WD 01/ 33243 PCT/ EPO0/ 10370 USE OF DOUBLE- QUANTUM 1H NVR SPECTROSCOPY FOR
THE | DENTI FI CATI ON OF LI GANDS | NTERACTI NG W TH TARGET 5 BI OMOLECULES .
Techni caWOM188M3 of the | nvention The present inventi onPCEAERA/EB7X 0 a net hod
for the use of 1H two-di nensional doubl e- quantum spectroscopy in the
detection of chem cal noieties that serve as scaffold of a 10 potenti al
drug that is directed to a target bionol ecule. Background of the Invention
The rapid identification of potential |ead conpounds is the first inportant
step in the drug-discovery process. 15 Oten, |ead nolecules are

identified byoiSi bi.gl ogi [ hryd ng or
directed sub |S ra(?e hilg(hl-j ﬁ%smcﬁﬁﬁg%%@@gﬁpgﬁmég c[?'f%
proprietary IDENTIFICATION arOBS BIGANDISOt INTERAICTING orwhlHasTARGET ows
testing of h ousands of conpounds in few nonths. However, these
assays ma§/ s&?ﬁﬁﬁ%ﬂ‘ggtl facts originating fromdifferent sources of 20
potential errors (e.g. detection system cytotoxicity, not binding to the
right target), Oyer_the | ast years NVR spectroscopy has emerged as a useful
tool for idekﬁmﬁiglep%ﬁﬁbﬁlﬂﬂgt‘?h eracting with the desired target 1-10
and some of frhepRsdne ivehtibioRIafs Qo aBAKEY foR tie@e AT I'H tRRUimEfiondl dRbRL ence,
the international patent applications WO 97/18469., WO 97/18471 and WO
98/ 48264, al AUATHIT FRECHREHEPYON th,Beeqtion Absheamieal molctiey gt sepes aaraffidphizs | n
the name 19f Yokt R HaRGHELES ) StalgBhiomdIERfe. known net hodol ogi es can be
essentially classified in two categories: those that nonitor the signals
of the protein 1*210 and those that nonitor the signal of the |igands. 3"’
Bot h t echni q@gekerB@PYGhe IsVehiiGd from several shortcom ngs. As an exanpl e,
whi |l st the former typi paﬂ_y makes use of 15N | abelled protein targets and
30 i s currenilhg rapidridertificatign, of potentiat lsadh compounds iscie first wepqytant (teB® hea) , t he
| atter uses Qﬂﬁidiﬁbﬁfgﬂo‘%}g' (I'D) NMR experinents for the identification of
0

| i gands anbng a m xtu nol ecules. In this respect, severe problens of
over | appithg Ditep.nead Molspides ara iddntifl@l b3 bS8 HidldiTH! EPGDINgO&hBiquessuch 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 éssays 1;nay suffcf from artifacts originating from different sourcés 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 "' and some of these techniques are

known in the art. Sec, 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 prote.ip'.'z_"'oia.nd those that monitor the signal of the liga.n-r.is.3 "

Both techniqués, however, suffer from several shortcomings. - -

As an example, whilst the former typically makes use of '°N labelled protein targets and
30  is currently limited only to proteins of molecular weight (<30 kDa), the latter uses one-

dimensional (1D) NMR experiments for the identification of ligands among a mixture

of molecules. In this respect, severe problems of overlapping in the 1D spectra of -



conpound m xtures, particularly when containing nore than ten conpounds,
" make difficult the identification of nolecules interacting with the target
bi ool ecHABR4 wo- di mensi onal (2D) hononucl ear net hodpﬁg 89370 r ansf er
NCE has been proposed for screening cgapound mixtures.' 1,12 This
t echni que has been disclosed in 5 the German patent DE 19649359 (Peter

Thomas) . i nd
concent r at | opdbound Bl uRRAGAY R coltaifly BERE leh 160 AoNIE a0
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D o 35 b B2 e 5 et nd o AL, S BREBIGEA A
procedure fosemitiveand high digambeondentiationst #0€ requirkd, mhjdiglrmmns" frise SvHe the
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di nensi onal proton (refocussed or not) double-quantumor a DQC

(doubl e- quant um coherence) rel axation wei ghted doubl e-quantum spectrum of

a sol uti 08 Canpreford, N pP6RdsO4 ditfefeRt RIVEHeBIiquETLIELHEWE Sapid, réiRBRland efidleat Ni N
two doublets; ii mgeneratl ng a two_di nensional proton gref ocussed or not)

doubl e- quant aSCTesBIngempRYhRIXUIFS iNethg HHBHICAIER o8 ligends tiah bigdeior 3 um of

t he above solp%,bga,b,{,,%lgm;ng,%&prl sing the target bionolecule; iii)
conparing spectrumin (i) spectrumin (ii) so as to detect any

differences that identify the presence of one or nore chem cal nol ecul es

that bind toshﬁﬁnary%?ﬁf‘etlnbéﬁf@ﬂ' ecul e and selecting the said one or nore
chem cal nolecules™as a and or ligands to the target bionolecule. -

--------- 15 T\waP@efmsmanwmoam@mmeroc@mﬂm serdening £ormpaungh fasftheine
mol ecul ar - enplddineQrogehties td £pariUi S ARbEIA el hediBig. T ar get

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 1) 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.



