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A new method for measurement of one-bond *C’'-"*C* scalar
and dipolar couplings from a two-dimensional [N, 'H] correla-
tion spectrum is presented. The experiment is based on multiple-
guantum coherence, which is created between nitrogen and car-
bonyl carbon for simultaneous evolution of *N chemical shift and
coupling between “C’ and *C*. Optional subspectral editing is
provided by the spin-state-selective filters. The residual dipolar
dipolar contribution to the *C’-*C* coupling can be measured
from these simplified [N, "H]-HSQC-like spectra. In this way,
without explicit knowledge of carbon assignments, conformational
changes of proteins dissolved in dilute liquid crystals can be
probed conveniently, e.g., in structure activity relationship by
NMR studies. The method is demonstrated with human cardiac
troponin C. © 1999 Academic Press

Key Words: cTnC; dipolar coupling; multiple-quantum coher-
ence; spin-state-selective filter.

INTRODUCTION

minimal cross peak overlap. (2) Transverse relaxation rates
amide nitrogen and proton in protonated samples are slow
than corresponding rates of aliphatic carbons and protor
Furthermore, transverse relaxation optimized spectrosco
(TROSY), which exploits the destructive relaxation interfer:
ence betweelN chemical shift anisotropy (CSA) artN—"H

dipolar interaction, offers significant improvement in resolu
tion and sensitivity at high magnetic field$7-20. (3) Het-

eronuclear polarization transfer steps are easier to control mc
precisely with nitrogen than with carbon because there is r
significant coupling between nitrogens in the polypeptide bacl
bone. (4) Water signal can be effectively suppressed witho
disturbing *H" signals of the solute. There are also practice
advantages in the measurement of couplings from'thg [H]

correlation spectra. For example, in the study of structut
activity relationship (SAR) by NMR Z1-23, the [°N, 'H]-

HSQC @4) is frequently used. Amide nitrogen and protor
chemical shifts are very sensitive to changes in chemical e

Recently found means to enhance anisotropic tumbling ¥foment and conformation. Itis also conceivable that chang

solute molecules by dilute liquid crystalline media-g) have ©f residual dipolar cou_plings int_juced by_Iigand_binding coul
rendered residual dipolar couplings observable. The directioR§ observed cor_1com|tantly with chemical shift changes t
information obtained from dipolar couplings can be used figv€al conformational changes. .
protein structure determinatio649). This approach calls for Here we focus on the measurement ‘&'~ °C" dipolar
means to measure covalently determined one-bond and t&@uPlings from the N, "H] correlation spectra. These cou-
bond couplings, which have previously been judged rath@lings have been previously measured from tH€ ["H]-CT-
insignificant for the structure determination compared witfSQC spectrumi), in which the resolution in the indirect
three-bond couplings related to dihedral angles. Nevertheles§-dimension is limited due to couplings of'@ C” (t1ma
the “Jeow. and Jye. scalar couplings have been found tdisually ~28 ms) and rapid transverse relaxation 6f Obvi-
correlate with protein’s secondary structut®(11) as well as ously, this method is not applicable to perdeuterated proteir
3o, Which is also sensitive to hydrogen bondir), Ac- These problems can be circumvented by measuring the cc
cordingly, there are various methods to measure, for exampling from a coupled two-dimensional H(N)CO spectrut)(
Y cores Nnee ens Jees and™dy, coupling constants in pro- A limitation of this experiment is the relatively small disper-
teins (L0—16. sion of *C’ resonances. Spectral crowding can be reduced |
There are spectroscopic reasons in favor of measuring cgulonger 3D-version of the experiment. In this context, w
plings from [°N, *H] correlation spectra: (1) Among the nucleiconsidered an experiment which would allow the measureme
in the backbone of proteins, usually amide protons and nitrét "Jcc. Scalar and dipolar couplings conveniently from spectr
gens provide the best dispersion of chemical shifts, that &perficially resembling the"N, "H]-HSQC spectrum. We
describe here the gradient-selected PEP (preservation of eqt

