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It has long been recognized that stereospecific reso- angles in asparagine and glutamine side chains, respec-
tively, and it may not always be obvious which resonancenance assignments significantly improve the quality of

protein structures determined by NMR (1–8 ) . Both the belongs to which position. Especially in larger proteins,
the analysis of intraresidual NOE intensities can be ren-number and the precision of distance constraints involv-

ing diastereotopic methylene protons and isopropyl dered difficult by spin diffusion and spectral overlap. In
this Communication, a sensitive two-dimensional methodmethyl protons is enhanced when this kind of information

is available. Without taking recourse to long-range dipo- is described which exploits vicinal 1H, 13C couplings in
order to differentiate between the two positions.lar interactions in known tertiary structures, these assign-

ments can be obtained from a combination of vicinal cou- The pulse scheme depicted in Fig. 1 is based on the
HNCO experiment ( 28 ) , employing an HSQC- ratherpling constants and intraresidual NOEs. The most reliable

strategy makes use of the incorporation of stereoselec- than an HMQC-type transfer between 15N and 13CO spins.
Since 15N antiphase magnetization with respect to thetively deuterated amino acids (9–14 ) or biosynthetically

directed fractional 13C labeling (15–18 ) . A similar ap- attached protons is not refocused, correlations of the side-
chain amide groups can be detected with the same inten-proach is, of course, not applicable for the individual

assignment of exchanging nuclei such as side-chain am- sity as those of the polypeptide backbone. In uniformly
13C-labeled proteins, the evolution of the one-bond cou-ide protons of asparagine and glutamine residues. Al-

though methods have been introduced for the selective pling between the carbonyls and the directly bound ali-
phatic carbons leads to a splitting of the cross peaks indetection of NH2 groups (19, 20 ) , no distinction can be

made for signals of protons in the trans (H d21 and H e21 the F1 dimension. Pulses on 13CO are applied band-selec-
tively in order not to disturb the spin states of the aliphaticfor Asn and Gln, respectively ) and cis (H d22 and H e22 )
carbons. As a result, E.COSY-like ( 29 ) multiplets areconfiguration with respect to the carbonyl oxygen.
obtained from which 3 J (H d , Cb) and 3 J (H e , C g) couplingIn random conformations, a chemical-shift difference
constants can be determined for asparagine and glutamineof approximately 0.7 ppm was reported for the two gemi-
side chains, respectively. Solvent suppression is achievednal protons ( 21 ) . The resonance frequencies for the trans
with the WATERGATE (30 ) technique, while the satura-protons of primary amide groups in small organic com-
tion of the water magnetization is avoided by keeping itpounds (22 ) and Asn and Gln derivatives (23 ) , as well
along the z axis during the application of B0-gradientas in Asn-containing peptides (24 ) , were correspondingly
pulses with the use of water-selective 907 pulses ( 31, 32 ) .found to appear to low field from those of the cis protons,
The final 15N pulse is displaced from the center of thebut in proteins this order can be reversed by the influence
reverse INEPT delay (33 ) , allowing the use of longerof aromatic rings in the vicinity of the NH2 groups or by
and thus more selective pulses on the H2O resonance,hydrogen-bond formation. In some cases, the individual
while fixing the duration for refocusing of proton anti-assignment can be obtained on the basis of intraresidual
phase magnetization at (2 1 JNH )01 Å 2t*.( i.e., Hb–H d , H g–H e) NOE contacts (25–27 ) as sug-

The H2 (N)CO–E.COSY sequence was applied to thegested by Montelione et al. (24 ) . The intensity ratio be-
individual assignment of side-chain amide resonances oftween the intraresidual NOE cross peaks of the trans and
13C / 15N-labeled flavodoxin from the sulfate-reducing or-cis protons, however, depends on the x 2 and x 3 torsion
ganism Desulfovibrio vulgaris. The protein, which con-
sists of 147 amino acids and a noncovalently bound FMN
molecule, was dissolved in 10 mM potassium phosphate* To whom correspondence should be addressed.
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FIG. 1. Pulse scheme for the H2(N)CO–E.COSY experiment. Narrow and wide bars denote hard 907 and 1807 rectangular pulses, respectively.
Band-selective excitation and inversion of the carbonyl spins is achieved by using G4 and G3 Gaussian cascades (35) with a duration of 0.5 ms, applied
at an offset of 175.7 ppm. The second G4 pulse has a time-reversed amplitude profile. GARP-1 modulation (36) with an RF field strength of 0.75 kHz
is used for 15N decoupling during acquisition. The proton carrier is placed at the position of the H2O resonance throughout the sequence. Gaussian-
shaped pulses with a duration of 2.5 ms are employed for selective excitation of the water signal. The durations and strengths of the sine-bell shaped z-
gradient pulses are G1, 1 ms, 10 G cm01 ; and G2, 0.8 ms, 35 G cm01 . Phase cycling is as follows: f1 Å x , 0x ; f2 Å y , 0y ; f3 Å 2(x) , 2(0x) , f4

