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Practical optimization of the 4D ['H, *C, “C, 'H] HMQC-
NOESY-HSQC experiment in terms of distribution of resolu-
tion over the indirect dimensions is analyzed in detail. Recom-
mendations for an optimal experiment are based on computer
simulations assessing the effective resolution of the experiment,
defined as the percentage of all possible NOE cross peaks that
can be assigned unambiguously on the basis of the spectral data
alone. Using actual “C-'H spectra of an 18-kDa chaperone
protein, the analysis shows that experiments with the best
effective resolution are also among the most sensitive ones.
When combined with an efficient aliasing scheme that reduces
indirect spectral space 124-fold, a 4D experiment that yields
unambiguous assignments for 41% of all possible NOE cross
peaks can be recorded in 28 h. A high-resolution experiment,
which can be recorded in 8 days, yields 61% unambiguous
assignments and can be analyzed more easily using standard
NMR display software. The predictions are verified with exper-
imental 4D spectra from which 1850 NOEs (914 long-range)
were extracted for the 18-kDa chaperone protein. © 1999 Academic
Press

Key Words: four-dimensional NMR; proteins; resolution; alias-
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to overlap. In general, one reaches limits of effective sensitivit
and resolution with 3D NOE spectra when proteins of 20 kD:
and larger are studied. A case in point was the analysis in o
lab of the structural NOE spectra of the substrate bindin
domain of a Hsp70 chaperone protein, called Hsc-70 SBD (1
kDa; 7. = 14 ns). Few long-range NOEs could be identifiec
unambiguously from the 3D'H, *C, 'H] NOESY-HSQC
spectrum of this protein, because of extensive assignme
degeneracy and broad lines. Consequently, 4D spectrosco
was necessary.

In this paper, we present a theoretical analysis of the pe
formance of the 4D'H, **C, **C, '"H] HMQC-NOESY-HSQC
experiment {-3) in terms of effective resolution and sensitiv-
ity (Table 1). Effective resolution is defined here as the per
centage of all possible NOE cross peaks that can be assign
unambiguously on the basis of spectral data alone. We atten
to answer the following questions: given that the 4D spectrur
must be recorded in a fixed amount of time, how should th
digital resolution be distributed over the three indirect dimen
sions? How does that distribution affect effective resolutior
and sensitivity? How should the spectrum be aliased to acqui
such an experiment in reasonable time? What experiment

The possibility of extracting more useful information frondesign is best for interpretation? We analyze these issues wi

2D and 3D NMR spectra than from 1D NMR spectra is rarelgomputational simulations based on the actual assignment tal
disputed. However, this assessment is in general not extrapb-Hsc-70 SBD. Although the simulation is performed on &
lated to include 4D spectra. The most common objectiopsedominantly beta sheet protein, the conclusions concernir
against 4D NMR are the lack of sensitivity, lack of resolutiorthe optimal sampling among the indirect dimensions should k
length of data acquisition, and nonintuitive data handling. Motfte same for all proteins, albeit the maximum percentages
of these arguments are true, but they can also be held agairsimbiguous assignment will vary. Our analysis gave rise t
3D NMR compared to 2D NMR. the design of two 4D NOE experiments that gave the structure
While spectra of lower dimensionality almost always haviedependent assignment of over 914 long-range 4D NOE cro!
higher intrinsic sensitivity, such spectra often cannot be intgreaks for Hsc-70 SBD4].
preted for larger molecules because of overlap. Thus intrinsic
sensitivity does not translate to practical sensitivity. Similarly,
while potentially very high resolution can be obtained in lower
dimensionality spectra, resonance linewidths for larger pro-
teins become a factor, leading to a low effective resolution dueQur discussion is based on the 4Bi[ “*C, *C, *H] HMQC-

NOESY-HSQC experimentl3). We think of the 4D spec-
1To whom correspondence should be addressed. E-mail: zuiderwd@M as a set of 2D°C-H origination planes that communi-
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cates with a set of 2I’C—'H destination planes through NOE
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TABLE 1
Experimental Parameters
Acquisition times (750 MHz) Complex points Digital resolution (one zero fill)

