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A method for the measurement of "Jyc and “June coupling  and *Jywe couplings from PN, 'H] correlation spectra in
constants from a simplified two-dimensional [N, "H] correlation  5N/%3C-labeled proteins. We refer to this experiment as &N(
spectrum is presented. The multiplet components of the 'Jyc B-NC’-J). In addition, we provide the selection for thEN,
doublet in the indirect dimension and 2J,ne in the direct dimen- 1H] multiplet component with the most favorable relaxation
sion are separated into two subspectra by spin-state-selective fil- properties (TROSY)¥8-23. This method, referred as HM(
ters. Thus each subspectrum contains no more peaks than the B-NC'-J)-TROSY, is partic-ularly amenaE)Ie to perdeuterate

conventional [**N, 'H]-HSQC spectrum. Furthermore, the method : . ) N .
for the measurement of “Jye: and “Junc: is designed to exploit proteins studied at high magnetic fields. We also introduc

destructive relaxation interference (TROSY). The results are ver- another method which allows the determinatiorid from a

e R . . H H H H 3 1 H
ified against the measurements of “Jyc from spin-state-selective two-dimensional spln-gtate-select!vé @', "H] correlation
[®C’, *H] correlation spectra recorded with additional sequence Spectrum as an attractive alternative for measurements at

described here.  © 1999 Academic Press termediate field strengths. We denote this experiment with tt
Key Words: coupling; spin-state-selective filters; TROSY; abbreviation H{/8-NC'-J)CO. The originala/g-filters (14—
ubiquitin. 24) are modified for the present purpose to select carbon

carbon or nitrogen spin-states. In the HIN§-NC’-J) correla-
tion experiment in- and antiphast®N—"C’ magnetization are
INTRODUCTION selected prior to the, evolution period by thed/g-filters with

Measurement of coupling constants for protein structufe-PeCt t0'duc, whereas in the HB-NC'-J)CO correlation
determination has remained of interest for several eatraxpenment the n- and antiphase mggnet|zat|on are edited w
EeCOSY o . y rg'spect t0'J.ny. Similar to the SE -filter element, the unde-
- -9, quant|tat|veJ—c_:orreIat|on 6-10, and tradi- sired components of transverse magnetization are purg
tional J-coupled €1-13 experiments have been employed t 14, 15. This allows the determination of two different cou-
measure primarily’J scalar coupling constants related to diblin'gs from a simplified spectrum with pure absorptive line
hedrals via Karplus relations. The traditiodatoupled meth- hapes

ods provide an easy and accurate measurement of couplings

but suffer from spectral crowding owing to the simultaneous

presence of many multiplet components. To alleviate this over- ~ DESCRIPTION OF THE PULSE SEQUENCES

lap problem, editing with respect to a third dimension has been ,
used @). Also, recently spin-state-selective/g-filters have __1he HN(@/B-NC'-J) pulse sequence to measud,c and

2 . sy 1 : (
been devised to separate doublet components into two differefit:c (Fig- 14) from a [ N, “H] correlation spectrum is based
subspectrald—29. These methods have been implemented! the conventional'iN, *H]-HSQC experiment. Proton mag-
also in measurements of large heteronuclear one-bond cBgtization is first transferred into an antiphase heteronucle
plings from proteins dissolved in weakly oriented liquid crystai"9!e-quantum coherence between the amide proton and 1
phases to determintuy, “Jye, and e with dipolar con- nitrogen with the .usual INEPT-step tungd to JJ(,(&), fol-
tributions using &°N spin-state edited spectrureg). The ease 'owed by thea/-filter before thet, evolution period. In the
of extracting orientational information from one- and two-bonBrStoeXpe”me”g r?ferred too as the anr':llfhase experiment (fille
couplings, preferably from simplified two-dimensional spectrd80° Pulse on”C’" and 90° pulse on"N are applied), the
is of an obvious importance. heteronuclear coupling between the amide nitrogen and tl