Å y ; f5 Å 4(x) , 4(0x) ; f6 Å 0x ; rec. Å x , 2(0x) , x , 0x , 2(x) , 0x . The phase of the selective proton pulses is adjusted to compensate for a small
phase difference with respect to hard pulses caused by the change of power levels. Nonlabeled pulses are applied along the x axis. Quadrature in the
13CO dimension is achieved by TPPI (37) applied to f5 . Delay durations are t Å 2.3 ms, d Å 12 ms, t* Å 2.7 ms.

buffer, pH 7, containing 5% D2O (sample concentration: in Fig. 2. Due to the large difference of the vicinal cou-
pling constants within one pair of amide protons, a dis-1.4 mM ) . A trace amount of NaN3 was added to prevent

bacterial growth. The experiment was performed at a tem- tinction of the two positions can be achieved merely by
visual inspection, rendering a quantitative evaluation ofperature of 277C on a Bruker DMX 600 spectrometer,

equipped with an actively shielded z-gradient triple-reso- the E.COSY multiplet patterns unnecessary. As can be
seen in Fig. 2 for Asn 114, this holds true even in thenance probe and a gradient amplifier unit. Spectral widths

were 3125 Hz in F1 and 9058 Hz in F2 . For each of presence of partial overlap. Note that in the case of Gln
121 the order of chemical shifts is reversed when com-352 t1 values, 2048 complex data points were recorded,

corresponding to acquisition times of 56.3 ms in t1 and pared to the random-coil values.
Since the H2 (N)CO–E.COSY spectrum recorded with226.1 ms in t2 . Accumulation of 16 scans per increment

resulted in a measuring time of 1.75 h. Time-domain data the pulse sequence in Fig. 1 also contains signals of the
backbone amide groups, additional information aboutwere multiplied by squared sine-bell functions shifted by

707 and 907 in t1 and t2 , respectively. Zero-filling was 3 J (H N =
(i ) , C a

(i01 ) ) couplings, which depend on the v torsion
applied prior to Fourier transformation to yield a digital angle, is obtained. Therefore, the method is suitable for
resolution of 6.1 Hz/point in the 13CO domain and 0.55 the detection of cis peptide bonds for all but proline resi-
Hz /point in the 1HN domain. dues. As judged from the small 3 J (H N =

(i ) , C a
(i01 ) ) coupling

Due to the partial-double-bond character of the CO– constants, all peptide bonds in flavodoxin were found in
NH2 linkage, the two amide protons adopt a syn- and an the trans configuration, with the exception of a few cases
antiperiplanar conformation with respect to the carbon where overlap obscured the E.COSY patterns.
atom directly bound to the carbonyl group. Consequently, In conclusion, a pulse sequence has been proposed
one large and one smaller 3 J (H d (e ) , C b(g ) ) coupling con- which provides unambiguous stereospecific resonance as-
stant can be expected for asparagine (glutamine ) resi- signments for side-chain amide protons in doubly labeled
dues. For acetamide, a value of 7.1 Hz for the coupling polypeptides in a relatively short measuring time. The
between the methyl carbon and one of the amide protons distinction relies on the different magnitudes of the scalar
and a vanishingly small coupling for the second proton couplings involving the vicinal carbon spins. In larger
was reported (34 ) . With the use of the H2 (N)CO– proteins, where spectral overlap may prevent the evalua-
E.COSY experiment, 3 J (H d ( e )22 , C b(g ) ) coupling con- tion of the E.COSY-type multiplets, the resolution can
stants ranging from 5.5 to 7.2 Hz and 3 J (H d ( e ) 21 , Cb(g ) ) easily be improved by exploiting the dispersion of 15N
coupling constants between 0.5 and 1.0 Hz were deter- chemical shifts in a third dimension. Alternatively, the
mined for the two asparagine and the three glutamine experiment could be modified to an NH2-filtered version
residues of flavodoxin. Thus, stereospecific assignments (20 ) in order to eliminate cross peaks from backbone

H(N)CO-correlations.could be obtained in each case. Three examples are shown
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