L To whom correspondence should be addressed. Fa§8-9-708 59541, alent pathways)-HSQC experiment85(2§ either with or
E-mail: Perttu.Permi@helsinki.fi. without spin-state-selectivex(B) filters (27—3Q. Previously,
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the spin-state-selective filters have been incorporated mainfythe N coherence with respect t&i" during 2*A. Finally,
into the [°N, *H] and [°C, 'H]-HSQC pulse sequence®7- the antiphasé’N coherence is transferred tbl" by a reverse
30), but also into a HN¢/B-NC’-J)-TROSY and 2D-H(N)CO INEPT step. An additional 90° pulse 6iC’ serves to purge an
experiments for the determination tfyc and®J,we (15, 16. undesired magnetization. A selective SEDUCE33) (decou-
pling field is applied on Cregion during the ZF delays to
DESCRIPTION OF THE PULSE SEQUENCES prevent dephasing of nitrogen coherence due to coupling
C*. Alternatively, a selective 180° pulse farcarbons in the
The intention is to record a two-dimension&lN, 'H] cor- middle of 2*T delays could be used to refocus dephasin
relation spectrum, where the nitrogen chemical shift is modairogen coherence.
lated by the one-bontC’—**C* coupling. This can be accom- In the o/B-filtered experiment, presented in Fig. 1B, the
plished by generation of multiple-quantum coherence betweigitial magnetization transfer fronH" spin to the antiphase
the nitrogen of residuieand carbonyl carbon of residird and *°N spin coherence is identical to the HN(COGQM-experi-
subsequently recording simultaneously nitrogen chemical shifent. However, the HMQC-like coherence transfer frfto
and *C’'-*C* coupling evolution during the, period. The **C’ in the HN(COCAJ) experiment is replaced now by the
chemical shift evolution of°C’ is prevented by application of INEPT step. Consequently, the antipha¥®’ coherence with
180° pulses on carbonyl and* Gpins in the middle of,. We respect to**N is generated. The subsequesmts-half-filter
refer to this experiment as HN(COCH- The flow of coher- element generates either antiphase or in-pHé&e-*C* co-
ence is herence described by the operators,@)C; and 2NCj, re-
spectively. A mixed DQ/ZQ coherence is created with a 9C
Jun Je Jue pulse on nitrogen prior to thig evolution period. In the case of
IYN 15N 13C" BN(t,) ———— antiphasex/p-filter, the phase of thEN 90° pulse is shifted by
90° with respect to the in-phase spectrum and simultaneou
an in-phase®C’ coherence is purged by a 90° pulse on car
s In - bonyl (pulses denoted with filled bars are applied in this case
N ——— "H(t,), This ensures absorptive antiphase lineshape in thdirren-
sion as dispersive contribution arising frodhmismatch is
removed and will not be converted into detectable proto
wheret, andt, are the evolution and acquisition times. Coumagnetization at the end of the pulse sequence. Analogous
plings used for magnetization transfer are indicated above tihe HN(COCAJ) experiment, the nitrogen chemical shift is
arrows. In the spin-state-selective experiment, referred iasremented simultaneously with the one-bdi@—°C* cou-
HN(«/B-COCA-J), ana/B-half-filter element is placed prior to pling evolution duringt,. In the case of in-phase/B-filter,
thet, evolution period. cosine modulated absorptive in-phase lines are general
The HN(COCAJ) pulse sequence for determination ofpulses denoted with unfilled bars are applied dh tGgether
‘Jec. couplings from the N, *H] correlation spectrum is with the 180° pulse on §. In summary, the signal of in-
presented in Fig. 1A. The experiment begins with the magnerest in the antiphase spectrum is proportional t
tization transfer from'H" via INEPT @1) to N antiphase N,,C;sin(wyt,)sin(mJt;) and in the in-phase spectrum to
coherence with respect tH", described by an operatorN,,C/cosfyt;)cos@t,). After the t, evolution period, the
2H,N,. During the subsequent delay &2*which is incorpo- antiphase nitrogen single-quantum coherence, N is re-
rated in the delay 2F,, the N coherence rephases withgenerated by a 90° pulse on carbonyl and is allowed to refoc
respect to'H" and WALTZ-16 32) decoupling field on the simultaneously with dephasing of nitrogen—proton coheren
proton is turned on. ThEN coherence dephases with respects in the HN(COCAJ) experiment. A simultaneous 90° pulse
to the carbonyl spin during the delay R} and is converted by on carbonyl is used to purge undesired dispersive magneti:
a 90° pulse on carbonyl to a mixed double-/zero-quantution terms. Finally, the magnetization is transferred frofto
(DQ/ZQ) coherence, 2NC,. In the middle of the following, *H" by the reverse INEPT step.
evolution period a 180° pulse is applied 86" and*°C®. Thus, Quadrature detection and coherence selection in both exp
the chemical shift of nitrogen and the coupling between caments are obtained by gradient selection combined with se
bonyl anda carbons evolves simultaneously. This results isitivity enhancement via the preservation of equivalent patl
in-phase doublet componentsat + mJcc. andwy-mdec. IN ways. Postacquisitional addition and subtraction of these de
the R-dimension. A 90° pulse at the end afperiod converts sets and their corresponding quadrature counterparts resuls
the nitrogen—carbonyl multiple-quantum coherence back ingpectra with high-field and low-field doublet components &
the N single-quantum coherence, 2)€.. During the latter wy + 7Jcc. and wy — mlce. in the F-dimension, respec-
2*Ty period, the antiphase nitrogen—carbonyl carbon cohéively.
ence refocuses simultaneously with the nitrogen chemical shiftlt should be noted that the spin-state-selective experime
The proton decoupling field is switched off to allow dephasingould be easily converted into a three-dimensional HN&O(
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B-COCA-J) experiment, in order to decrease resonance over- 57
lap in the case of larger proteins. The 3D experiment is ol® ]
tained by removing the 180°C'/**C*) pulses from thet,
period and replacing them with a 180° pulse on nitrogen. Th
90°(**N) pulse before the, period should then be placed after §
the t, period and the”®N chemical shift is incremented in a
constant-time manner during the latterT2*period. A more
detailed description of the modification is given in the legenct
to Fig. 1B. Alternatively, a two-dimensionalH, *C’] exper-
iment may be used. However, the gradient-selected sensitivify >
enhancement method cannot be invoked in the case of the

