WD 02/ 33596 PCT/EP01/11955 1 METHOD OF OPERATI NG A COWUTER SYSTEM TO
PERFORM A DI SCRETE SUBSTRUCTURAL ANALYSIS 5 The present invention rel ates
to a conpuber/33s96t em and a nmet hod of operating same, cappot/ePafi11pssr f orm ng
a discrete substructural analysis. The analysis allows for performng a
conputer inplemented identification ofl nol ecul es having certain properties
such as bi ol ogi cal and/or chem cal activity. The conputer controlled

di screte substructural analysis can be used in drug discovery or in other
fields where 10 the identification of biologically, pharnmacol ogically,
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chemi stry depend upon tA@ISARETH SCESTRUCTURARIAGALYLIS active nol ecul es.
In many instances, research prograns are targeted towards synthesis of

smal | organic nol ecul es which will interact wwth a known enzyne 15 or
receptor target, in order to produce a desired pharnacol ogical effect. Such
conpounds nmay, at least in part, mmc or inhibit the activity of a known,

nat T8l | 1o SFELERIALAMITERICE @ J hniBel HR00ethd 8 M 47 BOPRIS Bben

and/'or nore 'selective action. 'sing trom reseéarch

may i ncotppaldeeofc petfaimingsardistretalsubsatictues afalysie. r Thevandlysiat altawd Yor
occurring substances. 20 Research prograns_may al so be based on naturally

occur i ngeEBRPHENds coBtRteadmMplemeanted: idantificaliam; oly redlarules Agwingasedaim

nat ure, e‘?’%@ﬂ%‘ SQi |y I . 8Xt Lagt s. ti

di SCOVGI’E@SpI n thi éj%naﬁéne?lél?r)g}yaﬁzarﬂ%ﬁgﬁgbé%agséétgﬁya @%olg?g]r%ﬁg%mggwﬂgq C
cheni st r discteterseibstrticlyearanaysis paedbewsed io drdgrdiséovengor andthes éields where

bi ol ogi cal ly. active. nol ecul.es , 25 has increased, and .in consequence,,6 new
met hdds B1e JEREMRARG. | e dossalind PhaHEoEOBE LR Yo EXER08 2, RESEIdHent s
have bee ol i i aikecd & ial nanmel y conbi nat ori al
cheni stri‘eﬁ{‘%‘eﬁ'?%r?% M Af‘é‘i?‘é‘%ﬁ‘%ésére%%rﬁﬁé” %T'g)(ng%i;%szt'/ 33596 PCT/ EPO1/ 11955

2 Conbinatorial chem st rTy enpl oys robotic or manual techniques to carry out
a . Advances within the field of, e.g., medicinal chemistry depend upon the identification

of biologically active molecules. In many instances, research programs are targeted
towards synthesis of small organic molecules which will interact with a known enzyme
15 or receptor target, in order to produce a desired pharmacological effect. Such
compounds may, at least in part, mimic or inhibit the activity of a known, naturally
occurring substance, but are intended to provide a more potent and/or more selective
action. Compounds arising from this type of research may incorporate certain

structural features of the relevant naturally occurring substances.

20 Research programs may also be based on naturally occurring compounds found as a
result of screening sources available in nature, for example soil samples or plant
extracts. Active compounds discovered in this manner may be useful leads for a

program of synthetic chemistry.

In recent years the pressure to identify new and useful biologically active molecules
25  has increased, and in consequence, new methods of generating lead compounds
have been developed. Two developments have been of particular importance in this

respect, namely combinatorial chemistry and high throughput screening (HTS).



multiplicity of small scale chem cal reactions each using a different

conmbi nati on of reagents, sinmultaneously or “in parallel', thereby
gener at i MO basyyes nunbers of diverse chemcal entities foPCHEPEeENPISy. The
col l ection of conpounds generated by this 5 nmethod is known as a "library'.

Li braries for generating novel chenmicd& |eads are wusually as diverse as
possi bl e. However, in certain circunstances libraries may be biased or
targeted towards a particul ar pharmacol ogi cal target, or focussed on a
parti cul @ondheatodal chesustnbyersplogst rahpticeagenapuainteshmighiaso to ncaroduew a
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chance or probability of finding an active nolecule in a given conpound set
can be jncreased either by increasing the total nunber of conpounds tested
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and WO 02/ 33596 PCT/ EP01/11955 3 is therefore also nore favourable in

terms of Dagité @56 UhaEShtea HHVERERsD doPibihatdRbNehemistry and HTS in generating
15 new lead structures, there are some drawbacks with these methods. A high
proportion of the compounds in unbiased combinatorial libraries have no useful
activity. Discovery of useful leads therefore relies on chance and/or the number of
compounds tested.  Targeted libraries may have a highér proportion of éotive
compounds, but are dependent upon selection criteria and may even fail to provide
20  optimum compounds. Furthermore both techniques require considerable resources

and experimental capacity.

The chance or probability of finding an active molecule in a given compound set can
be increased either by increasing the total number of compounds tested (i.e. the size
of the sets) or by increasing the proportion of active compounds in the same set. It
25 can be shown that increasing the proportion of active compounds in a compound
‘collection is more effective for increasing the probability of finding an active molecule -
than simply increasing the total number of compounds that are tested. The former

approach reduces the number of compounds which need to be made and tested and



bi ol ogically active nolecul es. A substructural analysis as an approach to
the problem of drug design is disclosed in Richard D. Cranmer Ill. et al.,
J. Med. ®Ghen?/3359¢ (1974), pages 553 to 535. It is 5 descpChedihais t he

bi ol ogi cal activity of a nolecule, or any other of its properties, nust be
accounted for by a conbination of cont3ri butions fromits structural
conponents (substructures) and their 1ntra- and internol ecul ar
interactions. The contribution of a given substructure to the probability
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contai ning that substructure. irst step is to prepare a 1o substrucfure
"exper i ebippgiclyelctivammeleculiesg t he avail able data. A "Substructure
Activity Frequency" (SAF) is defined for each substructure as the ratio of
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15 compound the arithmetic mean of the SAF values of the substructures present in that

compound is computed.

While this prior art technique allows for ranking compounds by their mean SAF
values, obtaining such a value requires the calculation of an arithmetic mean of the
SAF values of each substructure that is present in the compound. Moreover, the SAF
20 values required for this calculation are the result of a previous computation that
involves the evaluation of each substructure in each one of the tested molecules.
This approach therefore leads to a significant computational overhead that prevents
this technique from being applied to larger data sets that are presently available and
that could be used as source of information for performing a molecular structure
25 analysis. The Cramer method, however, fails to actually estimate the true

contribution that a substructure makes to activity.

There are therefore a number of further prior art techniques in the field of chemical

structure analysis.



rel ati onships on the basis of data generated from hi gh throughput
screening, by identifying structural characteristics which render
conpoundwoOawsisve' . The nethod is designed to establish BCBERU/BPISCA

nodel for biologically active conpounds which first 5 associates vari ous
chem cal descriptors to a given collec4ion of conpounds and then, by using
a sub-group of conpounds of known biol ogical activity, trains the nodel to
predi ct whet her a new conmpound woul d be biologically active or not.
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constructing a combinatorial library.

WO 99/26901A1 discloses a method of designing chemical substances such as
molecules. A compound consists of a scaffold and number of sites. The method
starts with selecting candidate elements for the sites and creating a predictive
20 designed array PAD. An example of a PAD consists of a number of virtual
compounds fulfilling certain combinational conditions. These compounds are then
synthesized and tested for a biological activity. Then, an algorithm is performed for
predicting the overall Biological activity of those compounds which have not been
synthesized. For this purpose, property contribution values for the candidate
25 elements are calculated, representing the respective contribution of each of the
individual elements to the activity. Further, the average contrlbutlon of each
substituent group at a particular site to the biological activity is calculated An

example of how to calculate such contribution is given.



the application of a QSAR (quantitative structure-activity rel ationship)
technique to a drug discovery problem After biologically active conpounds
are sel eswed3xsheir biological activity is optim zed. SiPCEPEGBARISSS based
on a hypothetical relationship 5 between biol ogical activity and nol ecul ar
structures, the technique is concernedbwith identifying structural
characteristics that render conpounds active and predicting active and

i nactive anal ogs. WD 00/ 41060 Al discloses a nethod for correlating
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relates to biological activities and is also concerned with drug discovery.

