
WO 01/33243 PCT/EP00/10370 USE OF DOUBLE-QUANTUM 1H-NMR SPECTROSCOPY FOR
THE  IDENTIFICATION OF LIGANDS INTERACTING WITH TARGET  5 BIOMOLECULES .
Technical Field of the Invention The present invention relates to a method
for the use of 1H two-dimensional double- quantum spectroscopy in the
detection of chemical moieties that serve as scaffold of a  10 potential
drug that is directed to a target biomolecule. Background of the Invention
The rapid identification of potential lead compounds is the first important
step in the  drug-discovery process. 15 Often, lead molecules are
identified by using biological screening techniques such as  random or
directed sublibrary high-throughput screening. The availability of
proprietary  chemical libraries and robotic systems for bioassay allows
testing of hundred of  thousands of compounds in few months. However, these
assays may suffer from artifacts originating from different sources of  20
potential errors (e.g. detection system, cytotoxicity, not binding to the
right target). Over the last years NMR spectroscopy has emerged as a useful
tool for identifying  compounds interacting with the desired target 1-10
and some of these techniques are  known in the art. See, for a reference,
the international patent applications WO  97/18469., WO 97/18471 and WO
98/48264, all in the name of Abbott Laboratories, and  25 WO 98/57155 in
the name of Vertex Pharmaceuticals Inc. These known methodologies can be
essentially classified in two categories: those that  monitor the signals
of the protein 1*210 and those that monitor the signal of the ligands.3''
Both techniques, however, suffer from several shortcomings. As an example,
whilst the former typically makes use of 15N labelled protein targets and
30 is currently limited only to proteins of molecular weight (<30 kDa), the
latter uses one- dimensional (ID) NMR experiments for the identification of
ligands among a mixture  of molecules. In this respect, severe problems of
overlapping in the 1D spectra of WO 01/33243 PCT/EP00/10370  -2 



compound mixtures, particularly when containing more than ten compounds,
make  difficult the identification of molecules interacting with the target
biomolecule. A two-dimensional (2D) homonuclear method based on transfer
NOE has been  proposed for screening compound mixtures.' 1,12 This
technique has been disclosed in  5 the German patent DE 19649359 (Peter
Thomas). However, since the experiment is not sensitive and high ligand
concentrations are required, major drawbacks arise when the  ligand is not
very soluble in water and/or when mixtures of many different compounds
have to be tested, hence making difficult to reach the above ligand
concentrations. 10 Therefore, we propose a different NMR technique for a
new, rapid, reliable and efficient  means of screening compound mixtures in
the identification of ligands that bind to a  particular biomolecular
target. Summary of the Invention 15 The present invention provides a NMR
procedure for screening compounds for their  binding properties to a
particular unlabelled target protein. It is therefore the object of the
present invention a method for providing a ligand which  interacts with a
target biomolecule, which method comprises: 20 i) generating a two
dimensional proton (refocussed or not) double-quantum or a  DQC
(double-quantum coherence) relaxation weighted double-quantum  spectrum of
a solution comprising one or more chemical molecules at least  containing
two doublets; ii) generating a two dimensional proton (refocussed or not)
double-quantum or a  25 DQC relaxation weighted double-quantum spectrum of
the above solution  further comprising the target biomolecule; iii)
comparing spectrum in (i) with spectrum in (ii) so as to detect any
differences  that identify the presence of one or more chemical molecules
that bind to the  target biomolecule and selecting the said one or more
chemical molecules as a  30 ligand or ligands to the target biomolecule. -
-----------  WO 01/33243 PCT/EP00/10370  -3- The identification of the
molecular entity or entities interacting with the target  



