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The determination of protein structure by NMR is restricted at molecular masses above 10 kDa by overlapping reso-

nances. One way of overcoming this problem is to label the protein with N, The conventional way to record **N spectra

is to use heteronuclear multiple-quantum coherence. We present here an alternative approach based on *N single-quan-

tum coherence. This is shown to have substantial advantages over the multiple-quantum method, including better F,
resolution.

Nuclear magnetic resonance; Protein structure; Labeling, 1*N

The use of NMR for the elucidation of protein
structure has become established in the last few
years. Typically this is achieved by using a com-
bination of the two-dimensional "H NMR tech-
nigues COSY and NOESY [1-5]. With increasing
molecular weight the resonance assignment prob-
lem becomes more difficult because of spectral
overlap and larger linewidths. An elegant solution
to this problem is to use isotopically labelled pro-
teins. *N has proved to be particularly useful in
this respect since it has a much larger chemical shift
dispersion than protons. *N chemical shift is con-
ventionally encoded in the second dimension of a
two-dimensional experiment in which protons are
both excited and detected to maximise sensitivity.
These experiments use either heteronuclear 'H-*N
multiple-quantum coherence [6-17] (HMQC), or
*N single-quantum coherence (SQC) [18] to en-
code *N chemical shifts. All published studies of
15N-labelled proteins have been undertaken utilis-
ing the former technique. In this communication
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we show that experiments based on the N SQC
technique have several advantages, including im-
proved F; resolution and longer transverse relaxa-
tion times, than those based on HMQC [19].

The basic HMQC and *N SQC experiments are
given in fig.1. The improvement in resolution ob-
tained by using **N SQC results from a reduction in
the effective linewidths of peaks in the F; (**N)
dimension of the spectrum. This arises from two
sources: removal of homonuclear 'H scalar coup-
lings and reduction in the transverse relaxation rate
of the coherences evolving during the t; evolution
period.

The evolution periods of experiments utilising
either >N SQC or 'H-"N HMQC to encode °N
chemical shift typically incorporate a 180°(*H)
pulse at ;. Although this refocusses all of the
scalar couplings experienced by *N SQC in a pro-
tein, it does not remove those experienced by the
HMQC, which will exhibit the homonuclear
multiplet of its active proton. Thus a peak in an
HMQC spectrum will exhibit a multiplet in the F,;
dimension while the corresponding peak in a *N
SQC spectrum will not.

15N SQC relaxation rates, and hence linewidths,
are usually less than their HMQC counterparts.
This can be explained if one assumes that relaxa-
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Fig.1. Pulse sequences for heteronuclear "H-'*N spectroscopy
based upon (A) 'H observed heteronuclear multiple-quantum
coherence, and (B) *N single-quantum coherence. Phase cy-
cling used for (A): ¢1 = (x,-x); ¢2 = 2(x,7,-X,~¥); ¢3 = 8(x-x);
receiver = (x,~x) + 2(x,~x) + 8(x,-x); for (B) ¢1 = (x,-x); ¢2 =
2(x,y,-x,~y); $3 = 8(x,~x); ¢4 =8(x,-x); receiver = (x,~x) +
2(x,-x). We have found that more extensive phase cycling is
required for natural abundance "N studies. In both cases
A =0.5J, where J is the one-bond *H-"*N coupling constant,