bi onol ecul e i s obtained through the analysis of the two di nensional spectra.
as above defined in (i) and (ii). According to a preferred enbodi nent of

t he presemtooissy®mti on, an optional additional 5 step |PEKERGL3TNe
generation of two di mensional proton (rg[ocussed or not) doubl e- quantum
spectra with and without the target protein for the conpound, or for each

of the conpounds, which have been identified as.|igands in the above step
iii). Accordi Ajetidentifigion, of,the mojecylap FHHY; Al FRUSS ﬂ'f?éacflﬂ%e‘ﬁ'm 3 R two

di mensi onal  BRnmdlclRMs bbRIMEE HEGRH 1B aiidysis sfandhwed Giniensivinal epectilas tiidvaxat i on
wei ght ed doubl e- quantum spectra are recorded with z or magi ¢ angl e pul se
field gradi enldsﬁ“eﬂh’é('}]ﬁdﬂ exploits efficiently and sinultaneously the

different spi N saheadd pratipdEembdiiént O aRNRERACRIvERIoA XA b%fbﬁa]od‘ddfti&ﬁal
conpounds that interact wth a macronol ecule. 15 One of the avant ab?es of

the presens i sieprinyadvesithe generatiop 45 twpr dimersionel BromAnnGefarysged; o3, m90 gpyiisre 2D
spectra, hencgu%mtm Ploreh %h%ﬂd»rimoupﬁe Qﬁg&'ﬂﬂé&iﬁ For {hB QERpHRIISEIoR Badhlt are
arge I onol ecul e.

bi nders to th Anot her "advantage resides in the good
nul tiple sol viemompowsiseshichohave besn identifiadl asligands in she abpvesitidiibnce sel ection
gradients. Remarkable nultiple solvent suppression is achieved with
coherence selection pulsed field gradients 20 tilted at the nmgi c angle.
Theref ore, t heAccordimgctal anathet preferredagmimgdiment o rthe] invienties, -thie i e dimengional

sol vent s. her .maj.0 d b . | [ ts

hi gh sensi givi m"ar‘rc?%?cﬁ%gép) Eﬁ(a:‘tq’qf ﬁlg{‘b]é\?g%?%n e]ragtcg{gn&aa lg%evggéér? eg?‘%‘]% ed. In
addi tion, t hi uamteptetroay recandedavithchaxmaggeogls ipylsafigldigeadients. | ar ge t ar get

25 bionolecules with no limts in the upper size and does not require 15N
or "C labelled bionolecules. As set forth above, an absol ute requirenent
for this nmet hdheinktiddaxplibheefficiedthynamsizioeltmeoushyfthe tiéferent spinrspin aut Dagtlecul es,
to be screeneq%t%ont ains at |

of the mol ecul "%'Bh‘fogFrﬁ"‘EevBFag?s‘%’f’%ﬁsﬂ%%a?llpgén?s & cagﬁ’etlr éégﬁ%\hgh‘%a\?\nm? %bﬂgghmﬁ
ot her, this i Omeftiriavhniageobs the ptesinn gamattiondgins capatslity.to Hetbimind/diregdy 88243
PCT/ EPOO/ 1037%1(: :’lﬁ_ spléétxi'a?fherlx:ggsvglrﬂind% itkg)ennc%]:i cgfhgec%rv%Mtigg,sthose 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 °N 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.




.Figure 1 depicts the 2D 'H doubl e-quantum (a) and DQC rel axati on wei ght ed
doubl e- quantum (b) pul se sequences (version with z or magi c angl e pul sed
field gra 43 The gradients G to G3 are the coher ROT/EP®ADITGL | ON

gradients and they should be applied at 5 the magiic anglel3 if triple axis
gradient hardware is available. The first two weak pulsed field gradients

(PFG are use S res radi ati on danping. The delay 'r is

bet ween 30 toag'ﬁPkﬁ cﬁﬁ@?ﬁ&@"ﬁ“ﬁ%ﬁ&@%y z, is set between 10 to 200 ns. A
very weak (<Figurg} dbﬁiaspﬂidemt'Hr@hble-lquiﬂtﬂh a)Cena ﬂ@caﬂ%h&d weRhftlohbie-
excitation DQ erlo&aln t he PFG version of the DQ experinents if the H20

suppr essi on i §95% tpPﬁEFeq“q’Pfés METSIQUCHH 29l m2gas aglespyited fisld gradienty)nEhe

t oget her W t hgiaiien@ (30 Ghahe GGRdhérericetsBRctichl Zg?ﬁddgrﬁﬁlgnd( AN @lﬁ%ﬁ{l&{?ﬁ{hﬁgﬁﬁ
p

found in a_re rewgf: ?rtlcle 14 F|3ure
fi ngerprinf éﬁl’?ﬁg“b?“ eh ol Diplemyiseradient hasdymre s ayaiiable; The first two weak pulsed
(Ac- Tyr - Val - PRS0 Jsu r nces B)
and 15 Ac-(N-IVE) he(p SR %gﬁs@?ﬁﬁﬁa@d@ {%Hifs*‘gn%?@’;?*sc)) in
t he absence obetwhen B(Emg& mp rvdteesas theFdedpyr & i€set barwekn (0 )Xo 20 mscASerh@esame 2D
DQ fingerprin r m nth presence of, t G b2 SH2
domai n. The d 720 ﬁ% re%&'r%g‘m f)gﬁ)‘ﬁﬁm héa?@ﬁh “‘f‘ﬁ% "8'{:*}3‘!08339 pepddadbg at a
mol ar ratio t@-Pth‘:evd:rabgeif the mlcnp@i‘meatshf (tﬁ@@izOpMppre’éﬁoMs nothéptingt.t B! es

n of the ms cross, peaks. 20 Figure 3, panel

in (b) in

() “hepr db <" s dRE b B sResni: DRDaTFBORE ralshterivs (eI HHoussed
doubl e- quant uDQsgxpetithentatyf foldihdreceht fefew Biticlie/dl - Asn- Val - OH (resonances A),
Ac- Tyr (PO3H2)-Val -NH2 (resonances B) and

