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Summary 

We have developed an improved isotope-filtered pulse scheme in combination with a double-tuned filter, 
a hyperbolic secant inversion pulse, and a z-filter with a pulsed field gradient. These filtering pulse 
schemes have been incorporated into several one-, two-, and three-dimensional experiments, which were 
applied to the ~3C/~5N uniformly labeled N-terminal SH3 domain of Grb2 complexed with the unlabeled 
Sos-derived peptide. The proton resonances of the Sos-derived peptide were unambiguously assigned 
using isotope-filtered DQF-COSY, TOCSY and NOESY spectra. Furthermore, in the isotope-filtered, 
isotope-edited 3D NOESY spectrum, intermolecular NOEs between the labeled protein and the un- 
labeled peptide could be identified. Through these applications, we demonstrate the high filtering 
efficiency of the presented pulse scheme. 

Isotope-filtering experiments detect proton signals 
attached to ~2C/~4N nuclei and remove 13C/~SN-attached 
proton signals for selective observation of interactions 
between 13C/15N isotope-labeled and unlabeled molecules 
(Fesik et al., 1991; Weber et al., 1991; Burgering et al., 
1993a,b; Lee et al., 1994a; Zhang et al., 1994). These 
experiments are classified into half-filter (Otting et al., 
1986) and purged-filter experiments (Gemmecker et al., 
1992; Ikura and Bax, 1992). Wiithrich and co-workers 
initially proposed the X-half-filter scheme (Otting et al., 
1986), based on the addition or subtraction of FIDs with 
or without a 180 ~ pulse on X-nuclei. During the last few 
years, improved and modified versions of the X-half-filter 
schemes have been proposed (Otting and Wiithrich, 1989; 
Burgering et al., 1993a,b; Folkers et al., 1993). Ikura and 
Bax (1992) developed purged-filter schemes based on the 
magnetization transfer of ~3C/~SN-attached protons to 
heteronuclear multiple-quantum coherence, while Fesik 
and co-workers (Gemmecker et al., 1992; Petros et al., 
1992) developed a double-tuned filter to attenuate leakage 
from aliphatic protons attached to ~3C nuclei. 

In these pulse schemes, both aromatic and aliphatic 
protons are not generally detected, partly because tuning 
to both coupling constants for the aliphatic (125 ~ 140 
Hz) and aromatic groups (-170 Hz) is difficult and partly 
because there was no suitable pulse available that simulta- 
neously inverted the magnetization of aliphatic and aro- 
matic carbons. Hallenga and co-workers (Folmer et al., 
1995) have introduced wide-band inversion (Rosen and 
Zener, 1932; Silver et al., 1984a,b) and band-selective 
inversion pulses (Geen and Freeman, 1991) to the conven- 
tional X-half-filter. In this way, the aromatic and ali- 
phatic protons of 13C/15N-labeled molecules can be filtered 
out simultaneously. 

In the present study, we propose a novel purged-filter 
pulse scheme based on a PFG z-filter with a wide-band 
hyperbolic secant inversion pulse. Figure la shows the 
basic pulse scheme of the PFG z-filter, where the trans- 
verse magnetization of protons (Iy) attached to X-nuclei 
(X denotes 13C or ~SN) is converted to antiphase magnet- 
ization, 2IxS z after 2x = 1/2Jnx (1H and X-nuclei are de- 
noted by I and S, respectively). The transverse magnet- 
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Fig. 1. (a) The basic part of the PFG z-filter pulse scheme, in which 
z is set to 1/4JHx. X denotes either 13C or ~SN. Narrow and wide lines 
indicate 90 ~ and 180 ~ pulses, respectively. All pulses are applied along 
the x-axis. First a ~H 90 ~ pulse excites 1H magnetization along the y- 
axis. A pair of 1H and X-nuclei 180 ~ pulses refocuses the chemical 
shift evolution. After the delay 2~, the IH magnetization attached to 
X-nuclei is antiphase along the x-axis, and the ~H magnetization not 
attached to X-nuclei aligns to the y-axis. The second ~H 90 ~ pulse 
returns the ~H magnetization not attached to X-nuclei to the z-axis, 
and leaves the ~H magnetization attached to X-nuclei in the x-y plane. 
A pulsed field gradient G1 purges all the transverse magnetization and 
does not affect the longitudinal magnetization. The final 1H 90 ~ pulse 
only detects the tH magnetization not attached to X-nuclei. Hence, 
this pulse scheme works as an isotope-purged filter. (b) Pulse scheme 
for a 1D experiment with a J3C double-tuned PFG z-filter. All pulses 
are applied along the x-axis. The shaped pulses indicate the hyperbolic 
secant inversion pulses, which have a pulse width of 360 gs and a field 
strength of 20 kHz. The 13C carrier frequency is set on the center of 
the aromatic and aliphatic ~3C chemical shift regions (~75 ppm). Za 
and ~b are typically set to 1/4Jcn, tuned for the aliphatic and aromatic 
carbons, respectively. Under our experimental conditions, "q and ~b 
were set to 1.85 and 1.45 ms, respectively. The PFGs G2 and G3 
eliminate the unwanted transverse magnetization. PFG G1 cancels the 
imperfection of the 180 ~ pulses. All PFGs were applied with a rec- 
tangular shape. The PFG strengths and lengths were as follows: G1 
= 10 G/cm, 0.5 ms, G2=20 G/cm, 0.5 ms, G3=25 G/cm, 0.5 ms. (c) 
Pulse scheme for the ~3C/~5N double-tuned PFG z-filter experiment. "~ 
and "[d were typically set to 1/4JNH. In our experiments, both "c~ and t 0 
were 2.7 ms. Other parameters were set as described in (b). 