Total expt. time D1 D2 D3 D1 D2 D3 D1 D2 D3 Figure Comment
27.6h 13.3 ms 8.3 ms 2.1 ms 72 9 12 0.20 ppm 0.08 ppm 1.25 ppm 3a Max eff res
29.6h 10.6 ms 6.7 ms 3.3 ms 58 8 18 0.25 ppm 0.10 ppm 0.80 ppm 3c High seas

8.0 days 13.3 ms 19.6 ms 6.3 ms 72 22 34 0.20 ppm 0.034 ppm 0.42 ppm 4a Max eff res
8.2 days 13.3 ms 13.9 ms 8.9 ms 72 16 48 0.20 ppm 0.048 ppm 0.3 ppm 4d Highseass
8.2 days 8.9 ms 13.9 ms 13.3 ms 48 16 72 0.30 ppm 0.048 ppm 0.2 ppm 4e Ease of anal

Note.Parameters pertaining to the optimized triple aliasing scheme with spectral widths of 1.5, 29.0, and 29.0 ppm (D1,D2,D3).

transfer. First we address the distribution of digital resolutigoroton resolution (Fig. 2A). This is suboptimal because oni
over the origination and destination planes. One school wews 4D data from “both sides™ a NOE between, e.g., the
thought suggests that acquired digital resolution is immaterdirs G—H; and G—H, is analyzed first with G-H; and G—H,
for the resolution of the experiment; provided that the digitéh the origination and destination plane, respectively, followec
resolution is sufficient to separate the peaks in the vast 49 analysis of the symmetric cross peak with-8, in the
spectral space, contour interpolation and/or zero filling camigination and G-H; in the destination plane, respectively.
provide the precise peak position and thus yield the assigius, if the carbon shift position of, for example,~€l, is
ment. However, peak interpolation fails when signal-to-noisenassignable in the destination plane because of low carb
ratio is low (), as is common in 4D, and digital resolutiondigital resolution, it is still unassignable for the symmetric
becomes a determining factor. cross peak in the origination plane if the resolution rectangle

The acquired digital resolution (in this paper assumed to bee identical in both planes. Therefore, the digital resolutiol
the spectral width divided by two times the number of compleshould be designed to be complementary in origination an
points acquired assuming a single zero fill) can be used destination planes, which leads, because of the “gratuitou:
tabulate the effective resolution of the 2D experiment simpljirectly detected proton high resolution in the destinatior
by considering the proton—carbon correlation. The resolutighane, to an asymmetrically high carbon resolution and lov
can be represented as a rectangle of the proper dimengiooton resolution in the origination plane. This design is show
centered on each cross peak. If a second peak in the assignrireRtg. 2B. The simulations based on real spectral distribution
list falls within the rectangle, the assignment cannot be madmlow bear out this conclusion. General limitations in resolu
Itis instructive to plot all potential spectral overlaps on a singkoon in multidimensional spectra dictate that planes have
plot (Fig. 1). In the center of this figure is the superposition afertain “thickness,” in the case of a 4D spectrum, a two
all the aliphatic resonances from the 18-kDa substrate bindidgnensional thickness, that causes cross talk. For this reason
domain (to form a single point), around which all relativés wise to set up the 4D experiment in an asymmetric fashior
positions of the resonances within0.2 ppm in proton chem- it makes that different peaks cause different cross talk in th
ical shift and*=2.0 ppm in carbon chemical shift are plottedcorresponding origination and destination planes. This allow
The figure is convenient in that a single “resolution rectangl&asier recognition of the cross talk. In practice, it is desirable t
can be visualized representing an area of ambiguity. With thiave a high resolution in both dimensions of the destinatio
analysis, only the total area of the 2D resolution rectangle pdgane as shown in Fig. 2C. This minimizes cross talk in the
directly proportional to the number of ambiguities that wilbrigination planes when they are displayed for analysis, allow
occur. The observed uniform distribution of nearest neighbadrsy easy interpretation of the entire 4D data set using a simp
in carbon and proton dictates that there is no advantagegvaphical interface. This design will also be discussed belov
disadvantage to obtaining spectra with higher resolution in
proton or carbon. DISTRIBUTION OF RESOLUTION—SIMULATION