US 6,185,506 B1 discloses a method for selecting an optimally diverse library of small
molecules based on validated molecular structural descriptors. Multiple literature data
20 sets are used which contain a variety of chemical structures and associated activities.
Activity may be biological and chemical activity. The technique is described in the
context of pharmacological drugs. Further, a method for selecting a subset of product
molecules is disclosed for all possible product molecules which could be created in a
combinatorial synthesis from specified reactant molecules and common core
25 molecules. In the section describing the background art, reference is made to
biologically specific libraries which have been designed based on knowledge about
geometric arrangements 6f étfubtural fragments abstracted from molecular structures
known to have activity. It is disclosed as being absolutely necessary to use a smaller
rationally designed screening library which still retains the diversity of the

30 combinatorially accessible compounds.



6 WD 00/49539 Al discloses a nethod for screening a set of nolecules for
identifying sets of nolecular features that are likely to correlate with a
speci fi edv@o2/83shéy. The termfeature relates to chem cal PeT/EBIVUIGISUres. A
set of nolecules is grouped according to their nolecular structure as
characterized by a set of descriptors.6 Then, 5 the groups that represent a
hi gh | evel of activity are identified and the nbst commobn substructures
anong the nolecules in the groups are found which may reasonably be
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suf f @i eptifgnate 5! Aea §ekeseli i on of active |eads and increase the

probability of finding active conpounds within a given set of conpounds.
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the invention as clainmed in the independent clainms. WO 02/33596

PCT/ B01sYntbesized that comprises a plurality of chemical compounds. Structure-activity data
are obtained by robotically analyzing the synthesized compounds. A number of
databases are disclosed that each include a field indicating a rating factor assigned to
the respective compound. The rating factor is assigned to each compound based on

how closely the compound’s activity matches a desired activity.

20  The aforementioned methods are either “predictive” models or still fail to sufficiently
improve the generation of active leads and increase the probability of finding active
compounds within a given set of compounds. Further, the conventional techniques
are incapable of satisfying the néed for an increased number and quality of molecule

hits and leads that enter the development pipeline.

25  ltis therefore the object of the invention to provide a method of operating a computer
~system, and a corresponding computer system, capable of increasing the chance of

discovering novel, biologically and/or chemically active molecules.

This object is solved by the invention as claimed in the independent claims.



7 Preferred enbodi nents are defined in the dependent clains. One advant age
of the invention is that a conputer system and an operation nethod is
provi ded what/3®bé ow for increasing the proportion of actiPeT/EpoMpONFsds in a
given set of chemical entities where said entities are not already known
to have the desired 5 activity. This i& perfornmed by applying

know edge- based techniques to identify novel hit and |ead series, notably
by buil ding systems for conducting a conputationally driven nolecule

di scover {refaree ipsnbedivantsgee definas is thadependent daimst by neans of

anal ysing a database that is searchable by nolecular structures and
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sequenci gg has c(:{.g\/i ded conprehensive databases of am no acid sequences

t hat can éerl‘JQQB‘E e §{SEOMERG  poi nt when performing the invention. Then,
the invention allows for identifying known and/or orphan |igands and/or
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which activity on a certain target had been 25 det’erm ned, and thus
provi des an identification (backsequencing) technique. The invention wl|
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shorter time compared with the prior art methods.

15 Further, the invention is in particular advantageous in the field of biochemistry. In the
past, DNA sequencing, and in particular genome sequencing, has provided
comprehensive databases of amino acid sequences that can be used as starting
point when performing the invention. Then, the invention allows for identifying known
and/or orphan ligands and/or orphan ligand-receptor pairs by predicting a peptide

20 sequence on the basis of results obtained with a list of structures analyzed for
biologically active chemical determinants. After identification in a database and
expression, the peptide sequences can be tested by a biochemical assay. 'l"hus, the
invention advantageously permits to deduce biological structures by comparison with
a list of chemical molecules, for which activity on a certain target had been

25  determined, and thus provides an identification (backsequencing) technique.r

The invention will now be described in more detail with reference to the figure

drawings, in which:

FIG. 1 is a block diagram illustrating the computer system according to a



8 preferred enbodi nent of the invention; FIG 2 is a flowhart illustrating
the main process of performng a discrete structural analysis according to
a prefermvedomsdsodi nent of the invention; FIG 3 is a schrawEPe/UsEWM Ng
illustrating the reiteration process of the 5 invention; FIG4 is a
flowchart illustrating the process of &enerating a fragment library
according to a preferred enbodi nent of the present invention; FIG 5 is a
graph illustrating how fragnents can be sel ected based on the calcul ated
score val ues; 1o FPiefesed smbadimepheltheiinyemionati ng t he process of
calculating a score value for a fragnment, according to a preferred

enbodi ne the pres I Welrhs . [ tyatl

t he procgg%'o%f ana‘gygi ﬁ‘g‘k?’hl@ﬁ %égt%?e'rqg mebGr"?er“Q ﬁr\gﬁg# Bdgfél%@rﬁ”ﬁgégg digtrettd
reiteration; FIG 8ristuealfdnalysitadcdrtiingst raaprefgrédhempodimesist affths élveetiong a
new conmpound by 15 using generic substructures; FIG 9 is a flowhart
illustratjng.the process, of generatjng substructures for use in virtual
screeni nEwF:I}’G 10'Si & asqd'lem/ﬁ%ﬁar‘{f ayingudiysirating the Teitstalion arocass i M t he
fragment library gAtigsr formng a reiteration, applying the annealing
techni que 20 according to a preferred enbodi nent of the invention; FIG 11
is an exanple of a relative contribution map for illustrating the annealing
t echni quEl@ppl i ed isnatftmvgirast dsistrafind-itii .praCessFbisgen@ratingaa dragphent library

illustrating the effect.of, a conpound gn receptor-nedi ated inositol
triphosphate gener 8t5¥HINAAB DBY %@%eﬁ%ﬂ%ﬁ@@fﬁﬁ%gge@eqﬁl”@e@@nis a graph
illustrating the effect of a conpound on ki nase-dependent protein

phosphor pl@tson; FisGa dhphsilasBaiird How Yeigh@dritd cdrheeeédigstedObased HRPHENd
on phosphat ase-
calculated score values;

10 FIG. 6 is a flowchart illustrating the process of calculating a score value for a

fragment, according to a preferred embodiment of the present invention;

FIG. 7 is a flowchart illustrating the process of analysing the fragment library

when performing a reiteration;

FIG. 8 is a flowchart illustrating the process of selecting a new compound by
15 using generic substructures;
FIG. 9 is a flowchart illustrating the process of generating substructures for use

in virtual screening;

FIG. 10 is a flowchart illustrating the process of analysing the fragment library
when performing a reiteration, applying the annealing technique

20 according to a preferred embodiment of the invention;

FIG. 11 is an example of a relative contribution map for illustrating the annealing
' ' ~technique applied in the process of FIG: 10;

FIG. 12 is a graph illustrating the effect of a compound on receptor-mediated

inositol triphosphate generation;



dependent protein dephosphorylation; 5 FIG 15 is a graph showing relative
contribution information by plotting determ nants versus their respective
score vawesy3xnd Fl Gs. 16A-H are further relative contribOT/EROL/APIEYr ans
denonstrating the equival ence of score functions. The present invention
wi |l now be described in nore detail. Qurther, preferred 1o enbodi nents of
the invention will be discussed with reference to the acconpanying figure
drawi ngs. Moreover, a nunber of exanples are given of how the invention can
be appli E§5i 1B nuneisoasgrapbl ithsstrstingotheo afiectdot aceempound cor Hinagetdependent

invention, a comuélgoﬁ%iﬁypitoggbé@@@%r_ ated to performa discrete

substructural anal of nol ecul ar structures is accessed. The
15 database i s searchabl e by nol ecul ar i nformation and bi ol ogi cal and/ or

chem cal Fpgoperti el. aMakr@sil ildstritingC ik eoffdtt o6t icdfmpcunanoni Pﬁ@éﬁﬁété@@-_
suitable for determ ni n(? t he nol ecul ar structure of a nol ecul e. Biological
and/ or cheni cal prégRendasy prefeirudephaspbendaiaul , phar nacol ogi cal ,

t oxi col ogi cal, pesticidal, herbicidal, and catalytic properties. 20 Using

Subset of Mol Boul of o a Gane ol coRERRRE) ITFRAR ECBbST "

said subset, fragdetetsirehtd hersusltesivtaspeatiee sbeme woties;Anded. The term
"fragnent" relates to any structural subunit of a nolecule, including

sinmple f tiona roups, two- dinensional _ substructures and famlies

t her eof , F @?rﬁﬁr)‘ehag@#’r%ﬁ B%JKﬁ)H‘ée, C%WHFS)UBW diggrams<amongiratingrihe @quivalence
descriptors in theqtyQsdis i-anal or three-dinensional nolecular space.
It will be appreci gt%@r%yﬂiﬁ%g@g of ordinary skill in the art that a

fragment may be a nol ecul ar substructure that is of no known neaning in
convent i dhal prsisent snventionowiib/@369e BEIEHRAN il 1866 deailAf t Burthdre prefesad ar

t in.th t. . b d into. ts, I i
cal ot au PRI el alitiof o1 Che cRFlonsd duli OB o RSO e
f ragment figoret diawihye NMred\ee] § aunftd/PlexEhpBLate GUERF hvw thBakvdritiont &

i nvention o ‘
be applied in numerous fields of compound discovery.