ization of protons attached to non-X-nuclei is refocused 
to in-phase magnetization, Iy. The second IH 90 ~ pulse 
returns the magnetization of non-X-attached protons to 
the z-axis, but leaves the magnetization of X-attached 
protons in the x-y plane. The subsequent PFG pulse 
dephases the transverse magnetization but does not affect 
the longitudinal magnetization (Bax and Pochapsky, 
1992). The final IH 90 ~ pulse only detects IH magnetiz- 
ation not attached to X-nuclei. Hence, this pulse scheme 
works as an isotope-purged filter. 

The basic PFG z-filter pulse scheme is tandemly linked 
with different delays (za and %) tuned to the aliphatic and 
aromatic ~H-13C coupling constants, respectively. The 
hyperbolic secant pulse is incorporated for wide-band 
inversion of the 13C magnetization. Thus, this 13C-filtered 
pulse scheme can be applied to selectively observe aro- 
matic and aliphatic protons bound to ~2C nuclei and to 
eliminate those bound to 13C nuclei (Fig. lb). A 15N filter 
can also be incorporated into this pulse scheme (Fig. lb) 
to eliminate the protons attached to 13C or 15N nuclei 
(Fig. lc). In this case, zc and Xd are set to I/4JNn. After 2% 
(2"%), the magnetization of protons attached to 13C or ~SN 
becomes antiphase and the subsequent ~H 90~ ~ pulse leaves 
this magnetization in the x-y plane. Thus, these protons 
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Fig. 2. Spectral comparison of the 2 mM unlabeled VPP peptide 
complexed with the ~3C/JSN uniformly enriched N-SH3 protein dis- 
solved in D20, recorded with a Varian UNITY 500 ~H 500 MHz 
NMR spectrometer. The vertical scaling and the number of scans (64, 
with 5984 complex points) were identical for each spectrum. The ~3C 
carrier frequency was set at 75.2 ppm. (a) Normal unfiltered spectrum; 
(b) ~3C double-tuned PFG z-filtered spectrum. 
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Fig. 3. (a) Pulse scheme for the ~C double-tuned PFG z-filtered DQF- 
COSY experiment. All pulses were applied with a phase of x, except 
for ~)1 = 4(x),4(-x) and (~2 = x,y,-x,-y. Receiver phase =-x,y,x,-y,x,-y, 
-x,y. Hypercomplex data acquisition was performed in the States- 
TPPI manner. The PFG strengths and lengths and the intervals for 
the filtering scheme were set as described in the legend to Fig. lb. (b) 
Pulse scheme for the ~3C double-tuned PFG z-filtered TOCSY experi- 
ment. TOCSY mixing is achieved by the clean MLEV-17 pulse se- 
quence (Griesinger et al., 1988) with a 2 ms trim pulse. The phase 
cycling was: ~)1 = x,-x; Receiver phase: x,-x. The PFG strengths and 
lengths were set as shown in Fig. lb. (c) Pulse scheme for the ~3C 
double-tuned [F1,F2] PFG z-filtered NOESY experiment. The phase 
cyclings were: ~)1 = 4(x),4(-x), ~)2 = x,y,-x,-y and Receiver phase = 
x,y,-x,-y,-x,-y,x,y. PFG strengths and lengths were: G1 = 10 G/cm, 
0.5 ms, G2=20 G/cm, 0.5 ms, G3=25 G/cm, 0.5 ms, G4=8 G/cm, 3.0 
ms, G5 = 18 G/cm, 0.5 ms, G6 = 22 G/cm, 0.5 ms. G4 eliminates 
unwanted transverse magnetization, and therefore reduces phase 
cycling of the pulses. 

are efficiently eliminated with the PFG z-filter, while the 
protons attached to either ~C or laN nuclei remain unaf- 
fected. 

