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Vicinal spin—spin coupling constants can provide direct
information about local conformation. A variety of NMR

J. Am. Chem. S0d.997,119, 1468-1469

A HI e oS r ’mm_ﬁl%@*ta_
SN Pt alitadaen rowe
e LF6f|al n
13 L 9g
co A A M) A
G. | R

B H / I\

Nl |
13001 ‘

‘oo | a|
G,

methods have been developed to determine the magnitude Ofigyre 1. Pulse scheme of thektoupled H(N)CA,CO experiment
homonuclear and heteronuclear couplings in isotopically labeled without (version A) and with (version B) chemical shift scaling in the

proteins! Due to the ambiguity inherent to Karplus-type
relations? accurate torsion angles can only be derived from a

13C’ dimension. Narrow and wide pulses denote 90 and flj0angles,
respectively. The proton carrier frequency is placed on the water

combination of several coupling constants. For the polypeptide resonance and is shifted to the center of the amide region for the DIPSI-

backbone anglep, the measurement otJ(C,H) coupling
constant¥> supplements the structural information available
from 3J(HN,H%). Recently, we have introduced an E.COSY-
type® experiment for the quantitative determination of
3J(C'i—1,H%).* A drawback of this (HYNCAHA pulse sequence
is thata-protons are detected during acquisition while the use

212 decoupling sequences. The carbon carrier position is 58 ppm until
completion of the; evolution and changed to 176 ppm following the
pulse with the phaseés. The shaped3C* pulse is a G3 Gaussian
cascad® with a duration of 0.5 ms. Carbonyl 90 and 2§fulses have

a duration of 124us and an amplitude profile of the center lobe of a
sinc function. GARP-SN decoupling* during acquisition is performed

of H,0 as the solvent is mandatory. Hence, the evaluation of USing & 0.75 kHz radiofrequency field. Solvent suppression is achieved

coupling constants is impossible for residues witl* reso-
nances in the vicinity of the intense water signal. In the HCAN-
[C']E.COSY described by Wang and Bathis difficulty is

circumvented by a magnetization transfer pathway suitable for

samples dissolved inf). Thus, accurate values fa{(C'j—1,H%)
can, in principle be obtained for all residues in a protein.
However, as a consequence of the long periods!3af

with the WATERGATE method® applied during théH,!>N reverse
INEPT step'® The width of the 990 Gaussian-shaped pulses for
selective excitation of the water resonance is 2.5 ms. Gradient durations
and strengths are the followin@;, 1 ms and 10 G crt; G, 0.8 ms

and 35 G cm®. Phase cycling is as followsp: = X, —X; ¢2 =y, —V;

$3 = 2(X), 2(=X); pa =Y, ¢p5 = 4(X), 4(—X); g6 = X + 25°; ¢7 = 8(X),
8(—X); ¢ps = X + 47°; pg = —X; receiverx, 2(—X), X, —X, 2(x), 2(—X),

2(X), =X, X, 2(x), x. Nonlabeled pulses are applied along the x-axis.

transverse magnetization, this pulse sequence is expected to bgpe phasess andgs are adjusted to compensate for zero-order Bloch

relatively inefficient for proteins with fad®, o, relaxation rates.

Siegert phase errors as indicated. Quadrature imthedt, domains

In this paper, we propose a sensitive E.COSY-type experiment,is obtained by changing the phasgs and ¢, respectively, in the

He-coupled H(N)CA,CO, in which théJ(C'i_1,H%) displace-
ment occurs in an indirectly detecté¥C’ dimension, thereby
avoiding difficulties caused by the solvent resonance.

The new method is based on the COHNNC#A dimension-

States-TPPI mannet’ Delay durations are = 2.3 ms,d = 28.6 ms,
17 =>5.4ms, and’ = 2.7 ms. Acquisition times were 14.1 mstirand
106.5 ms ints. In t, 82 (t2max= 75.4 ms) and 52tf max = 95.7 ms)
complex increments were recorded for A and B, respectively. Ac-

ality reduced sequence which simultaneously correlates amidecumulation of 16 scans per FID resulted in measuring times of 72 h
protons and nitrogens with carbonyl carbons of the preceding (A) and 41 h (B).