According to the invention, a computer system is operated to perform a discrete
substructural analysis. A database of molecular structures is accessed. The

15  database is searchable by molecular information and biological and/or chemical
properties. Molecular structure information is any information suitable for determining
the molecular structure of a molecule. Biological and/or chemical properties include
biochemical, pharmacological, toxicélogical, pesticidal, herbicidal, and catalytic
properties.

20 Using the database, the technique according to the present invention identifies a
subset of molecules having a given biological and/or chemical property. In said
subset, fragments of the molecules are then determined. The term “fragment” relates
to any structural subunit of a molecule, including simple functional groups, two-

~dimensional substructures and families thereof, simple atoms or bonds, and any

25 assembly of structural descriptors in the two-dimensional or three-dimensional
molecular space. It will be appreciated by those of ordinary skill in the art that a
fragment may be a molecular substructure that is of no known meaning in

conventional chemistry.



allows for assigning a score value to fragnments based on existing know edge
with 5 respect to biological and/or chem cal properties of nolecules. In
the fol | owbnoz33sdescri ption, a nolecule, structure or sub-BCTEEWUUNESS S said
to be "active" if it has the given property. A nolecule, structure or
sub-structure not being active is saiggto be "inactive". Thus, the present
i nvention provides a sub-structural analysis based on discrete biol ogical
and/ or chem cal property information. The main process of the 1o invention

i s therepfieetiEeneiddutdr staldt@@sbh iR eUBsSUASL HrokbH RIwrAND RiBigfdnBSA sciience

according to the invention, fragments are associated W th score val ues
i ndi cat i WJueni ¢aledatad Furt eaeh fagmeyitviediceting dheceantahputiasy of Heeireapective

For a o VRHBATHS iR 0dn HePORE) SRoRS Tufltalerohartl; Y bl iveRgRR © ©
f ragment silaws decaspighiplged deprd QbIL@/\ftdﬂﬂa%rr%ﬁ?ﬁs based drpgkistihg ritlo®dedge with
(algorithm, which are inherent to the DSA process itself. In this

cont et , raspect der biolpgical ard/pf hiemigalt prepardes o1f: malgcuere phevhe dellewiiy t he

chemi cal mon [ t o ' Ll « B . t
preval engéeig% tlt é%@%&gg‘%]%t@%@grﬁ rn%untfl gtltr'lﬁe’{tﬁﬁég%e%#rtgs ?sg&g'fe( 3%%%?&5‘? 20
under cogisvedgirapedn. AOmdideulbastrsctafe dhssb-detibniré inon belMpas®Bichipdsditien be

identifigs one or_nore |ocal extrema of the score function, whose

cor r espong@tilyechelhtsalthgdresentianerlione pravidas arsib-sterctuisd analysis hased &n
sol uti ons; J o) | i nding e passibl e
val tes. T RSPtk draERel EdRr SRRl o R ol The L P ess 6 e
equi val eimvelton id thereford hénsaftgr thiedcDoratalSutstrecturabinslysisiD8A)ed w thin
subsets of the nost potent biologically active nolecul es which have the

| owest obabi lity,of occurr.ing by chance .in the sane subsets. WO 02/ 33596
boT) EP0T P PESeBCoaing O TR bV | TadBanise Hecers Guaoq M Sreiorabias

the fi gufn%iidytiﬁg' tAER copfitbdtion B biv%H't‘%logﬁ;a?rahHRﬂ drenfitsd pr@aﬁeﬁ#/,q‘ra dRRyi cts
a preferred enbodi ment of a conplter syStemaccording to the 1nvention.
The conpoarbesissiiaredmprahestcal detenminbntgaeaponsibledss argivambioldgicaltamaliorcan
be cont rgrllelzr%gca%uyc%%e.' The rigign(iﬁicgﬁc?nncs)f ilrgg5r'neH?s' ltssaclc%(r)np!ished by following a set

15  of logical rules (algorithm), which are inherent to the DSA process itself. In this

context, the score value is itself a function of:

(a) the prevalence of the chemical determinant in the subset of active molecules,

and

(b) the prevalence of the same said determinant in the entire list of compounds

20 under consideration.

On the basis of this definition, the method then identifies one or more local extrema of
the score function, whose corresponding chemical determinants represent full or
partial chemical solutions to the desired biological outcome. Finding the largest
possible values that the score function can achieve in any given data set is equivalent
25 - to identifying the chemical determinants contained within subsets of the most potent
biologically active molecules which have the lowest probability of occurring by chance

in the same subsets.



5 and 105 may be any conputer system such as a work station or personal

conputer. Preferably, the conputer systemis a nultiprocessor system

runni ng avomt/sis9¢ aski ng operating system The central prpCPEBIWVIYIINIt 100

is connected to a program storage 130 that stores executabl e program code

including instructions for perform ngqghe DSA process 1o according to the

i nvention. These instructions include fragnentation functions 135 for

br eaki ng down nol ecul ar structures into fragnents, score functions 140 for

cal cul at Thg iscent®ny alillesw genmsairnbedt with referehcons thd Figure dratmingdyearidsfirer s

for insta ceééf Iocatlﬂgg ralisable ite in fragnent structures and
en

repl aci ngaticHEs re ecrfa“ﬁ% Qi \GuY demictscprris rEﬁ%eFW@FjEBWb‘én%ro&tmﬁﬂjer
gener| c PRV O}?& r a
vi rtual gﬁ%ﬁ?ﬁ%ﬁaﬁﬁdt%%&ea I né&? unc g&r)]@%u%‘% GRS er orgrﬁ% n%Q{%hfg% :drg{gggrrent
anneal i ngrquessiagsurnif 1anthiafnuamtb|eoa:nntmrbdl bys usaar trih@faommeandue% f Wndtsi 100
and t he 5%8;@?0“ erforned ?gr t he centB SSI ng unit 100 i

execwlin NAY G PN SOTIPULETRY SERIE SUC af peﬁ@p@{,\pél%pgter
central p'fé*@%?ff’ nﬁe%hﬁte?‘é{y%@ﬁ |§%” %ﬁ?p‘i(%%és%o? Etre'r'ﬁwﬁlﬂ g h?ﬂll’i-‘t’askm

dat abase, or conmpound Ivity cel ve no ar structure
i nf or mat oparadung systslnogi cal and/ or chemical property information. This
information can |i kew se be received from a data input unit 110 that

all ows f ccessing exter nal ta sourc By accessi un| nd/ or
Tis "t he Thepetfl PP P SDBL . SRy 168 PEbraT R %R Sofeom
any avai babtRablRUbERraHE tods ﬁllcﬁfo‘iﬁg" 'lﬁétﬁidﬁo‘h% B#0péfornfing I DRSe MBLELS | S
sear chabl e by substructure and/or biol ogical properties. Public databases

i ncl (®e Bogording h@dhelln\rﬁrtt@@ t hasedpstrastnsantlede dragenentation dinctansd3hdoes:

MDDR, Ph i Ei nd Der.wen The subset

nol ecul eymﬁo SO be o%@;?# %ﬁfﬁ}u?&nt"ﬂt& E%%e%tﬁd %%Og?lﬁ @HBOJ%@ fOFI'he
nol ecul eSaMulaItmggea@fealdayuwn?ém@@l@éﬂmi fFliRctiaTE oUEdSto b@tné\)éeySdmérsalfép

t hensel ves be nuol ecul ar WD 02/ 33596 PCT/ EPO1/ 11955 12 fragnents. For any

gi ven bi BisRjicafoblocatiBaigenerglisspler tt@rnStlhéraanb%@tstwﬁlmrS@d g disesshi ch
do not p r
active (Bemeari GEnEREeD QBREdons My BHR B nRrr P SR, doss8 Nokke
whi chs doscreening functions 150 for performing a virtual screening, and annealing functions
155 for performing the fragment annealing process of the invention. Details on the
individual functions and the processors performed by the central processing unit 100

in executing these functions will be described in more detail below.