A high suppression efficiency of the proton signals 
attached to ~aC or ~SN nuclei by the PFG z-filtered pulse 
scheme was demonstrated with the 13C/15N doubly labeled 
N-terminal SH3 domain of Grb2 complexed with the 
unlabeled Sos-derived peptide (VPPPVPPRRR, abbrevi- 
ated as VPP peptide) (Terasawa et al., 1994). Figure 2a 
shows the conventional 1D ~H NMR spectrum of the 
complex of N-SH3 and the VPP peptide in D20 solution, 
where proton resonances of both labeled protein and 
unlabeled peptide are simultaneously observed. In con- 
trast, Fig. 2b shows the spectrum measured by the PFG 
z-filtered pulse scheme (Fig. lb), which extracted only the 
unlabeled VPP peptide signals. As the VPP peptide has 
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Fig. 4. 13C double-tuned PFG z-filtered 2D spectra of a 2 mM sample 
of unlabeled VPP peptide complexed with the 13C/15N uniformly 
enriched N-SH3 protein dissolved in D20, recorded with the 1H 500 
MHz NMR spectrometer. The cross peaks derived from the VPP 
peptide, which were assigned by Terasawa et al. (1994), are labeled. 
(a) DQF-COSY spectrum, obtained with the pulse scheme shown in 
Fig. 3a. The spectrum was recorded with 512 increments in the F1 di- 
mension, 1024 complex points in the F2 dimension and 32 scans for 
each increment. (b) TOCSY spectrum, obtained with the pulse scheme 
shown in Fig. 3b. For this spectrum, 512 increments in the F1 dimen- 
sion were recorded with 1024 complex points in the F2 dimension and 
16 scans for each increment. The mixing time was 50 ms. (c) NOESY 
spectrum, obtained with the pulse scheme shown in Fig. 3c. The 
spectrum was recorded with 512 increments in the F1 dimension, 1024 
complex points in the F2 dimension and 32 scans for each increment. 
The mixing time was 150 ms. 



no aromatic amino acid residues, we could observe negli- 
gibly small proton signals in the aromatic region. Thus, 
the ~3C-bound proton resonances in both the aromatic 
and aliphatic regions were efficiently suppressed. 

The P F G  z-filtered pulse scheme was incorporated into 
two-dimensional N M R  pulse sequences to selectively 
observe the proton resonances of  the unlabeled ligand 
complexed with the ~3C/lSN-labeled protein. The proton 
resonances of  the unlabeled ligand can be unambiguously 
assigned through the use o f  P F G  z-filtered 2D N M R .  
Figure 3 shows '3C-filtered DQF-COSY, ~3C-filtered 
TOCSY and ~3C [F1,F2]-filtered NOESY pulse sequences 
using the P F G  z-filter. The 'sC purged-filter 2D pulse 
sequences were initially proposed by Ikura and Bax 
(1992) and by Fesik and co-workers (Gemmecker et al., 
1992). However, in the original schemes the filtering effi- 
ciency was limited to either aliphatic or aromatic regions. 
Therefore, it is an advantage o f  the present pulse schemes 
that the 13C-attached proton resonances in the aromatic 
and the aliphatic regions are simultaneously filtered. The 
pulse schemes were applied to the complex of  '3CYN- 
labeled Grb2 N-SH3 and unlabeled VPP peptide in D20 
solution. The 2D ~3C-filtered DQF-COSY, 13C-filtered 
TOCSY and ~3C [F1,F2]-filtered NOESY spectra are 
shown in Fig. 4. We only observed the peaks due to 
proton resonances o f  the unlabeled peptide in these spec- 
tra, demonstrating again the high filtering efficiency of  
the P F G  z-filtered pulse schemes. 