biomolecule is obtained through the analysis of the two dimensional spectra
as above  defined in (i) and (ii). According to a preferred embodiment of
the present invention, an optional additional  5 step involves the
generation of two dimensional proton (refocussed or not) double- quantum
spectra with and without the target protein for the compound, or for each
of  the compounds, which have been identified as ligands in the above step
iii). According to another preferred embodiment of the invention, the two
dimensional  10 proton (refocussed or not) double-quantum or DQC relaxation
weighted double- quantum spectra are recorded with z or magic angle pulse
field gradients. The method exploits efficiently and simultaneously the
different spin-spin and Double- Quantum coherence relaxations of the
compounds that interact with a macromolecule.  15 One of the avantages of
the present invention is its capability to determine directly from the 2D
spectra, hence without the need of deconvolution, those molecules that are
binders to the target biomolecule. Another advantage resides in the good
multiple  solvent suppression obtained with the use of coherence selection
gradients. Remarkable  multiple solvent suppression is achieved with
coherence selection pulsed field gradients  20 tilted at the magic angle.
Therefore, the chemical mixtures can be prepared in non-deuterated
solvents. Other major advantages of the method of the invention are its
high sensitivity and the  fact that weak binders can also be identified. In
addition, this methodology can be advantageously applied to large target
25 biomolecules with no limits in the upper size and does not require 15N
or "C labelled  biomolecules. As set forth above, an absolute requirement
for this method is that the proton spectrum  of the molecule, or molecules,
to be screened contains at least two doublets.  30 Nevertheless, since most
of the molecules contain two protons that are scalar coupled  with each
other, this is certainly not a stringent requirement. I~li~ WO 01/33243
PCT/EP00/10370  -4- Brief Description of the Drawings 



Figure 1 depicts the 2D 'H double-quantum (a) and DQC relaxation weighted
double- quantum (b) pulse sequences (version with z or magic angle pulsed
field gradients). The  gradients G, to G3 are the coherence selection
gradients and they should be applied at 5 the magic angle13 if triple axis
gradient hardware is available. The first two weak pulsed  field gradients
(PFG) are used for suppression of radiation damping. The delay 'r is
between 30 to 50 ms whereas the delay z, is set between 10 to 200 ms. A
very weak  (<20 Hz) H2O presaturation field can be applied before the
excitation DQ period in the  z-PFG version of the DQ experiments if the H2O
suppression is not optimal. The 10 technical details of the experiment
together with the pulse sequence for the refocussed  DQ experiment are
found in a recent review article.14 Figure 2, panel (a), depicts the
fingerprint region of the 2D DQ spectrum of mixture I
(Ac-Tyr-Val-Asn-Val-OH (resonances A), Ac-Tyr(PO3H2)-Val-NH2 (resonances B)
and  15 Ac-(N-Me)Phe(p-CH2PO3H2)-Val-Asn-NH-CH2-CH(CH3)2 (resonances C)) in
the absence of the target protein. Figure 2, panel (b), depicts the same 2D
DQ fingerprint  region of the mixture in the presence of the Grb2 SH2
domain. The delay 'r was 42 ms  long. Each of the molecules is present at a
molar ratio to the target protein of 2:1 (100  pM : 50 M). The rectangles
in (b) indicate the position of the missing cross peaks. 20 Figure 3, panel
(a), depicts the aromatic region of the 2D DQC relaxation weighted
double-quantum spectrum of mixture 1 (Ac-Tyr-Val-Asn-Val-OH (resonances A),
Ac- Tyr(P03H2)-Val-NH2 (resonances B) and
Ac-(N-Me)Phe(p-CH2PO3H2)-Val-Asn-NH- CH2-CH(CH3)2 (resonances C)) in the
absence of the target protein. Figure 3, panel (b) 25 and (c) depicts the
same spectral region of the 2D double-quantum and DQC relaxation  weighted
double-quantum spectrum of mixture 1 in the presence of the Grb2 SH2
domain, respectively. The delay 'r and T, were 42 and 24 ms long,
respectively The  dashed line corresponds to the double-quantum
pseudodiagonal. The direct peaks are  disposed symmetrically with respect
to the diagonal. The missing ligand resonances in  30 (b) and (c) are those
of the aromatic moiety of compound C. Figure 4, panel (a), depicts the
fingerprint region of the 2D DQ spectrum of mixture 2
(Ac-Tyr-Val-Asn-Val-OH (resonances A), Ac-Tyr(P03H2)-Val-NH2 (resonances
B), WO 01/33243 PCT/EP00/10370  