The central processing 100 is further connected to a structure activity database, or
20  compound activity list, 115 to receive molecular structure information and biological
and/or chemical property information. This information can likewise be received from

a data input unit 110 that allows for accessing external data sources.

By accessing units 110 and/or 115, the subset of molecular structures may be
obtained for example from any available source such as a proprietary or public
25  database which is searchable by substructure and/or biological properties. Public
databases include but are not limited to those available under the following names:
MDDR, Pharmaprojects, Merck Index, SciFinder, Derwent. The subset of molecules
may also be obtained by synthesising and testing compounds. The molecules will

generally comprise complete compounds, but they may also themselves be molecular



possess the said property, for exanple, conpounds which exhibit the desired
activity 5 (i.e. have activity above a given threshold). Al non-active
conmpoundw@ny3iysed evant, and are therefore anal ysed. AftePCHER®EEPISG t he
internal or external data and perform ng the DSA process using functions
stored in program storage 130, the cenfral processing unit 100 stores a
fragnment library 120 that contains the determ ned fragnments of the

mol ecul es | o together with associated score values. In one preferred
enbodi nefieg@enthe ppessm divenebidlogical be ¢heigisehtpropastyar the1sobset chetains

result of I n ocess_.accordi to.the invention. The fragnent library
120 can” coRBRuEs BuBHPRBrRorReRRes W i Areddmatt BRamel e SRR Ml "o
engi neer ére’:lﬁgtaactﬁ/@l{bﬁﬁalpﬁ)elﬁwéJ?Meﬁ dofilief fRESIRSIA] B8 lvel|asUssRbSurds @AKh do
subsequent di scovery process. 15 In another preferred enbodi nent, the

f r agnent PPsgRsEriie1sad psopatty. dpreexardpliet eompouneds athich mshibiiithe desited aictivityt he
i i f t i | atil |
non-vbl alier St AV ra gt B Eeh, ARt e R Baind erdimledantent

may be pradrdyhdrbforeemaly@edpr ocessing unit 100 in executing further

functions stored in the programstorage 130 for generating a conpound
collectiogn 125. 2Q The conpound collection 125 is a collection of nolecul es

t hat havBftBeaRCeEVRAIRY iHpal 98 exterpak datsr and @erfpuming be BSANRRACRES tUsing

desired hjokagi n ' r{Qper t he
corrpoundﬁlcn(?)::nﬁg%:fsiztl!g)rﬁa%1 1%8%9’21%@2%9%&%%’ rtéeg&f%&rﬁgﬁoc%g ﬁ%@“@ﬂﬁ%ﬁ%ﬁ cal
struct ur fagtieat lieras A0 heen coptdileshsedeleemine flagneents ofitke iiddecules

nol ecul es of, the_conpouynd collection 125 are the result of evaluating the
25 s&dr eRESthRIWIER a5pofiatedsqoRR Valug§ent s according to the discrete
substructural analysis. As can be seen fromFIG 1, the central processing

unit 100y i g Ve |
Cots 1ea" Proditipedannea Rt e PR TEMLn, Mo sl YR PATEOUY eo

175. Therefattaoitseomginl poodess moseidieg té the smventing. dEteafragenent ibuased 200zan
storin i nput par ters when i nvoki the.functj ons 5-155, .or for
st or: ng piaqrﬁf)ﬁ @sdqcﬂgcgr W?ar}crqeg)é'clh\éﬁg{:qﬂgq@%lolgglcaf scnent}s‘,?is Or engineers as a

source of valuable information that is usable in any subsequent discovery process.

15 In another preferred embodiment, the fragment library 120 is an intermediate result of
the main process of the invention and can therefore be stored in a volatile as well as
a non-volatile memory. The fragment library 120 according to this embodiment may
be read by the central processing unit 100 in executing further functions stored in the

program storage 130 for generating a compound collection 125.

20  The compound collection 125 is a collection of molecules that have been revealed by
the process of the invention as having the desired biological and/‘orichemical property
or not. The molecules of the compound collection 125 may either be already known
or may be hypothetical structures that have not been synthesised before. In any
case, the molecules of the compound collection 125 are the result of evaluating the

25 score values assigned to the fragments according to the discrete substructural

analysis.

As can be seen from FIG. 1, the central processing unit 100 is further connected to a

data memory 160 that stores compound sets 165, fragment sets 170 and score



Referring nowto FIG 2 which illustrates a preferred enbodi nent of the
main DSA 5 process, the operator of the conputer systemdepicted in FIG 1
first selvady3zmm activity in step 210. As nentioned abovBPCT/aBe/MPISy neans
any biol ogi cal and/or chem cal property including biochemcal,

phar macol ogi cal, toxicologically, pestihcidal, herbicidal, catalytic
properties. Mrreover when using the invention for identifying orphan
ligands, an activity may be a given effect on a protein of interest

(1ypi cal Liueka7sl ihagdia Haridit 1808 £04viaBE R 6AAG Boka Bl R GOPIGH Udhing,

particul ar property, suc ol ogi activi

di ct at esinpubherrdraeterd evhent lnaplahgttleel fmmtmmb%ﬁ-%@sordbr sturivigogtuoral vahunsl of
chem cal H_Pror.%ertﬁb/‘.y_lﬁFurtherm)re, for the avoidance of doubt, the terns
“conpoun ) and "nol ecul ar structure' may all enconpass

nol ecul ar 15 substructures as well as conpl ete conmpounds, according to the

cont ext . R/éfférﬂhgadbv@%'NGUQ WARLPRE S ek%gﬁé#ehed% Bo&ﬂr%nt%f%gnﬂag\dn%%

125 is selecte step 2 The se ecte conpoun set
nmol ectll epradess, dhe Qner@t@reoo‘aﬂnenedmputerl syatemwbiepicted &yfd6t 4 firshtseldnis eart o

th | ect gd tivit ill be de bed i det ai |
compound SSaial sl 2 10h° b heBiriet Rhats. Asbiesertnany s goosH R ¢ o
be acti V@h@rﬂitaWr@ﬁéHtﬁﬁdeﬁtﬁﬁg 3 &H@?}%@l tp@naprﬁab@légfday%xn@ﬁ%@m%‘ﬂy,aﬁéét}/dlﬂé‘l and

a COITpOUI’ld set have been seléected, the process conti nues w't
gener at i barkigidal, foadgimtoropertiasy Veoeoverswben 250ng the |pvmtm;sfarf idgetitying i ng

e 1 cacy ST et or P B0 B 2 AivER e S8 2o el Llerts: ey o .

chenygal bpgHgpr bi ol ogi cal 25 outcone., This-process can be described as
conprising the steps of: 1. identifying one or nore subsets of nolecules
havi ng gi ven properties in relation to the chem cal and/or biol ogical

out cone 41 thetspaent spegsiticetions geferenseto@ peotinilar propertyyavehags rhgolaglcal

prel ini nag%rv. b, & A eSdiel ASHRIL Striwisle bELAERLERed B Bl o 0ee!

nore subs |ng an al go mto esti e con

sai d fragnmg:sah andkearaahemmcait prdpeetyc Remheamoaadfcer thei alciganed of aubie thaf
interest; and
terms ‘compound’, ‘molecule’ and ‘molecular structure’ may all encompass molecular

15 substructures as well as complete compounds, according to the context.

After an activity has been selected in step 210, a compound set 125 is selected in
step 220. The selected compound set is a set of molecules that are to be examined
to learn which fragments contribute to the selected activity. As will be described in
more detail below, the compound set selected in step 220 includes molecules that are

20  known to be active and molecules that are known to be inactive.

Once an activity and a compound set have been selected, the process continues with
the generation of a fragment library 120 in step 230. The process of generating the
fragment library can be described as a process of weighting the efficacy of molecular
fragments, within a subset of known structures, to a chemical and/or biological

25 outcome. This process can be described as comprising the steps of:

I identifying one or more subsets of molecules having given properties in

relation to the chemical and/or biological outcome of interest;
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i ncl ude this fragnent. In the exanple of FIG 3, the second rou
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Sl fragmihisl B @PEEAUAIRG: oft PEsdiSiet PAGHERR in molecular structures
increases approximately exponentially with the maximum size of fragments that are
investigated, this maximum size is set to a rather low value at the beginning so that

even a very high number of molecular structures can be handled.

