The described
experiments are, in particular, conservative with respect to sample
heating and are beneficial for sample stability since no proton
decoupling is required in neither ti#1 nor the 3C dimension.
We expect that this approach will find widespread use in the
characterization of the dynamics of membrane proteins or of
amyloidogenic peptides and proteins.
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