-5 indole (resonances C) and Ac-Tyr(PO3H2)-Val-NH-CH2-CH2-CONH2 (resonances
D)).  The resonances of indole are not visible in this spectral region.
Figure 4, panel (b),  depicts the same 2D DQ fingerprint region of the four
compound mixture in the  presence of the Grb2-SH2 domain. Figure 4, panel
(c), depicts the 2D difference 5 spectrum obtained by subtracting the two
2D DQ spectra (a) and (b). The visible signals  in (c) are those of
compound C that disappear in the spectrum (b) and one signal of  compound B
that displays a small chemical shift change in the presence of the protein.
This is in indication of a possible weak interaction between compound B and
the Grb2- SH2 domain. Each of the molecules is present at a molar ratio to
the target protein of 10 6:1 (300 pM : 50 M). The resonances of the indole
are not affected by the presence of  the protein (data not shown). Figure 5
depicts an expanded region of the 2D DQ spectrum of mixture 2 in the
absence (a) and in the presence of the protein Grb2-SH2 (b). The spectrum
in (c) depicts  15 the 2D difference spectrum obtained by subtracting the
two 2D DQ spectra (a) and (b). Other experimental parameters are same as
described in Figure 4. Despite the strong  overlap of cross peaks A and D
in (a) it is possible to identify in the 2D DQ difference  spectrum (c) the
cross peak that is affected by -the presence of the protein. 20 Detailed
Description of the Invention The present invention provides a rapid and
efficient screening procedure for identifying  and providing chemical
moieties that interact with a target biomolecule, for instance a
therapeutic target biomolecule. The molecules are identified by following
with 2D 'H DQ or DQC (refocussed or not)  25 relaxation weighted DQ
experiments (preferentially version with PFG) the changes in  either the
intensities or chemical shifts of the ligand signals in the presence of the
target  biomolecule. The target biomolecule is either free in solution,
dissolved in detergents or micelles or,  alternatively, coupled to a resin.
30 For the resin samples, two-dimensional Magic Angle Spinning (MAS) DQ or
DQC  relaxation weighted DQ experiments (preferentially version with PFG)
are recorded. WO 01/33243 PCT/EP00/10370  



-6 The target biomolecule according to the method object of the present
invention is any  biomolecule which is sufficiently larger in size in
comparison to the ligand and capable  of binding to the selected ligand.
Suitable biomolecules are, for instance, proteins, peptides, antibodies,
DNA or RNA  5 fragments and the like. Preferably, the target biomolecule is
a protein. For ligands in fast exchange on the NMR time scale (with KD
>30-50 M), a change in  chemical shift (An) is observed in the presence of
the target biomolecule, e.g. the  10 protein. The AQ is the
population-weighted average of the chemical shifts for the free and bound
states of the chemical moiety. Ligands with higher affinities for the
target  biomolecules can exhibit intermediate exchange (KD in the few M
range) or slow  exchange (KD < 1 M). In these cases the ligand resonances
will be attenuated or  broadened in the 2D DQ spectra recorded in the
presence of the protein. 15 The pulse sequences for the 2D 'H DQ and DQC
relaxation weighted DQ experiments  (versions with PFG) are shown in Fig.
la and lb, respectively. Let us consider two spins 1 and 2 of a ligand that
interacts with a target macromolecule.  The two spins are scalar coupled
with a J12 coupling constant. The detected  magnetization of spin 1 M,
(11,1,) created by magnetization of spin I M, (0) with the  20 pulse
sequence of Fig. la and Fig. lb is given respectively by: M; (t1,1,) a M~
(0) f (J,_. r, ~8) exp(- ,) exp(- t + S) eXp(- t, + 28) exP(i521Vs 1) exP ,
(iQ\t. 1 z) (1) t,+z,+28 exF(-t,+2a)exP(iQ ,1,)exF \r (iQZ,. 1,) M `(1
1,)-M+(0)f(J r>fl)exp(- )exP(- ) , , , u VIC, T"x' T;s'' , ~  (2) 25
Similar equations are derived for detected magnetization of spin 1 M1
(11,t,) created by  magnetization of spin 2 M(0). In deriving equations (1)
and (2) we have assumed that  the parallel transitions of the multiplets
have the same spin-spin relaxation. In other  words we have considered the
'H DD-CSA cross correlation term as negligible. 