This is no longer true considering the full 4D experiment,
where the resolution distribution over all dimensions must be While the above considerations give some intuitive directiol
considered carefully. Given that the proton digital resolution o6 the design of a 4D experiment, it is not clear what the exter
the destination plane is high because it is observed directly, tifeasymmetry should be. Also, the question of how sensitivit
destination plane most likely has a two-dimensional resolutias affected by the resolution cannot be answered from th
of a shape as indicated in Fig. 2A. It is apparent that the leadtove models. For this reason, the efficiency of the 4D expe
effective resolution will result when the resolution for thements was simulated. A computer program was written the
origination plane mimics that of the destination plane, i.e., higitcepted the actual assignment list of Hsc-70 SBD’s protor
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FIG. 1. Ambiguity distribution plot. All cross peaks {i} of the experimental proton—carbon correlation spectrum of Hsc-70 SBD that are within 0.2 |
in proton shift and 2.0 ppm in carbon shift to every other cross peak {j} are plotted. The cross peaks {j} are superimposed at the origin. Rathetiag atte
to solve individual cases of overlap in the proton—carbon correlation mapping, this mapping provides a route to a statistical analysis. Thegte® aecta
“resolution rectangles” representing experiments collected with higher proton resolution (dotted rectangle) and higher carbon resokdioactdasfte). All
resonances that are “too close” as defined by the digital resolution (inside the rectangle) will be ambiguous. The two rectangles have an eauertofal ni
digitization points and this 2D case always results in a constant area for the rectangle. Both the carbon and the proton chemical shifts wettettesbnéstezst
0.01 ppm resulting in the apparent “stripes” in the proton dimension. This rounding has a negligible effect on the conclusions of the simulation.

and carbons (701 assigned proton (groups) with associatedty remained for either of the resonances after analyzing tt
carbons) and which tallied the number of unambiguous assigmiginal and symmetric peak.

ments out of all possible NOE cross peaks (i.e., #7@D/2 Figure 3 shows the results for a 4D experiment of limitec
total, independent of structure) for a given digital resolution. Aesolution that may be acquired in roughly 30 h, if optimal
NOE cross peak was assumed unassignable if a single anaiasing is applied (see below). The figure, which assumes

FIG. 2. The use of the resolution rectangles for the analysis of the effects of symmetry in thel 480, **C, "H] HMQC-NOESY-HSQC experiment. (A)
A highly symmetric experiment with high resolution along both proton dimensions and low resolution along both carbon dimensions. (B) An asym
experiment with the high resolution along the destination proton (direct) dimension and along the origination carbon dimension. (C) An asyperietante
with high resolution along the destination proton (direct) dimension and the destination carbon dimension. All experiments shown have egeataxpags
(total number of complex points). Area 1 represents the intersection of the two regions of resolution and indicates the amount of protons ¢hatabsotut
be resolved by pure spectroscopic means, considering both of the symmetric peaks in the NOESY. Area 2 represents the amount of protons that me
not be resolved, depending on the number of overlaps that occur for the other proton involved in the NOE. It is clear that the symmetric experinmantt in /
optimal. Experiments B and C are equal in the number of absolute overlaps, but experiment C has a larger total area (from more area 2) and thukemore
secondary overlaps. Although experiment B clearly has the highest effective resolution, experiment C has the advantage of ease of use, tisrthpaogina
can be viewed without cross talk.
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10 provement over an experiment in which the origination protol
| resolution is chosen to be high. This design, with a protol
resolution of 0.04 ppm/point, generates only 24% unambigt
ous assignments, as indicatedioin the figure. The simulation
further shows that the maximum effective resolution in the 4L
experiment occurs when the two-dimensional resolution in th
origination and destination planes is equal, but oppositel
distributed &).

