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Measurement of residual dipolar couplings (RDEs)f partially . y os %

aligned molecules yields valuable orientational constraints for |1: H 1:| H | H 1 H t IHI t
protein NMR structure determination. In addition to the commonly
used, easy to measure, large one-bBhid-1HN dipolar couplings, N o o 0 o
backbone one-bondN—3C' and two-bond!HN—13C’ dipolar ﬂ | 4 | At H At IAH At H1| ﬂ [vate]
couplings are playing more and more important roles in protein 7 X A 7
NMR, despite their small values. A number of experiments for ., ¢ ° ¢ ¢ o f
determining these small couplings have been reported. For measur- H H
ing one-bondN—13C’" dipolar couplings, the quantitativd
correlation experiment has been develop&dowever, it is difficult Bge
to implement thel correlation experiment for measuring two-bond H
IHN—13C' couplings. As an alternative, the IPAP experiment was
developed for measuringdN—13C' couplings® In this experiment, PEG
however, it is difficult to introduce sensitivity-enhancement. In H vy voY

- . | [ | [ |
addition, simultaneous measurement of both one-bond and two-
bond couplings cannot be achieved. The latter also holds) for ~ Figure 1. Pulse sequence of sensitivity-enhanced E.C&8I¥-1HN HSQC
correlation experiments. In the classical E.COSY experifrtesth experiment for measuring one-boreN—13C" and two-bond**C' —1H"

. . . ouplings. Narrow (filled) and wide (open) bars represerft &d 180
COUpI'n_gs can be m_ea_sured in a single Spec_m_"m’ but d_ecreaseczulses with phase, respectively, unless indicated otherwise. Protof 90
resolution and sensitivity by the E.COSY splitting constitutes a soft pulses of 1 ms duration are used for Water§aty are indicated by
major drawback. The recently developed E.COSY-type HSQC short filled bars. The carrier frequencies in thg, 1N, $3C', and 3C*
experiment provides a new method for simultaneous measurementchannels are positioned at 4.7 ppm (water resonance), 118, 177, and 56

: s : T _ ppm, respectively. The power level f§iC' and*3C* pulses is set ahwo/
of both couplings with high resolution and sensitivity. In E.COSY (31, with Aw being the difference in Hz between tHE' and*Ce carrier

type HSQC experiment, one-bo#tN—H" and**N—**C' and two- frequencies. The inter-pulse delays are 2.5 ms andA = 15 ms. Phase
bond*HN—13C’ couplings are obtained from two spectra by complex ¢, is incremented by 90synchronously wittt;, which is incremented in
combination of splittings. Given the availability of a suite of i(t)%te;(m?nz(éyi;’- T¢he phase Cycles¢afe i?y )thg(foll)ov‘\%; X,(Z—X; ¢i):h

: ; _ 1N i i , 8(—y), T3 =X X X, =X pa = , 8(—Yy), or (2n — 1)t
.e).(per_lments fqr measuring one boﬁbll_ H dlp.oblr COUp“ng.§' experimeynt an@s = 4(—y), 8(y), 4(—y) for (2n)th gxperimentdbs = 4(y),
it is highly (_1eS|rabIe to also have available optimized ex_penments 4(=Y); g6 = 4(x), 4(—X) andprec = X, =X, =X, X. The PFGg, gz, andgs
for measuring one-bondN—*3C’ and two-bondHN—13C" dipolar are sine-shaped with maximal 20 G/cm with durations of 3, 1.5, and 0.6
couplings, preferably in a single spectrum. On the basis of the ms, respectively. The period from point a to point b is simply a transverse
echo-anti-echo manipulation of the E.COSY split peak pair, a novel relaxation delay, allowing Ninvolved terms at point a to decay, compensat-

sensitive-enhanced E.COS¥N—!HN HSQC experiment is pre- ing for the intensity loss from point b to point ¢ of the-Mvolved terms

. . S P P at point a. Therefore, the total time in the transverse plane fgiftNolved
sented in this communication for accurate measurement qf ONe-terms is 20 + 1), which is equivalent to only oN—23C' INEPT transfer
bond ®N—13C" and two-bondHN—-13C’ dipolar couplings in period.
proteins. Both couplings can be determined from a single, high-
resolution and high-sensitivity spectrum.