WO 01/33243 PCT/EP00/10370  -7 f is a trigonometric function that
represents the efficiency of the forward and backward  conversion between
single quantum (SQ) and double quantum coherence. For a two- spin system
the trigonometric function for the echo pathway selection is 14.18-20:
Ail., r, i6) = 2 sin nJ- 12r sin f (cos f -1) (3)  5 and for the anti-echo
pathway selection is: f (J,, , r, f) = 1 2 sin,rJ,:r sin,B(cos /3 + 1) (4)
where 0 is the angle of the observation pulse and r is the excitation DQ
period. QDQ and SZsQ are the chemical shifts. of DQ and SQ coherence,
respectively. Ta'i' and  TQ are the experimentally observed spin-spin
relaxation of spin 1 and the Double- 10 Quantum relaxation, respectively.
The other terms in equations (1) and (2) are described in Figure 1. The
observed TZ`i' and 7Q are the average of the proton relaxations of the
free molecule and when complexed with the protein weighted by the mole
fractions of  the two populations. One and three additional exchange terms
contribute in situation of  intermediate exchange to the observed
relaxation of (SQ) and (DQ) coherence, 15 respectively.'6 Therefore the
binding of a small molecule to a target macromolecule will  result in
shorter T;'t' and 7Q (i.e. the signals of the cross peaks will broaden in
both  dimensions). The broadening in co, is due to a shortening of TQ (for
large molecules the  DQ relaxation is very rapid21) and in w is due to a
shortening of V 'C'. This broadening  will be measured by comparing 2D DQ
spectra of the ligand with and without the  20 protein present. From a
practical point of view, the steps involved in the detection of binding are
preferably the following: a) mixing together from 1 to n chemical compounds
not interacting with each other; 25 b) recording a two-dimensional 'H DQ or
DQC (refocussed or not) relaxation weighted  DQ spectrum (preferentially
version with PFG) for the said compound mixture in  the absence of the
target biomolecule; c) mixing the said compound mixture with the target
biomolecule where each of the  molecules comprising the mixture is
preferably present at a molar ratio to the target  30 biomolecule of about
1:1 to about 20:1 



WO 01/33243 PCT/EPOO/10370  -8 d) recording a two-dimensional 'H DQ or DQC
(refocussed or not) relaxation weighted  DQ spectrum (preferentially
version with PFG) for the said compound mixture in  the presence of the
target biomolecule; e) comparing the spectra recorded in steps b) and d) to
detect which, if any of the  5 chemical entities of the mixture, has
interacted with the target biomolecule; and,  optionally f) recording a
two-dimensional 1H DQ or DQC (refocussed or not) relaxation weighted  DQ
spectrum (preferentially version with PFG) for each of the compounds which
have been detected in step (e) above, with and without the target protein.
10 The optional additional step (f) which involves the generation of a two
dimensional  proton double-quantum spectra with and without the target
protein for the compound, or  for each of the compounds, identified as
ligand(s), might be useful in rather complex  mixtures so as to confirm the
finding of step (e), that is the binding between the ligand  15 and the
target biomolecule. From the foregoing, since the method of the present
invention can be applied as well to  one or more, that is from 1 to n
chemical moieties which could interact to the target  biomolecule, it is
clear to the man skilled in the art that step (f) would be particularly
useful with n>1 compounds to be tested. 20 The method of the invention is
applied to any mixture of compounds to be tested  wherein said mixture
preferably comprises from 1 to 10 or, even more preferably, from  1 to 5
compounds. The present invention based on 2D DQ spectroscopy for the
screening has several  unique advantages which are shortly listed below. 25
The experiment, in particular the PFG versions recorded with 0=45/135 or
3=60/120, represents the most sensitive 2D NMR experiment for analysis of
small and medium size molecules. A concentration in the order of 50 to 100
M is sufficient for obtaining good  