In this paper, we show a straightforward but practical e)g_djacent' carbonyl parbon evolveg dgring .the filter of lengt
tension of the use of spin-state-selective filters to measure  /(Zne) into an antiphase magnetization with r'especlrJI;Q,.
In the second experiment, referred to as the in-phase expe

o H ’ 15 H
1 To whom correspondence should be addressed: Fa§8-9-708 59541, ment (unfilled 180° pulses are applied oe’), *N is effec-
E-mail: Perttu.Permi@helsinki.fi. tively decoupled front*C’. During thet, evolution period, the
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FIG. 1. Pulse sequences of thaég-filtered HN(/B-NC’'-J) experiment for the measurement'df,c. and?J.ne couplings from [°N, *H] correlation spectra.
The sequences generate anti- and in-phase spectra. Hard 90° and 180° pulses are marked by (un)filled narrow and wide bars, respectively, withrtlespha:
indicated otherwise. Selective 90° pulses of the WATERGATE solvent suppression scBnaee(shown as gray half ellipses. If only,. is desired, an
optional 90° purge pulse (indicated with an unfilled narrow bar) on the carbonyl carbon afteretelution period can be applied. Aliphatic carbons are
selectively decoupled during with SEDUCE-1 82) and nitrogens during acquisition with WALTZ-183). Delay durationsA = 1/(4Juny), T = L/(Axc).

(A) phase cycling for the antiphase spectrupa:= 2(X, —X); ¢, = 4(X); s = 2(X), 2(—X); dec = 2(X, —X), andyy = 4(y). The phases,, ¢,, and of; are
incremented in States—TPPI mann@&4)( Phase cycling for the in-phase spectrupna:= 2(X, —X); ¢, = 4(X); Prec = 2(X, —X) andyy = 4(x). The phases,
and ¢, are incremented in States—TPP| manner. (B) Pulse sequence ef@Hitered HN(@/B-NC'-J) experiment for the measurement G and *Jne
couplings from [°N, *H] correlation spectra with the generalized TROSY. Phase cycling for the antiphase speftran®(, —X); ¢, = X; ¢5 = 2(X), 2(—X)
and¢.. = 2(x, —x). Phase cycling for the in-phase spectrun= 2(y, —V); ¢» = Y; dc = 2(X, —X). The phases,, ¢,, and¢; are incremented in States—TPPI
manner 84). The addition and subtraction of these two spectra result in up- and dowhfielfC’ multiplet components. FGPN—'H multiplet selection, four
different data sets are recorded @) = y; ¢s = X, (I): ds = —Y; ds = —X, (I1): by = —V; ds = X, and (IV): b, = y; ¢$s = —x. The addition and subtraction
of data sets () and (ll) result in two intermediate data sets (l) and (I — II). Finally, a single multiplet component is selected by addition or subtraction o
the intermediate data set{l 11) with the data set (- 1) shifted by 90° in both dimensions. The data sets (lIl) and (V) are handled in a completely analog
way. For detailed instructions see Re20).
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FIG. 2. Pulse scheme of the spin-state-selectiva/B{NC’-J)CO experiment for the measurement'df. couplings from [°C’, *H] correlation spectra.
An optional 90° pulse (indicated with an unfilled narrow bar) on the carbonyl carbon after the secpaddel can be used to purge undesired components
Aliphatic carbons are selectively decoupled duringvith SEDUCE-1 82) and nitrogens during acquisition with WALTZ-183). Pulses (180°) on’C’ are
applied selectively with strength éf\/3, wheres is the frequency between the center of tH@ and**C* spectral region. Delay durations:= 1/(4Jwn), T =
1/(4dnc). The phaseb, is incremented in States—TPPI manner to give frequency discriminatiBp-éimension 84). Phase cycling for simfct,)sin(mJyct,)
modulated datab, = 2(y, y, =Y, —V); ¢2 = 4(X, —X); b3 = 4(X), 4(—X); (¢4 = 8(x), 8(—X)); ¥ = 8(X) andprec = 2(X, —X, —X, X). FOr cosfpct;)coSmIncts)
modulated datay = 8(y). The addition and subtraction of the in- and antiphase spectra result in up- and downfield multiplet components.