Using the same program, we compute for a three-dimer
sional ['H, **C, 'H] NOESY-HSQC spectrum ( assuming a
750-MHz instrument with acquisition times of 66, 13.3, and 6¢
ms for *H(F,), °*C(F,), and*H(F;), respectively) of this protein
that a maximum of only 9% of all possible NOE cross peak:
can be assigned unambiguously from spectral data alone. T}
did include analysis of the symmetrically related (transposec
peak, but, like the 4D simulationdid notinclude interpolation
beyond the digital resolution and linewidth.

Destination Carbon (F3) Resolution (PPM)

1.5

0.2
10

1
Origination Carbon (F1) Resolution (PPM)

FIG. 3. Computation of resolution and sensitivity as a function of digita
resolution in the three indirect dimensions of a 4BI,[C, °C, 'H] HMQC- o 1
NOESY-HSQC experiment. The direct proton resolution was kept at 0.02
ppm/point. A composite resolution of 0.02 pppoint in the three indirect £
dimensions was maintained while the individual resolutions were varied. Tré
origination proton resolution is thus given by (0.020 / (origination carborh
resolutionX destination carbon resolution)). The calculation is based on atr
experimental assignment list of aliphatic protons and carbons of the protef
Hsc-70 SBD. The simulation identified all pairs of protons that could beE‘
unambiguously assigned at the specified resolutions. Efficiency is indicatedgs
a percentage of unambiguous assignments. This modest 4D experiment, whigh
can be recorded in as little as 30 h using the aliasing scheme shown in Fig3,
results in a maximum of 40.9% unambiguous identification of all possible pai_rg
of protons, independent of structure. This optimal experimental design E
indicated bya. b shows a less-than-optimal design maximizing originatioriz
proton resolution, resulting in only 24% unambiguous identifications. Th d
insert shows the sensitivity of this 4D experiment compared to nondecaying
interferograms as a function of the distribution of resolutions over the same
area.c indicates an experimental design that is the best compromise between

0.2 e [+

effective resolution and sensitivity. 0.2 1 15
Origination Carbon (F1) Resolution (PPM)

fixed resolution of 0.01 ppm/point for the destination proton FIG. 4. Computation of resolution and sensitivity as a function of digital
’ résolution in the three indirect dimensions of a 4B,[*C, ©*C, *H] HMQC-

displays information on all three indirect resolutions as thel{rOESY_HSQC experiment. Conditions were as for Fig. 3. but a composit

product is held constant. Thus, improving origination carbagsolution of 0.00285 ppifpoint in the three indirect dimensions was main-
resolution while holding the destination carbon resolution corzined. The origination proton resolution is thus given by (0.00285/ (origina
stant, i.e., moving from right to left on the figure, decreases tken carbon resolution< destination carbon resolution)). Efficiency is indi-
underlying origination proton resolution. This change is seen{8[ed as a percentage of unambiguous assignments. This optimized -
. . . . experiment, which can be recorded in 8.2 days using the aliasing schen
yleld a marked Improvement _m the per_centage of _asagnalgﬁ%wn in Fig. 5, results in a maximum of 61% unambiguous identification o
resonances, and hence effective resolution, as predicted abgygessible pairs of protons, as indicatedaycidentifies an alternative design
The surprisingly good result, with 41% of all possible NOmaximizing destination carbon resolution, resulting in 58% unambiguou:
cross peaks unambiguously assignable, is obtained for firmtifications, but Wit_h gasier interp_retat_ion using a graphical interface (se
highest practical origination carbon resolution (0_2 ppm/poin‘f?;‘t)' The conditions indicated Hy, with high proton resolution, are subop-

ith a 1.0 m/boint destination carbon resolution and timal. The inset shows the sensitivity of this 4D experiment compared tc
wi U ppm/pol stinati soluti ndecaying interferograms as a function of the distribution of resolutions ove

