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Abstract

A simple scheme is presented for the suppression of dispersive contributions to cross peaks in HNCO-type spectra
where the'®N chemical shift is recorded in a constant-time manner immediately prior to the transfetSom

to IHN at the end of the sequence. These dispersive contributions arise when the delay for refocusSiNg the

13CO one-bond coupling is set to less than %o and wher?Jyn.co # 0. Improvements in sensitivity in

IHN detected experiments recorded BiN,13C-labeled samples can be realized by applicatioA3afOA3C*
decoupling during acquisition. Sensitivity gains on the order of 15% and 5% have been obtained for an SH3
domain (62 residues) and maltose binding protein (370 residues), respectively.

A major use of triple resonance NMR spectroscopy to proteins with narrontHN linewidths 13CO/A3CY

lies in the assignment PN, 13C, 1H chemical shifts ~ decoupling during acquisition results in measurable
during the initial stages of a protein structure determi- sensitivity gains.

nation (Bax, 1994). In this role issues of resolution The discussion that follows is relevant for the
and sensitivity are critical, but because spectra are HNCO family of experiments including HNCO (Kay
used in a qualitative sense, imperfections such as slightet al., 1994), HN(CO)CA (Bax and lkura, 1991) and
deviations from purely absorptive lineshapes, for ex- HN(COCA)CB (Shan et al., 1996). These sequences
ample, are not likely to create serious problems for have been discussed in detail in the literature and will
data interpretation. In contrast, when data sets arenot be reviewed here. For simplicity we consider the
used in a more quantitative manner, such as might basic HNCO sequence for which the magnetization
be the case in the measurement of couplings wherepathway can be described as

peak positions or intensities must be quantitated more
accurately (Bax et al., 1994), interpretation of data
is less tolerant to deviations from ideality. We have
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recently observed that in HNCO-based experiments 15\ (CT-ty) 13N_gO THN(t3) 1)
where the!®N chemical shift is recorded in constant-
time mode immediately prior to transfer back'aN where the active couplings are indicated above each ar-

for acquisition, the lineshapes in theN and thetHN row. Several different implementations of CT-HNCO
dimensions are not purely absorptive. The degree of have been published, including versions with and
deviation from pure absorption depends on the length without coherence transfer selection by pulsed field
of the constant-time evolution period and the magni- gradients (Kay et al., 1994) as well as TROSY-based
tude of the two-bon&CO,*HN coupling,’Jun.co. In experiments (Salzmann et al., 1998; Yang and Kay,
this communication we report a simple modificationto  1999a). While the exact details will vary with the
HNCO-based pulse schemes which restores absorptiveprecise sequence, the origin of the dispersive contri-
lineshapes. We also demonstrate that for applicationsputions to the E/F3 lineshapes can be readily under-



suppressed using scheme b in Figure 1 (Pervushin

H et al.,, 1998a; Yang and Kay, 1999a). During the
. |Tb|“y| co_nstant—tlme delay _of duratl_on RT N chemical
shift evolves for $, while evolution from the one-bond
. o I I5N-13CO couplingtdn.co, proceeds for the complete
c | c period 2Ty. Thus, at the end of 47 the signal of
interest can be written as
G, 00 G, _nnn
s e A{Ny(1 — 2HN,) coswn — T dnH)t2
iy 2 N — Ny(1 — 2HNy) sin(on — 7t dwm)tz)
woow e + B[2Ny(1 — 2HN,)CO; cos(on — ')tz
N ‘ l ITN-12/2|TN alzl 4 2Ny(1 _ 2HNZ)COZ Siﬂ(wN _ TflJNH)tZ},
“‘ BN A = sin2ntdy,coTn) coSweo — 2N, colts,
13 Cl 3 1124072 SEDUCE
- B = cos2n' N coTn) cogwco — T2din.cotr.  (2)
nCe , 1 | [emoeE Focusing exclusively on the transfer of krms, and
- omitting for the moment thé3CO 90 purge pulse
G, i 5 i il applied at the end of the constant-time period and the
ST 2 2 26 AT

13coM3c* decoupling duringd, the observable signal
Figure 1. TROSY-HNCO without (a) and with (b) active suppres- g given by:

sion of the anti-TROSY component using the implementation of

Yang and Kay (1999a). Scheme (a) or (b) is inserted into the 1 1

pulse sequence in place of the light-shaded rectangle in the fig- —A COS(wN — Tt~ INH)t2 COSWHN + T INH)t3

ure. Experimental details are given in Yang and Kay (1999a,b) [see 2

supplementary material of Yang and Kay (1999BFCOA3CY de- Cos{j—t JHN’CO?) _ 1
coupling is applied with a 59 ppm cosine modulated SEDUCE-1 + B sin(own — 1t-InH)t2 SIN(wHN + T INK)T3
decoupling field (McCoy and Mueller, 1992) (358 90 SEDUCE . 2

pulses at 500 MHz) with the carrier positioned midway between the sin(m JHN,COt3)~ (3)
13c0o and!3c® chemical shifts4117 ppm).