mppnent
~
1

Srinciple

I@OI‘ Vs

2D-H(N)CO(a/B-COCA-J) experiment. 3
z '
RESULTS AND DISCUSSION g
The o/ B-half-filters are prone to a crosstalk when coupling R A A A A A AN A M A A AR AL A AL A A A

4142 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

evolution does not match the filter period. THecrosstalk )
z

deteriorates subspectral editing, that is, in addition to the de-
sired principle multiplet component, the minor componentFIG. 2. Intensity (%) of the minor component relative to the principle
from the other spin state will be present in the subspectra. TigPonent as a function 6t The curve was calculated with Eqg. [1] using a
intensity ratio of the principle component to the minor comf— value of 9.09 ms, corresponding to 55 Hz taken as the average value 1

ponent in this case is

Jeca.

) filter. I, andl,, are the intensities of the principle and minor
M — LP 1] components, respectively.
1-=sin(md7) Iy’ The intensity ratio of the minor component to the principle
component as a function aof is shown in Fig. 2. For the
wherelJ is the true coupling constant ands the delay of the *C’—"*C* coupling, a good filtration can be achieved. For ¢

FIG.1. (A)HN(COCA-J) pulse sequence for the measuremeritlg.. couplings from [°N, *H] correlation spectrum. Hard 90° and 180° pulses are marke
by narrow and wide bars, respectively, with phasenless indicated otherwise. All spectra were recorded on a Varian Unity 600 MHz spectrometer equij
with a pulsed field gradient unit and a triple-resonance probe with an actively shielas gradient. ThéH carrier was placed at the,B frequency, thé’N
carrier was set to the center BN spectral region (119 ppm), and thi€’ carrier was set to the center of tH€’ spectral region (179 ppm). The WALTZ-16
sequence3?) was used to decoupféd during heteronuclear coherence transfer &hdduring acquisition.°C 90° (180°) pulses were applied with a strength
of 8/\/15(8/\/3), wheres is the frequency between centers of tH@ and**C” regions. All**C’ pulses were applied on-resonance &@f pulses off-resonance
with phase modulation b§. The off-resonance compensation pulsgd) @re indicated with asterisks. Phase cycligg:= X, —X; ¢, = X, X, =X, —X; ¢35 =
4(X), 4(y), 4(—=X), 4(—Y); b4 = 16(X), 16(—X); drec = 4(X, =X, =X, X, =X, X, X, —X). Delay durationsA = 1/(2J\), Ty = 1/(4J\c), € = gradient+
field recovery delay. Gradient strengths (durations):=G4 G/cm (0.7 ms), = 12 G/cm (0.7 ms), 6= 18 G/cm (2.5 ms), G= 8 G/cm (0.7 ms), G =
15.6 G/cm (0.7 ms), &= 17.410 G/cm (0.25 ms). Frequency discrimination jnid-obtained using the PEP sensitivity-enhanced gradient sele@r26.
The echo and anti-echo signals are collected separately by inverting the sign of tp@dient pulse together with the inversion ¢f. In addition to
echo/anti-echo selectio;; and ¢, are incremented according to the States-TPPI protat?)! (B) HN(«/B-COCA-J) pulse sequence ai/B-half-filtered
experiment for the measurement'df.c. couplings from two PN, *H] correlation subspectra. The phase cycling for data modulated by goBos@dccaty):
