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We report a novel two-dimensional NMR pulse scheme for the
'H-detected observation of 2H in isotopically **C, 2H-enriched car-
bohydrates. This scheme is used for the indirect observation of
residual quadrupolar couplings in *C, 2H-enriched methyl-3-D-
glucopyranoside weakly aligned in a dilute lyotropic liquid-
crystalline medium comprising 20% (w/v) dihexanoyl-phos-
phatidylcholine/dimyristoyl-phosphatidylcholine (1:3 mol/mol) in
D,0. The observed residual quadrupolar couplings are substan-
tially larger than residual dipolar one-bond **C-*H couplings un-
der the same experimental conditions. These quadrupolar cou-
plings are thus a useful alternative to dipolar couplings for the
structural analysis of small molecules that align very weakly in di-
lute liquid-crystalline media. Moreover, since the quadrupolar cou-
pling constant is very uniform throughout endocyclic deuterons

high degree of alignment to be used without significant line
broadening fromtH-tH dipolar couplings, while at the same
time giving rise to substantial residu@H quadrupolar cou-
plings. The pulse scheme for this experiment is illustrated ir
Fig. 1. Magnetization on a given proton is transferred to the at
tached carbon by an INEPT sequence, followed by refocusin
of the one-bond C-H coupling during the perioél Magne-
tization evolves under the influence of the one-bd#@-3C
scalar couplindJcc during the period 2, followed by COSY-
like transfer to the neighboring carbon(s) in a manner entirely
analogous to HCCH-type experiment® @). During the pe-
riod 2A, carbon magnetization is refocused under the influ-
ence oflJcc, and antiphasé®C—?H magnetization is created

of the carbohydrate, these data suggest that adoption of a sin-
gle average value of this parameter in ?H relaxation studies on
the glycan moieties of glycoproteins and glycopeptides is a valid
assumption.  © 2001 Academic Press
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during the delay 2 under the influence of the one-bohtC—
2H scalar couplindJcp. This magnetization is then transferred
in a COSY-like manner to the attachéd by the simultane-
ous'3C and?H 90° pulses. Deuterium magnetization evolves
during thet; period with 3C decoupling, followed by trans-
fer back to the attached carbon and the neighboring proto
by the reverse of the pathway described. The two-dimension:
The measurement of residual dipolar couplings in weakgpectrum thus correlaté$d resonances irF; with H reso-
aligned macromolecules is currently of great interest in viemances of neighboring proton(s) k3. In view of the similarity
of their value as long-range structural restraints. While eartf the magnetization transfer to conventional HCCH spec:
studies utilized the very small degree of alignment induced Itypscopy ¥, 8), we suggest the acronym HCCD for this exper-
high magnetic fieldsl(-3), more recently dilute lyotropic liquid- iment. A typical spectrum obtained for 50 mM 979¢C, 97%
crystalline phases have been used to induce much stronger alfgirenriched methy-o-glucopyranoside in a dilute liquid-
ment, giving rise to residual one-bond dipolar couplings tens ofystalline medium comprising 20% (w/v) DHPC : DMPC (1: 3,
hertz in magnitude4-6). By analogy, quadrupolar couplingsw/w) in D,0 is shown in Fig. 2. The high degree of overlap in
inl > % nuclei are not averaged to 0 in oriented moleculds ( the 2H dimension is overcome in large part by the dispersior
Indeed, the residual quadrupolar splitting of the solvent deafforded in thetH dimension, and resonance assignment of the
terium resonance is a useful tool for confirming magnetic aligH spectrum is straightforward given knowledge of thereso-
ment of the liquid-crystalline phasé)( A significant barrier to nance assignments. Despite the small size of the solute, residt
the practical application of residu@H quadrupolar couplings quadrupolar couplings of substantial magnitude are observe
in structural studies concerns the low sensitivity of this nucleudable 1). These are much larger than the residual one-bor
Here, we illustrate that this difficulty can be overcome in th€C-H dipolar couplings that can be measured by compari
case of carbohydrates by application of a novel two-dimensiorsain of3C—H splittings in isotropic vs liquid-crystalline phases
pulse scheme applied t697% 3C, 97% ?H-enriched ma- in the same sample (Table 1). Accurate measurement of th
terial. Use of highly deuterated material enables a relativefyadrupolar splittings is very straightforward from the spectrurn
of Fig. 2 given their magnitude and the narréiwspectral width.
1To whom correspondence should be addressed. Fax: + 44 113 233 318owever, unlikel®C-H splittings in dilute liquid-crystalline
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FIG.1. Pulse scheme for the acquisition of proton-deteétédpectra oft3C (97%),2H (97%)-enriched oligosaccharides. Thin bars representtbigk bars
represent 180RF pulses, and open bars represent gradient pulses alo@gatkis. All pulses for which the phase is not indicated are applied along xhaxis.
Phase cycling is as followgi; = X, —X, X, —X; ¢2 = X, X, =X, —X; ¢3 = X, —X, —X, X. Quadrature detection in; was obtained using the States—TPP| method
on¢1. Decoupling oft3C duringw, was achieved with GARP, using an RF field strength of 3.1 kHz. Delays are as fotlew4:65 ms [1/(4Jcp)], T = 3.3 ms
[1/(8%c0)], 8 = 1.6 ms [1/(41Jcw)], € = 5.7 ms [1/(81 Jcp)]. The delayA is set to the valua/(8L Jcc) (n = 3,5, . . .) such that the delax—¢ > O wheren =5
in this application, giving a delay of 15 ms. Gradient pulses were applied with a duration of 1 ms and with strengtlss@ém, G1= 5 G/cm, G2= 4 G/cm,