Ac- (N- Me) Phe( p- CH2PGBH2) - Val - Asn- NH CH2- CH(CH3) 2 (resonances C)) in the

absence of t hPiguee ge;tanar(e),ab;ﬂcts teORHgerpaint ReidRlof () 212 D@Ecthin of fliGeS t he
sane spectral I O u‘II‘ﬁ {)eir#é) doubl e- quantum and rel axation weighted
doubl e- quant ufé%ggc??] ;PR (rgsqnances AT RRE - ¥aloNH; (resonpises Blpnd
domain, ras peabl(Naldy)Pha'@Q:IQj?kﬁHz)-Val%ﬁ NH- O}ﬁf@-l(é?-ldﬁ“(ire%aﬂ&s' 9P in the

respectlvel y The ed |ine corresponds to the doubl e-quantum
pseudodi agonaf’bse“\‘ﬁ’eo d & 1Beget protaly Higwe 2¢pansh i ddepiptatbe rsmalZDyDanmlgenpeeqoect

Lo the di agonagionUrtndhnidirdh &&%?%%&%Q}Hzrhon%& gﬁz} daggpl b 4355 L hose

of the aromatic npoiety of conpound C. Figure
fingerprint rlgBoRachof theemoleruls® is pessent aha UblamrattoupeheZtarget protein of 2: 1 (100

(Bf\c %r 0?]./;3 !’33243 M&% %%%gg’@g%s(bﬁ l)ndlcé thypoglE l(;P t}le mlssfnlgl c?osg {)ga onances

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(PO3H;)-Val-NH, (resonances B) and Ac-(N-Me)Phe(p-CH2PO3H2)-Val-Asn-NH-
CH2-CH(CHS3)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 T and 1, 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(PO;H,)-Val-NH, (resonances B),



-5 indole (resonances C) and Ac- Tyr (PO3H2) - Val - NH- CH2- CH2- CONH2 (r esonances
D)). The resonances of indole are not visible in this spectral region.
Figure 4, WHBB243p), depicts the same 2D DQ fingerprinf BRYf “the four
compound m xture in the presence of the G b2-SH2 domain. Figure 4, panel
(c), depicts the 2D difference 5 spectrum obtai ned by subtracting the two

2D DO spect ' Anddid (Bdiflaricld C) IREALTHPOMANAMRHRCHL CE CONHLL(LBRSReD)).
conpound C that disappear-in the Spectrum (b) and one signal of conpound B
t hat di spl aysThe resaapinces [o€ imdele ars ok visibleaingeis we@%rﬁa@sﬁg}@e 8+ pangk Wy ot ei n.

This is in indicati ' : s Clol ixaPReYRd B and
the G b2- SHZ%H%%&#%E@%C%P gﬁﬁ%ﬁgﬁgc dgsgfgépffggg?\‘?ﬁ&zﬁmgﬂﬁol_ar ?atio to
the target prpmtsence off tht0GH2iSHBdomaiv Fighte #) parthéc)y depietatbe 2Dodiffereace ndol e
are not affec ' g,%gy}@- j gure 5
depicts anSf ex%g%a%%o ‘;r‘gg?‘g‘yf %? @fcﬁgg %t%ggggﬁe(g%&ﬁ{r}na éa?%r@? '(ljlf‘hg | ngl%agg
absence (a) andc) are thvse pf earopamd (@ thah disgppetrcinthCsie2r@hizb) &id orEreigrabelt r um
in (c) depicts_ 15 . differe S . Q ' L.ng the
two 2 0o spespPRds tuf fsplsys FHER-IREENChita 1 Bt P bieubiend L2
descri bed i n Thigisieindicaesgf 4 mssible webk itgaction betwaen aimmpund B apd thesGbd2and D
in (a) it is ibl.e to identify in.the 2 differen spectrum{c) the
cross peak t fé-fzsﬁgng?.f%aép@gﬁwngl Zesd? 8?&???&%”0#%@&1%& R egﬁmﬁé'f 8i I ed
Descripti gn of:1 {300 MY SO UM)THE YEsdaff:e€ 6 the MdGRardot pffedtediRsthe presgicel ofind
efficient screening procedure for identifying and providing chem cal

noi eti es t hatthe Prokimdatagot $hoym):-ar get bi onol ecul e, for instance a

t herapeutic target bionolecule. The nol ecules are identified by foll ow ng

with 2D "H or DQC (refocussed or not) 25 relaxation vvei,ghte DSP
experi ments (¥iBwrec? slepicis) anyexpander Jrgigh ©of thi-eP PReSPeriamy ot migturegiindpe ¢ he

intensities OfpsGlhe)aRd indhd hbsendd ofthtSorblefAtb2 SHRNB). Thé Spekindn i @F @éicts of the

target bionolecule. The target bionolecule is either free in solution,
di ssol ved1s n the2Bdiffsrence spectiimeqbraired dy, subtgacting thattwg dPyDQ sprssr &2 an8 (&) 1 esi n.

30 For the regihg- S§ReRal fatndiiBRSiaaRads d¥8Gived M PighreSPi HeRpitdthic Mg DQ or
DQC rel axation wei ghted experinments (preferentially version wth PFGQ

are recor ded. ovetrmal cross peaks@y abBon §&) 4t/ 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,
altematively, 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.