b1 =X, =X b2 = X, X, =X, —=X; b3 = 4(X), 4(Y), 4(—X), 4(=Y); P = 16(X), 16(=X); b5 = X; Prec = 4(X, =X, =X, X, =X, X, X, —X). The phase
s is incremented by 90° for the data modulated by sin()sin(mJcc.t;). The cosine and sine modulated data sets are collected in an interleaved manner. C
durations as in (A), except far = 1/(2]cc.). The R-quadrature is achieved as in (A). The echo and anti-echo signals are collected separately by invertin
sign of the G gradient pulse along with the inversion ¢f. Additionally, for eacht, value, the phasegs and ¢, are incremented by 180°. Gradient strengths
(durations): G = 4 G/cm (0.7 ms), G= 12 G/cm (0.7 ms), &= 5 G/cm (0.7 ms), G= 5 G/cm (0.7 ms), 6= 11 G/cm (0.7 ms), &= 18 G/cm (2.5 ms),
G; = 8 G/cm (0.7 ms), @= 15.6 G/cm (0.7 ms), and &= 17.410 G/cm (0.25 ms). Water suppression by water-flip-bd8k44 can be implemented into
the pulse sequences, e.g., between the second-08ad the 905,(**N) pulses. Scheme for measurifdtc. in 3D-HNCO(@/B-COCA-J) experiment. The
180°(°C) pulses during, (between time pointa andb) are replaced with the 180*N) pulse applied at the midpoint of, and the 903(**N) pulse at position
a is omitted and applied at positidninstead. Hence, the density operators of interest immediately after gdéantthe in- and antiphase spectrum are,2|N
and 4NC,C;, respectively. Phase cycling for cag(t,)cos@mlcc.t;) modulated data;, = X, —X; ¢, = X, X, =X, =X; ¢4 = X, X, X, X, =X, =X, =X, —X;
bs = X; Brec = X, —X, —X, X. FOr singct;)sin(mlccat;) modulated data, the 9G°C’) pulse at positiofy is applied with phasg. The™C’ pulses in thev/g-filter
element are altered according to the States-TPPI protocol to obtain quadraturéha latter 27 period between the time pointsandc is replaced with the
usual™N constant time evolutionT, — t,/2 180°(°N/**C’) T + t,/2) period, and the semiselective-@ecoupling is applied during this period using, e.g.,
SEDUCE-1 decoupling field. After addition and subtraction of these two data sets, two spectra are generated with the upfield and downfield donétgscor
at we — mloce andwe + mIcce in the F-dimension.
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values deviating up ta=10 Hz from the filter tuned to 55 Hz, ~
the intensity of the minor component will be at least 30 times
smaller compared with the intensity of the principle compo- s
nent. This is sufficient to separate the and B-states clearly .
into two subspectra also when there is an additional variation ¢
in the “*C’=**C* coupling due to residual dipolar couplings. In=
practice the®C’'—**C* dipolar coupling may vary up te5 Hz.
This corresponds approximately t025 Hz in *N-‘H" cou-
pling and larger dipolar contributions would limit the polariza-
tion transfer. The effects af crosstalk to the measured cou-
plings have been addressed earlier16,(27-30,
34, 35. In this case of relatively large splitting between the 521
and B-states of doublet components compared with their line .
widths, theJ crosstalk is only harmful when the minor com- =
ponent of one residue distorts the line of the principle compo-
nent of another residue and leads to a distorted signal and a

