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C Natural Abundance S°E and S°CT Experiments for Measurement
of J Coupling Constants between “*C* or 'H*®
and Other Protons in a Protein
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It is demonstrated that the spin-state-selective pulse sequence
elements, S°E and S*CT, previously introduced for measurement
of J coupling constants in N-labeled proteins can be applied for
work with peptides and proteins with *C at the natural abundance
level. In addition, a method is described for suppression of
crosstalk caused by passive spin flips and pulse imperfections,
which otherwise results in systematically underestimated J cou-
pling constants and thereby inaccurate structural constraints. This
method is also applicable for crosstalk suppression in applications
of S°E and S®CT to ®C- or “N-labeled samples. Experimental
confirmation is obtained using a 10 mM BPTI sample focusing on
BC in the « position. The measured J coupling constants include
SI(HY-H®*) and *J(H*-H*) related to the ¢ and x' angles,
respectively. © 1999 Academic Press

Key Words: S°E; S°CT; E.COSY:; J coupling constants; multidi-
mensional NMR; crosstalk.

In *C,"”N-labeled proteins a wide range of NMR puls

techniques exist for chemical shift correlations and measu
ment ofJ coupling constants. They are very efficient becau

typically all coherence transfers rely on one-bond coupli
constants.

For unlabeled proteins these techniques cannot be employC

as it is realistic only to retrieve signals from molecules with
single **C or **N nucleus, and with current spectrometer se
sitivity a relatively high concentration is required. Fortunatel
only a single heterolabel is required for E.COSY-tyde-3
measurement of homo- and heteronucleeoupling constants
over more than one bond, provided homonuclé#s'H co-
herence transfer is feasibld, (). The addition of spin-state-
selective excitation (&) (6—9) or coherence transfer {ST)

e

se

dimensional & and SCT techniques to work with’C at the
natural abundance level in peptides and proteins. For two ma
reasons we focus on molecules with tHE label at thea
carbon. First of all, C plays a pivotal role in the backbone of
proteins as it is where the side chain is attached. Hehce
coupling constants involving Cor H* represent crucial struc-
tural constraints. Secondly, measurementlafoupling con-
stants between Cor the attached Mand other protons by’s

or S’CT 2D or 3D techniques require that other spectral arez
than the one of M be detected. That is of immense conve-
nience considering that the water resonance is in thegéc-
tral region.

In Fig. 1 are shown four different pulse sequences that ai
relevant for the applications in mind. They represent the fou
combinations of either 2D homo- or heteronuclear correlatiol
with measurement of either homo- or heteronuclreoupling
constants. & as well as & T could be employed in all four
cases, but & for homonuclear and 8T for heteronuclear
correlation yield the respective shortest pulse sequences.
All these sequences have in common an elemét(water

ns(\]E\Iective)—gradienti=,=/2 (nonselective) after the homonuclear

0J1erence transfer (denotetxing in the pulse sequences in

ﬁg’. 1) by, e.g., TOCSY or NOESY that ensures minimal wate
Signal excitation. A relatively short water selective pulse cal

n_

be employed, as it is immaterial é proton signals are also

Y%liminated. Alternatively, Watergatd ) could be considered

instead of then/2 (water selective)—gradient#=2 (nonselec-
tive) element. Another common feature of the pulse sequenc
in Fig. 1 is the initial bilinear rotation that creates longitudinal
two-spin order for protons attached t&C while other'H
magnetizations are transverse and can be suppressed b

(20) to these techniques have resulted in convenient and accu

rate methods for extraction of interestidgoupling constants,
as has been demonstrated ft-labeled proteins.
It is the purpose of this Communication to adapt the tw

O-

pulsed field gradient. The selectivé2 C* excitation pulse in
the heteronuclear correlated sequences in Figs. 1a and 1b o
serves to restrict the spectral range inin other applications
one could well imagine a nonselective pulse at this point i