. -6 The target bionolecule according to the nmethod object of the present

|nvent|on |s a bi onol ecul e which is sufficiently |ar i jze in
conpari sd¥° ?"i{fe | i gand and capable of binding to thﬁé@@@f@@zl i gand.

Sui t abl e bi orml ecul es are, for instances- proteins, peptides, antibodies,
DNA or RNA 5 fragnents and the like. Preferably, the target bionolecule is
a_protein. F%e ldr ga%au&ui@&oﬁmghememanoa BB IR dhd ﬁ;eseapﬁivem(dw ik Bni<D
>30-50 M, a e in chemcal shift (An) is observed in the presence of
the target bubmml@@lﬂ whickeisgufficieatly Inggep itotize in. comparisent tetligand and capable

popul ati on e chemcal shifts for the free and bound
states of t\r,:lg’lfg ﬁgc@%@n%l?‘g?‘gﬁ Hﬂgands with higher affinities for the
target - bi onSuisahlé bivmalesulss larehifer instansenprdteinse pepltishs aytibqdits, DNA loe RNAY M
range) or sl QW ‘ﬁg ghf(é(D <1 M. In these cases the |igand resonances
wll be attenuﬁ{n roadened in the 2D DQ spectra recorded in the
presence of tPIndeqablgtmbtargel!ixo]itmkcphhszepm&quences for the 2D 'H DQ and DQC
rel axati on wei ghted DQ experinents (versions with PFG are shown in Fig.
la and | b, respectively. Let us consider two spins 1 and 2 of a |ligand that
interacts W tHor Bgdnds GefastERcHaAEOOERE NMR tikiz@cAlMVOwiSH IKpS>38r30 mﬁlaaixa:cgaupl ed
with a J12 coupling constant. The detected magnetization of spin 1

(11,1,) creatcBemisyl shify (et Zﬁppﬁﬁ‘ﬁveﬂf‘“s‘b‘? gresenge qtothe \grest tl“l’i@me%@e p"u¥ s@e

?g?ufe”gg R Er&exgl i‘h@&% it 'trgé po&gl('xfl& %ﬁ@r)@d a@ér?g‘ec&* € Lﬁé g?é’al s%‘ts (fé fx)esa exP .

(iQt. 1 z) (abdl bpunldzstatESOia&hE(chemreala)xex@( Ligands Wil higher {ffigifies for,the Mrget 1
1,)-M-(0)f(J r>fl

Similar equatdgne ]‘)’cé‘?eo(cégr |x5§g ‘P%P*‘%‘%‘%&f%‘&“%&%ﬂ g’&tt?’gn”%lfr é) 2 %‘I%T[

(11,t,) createRechafye (KRG ELUMALTH QResOfcasdithe EigMcD)esodaace;aamnxvu;mttaﬂmaaidims (1)
and (2) we have assumed that the parallel transitions of the nultiplets
have t he samPreadereddpths %%ngafqtraﬁecordﬁdeﬂ the presgiise @5 thG@rateite consi dered the

" H DD- CSAISCT OB puRRk ls@fuhded forltRé DD AR PQ@hd BIQL Rilaxation weighted DQ experiments
(versions with PFG) are shown in Fig. 1a and 1b, 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 J;» coupling constant. The detected

magnetization of spin 1 M, (1,,1,) created by magnetization of spin 1 M/ (0) with the
20  pulse sequence of Fig. 1a and Fig. Ibis given respectively by:

, +28
THQ

. +28 . '
M(t.1,) e M{(0) f(J,,.T, BYexp(— \Q)exp( Yexp( ’-;su )exp(iQ ;0 ) exp(iQ ;)
2

(1)

. + 26 +28
M (6,,8,) 0= M} Q) f(J 5.7, Bexp( T;Q)exp( d +;',,Z Jexp(~- T 5 YEXDP(Q 1,0, JeXp(iQ2 1)

(¢))
25

Similar equations are derived for detected magnetization of spin 1 M, (1,,,) created by

magnetization of spin 2 M, (0). In deriving equationé (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.



WD 01/ 33243 PCT/ EPO0O/ 10370 -7 f is a trigononetric function that .
represents the efficiency of the forward and backward rsi bet ween
single quévrﬂq}ﬁ?’(‘éQ) and doubl e quantum coherence. For f&%ﬁm@%?ﬂ system
the trigononetric function for the echo-pathway selection is 14. 18- 20:

All., r, i6) =2 sinnJ- 12r sinf (cos f -1) (3) 5 and for the anti-echo
pat hWay sel ectfiOirigdnorhetkie function that rbprcseiats&h&éfﬂcén]cy of tivd forWAr@ Qfid bazkwarl) (4)
where 0 is thé angle of the observation fu se.and r is the excitation DQ
period. QDQ awamszw bgtweqnhgingle gangum (SQ) andsdouble ENHRORESCRSH EPleh £¥S-
respectively. stexﬁ% gﬁoﬂfcﬁ-lctfbﬁctﬁﬁ R thd &h6 pithwaylRReAoHAd 58PN spi n

rel axation of Doubl e- 10 Quantum rel’axati on, respectively.