30 quality 2D DQ spectra in relatively short time. The utilization of the
cryoprobe  technology22-24 with 2D PFG DQ spectroscopy allows one to reduce
currently  the necessary ligand concentration to about 13 to 25 M.
Therefore, this permits  the preparation of complicated mixtures comprising
many molecules and avoids WO 01/33243 PCT/EP00/10370  -9 changes in the pH
of the solution, e.g. of the aqueous buffered solution, for  instance
originating from the presence of organic acids or bases. The low ligand
concentration needed for these experiments permits the use of hydrophobic
compounds that otherwise at higher concentrations would be insoluble in 5
aqueous solutions. Most important, the high sensitivity of the experiment
coupled with the cryoprobe technology reduces the amount of precious target
biomolecule, e.g. protein, needed for the screening. The protein
concentration  for each sample can be as low as from about I to about 5 M.
The method exploits the combined use of the two physical properties T,'-'
and  10 as shown in equations (1) and (2), and therefore it represents a
sensitive  tool for detection of weak ligands. The difference in TQ for a
molecule free in  solution and when complexed with a macromolecule is very
large. Good solvent suppression is obtained with the use of coherence
selection  gradients. Remarkable multiple solvent suppression is then
achieved with  15 coherence selection gradients tilted at the magic angle.
This becomes particularly relevant in the observation of very diluted
samples, as in screening  by NMR where the dynamic range of the receiver
needs to be maximized in an  optimal way. Furthermore, the excellent
multiple solvent suppression allows the  preparation of the chemical
mixtures stock solutions in non-deuterated solvents 20 (i.e. DMSO, CH3OH).
Another important advantage of the use of samples  dissolved in H2O is the
observation of the NH doublet exchangeable resonances.  These signals are
absent in the spectra recorded in D20 solutions. The NH  proton signals are
in a spectral region with no or little overlap with other signals  and
therefore can be used for assignment purposes in complicated mixtures. 25
Furthermore the difference in chemical shift of a ligand NH free in
solution and  



when hydrogen bonded to a protein is typically large whereas this
difference can  be very small for other protons of the same ligand. The
large chemical shift  difference helps in identifying weak ligands via the
NH resonances either due to  a more pronounced broadening deriving from a
larger chemical exchange 30 contribution to the observed T; t' and 70
relaxation or due to a detectable  chemical shift change. The latter is
probably the explanation for the  identification in Fig. 4 of compound
Ac-Tyr(PO3H2)-Val-NH2 as a very weak  ligand. ?~r WO 01/33243
PCT/EP0O/10370  -10 - The 2D DQ experiment is a cosine modulated experiment
and therefore  maximum signal is observed in the first t, increments. The
experiment can be  recorded rapidly by acquiring only a limited number of
t, increments. Linear  prediction can then be applied in the t, dimension
for improving the resolution. 5 Extensive folding can also be performed in
w, therefore reducing the spectral  width and the number of t, increments.
Removal of the extensive overlapping present in the one-dimensional spectra
allows an easy identification, in the 2D DQ spectrum, of the signals
affected by  the presence of the target biomolecule. Due to the reduced
problem of 10 overlapping and to the complete absence of biomolecule
signals, the 2D DQ  difference spectrum is less subject to artefacts when
compared to the ID  difference spectrum. Furthermore, the absence of strong
diagonal peaks and singlet resonances with  consequent absence of t, noise
and the excellent solvent suppression in DQ  15 spectra allow a more
precise and reliable use of the 2D subtraction technique. The scalar
connectivities observed in the 2D DQ spectrum allow direct  identification
of the molecules interacting with the target biomolecule without  the need
to deconvolute the mixture. Suppression of the biomolecule signals is very
efficient not only due to the  20 presence of the excitation double quantum
period and the relaxation of DQC  