N chemical shift andJ,. are active. Aliphatic carbons areThe preferred sine-modulated magnetization is not affected |
decoupled in the course of incrementation. During the ac-the aforementioned pulse whereas the undesirable cosine-m
quisition amide nitrogens are decoupled but fig.c cou- ulated term is converted into a longitudinal two-spin orde
plings remain active. The signal of interest described by th¢hich is not transformed into an observable proton magnet
product operator formalisn26) neglecting relaxation is, prior zation by the subsequent events. In the in-phase experime

to acquisition, proportional to the heteronuclear coupling is not active during thg-filter
element and purging is not essential. Thus, the antiphase a
H,sin(2mJyc 7)sin(wyt,)sin(mIyety) in-phase experiments will yield antiphase and in-phas

E.COSY-like tilted cross peak patterns, respectively, fron
which *Jye and 2Jwe can be measured in the, and F,
dimensions, respectively. Obviously, either one of the exper
for the antiphase experiment, and to ments would provide the two heteronuclear coupling constan
in much the same way as aC’-coupled [°N, 'H]-HSQC
H,coq wyt,)cog mdyety) + 2H,Clsin(wpty) Sin(mIyety) spectrum {3) but the addition and the subtraction of the
antiphase and in-phase spectra will result in two simplifies
for the in-phase experiment. Thus, the antiphase experimgHbspectra edited with respect to tH€' spin-state. Each
results in antiphase and the in-phase experiment yields fbspectrum has no more cross peaks than a conventitial [
phase cross peaks with respectdqc in the F, domain and "H]-HSQC spectrum. Optionally, only thé. coupling could
2J,ne in theF, domain. The cross peaks for theandB-states be recorded by applying a 90° pulse on tf@’ spins after the
of *C’ are readily processed to two subspectra by the additibrevolution to remove any’C’ z-magnetization. Alternatively,
and subtraction of the antiphase and in-phase spectra eithethicarbonyl carbons could be decoupled during the acquisitic
the time or the frequency domain. to remove the’J,uc couplings. Furthermore, the spin-state
The 90° pulse on nitrogen before the evolution in the selection could be applied with respect ‘thyy alongF, as
antiphase experiment serves to purge the component of mdgscribed by Anderssoet al. (16, 17). Thus, three couplings
netization which originates from th&mismatch of the filter. 'Jyc, 2June, and 'y could be measured from the spectra

+ 2H,C;sin(2m e 7)COoSont,) oSy ts)



COUPLING CONSTANT MEASUREMENT FOR PROTEIN STRUCTURE DETERMINATION 35

8 -
74\ /
A\ /
g \ /
g 61 3 /
() \ /
= “\ /
) /
jo ¥ 3 /
£ \ )
8 5 \‘\ /
< ~\\ /
= \ y
LC:) \\ / /
= A\ /
[oh \ /
2] 4 /
> \ / /
8 A /
R= /
g /
5 3 \ /
2 \ /
g \ /
. g \\ /
3 2 D \\ ///
E N
N 7/
\ J/
14 \\ / ’
N -
\\\\ \ > -
0 T T T T e - T - T T T |
10 11 12 13 14 15 16 17 18 19 20
J (Hz)

FIG. 3. Intensity (%) of the minor component relative to the principle component as a functibrifbg plot was calculated using 15 Hz as a nominal value
for *Jyce. In the interval from 11.6 to 18.4 Hz the ratio of the principle to the minor component is at least 30 which guarantees good filtering.

