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In recent years solid-state magic-angle-spinning (MAS) NMR
has developed into a structure determination technique for biological
macromolecule$:? It is particularly suited to the study of
membrane proteids* and membrane protein-bound ligahatsnear ‘g B R
native conditions. However, a prerequisite to NMR studies, and
the most time-consuming step, is always the assignment of
resonances to specific nuclei within the protein. While near-full
solid-state NMR assignments have been obtained for a number of o
small soluble proteiris? this still remains a difficult task for larger B } o
membrane proteins, including for the 281-residue outer membrane | ﬁno}mc
protein G (OmpG) fromE.coli.5~8 Problems arise from signal
overlap and fast longitudinal and transverse relaxation, caused in i@%}fg ;@p}ff/’:[;x ©
part by dynamics effects. In addition, membrane protein preparations /
tend to reduce th@-factor of the coil, which can result in the need 2 e
for a trade off between increased sample heating and insufficient & o = = - = % 7
compensation of dipolar interactions. Heating issues can to some 13 [ppm]
extent be addressed using novel coil desfybsit most of the Figure 1. 13C-13C proton-driven spin diffusion spectrum of OmpG-GAFY
sources of fast relaxation are difficult to overcome and thus broad recorded at 900 MHz with a 20 ms (black) and 700 ms (red) mixing time.
lines and reduced signal intensities in PDSD spectra are often Intra- (black) and inter-residual (red) cross-peak regions are indicated.
unavoidable. Thus alongside spectral editing techniaeduced v\ ¢\ ;stom produced by Cambridge Isotope Laboratories (CIL).
isotope labeling scheme which will decrease the number of |5 qgition, glycine and alanine were uniformly labeled since the
obse_rvable _nuclel is an |nd|spen5|ble method for improving spectral OmpG sequence contains numerous sequential occurrences of Gly
quality. While samples derived from the use of [£!8]- and and Ala with Phe and Tyr. Gly and Ala also have the advantage
[2-1*C]-labeled glycerol in the bacterial growth medium are useful o they are easily identified by their chemical shifts. The sample
for restraint generation at the structure calculation stabey are (hereafter referred to as OmpG-GAFY) was expressed, purified,
not sufficient for extensive assignment since ttie @x and (3 refolded and reconstituted into 2D crystals following the protocols
sites are never simultaneously labeled. An alternative is to use of Marley et al'2 and Hiller et aF
samples in which labeling is only applied to certain amino acid As can be seen indC—13C proton-driven spin diffusion (PDSD)

types. However, it is necessary to restore the favorable Cross'spectrum of OMpG-GAFY (Figure 1)dc-C3 signals for Phe, Tyr,
relaxation properties of the glycerol samples in order to obtain inter- and Ala and the @—C' cross-peaks for Gly and Ala are visible

residue cross-peaks which are important for successful sequential, addition, weak Ser @&Cf and Qx—C' peaks are also present.
ass_ignme_nt. A suitable strategy for this r_n_ight b_e to label several This is due to theE.coli metabolism which produces serine from
amlnlo acids qnly at t_he N, d:gnd @ positions (!.e., {5’_\”' and glycine®® While there are still problems with overlap in the Phe/
[2,3-13C]-labeling) while selecting other short amino acid types for Tyr and Ala Qx—C§ signal clusters, the spectrum is considerably
full labeling. This will additionally significantly reduce overlap in less crowded than that of the uniformly labeled samipFée Phe
NCO-type experimen%é and_ aid u_nambiguou_s sequ_ential assign- and Tyr Gx—Cp cross-peaks are more intense and new peaks appear
ment. In_ r_elatlon to a_romatlc residues, and in pa_lrtlcular thgir C in the OMpG-GAFY spectrum compared to the uniformly labeled
signals, it is worth noting that they are often weak in carbon spectra OmpG (OmpG-uni) spectrum (Figure 2a). The peak intensities

of uniformly labeled samples. This situation can potentially be j55ye more significantly than the line widths which suggests that
improved by reducing the number of carbon labels, for example, o major cause of the poor spectral quality in the OmpG-uni

by incorporating [2'3'3C]'|f"b6|ed phenylalanines and tyrosines.  go.4rym is the ring system acting as a “magnetization sink”. This
This will remove the @—C' and G3—Cy J-couplings and ensures 5 aqgitionally supported by the fact that*C—C DREAM
that the ar_omatlc ring (whlc_h undergoes fast rel_axa_tlon_) does not experimenitt optimized for the aromatic @Cf cross-peaks further
act as a *sink”, rapidly causing a loss of magnetization in the Phe j, o565 the signal intensity, but to a far greater extent for OmpG-
and Tyr spin systems. . uni than for OmpG-GAFY (Figure 2b). Line widths are similar in

