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Much progress has recently been made in the field of solid-state y
NMR of isotope {3C, 15N)-enriched biomolecules, leading to the 1H I@ ‘
first protein structure solved by solid-state NMROne of the 4 . . .
principal factors limiting the study of larger systems remains spec- I‘T t ﬂz e f’ - lf
tral resolution. In uniformly $3C-labeled compounds such as 1(coy [°P 2 2 ) ™
proteins, the!3C—13C J-couplings constitute a significant con-

Y
tribution to the line width in magic-angle-spinning (MAS) spec- S(CY) ﬂ € l\/\tlz\
tra. J-decoupling techniques for solid-state NMR using semiselec- ' AY Y

tive pulses were first proposed in 1996 by Straus éttal.en- Fioure 1. Pul itable for BAS ( co-cv) lati
P . Figure 1. Pulse sequence suitable for eg., correlation
hance the spectral resolution in indirectly detected spectral di experiment; 90and 180 rf pulses are represented by filled and open bars,

mensions. He_rg, we present the .application of Spin-sta.te' seleC-respectively. The CO pulses are applied with the shape of the center lobe
tive and transition-selective polarization transfer to multidimen- of a (sinx)/x function, whereas the ©pulses were rectangular with; =
sional solid-state NMR correlation experiments 6€-labeled AIN/15 (90) and A/v/3 (18C), whereA is the difference in Hz between

proteins. We show that single-transition selection removes the the centers of the CO and*Gpectral regions. All pulses are applied along
line broadening due to théxoa, Spin coupling in both direct and the x axis unless indicated. An eight-step phase cycle was appliedpwith
N . . . . @ . = 4X, 4(—X); ¢2 = X, Y, =X, —Y; drec = X, =X, X, =X, =X, X, =X, X The
indirect dimensions of a two-dimensional €G correlation constant time delayRis adjusted to (qcoc,) L. Four data sets (A1), (A2),
experiment. A nearly two-fold improvement in line width is thus  (B1), and (B2) are recorded. A- and B-type experiments are used to separate
obtained on a sample of microcrystalline Crh, an 85-residue pro- theI-spin transitions using IPAP with the following settings: (A}= 0,

tein involved in carbon catabolite repressionBacillus subtilis ¢3 = —xand (B)e =T, ¢3 = y. Each of the experiments A and B are

. . . . recorded twice by setting alternatively the phageo x and —x. Addition
for which solid-state NMR chemical shifts have recently been of the two data sets yields in-phase spectrasin(A1, B1), subtraction

assigned. yields spectra anti-phase iy (A2, B2). Linear combinations (A% 6B1)
Spin-state-selective NMR techniques have been developed in=+ k(A2 + 0B2) yield the four different single-transition correlation spectra

liquid-state NMR spectroscopy for the measurement of smaltspin ~ (aa, o, fo, Bf) with 6 = +1 or —1 andk a scaling factor taking into

spin coupling constants and for transverse-relaxation-optimized account the different PDSD transfer amplitudes. The pulse sequence is
available from our websité or upon request.

spectroscopy (TROSY).Recently, we have demonstrated the

feasibility of homonuclear spin-state selection in the solid sState,

even forJ-couplings that are not resolved, using arphase-anti-

phase (IPAP)-type selection filtéTo perform a multidimensional

experiment, the selected transition of the first spinevolving

DEC ‘ ‘ DEC ‘

The pulse sequence shown in Figure 1 yields a spin-state-
selective CG-C* correlation experiment using PDSD. After cross-
polarization, bothl (CO) transitions are separated into different
. : o subspectra with respect to tl(C*) spin by an IPAP sequence.
during t; should be transferred to a single-transition of a second Thet, period is built into the IPAP sequence, providing a constant

spm, S by means of an appropriate mixing sequence. Generally, time (CT) experiment2 PDSD then yields spin-state-selective CO
spin-state-selective coherence transfer is obtained through zero-

7 doubl D iGs. 7 ; — C polarization transfer. During the PDSD mixing period, CO
quantum (ZQ) or ou e-guantum (DQ) rotations.ZQ rotathn polarization (,) is transferred to €polarization &) by the dipolar
“conserves” the spin statel,& — 1°S), and a DQ rotation

. - . coupling, but the two-spin ordell B,, present aftet; evolution, is
“reverses” the spin staté,8 — 15S). In liquid-state NMR, spin- Ping P 2 P !

state-selective coherence transfer is obtained using planar mixingnOt affected by the dipolar coupling. Since the build-ugSpfnd
} the decay of depend differently on the mixing tima,x, and
or SCT building blocks® Similar J-based spin-state-selective y of BS, dep y g *

i fer techni Idb . dinth lid state. H to obtain proper spin-state selection independent,gf the two
ranstertechniques could be envisaged in e solid state. Owever’poIarization-transfer pathways are separated into different subspectra

schemes using _the_ dipola_lr coupling may be more apprppriate_for by an appropriate two-step phase cycle, as detailed in the caption
solld-st_ate appllcatlo_ns since _most of the (many) existing solid- of Figure 1. By separating the in-phase and anti-phase components
state dipolar correlation techniques under MAS have a ZQ or DQ of the S:spin coherence during detectidg) (their relative amplitude

average Hamiltonian, and may therefore be used directly for spin- can be adjusted by an appropriate scaling fata yield proper
state-selective polarization or coherence transfer. Common example%pin_sta,[e selection

of such sequences are proton-driven spin diffusion (PB3Dy Figure 2 shows theao{o)-subspectrum recorded for a micro-
10 Wi - ; ; ~
RFDR,® with a ZQ-average Hamiltonian, and C7, POST-C7, and crystalline sample of uniformly*C—15N-labeled Crh using the