G3 = 4 G/cm, G4= 6 G/cm, G5= —4 G/cm, G6= —4 G/cm, G7= 5 G/cm. The unshaded 18&H pulses may be required in samples with enrichment
lower than that in the present study (e.g., 50%) in order to suppress artifacts fromgralpings.

media which are determined by the sum of the one-bond scalathe functional dependence of these couplirdd}, @ssuming
and residual dipolar couplingsJt 4 + 'Dc n) (5), the splittings  the principal axis of the electric field gradient tensor is parallel
observed in the HCCD are pure quadrupolar couplings, deriviedthe C—D bond.

from the splitting of the two degenerate= +1 transitions by ~ The magnitude of th&H quadrupolar coupling constant is de-
the quadrupolar interactio®), The scalatJcp coupling fur- termined by the electric field gradient at the deuterium nucleus
ther splits each transition, giving rise to a doublet of double®he main determinant of this field gradient is the electrons do.
in Fy in the absence dfC decoupling. Unlike dipolar coupling nated by the nucleus to whidH is directly bonded 11). In
measurements, it is thus not possible to determine the signtloé present example thiéd quadrupolar couplings are scaled
the quadrupolar coupling given knowledge’dé p. However, due to weak alignment of the molecule, in a manner entirely
the sign of the quadrupolar couplings can be determined in thealogous to dipolar coupling®,(5). For an assumed axially
current example from the signs of the dipolar couplings for easlgmmetric field gradient tensor with a principal axis parallel to
equivalent bond vector—for a given bond vector orientatiothe C—D bond, the terms of the Saupe matti®)(that describe
quadrupolar and dipolar couplings will be of opposite sign duke alignment of the molecule are identical for both quadrupola
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FIG.2. (a) Two-dimensional 500-MHZH(w1), 2H(w>) correlation spectrum of uniformB2C (97%),2H (97%)-enriched methyB-glucopyranoside (30 mM
in 700 1l 20% (w/v) DHPC : DMPC (1: 3 (w/w)). Each proton correlates with neighboring deuteron(s), and the relevant assignments are given in the conver
notation.
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TABLE 1 In conclusion, we have described a pulse scheme that can |

Residual Quadrupolar and Dipolar Couplings in Uniformly —applied in the measurement of residual quadrupolar coupling
Enriched Methyl-3-[13C (97%), 2H (97%)] Glucopyranoside in a  in weakly aligned-3C, ?H-enriched carbohydrates. The magni-

Dilute Liquid-Crystalline Medium tudes of these couplings are substantially larger than those
" s . ; e

Residual quadrupolar Residual dipolarre3|dual C—H dipolar co_upllngs at the same degree of align
Deuteron coupling coupling ment. Quadrupolar couplings can thus be measured to accura

higher than that of dipolar couplings for small molecules that

B; :ggg 2‘21 8‘2 align very weakly in dilute liquid-crystalline media. They may

D3 n/a 404+ 0.2 be of particular value in studies on the bound-state conforme
D4 —270 53404 tions of ligands in the fast-exchange regime, where the fractio
D5 -27.8 54+0.2 of ligand bound is very small due either to very weak binding
D6 42.3 —76+02 or to limited concentrations of protein. Although this approach
D& —556 93+04  can in principle be applied to other systems amenable to un
Note.n/a: not measurable due to low intensity. form 13C and fractionaPH enrichment, application to larger

& Error determined from three independent measurements to be within digigghlecules will be limited b)}H relaxation times.
resolution (¢-0.15 Hz).

b Values reported for the equivalent C—H bond vectors. Error values deter-
mined from three independent measurements. ACKNOWLEDGMENTS
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