origination proton resolution of 0.1 ppm/point, as indicated bye same areai ande give the best compromise of effective resolution and
a in the figure. This experimental design is a noticeable imensitivity.
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A major concern is whether the high effective resolution in MINIMIZATION OF THE FREQUENCY SPACE
4D spectroscopy has the traditional association with low sen- . . . _ o
sitivity. The sensitivity of the different experimental designs UP to this point, the discussion was focused on obtaining
was computed from the product of the areas of the thrE&Ximum resolution with a fixed amount of experimental time
decaying interferograms relative to the product of nondecayiﬁgd spectral widths. This section will describe an intricate

interferograms. Linewidths of 50 Hz for carbon and 30 Hz fd#1asing design aiming to minimize the frequency space th:

proton were assumed in order to compute the decays, which Z#St be sampled, thus maximizing the digital resolution ob

tginable in a given experimental time. The discussion is agal

representative for larger proteins with a correlation time of e e e
ns, including the effects of unresolved scalar coupliysThe lgaseq on thﬁ 4D H’b C, Cé :] Hrl]\AQC'NOESY'H.SQC

. ; A §per|mentt at can be recorded with two scans per increme
results of these computations are shown as an insert in F|gaS ‘described by Vuistet al. (3). A proposal for aliasing in the

It is very encouraging to observe that the area of high Sena'r'igination plane is shown in Fig. 5. Based on the proton-

tivity rqughly overlaps with the area of maximum effectiv‘:“carbon correlation of Hsc-70 SBD shown in Fig. 5A, it is clear
resolution (). ) ) . _ that the effective proton spectral width for a given carbor
Whether this 30-h 4D experiment has sufficient practicglemical shift is usually less than 1.5 ppm. Aliasing the protol
sensitivity is of course determined by protein concentrat|ogpectra| width of 8 ppm with a window of 1.5 ppm introduces
correlation time, and (ever increasing) spectrometer sensitivigmy an additional 1.5% ambiguities compared to the unaliase
The counterintuitive effect of simultaneous occurrence of mapectrum. The result of this procedure is shown in Fig. 5B. A
imum sensitivity and resolution is the result of the high intrinthjs point, it may appear as if no additional aliasing should b
sic resolution of the 4D experiment even at low digital res@xecuted. However, an aliasing of the 140-ppm carbon spe
lution of the individual interferograms. In contrast, highefrum with a 29-ppm window (4.83-fold) as indicated in the
effective resolution in lower dimensionality experiments cafigure can be easily accommodated if the sign of the folde
only be achieved when the indirect interferograms are collectpdaks is distinguished by a negative intensity afforded by
to long acquisition times, yielding low sensitivity. Four-dimend80° first-order phase correctio)( Of course, mutual can-
sional spectra emphasizing high proton resolution have allation of peaks in the 2D plane in Fig. 5C appears excessi\
peared in the early literature of 4D experiments-3). This and forbidding; however, in a full 4D spectrum only a small
results in less-than-optimal effective resolution and sensitiviggmber of resonances will appear in each origination plane ar
in this design as disclosed by Fig. 3. chances of cancellation are remote. If such an overlap woul
Figure 4 shows the effective resolution of a high-resolutiodgVertheless occur, it may result in the loss of two cross pea
4D experiment, which may be acquired in roughly 8 days, rpther than introducing a new gm.biguity, a small price to pa
optimal aliasing is applied (see below). The highest achievaif§ better resolution for the majority of the peaks. .
resolution, with in excess of 60% of all possible NOE cross An identical phase-alternated aliasing for the carbons in th

peaks assighable unambiguously, is obtained for paramet@%tinaﬁon plane, V_Vith,(ObViOUSW) no aliasing along_ the d'
indicated bya in this figure. Again, it is evident from the figurerectly detected destination protons, is presented. In this desig

that the effective resolution of the experiment decreases ngj

diagonal peaks have the same phase, which has a practi
. ) o L : vantage with respect to phasing and baseline correction. T
an increase in origination proton resolution, i.e., moving fro?iwn