SPCS with a DQ-average Hamiltoniah. sequence of Figure 1, compared to a standard PDSD correlation

T Laboratoire de Chimie, UMR 5532 CNRS/ENS, Ecole Normale Hapee spectrum. Spin-state selection provides a remarkable increase in
de Lyon. i i ; i i ; ;

# Insiitut de Biologie Structurale Jean-Pierre Ebel CNRS/CEA. resolution in both cﬁmensmns. Specifically, the line width of the

§ Institut de Biologie et Chimie des Pfates, UMR 5086 CNRS. Gly49 cross-peak is enhanced by 44 and 17% féra@d CO
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Figure 3. (a) Sub-spectra (A1), (A2), (B1), and (B2) recorded using the
spin-state-selective CEC*-PDSD experiment of Figure 1. Experimental
details are given in the caption of Figure 2. (b) Separation of the four cross-
peak transitions obtained by linear combination of the spectra in (a). For

Figure 2. CO—C® region of the standard (a) and theo(-spin-state- clarity, only the Gly49 cross-peak region is shown. Contours are drawn at
selective (b) PDSD spectrum of microcrystalline Crh. The second spectrum the same levels for all spectra.

was obtained from the linear combination A1B1 + k(A2 + B2), with

k = 0.7. Columns (normalized) are shown for each spectrum through the . . . .
G49 resonance. Both experiments were performed on a Bruker Avance fféquency shift along the detection dimensian)(between thedc)

spectrometer operating atlal frequency of 500.13 MHz wit a 4 mm and @f), or (Ba) and (33) subspectra. Thus, the new experiment
double-resonance CP/MAS probe. The temperature was set to 269 K, andprovides a simple way of distinguishing: @om side-chain carbons

the MAS frequency was 11 kHz. CP contact time was 1.8 ms. SPIRAL (e.g. @ of Thr and Ser residues as T62, S31, S56) by comparison
1H decoupling was used witly; = 78 kHz. Tmix was 30 ms. Acquisition of subspectra

timest;™® = 9.2 ms with States quadrature detection &i&# = 25 ms ) . .
were used. The experimental time was 26 h and 0 h for the standard In conclusion, we have introduced a new experimental approach
and the spin-state-selective spectra, respectively. Cosine apodization wasvhich provides significant resolution enhancement in multidimen-
applied in both dimensions prior to Fourier t_ransfqrmation. For both spectra, sional solid-state NMR correlation experiments. Resolution en-
the first contour level was setto 15% of the intensity of the Gly49resonance, jyancement is achieved by using transition-selective excitation and
with a factor of 1.4 between levels. Cross-peaks discussed in the text are . . . L .
annotated in (b). transfer techniques. Spin-state-selective polarization transfer is
obtained using standard ZQ solid-state NMR mixing sequences.
dimensions, respectively. The resolution enhancement is moreSimilar results are expected for transfer sequences based on DQ
pronounced in the €dimension because of the longer acquisition rotations. The new experiment can be easily extended to higher-
time used for direct detection. Note that becauséi@dine widths dimensional experiments. In addition, spin-state-selective correlation
in solid-state NMR are dominated by refocusable interacti6is, experiments allow the distinction of “direct” transfer peaks,
CT experiments do not provide a significant increase in resolution. involving covalently bound nuclei, and “relayed” transfer peaks.
However, the insertion af evolution into the IPAP block allows  The new experiment is robust and very sensitive. It is expected to
a shortening of the sequence, and thus in this case the use of a Cbhecome widespread in solid-state NMR of proteins.
sequence yields improved sensitivity.

The efficiency of the spin-state-selective experiment compared
to the standard PDSD experiment was estimated from measured _ _ _
cross-peak amplitudes to be about 65%. The loss is mainly due to @) gggﬁi'i'ggt': EZNZﬁjnreRz%sc)szuTz'QBéa?lehl' A.; Schubert, M.; Rehbein, K.
the 2T = 9.2 ms delay in the IPAP filter (under these conditions  (2) sStraus, S. K.; Bremi, T.; Ernst, R. Rhem. Phys. Lettl996 262, 709.
about 20% of the carboxyl magnetization is lost during a 9.2 ms ©) Egicgg?fﬂ?m%héz?r%% é,';’ F?:A'i’r‘]"e'f:v. ;Agawucg u?féigrmllj.df\n\N/lhﬁ]ggé M.;
simple spir-echo experimenf.As we have shown recentht® In press.

this signal loss is greatly reduced by using high-pover Q] BesNAusggbKéZRli%ég'; Wider, G.; Wrich, K. Proc. Natl. Acad. Sci.
decoupling during the filter delay and faster spinning of the sample. (5) Duma, L.; Hediger, S.; Lesage, A.. Emsley, 1.Magn. Reson2003
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