during t, and t,, but also due to the antiphase character of the multiplets
along  w2. The large linewidth of the protein resonances results in
extensive  cancellation of the positive and negative lobes along 0)2. 25
The NMR method of the invention, based on the newly optimized 'H
Double-Quantum  spectroscopy, for the identification of compounds that
interact with a target biomolecule  was described. The invention exploits
efficiently and simultaneously the different spin- spin and Double-Quantum
coherence relaxations of the compounds that interact with a  macromolecule.
30 The high sensitivity, remarkable multiple solvent suppression, absence
of diagonal  peaks and singlets, reduced problems of resonance overlapping,
all allow reliable  application of this methodology to the screening of
complex chemical mixtures against WO 01/33243 PCT/EP00/10370  -11 a target
biomolecules. Both strong and weak ligands can be directly identified from
a  mixture. The following examples are intended to better illustrate the
present invention without  5 pose any limitation to it. Examples  The
feasibility of the invention in identifying ligands was tested with
mixtures of  compounds against the Grb2-SH2 domain. This represents a
challenging test case due to  the small size of the protein employed
(MW=11839). It should be noticed that the 10 technique performs even better
with medium or large size target proteins due to the very  short T, Q' and
TQ for these proteins. Figure 2 illustrates the DQ fingerprint region of a
compound mixture (mixture 1)  recorded with the pulse sequence of Figure la
in the absence (a) and in the presence (b)  of the protein. Mixture 1
contained a final concentration of 100 M of Ac-Tyr-Val-Asn 15 Val-OH,
Ac-Tyr(P03H2)-Val-NH2 and Ac-(N-Me)Phe(p-CH2PO3H2)-Val-Asn-NH-
CH2-CH(CH3)2. Close comparison of the two spectra allows rapid
identification of  compound Ac-(N-Me)Phe(p-CH2PO3H2)-Val-Asn-NH-CH2-CH(CH.
)2 (resonances C)  as a ligand for Grb2-SH2. The NH protein resonances are
not visible in Figure 2 (b) due  to their short T_"-' and TTQ and the lower
protein concentration (50 M). 



20 The protein aromatic resonances have a longer T; `-' and 7Q compared to
the amide  resonances and their presence in the DQ spectrum may interfere
with the observation of  the ligand signals. It is possible to suppress
them by employing a DQC relaxation filter  as shown in Figure IN Figure
3(a) illustrates the aromatic region of the 2D relaxation weighted DQ
spectrum  25 for mixture 1. Figures 3 (b) and (c) depict the same spectral
region of the 2D DQ and  relaxation weighted DQ spectrum of mixture I in
the presence of the Grb2 SH2 domain,  respectively. The residual aromatic
protein signals in (b) are completely suppressed in  (c) due to the rapid
DQ relaxation of the protein resonances. The missing ligand signals  in (b)
and (c) are those of the aromatic moiety of compound Ac-(N-Me)Phe(p- 30
CH2PO3H2)-Val-Asn-NH-CH2-CH(CH3)2. It should be pointed out that for medium
and large size proteins for membrane bound  proteins or for proteins bound
to a resin the DQC relaxation filter is not necessary. The WO 0153243
PCT/EP00/10370  -12 large linewidth of all the protein resonances and the
antiphase character of the DQ  multiplets along uh results in complete
cancellation of the positive and negative lobes.  Nevertheless the DQC
relaxation filter can be used also in the detection of very weak  ligands
by exploiting the large differences in TQ for molecules interacting with a
target  5 macromolecule. Figure 4 demonstrates the power of 2D DQ
difference spectroscopy in the identification  of very weak ligands. The DQ
fingerprint region of Mixture 2 (300 tM of Ac-Tyr-Val- Asn-Val-OH,
Ac-Tyr(P03H2)-Val-NH2, Ac-Tyr(P03H2)-Val-NH-CH2-CH2-CONH2  and indole) in
the absence (a) and in the presence of the protein (b) recorded with the 10
pulse sequence of Figure la is shown. Although visual comparison allows
immediate  identification of compound Ac-Tyr(P03H2)-Val-NH-CH2-CH2-CONH2
(resonances D)  as a potent ligand, the 2D difference spectrum (c) permits
also the identification of  compound Ac-Tyr(P03H2)-Val-NH2 as a potential
very weak ligand. The small  chemical shift change observed for the NH of
Val is about 8Hz that is equal to the value 15 of 3JNH"H. Therefore the
signal in the difference spectrum appears as a triplet of  intensity
-1,+2,-1. Only the compound resonances that display changes in intensity or