The process of steps 210 to 230 reveals fragments of high contribution to the desired
activity. The revealed fragments can then be used in the next round (or cycle) to find
fragments of greater size, i.e. higher molecular weight. An example of the reiteration
process is depicted in FIG. 3. In the first round, the fragment C=0 has beeri found as
having a high contribution to the desired activity. This fragment is then used to
search for fragments that are greater in size than the resulting fragment of the first
round and that include this fragment. In the example of FIG. 3, the second round
shows that the fragment N-C=0 is the best fragment of this size with respect to the
desired activity. This reiteration process is then continued, thereby increasing the
size of fragments, and may lead to a compound that probably has the desired

biological and/or chemical property and is suitable for the desired application.
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5 process allows for applying nore advanced functions such as
generalisation functions 145 and annealing functions 155 to further

i nprove tWeonsseovery process using discrete substructurbCT/aR@EIMIISS.
Finally, when it is decided in step 240 that no reiteration is to be
performed, or the reiteration procesgshas cone to its end, the conpound
collection 125 is generated in |o step 260. Turning now back to step 230
of generating the fragment library 120, a preferred enbodinment of the
subst epsRefertihg noyehackto giGpRpifesis dedidedawstep 246 do ipeefdrwi a next efierccoce

to FIG. 4 tq, 6. . First, . aft he i |, dat.ab. 15 and/ t I
dat o souPtaPg TRSRERLIT a1 deneRST R HeP A BenaNBS Bt Ral, anade
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in step 410. Then, fragments o e nol ecules | e subset are determ ned
in step &&20.25hwilinye desdridciarmbre detai) reluve dAa siith§eappuetiatedy the oeitesatioronal
technj ques. For , instance,. an al gorithmcan be used for findi .

e mit ot PBIRest cpigor AsRY nBdnStseaiNan R N eRns Sichers Set Sl reistions
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to skip tiseeade suhgineciusaltanalysi;ave t he atons organi sed linearly. Further,
the al gorithmcould be constrained to include or exclude certain types of

bonds. Ther il be. . dif.f eren i .nds of l.Lvi ng fragnentatign

functi ongﬁ}aﬁé’\tl\wbﬁg Iﬁg:s"?%dggdmsg%? 24b0t?1pﬁgosr ﬁEFaé np'gatgt ?‘?iPSHBFmegso%HE
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a series of discrete substructures or fragnents (step 420). The fragnents

can be §iQ@p3Q9-functional groups, e.g. NO2, COOH, CHO CONH2; exact 2D
substructures, e.g. o-nitrophenol; |oosely defined famlies of

substruc . S t

ctruct ur AP fng oelk 49 sBbTRE oF Rifraitfo BRERBuntiptdBYage 180 o erdhle
PCT/ EPO 1émﬁﬁ1;em]§oﬂtheesub$tepmdfethisl gendvation hgrovedy okle nod,obg describe'g gith s
in step 420, the men scores are conputed in step 430 cal culating a
score vaf‘%@r%@fe t@a%ﬁ-%f-r‘latﬂr@ntﬂﬁqa tels thse INkeingy detkabass tln gpgé)r\;gﬁlﬁg(t@r@a{ he
fragment g5 8urdeNsrdiaghesde S RAT ASULEBOBE MSiecules are identified, the structure

15  activity data relating to the identified molecules is received in step 410. Then,

fragments of the molecules in the subset are determined in step 420.

The molecules can be fragmented using a number of conventional techniques. For
instance, an algorithm can be used for finding any permutation of atoms that are
bonded with each other. The fragmentation functions 135 can employ a minimum
20 size and a maximum size of fragments. To give another example, the fragmentation
algorithm could be instructed to skip those fragments that have the atoms organised
linearly. Further, the algorithm could be constrained to include or exclude certain
types of bonds. There will be many different kinds of applying fragmentation

functions that are easily available to the skilled practitioner.

- 25 That is, each of the molecular structures can conceptually be broken down into a
series of discrete substructures or fragments (step 420). The fragments can be
simple functional groups, e.g. NO,, COOH, CHO, CONH,; exact 2D substructures,
e.g. o-nitrophenol; loosely defined families of substructures, e.g. R-OH; simple atoms

or bonds, or any assemblage of structural descriptors in 2 or 3D chemical space.



are determned in step 440 and stored in step 450. 5 An exanple of how the
hi ghest scoring fragnents are determned is depicted in FIG 5. In this
exanpl e, wdne2/sBsper m ned score val ues are plotted agai nst POPERuess of
conpounds that conprise the respective fragnent. In this graph, each
fragnent is represented by a point. Wging this plot in step 440 gives nore
information than just selecting the highest scoring fragnents by conparing
the score values, since the plot 1o additionally uses the information on

t he nunbéftenthe ormpecines halatbdamcbudkent deevn te Sagotanie i stegméd stheTiagmentcess

of finding the | argest, poss ore val ye can be re ded |vaI ent
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t hensel vers detednirtes inidtep HH0@ndt dtatedinystes 4bgl e fragrrent is at the basis of

t he bi ol ogi cal activity is given by the distance of the corresponding node
frontghe nesh itsel Thus er the

score’va ee?%mfﬂ(?r W“éitg%q‘”@p%%n%(fﬂ” B9MeN &re ¢ e%‘PPgs'ﬁoﬂﬁﬁ’ﬁ{?%n%e

is fronFides.on eis exbnt tlh@tdétéﬁmﬂaé scbfe wm@slarwméd a%anéthﬁtte AkHber
fragment represents a 2 chenmical solution to the, e. E ar macophore that

i s recogff Qpryn@%mataqogmnwtheirﬁﬁ@@@w fragreest op th@OQr@f) seach frggniest is

et SbbbrEitPE HIRE" URBE b BBE G LB AT Qg HERERSul i G °
logi cal  sleeting @ie higiest éécirmgaira%@ﬁ@ byl bcm%ﬁngm@gdor&/aa@@@@hdwtﬂeomghe

invention conprises in a preferred enbodi nent t step of incorporating
the V&ri agfisignally aseggtheo fpenvaliahes die antnber éérﬁ@mpqlmd@ e iveluger the
mat hemat | fhat estimate the score value for any given
fragnentk egi’gé;?&b”lgi'or'i thmis a function of: WD 02/ 33596 PCT/ EP01/ 11955
17 (a) the nunber of nolecules x within a subset which neet a given
t hreshol @ h'erproceﬁsamﬁ fording tHehlarghest iposdibiaus corawy st cain be hegamfedi as equvaient
fragment; t he nunbeir_l of npl ecul es .y Wlthh fai d qu)set whi ch_contain
the sai dtq r ﬁ@n ylogenic mesh of” hierarchically-related molecular fragments
corresponding to a given biological and/or chemical activity. In this setting, the nodes
15 of the mesh are supplied by the fragments themselves, and the likelihood that any
single fragment is at the basis of the biological activity is given by the distance of the
corresponding node from the origin, that is, the base of the mesh itself. Thus the
larger the score value is for any given fragment, the farther the corresponding node is
from the origin of the lattice and the more likely it is that the fragment represents a
20 chemical solution to the, e.g., pharmacophore that is recognised by the target of

interest.

The step 430 of scoring the fragments will now be described in more details with -
reference to FIG.6. Applying scoring functions 140 corresponds to the
aforementioned set of logical rules, or computational steps. The DSA method
25 according to the invention comprises in a preferred embodiment the step of
incorporating the variables relating to prevalence of each fragment into one or more

mathematical functions that estimate the score value for any given fragment.