tion is predominantly dipolar in origin. The effi-
ciency of dipolar relaxation is proportional to 52,
and consequently >N will relax less efficiently than
'H since yn = 0.1 yu. A N SQC arising from a
backbone amide of a protein will relax pre-
dominantly with its bonded proton (r=1.0 A)
since all other nuclei with which it might relax are
substantially further away (r>2.2 A). A ®N-'H
HMQC is created between an amide ’N and its
bonded 'H. In the slow tumbling limit their mutual
relaxation vanishes, effectively removing the *N
contribution to the relaxation of the coherence. As
a result the coherence will relax primarily due to the
homonuclear dipolar relaxation of the active pro-
ton. Due to the difference of gyromagnetic ratios
noted above N SQC will usually relax less effi-
ciently than HMQC and will consequently have
narrower lines. By using these arguments it can be
shown that the ratio of HMQC to >N SQC line-
widths for an a-helix is expected to be within the
range 1:1 to 3:1. In the current study we have
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Fig.2. Corresponding regions of (A) HMQC COSY and (B) N
SQC COSY 'H-'*N spectra of a 5 mM solution of the c-subunit
of the F;-Fo ATP-synthase of E. coli [22) in trifluoroethanol-d;.
All peaks shown correspond to one-bond 'H-'*N correlations.
The >N SQC spectrum clearly has better F; resolution than its
HMQC counterpart. Both spectra are plotted to the same ver-
tical scale. All experiments were carried out on a home-built
spectrometer operated by a GE 1280 computer and using an
11.8 T vertical bore Oxford Instruments magnet operating at
500.1 MHz for *H and 50.7 MHz for *N. Phase-sensitive data
were acquired by incrementing the phase of the second 90°(**N)
pulse in each case [23]. In each case F; = 5208 Hz and F, =
1666 Hz, and 512 t; increments with 128 transients each were
acquired. A = 5.25 ms, r = 30 ms.

observed this ratio to be between 1:1 and 2:1.
The‘exact decrease in the effective F; linewidth
achieved by using >N SQC instead of HMQC will
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vary from peak to peak since it depends on both the
size of the couplings removed and the reduction in
transverse relaxation rate achieved. The reduction
in effective linewidth leads, of course, to a cor-
responding increase in signal-to-noise ratio.

The major disadvantage of the >N SQC tech-
nique is that it requires a greater number of pulses.
This may result in loss of signal intensity (typically
20%) due to pulse imperfections, although in most
cases there is still an overall gain in intensity. It
may also make solvent suppression more difficult.

A comparison of HMQC and ®N SQC spectra is
given in fig.2. The F; resolution of the SQC spec-
trum is clearly substantially better than its HMQC
counterpart,

Both the basic HMQC and >N SQC experiments
can be adapted to incorporate homonuclear 'H
COSY, HOHAHA and NOESY in order to expioit
fully the N chemical shift. In both HMQC and
5N SQC, HOHAHA [20,21] and NOESY [4] can
be incorporated by the addition of the appropriate
‘module’ to the end of the basic pulse sequence
[14]. In the case of COSY only a 90°(*H) pulse need
be added to the end of the basic HMQC experiment
[11] but the "N SQC experiment requires the
replacement of the second 4 period of the basic ex-
periment with the sequence: (7/2-180°C‘H)-
(7/2)-90°(*H); broadband *N decoupling is turned
on after a time 4. The delay 7 is set to 0.25 J for
homonuclear 'H scalar couplings. The addition of
this delay to the **N SCQ COSY experiment makes
it longer than its HMQC counterpart, and as a con-
sequence it will suffer greater signal attenuation
due to transverse relaxation. However, this loss of
signal intensity is compensated for by the increase
in signal intensity resulting from the decrease of the
effective F; linewidth, as can be seen from fig.2.
For all other experiments discussed, those based
upon N SQC will produce spectra that exhibit
better signal-to-noise ratios than those based on
HMQC when experimental conditions are the
same.

We have shown that in many cases SQC ex-
periments have advantages over their HMQC
counterparts for heteronuclear 'H-'*N spectro-
scopy of proteins. In particular, the F; resolution
of a spectrum produced by the SQC technique is
often considerably better than the corresponding
HMQC spectrum. Most >N SQC experiments also
have better signal-to-noise ratios than their HMQC
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counterparts, It should thus be possible both to in-
crease the size of proteins that can usefully be
studied by NMR, and to reduce the concentration
of those that can be studied by heteronuclear
'H-1N techniques.
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