chemical shift in the presence of the protein will be visible in the
difference spectrum.  The resonances of compound Ac-Tyr-Val-Asn-Val-OH
(resonances A) and Indole (not  present in this spectral region) that do
not interact with the protein are not visible in the  20 difference
spectrum. The absence of diagonal peaks, tj noise and singlets and the
excellent solvent  suppression make the 2D DQ difference spectroscopy a
very reliable technique. This  can be appreciated in Figure 5 that shows an
expanded region of the DQ spectra  recorded for mixture 2. Despite the
strong overlap of cross peaks A and D in (a) it is 25 possible to identify
peak D in the DQ difference spectrum (c) as the cross peak that is
affected by the presence of the protein. All the spectra were acquired at
25C with the pulse sequences ' of Figure 1 using a  Varian Inova 600 MHz
spectrometer equipped with a 5 mm triple-resonance inverse  30 probe and
actively shielded x, y, and z- gradient coils. The DQ spectra were
collected using 8 to 32 transients for each of the 256 tj increments (128
ti values for both the echo  and antiecho pathway selections) and with 2048
points in t2. The data were multiplied  with a cosine window function in
both dimensions prior to the Fourier transformation. WO 01/33243
PCT/EP00/10370  -13 The excitation DQ period 'r was 42 ms long and the
angle R of the detection pulse was  set to 45 and 135 for the antiecho and
echo coherence pathway selection, respectively.  The coherence selection
gradients G, to G3 were set at the magic angle using only the x  and z
components of the gradients. The first two PFGs applied at the beginning
and end 5 of the excitation double-quantum period were weak gradients for
radiation damping  suppression. The 2D spectral differencing was performed
with the software provided by  Varian. The scaling factor used in the
examples reported here was -1. However it can  be adjusted manually for
allowing small  variations in concentration of the protein- ligand mixture
and ligand mixture solutions. 10 Two different compound mixtures consisting
of three and four molecules were  prepared. Mixture 1 contained a final
concentration of 100 M of Ac-Tyr-Val-Asn-Val- OH, Ac-Tyr(P03H2)-Val-NH2 and
Ac-(N-Me)Phe(p-CH2PO3H2)-Val-Asn-NH-CH2- CH(CH3)2 while mixture 2 contained
300 pM of Ac-Tyr-Val-Asn-Val-OH, Ac- 



Tyr(P03H2)-Val-NH2, Ac-Tyr(P03H2)-Val-NH-CH2-CH2-CONH2 and indole. Some of
15 these small peptidomimetics have been shown to bind to the SH2 domain of
Grb2.21'27  The peptides and related peptidomimetics have been synthesized
by solid phase  methodology. The protected peptide on resin was synthesized
by sequential coupling of  the N-Fmoc protected amino acids, some of them
also protected at the side chain,  starting from the C-terminal. After the
last coupling the tyrosine residue was 20 phosphorylated on solid phase by
using phosphoramidite chemistry and successive  oxidation. The
phosphorylation was followed by acidic treatment leading to side-chain
deprotection and detachment from the resin. The SH2 domain of Grb2 was
expressed in E. coli as GST fusion proteins with a  recognition site for
cleavage with rhinovirus Prescission - Protease (Amersham  25 Pharmacia
Biotech). The protein was present in the supernatant of the cell lysate
after bacterial cell disruption and centrifugation. The supernatant
containing the fusion  protein was loaded onto a Glutathione Sepharose
resin and bacterial contaminants  eliminated after washing with PBS. To
remove the GST moiety the resin carrying the  GST-SH2 was incubated with
Prescission Protease. The SH2 domain was further 30 purified to homogeneity
using Superdex 75 gel filtration chromatography. The protein  concentration
for the NMR experiments was 50 MM. The samples were in aqueous  (95% H2O /
5% D20) buffered solutions (50 mM Phosphate, 100 mM NaCl pH 6.2 and  0.02%
NaN3,). WO 01/33243 PCT/EP00/10370  -14- References: (1) Shuker, S.B.;
Hajduk, P.J.; Meadows R.P.; Fesik, S.W. Science, 1996, 274, 1531- 1534. 5
(2) Hajduk, P. J.; Sheppard, D. G.; Nettesheim, D. G.; Olejniczak, E. T.;
Shuker, S. B.;  Meadows, R. P.; Steinman, D. H.; Camera, G. M., Jr.;
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R.; Holzman, T. F.; Morgan, D. W.;  Davidsen, S. K.; Summers, J. B.; Fesik,
S. W. J Am. Chem. Soc. 1997, 119, 5818- 5827. 10 (3) Hajduk, P.J.;
Olejniczak E.T.; Fesik, S.W. J. Am. Chem. Soc., 1997, 119, 12257- 
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PCT/EP00/10370  -16 CLAIMS  1. A method for providing a ligand which
interacts with a target biomolecule,  which method comprises: 5 i)
generating a two dimensional proton (refocussed or not) double-quantum or a
DQC (double-quantum coherence) relaxation weighted double-quantum  spectrum
of a solution comprising one or more chemical molecules at least
containing two doublets; ii) generating a two dimensional proton
(refocussed or not) double-quantum or a  10 DQC relaxation weighted
double-quantum spectrum of the above solution  further comprising the
target biomolecule; iii) comparing spectrum in (i) with spectrum in (ii) so
as to detect any differences  that identify the presence of one or more
chemical molecules that bind to the  target biomolecule and selecting the
said one or more chemical molecules as a  