For samples dissolved in H20, suppression of  the sol- 
vent resonance is essential. We applied band-selective 
shaped 'S'  and 'SS' pulses (Smallcombe, 1993) as the 
observing pulses, which do not excite the H20 resonance 
and simultaneously avoid saturation of  the amide proton 
resonances. Figure 5a shows the basic pulse scheme of  the 
~3C/~SN filter for a sample containing 90% H20. Since the 
amide proton resonances overlap those o f  the aromatic 
protons, a ~sC filter for the aromatic carbons, but not for 
the aliphatic carbons, is sufficient to selectively observe 
the amide protons of  unlabeled molecules. Figures 5b and 
c show the ~3C/~SN-filtered 2D TOCSY and 2D N O E S Y  
pulse schemes, respectively, incorporating the SS and S 
pulses as observing pulses. These pulse schemes were 
applied to the complex of  Grb2 N-SH3 and the VPP 
peptide in H20 solution, as shown in Fig. 6. In these 
experiments, solvent presaturation pulses were not ap- 
plied. Figure 6a shows that the present filter scheme effi- 
ciently eliminates the ~3CfSN-attached amide and aro- 
matic proton resonances, leaving only those from 14N- 
attached protons from the VPP peptide. The 2D '3CfSN- 
filtered TOCSY and N O E S Y  spectra are shown in Figs. 
6b and c, respectively, using the pulse schemes o f  Fig. 5. 
In both spectra only peaks derived from the VPP peptide 
are clearly observed. Using the P F G  z-filtered pulse 
schemes for the 2D measurements in H20 and D20 sol- 
utions, the proton resonances of  the unlabeled peptide 
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Fig. 5. (a) Pulse scheme for the ~3C/'SN double-tuned, PFG z-filtered 
ID experiment with SS and S shaped pulses. The SS and S shaped 
pulses function as band-selective 90 ~ and 180 ~ pulses, respectively. The 
carrier of the transmitter was set at the solvent resonance, and the 
effective excitation range of the SS and S pulses was adjusted to cover 
the amide proton region, xo and zf were set to typical values of l/4Jcn 
(aromatic) and I/4JNH, respectively. All pulses were applied along the 
x-axis, except for the last SS pulse which had the following phase 
cycling: ~1 = x,y,-x,-y; Receiver phase = x,-y,-x,y. The PFG strengths 
and lengths were: G1 = 10 G/cm, 0.5 ms, G2=25 G/cm, 0.5 ms, G3= 
8 G/cm, 1 ms. (b) Pulse scheme for the lsC/15N double-tuned, PFG z- 
filtered 2D TOCSY experiment with SS and S pulses. Phase cyclings 
were: ~1 =4(x),4(-x), ~2 =x,y,-x,-y and Receiver =x,-y,-x,y,-x,y,x,-y. 
Hypercomplex data acquisition was performed by the States-TPPI 
method. Other experimental parameters, including the intervals for the 
filtering scheme, were set as described in (a). (c) Pulse scheme for the 
13C/15N double-tuned, [FI,F2] PFG z-filtered NOESY experiment with 
SS and S pulses. Phase cyclings were the same as those in Fig. 5b. The 
strengths and lengths of the PFGs were: G1 = 10 G/cm, 0.5 ms, G2 = 
15 G/cm, 0.5 ms, G3=22 G/cm, 0.5 ms, G4=8 G/cm, 3.0 ms, G5=25 
G/cm, 0.5 ms, G6= 8 G/cm, 1.0 ms. The intervals for the filtering were 
the same as those in Figs. lc and 5a. 

complexed with the labeled protein were unambiguously 
assigned using conventional sequential assignment 
methods, as shown in Figs. 4 and 6. 

The filtering experiments, in combination with editing 
experiments such as H M Q C  or HSQC, are especially 
powerful in detecting intermolecular NOEs  between t3C/ 
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tSN-labeled proteins and unlabeled ligands, which enables 
the unambiguous assignment of  protons involved in the 
molecular interface. The 13C-edited and 13C-filtered 3D 
NOESY pulse scheme was initially reported by Ikura and 
Bax (Ikura et al., 1992). They used a simple HMQC-type  
method (Miiller, 1979). Kay and co-workers (Lee et al., 
1994b) modified the H M Q C  scheme, incorporating a 
semi-constant time evolution (Grzesiek and Bax, 1993). In 
the present work, we used the HSQC-type scheme 
(Bodenhausen and Ruben, 1980) as the x3C or 15N editor 
instead o f  HMQC.  Although the HSQC-type scheme has 
a narrower band range compared with that o f  HMQC,  

the incorporation of  the 13C hyperbolic secant inversion 
pulse into the HSQC-type experiment significantly im- 
proved the sensitivity of  the conventional HSQC-type 
experiments around the edges of  the 13C aromatic and 
methyl spectral regions (Hallenga and Lippens, 1995; 
Ogura et al., 1996). We modified the 13C-edited, "C-ill- 
tered 3D N O E S Y  pulse scheme, incorporating the hyper- 
bolic secant pulses and the P F G  z-filter (Fig. 7a). The 
magnetization o f  the 13C-attached protons is transferred 
to the lZC-attached protons during the mixing time and is 
detected using the ~3C-filtered pulse scheme. 