without introducing additional crowding compared with ametween'H" and N is active in the antiphase experiment
HSQC spectrum. (filled 180° pulse on“N is applied), while it is effectively
For large proteins at high magnetic fields transverse reladecoupled in the in-phase experiment (unfilled 180° pulses ¢
ation optimized spectroscopy (TROSY) improves sensitivityN are applied). Thus, &°C’ coherence described by an
and resolution 18—-22. Implementation of the generalizedoperator 2HC} is created before thig evolution period in the
TROSY scheme20-29 into the HN@/B-NC’-J) sequence is antiphase filter while the coherence proportional to a terr
shown in Fig. 1B. The generalized HWB-NC'-J)-TROSY, if 4H)N,C| is created in the in-phase filter. Chemical shift @’
desired, provides, in addition to improved sensitivity and resvolves simultaneously withl,. duringt, and the signal of
olution, an option to measurd, ., couplings from the same interest at the end of the, period is proportional to
data set. AHYN,Clsin(md.wyA)sin(ety)sin(mlyet;) and 4H'N,C/cos-
At intermediate field strengths an alternative to the HN( (wct;)cos@lyeti) for the antiphase and the in-phase spec
B-NC’-J) is the H/B-NC'-J)CO experiment (Fig. 2), which trum, respectively. Postacquisitional addition and subtractic
is a modification of the HNCO pulse schen&&); In this case, of these two experiments and their corresponding quadratu
the 'Jy values are measured from th&€’-dimension in the counterparts result in upfield and downfield doublet compc
[**C’, 'H] correlation spectrum. The k(B-NC'-J)CO exper- nents. Obviously,"J,c can be extracted directly from the
iment begins with the usuaH, N INEPT transfer step, which difference of the*®*C’ chemical shifts of corresponding reso-
is followed by a heteronuclear spin-echo period during whiatances in the two subspectra. After labeling of tf@’ fre-
the N coherence dephases with respect to the precediig quencies, magnetization is transferred back to nitrogen at
spin. In the course of the subsequent filter period, the couplifigally to amide proton by a reverse INEPT step. For the
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FIG. 4. Expansions of thex/B-filtered spectra of ubiquitin recorded with pulse sequences in Fig. 1. Addition and subtraction of the anti- and in-p
components result in downfield (A) and upfield (B) components. As a refer&i@esoupled [°N, *H]-HSQC spectrum (C) was recorded. Sample conditions
1.0 mM uniformly **N/**C-labeled human ubiquitin from VLI Research (76 residues, 8.6 kDa), dissolved in 90/10%4® in Wilmad 535PP NMR tube, pH
5.8, 50 mM phosphate buffer. Spectra were acquired at 30°°C with a Varian Unity 500 spectrometer equipped with a pulsed field gradient unit and
resonance probe head with an actively shieldedis gradient. Experimental parameters for éfig-filtered experiments: gradient strengths (duratio@s)=
4.0 (0.7);G, = 10.0 (0.7);G; = 8.0 (0.7);G, = 15.6 G/cm (0.7 ms). Gradient recovery tirse200 us. Delay durationsA = 2.7 ms,r = 16.6 ms. The selective
90° proton pulse was a 1.18-ms rectangular pulse applied to the water resonance. Selective decoupling of aliphatic carbons with SEDUCE-kdasthene
the Pandora’s Box software packa@®); Spectral widths i, (F,) dimension= 1700 (8000) Hz, number df increments= 256, acquisition timetf) = 128
ms, number of scans 64. Data were zero-filledt2 K (8 K) in F,(F,) dimension; squared cosine window functions were applied ifrthendF, dimensions.
Data were processed with the Felix97.0 software package (

antiphase spectrum, the phase of ¢hpulse is shifted by 90° Analogously, corresponding relaxation rates for thexA8¢
with respect to the in-phase experiment. Téhgpulse on NC’-J)CO experiment are
carbonyl carbon serves to purge undesired magnetization com-
ponents.
Rz(H?NzC;) = Ry("C') + Ry(*HY) + Ry(™N);
RESULTS AND DISCUSSION
Ry(HJC)) = Ry(**C’) + Ry(*H"Y). (2]
Cross-correlation between dipole—dipole (DD) and chemical
shift anisotropy (CSA) relaxation mechanisms usually causes
different relaxation rates for the twiSN doublet components I principle, these differences in the relaxation rates could le
(28). The a/p-filters used in the presented experiments af@ an imperfeci/p-filtering as a fraction of the doublet com-
insensitive to this as the carbonyl carbon spin-state is invert@@nent in then-state would be present in thgestate selective
during the filter element. Therefore, the and B-components Subspectrum and vice versa. In the case of large proteins,
of the *N—-"C’ doublet relax at the same rate with respect t@ismatch in the relaxation rates at high magnetic fields coul
CSA and dipolar contributions. Nevertheless, due to the die corrected for by scaling the antiphase and in-phase spec
ferent relaxation properties of the antiphase MKC;) and before the construction of the subspectra as suggested
in-phase (2kN,) magnetizations in the HN¢B-NC'-J) exper- Ottigeret al. and Sgrensest al. (23, 29.
iments, the amplitude of the sine-modulated antiphase magneln addition, HN@/g-NC'-J) experiments, as all E.COSY
tization is slightly smaller than the cosine-modulated in-phas@/Pe experiments, are prone darosstalk due to passive spin
magnetization. Ignoring other relaxation mechanisms durifigPs- If the passive spirf’C" in this case, changes its spin-state

the a/B-filter, the antiphase and in-phase operators relax gtween the evolution and acquisition periods, the values me
rates given by Eq. [1]. sured from théJ, ¢ splitting will be slightly inaccurate. This

phenomenon and methods for its compensation have be
R,(HYN,C) = R,(1N) + Ry(*H") + R,(1*C’): recently diSCL_lssed _by Sgrensen al. ar_1d Meissneret a}l.

