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An earlier two-dimensional NOESY experiment with diagonal transfer it to the anti-TROSY transition. As a result, a fina
peak suppression in the 11HN—1HN region is extended to three selection of the TROSY resonances suppresses the diagnal
dimensions by including N evolution _Whlle maintaining th_e and apart from loss due to pulse imperfection and relaxati
TROSY approach throughout. The technique suppresses all anti- - qring extra delays there is no sensitivity penalty for molecule
TROSY resonances by appropriate pulse sequence elements and and field strengths sufficiently large to make the TROS'
for large molecules at high fields possible semi- and anti-TROSY approach worthwhile

artifacts are further suppressed by virtue of much shorter trans- . L
verse relaxation times for these components. The new technique is In this communication, we extend the 2D NOESY puls

demonstrated using an “N-labeled protein sample, RAP 17-97 Sequence with diagonal peak suppressiontg three dimen-

(N-terminal domain of «2-macroglobulin Receptor Associated SIONs by including "N evplution. SUCh an*N-resolved
Protein), in H,0 at 500 MHz.  © 2000 Academic Press NOESY spectrum is essential for evaluation'df'—‘H" NOE

Key Words: diagonal peak suppression; TROSY; NOESY. cross peaks in larger proteins. The n&N-resolved TROSY
NOESY experiment applies the TROSY approach in all thre
dimensions, something that is in contrast to a recent expe
Spin-state-selective {Btechniques make it possible to sement and conclusions by Pervustehal. (8). These authors
lectively manipulate the coherences belonging to particulenggest a 3D experiment with diagonal peak suppression
states of passive spins and this can be applied for editinglving "H-""N zero-quantum coherence and apply itto a 11
multidimensional NMR spectra, for example, allowing convekDa protein but show experimentally by 2D spectra that th
nient measurement of coupling constarts-4). Typically, a single-quantum approach “clearly gives the best results” wi
spin C is one-bond and long-range coupled to spins A and Bspect to sensitivity and resolution. Nevertheless, it is argu
respectively, and tha and spin states of C can be separatethat “the ZQ-based scheme is nonetheless a preferred elem
based on A-spin magnetization and this separation then m&im-3D heteronuclear-resolved NOESY experiments” and th.
tained through a coherence transfer from spin A to spin B. the potential advantage of the single-quantum based sche
Another category of Stechniques is TROSY5}, where one “can hardly be exploited in 3D heteronuclear-resolved expe
particular 2D multiplet component having the most favorablenents g).”
transverse relaxation times is selected by an appropriate mixingrhe pulse sequence for the new experiment is outlined in Fi
sequence, thus resulting in a spectrum with enhanced resdluit can be understood as the preparation sequence of the
tion and sensitivity §, 6). Such a 2D'H-"*N or "H-"C peak NOESY pulse sequence with diagonal peak suppression in R
corresponds to specific spin states of the attached passive s@iinhaving been replaced by the heteronuclear gradient ec
e.g., the'H-spin in the dimension of'N or *°C, respectively. TROSY sequenced( 10 without the detection period, i.e., ac-
Moreover, it was recently shown that diagonal peak suppresrding to the regimen for constructing a 3D pulse sequence frc
sion is feasible based on the inherent pattern of spin-stai® 2D sequencesl{). The TROSY mixing sequence delivers
selectivity associated with coherence transfer between tWe same result as the preparation sequence of the original
'H-"N units (7). Specifically, when a TROSY coherence ifNOESY pulse sequence with diagonal peak suppression, nar
one unit is partially transferred to another unit the result selective excitation of thtH TROSY coherences in the evolution
equal amounts of TROSY and anti-TROSY coherence so thggriod preceding NOESY mixing. The anti-TROSY coherence
such a cross peak would be invariant tergulse applied on are suppressed by the gradients selecting the heteronuclear gt
the attached heteronuclear passive spin. On the other hand diteechoes between the two evolution periods.
coherence that is not transferred (i.e., the diagonal peak) is stilln the 2D heteronuclear gradient echo TROSY sequenc
associated with the TROSY transition so thatrgulse will only one coherence transfer pathway contributes in any givi
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FIG. 1. 3D TROSY-NOESY pulse sequence with diagonal peak suppression. Filled and open bars refp2eardtr pulses, respectively. Selective2
water pulses are shown as open bell shapes.(2J,,) " ; 8 is gradient delayr,, is NOESY mixing time. The phases are indicated below the pulses. For
odd-numbered scans the phasés x and the left dashea pulse on the S channel is applied, while for all even-numbered spasy and the right dashed
7 pulse on the S channel is applied with opposite receiver pldgse, ¢ + . To include the nativé®N (S-spin) magnetization in the TROSY coherence, the
phasey must be—y on our Varian Unity Inova spectrometers, while it mustybfor our Bruker DRX-600 instrument. The phases and selective water puls
ensure that the water magnetization is returned totth@xis. For'H and**N spins on our Varian spectrometers, the echoes bettyesndt, are obtained with
o =Y, ¢s=Y, G, = —7,G, = 3,G; = 2, while for antiecho itisp; = —y; ¢s = —y, G, = —8, G, = 2, G; = 3. On the Bruker instrumeng, and
¢@s must be reversed. Apart from these gradients and the purge gradient dyting pulsed field gradients are arranged in self-compensating pairs. Two d
sets, A: {§ = 0, m; receiver= 0, } and B: {6 = /2, 3n/2; receivern/2, 3w/2}, both for echo (e) and antiecho (a) betwdemndt,, are recorded. The linear
combinations {A(a)— B(a)}, {A(e) + B(e)}, {A(e) — B(e)}, and {A(a) + B(a)} yield the four pathways {S, S*}(t,) — {I 7, I"}(t,). This separation of the
individual pathways offers the possibility to move the offset yté-the middle of the amide region by TPPI-type preprocessing exponential multiplication
the individual FIDs. The,-dependent phase increments are of opposite sign‘fant I". By shifting the offset this way, the transmitter frequency can stil
remain on resonance for the water signal as is advantageous for water flip-back in TROSY type expetihents (