(COCA-

oo [HN

1JC

slightly erroneous measurement of the coupling constant. Therz s 52 s 5 5 5 57
. . . . 1
deviation from the true coupling depends on the size and Joga [HN)CO]
degree of overlap of the minor component relative to thegig. 3. correlation of'Jcc. coupling constants measured from spectra
principle component. acquired with the H(N)CO vs HN(COCA} experiments. The pairwise root-

Also the relaxation of3C* spin can lead to an insufficient mean-squared deviation is 0.09 Hz. The couplings were derived from in-pha
alB-filtration, because of different relaxation rates for th@Plitings measured from 1 mM uniformlyN/“C-labeled ubiquitin (VLI
. . . Reseach Inc. Southeastern, PA) in 90%/1090H,0, pH 5.8, 50 mM sodium
m—ph_ase and ant!phase coh_erences. Thus, negglectmg other KSsphate buffer in water at 25°C.
laxation mechanisms, the in-phase and antiphase operators
relax at rates given by Eq. [2],
(38, 39, for refocusing and inversion could also improve the
, . . performance.
Ro(N.C)) = Ro(7°C') + Ru(™N); It is well known that in the presence of cross-correlatiol
R,(N,CICZ) = Ry(13C') + Ry(13C%) + Ry(*N). [2] _betweel_w dipole—dipole (DD) and chemical shiﬁ anisotrop
interactions, two doublet components relax at different rate
(40). Both the in- and the antiphase filter elements are design
Consequently, the intensity of the in-phase doublet differs fromm minimize effects of this interference betweg€@’ CSA and
that of the antiphase doublet. Effects of differential relaxatioiC’'—*C* DD by averaging the relaxation rates of double
rates can be corrected, for example, by scaling the in- asdmponents by the inversion 6iC*'s spin states during the
antiphase signals before construction of the subspectra orfitter elements 30). This also largely prevents a formation of
taking an appropriate linear combination of the in- and aspurious terms arising from the interference betw€en""N
tiphase spectralf, 34, 35. In practice, using an average scaland **C'—"*C* dipolar interactions431).
ing factor for all signals will largely improve the ratio of the The pulse sequences were tested with the regulatory dom.
principle to the minor component, but of course, variation iof human cardiac troponin C (cTnC, 10 kDa, 93 amino aci
the relaxation rates for different residues depending on thesidues) dissolved in both isotropic and anisotropic phase.
internal protein dynamics will cause residual artifacts. In argddition, results obtained from human ubiquitin (8.6 kDa, 7
case, there is a possibility of suppressing dherosstalk for residues) in water at 25°C using the HN(COQApulse se-
individual resonances by reprocessing for the refined lineguence, shown in Fig. 1A, were compared with those obtaine
combination of equivalent regions of the subspectra. under similar conditions with thé’C*-coupled 2D-H(N)CO
The off-resonance effect of the 18%") pulses on®C’ was experiment (no spectra are shown).
compensated for during the period and also in the antiphase There is a good agreement between the values obtain
filter element by applying an additional compensatory pulse aising these two methods. The pairwise root-mean-squar
C* (36). Alternatively, a constant phase offset to theeviation is less than 0.1 Hz for the 51 residues considered, i.
180°(°C’) pulse could be used. It is noteworthy that theesidues with no significant cross peak overlap in either spe
state-of-the-art probes, with the usual composite pulse elem&nm. Figure 3 shows the correlation between the measur
(90,180,90,), are able to invert ¥97%) carbonyl carbons, *Jc. splittings obtained with the HN(COCA} and H(N)CO
while a proper refocusing of thé’C® chemical shifts is experiments. Figure 4 presents an expansion of ting [H]
achieved 87). We did not try to use this approach, howeverorrelation spectrum of cTnC dissolved in water. Figure 4/
Additionally, utilization of shaped pulses, e.g., REBURP or G8erves for a reference and shows both the upfield and t