If 2T is setto O.SVJN,CO, only the first term in Equa-

stood without consideration of the exact form of the 10N 3 is non-zero and purely absorptive lineshapes in
experiment. all three dimensions are obtained. However, for appli-
Figure 1 illustrates a TROSY-based implementa- C&tions to many proteins this large value of\2may
tion of the CT-HNCO pulse sequence that has been lead to unacceptable losses in sensitivity and values of
developed for applications to large, highly deuter- 2Tn SOmewhat less than 015, co are most often em-
ated proteins (Yang and Kay, 1999a). This experi- poned._Th!s rgsults in Imeshgpes that are not purely
ment has been discussed in the literature previously 2PSorptive in eitherfor F, asillustrated in Figure 2a
and we focus here only on the terms that give rise Where a portion of a 2D HN(CO) data set recorded
to the dispersive character of the peakshape. At With anon-TROSY, HNCO scheme (Figure 1 of Kay
the start of thel>N constant-time evolution period €t al. (1994)) on the spectrin SH3 domain [62 res_ldues
(CT-t,) the magnetization of interest can be written as (Blanco etal., 1997)]is shown (= 24.8 ms). Itis
2Ny (1 — 2HN,)CO, coSweo — 72N .colts, where notewor'ththat in the limit thaZtJHN,co — 0, pu.rely
all the multiplicative terms which describe transfer ef- absorptive lineshapes are reStoréMN,CO_ couplings
ficiency and relaxation losses have been neglected and® 4-4 £ 0.4 Hz have been measured in the case of
Xx, Xz, denote the x and z components of X mag- maltose binding protein (MBP, 370 residues) and the
netization, respectively. Only the term which gives asymmetry in peak shapes caused by the dispersive
rise to the TROSY multiplet component is retained. contributions can be quite noticeable, as Figure 2a
The anti-TROSY cross peak is severely attenuated via indicates. o
relaxation during the substantial delays in the pulse ~ EQuation 2 shows that the terms that give rise
sequence wheféN transverse magnetization evolves, 1 the skewed peag shapes are proportional tg CO
If necessary, this unwanted component can be actively @t the end of the>N constant-time evolution pe-

riod. Thus, application of 43CO 90 purge pulse at
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Figure 2. 2D HN(CO) slices recorded on a 2 mM sample of
15N,13¢ 2H-labeled spectrin SH3, pH 3.5, 90%8, 10% D,0,

1 wM leupeptin, 1uM pepstatin, 80G.M pefabloc, 100.M DSS,
25°C (Blanco et al., 1997). Spectra were recorded at 500 MHz
on a UNITY+ spectrometer withott3COA3C* decoupling during
acquisition (88 ms) (a) and with'8Co 90 purge and decoupling
during acquisition (b). In (a) the decoupling element was inserted
during the relaxation delay so that differential heating between (a)
and (b) is minimized. The sequence of Figure 1 in Kay et al. (1994)
was employed (with the modifications listed above). For applica-
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Figure 3. Fractional occurrence vs. intensity ratio of cross peaks in
non-TROSY HN(CO) spectra of the spectrin SH3 domain &tQ@5
(intensity ratio= intensity of cross peaks in spectra wifCOA3CY
decoupling during acquisition and8CO purge pulsefintensity of
cross peaks in spectra without decoupling oreo purge). The
intensity ratio is a function of the acquisition time as well as the
window used in the acquisition dimension. An°8&ghifted sinebell
was employed for all spectra.

detected experiments involvingN,13C-labeled pro-
teins with narrontHN linewidths it may be possible
to improve sensitivity by applying3CO decoupling
during acquisition. In addition, because of finite in-
traresidu€Jyn.c, couplings fdin.co &~ 2.5 Hz (By-
strov, 1976)], the sensitivity can also be improved by
13Cq decoupling. Figure 3 shows the intensity ratios
measured for cross peaks from non-TROSY HNCO
spectra recorded on BN, 13C, 2H-labeled spectrin
SH3 domain with and withodt?CO/A3C* decoupling
during an acquisition of 88 ms (ratie with decou-
pling/without decoupling). In the case that decoupling
was not applied during acquisition, the decoupling

tions to small proteins this experiment is approximately a factor of {rain was inserted during the relaxation de|ay to en-