The ot her terr{?(aj nf%uai L’R%}ﬁ \/969%3(-%% are descri bed |@AF| gure 1. The
’ e o0

observed TZ' i t he proton rel axations of the
free nol ecul e ang0 en co ed th the protein weighted by the nole
fractions of r\é\%o‘“ﬁ %?Yss e@i‘l‘@“&nd three additional exchange terms
contribute in situationjof _intermediate exchange to the observed

rel axation of (EQ7dhe ;D@”W €ped 5 respectively.' @ Therefore the

bi ndi ng of a smal | noleCule to a target macronolecule will result in
shorter T;'t' veest FiQthd angle dfie absgymation polse taher is theszciptiak DQpdriod.br oaden i n

both di rren5| ons). The broadening in co, is due to a shorteni ng of, ‘“So(for
| arge mol ecul é%oqimé Qe &eékamlcewmfés APQ and SRupherencey respectivelk Hilje

shortening of are th Tehxlpg I%nq g\%h sp}?l [Igfhgak{r(ﬁds chaganﬁer PB&)I@-D DQ

spectra of the ligan eln"present. From a
practical moi rQuanﬁJmmehmtxmhtesmtmzky |vaoth¢etdrmsrmlem@tldm(éh:@ndiﬁ)Ubdmcribﬁdng are

preferablythefollo a) mx, ether fromJ]1 to n chem cal ounds
not interacti igFigurenl- érei‘gl?b 4(Z*g"dﬂ;bgl“éec  AYSREC %f}WcP"ﬁ'P ?‘iag?fﬁl& DQ or

DQC (ref ocussg%&%?mie) h%%gbhgl&xwwmnﬁdpmm mgﬁédmhé R ﬁ&éﬁBﬁd ad ly

ver5|on with or the sali nmpound mi xture in the absence of
t arget bi onol ébfuwe? papplatipnsi Qge anbthengi addisionsh Sxahange tsamsrcentfbuts iy ﬁtuat"en @fet

bi ool ecul e Whgk g, &80 eQéh f-ngée to 'TH¢ Eb¥drs ‘?Qmﬂbr$'o?gg§d')eaﬂﬁ‘ XBOS &ohetence,
preferably present at ratio to the tarlg bi omol ecul e of about
1:1 to abolft zrgpgctwcly T herefore the binding of a small molecule to a target macromolecule will .
result in shorter T¢ and 772 (i.e. the signals of the cross peaks will broaden in both
dimensions). The broadening in @, isduetoa shortening of 77 (for large molecules the
DQ relaxation is very rapid®') and in ; is due to a shortening of ;. 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:] to about 20:1



- WD 01/ 33243 PCT/ EPOQO 10370 -8 d) recording a two-dinensional 'H DQ or DQC
(refocussed or not) relaxation weighted DQ spectrum (preferentially

version WM for the said conpound mixture in t hEPFRESUHRE of the
target bionolecule; e) conmparing the smectra recorded in steps b) and d) to
detect which, if any of the 5 chemical entities of the m xture, has

interacted wyj t?‘eéop(ﬁn va&?&nﬁhﬁgpall a8 orl?@é(refd&%sb@&aﬂdt)\’refa)&atfoﬁ% hd0 @

t wo- di nensi onal %re ocussed not) relaxation weighted DQ

spect rum (pref d?Qrqucaumy(p tmﬂywmsionmcg PF@) fas dlachsaid cempound MpIBMRIM whi ch
have been det eg, M?etg&)e th and w thout the target protein.
10 The optlonal tlona stetﬁ? fee l(}Nch I nvol ves the generation of a two

di nensi onal Cbrcommltk)dlblseemammdndsmmnseb)wndm) andetert whigh, if lapy toﬁrtlgiet
protein for t hecp&ge it 8f hhefB{xhu?@%s ‘?&Frtaﬁ@d CHRPRY Qﬂﬁet B191§S'lteéJlé

i gand(s); mgh m Xt ures®so as domd1rmth
finding of st ep:p(le:)a)lyt hat I's the binding between the |i gand 15 and the
target bionolecul e

efor e .the math sent
| venti o ca e f Bb-genprS I DR SO0 el R g e tadoh S hiSE
chemical noi et iPQ spétiraim @ﬁajérdntiamyafreﬁﬁin Wwith PRG) fareget of b!ecmiﬂipem'ldsewhld:ﬂ i's
clear to the i11.ed t he t hat, step.(f) woul d be articularly
useful wth nr;?haﬁ% Bgﬁtﬁgte @%@&@Péﬁw'%“gﬁ"é& throgrest PP i nvention is
applied ti any m xture of conpounds to be tested wherein said m xture
preferably c rises framl to or.,. even nore refera from 1 o 5
conpounds: ﬁSB Pt filtieh piep Dt “B’Hﬂ’éb“lﬁcj! FRPD agedw figrnsignal
screeni ng ha%rcﬁ@ﬂdﬁ’u&ie-quﬂﬁhﬂll&@e@ﬂ\&ﬁﬂi AN 158 1adge® pobN for Yhel dosifpBehdo 6t OW. 25
The experi nent articular, the PFG versigns recorded w th 0=45/135 or

3=60/ 120, re ?re?E'hPE“‘FW@WB%IIdss’é%}fPF\Pé ligand(Rmight e jusefik v itheneomBley s of
smal | and neghikiics isd &s Hdoffih R fmﬁn@%f%at(éﬁmapﬁ thabnhbﬁg@éa\@én fHe Ifgnd 0 100