L Current address: Department of Chemical Research, Leo Pharmaceu@4l€r to cover a larger number of carbon resonances.
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The pulse sequence in Fig. 1a employ’C$ for coher-
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FIG. 1. S°CT and SE pulse sequences for determination of homo- or heteronugleanpling constants. Filled and open bars represédiand pulses,
respectively. The shaped?2 | pulses are selective for the water signal and the shap2® pulses are selective for thé €ignals. The phases are indicated
below the pulses (those with the prefix indicate independent two-step phase cycles with relative receiver phamed the delayr is (2J) '. The frame
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a S’B S’a (S*B}-025{S’a} (S’a}-0.25{S’P}
J J
—A —
_ L _> _ L
b Ala58 HP S°B Ala58 HP S* {S*B}-0.36{S’a} (S’ a}-0.36{S’ B}
Q 5320 4 s32f 4 532 5321
G 53.4r- - 5341 = 534 534
) 50 5B 130
C
4 53.2F 53.2 532
=4 534F 53.4 5341
5 150 32 130 5 130 53 130
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FIG. 2. (a) Schematic &T or SE 2D contour subspectra with 25% crosstalk indicated by the filled contour. The linear combinafigsls {S0.25({S’ o}
and {S’ o} — 0.25{S’ B} give clean subspectra without crosstalk. (b) Excerpt frorf@ISTOCSY spectrum recorded with the sequence in Fig. 1b on a BPT
sample (details in Fig. 3 caption) showing the Ala58-8* signal before and after compensating for crosstalk. The spectrum was processed as described
legend to Fig. 3, except that a 5-Hz exponential line-broadening window function was usedlire estimated Ala58 HH? J coupling constants are 6.9 and
7.4 Hz before and after compensation for crosstalk, respectively. (c) Like (b), but processed with a 15 Hz exponential line-broadening wiratoim functi
The estimated Ala58 +H* J coupling constants are 5.2 and 7.4 Hz before and after compensation for crosstalk, respectively.

ence transfer from Cto H* and results in &°C*~'H corre- where (0), S’CT excites in an intermediate state hetero-
lation spectrum from which all heteronucledrcoupling nuclear zero- and double-quantum coherence (ZQC ar
constants from € to protons can be measured. The onl2QC) which can be separated by a phase cycle or pulse
requirement is thatH—"H coherence transfer from®Ho the field gradients. Then follows a pulse-sequence element th
respective protons be sufficiently efficient. This stipulatiois equivalent to a selective rotation on, say, one of the two
is critical for all the pulse sequences, and the preferr&ispin transitions. That rotation transfers the ZQC or 2Qc
means of homonuclear coherence transfer are NOESY axclusively to one of the two I-spin transitions.

TOCSY, although other techniques such as ROESY or re-The pulse sequence in Fig. 1b is the same as in Fig. 1a, b
layed COSY could also serve. As described in detail elseith a heteronuclear zero-quantum (Z@Yotation 6, 12-14

designatednixing represents homonuclear coherence transfer by, e.g., isotropic TOCSY (e.g., by DEABbRE delay for NOESY transfer. For NOESY, the
phase cycling of Derome and Williamso22] is employed. The phases and the editing scheme of 16& §.COSY-type pulse sequences (a, b) are accordin
to Sgrenseet al. (10): The phasep was cycled to create two data sets which contain both 2QC and ZQE: X, —x with receiverx, x) and (p = y, —y
with receiverx, x). Addition and subtraction, respectively, yield the edited subspegtra$ + #/2, where¢ is cycled in two stepsxX, —x) with relative receiver
phasemw. (a) Hetero-correlated®ST sequence for determination of heteronucléaoupling constants; (b) hetero-correlatetC$ sequence for determination
of homonuclead coupling constants. The phases and the editing scheme of hE.SOSY-type pulse sequences (c, d) are according to Meissa&r(6, 7):
Two data sets with the phase vectogs, (02, 3, ¢4) are recorded, i.eA:{(#/4, 0, 0, 0)— (w/4, 0,7/ 2, =/ 2)}, B:{(w/4, 0, 0,7) — (57/4, 0,7/ 2, 3w/ 2)}.

The linear combinationd + B andA — B yield the edited subspectra with a relative phase shift/@fin t,. The phasey is cycled to select zero change in
coherence order in a concerted manner, i.en-atep cycle with increments7@n, n = 3, at constant receiver phase. (c) Homo-correlaté stquence for
determination of heteronucledrcoupling constants; (d) homo-correlatetESequence for determination of homonucléaroupling constants.
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FIG. 3. Excerpts from a heteronuclear correlaté@® TOCSY spectrum of 10 mM BPTI (90%/10%,E&/D,0) sample recorded with the sequence in Fig. 1b on
a Varian Unity Inova 750 MHz spectrometer at 36°C. The spectrum was processed with the program XWINNMR 2.0 and the edited subspectra (solidiaes)dast
overlaid using the software package Pror&)( TheJ coupling constants are homonucled—H" and H'—H? coupling constants. Parameters: TOCSY mixing time
30 ms; solvent presaturation 1.57s= 3.57 ms; States-TPPI modg{max) 13.3 ms; 640 scans and 98 increments; exponential Ib Hz) and squared/2 shifted
sine-bell window functions i, andt,, respectively. Spectral widths of 7400 and 9450 Hz were covered by a data matrix &f 8882 points zero-filled to 1024
8192 points prior to Fourier transformation. The selectiv@ C* and /2 water pulses were a 756 E-BURP 24) pulse and a 5.87 ms 270° Gauss pul®8,(
respectively. Thé’C and'H carriers were positioned at 53.1 and 4.67 ppm, respectively. All signals were compensated for 28% crosstalk exceptiAlasich
was compensated for 36% crosstalk. The coupling constants were estimated from 1D sections with a precision of about 0.2 Hz. Alternativedkinouttieesritire
2D peak shapes into account are available within the program package PRONTO (http://www.28}.dK) (