The said algorithm is a function of:



whet her or not they neet said threshold; 5 (c) the nunber of nolecules z

Wi thin said subset which neet said threshold whether or not they contain
the saidwoazsasné ; and (d) the nunmber N of all nol ecul es POT/ER@/”IOdsset. The
outcone referred to in (a) nay be any desired paraneter relating to the
activity of the conpounds, including1but not necessarily limted to

bi ol ogi cal, biochem cal, 1o pharmacol ogi cal and/or toxicol ogical activity.
Each conpound or nolecule in the data set nay then be anal ysed according to
whet her (&) pﬂj@s@@@@@rtdiemdmre@dxpmitrdm supsei whick meeaina tgiven mreehold in

t hreshol d, ticylar |evel ctiv The hr esh can be
set at any dc?i Péhto%gé{ S'rpﬁ %@%@PMW@” 88@%‘?'{&9'3?1” @y '(I ve'
conpound is one which neets the desired threshold and an "inactive'

conpound(d)s ®Renyiben oﬂﬂﬂﬂeé@eél9twﬁmﬁtsa$cﬁbdbéétr@ﬁlbﬁIcsdmtér Reht &yaits frabmenet
intended to express any absoluté property of the conpounds in questlon

The contri buWh@Trﬁle@Dl’alo theyrmeebepidthreshgldbe det ermi ned by applying to the
variables x, y, z and N a nmeasure of association or a score function 140.

s S8 R B ML R b

Subtractive oreasithes cofteln tH\§<saﬁa frigaidr; am@sures: e.g.
X(Ny-z-x)/(z-x)(y-X); Mxed neasures: e.g. (x/z)- (z X)I(Nz). It will be
appr eci a{dsd ﬁtl,‘@at any mse?sure of association may be sel ected and those 25
skill ed by Vot aqaplegulss infiesuksatake the appropriate choice. WO
02/ 33596 PCT/EP01/ 11955 18 The algorithm applied in step 430 may therefore

conpr i seThseftddn rébrreldith lﬁ‘ r esﬁy FB% édﬁ&"ﬂr’ép &laran oy t]!,"'atcmlﬂ/ &f

subset which neet a given ion to the ¢ mca
bi ol ogi ctle cotrpmvedsf mdudmgsibuannbt\AMMSankynhmltedatcmmelnngnbmhemlcal

sai d"BubBBE A LS TATEY St kI SERG Rl Hoae P ATERLRE S MUBEaF i Hheiata
whet her ggt Mal thBRDTBRAlySEd BctdiR® WhéMeBR possesses the desired parameter,
in relation to a given threshold, such as a particular level of activity. The threshold
can be set at any desired level. In the following description, an ‘active’ compound is
one which meets the desired threshold and an ‘inactive’ compound is one which does
15 not meet said threshold. The terms are not intended to express any absolute

property of the compounds in question.

The contribution of a given fragment may be determined by applying to the variables
X, ¥, z and N a measure of association or a score function 140. As is well known to
those skilled in the art there are many possible measures of association, which fall

20 into three main categories:
Subtractive measures: e.g. Nx-yz;
Ratio measures: e.g. X(N-y-z-x)/(z-x)(y-X);
Mixed measures: e.g.  (x/z2)-(z-x)/(N=-z).

It will be appreciated that any measure of association may be selected and those

25  skilled in the art will readily be able to make the appropriate choice.



620); (iii) assessing the nunber of conpounds z within said subset of
conpounds which neet said threshold whether or not they contain the said
chenm cal wevssishhrant (step 10 630); (iv) assessing the tpPCHEPOWITRES oOf
conpounds N within the subset of compounds (step 640); and (v) applying a
measure of association to two or nore18f the variables x, y, z and N (step
650), preferably three or four variables and nost preferred all four
variables x, y, 15 zand N. The neasure of association may be applied

di r ect | yThe @igitemnappiied is stere4$@imay theoeforss pomoriag (see K2 @ont ri buti on of
a given fragnent. Preferably, however, the neasure of association is

devel opeg, i nt C nction,.. in order to assess the rrgbabil.ity.that a
substr _ucﬂ).x_r e §3€?$ﬁr&{1&é?}u§$%ﬁg %fu?%ﬂgl.‘m%ixswﬁﬁ@i ?ﬁ@_{s& V@"@T e é}_bven.

det er m ngfresol@f int Rstatigi kb e OEhdrigab @R SloNaictd SoabéraeNsM irftefest ihd HadH t Yy
of fragments analysed. The neasure of association nmay be devel oped into a

score fufedtaghaigivermeharoigs! determinapivsten 61A art. For exanpl e the nethods
may conveniently be selected fromstatistical nmethods, e.g. critical ratio

met hod (z); Fi ¢ [:}%aﬁ r 'S GR - ; I =] S
chi - sgua@d; g?\%@%@%o S %rgé%ﬁ&%%orﬁgggﬁcﬁz’%y Sﬁéﬁ”‘? ?ranﬂfgjdb%t%go yg@ﬁ‘%ﬁn@%gﬁ‘%h

i nf er encesntain tHeopaid cheehitdieddtehsinallowiheher SEhBOWRYAhBEY saitl lieshbRlt (stdp cal
tests maégbe used. Such nmethods include, but are not limted to the

cal cul at P8R)iand conpari son of exact and approxi mate confidence intervals,
correlation WO 02/ 33596 PCT/EP01/11955 19 coefficients, or indeed any

functi onggont gikgd r ) i add ; i ' ' of
one. twol Tk r a2 er g EREHIMBRLr oRBEHAe QMERANEELPSIbRL of Eof BRBhASUfth
Exanpl esnafet saichthrashaldl whietheubarot theyesenainnenssdd chemicd! dessrotnant @bepr
score fg ﬁtions whi ch may be enployed in the present invention include: 5
(1) 9z 3 )y xIN (111) Nx-yz

(iv)  assessing the total number of compounds N within the subset of compounds

(step 640); and

(v)  applying a measure of association to two or more of the variables x, y, zand N
(step 650), preferably three or four variables and most preferred all four variables x, y,
15  zand N.

The measure of association may be applied directly, to determine a score value
corresponding to the contribution of a given fragment. Preferably, however, the
measure of association is developed into a score function, in order to assess the
probability that a substructure contributes to an outcome. This facilitates a clearer
20 determination of the ranking of the score values obtained for the totality of fragments
analysed. The measure of association may be developed into a score function by
methods well known in the art. For example the methods may conveniently be
selected from statistical methods, e.g. critical ratio method (z); Fisher's Exact test,
Pearson’s chi-squared; Mantel Haenzel's chi-squared; and methc;ds based on, but
25 not limited to, performing inferences on slopes and the like. However, methods other
than statistical tests may be used. Such methods include, but are not limited to the

calculation and comparison of exact and approximate confidence intervals, correlation



(1Vv) (xtz)-(yIN) (V) (x/z)-(z-x)/(N-z) 10 (M) xX(Ny-z+x) (z - x)(Y - Xx)
NX - yz (M) z(N- z) Y(N-vYy) (VIIIl) e[(x/2)-(z-x)I(N2)] (I X) (1Nx-
yzl - N Wa@2msg¢ N z) y(N- y) (X) x(Ny-z+x)e 2 PCT/EP01/11955

1/ x+1/ (y-x)+1/ (z-x) +1/ (N-y-z+x) (z- x)(Y - x) 15 (XI) x1 (Ny-z1 +x1)(z2
-x2)(y-%x2) x2(Ny-z2 +x2)(z1-x1)(Y-x3p (Nx- yz)2N (XIt) 1 d | i_1 z(N -
z) Y(N- vy) . WO 02/33596 PCT/EP01/11955 20 The skilled practitioner in
the field will recognize score function (VIl) as a product noment

corr el at coefficieats, icriipteed ahy dondtiog cdrdaineny reastireshall askociatioanceEmprsedkoh

two di chot omous var s nqt explicit 0 in sai rmul a., The

ki || ed BresgRRBRURTLP! FRE e, Tiref ario ortat SBRPLES dod; 0F OHORTBROE VP as
being related 5 to an estinmation of a risk odds ratio using the slope of a
regressi gRahighés bERASRERIGHBS! fom«anaféegé;ﬁ@s&ﬁur@afe%%uw bRBSSoditRN %?"s%b?e

bet ween two di chotonous vari ables. The skilled practitioner in the field

wi |1 recbsitions sduelenfayree emplyer)indise aresent syueatied indledeit ed statistic

nodi fied for various confounding factors. For exanple, the termN2 in the
nurrer%lto of the second quotient of the gr oduct being logarithmcally

scal ed i a 1o conservative adj ustnment t he normal approximation to the
bi nom al distribution, which is a useful nodification for dealing with

rel atively) smal |l values of x, y, z or NN

(i) . Nx—yz
(IV) (x/z)~(y/N)
V) (x/Z)—~(z-x)/(N-2)
X(N-y—-2z+Xx)
M (Z=x)(y—X)
(Vi) Nx—yz

Jz(N=2z) y(N-y)

(VIIT) el (x/2)~(z-x)/(N-2)]