The pulse sequence of the proposed sensitivity-enhanced The transformation properties of the magnetizations in eq 2, starting

E.COSY!SN—1HN HSQC experiment is illustrated in Figure 1. The from point a to the final point f, are summarized in Figure S1 in

magnetization at the beginning of the evolution petidd described ~ the Supporting Information. The magnetizatioft;, f) at the
by beginning of the detection period becomes

0(0) = =2HN, = =HN, + 2N,C) = HNy = 2NG) (1) 4t,,f) = [(H, + 2H,C) cosoyt, + adyety) +

with H, N, and C representing the proton, nitrogen, and carbonyl (He + 2HC) sin(wyt, + wdycty)] +
carbon magnetizations, respectively. This magnetization evolves [(H, — 2H,C)) cost, — wdyoty) —
. . . y y N1 NC
under the'>N chemical shift frequencyy and>N—13C' coupling (H,— 2H.C) sinyt, — dyety)] (3)
Juc and becomes(t;) at the end of evolution period, X X N NCT
o(t;) = —HJ[(N, + 2N,C)) cost; + wdycty) — The first and second terms describe the echo and anti-echo
(N, + 2N,C) sin(yt; + 2oty — correlations, respectively. They correlate the frequencies of the low-

_ ) _ _ field (echo) and high-field (anti-echo) peaks of the E.COSY
HIN, = 2N,C) Cos@’:‘tl . Tl doublets with the proton and nitrogen frequencies. Inverting the
(N, = 2N,C)) sin(wyty — wdyet)] (2) sign of phasep,, the sign of the sine terms in eq 3 is inverted
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half in the>N dimension followed by expansion yields the spectrum
shown in B. The displacement along the proton dimension
represents the two-boriéiN—13C’ coupling and the displacement
along the nitrogen dimension represents the one-BéNe-13C’
coupling. The latter is extracted from the two sub-spectra B and
C. Parts D and E of Figure 2 display the correlations between the
experimentally measured two-bofdN—13C' and one-bond>N—

[ S O T S

"H (ppm) 13C' dipolar couplings and their predicted values using the refined

NMR structure (PDB code: 3GB®)as the model. Predicted dipolar

. couplings were calculated using the program SS$lAnd the

' o alignment tensor paramete, = 6.382 andR = 0.642. The

., correlation coefficients are 0.98 at the case of two-bbfit—13C’

5 dipolar couplings and 0.96 at the case of one-biéNd-3C’ dipolar

Y couplings. In summary, using echanti-echo manipulation of the

E.COSY doublet, a sensitivity-enhanced E.COSY—1HN HSQC

experiment was developed for the measurement of one-t5bhel

13C" and two-bondHN—13C' residual dipolar couplings in proteins.

spectrum recordednoa 1 mMsample of uniformiy3C 5N-labeled protein Its sensitivity is about 1.4 times of the conventional E.COSY

GBL1 dissolved in liquid crystalline PF1 (15 mg/mL) in 95%b5%D,0 experiment, and the resolution of the resulting spectrum is identical

atpH~7 Zm(?'Oyi“gBthekpUg"?w 5)232%%19 desthibeci in Fi_%;? 1.The Spefc"um to that of the decoupled HSQC spectra. In addition, the precision

was recorded on a bruker spectrometer wi requency o H H ’ :

600.13 MHz. The 2D spectral widths ware SW SW, — 5000 8000.605 N Mmeasuring one-bontiN—*C" couplings can be controlled by

Hz: the time domain data set was TR TD, = 512 x 1024: ns= 64; the digital resolution along thHéN dimension. The most appealing

window functions in both dimensions were squared sine bell; the data set feature of the proposed experiment is the ease and simplicity with

was zero filled to 1024x 1024; the recycle delay= 1 s. The total which the dipolar couplings can be extracted. Although we

experimental time was 11.5 h. Data were processed using nmrPipe andjemonstrate the current experiment on the small protein GB1, it

nmrDraw softwaré’ (B) Reversal and expansion of the lower half of the - .

spectrum in (A). (C) Expanded upper half of the spectrum in (A). As WOka. equally WeII. on I.arger protelns: Therefore, thIS. novel
experiment should find widespread application in measuring one-

illustrated in (A), extraction of the two-bondHN—13C' couplings is

straightforward. In (B) and (C), extraction of the one-boHtl—13C' bond1N—13C' and two-bondHN—13C’ residual dipolar couplings
coupling is shown. (D) and (E) Correlation between observed and predicted jn biological systems.

Dnc and Dne values, respectively. The correlation coefficients are 0.98

and 0.96. The model structure for prediction purposes was the refined NMR  Acknowledgment. This work was supported in part by the
structure (PDB code: 3GB1j,the alignment tensor parameters wéte  |ntramural AIDS Targeted Antiviral Program of the Office of the

= 6.382 andR = 0.642, and the program SSIA was udéd. Director of the National Institutes of Health to A.M.G.
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Figure 2. (A) Experimental sensitivity-enhanced E.COSW—1HN HSQC

correspondingly and the magnetizatioft,, f) becomes Supporting Information Available: The transformation of related

magnetizations from point a to f in Figure 1 (PDF). This material is

o(t,f) = [(Hy + ZHVC;) cosnty + ety — available free of charge via the Internet at http:/pubs.acs.org.

(H, + 2H,C)) sin(wyt; + wdycty)] +
[(Hy — 2H,C)) cosyt; — wyety) +
(Hy — 2H,C) sin(wyt; — ﬂJNC’tl)] (4)
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