So as to address these issues we prepared a specifically labeled); hectra and are comparable to those of peaks from other spin

. o ) . .

sample of OmpG which contain$*N, 2,3**Cl-labeled Phe and oy siems. The OmpG-GAFY sample with [2%]-labeled aromatic

t Leibniz-Institut fir Molekulare Pharmakologie. residues thus has the mgjor advantagg that pea!< intensities are n.early

* Max-Planck-Institut fu Biophysik. those of an OmpG-uni band-selective experiment, even during
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[2,3-13C]- and short U-3C]-labeled amino acids has eased the
interpretation of NCO- and NCA-type spectra. In addition, it has
the advantage compared to the [13@]- and [243C]-glycerol
labeling schemes that there is a direct connection betweendahe C
and @ chemical shifts by which to identify the spin systems.
Furthermore, [2,3%C]-labeling provides the spectral quality of
band-selective experiments while allowing broadband experiments
to be recorded.

Another strategy for the labeling of membrane proteins is reverse
labeling in which certain amino acid types can be suppressed using

¢ [ppm] 3¢ [ppm]

Figure 2. (a) Overlay of13C-13C PDSD spectra (20 ms mixing time)
recorded at 900 MHz on OmpG-uni (black) and OmpG-GAFY (red); (b)
1D traces of the spectra in panel a at the dotted line as well as from 2D

13C-13C DREAM spectra (1.5 ms, optimized for aromatio/Cf3 cross- unlabeled amino acid$:®* Hong and Jakes combine this with the
peaks) recorded at 900 MHz on OmpG-uni (blue) and OmpG-GAFY use of [213C]-glycerol® which provides samples which are good
(green). for collecting structural restraints, but less advantageous for assign-

broadbanded experiments. This is of particular importance for ment. The labeling scheme presented here should be applicable and
obtaining long-range and certain sequential cross-peaks which! invaluable to a wide variety of large membrane proteins, enabling
require long mixing times. This would not be possible with DREAM assignment of this important class of proteins in a first step toward
or other band-selective pulse sequences since the intense and cor;[he" structural characterization.
tinued irradiation over a long mixing time would lead to increased  Acknowledgment. We thank Dr. Anne Diehl for helpful
sample heating and thus sample degradation. discussions and CIL for custom synthesis of [#@}-abeled amino
The assignment of OmpG-GAFY was achieved by a combina- acids. This work was supported by grants from the BMBF
torial use of PDSD, NCACX, NCOCX, and REDOR spectra. The (ProAMP) and the SFB 449 of the DFG.
3D NCACX spectrum with 20 ms PDSD mixing contains strong
intraresidual peaks and was used initially to identify the N, C
Cj, and C chemical shifts for each of the spin systems. Some
overlap could not be resolved, but all alanines, 96% of the glycines,
and 85% of the aromatics were identified. Sequential inter-residue
correlations involving Ala and Gly could be derived from the
NCOCX and REDOR spectra, as these provide links frontoN
Ci-1, Coi—1, and @i—;. Both sequential and long-range links ) ) )
involving all types of labeled residue were observed in the 3D (@) gggﬁ'i'ﬁgt" E'N;ﬁﬂeg%sc)szuznéq%s?fg% A Schubert, M.; Rehbein, K.;
NCACX and 2D3C-13C PDSD spectra recorded with long PDSD (2) Seidel, K.: Etzkorn, M.; Heise, H.: Becker, S.: Baldus,@hem. Biochem.
mixing times (306-700 ms). For an unambiguous identification 2005 6, 1638-1647. Zech, S. G, Wand, A. J.; McDermott, A.EAm.

. . X Chem. Soc2005 127, 8618-8626.
of the GAFY motifs, either the NCOCX or PDSD spectra (with (3) Hiller, M.; Krabben, L.; Vinothkumar, K. R.; Castellani, F.; van Rossum,

Supporting Information Available: Details of sample preparation
and NMR experiments; a list of resonance assignments; figures of
assigned spectra, the AYY motif assignment, and the X3 and
[2-13C]-glycerol labeling patterns. This material is available free of
charge via the Internet at http://pubs.acs.org.
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