N (29, 30. In this particular case, the spin flip rate BC’ is
Ra(HZNy) = Ry(**N) + Ry (*H"Y). [1] relatively slow and subspectral editing is only slightly affectec



COUPLING CONSTANT MEASUREMENT FOR PROTEIN STRUCTURE DETERMINATION 37

TABLE 1 more accurate estimation of the appropriate scaling factors f
. the antiphase and in-phase spectra. Thus, in practice W@her
HN(a/B-NC"-J) C'-coupled HSQC  mismatch is considered, the presented filter scheme is suf
Residue e H2] 2) e [HZ] 13 [HZ] 2J e [HZ] mentl for subspectral editing in both isotropic and anisotropi
media.
GIn2 16.5 45 16.4 4.4 As is commonly known, a measurement of coupling from :
Leul5 15.0 4.8 14.9 4.8 partially resolved in-phase doublet will give an underestimat
Asp21 14.6 4.2 14.4 42 of the coupli 6 P
pling constant. In the case ofp-filtered experi
Ala28 15.8 4.0 15.7 4.1 ts th timation o i tants will also b
GIn31 143 44 14.2 45 ments, the estimation ofl,: coupling constants will also be
Argd?2 14.7 5.0 145 4.9 inaccurate if the subspectral editing is incomplete. This raise
Leud3 14.4 4.9 14.3 4.9 from the fact that the undesired minor component will shift the
Phe45 14.0 4.2 13.8 42 apparent position of the desired principle component leading
g:zg? ﬁ; j-g ii-g jé incorrect separation of peaks in different subspectra. In ar
Asp58 15.0 a1 14.9 40 case, the apparent peal_< placements dew_ate less from the|r_t
Leu69 14.7 4.4 _ _ positions due to the residual crosstalk artifact possibly remai
Leu71 14.7 4.4 14.6 4.3 ing after the scaling operation than the overlapping in-pha:s
Arg72 14.3 3.9 14.2 4.0 multiplet components in the convention&C’-coupled HSQC
Leu73 14.8 5.2 — — experiment.

Note.MeasuredJye and®June coupling constants for the residues shown The variation of thel‘JNC_’ couplings is percentually larger
in Fig. 4, recorded with the HN{B-NC'-J) pulse sequence and with the than that of the Jyy couplings. Consequently thecrosstalk
*C'-coupled [°N, 'H]-HSQC as the reference. Due to resonance overlapnay arise from @ mismatch in the presence of residual dipolal
coupling constants could not be measured for ‘Leand Led” from the couplings yide suprd. In this respect the main advantage of
+C’-coupled [N, *H]-HSQC spectrum of ubiquitin. the H(/B-NC'-J)CO experiment over HN{B-NC'-J) is the

very robust filter element. The editing is based on a ladge,
by *C’ spin flips between the, andt, periods, and errors in coupling, which is quite uniform through all residues in the
the measuredl,nc coupling constants will remain small.  protein backbone. Consequently, the editing in the/B{NC'-

