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A novel method for suppression of *C-"*C diagonal peaks
without sensitivity loss in three-dimensional HCCH TROSY-type
NMR correlation experiments involving aromatic side chains in
proteins (Pervushin et al., J. Am. Chem. Soc. 120, 6394-6400
(1998)) is presented. The key element is a spin-state-selective filter
in the *C-"C mixing sequence with the dual effect of selecting the
TROSY resonance in the preceding evolution period and inter-
changing TROSY and anti-TROSY resonances. The cross peaks
are invariant to this filter but diagonal peak coherence gets con-
centrated on the anti-TROSY transition so that it can be elimi-
nated by a *C — 'H TROSY transfer element. The new method is
demonstrated using a *C,"’N-labeled protein sample, RAP 18-112
(N-terminal domain of a,-macroglobulin receptor associated pro-
tein), at 750 MHz.  © 2000 Academic Press
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represents a severe bottleneck. However, this bottleneck
not only a matter of sensitivity but also the fact that ther:
usually is a rather small spectral dispersion of tHeand**C
resonances in aromatic rings, which complicates the assig
ment. Due to this narrow spectral range of resonances, crc
peaks tend to be quite close to th€—"*C diagonal so it
would be a further enhancement of this technique if th
uninformative diagonal peaks could be suppressed. W
show that this is indeed possible and even at zero pena
with respect to cross peak sensitivity compared to the earli
TROSY-HCCH experiments( 8).

In analogy to diagonal peak suppression in TROSY-
NOESY experiments the novel approach for diagonal pec
suppression in three-dimensional (3D) HCCH TROSY-typ
'H-"*C correlation is based on a combination of control an

lack of control of coherence transfer processes in the releve

Diagonal peak suppression has been a subject of Ioriﬁ_’-in_ syster?s. 1\?{Vhile it is_easy to control cc_)herence_transfn
standing interest in multidimensional NMR. It can easily p@!thin the "H—"C two-spin systems there is no_spin-state
achieved when the two spins to be correlated are of diﬁere?ff'lECt'l\g'ty when trar?SI;errllr;g coherence between t@enuclei
isotopes or are attached to different isotopes like, e.g., pro®h H—C systems vid C—"C couplings by the usual methods
correlation in {H®C)-("H™N)} systems. However, it was Of @ 7/2 pulse or a multipulse sequence.
only recently that effective means of diagonal peak suppressionl hree-dimensional TROSY HCCH experiments start by di
in *H NOESY of {(*H™*N)—(*H**N)} systems were introduced recting most of the available magnetization into the TROS
(1-4). These methods employ the TROSY approaghand esonance of the firsC spin by exploiting both the nativid
hence are particularly attractive for large molecules at higiid °C magnetizations ). The polarization of the anti-
fields. TROSY resonance is often small relative to the TROSY res

In this Communication, we show that virtually perfect diagn@nce so that suppression of it can be unnecessarp the
onal peak suppression can be achieved in another importg#ter hand, it is an integral part of our scheme for diagon:
experiment in protein NMR, namely HCCH correlation ifP€ak suppression to also suppress the anti-TROSY resonal
aromatic side chains. Pervushét al. (6) showed that by (vide infra). This feature is crucial as these anti-TROSY con
incorporating TROSY-type evolution the sensitivity of thigributions otherwise would lead to diagonal signals.
experiment could be improved by a factor 4—10 while a later In the succeedingC—"*C coherence transfer process, part o
paper improved the sensitivity further by a theoretical factdhe coherence gets transferred to a neighboring carbon t
V2 (7). (Note that the sensitivity enhancement factor ihevitably some of it remains on the first carbon and tha
(ignoring relaxation and pulse imperfections) in ReT) ( represents a potential diagonal peak contribution. This conti
only holds when heteronuclear gradient echoes are includadtion is still on the TROSY resonance but in the cross peal
in both experiments. Otherwise, the factor\é2 and the of the neighboring carbon the coherence is distributed equal
average experimental gain only about 22%.) That is vepn the TROSY and anti-TROSY resonances. This means tha
handy as the assignment of the aromatic spin systems is'df 7 pulse simultaneous with theC—*C coherence transfer
critical importance for high-quality structures and ofteprocess leaves the cross peaks invariant but in the diagol

171 1090-7807/00 $35.00

Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



COMMUNICATIONS

a
1]z [lzfz[]=
I 12]|2] | 2|[2]2]]2
X E ¥y X X Wi I>_
. ] T-1 Tty T-1-t T-1+b ]
S I 5 2 2 4—” 2 V777
+0 X X X
Grad
) r\m «fief) Nnnn A
b B .
Tt = EEEEE Rk
L DL
x &y -X y X [>_
S I I T-t T+ TG '_H T4ty I -
; A 2 2 2 2 l Y
v X y
Grad
N N «\+]) «f\e) nnnnnf

FIG. 1. Pulse sequences for 3D TROSY HCCH correlation with diagonal peak suppression. Filled and open bars regrasent pulses, respectively.
7= T=T =~ (2n + 1)/4Jc0) 4 t™2 = {¥(t, + 7)}mod(7); 8 = gradient delay. The receiver reference phase is incremented dtythe
discontinuities ot™ (10). In order to include the nativ® spin magnetization in the TROSY resonance, the pasast bex on our Bruker DRX 600 instrument
while it must bey on our Varian Unity Inova spectrometers. In combination with the shaded pulsed field gradients, echo and antiecho data sets are on th
instruments recorded witfh = —x andx, respectively, while for the sequence in (a) it would be reversed on the Bruker instrument. Therdpttisé of the
two-step (data coadded at constant receiver phad@)es is combined withd = x and6 = y when it is at its left and right positions, respectively. (a) 3D TROSY
HCCH pulse sequence with TROSY-S | mixing. (b) 3D S TPPI TROSY HCCH for superimposing TROSY and anti-TROSY resonancgs The relative
gradient strengths used are 1.998 and 1.25 for the shaded gradients, 0.5 for those in the evolution periods, 1 for those in the preparatiory Séquémrse 0.
in the final mixing sequence, and 10 for the purge gradient before therf2s$-spin pulse. In addition to th&® filter the only phase cycle is @7 of the first
S-spin 7/2 pulse along with alternating receiver phase.