We can arbitrarily detect a particular path o f  the 

R8NH 
R9NH / RIONH 

i/ 

i , , , , i , , ,  , f , , , , i ,  , ,  q , ~ , , i , , , ] l  H , , I , , ~ , I , , , , I , , , , I , , , , } , , , ,  i 

10.0 9.0 8.0 7.0 6.0 5.0 4.0 

ppm 

b FI R9NH R9NH O 

(ppm} V5NH~t RiNH V5NHI RiNH , 
0.5 RIONH RIONH 

.'y 

1.0 ,.13 
7 0  41, 

1 "1~ , 7  
1.5 -J g7 

4 

2.0 "7 13o 4 

2.5 

3.0 .8 �9 8 

3.5 -. 

4.0 "D Gt R8ct R8~ oR 100t 
old, Dtz ~R9~ BS9~ 

~x P4ct 

8.8 8.6 8.4 8.2 8.0 7.8 7.6 8.8 8.6 8.4 8.2 8,0 7.8 7.6 

F2 (ppm) F2 (ppm) 

Fig. 6. ~3C/15N PFG z-filtered 1D and 2D spectra of the 2 mM unlabeled VPP peptide complexed with the 13C/~5N uniformly enriched N-SH3 
protein, dissolved in 90% H:O/10% D20 and recorded with the ~H 500 MHz NMR spectrometer. The maximum rf strengths and pulse widths 
were 813 Hz and 601.2 ~ts for the SS pulse, and 2886 Hz and 361.2 gs for the S pulse, respectively, x e and xf were set to 1.4 and 2.7 ms, respectively. 
Presaturation pulses and post-acquisition solvent suppression processing were not applied. The amide proton regions are shown. The VPP peptide 
has only four observable amide protons; these peaks are labeled as assigned by Terasawa et al. (1994). (a) One-dimensional spectrum obtained 
with the pulse scheme of Fig. 5a. The number of scans was 64, with 5984 complex points. (b) Two-dimensional TOCSY spectrum, obtained with 
the pulse scheme in Fig. 5b. The spectrum was recorded with 300 increments in the FI dimension, 512 complex points in the F2 dimension and 
16 scans for each increment. The mixing time was 50 ms. (c) Two-dimensional NOESY spectrum, obtained with the pulse scheme in Fig. 5c. For 
this spectrum, 500 increments in the F1 dimension were recorded with 512 complex points in the F2 dimension and 64 scans for each increment. 
The mixing time was 150 ms. 
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Fig. 7. (a) Pulse scheme for the improved 3D FI 13C-edited-F3 ~3C-filtered HSQC-NOESY experiment. Phase cyclings were: ~1 = x,-x, ~2 = 
2(y),2(-y), d)3 = 4(x),4(y),4(-x),4(-y), and Receiver = x,2(-x),x,y,2(-y),y,-x,2(x),-x,-y,2(y),-y, zg = 1.6 ms (1/4Jcn), % =xg- 6 (6 is the pulse width 
of the hyperbolic secant inversion pulse), x~ and Xb were set as described in the legend to Fig. lb. The strengths and lengths of the PFGs were: 
G1 = 10 G/cm, 0.5 ms, G2=30 G/cm, 1.0 ms, G3 =-25 G/cm, 1.0 ms, G4= 8.0 G/cm, 3.0 ms, G5 = 18 G/cm, 0.5 ms, G6=22 G/cm, 0.5 ms. (b) 
Pulse scheme for the improved 3D F1 13C/15N-filtered-F3 tSN-edited NOESY-HSQC experiment. Phase cyclings were: (~1 = x,-x, ~)2 = 2(x),2(-x), 
~3 =4(x),4(-x), and Receiver = x,2(-x),x,-x,2(x),-x. %, %, % and x~ were identical to those in Fig. lc. xl =2.25 ms (slightly smaller than the actual 
1/4JNH ). The strengths and lengths of the PFGs were: G1 = 10 G/cm, 0.5 ms, G2= 18 G/cm, 0.5 ms, G3=22 G/cm, 0.5 ms, G4= 8.0 G/cm, 3.0 ms, 
G5 = 30 G/cm, 1.0 ms, G6 =-25 G/cm, 1.0 ms. 