The sensitivity of the employed/g-filters to theJ-mis- J)CO experiment is insensitive to tllemismatch even in the
match in the HN§/B-NC’-J) experiment is the same as in thegresence of large residual dipolar contributions and excelle
original version 17), except for the minute signal loss due tdiltering can be expected also for those residues whage
the chemical shift evolution during the 90° purge pulse in theoupling deviates excessively-(-1.5 Hz) from the nominal
antiphase filter element. Figure 3 shows the intensity of ti& Hz, which might compromise the subspectral editing in th
minor component relative to the principle component as HIN(a/B-NC'-J) experiment.
function of J when the filter delay is tuned to a nominal value The method for the determination &f,. and *J,ne from
of 3Jyc, i.e., 15 Hz. A clean separation of multiplet compothe spin-state-selective subspectra was demonstrated for €
nents into subspectra can be obtained wieralues fall kDa (76 residues) uniformly’N/**C-labeled human ubiquitin
between 11.6 and 18.4 Hz. Within this interval the intensity ¢¥/LI Research, Southeastern, PA). Representative expansic
the minor component, arising from tldemismatch, is at least of the o/B-filtered *J and®J, e Subspectra of ubiquitin are
30 times smaller than the intensity of the principle componersthown in Figs. 4A and 4B, recorded with the pulse sequenc
This is superfluous for scalad,. couplings which usually in Fig. 1A together with thé*C’-coupled [°N, 'H]-HSQC (13)
deviate no more thart 1.5 Hz from 15 Hz. Larger deviations spectrum (C) as reference.
from the tuned coupling are expected in anisotropic phase duéhe spectrum in Fig. 4A presents downfield components
to residual dipolar contributions. However, owing to the lowhe ®N-"°C’ doublet, whereas upfield components are in th
gyromagnetic ratios of nitrogen and carbon, these contributiosggectrum in Fig. 4B. There are no signs of significant artifact
remain quite small, e.g5=2 Hz, when the maximal dipolar resulting from the addition and subtraction in these subspect
contribution to'J,wy coupling is approximately 15 Hz. LargerThe good quality of the aforementioned suppression aris
values of residual dipolar couplings will limit the polarizatiorfrom the insensitivity of the filter to thd-mismatch and from
transfers as well. Considering an extreme case, where scdhar similar relaxation rates of the anti- and in-phase comp
coupling is 13 Hz and dipolar contribution to the splittingi& nents, implying thaR,(**C’) is small, as expected. For refer-
Hz resulting in'J + D = 11 Hz, the crosstalk is likely to be ence, both™N-*C’ doublet components are in-phase in the
substantial. The artifact can be corrected by the appropriaggectrum in Fig. 4C, split by thél,. coupling in the k
scaling of the in- and antiphase data in the construction dimension and byJ,.c in the F, dimension. Measuret ¢
subspectra 23, 29, 30. Especially with larger proteins, theand ?J,no values for residues shown in Fig. 4 are listed ir
degree ofJ crosstalk may not be easily estimated due tdable 1.
overlapping doublet components. Therefore, besides the senMeasured coupling constants agree well (deviati®®.2
sitivity reasons, the HN{/B-NC’-J)-TROSY spectra allow a Hz) with those obtained using thEC’-coupled [°N, 'H]-
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FIG. 5. Expansions of fourH"-*N multiplets of lle36*N—"*C’ doublet recorded with the generalized HINg-NC’'-J)-TROSY pulse sequence. The
'HM-"N cross peak at the bottom right corner represents the most slowly relaxing component. Ft"eath cross peak downfield (red contours) and upfield
(blue contours§*N-"*C’ doublet components of the subspectra are overlaid. Sample conditions are as in Fig. 4. The spectrum was acquired at 25°C with ¢
Unity 600 spectrometer equipped with a pulsed field gradient unit and a triple resonance probe head with an activelyzshieddgddient. Experimental
parameters are as in Fig. 4 except for gradient strengths (durat@nsy: 17.7 G/cm (0.7 ms), spectral widths Fy (F,) dimension= 1800 (8000) Hz,
acquisition time{,) = 256 ms, and number of scars8. Data were zero-filledt4 K (4 K) in F, (F,) dimension, squared cosine window functions were appliec
in the F, andF, dimensions.