appended at the end. That has the effect of converting the bakij¢ coupling constants can be determined from 2D spectr
E.COSY-type cross peak multiplet patterns withi€the role recorded with this sequencB)(
of the passive spin into patterns with' lih that role. Hence, = The sequences in Figs. 1c and 1d correspond to those
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FIG. 4. Excerpts and traces from thé@T TOCSY spectrum of BPTI showing one of the Tyr23-&* signals. The spectrum was processed with (a) 5
Hz, (b) 10 Hz, and (c) 15 Hz line broadening, respectively, inttrdimension. The traces were taken at the Tyr23r€quency. The estimated*HH® coupling
constant is 12.3 Hz.

Figs. 1la and 1b, respectively, but lead to homo- instead ajnstants of interest, the desired and undesired signals over
heteronuclear 2D correlation spectra. They empldg ®r and result in a single signal with maximum shifted in the
editing into the two subspectra associated withdtand spin  direction of the undesired one. Accordingly, crosstalk due t
states, respectively, of eithef' @Fig. 1c¢) or H' (Fig. 1d). Also passive spin flips results in an underestimation of the couplin
included as an option for resolution and sensitivity enhancesnstants when they are measured as separations of peaks
ment is the BIRD elementlf) in the middle of the evolution the present work, crosstalk is suppressed by postprocessing
periods which provides homo- and heteronuclear decouplingtive edited subspectraife infra).
F.. S’E (6-9 is an alternative to &T which is equivalent to  Figure 2a shows a schematic 20CT or SE spectrum
a selective £/2), rotation on one of the transitions of a doubletvhere passive spin flip has lead to 25% crosstalk. That is, tf
followed by a nonselectiver/2 pulse on the same spin withS® B (S* «) subspectrum consists of two signals with an
phasee + /2 in one experiment ang — #/2 in another. intensity ratio of 1:0.25; one is the desired signal while the
Addition and subtraction of these two data sets provides tvather is an undesired signal corresponding to the passive sy
subspectra corresponding to separate excitation of the theing in thea (8) spin state. The combinations {8} —
doublet components. 0.25{S’ o} and {S® o} — 0.25{S’ B} yield clean S B and S
Both S'E and SCT allow convenient measurements bf « subspectra, respectively. Figures 2b and 2c show the Ala’
coupling constants by editing the spectrum into two subspec@&-H"* signals of an &T spectrum recorded with the se-
according to the spin state of the passive spin. JTkeupling quence in Fig. 1b on a sample of the protein bovine pancreat
constants are easily extracted from the relative peak displatgpsin inhibitor (BPTI) (L9). It is immediately apparent from
ments in the two subspectra. Nevertheless, there is a problégm subspectra processed with 5 Hz line broadening (Rig.
in both SE and SCT, as well as other E.COSY-type methods2b) that crosstalk is present due to Ala58/iL* spin flips.
namely, passive spins changing their state between two evdlilean subspectra are in the case of Ala58 obtained by assum
tion periods of a multidimensional experimerdi6-18. Pas- 36% crosstalk when making the linear combinations (Fig. 2b;
sive spin flips lead to the appearance of additional componeiitse crosstalk, although still visible, is not as evident when thi
in the cross peak multiplets. That is, signals from systerspectra are processed with 15-Hz line broadening, i(Fig.
where the passive spin in the first evolution period was in tf&e). The level of crosstalk may differ for different residues
B spin state will appear in the subspectrum and vice versadepending on local motion. Nevertheless, it was found the
Another source of crosstalk of this type is pulse imperfection®8% compensation generally resulted in excellent suppressi
As the linewidth in most proteins dominates theoupling of crosstalk except for the C-terminal Ala58 requiring 36%.
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