and a-protons of the same and the preceding residue. In the

pulse scheme depicted in FiguresG* and3C' chemical shifts

displacement of the two components of the intra- and interre-

are sampled in two independent dimensions. Since no protonSidual correlations, respectively (Figure 2A). It might be argued

decoupling is applied durings and t,, the largelJ(C%H%)
coupling leads to a splitting of the signals along Ehe(*3C%)
dimension. Vicinal and gemindfC',*H* couplings evolving
in the subsequerntt(*3C’) domain can be extracted from the

* Author to whom correspondence should be addressed.
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that the assignment of the role of the passive spin-fwotons
leads to an underestimation of tH€','H* coupling constants
due to different relaxation rates of antiphase terms compared
to those of in-phase ternisThis effect is, however, minimized

as the time betweelfC® and*3C' evolution periods, in which
1H* spin flips can occur, is essentially zero owing to the
synchronous buildup dfN antiphase magnetization with respect
to both carbon species.

Sufficient resolution in the!3C' domain requires a large
number oft, increments, leading to a relatively long measuring
time. Although extensive aliasing would afford relief, we prefer
to employ chemical shift scalifigto avoid the accidental
introduction of signal overlap from different spectral regions.
In version B of the M-coupled H(N)CA,CO pulse sequence,
the evolution of two-bond and three-bo&#',!H* couplings
during t, is scaled up by a factor of 2 with respect %'
chemical shifts (Figure 2B). As a result, the number of
increments can be substantially decreased, while retaining the
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Ewl Figure 4. ExperimentafJ(C'i-1,H%) coupling constants versysangles
S 2 derived from the crystal structure of oxidiz&d vulgaris flavodoxin

i 53 at 1.7 A resolutiort® The corresponding Karplus curves are taken from
Wang and BaX(—), Bystrov et al*® (- - -), and Solkan and Bystré¥
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e qd T

Figure 2. (A) Expénsion of a E F, plane of the H-coupled H(N)- B was 0.54 Hz. A graphical representation of the dependence

CA,CO spectrum (version B) at the BHN) chemical shift of residue on thg¢-ang|e together with the available Karplus curves is
Glu 79 fromD. pulgaris flavodoxin. The horizontal displacements of given In Flg_ure 4. Thes_e Va'“?s are taken fr_om the spectrum
the two doublet components are dudC_,,H;) and23(C'—1,H%_,) recorded with the chemical shift scalgd version of the H(N)-
couplings for intraresidual and sequential crosspeaks, respectively. (B),CA'CO sequence, unless oyerlap resulting from the t?roader, lines
Effect of chemical shift scaling. The intraresidual crosspeaks of Arg N F2 prevented the evaluation, as was the case for nine residues.
36 in the spectra recorded with versions A (top) and B (bottom) of the 1he Karplus parameters of Wang and Bajelded the best

H(N)CA,CO pulse sequence are shown. Since identical ppm scales aredgreement between measured and expected coupling constants
second case. higher values are obtained in the present study. A relatively
large scattering otJ couplings is observed for some residues
////‘\(\ ,//1:\\\‘\ . . . B .

Vi \ / \ might be due to a varying amplitude of fluctuations leading to

: ) A \\:,::,,; J averaging! or due to differences between the backbone

/\ majority of residues exhibiting large deviations of experimental

'/ L 3)(C'i—1,H%) coupling constants with respect to the Karplus
B e curve is located outside regions of regular secondary structure

used, the line width and the E.COSY splitting appear doubled in the although for residues witlp-angles around-120° slightly
R24J with similar ¢-angles. Apart from experimental errors, this
= — conformation in the crystal and the solution structure. The

3 20 1o [E|z] 1020750 50 20 10 R elements. Sequential correlations yield?d(C'i—1,H% ) values

N Eso s e could be detected for all residues unless obscured by stronger,

Vi \\ // \ overlapping signals. Since the intensities are considerably

Yy \ L N, smaller compared to those of intraresidual peaks, a lower
o i precision can be expected for the geminal coupling constants.
/ In conclusion, a method has been introduced which allows

| : S “ : the determination 0¥J(C'i—1,H%) for all non-glycine and non-

e N T R proline residues in isotopically labeled proteins. The high

0 20 -6 [E'Z] 107720 730 30 20 -10 IR sensitivity of the pulse sequence should enable its application

to larger proteins than the one investigated in this work.
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