HN(a/B-COCA-J) EXPERIMENT FOR MEASUREMENT OF'Jcce COUPLINGS 49

_ e A
;. o&
o Asnl8 )
7
2 S
§ 7 Phe24
° O]
o]
z
— .
o
=
B8
— —
L\ |
o
o
o
x
= @
)
I i i I I I I I 1 I I I H T I
9.0 8.8 8.6 8.4 8.2 9.0 8.8 8.6 8.4 8.2 9.0 8.8 8.6 8.4 8.2

3, [ppm]

FIG. 4. Representative expansions of the ”HIN§-COCA-J) and HN(COCAJ) spectra obtained from 1.0 mM uniformf§N/*C enriched 1:1 ¢TnC/Tnl
protein complex, measured at 600 MHz, 93%/7%0¥D,0O, pH 6.0, 40°C, using pulse sequences in Fig. 1. The HN(CQL#pectrum is provided for a
reference showing both doublet components in-phase (A), acquired with the experiment in Fig. 1A. Downfield and upfield doublet components are
separately in (B) and (C), respectively, as obtained after postacquisitional addition and subtraction of the data sets recorded with expeqieemeBtaE
parameters for the HN(COCA) and HN@/B-COCA-J) experiments: Spectral widths in the @,)-dimension= 1800 (7994) Hz, number df increments=
256 (142 ms), acquisition time,) = 128 ms, number of scans 32. Data were zero-filled to 2K (4K) in the, KF,)-dimension.

downfield doublet components in-phase, recorded with teace will be larger. For larger proteins, it may be necessary

HN(COCA-J) pulse sequence. The downfield and upfielthake use of the three-dimensionrdp-filtered, 3D-HNCO&/

BC’—*C* doublet components are shown in Figs. 4B and 4@;COCA-J) experiment (see Fig. 1 legend), in which tide ..

respectively, obtained from a data set collected with thedAN(

B-COCA-J) pulse sequence given in Fig. 1B. Doublet compo-

nents are clearly separated and no significamrosstalk is | ) TABLE 1 )

present in either subspectrum. Jece Coupling Constants for_Some Residues of cTnC Measure_d
Table 1 lists some of the 74 ... coupling constants mea_from the Spectrum Collected with the HN(a/B-COCA-J) Experi-