N O E S Y  magne t i z a t i on  t ransfer  using a c o m b i n a t i o n  o f  

the i so tope  filter and  the i so tope  editor.  In  Fig.  7b, the 

~3C/~5N filter selects the p r o t o n  magne t i z a t i on  der ived  

f rom the un labe led  l igand.  D u r i n g  the mix ing  time, the 
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Fig. 8. Strip plots of the 3D 600 MHz F1 13C-edited F3 13C-filtered 
HSQC-NOESY spectrum of the 2 mM complex of the ~3C/15N uni- 
formly enriched N-SH3 protein and the unlabeled VPP peptide dis- 
solved in D20. The spectrum was recorded on a UNITYplus 600 ~H 
600 MHz NMR spectrometer. The labeled peaks are assigned 
intermolecular NOE signals (H. Terasawa et al., unpublished results). 
The spectrum was obtained with the pulse scheme in Fig. 7a. The 
NOE mixing time was set to 150 ms. A 3D spectrum was recorded 
with 32 increments in the F1 dimension, 84 increments in the F2 
dimension, 416 complex points in the F3 dimension and 16 scans for 
each increment. The spectral widths were 7334 Hz for F1, 7000 Hz for 
F2, and 7000 Hz for F3. The t3C cartier frequency was set at 75.2 
ppm. The total measuring time was 61 h. 
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Fig. 9. Strip plots of the 3D 1H 600 MHz F1 ~3C/~SN-filtered-F3 ~SN- 
edited NOESY-HSQC spectrum, in which the peaks were assigned to 
intermolecular NOE signals (H. Terasawa et al., unpublished results). 
The spectrum was obtained with the pulse scheme of Fig. 7b. The 
NOE mixing time was set to 150 ms. The 3D spectrum was recorded 
with 128 increments in the F1 dimension, 32 increments in the F2 
dimension, 416 complex points in the F3 dimension and 8 scans for 
each increment. The spectral widths were 7000 Hz for F 1, 2100 Hz for 
F2, and 7000 Hz for F3. The tSN cartier frequency was set at 118.0 
ppm. The total measuring time was 57.5 h. 
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proton magnetization from the unlabeled ligand transfers 
to the labeled protein. Finally, the lH-ISN H S Q C  scheme 
detects the 15N-labeled amide protons. Thus, all cross 
peaks in the 3D spectra obtained by this pulse scheme are 
intermolecular N O E s  f rom protons attached to 13C and 
14N nuclei to those attached to 15N nuclei. 

Figure 8 shows sliced strips of  the 3D intermolecular 
N O E S Y  spectrum obtained with the pulse scheme of  Fig. 
7a. The measurements  were performed using a sample 
containing the 13C/~SN-labeled Grb2  N-SH3 and the un- 
labeled VPP peptide dissolved in D20. Many N O E  corre- 
lations were observed from both the aromatic  and ali- 
phatic protons of  the ~3C/~SN-labeled N-SH3 to the ali- 
phatic protons of  the unlabeled VPP peptide. Obviously, 
the hyperbolic secant pulse efficiently and simultaneously 
inverted not only the aliphatic carbons, but also the aro- 
matic carbons. 

Figure 9 shows the sliced spectrum obtained with the 
pulse scheme of  Fig. 7b. The spectrum was recorded with 
a sample of  13C/15N-labeled Grb2  N-SH3 and the un- 
labeled VPP peptide, dissolved in 90% H20 without sol- 
vent presaturation. Intermolecular  N O E  cross peaks be- 
tween the side-chain amide protons of  Asn 51 and the Val 5, 
Pro 3 and Pro 6 proton resonances of  the VPP peptide were 
found to be present. Because no presaturation pulses were 
used in this experiment, the arnide protons were observed 
with high sensitivity, even the fast exchangeable amide 
protons in the side chains. 

In conclusion, we have shown that a combinat ion of  
P F G  and the hyperbolic secant pulse is useful for isotope- 
filtering experiments. By incorporating the basic filtering 
pulse scheme into multidimensional experiments, we have 
presented a suite o f  filtering pulse experiments that  unam- 
biguously assign the proton resonances of  unlabeled mol- 
ecules and elucidate intermolecular NOEs  between labeled 
and unlabeled molecules. 
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