(INx=yz|-N/72)°N

(1) Z(N=2) y(N-y)
N X(N=y=Z+X) 2 AlxaAly—x iz x I N-y-z+x)
(z=x)(y~-X)
— X (N=y =2, +X,)(Zy = X, MY — X;)

X (N=y =2, + X, (24 =X )Y = %4)

3 [ (Nx-yz?N
(Xl) Jd 2[\/ z(N-2)y(N-y) )




The skilled practitioner in the field will recognize that other neasures of
associ ation and/or score functions can be used for the same purpose in
lieu of Wosm3described in fornulae (1) and (I11), the noBCT/BRetiIn®Nt oOf
which, in the sense of the present inyention, 15 contain various

conmbi nati ons of one, two, three or foérF of the variables x, y, z and N
The skilled practitioner in the field will recognize score functi on (X) as

a manner ich ta.estimte the val ue of .the

cont  dend B B Bre SR RE b hgf Vi Fegrtniieh §eard Blnatipfiiu S s dproctee
transf or Fmh@it dovrdI St EobiRgicrt %ﬂéoﬂHgltﬁ@ dgrédef shatd PvaRirReCoHIMRIAR t 0
that of the normal distribution, and first order Taylor series 20

appr oxi ndph@tom@ﬁeganai@le%nohym@rte&r&f@wmtswed fogadat hm of the same said
ratio. The skilled practitioner i n the field will recognize score function
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function (Xl 1) as a way to 25 conbine nmultiple tests of - association,

al | owi ngt%@e@r@eméﬁﬁre@vaﬂwmﬁt exibts krfweenitwardichatamous veriables. | i kel y to
have effects on two or nore given properties at the sanme time. WO 02/33596

PCT/ EPO1/ 91% a[‘:Netd alfiforritib kiRl rIGAGH ré%cg(j}ﬂﬁe 8B?rtehf§m§:’u&]1 glgﬁgjra{s!saeehlgééql{ared

recogni ze e score function to C 1 Onal

vari abl eselamdaettenbttwmadmebefom@n@srmir%mradlmg bm@bmglFoalexamltgnh@@érnaNm o
physi co- chem cal properties. 4?8 examl e, [H)dl ficatjons could
conpri se N N¥MEFAtRE BeCInchAvelieRtdf taa,nﬁgwé &ing foaEihmpiaiy spaledris A

sel egyi Vbéb{seéaﬁ\?@“a@ Lgs\fmeﬁ RV ﬁgr'nHélt éfppr%&ﬁ'ﬁétltdﬁ Yo (tﬁgtﬁﬁﬁ}ﬁbaﬁl ?{%glnbut(on,

chem cal ), synthetic ea5| lity, purity,  conmmercial aval
avai | abi Whiqh isfa a@pftdp‘noduﬁeatrcea@erd%hhgnmﬁymellatemlys sneaistaluesroff eyt aror N.
. Vi cal cul ate

wei ght, | ar ract.j.vity. | ecul ar vol une, | ogP

Gt ot i ndBs SeilsibhBehiohetipHe i dpl rceate SR RIBE MU 6h 8Sersiaiamg
groups, ‘éhéfo@%%on(é)ﬁfnbhéhs é@ﬁ' bfe%s‘@' fhr thY Qéﬁ’u@aédrBBs& Rﬂﬁétﬁaﬁ thos8 lHé%‘éﬁbé’c‘i in
nol ecul es 1o containing additional chem cal Keys or descriptors, nber of
rot at abl éorburais (1) antléi), bm most padinees of whidkg in the mﬂthehpmnt anveglrumant
stm I@r : tc'oﬁtsaina\r/'gr[i&rs gélr%[)fn%ﬂoné/gl’ cL)'ques,stwO, three or four of the variables x, y, zand N.
The skilled practitioner in the field will recognize score function (X) as a manner by
which to estimate the value of the lower limit of the 95% confidence interval of
measure (lil), by using a logarithmic transformation to render the distribution of the
ratio more comparable to that of the normal distribution, and a first order Taylor series

20 approximation to estimate the variance of the logarithm of the same said ratio.

The skilled practitioner in the field will recognize score function (XI) as a way to
compare odds ratios, allowing one to identify the chemical determinants that are most

likely to be selective for one target over the other.

The skilled practitioner in the field will recognize score function (XIl) as a way to
25 combine multiple tests of association, allowing one to identify the- chemical
determinants that are most likely to have effects on two or more given properties at

the same time.



Thus for exanple, score function (VIII) may be further nodified eg to
account for the nolecular weight of each chem cal determ nant under

consi der Woom3yshN as follows: 15 MN e[ (x/z)-(z-x)/ (N zr¢T/BPOW11935 vy,
score function (1 X) may be nodified tg include the variables MVand [S],
whi ch respectively represent the nol eéll ar wei ght of a chem cal determ nant
of interest (MN, and the nunber of tines the sane said chem cal

(zjgt (elr Im) ng@%§§ﬁle%a§;5amﬁonq§r?r? e ?@ﬁ w(?l]c Nggtrlgg;ltggrﬁfe L{r}ger@co ?J@Rﬂ@%sm%? |Qen
order topfqrid id€ompasE 'adeﬁ%thOan‘iﬁbléé‘?eleefag%Sé rRQE8iBIsEmateritd] BloWyical,

bi ol ogi cal l y-active chem cal determ nants during the analysis.” TheTesults
of step ebBemisal ahé/cmlrgryslqomhqmmoai plr@@erti&s f@omamle;esum trtmeilffceagnermould

under consi derat| Ste 0 5 ofithm nay be re eat
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associ at geteninbd)e-rilimbdt @- HLM %@céﬁ 5ge gralipes nuFHer$ 6tn<'H1b@ﬁd' aoﬁétfﬁ@ 440
the identification of one or nore |ocal extrema of the val ues of

score fugtaupsn,charese (eatink apgntdrmel)c psatosation d@tﬂé’taﬁt&aﬁﬂ@bﬁémfe@@iﬂﬂﬂ&ﬂ |

out capre. o At LIRS 0I5 ATNeERRfoI S B pf BBl Bopos
gi ven daflexibiity iisdieasli vedletilat ahiagenindigds)dalidren@ite gingigdritidet andionasveriap
contained within subsets of nolecul es having the desired properties which

cheni cal VEIEf8Swi nants 1o have the |owest probability of occurring by chance
in the sane subsets. \Wien the desired property is a given biol ogical

act | Vi Thle b gheablee Soldanbliag UMl $nf bedlifbodbaRes AR a.fgpE RE

a biologically acti ar nacop I'ng now bac preferred
enbodl rremcﬂeaaﬂaISWe;ghEBOem‘,h aenernical dgtetriméinant under consideration (MW) as follows:

15 MW . el(X/2)~{z-X)/(N-2)]

Similarly, score function (IX) may be modified to include the variables MW and [S],
which respectively represent the molecular weight of a chemical determinant of
interest (MW), and the number of times the same said chemical determinant appears

in the subset of active compounds x ([S]), as follows:

x (Nx-yz-N/2)°N
20 () o Score =Log MW - [_ST Z(N=2) y(N—y)

in order to favor the identification of the largest possible, singleton, biologically-active

chemical determinants during the analysis.

The results of step 650 of the algorithm provides the score vélué of the frégment
under consideration. Steps 610-650 of the algorithm may be repeated for each of the
25 chosen fragments in the data. When the values for all the chosen fragments have

been calculated, the results provide a score value corresponding to the potential



fragnent library 120 will now be discussed. 15 One way of anal ysing the
fragnment library 120 is depicted in FIG 7. The process starts with

sel ecti ngv@oi/samgirent in step 710 based on the score val ueBCUEP&rmdised i n

t he precedi ng round. Then, conpounds fromthe previous set that contain the
sel ected fragnent are extracted in st@@ 720. Since in step 710, a fragnent
of high contribution to the desired activity was sel ected, the conpounds
that are extracted in 20 step 720 can be considered as active conmpounds.
Then, i neficepy pBeachnofthte agmentscthat/kavohpenadslysed s eBaidtsadre atuescanrimm

the previous set or fromthe databases, or ny ot her soyrce.. Then,.the
active aﬁadjtfﬁeﬁla'gt?r\ggr c%r%%%ngsd%ar %?ﬁﬂér_ﬁ?s% %&éf'}%‘é?s i“hos(%;i?‘&fy ?450?%'bf1{1ﬂ R a
new conpeignehs@ical HiR/SeBotiRAUAdcSRt biSintdrest, sabesdRebidtad \_ﬁf'ctﬁpe.é.z,onigﬁ- the
conpound set of the next reiteration generation to proceed with the 5

next roufRNKING peareeralees.erbiscinabies of stepediothei idgniéftaaion 3 oniel or move loeal
describe i refere to FILG 8. This enbodi nt makes use of generic
subst#ucgﬁ%@'gt ﬁsg{eegfa%éeshe(\)/vfg%? S%Cfrecé%‘gl?ﬁ'dswg‘é €1 KHRTREBQNG N _6%35

02/ 33596 dEfehmipiihts ¥aPRdsen?FulllBe pake efenfitaFsShutiSnS tanhe ddsiredadniehney in
step 810, the structure of the fragnent that was selected in step 710.