. e . al spectral widths for this optimized triple aliasing are 1.5
the bottom left towardb. Relative sensitivity in the expenmenFZg.O' and 29.0 ppm about carrier positions of 4.85, 30.5, ar

is given in the insert. Combining the resolution and sensitivné/ 5 ppm for origination proton, origination carbon, and des
information in Fig. 4, one concludes that the best experimenigl,ion carbon, respectively. This optimal design thus repre
design is given by the parameters indicated wlitifthe overall sents a 124-fold reduction in spectral space, to be compar
sensitivity of this high-resolution 8-day experiment will b€y the aliasing designs by Clot al. (1) (46-fold), Zuider-
approximately equal to that of the 30-h experiment. For “Weg et al. (2) (15-fold), and Vuisteet al. (3) (46-fold). With
8-day experiment it is largely irrelevant in which carbon dig, procedure, as outlined in the legend to Fig. 5, the exper

mension the digital resolution is placed (as long as it is not fjent of Fig. 3 can be collected in about 28 h and the exper
the indirect proton dimension). Therefore, it is possible to sgfent of Fig. 4 in 8.2 days.

up the experiment with good destination carbon resolution, as

indicated byc (best resolution) and (best sensitivity compro- DEMONSTRATION OF TRIPLE ALIASING

mise). This is an important property that allows for straight-

forward analysis using standard NMR display software. With To demonstrate the effectiveness of the discussed resoluti
high destination resolution, the two destination frequencies faistribution and the triple aliasing scheme, a 4B,[**C, °C,

a NOE in the 4D spectrum can be selected with precisiotH] HMQC-NOESY-HSQC experiment was collected for a
allowing the display of the corresponding origination frequert.5-mM sample of double-labeled 18-kDa Hsc-70 SBD ir
cies in a 2D plane that is free of cross talk. H,0. At the measuring temperature of 25°C the protein has
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FIG. 5. Simulations of aliasing in the origination plane using the 2D peak positions from the proton—carbon correlation spectrum of the 18-kDa f
Hsc-70 SBD. A, the full correlation spectrum; B, 5.33-fold aliasing in tHedimension, not using phase encoding, resulting in an additional 1.5% of pes
overlap; C, additional 4.83-fold aliasing in th€ dimension, using first-order phase encoding. Note that the aliasing in carbon introduces few if any ambigu
while the aromatics are placed well in the spectrum (observe the sign of the regions of superposition). The carrier positions are indicatedstnf thates
lines. The carbon carrier is optimized for detecting methyl NOEs. The resulting distribution of data in C is nearly uniform, resulting in a hiigmit/.efécof
the sampling in frequency space. The aliasing scheme thus results in a 26-fold reduction of origination plane sampling space. When combingéchlvith
aliasing in the destination carbon dimension, a total of a 124-fold reduction in the combined indirect dimensions is achieved. This aliasing sfleatsum
of Fig. 3 to be collected in approximately 28 h as is computed as follows. The full carbon and proton spectral widths are 140 and 8 ppm, respectselyd The
origination carbon resolution is 0.2 ppm/point, the origination proton resolution is 0.1 ppm/point, and the destination carbon resolutiom/pdir@.pp order
to acquire this resolution, not allowing for any zero-filling in processing, one needs 1:0MR140/1 = 7,840,000 (not complex) increments. Using the
proposed triple-aliasing scheme that reduces indirect spectral space 124-fold, only 63,226 noncomplex increments are needed (which ra@f8lates
hypercomplex increments). With the minimal phase-cycle of two sc@nand an average duration of 0.8 s per increment, one thus computes 63,236/
3,600= 28 h for the experiment. The experiment of Fig. 4 has seven times better resolution and will hence take seven times as long (8.2 days).