peaks transfers the TROSY coherence to the anti-TROS¥quence the diagonal is not eliminated but only suppress
resonance. due to faster relaxation of the selected diagonal anti-TROS
This 'H 7 pulse is conveniently realized as part of a spincoherences i,.
state-selective ($filter selecting the TROSY resonance in the The new method for diagonal peak suppression was test
precedingt, evolution period as shown in the pulse sequenam a*C,"’N-labeled protein sample, RAP 18-112 (N-terminal
in Fig. 1a. The &filter is similar to the $P techniqueq) and domain ofa,-macroglobulin receptor associated proteihl)(
consists of a two-step cycle of experiments with tHer pulse using a Varian Unity Inova 750 MHz spectrometer. For illus:
placed at two different positions separated by44 * and tration, the 3D spectra were projected onto {f@-°C 2D
combined with appropriate setting 6f Because the diagonalplane with the results shown in Fig. 2. The two spectra wel
contributions are concentrated in the anti-TROSY resonancesorded with the scheme in Fig. 1a (right) with and (left
in the t, evolution period, a TROSY coherence transfer bavithout diagonal peak suppression; the latter included &n ¢
tween®*C in thet, evolution period andH for acquisition in filter placed in the beginning of the first evolution period to
t; (Fig. 1a) will eliminate diagonal peaks. suppress the anti-TROSY coherence inthperiod @, 8). As
However, unless the TROSY effect is very large it can fas evident from the 1D sections shown, a very high degree
the sensitivity of the cross peaks be worthwhile also to retaitiagonal peak suppression is achieved by the new method at
the 50% of the magnetization on the anti-TROSY resonanossst in cross-peak intensity. An interesting feature is seen f
in thet, evolution period. That is done in the sequence of Fighe large signal around 115.5 ppm from a Histidine residu
1b, where Spin-State-Selective TPPf {8PI1) @, 10 is used exhibiting truncation wiggles in the normal spectrum. In con
to superimpose TROSY and anti-TROSY coherences withduast, this signal is reduced to 6% of its original amplitude ir
mixing them as conventional decoupling would do. In thithe spectrum with the diagonal peaks suppressed. The resid
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FIG. 2. Excerpts from the’C—*C COSY-typeF./F, projection of the aromatic region of 3D TROSY HCCH spectra (positive levels onlyJhaf
BC-labeled RAP 18-112 (90% J®/10%D,0, 25°C, pH 6.4) recorded with the pulse sequence in Fig. 1a on a Varian Unity Inova 750 MHz spectrometer.
spectrum on the left was recorded without the diagonal peak suppression scheme but witlitensglecting the TROSY coherence iwthile the spectrum
on the right included diagonal peak suppression. Parameters for both experiments: relaxation delay 1.5 s with water pre$atuiidtion13.2 ms;r = 3.21
ms; t(max) = 9.81 ms; {(max) = 9.04 ms; 8 scans. GARP was used & decoupling in}. Data matrices of 10% 96 X 2048 points covering 5208 5200 %
10000 Hz were zero-filled to 51 512 X 1024 prior to Fourier transformation and the window function was cosine in all three dimensions. Represent
sections along th€&, dimension are shown in the spectra. The dashed line in the spectrum on the right indicates the diagonal.

on the very diagonal is caused by imperfection of the centrBROSY and anti-TROSY coherences. The intensity of th
"' pulse while the component at slightly lowr frequency is anti-TROSY coherence to be suppressed is enhanced by
the positive part of a dispersive peak centedédl = 202 Hz factor
lower than the diagonal ifr; and representing cross talk.
(The 7 delays were set to (X 155 Hz)'.) Another negative

. . . . . . T 1 1
absorptive signal cross talk signal displacedl in F, is not exp{ ( : — )}

. . 2 | Tani-TROSY — T TROSY

plotted. These artifacts could be reduced by a composite pulse 2 2
and more elaborate higher ordérfilters but that was not

considered because it would prolong the pulse sequence g§\ighe experiment with the dotted” pulse at its left position
because the artifacts can be identified by their displacemee(tfmpared to the one with this pulse at its right position. Suc
from the diagonal. corrections are unnecessary when the intensity of the an
Both the original 6, 8) and the new experiments with diag-TROSY coherence is low or when the TROSY effect is smal
onal peak suppression are susceptible to strong coupling effecés very large TROSY effects (i.e., very fast relaxation of the
between the°C spins in the two constant-time evolution-peanti-TROSY coherence) it is sufficient to only perform the
riods. However, simulations show that even for strong couplirgperiment with the dotted" pulse at its right position.
the new techniques offer a high degree of diagonal peakin conclusion, we have introduced an efficient method fo
suppression and allow identification of cross peaks otherwiS€—°C diagonal peak suppression without sensitivity loss fo
obscured by the diagonal. cross peaks in 3D HCCH TROSY-type NMR correlation ex:
Although it was not necessary in the present application vperiments involving aromatic side chains in proteins. TROS'
should mention the possibility to compensate 8idfilter for boosts the sensitivity of this crucial technique and diagon:
the difference in transverse relaxation times between tpeak suppression alleviates the complication associated witf
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