sured from the regulatory domain of cTnC (89 observabisl H ment

correlations) using the HM{B-COCA-J) pulse sequence. Rresidue e [HZ] Residue Jeee [HZ]
Since ¢TnC is a mostly helical protein, the dispersion of
resonances is somewhat poor (Fig. 4) and 60 coupling valu®&stl 53.5 Arg46 52.5
could be extracted from the corresponding nonfilteredsP2 52.6 GIn50 53.9
HN(COCA-J) spect_rum_ _with twice as many correlations. 5 10 2222 ':,rrzii f.fr)g
Therefore the applicability of the nonfiltered HN(COGA- gin11 52.4 Leu57 53.7
experiment is limited for larger proteins. Leul2 52.6 Glus9 52.6
The sensitivity gain of the nonfiltered experiment owing torhr13 52.1 Asp62 52.1
the shorter duration and fewer radiofrequency pulses compar&y14 53.8 Asp67 53.3
) . . . GIn16 52.9 Asp73 51.9
with the filtered e>_<per|_men_t is nevertheless_rather small. ThLeysl7 534 Leu78 534
transverse relaxation time in the form 8€C’ single-quantum  agn1s 53.1 Lys86 52.6
coherence is relatively long compared with the length of thehe2o 52.7 Asp87 52.8
ol B-filter element 9 ms). In our hands, the difference in Phe24 53.4 Asp88 53.0
sensitivity between these two experiments was 7—-15% at 6630 534 Ser89 524
Gly34 53.4 Lys90 52.8

MHz 'H frequency. At the highest magnetic fields the differ-
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FIG. 5. Expansion of the HN¢/B-COCA-J) spectrum recorded from cTnC dissolved in a dilute liquid crystal. Downfield (A) and upfield (B) multipl
components are shown separately. The dashed line indicates the location of the cross-section shown. NMeasi@&dsplittings in the anisotropic phase
composed of Pf1 filamentous phages (30 mg/ml) are marked in the spectrum (A). Sample conditions: 0.3 mM ufiNéY@lgnriched cTnC protein, measured
at 600 MHz, 93%/7% KHO/D,0, pH 6.5, 40°C. Experimental parameters were the same as in Fig. 4 except the numbmrements= 128 (71 ms) and number
of scans= 256. Data were zero-filled to 2K (4K) in the F,)-dimension; squared cosine window functions were applied in thefd F-dimensions.

coupling and™C’ chemical shift are detected under tH€’ the 3D-HNCO@/B-COCA-J) experiment, if the dispersion of
single-quantum coherence during After addition and sub- resonances in the"N, 'H] correlation spectrum is otherwise
traction of the in- and antiphase data sets, this experimaémsufficient. The filter is quite insensitive to tAenismatch within
generates two HNCO-type spectra with correlations tite expected variation ofC'—*C* coupling. Measurement of
oc(i) + mlecds, wn(i + 1), op(i + 1), andwc(i) — other one- and two-bond couplings such 'dg., “Jye, “Jnca
mecds, wy(i + 1), ou(i + 1), and thus provides a spectrumJc.cs, “Jnce, June, and*Jync. from the two-dimensional*iN,
with minimal resonance overlap. The HNB-COCA-J) pulse 'H] HSQC-type spectra acquired from samples dissolved both
sequence was also tested with cTnC dissolved in a dilute liquiciter and in dilute liquid crystal provide conveniently a wealth o
crystal, composed of filamentous phage particlgsKigure 5 residual dipolar couplings from internuclear vectors at variot
illustrates upfield (A) and downfield (B) doublet componentsrientations. More reliable information of protein structure can b
of the HN(/B-COCA-J) spectrum for two resonances in theetrieved with the constructive use of several dipolar coupling
anisotropic phase. Substantial deviation from the scdlgg. corresponding to nonredundant internuclear directions. In tr
splitting can be seen for Glul4 and Pro54 residues, wheway conformational changes induced by ligand binding can
dipolar contributions to the couplings are 4.4 and 4.6 Hppserved concomitantly with chemical shift changes, e.g., in SA
respectively. The dashed line in Fig. 5 indicates the location by NMR studies.

corresponding cross-section shown in Figs. 5A and 5B. Arti-
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