fairly long correlation time of 14 ns. The experiment was CONCLUSIONS
recorded in 5.5 days on a Bruker DMX 750-MHz instrument

using spectral widths of 2.85, 31.86, and 31.86 ppm for the| this paper, we have demonstrated, by simulation an
origination proton, origination carbon, and destination carbqg(perimem' that asymmetric 4DH, *C, *C, *H] HMQC-
dimension, respectively. The 2.85-ppm spectral width in prOESY-HSQC spectra result in a substantially higher numbe
ton (rather than 1.5 ppm) was used to maintain a high sengf-completely unambiguous NOE assignments than the con
tivity. A digital resolution (assuming a single zero fill in eactimonly used symmetric experiments. In addition, a uniqu
indirect dimension) of 0.09, 0.45, and 0.24 ppm/point Wagsymmetric aliasing pattern is presented. These methods, wh
obtained for origination proton, origination carbon, and desttombined, will significantly decrease the experimental time
nation carbon, respectively. The destination carbon was cghd improve the effective resolution of the 4fH[ *C, **C,
lected at h|gh resolution (rathel’ than Origination Carbon) P(P-]] HMQC-NOESY-HSQC The asymmetric version of atyp-
allow easy interpretation using a graphical interface as eal 4D experiment with digital resolutions of 0.09, 0.2, and 1.1
plained above. An origination plane displaying all NOEs tgpm/point for the origination proton, origination carbon, anc
VAL 104y is shown in Fig. 6. The degeneracy of the peaffestination carbon, respectively, results in 41% completel
assignment is given in parentheses. It is clear that the lewiambiguous assignments for all possible NOEs. This is tt
intrinsic digital resolution and superposition of peaks due to tl&periment of choice when limited instrument time is avail-
multiple aliasing in this plane is not a problem. able: the experiment can be recorded in a little more than a d:
The experiment was collected with high resolution in th@ith the proposed aliasing scheme. The experiment can |
carbon destination dimension resulting in 39% unambiguotspeated with more scans for higher sensitivity if more instru
identifications. Together with a 4D, *C, N, 'H] ment time is available. If intrinsic sensitivity allows, more
HMQC-NOESY-HSQC experimen8] with the same alias- instrument time can also be utilized to acquire an experimel
ing in the origination plane, the 4D spectra yielded 186With higher effective resolution. For that case placing higt
unambiguously defined NOEs (914 long range) on which thesolution in the destination carbon is recommended. The ma
structure calculation of Hsc-70 SBD was basdlil Subse- benefit of this experiment is that it can be analyzed in
guent extensive analysis of several 3D NOE spectra yieldstlaightforward manner using a simple graphical interface
only 672 additional long-range NOEs for a refined structur®uch a 4D experiment is achieved in 8 days, using the aliasir
based on a total of 4150 NOEs. scheme suggested, with resolutions of 0.02, 0.8, and 0.2 pp!
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FIG. 6. Originating plane for the destination resonance of Valiney10df Hsc-70 SBD obtained from the high-resolution 4EH] *C, °C, H]
HMQC-NOESY-HSQC spectrum (mix: 75 ms), recorded in 5.5 days on a Bruker DMX750 spectrometer. The pulse sequence as describecebgl\MG)ster
was used, with two scans per increment. The plane is taken at the frequencies 18292 (=13 (k). The large peak at (18.92, 3.0) ppm is the (aliased) diagonal
The following acquisition parameters were used#d*C), 7,(*H),75(**C), andr,(*H) respectively: spectral widths, 31.86, 2.85, 31.86, and 16.0 ppm; comple
points 34, 16, 64, and 512; acquisition times 5.69, 7.49, 10.71, and 42.67 ms; carriers 31.50, 4.86, 31.50, and 4.86 ppm. A recycling delay of 6d7 s w
The R(*H) spectral width was relatively large, and consequentlyttheme was short, to enhance the overall sensitivity of the experiment.

point for the origination proton, origination carbon, and desti2.

E. R. P. Zuiderweg, A. M. Petros, S. W. Fesik, and E. T. Olejniczak,

nation carbon, respectively. This experiment generates 60% J- Am- Chem. Soc. 113, 370-372 (1991).

unambiguous assignments. 3.
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