HSQC. Nevertheless, there seems to be a tendency for sligmérrowing due to destructive relaxation interference of DD an
larger coupling constants measured from @ig-filtered sub- CSA interactions in the’N dimension is quite small.
spectra than from th€C’-coupled [°N, *H]-HSQC spectrum. A representative expansion of the downfield (A) and upfielt
This can be understood by the principles discussed earlier, i(8) components of thé’N-"*C’ doublet, obtained using the
the two doublet components overlap in tH€'-coupled [°N, H(a/B-NC’-J)CO experiment, shown in Fig. 6, exemplifies the
'H]-HSQC spectrum and measured coupling constants are emeellent separation of the- and g-states into different sub-
derestimations of the true coupling constants. In the case of 8pectra. There is no sign dfcrosstalk in either subspectrum.
HN(a/B-NC’-J) experiment, each subspectrum contains only Coupling constants determined from thedH§-NC’'-J)CO
one of the doublet components and cross peak placementsspectrum were compared with those obtained from thedAN(
not shifted toward each other as in th'-coupled [°N, B-NC’-J)-TROSY experiment at 600 MHz. A good correlation
'H]-HSQC, resulting in larger coupling constants. between'J,. coupling constants measured from these twi
Figure 5 shows four expansions of the downfield (red) arekperiments was found (Fig. 7). The pairwise root-mear
upfield (blue) components of tH&N—*C’ doublet of 1le36 in squared deviation is 0.13 Hz for the 69 residues considerec
the generalized HN{B-NC’-J)-TROSY spectrum. The com- Favorable relaxation properties of carbonyl carbon spin «
ponent in the lower right corner represents the slowest relaxitogv magnetic fields €£600 MHz) make the H{/3-NC’-J)CO
'"H"-"N multiplet component. At the field of 600 MHz line scheme a convenient alternative to the |N§-NC’-J) exper-
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FIG. 6. Expansion of the’fC’'—{**N}, 'H] correlation spectrum obtained with &{3-NC’-J)CO pulse sequence (Fig. 2). The downfield (A) and upfield (B)
components of thé’N-"*C’ doublet were obtained by postacquisitional addition and subtraction of antiphase and in-phase data sets in the frequency ¢
The dashed line indicates the corresponding cross-section shown above. Spectra were acquired with a Varian Unity 600 spectrometer at 25t&r@thdien
(durations):G; = 4.0 (0.7);G, = 10.0 (0.7);G; = 7.0 (0.7);G, = 12.5us (0.7us),Gs = 9.0 us (0.7us); Gs = 16 G/cm (0.7 ms). Gradient recovery tirre
200 us. Delay durationsA = 2.75 ms,r = 16.6 ms. Selective decoupling of aliphatic carbons with SEDUCE-1 was generated with the Pandora’s Box soft
package 85). Spectral widths irfF, (F,) dimension= 1800 (8000) Hz, number df increments= 256, acquisition timetf) = 256 ms, number of scanrs 16.
Data were zero-filledat 4 K (4 K) in F, (F,) dimension, squared cosine window functions were applied ifrtrendF, dimensions. Data were processed with
the Felix97.0 software packaga6).

iments due to its robust editing properties. However, since the "
chemical shift anisotropy of th€C’ spin is quite large, the
linewidth increases rapidly with magnetic field, resulting ina 47|
more insensitive experiment relative to the KNE-NC'-J)- >
TROSY at the highest magnetic fields. In addition, since th§ | .
chemical shift dispersion is usually smaller in thé], 'H] % 16
than in the [N, 'H] correlation spectrum, the K{(B-NC'- o .
J)CO experiment is not as suitable for large proteins as th% av ’
HN(a/B-NC’-J) experiments. z 15
In summary, in this paper we illustrate that filters selective tog | )
carbonyl carbon spin-states can be applied for the measuremeént .
of Jye and Jywe couplings from an N, 'H] correlation 147 )
spectrum processed to yield two simplified subspectra, each
with no more cross peaks than a conventional decouptag [
'H]-HSQC spectrum. The HNYB-NC’-J) experiment imple-
mented with the generalized TROSY scheme provides im-
proved sensitivity and resolution at high magnetic fields. Al- o5 7 ~orelation plot of\Jye coupling constants measured withdA(

temati_vel% at intermediate field strengths, the Spir_1'5tat§-NC’-J)CO vs HN@/B-NC'-J)-TROSY experiments for 69 residues in ubig-
selective two-dimensionalC’, *H] correlation spectrum is an uitin at 600 MHz, 25°C. The pairwise root-mean-squared deviation is 0.13 H;

Hz 14 15 16 17 18
e [H(/B-NC-J)CO)]
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attractive alternative to the HM(B-NC'-J) experiment. Gen- 15.
erally, spin-state-selective spectral editing in two dimensions is
most advantageous for larger proteins to provide orientatiort4l

PERMI ET AL.

information with good resolution and sensitivity. These meth-
ods are also applicable to perdeuterated proteins.
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