15 ligand or ligands to the target biomolecule. 2. A method according to
claim I optionally comprising the additional step of  generating two
dimensional proton (refocussed or not) double-quantum spectra with and
without the target protein for the compound, or for each of the compounds,
which have  20 been identified as ligands in step iii) of claim 1. 3. A
method according to claim 1 wherein the differences that identify the
presence  of one or more chemical molecules that bind to the target
biomolecule is in the chemical  shift or intensity of one or more signals.
25 4. A method according to any one of the preceding claims wherein each of
the two  dimensional proton (refocussed or not) double-quantum or DQC
relaxation weighted  double-quantum spectra are recorded with z or magic
angle pulse field gradients. 30 5. A method according to claims 1 or 2
wherein the two dimensional proton  double-quantum or DQC relaxation
weighted double-quantum spectra are recorded in  non-deuterated solvents. I
ittiit~ I Ii'II Ui S WO 01/33243 PCT/EP00/10370  -17 6. A method according
to claim 1 wherein each test compound is present in the  sample in a molar
ratio to the target biomolecule of from about 1:1 to about 20:1. 7. A
method according to claim I wherein the target biomolecule is free in  5
solution, dissolved in detergents or micelles, or coupled to a resin. 8. A
method according to claim I wherein the target biomolecule is a protein, an
antibody or a DNA or RNA fragment. 10 9. A method according to claim 8
wherein the target biomolecule is a protein. 10. A method according to
claim 9 wherein the protein is the SH2 domain of Grb2  protein. 15 11. A
method for screening compounds for their binding properties to a target
biomolecule, which method comprises i) generating a two dimensional proton
(refocussed or not) double-quantum or a  DQC (double-quantum coherence)
relaxation weighted double-quantum  



spectrum of a solution comprising one or more chemical molecules at least
20 containing two doublets; ii) generating a two dimensional proton
(refocussed or not) double-quantum or a  DQC relaxation weighted
double-quantum spectrum of the above solution  further comprising the
target biomolecule; iii) comparing spectrum in (i) with spectrum in (ii) so
as to detect any differences  25 that identify the presence of one or more
chemical molecules that bind to the  target biomolecule. 12. A method
according to claim 11 optionally comprising the additional step of
generating two dimensional proton (refocussed or not) double-quantum
spectra with and  30 without the target protein for the compound, or for
each of the compounds, which have  been identified as ligands in step iii)
of claim 11. 1111111111111  M Illllllllll WO 0153243 PCTIEPOO/10370  -18
13. A method according to claim 11 or 12 wherein each of the two
dimensional  proton (refocussed or not) double-quantum or DQC relaxation
weighted double- quantum spectra are recorded with z or magic angle pulse
field gradients. 5 14. A ligand for a target biomolecule which has been
identified by a method as  defined in any one of claims from 11 to 13. . -
11111111111  1111111111111111111 s * ~ L 