Mis suffici ent for obtaining good

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 $=45"135° or
B=60°7120°, represents the most sensitive 2D NMR experiment for analysis of
small and medium size molecules.
- A concentration in the order of 50 to 100 uM is sufficient for obtaining good
30 quality 2D DQ spectra in relatively short time. The utilization of the cryoprobe

technology”*** with 2D PFG DQ spectroscopy allows one to reduce currently
the necessary ligand concentration to about 13 to 25 pM. Therefore, this permits

the preparation of complicated mixtures comprising many molecules and avoids



30 quality 2D DQ spectra in relatively short tinme. The utilization of the

cryoprobe technol ogy22-24 with 2D PFG DQ spectroscopy allows one to reéduce

current|y WOWB33cessary |igand concentration to about RGIEROAGITR
Therefore, this permits the preparatiap of conplicated m xtures conpri sing
many nol ecul es and avoi ds WO 01/ 33243 PCT/ EPO0O/ 10370 -9 changes in the pH
of the solution, 3 u fere l.ution, '
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aqueous sol uti ons?gﬁgé?&foﬁp%érg?%ﬁr tﬁ'%g %?%r?{gésnésng? Wﬁ@%g ug? o{ &S’g‘é’fg%bﬁ T ment
coupl ed with the comppundbechiteotherolisegst higherc eancerimtiomso wotldobe nsahibleudn t ar get
bi onol eculse, e .needed f.or th ein

.g. protein creepi ng...The prot .
concentratl on fofg'écggﬁ sgg:wseq\?% ‘Bgmﬁgn?’l g’fﬁ @nfﬁpg‘?ﬁ’gg'oﬁf tﬁe CEPEESI 5 ™
The met hod expl oi kceupléte wirbnhs agoprotetecinoldpy redueepihy sinaht off pieeibis @afged, ' -
and 10 as shown in equations (1) and and therefore it represents a
sensitive tool f(??""b‘g?c - F@np‘gﬁ‘fe)’ﬁé‘gﬁd*%gmﬁss.cm?ﬂgg'd }Pr@f"éﬂ‘c‘?“gﬁ‘“?@'f or a
ol ecul e free in f&Glath saibledad belacIdws FRhEabd: Motabowdt SMr onol ecul e is very
| arge. Good sol vent suppression is obtained wth the use of coherence

sel ection gradi effhs memdeaxplnits hernoimbinstl ass of the two physirabpwpaties ;' huh
achieved with 15 _ggherence selection gradients tilted at the nmagic angle.
This becoflbs "par Lot 5 FYpaRdR aaions D SRS Uobaut vterasn tarpein arntoe
sanpl es, as in sch&gforndetechion diMreakilipamdst ke dijferttecinr B Fer Diolebsle FRE @ ver
needs to be maximzed in a Fur t t he excel | ent

opti nal ) er nor e,
Ml tipl e sol vent  Spenad hen sbmplixed Wil a mpmmpleeylois VoW 1#EE chon oal
m xt ures st ock solGyot Osdvenn sifpressioniti€ robiaidd SWitly @l ise? @f (doh&endeMzfactiéA3OH) .

Anot her inportant advantage of the use of sanples . dissalved.,in HQis the
observation of thérqqﬁnffoﬁgq"@(ka@?cH'&#G’Eaﬁ?'ée'l’gg'ﬂﬂﬁﬁé‘g’s Is thepoachicved it ar e

absent ini4 he spegbletericeCalétasn i grad¥dls Slledt aONBe rhi8c Nitgled" PhiONbezb@mBal s are
in a spectral region with no or little overl aJo ot her signals _and

A Wi th )
therefore can be BaRguipgy relevantyn R ebspiyptRnsvenndi amples <35 1RiSTCENing . 25

Furthernore the diplNVIRRARrd the APRIMI€ fdngs bf ht r&@kiver hdedaittbeVakfimeed iMan

sol ution and ) . )
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, CH;OH). Another important advantage of the use of samples
dissolved in H,O is the observation of the NH doublet exchangeable resonances.
These signals are absent in the spectra recorded in D,O 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 7.V and 79 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(POs;H;)-Val-NH; as a very weak
ligand.



. when hydrogen bonded to a protein is typically |large whereas this
difference can be very small for other protons of the sanme |igand. The

| arge chewbomiszehi ft difference helps in identifying vezakERBrHs via the
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rel axation or due to a detectable chem cal shift change. The latter is
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Removal of the ex¥ SUEPYL BhY M™% ent in the one- di nensional spectra
al l ows an easy i dr&hoval @fttheOexterisivetdverlapindraseac in the) onefdirhéiRionalgsirtisa
affected by the mesence of, the targg%ﬁ%b | ecul e. e to the reduced
probl em of 10 ovetHOX5 AN FasYIdENtIi5at e sBeflu. of Bf signgliaitester &y

signals, the 2D DRe gtefehes @fCe S@afet bidthdlscullSBus U] 1BE LrediRed ! prEblamt 5f When
conpared to the ID difference spectrum_ Furthernore, the absence of strong

di agonal Beaks an®VeSAPRINGENG & BisLomplets absgnce of kigmalerile sigaalncthe 2P PQ noj se

and the excel | ent digfeteri€d spdzttdi RSk Bubljétt L) arfePactD @hd ompiredVi8 (HOM D
precise and reliable use of the 2D subtraction techni que. The scal ar

connectivities ob_@‘gFYP@EF ﬁPﬁC‘f‘H‘@:_ 2D DQ spectrumal l ow direct identification
of the nol ecul es FgiiRrAGk] A8 abiehbe Bﬂ‘é_i‘rohérd?h%?]i?'p%@a%&‘din@lle’l"rés&%&es Wine need

to deconvolute the m xture. Suppression of the bionolecule signals is very
ef ficient not onl §orgementoabsence of (1 ppise and dhe exgelentsplieptasupgresdeu it ®Quant um

period and the relRxgl iRy #hotdPrecise 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 ;. but also due to the antiphase character of the multiplets along
w;. The large linewidth of the protein resonances results in extensive

cancellation of the positive and negative lobes along .