2 more sensitive than TROSY sequences. Data sets were processe

using NMRPipe software (Delaglio et al., 1995) and analyzed using
the PIPP/CAPP suite of programs (Garrett et al., 1991).

any time after the 2§ delay and prior to detection
removes these contributions. This is illustrated in Fig-

Sure that differences in intensity ratios are not the

result of differential sample heating. Average sensitiv-
ity gains of 13+ 2% have been measured on the SH3
domain sample at both 2& and 5°C in the presence
of 13COA3C* decoupling during acquisition. The gain
in sensitivity depends significantly on tReIN trans-

ure 2b, where correlations corresponding to those in yerse relaxation times (i.e., the size of the molecule)

Figure 2a are shown from a data set wher®@0o
90° pulse has been inserted immediately after'fié
constant-time evolution period (RT= 24.8 ms). Al-
ternatively, setting 2y = 0-5/lJN,CO also results in

and the acquisition time. In the case of the SH3 do-
main correlation timeszc, of 44 + 0.2 ns (25°C)
and 72+ 0.4 ns (5°C) have been estimated frof?N
relaxation data (Farrow et al., 1994), whileiN T»

purely absorptive correlations (data not shown) but as ygjues of 92+ 16 and 64+ 15 ms have been mea-
discussed above, this delay may not be practical for all syred at 23C and 5°C, respectively. (Here, 16 and

applications. 15 refer to the standard deviation in the values, not the

The presence of the skewed lineshapes in HNCO- error in the measurements.) It is noteworthy that the
type correlation spectra which result from finite sensitivity gains measured are in good agreement with
2Jin.co coupling values suggests that itHN- calculations based on the relaxation times listed above
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and acquisition and processing parameters used in theSensitivity gains can be achieved wkfCO/A3C* de-

experiments.

Experiments have also been performed on a Val,
Leu, lle B1 only) methyl-protonated®N,'3C 2H-
labeled sample of MBP in complex with-
cyclodextrin (Gardner et al., 1998). At 3C the
correlation time of the complex is H 0.8 ns and an
average'HN T value of 23+ 4 ms is measured. It is
noteworthy that 3 values were obtained by inserting
a simple spin echo sequence of the forh80°(1°N)

1 180°(*H) t 18C°(**N) 1, in the beginning of an
HSQC experiment. This effectively suppresses cross
correlation betweeAH-1°N dipolar and*H CSA in-
teractions and the value quoted is therefore somewhat
less than the operative relaxation time in TROSY-
based experiments. TROSY-HNCO experiments have
been recorded using the sequence of Figure 1 (with
active purging of the anti-TROSY component) with
and without13COA3C* decoupling during acquisi-
tion. Intensities of correlations from spectra recorded
with decoupling are 2 + 2.3% higher than the cor-
responding correlations in spectra recorded without
decoupling during the 88 ms acquisition period (but
with the decoupling train applied during the relax-
ation delay), in good agreement with the calculated
enhancement. Thus, sensitivity gains, albeit modest,
can be obtained for larger molecules as well.

Finally, it is important to mention that &CO
purging pulse is not necessary in the HNCO family of
experiments where th®N chemical shift is recorded
immediately after the transfer froftN to 1°N at the
outset of the experiment (Grzesiek and Bax, 1992).
Even in this case, however, sensitivity gains can be
obtained from-3CO/A3C* decoupling. With the devel-
opment of enhanced sensitivity experiments (Palmer
etal., 1991; Cavanagh and Rance, 1993) including co-
herence transfer selected schemes (Schleucher et al.
1993; Muhandiram and Kay, 1994), and the imple-
mentation of TROSY from our laboratory (Yang and
Kay, 1999a,b) as well as TROSY-based experiments
developed by Pervushin, Withrich and co-workers
(Pervushin et al., 1997, 1998b; Salzmann et al., 1998),
the majority of sequences recdriN evolution prior to
the final transfer. Purely absorptive lineshapes can be
easily obtained in this case BYCO/A3C* decoupling
during acquisition or by application of 8CO purge
pulse as illustrated in Figure 1.

In the present communication we have described a
simple approach for the generation of purely absorp-
tive lineshapes in HNCO-based experiments in a man-
ner independent of delays chosen for the experiment.

coupling during acquisition even for relatively large
proteins and protein complexes.
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