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Previous theoretical calculations have demonstrated that the
multiqguantum relaxation rate of 'H*-*C*(R,yq) is, on average,
1.3 = 0.4 or 1.7 £ 0.6 times slower than the single-quantum
relaxation rate of *C*(R¢) for a sample with or without, respec-
tively, amide protons. By taking advantage of this fact and by
using the PEP sensitivity enhancement scheme, an HMQC version
of the HCACO experiment has been developed. We demonstrate
that this new experiment is 23 and 55% more sensitive than the
original HSQC version of the HCACO experiment, at constant
times of 7 and 27 ms, respectively, for a sample of the BC domain
of the ciliary neurotrophic factor receptor protein dissolved in D,0
at 20°C.  © 2000 Academic Press
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Many 3D NMR experiments have been developed to assjgf,, of 1y«
the resonance assignment of isotopically labeled proteins. q{b%plings betweehH®
useful experiment for backbone chemical shift assignme

which correlates the chemical shifts of the intraresiddé,

compared with the corresponding HSQC-HCACO experimen
on the 11-kDa BC domain of the ciliary neurotrophic factol
receptor (CNTFR) dissolved in @ at 20°C. In addition, this
experiment remove$’C*~"*C* homonuclear] couplings &)
and so allows prompt assignment of the glycine cross peaks,
they have opposite signs to all othet €rrelations when 2

is set to 27 ms, due tG’C* of Gly not being coupled to an
aliphatic carbon.

Figure 1 depicts the pulse sequence of the constant-tin
HCACO experiment based on the HMQC magnetization tran:
fer scheme. In the HMQC-HCACO pulse sequence, the secti
before point a creates the multiple-quantum coherencél bf
and™C®. During the following period of 2, the magnetization
of *C* is transferred td*C’, while the transverse magnetiza-
is locked along thex-axis, so that homonuclear
and other protons are removed. How-

'%Rrer, the strength of spin-lock field must not be too high ir

order to avoid homonuclear Hartmann—-Hahn effects. Henc

13~a 13~/ H
C*, and "C’ resonances, is the HSQC-based 3D HCAC%r protons whose resonance frequencies are far from tl

(HSQC-HCACO) experiment. Since its inceptiod),( the

HCACO experiment has been modified several times to
crease its sensitivity and resolutio—6). In this report, we
demonstrate that the sensitivity of this experiment can
further improved, as the relaxation time &f“-*C* multi-

quantum coherence is longer than that of single-quantum
herence. Theoretical calculations have shown that the m
quantum relaxation rate ofH*-*C*(Ry,) is, on average,
1.3+ 0.4 or 1.7+ 0.6 times slower than the single-quantu
relaxation rate of**C*(Rc) for a sample with or without,
respectively, amide protong,(8).

The iimproved experiment described here employs tgf)mponents of°C* are transferred tdH® through the PEP

HMQC sensitivity enhancement scheme, developed eartier

10), to increase sensitivity. For HMQC-HCACO experiment
with constant time periods ([2) of 7 and 27 ms, sensitivities .
increased, on average, by 23 and 55%, respectively, wh

nm

.carrier of the spin-lock RF field, the transverse magnetizatio

Bannot be locked effectively, and their signal intensities de
crease. The transverse coherence is labeled with*@iefre-

l8ﬁlency during the, period. In the section between points ¢

and d,*C* magnetization evolves in a constant-time mannel

u?ﬁé anti-phase magnetization 6C* with respect t0°C’ is

ré'focused, and the transverse magnetizatiorHsfis locked
along thex-axis for the reason given above. [T = 27 ms,
the signal is not reduced during the constant-time period by tf
coupling of *C* and **C*, because cos(@]c.c;Tc) ~ 1. Fi-
nally, between points d and e, the two transverse magnetizati

reservation of equivalent path) methddl{15, before de-
ection. For nonglycine residues, the use of PEP results in
ncrease in sensitivity by a factor of 1.38«15; however the

airease . )
sensitivities of glycine residues are reduced by about 50%.
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FIG. 1. HMQC version of the HCACO pulse sequence. In the pulseC ’ respectlvely,lxy is the single-bond coupling constant of

sequence, filled bars and open bars represent 90° and 180° pulses, respect®BiIS X andy, and (), is the chemical shift of spix. The
Default phases are. The carriers ofH, °C%, **C’, and**N are set at 4.7, 56, four transients recorded for every pair of andt, can be
176, and 120 ppm, respectively. Phase cycling is as follgws= (x, x, =%, expressed as

=X e = (% =X e = (MY Y Y Y Y YY) ea = (X)) @

= (X, =X, =X, X, =X, X, X, —X). Quadrature components ipare acquired

through alteringp, in a States—TPPI manner. Echo/anti-echo selections during Si1 * ScogQety)exp(+iQcqtz) expli Qpats)

t, are performed by setting, = (—x) and inverting the sign of g4. Axial . .

peaks in the F2 dimension are removed by setting# 180°, ¢, + 180°) for Si> % S0 Qety)exp(—iQcyts) expiQy,ts)

every second,. The experimental recovery delay is 1 $;2 1/(2"Jc.) ~ 3.4 . . .