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
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chal l enging test case dug.to the s | e pr in e e

( MA:E11839) . | thecsreal tenal s et e thdh@’fﬁ’%lf%’é’m*éﬁ‘éﬂ%&f'{?}‘ﬁ% %%ﬂ’ebetter
Wi th nedi ug otechmig@ispesiorfis dveh Better WithnRidiien StUgrgk 6izé QAEgeY ProdeinsHNOkd thd wery) and
TQ for these proteins. Fi %ure 2 illustrates the DQ fingerprint region of a
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cormpound ni xt shast Tifi snd 8 farythese protginfed with the pul se sequence of Figure |a

in the absence. (a),and.ipn the sence (h). of the protein Mxture
cont o nad a1 P 2affets b8 o0 TREGEENREn i & SFmBh Fuiturd) QlateE,
Ac- Tyr ( PO3H2) redetdediivizh alvechudse-s¢dquehds) dPiégupe [HA RBaH2gnck/¢d)-aAd in- thitlpresence (b)
CH2- CH( CH3) 2. ose conparison of the. t spectra allo '
Hont1 11 cot | off F PoOLTmIBAREE Arotaadh BRLCrceaeRe IR oh &R TRV ErAseH o
) 2 (resonapcevalpH, aacTyHPOFI-VaINHe ard Ske(NMOPhG-OIBPOIHL) VREAGRNEES ar e
not visible i iqure 2 P due tot ed'_'r short T "-' and TTg,gnd, t he | ower
protein Conceﬂﬂ;gﬂﬁGEh)(lS comparison of the two spectra—allows rapid identification of
compound Ac-(N-Me)Phe(p-CH,PO;3H,)-Val-Asn-NH-CH>-CH(CHs), (resonances C)
as a ligand for Grb2-SH2. The NH protein resonances are not visible in Figure 2 (b) due

to their short 7, and 779 and the lower protein concentration (50 uM).

20 The protein aromatic resonances have a longer 7, and T°¢ 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 1b.

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 1 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 CH,PO;H,)-Val-Asn-NH-CH>-CH(CHa),.

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
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fingerprint
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t he absence 4sa) pawant ligandhthe 2Dk diffecanceo Speactrampc peimits (diso meodsrniéchtwntdf the 10
ul se sequence of Figure ' . AIth vi sual aki $pn al

Pimedi a1 cEmoend TG YAERR o SRR Jh5) Soaf TR 3P0

(resonances emiadskft pdnge bbdetvgd ifick, thé NH of Watlisfabeut Silzahs ﬁxaaqualuml(eoaahper m t s
al so the identificatjon_of und  Ac PO3H2) - Val - NH2 as a, ote tial
very wealk’ Ilﬁ’ta d"“"Thjé‘e fazp the 5%8%\ E‘a?hes‘i‘iir%/f"g‘i?h%ﬁ‘? TR | APRFAFE @S 12 IO\ of
Val is aboutintgity Nat2,1SORBURE chfpbip@ rédhatRes! haOfisgidNeh chﬁﬁﬁh@ﬁﬁfyeoﬁ he
signal in the di fference spectrum appears as a triplet o i ntensit

-1, +2, - 1. Onfhpmited shiflip GerRreseaesorfdhc roteimuill by ‘é‘ﬁ‘P!W“é‘PFaﬂ‘&fé%e“F%sﬂeﬁi‘éﬁsu ty or

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, t; 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 specira were acquired at 25°C with the pulse sequences of Figure | 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 t; increments (128 t; values for both the echo
and antiecho pathway selections) and with 2048 points in t;. The data were multiplied

with a cosine window function in both dimensions prior to the Fourier transformation.
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concentrati on RhinokdfdeV A : 5 s VT a by & Hedou¥phe DH2 and
Ac- (N- Me) Phe( 693 (EHZ PngIZ) -e\?g?t?%éslcfrlg%ﬁkhcdﬁggs‘}éﬁ(a&%%cs% i IEX ﬁa%ur eou¥ cgoﬁirai ned
300 pM of Ac- Hhe NoEmoggretegted. ampino agids, 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 usi-ng 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 supemétaﬁt containing the fusion
protein was loaded onto a Glutathione Sepharose resin and bacterial contaminants
climinated 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 pM. The samples were in aqueous
(95% H,0 / 5% D,0) buffered solutions (50 mM Phosphate, 100 mM NaCl pH 6.2 and
0.02% NaN3).
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15 these_smal | gepti dom netics have been shown to bind to the SH2 domai n of
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by solid phase nethodology. The protegted peptide on resin was synthesi zed
by sequential coupling of the N-Fnoc protected ami no acids, sone of them

al so protected at the side chain, starting fromthe Ctermnal. After the

| ast coupling the tyrosine residue was 20 phosphoryl ated on solid phase by
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PCT/ EP00/ 10370 mc@mlm salution pesnprising one oF mrqu:hngmaallmglmdies\/\m lem
Interacts with a ggmgm, N@ﬁmb?e?sul e, which nethod conprises: 5 i)
generating a two | TenSr ONA ton (refocussed or not) doubl e-quantumor a
DQC ( doubl e- gdant lgmeu:abdngraeqwec)lmendxmm'rmn mcglm@ﬁordm!bti@bdmmm ospect rum
ofasolumnco | e I e t .