scan, but in the 3D sequence there are two because-bbth the 2D TROSY sequence is supplemented by-N H™ and
and—1 quantum coherence in the second evolution period leddht must be taken into account in the 3D Fourier transform
to observable signals. For example, the pathway-MH™ in tion. The two relevantd,, ¢s) phase settings in the TROSY
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FIG.2. Excerpts from the amide region BN-labeled, RAP 17-97 (90% }©/10% D,O, 25°C, pH 6.4, 20 mM NacCl, 1 mM phosphate buffer).'(a)-edited
2D NOESY spectrum and (b) positive/F; projection of the 3D TROSY-NOESY spectrum with diagonal peak suppression recorded with the pulse seqt
in Fig. 1 on a Varian Unity Inova 500 MHz spectrometer. Parameters for (a): relaxation delayrE5526 ms;r,, = 100 ms;t;(max) = 61.72 ms; 16 scans.
Sinc-shaped water pulses of duration 1.00 ms and Waltz-18Nodecoupling during acquisition were applied. A data matrix of 862048 points covering
7000 7000 Hz were zero-filled to 2048 4096 points prior to States-TPPI Fourier transformation and the window functions were cosine in both dimens
(b): relaxation delay 1.5 &; = 5.26 ms;r,, = 100 ms;t;(max) = 9.06 ms;t,(max) = 61.72 ms; 16 scans. Sinc-shaped water pulses of duration 1.00 ms w
applied. The data sets A and B were combined and the offset was shifted 1750 Hasrd€scribed in the Fig. 1 caption. A data matrix ofX4@32 X 2048
points covering 1655< 3500 X 7000 Hz was zero-filled to 6& 1024 X 4096 points prior to double echo/antiecho Fourier transformation and the wind
functions were cosine ins/and F, and cosine square in,FThe excerpt from spectrum (b) is displaced by J/2 (48 Hz) in both dimensions to ease compar



