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Isotope-Filtered Affinity NMR
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A double-editing pulse sequence has been developed that allows from the small compound alone. Diffusion encoded spectros-
the direct observation of protein binding ligand(s) from a mixture copy (DECODES), which involves the use of pulse field
of compounds. This technique should aid the discovery of lead gradients (PFG) and TOCSY, simplifies the identification
pharmaceutical compounds. The proton NMR signals from pro- of the interacting molecule (5) .
tein and the nonbinding ligands are simultaneously eliminated A potential advantage of the diffusion NMR method over
using 13C isotope editing and PFG diffusion-edited NMR. This

the chemical shift method is that binding is detected by directnew experiment is demonstrated using 13C/15N-labeled stromelysin
observation of the ligand NMR spectrum and not inferred fromcatalytic domain (SCD). q 1998 Academic Press
changes in the spectrum of the macromolecule. A further ad-Key Words: Diffusion NMR; affinity NMR; 13C isotope editing;
vantage of this method is that the identity of the bound ligandpulse sequence; protein binding.
can be obtained directly without the need for a deconvolution
step. A potential problem with affinity NMR is that the signals
of the receptor are always present in the diffusion-edited spec-

The ability to screen multiple compounds simultaneously trum and this complication can hamper the interpretation of
complements the increased productivity in synthesis obtained the data. While DECODES is effective for systems involving
from combinatorial chemistry (1). Utilization of mixtures of small molecular receptors, for larger systems like proteins this
compounds requires a method for determining which molecule method may not be suitable.
in the mixture is responsible for the desired effect (2). Methods In order to extend affinity NMR to protein/ ligand interac-
that identify active components of mixtures without the need tions, we have developed a new experiment involving iso-
for deconvolution could eliminate ‘‘false positives’’ and greatly tope (6) and diffusion-edited spectroscopy (7) to suppress
reduce the effort required to analyze mixtures. the 1H NMR signals from the protein and also eliminate

An NMR method for identifying synthetic precursors from the signals arising from the nonbinding ligands. The pulse
a library of low molecular weight ligands using 15N-labeled sequence is shown in Fig. 1.
protein has been recently reported (3) . The binding affinity Based on previous studies (7, 8) those molecules that have
is determined by the 15N or 1H NMR chemical shift changes
in the protein upon the binding of the ligand. The method,
which at present is limited to biomolecules of molecular
weight around 30 KDa or smaller, promises to be a valuable
tool in the drug discovery process.

An alternate method for obtaining binding information
would be to look at the ligand instead of the receptor. Re-
cently we have demonstrated a useful technique for ad-
dressing molecular recognition termed ‘‘affinity NMR’’ (4) .
Molecules that are interacting with the receptor can be differ-

FIG. 1. Pulse scheme of the LED-[F1-C,F2-C] -COSY, where narrowentiated by NMR from noninteracting molecules based on
and wide bars represent 907 and 1807 flip angles, respectively. w1 Å 2(x,diffusion coefficients. This method is reminiscent of physical
0x) , 2(y, 0y) , 2(0x, x) , 2(0y, y) ; w2 Å 2(0x) , 2(x) , 2(0y) , 2(y) ; w3separation of mixtures by affinity chromatography. We have Å 4(0x) , 4(0y) , 4(y) , 4(0y) ; w4 Å x, 0x, 0x, x, y, 0y, 0y, y, 0x, x,

shown that the diffusion coefficient of a small molecule x, 0x, 0y, y, y, 0y; w5 Å x, y, 0x, 0y; w6 Å 4(y) , 4(0y) ; w7 Å 8(x) ,
8(y) , 8(0x) , 8(0y) ; w8 Å 32(x) , 32 (0x) ; w9 Å 16(x) , 16(0x) ; w10 Åbound to a ‘‘receptor’’ in solution is significantly different
8(x) , 8(0x) ; w11 Å x ; w12 Å 4(x, 0x) , 4(0x, x) . t Å 3.4 ms (1

2JCH) . Te
is the eddy current delay time, D is the diffusion delay time, and t1 is the
decay for eddy current dissipation.1 To whom correspondence should be addressed.

3361090-7807/98 $25.00
Copyright q 1998 by Academic Press
All rights of reproduction in any form reserved.

AID JMR 1376 / 6j2a$$$181 03-27-98 14:07:27 magas



337ISOTOPE-FILTERED AFFINITY NMR

and Spectrum 2b the 1H NMR spectrum after 13C-isotope
editing and using a weak gradient. The latter shows that the
pulse sequence adequately removes the signals arising from
the labeled protein while signals from the unlabeled sub-
strates are observed. Figure 2c is the 1H NMR spectrum with
13C-isotope editing and using a strong gradient and shows
that the signals from 2 decrease at a much faster rate than
those of 1. It can be seen in Fig. 2d that after subtraction of
2c (after scaling the inert signal intensity) from 2b, the
double editing pulse sequence affords the direct observation
of binding ligand 1.

As a complementary tool to ‘‘SAR by NMR’’, affinity
NMR and isotope-edited affinity NMR should be valuable
tools in drug discovery.2 The practical applicability of this
and any method involving protein/ ligand interactions relies
on the ability of the protein to handle the relatively high
total concentration of the ligand molecules and the potential
problems with nonspecific binding and substrate solubility.
We are currently investigating the utility of the affinity NMR
method for the screening of larger mixtures in order to iden-
tify compounds that bind to biomolecular targets.
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