cont ai ni n tvio- doniGrebity BGgfips bRl eBRlh 0T b HEE otuon
(refocussed or nofgﬂl'docmrhmsqlgahﬁuargeobwmoledtﬂeDQC rel axation wei ght ed

doubl e- quant um sp r um of e abav on_ furth

Carget i omoitbkar Sompe ety i Gl et oY P BREEELRRRAE ) oo
as to detect any ahziﬁd:néfyaﬁs preésérat ufdmatorh;om bienpca saslemlesftharndro ther e
chem cal nol ecul e

cheri cal ol ecul g, that, Bind, !t 8 e L ALOSaRhe TPLER Le A0 RSk SRE LY the
ts ligand or ligands to the target blomolecule.
2. A method according to claim 1 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.

L 1l



15 ligand or ligands to the target bionolecule. 2. A nethod according to
claim | optionally conprising the additional step of generating two

di mensi onaWot/82én (ref ocussed or not) doubl e- quant um spprermeas/wsoh and

Wi thout the target protein for the corrp_gj,gnd, or for each of the conpounds,
whi ch have 20 been identified as ligands in step iii) of claiml1. 3. A
nmet hod according to claim1l wherein the differences that identify_ the
presence of &ne o?‘ 'ﬂﬁﬁ%‘[né‘f‘?@%l‘@ap ‘ﬁ%{"ekﬂ’lgé‘?mt 758 95t FempQund i Presang in the

bi onol ecul e i Sarhple i em6laLFRi6 & the Gkget biofblecle 8 b bt 10N6 aB6ut BAE Si gnal s.
25 4. A nethod according to any one of the preceding clainms wherein each of
the two dinensional proton (refocussed or not) doubl e-quantum or DQC

rel axation wehght el md®el!Lesidag i RIARCE I Wikrdh Ghé EREIGEIMYIetlle 35 Fee TRYI C
angle pulse field gradients. 30°5. A nethod according to clainms 1 or 2

wher ei n t hé t #eluionydisialynddn delergensyor raigellss cor goupird imagesiloQC r el axat i on

wei ght ed doubl e-quantum spectra are recorded in non-deuterated sol vents. |
ittiit~ 1 1i"l1 U S WD 01/33243 PCT/ EPO0/ 10370 -17 6. A nethod according
to clai m1 whéei nAdagthod acserdingrip siaim 1i wheseie shertargehbiomelecwe g2 protein.&annol ar

ratio to the tanadg op{lgmtﬁqiﬂ@ﬁg%m fiom about 1:1 to about 20:1. 7. A
C

nmet hod according t alm1 ‘wherefn the target bionolecule is freein 5
solution, dissolved in detergents or mcelles, or coupled to a resin. 8. A

met hod accgrdighg t i Lot t 'q[{m e. | .protein, an
ant i body 81? a'9DNA gﬁ%&%ﬁﬁg%ﬁlﬁﬁ%?&%%ﬁﬁ acc@r |Ien'§a 5&3 aim8
wherein the target bionolecule is a protein. 10. A nethod according to

claim9 whereip th [ [n_j.s t [ p.of o) tein. . A
net hod for scr1 g‘eni %gﬁ%g%%ﬁ%ggﬁlgftgglaﬁéi“%%g‘%lg’ﬁ?ém%(%%tehf %s&t"%ma&ftsglg%et
bi onol ecul e, whutglm nmet hod conprises i) generating a two di nensional proton
(refocussed or not) doubl e-quantumor a DQC (doubl e-quantum coherence)
rel axati on wei ght ed doubl e- quant um

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;
it) 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;
ili)  comparing spectrum in (i) with spectrum in (ii) so as to detect any differences
25 that identify the presence of one or morc 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.
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spectrum of a solution conprising one or nore chem cal nol ecul es at | east
20 containing two doublets; ii) generating a two di nensi onal proton
(refocusswD a3zt ) doubl e-quantum or a DQC rel axat i on POwEBSII030

doubl e- quant um spectrum of the above sq{ ution further conprising the
target bionolecule; iii) conmparing spectrumin (i) with spectrumin (ii) so
as to detect gny differences 25 that identify the presence of one or nore
chemical ol ul et f"f?g’t"ﬁtﬁc?ﬂfd‘l“& R mt’dr‘@fe{z H%B‘ﬁ’ﬁ‘l "é’E{ﬁlo the yvo dimensipnal

accordi ng to grbhNrdfdcRidl 6N Abl)YdsiBRuafitud0 of TPQE@IRIakhdiewefchRB @uble-
generating two dinensional prqton (refocussed or not) dqubl e-quantum
spectra w t h GRpumspectiaar,eordebwith 2 gemagic anals prlsedield gadieBspound, or for
each of the conpounds, which have been identified as ligands in step iii)
of claim11l. 1111111111111 MILIITILITIT WO 0153243 PCTI EPOO 10370 -18
13. A net Hod MecorAiligand for @ waraet bipmelecule witieh babesadHensified thy g wsthod as

di mensi onal  QEALOR aﬁ?%ﬁ@%ﬁﬁgfﬂﬁl Nahx3doubl e- quant um or DQC rel axati on
wei ght ed doubl e- quantum spectra are recorded with z or magi c angl e pul se
field gradients. 5 14. Aligand for a target bionol ecul e which has been
identified by a nethod as defined in any one of clains from1ll to 13. . -
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