COMMUNICATIONS 197

TROSY-NOESY spectra was tested on'a\-labeled protein
sample, RAP 17-97 (N-terminal domain @2-macroglobulin
Receptor Associated Proteird)3), using a Varian Unity Inova
500 MHz spectrometer. Figure 2 shows excerpts from tt
amide region of an°N-edited 2D'H-‘H NOESY spectrum
_ employing Watergatel@) and**N decoupling throughout (Fig.
2a) and the positive #; projection from the 3D TROSY-
NOESY spectrum with diagonal peak suppression (Fig. 2l
recorded using the pulse sequence in Fig. 1. Clearly, the lat
I shows a narrower and smaller diagonal with some nearby crc
peaks that are obscured in the former. As demonstrated in F
3 by sections taken at the points indicated by lines in Fig. .
cross peaks that are submerged within the extension of t
W diagonal (indicated by double arrows) can be observed. T
sections marked 1I/1Il and 111" contain two overlapping
signals, that are separated by the associftédesonances in
Fig. 4, where excerpts from selected/F; planes and F
/11 sections are shown. Inclined and horizontal dashed lines m:
the diagonal and the ;Fsections, respectively. The cross tc
diagonal peak intensity ratios are typically even more favorab
in 3D TROSY-NOESY spectra with diagonal peak suppre:
sion than in the corresponding 2D NOESY spectrum als
employing diagonal peak suppressiaf) because the spread
according to”°N chemical shifts in the third dimension reduces
T /I overlap on the diagonal.

In analogy to the earlier 2D NOESY experiment employin
the same idea for diagonal peak suppression, tietgoe

T I T T T T f
8.4 8.2 8.0 7.8 7.6 74 ppm I
FIG. 3. Sections as indicated in Fig. 2 for three differ&dt'—"H" pairs (I,
Il, and IIl). 1l and 1l cannot be separated in the 2D approach due to overlap.
A double arrow marks the position of the diagonal. Sections marked with 117.9 ppm 114 8 ppm 116.3 ppm
prime contain the high-frequency diagonal component of the amide pair, and M)
sections without prime contain the low-frequency diagonal component. Top ﬂ\/ﬁM Aﬂ
traces: sections from the spectrum in Fig. 2a without suppression of diagonal //} ﬁ e}
peaks; bottom traces: sections from the spectrum in Fig. 2b with diagonal peak ﬁ/j{/
suppression. Cross peaks close to the diagonal are clearly visible in the traces ' T T T
with diagonal peak suppression at places where they are hardly observable in 7. 7 7 6 ppm 7'7 7716 ppm

the sections without diagonal peak suppression. Corresponding sections are
scaled to show similar intensities for the cross peaks.
1r
mixing sequence betweé¢nandt, selectN —-H" and N —
H™ or N - H and N — H", respectively. In practice,

b

. 104. 120.4
current spectrometer software can be used for Fourier trans- H1 Orj,pm 2 Oplfm Ii??
formation when these pairs of pathways are separated by a q %3/\\
phase cycle of). Two data sets,& = 0, w) and @ = /2, /@@\va@\‘ @ vyé\\/s/d
3m/2), where the receiver phase in all cases is equédl &re @ P
recorded for each of the twap(, ¢s) settings and they are 77 76 pom 17 76  ppm 717 76  ppm

added and subtracted, which results in four data sets that are _
Fourier transformed as so-called double echo/antiecho datd!C: 4. F/Fs excerpts from the 3D TROSY-NOESY spectrum with

10, 1 diagonal peak suppression for three differ&dt—"H" pairs (I, Il, and Ill) as
Another procedure is used in thi€—"H-"H TROSY-NOESY indicated in Fig. 2. The bold dashed lines mark the diagonal and,teedfions

experiment of Brutschegt al. (12). shown are taken at the positions of the thin dashed lifislschemical shifts
The new method for diagonal peak suppression in 3BF, are given on top of the excerpts.
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