ms; 2r, = 7.0 ms; and Z. = 7 ms or 27 ms3 is set to the corresponding S Sﬂsm(QC’tl)eXd+|QCat2)eXmQHﬂt3)

gradient pulse width plus a gradient recovery time ofu@0 The duration and S,, o Ssin(Qt )exq—iQ t )exp(iQ ts)
2 c't1 Cat'2 Ha'3/

strength of the gradients are set to §1(0.4 ms, 5 G/cm); g2= (0.4 ms, 15
G/cm); g3= (0.4 ms, 10 G/cm); g4 (1.0 ms,—25 G/cm); g5= (0.5 ms, 5
G/cm); g6= (0.4 ms, 5 G/cm); g7 (0.25 ms, 25 G/cm). The power of the with S being defined as
spin lock is 5 kHz and the carrier of the spin-lock field is set at 4.1 ppm.

o, = 2H:Cy, S = SiN(27Jc,c 1) COL 2T IcacpT1)
o= —4 SiN27Jc,cT1)COY2mIcacp1) H;CSCY, X SIN(27Jcac Te) COL 2 IcacpTo) -
o.= 4 SiN(27Jc,cT1)COL 2T I cucsT i )
¢ cact cecs 1) The real part of the FID for, can be obtained by addirsy, to
X cogQcty) HYCYC), S, and S,, to S,,. The corresponding imaginary part of the
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FIG. 2. 2D spectral slices taken from the 3D HMQC-HCACO spectrum (A) and its corresponding 3D HSQC-HCACO spectrum (B) foi7 2ns. Both
spectra were recorded on a uniformfZ- and**N-enriched sample of 7 mg of the BC domain of CNTFR igC)pH 6.3, at 20°C. The lowest contours for
spectra (A) and (B) are drawn at the same level and contours are spaced by a factor of 1.20. The spectra were obtained with identical processingspayam
the nmrPipe software packag6j.
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2.0 Spectral matrices of 12& 128 X 512 points for both 3D
spectra were obtained with identical processing paramete
2 154 Figure 2 clearly indicates that the sensitivity of the HMQC-
g HCACO experiment is increased considerably when compar
§ 10 with that of HSQC-HCACO experiment. The ratios of the peal
% ' volumes of the 3D HMQC-HCACO spectrum to the peak
g volumes of the corresponding 3D HSQC-HCACO spectrur
+ 051 are shown, by residue number, in Fig. 3. Empty positions i
Fig. 3 correspond to residues who$¢* chemical shift was
0.04 near the residual solvent peak at 4.7 ppm, as their intensiti
0 25 30 s 100 are difficult to measure precisely. Peaks with ratios smalle

Residue Number than 1 (due to off-resonance spin-lock effects) resonatelat
FIG. 3. The ratios of the volumes of the peaks of the 3D HMQC-HCAC@hemical shifts h|gher than 5.5 ppm. On average, the sensiti
spectrum to the corresponding peaks of the 3D HSQC-HCACO spectrumiﬁy of the 3D HMQC-HCACO spectrum for B = 7 ms is
fesidue number forge = 7 ms. enhanced by 23% when compared with the corresponding :
HSQC-HCACO spectrum.
: ) ) Figure 4 shows the first 2D planets (= 0) of 3D HMQC-
FID is obtained by subtracting,, from S,, andS,, from S,,, HCACO (A) and HSQC-HCACO (B) experiments folf2 =

with an additional 90° phase shift being appli®d-(2. The 3D 27 ms. Data matrices of 128% 512* points, in the time

spectrum can be obtained by using normal Fourier transfornag-m ain, were acquired for the two spectra, with specr:

tion. . :
To demonstrate the sensitivity enhancement of the HM ths C,)f 3000 and 4000 Hz, respectively. The r?umbe
. transients for each FID was 32. Spectral matrices

approach over the HSQC method, we applied the HMQ : ‘ ,
HCACO and its corresponding HSQC-HCACO experiment, g2 < 1024 points for both 2D spectra were obtained witt
a Varian Inova 500 MHz NMR spectrometer. &C- and identical processing parameters. The sensitivity enhanceme
“*N-labeled sample of the BC domain of the CNTFR, dissolv&d the HMQC-HCACO experiment over the HSQC-HCACO
in D,O at 20°C, was used. Figureshows 2D slices from the €xperiment exceeds 55%, on average, based on 31 isola
3D HMQC-HCACO spectrum (A) and the corresponding 3Peaks.

HSQC-HCACO spectrum (B), taken HC* = 53.85 ppm, for By introducing "H*—*C* multiple-quantum coherence into
2T. = 7 ms. Data matrices of 50x 40* X 512* (* denotes a the HCACO experiment we have shown that the sensitivity
complex number), in the time domain, were acquired for this experiment can be increased substantially. This will cor
two spectra, with spectral widths of 3000, 7000, and 4000 Hiderably facilitate the spectral assignment of the backbor
respectively. The number of transients for each FID was Homs of °C-labeled proteins.
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FIG. 4. The first 2D planestt = 0) of the 3D HMQC-HCACO (A) and its corresponding HSQC-HCACO (B) experiment Tor 2 27 ms. The spectra
were obtained with identical processing parameters. The lowest contours for spectra (A) and (B) are drawn at the same level and contours ardesyaced |
of 1.20.
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