When usi Riplediealgrutepme. a&inding dhe tagesheenta valuesHbat teaghe mchiaved insany

has. beendVaNaTEsERfs £ RGP R RELERBLAE iRl el y Tt ol Rt i
sel ect i opubsatanofomatesigesidprindeiie arsirgtt hepettant whichMehemicdlf Heteramanks
suitability of the fragnent to be the starting _ point for the

genef@l i Pave dhe lawest BipbeRHitY of pcaviging b chanee e the $age sHeselisniéhenthe

atons or : e nay h at.on , :

Fhr ee- di SontebrpiPPelyCist &Y asn" BRISIEaB T2 e 230RER: softhd Maampentsor
st ruct ur ehefidaheetiviedred répragernd bivdsgibalanactivel pirethdcopbbep 810, a to
generalized itemis located in the fragnent structure in step 820. This

n°a gondt g i HAck, e FI 2. Jrersrad AbAMPEBPLRtSD 240 B Rphend: B

fragment library 120 will now be discussed.

15 One way of analysing the fragment library 120 is depicted in FIG. 7. The process
starts with selecting a fragment in step 710 based on the score values determined in
the preceding round. Then, compounds from the previous set that contain the
selected fragment are extracted in step 720. Since in step 710, a fragment of high
contribution to the desired activity was selected, the compounds that are exiracted in

20 step 720 can be considered as active compounds. Then, in step 730, a set of
inactive compounds is selected, either from the previous set or from the databases or
any other source. Then, the active and inactive compounds are brought together in
step 740 to form a new compound set. The new compound set is then selected in
step 220 as the compound set of the next reiteration generation to proceed with the

25 next round.

A preferred embodiment of performing step 730 will now be described with reference
to FIG. 8. This embodiment makes use of generic substructures to select a new set

of compounds for the next round.



eN Fragment 0 " 7 CAr] ,A N Generic substructure where in the given
sel ected fragnent, two generalized itens have been .l ocated and 15 repl aced
wi t h t he vgenmsxb6 expressions [Ar] and A where [Ar] repreBENVEBIIANIT omat i C
center, and A represents C, or S. The generic substructure generated in
step 830 is then used to performa vi %ual screening to find new conpounds
mat chi ng the generic substructure. Th&“term "virtual screening"” refers to
any screening- process that is performed with data only, 20 thereby

avoi di nth‘g%rgéé‘s% WAL Qﬁﬁsﬁtﬁg@ﬁ%’iﬁgﬁm %@? ﬁ%wtl‘sfe?rgﬁgégmpé of fird frﬁ%rﬁent

reveal ed virtual screening, are se 0 con a new conpotnd

set in strep wadbBelebtdd tastape7 LG ellVinegn Ubiagnitst gerariceasyidod of itieelirtlenliGh, the

02/ 33596 PCT/ EPQ1/ 1,19563 24 As can be seen from FLQG 9, the virtual

scr eeni nfjagneaédRatcissalectadun gip i0iqany ke sglasted by revalursingi herssare ivalsa ons
of frag r t: | C : r = I n
o o T o0 R 1 S RL DSRGC AGRURTEh Bom b St
del et § onsamriok imaee sdependait adrofigrtiodr factoragwhith. influante nheSshitabitity hef the

above-nmenti oned exact fragment and generalizing this_fragnmenpt to the
generic gr@ggke,ngg@f}}eefthq R ”@iiplof'?irf@%tth%@@é’?ﬁ'@gp%s ) Sg’dﬁaﬁlﬁ'%ﬂ“gw bpe
fol I ow ng,ncB¥ABH e fumBer SENoRA<Dr bonds, on the way of how the atoms are bonded,

on the three-dimensional structure of the respective fragment, etc.

After the structure of the selected fragment has been analyzed in step 810, a
10  generalized item is located in the fragment structure in step 820. This item is then
replaced with a generalized expression in step 830 to result in a generic substructure

(e.g. to find bio-isosters). An example is

(o]
o
Fragment

8
?
[Ar]-AN

Generic
substructure

where in the given selected fragment, two generalized items have been located and
15 replaced with the general expressions [Ar] and A, where [Ar] represents an aromatic

center, and A representé, C,orS.

The generic substructure generated in step 830 is then used to perform a virtual
screening to find new compounds matching the generic substructure. The term
“virtual screening” refers to any screening process that is performed with data only,
20 thereby avoiding the need to synthesize compounds. The new compounds that are
revealed by virtual screening, are then used to construct a new compound set in step

850 that can be used in the next reiteration round.



Ox " M [A']-ANM: C) "NN Exact Generic N S Substitutions
Extra-domain nodifications perforned in step 920 consist in changes in the
1o subst iwaansasoof a fragnment. These can be random focuskPAl/ERe1CL19550 N~ J
() 11" NO" NF OOI/ NS/I CA]J'q,N- 1 JNCOC ~ o0 Ceneric
Exact NNew o0 o variants O C N N W»#2/33596 PCT/EP01/11955 25 Focused
conpound sets are collections of nolecules that are based on nodifications
of one or nore generic substructures: OHJ C [Ar) -A-NA- [Ar] O N ¢ C/N

Br I / NAsNenObe edp b FIG.M] thévirtual screening process can be divided in intra- and
extra- domain modifications of fragments brought on by the use of generic
substructures. Intra-domain modifications performed in step 910 comprise
substitutions, insertions, deletions and inversions of atoms of a fragment. Starting

5 from the above-mentioned exact fragment and generalizing this fragment to the
generic substructure, three different substitutions are obtained in the following

example:

=0

=W

ob
(0] (o]
O (5
- (A [
(o]
Exact Generic

Substitutions

Extra-domain modifications performed in step 920 consist in changes in the

10  substituants of a fragment. These can be random, focused, etc.:

Generic Exact

0
X

[Ar]"'?m ) ©/1?*N - : Sc;j@
©/U\N/§ New

o ? variants



OINCFO, I FN~N\/\V/ O/ OBr N~CN NOHhNOONOI O0C or
Cl NH/ / OHI Wilein FIG 9 the steps of performng intra- and
extra-domvedn2/sasdé fi cati ons are 5 shown to be perforned i PCHEPIIERISSI t Wil |
be appreciated by those of ordinary skill in the art that it is within the
invention to performonly one of thesgsdifferent kinds of nodifications,
or to performboth nodifications in a different sequence or even in
parallel. It is to be understood that the result of the virtual screening
is a di vEosesecdcobpotindsets aeorgiientiolss dbhatoldraNes thahiagh babedoa mbdifieatigns
active, as they are enri_cheg 10 with substructures associated with
act i vi t yOT QB PEMQie HEBETIe BYDSHUGtHERSent s sel ected that forns the basis
for applying the generalization functions 145 to obtain a generic
substructure, it is aned her preferred enbodjnent of the invention to
sel ect a greater nunb/ér of hkgh scdAh Q”f‘\’[fgr nts to generatse generic
substructures. Foer/hrs]t ance, Jollow ng fragments ha e§n 15 shown to
0

have hi gh cont u s to the-{desi red a and CB ted in
step 710: WO 6 PCT/ EP01) 119 2 /, NI 0J O
These selected fr@& ts ar h r;ced to'\,hrr\gw»sjcorl n Rer'ic
substructures suc : ,&Fs“@jt"ic - -

|1 o

While in FIG. 9 the steps of performing intra- and extra-domain modifications are
5 shown to be performed in series, it will be appreciated by those of ordinary skill in the
art that it is within the invention to perform only one of these different kinds of
modifications, or to perform both modifications in a different sequence or even in
parallel. It is to be understood that the result of the virtual screening is a diverse
collection of compounds that have a high chance of being active, as they are enriched

10 with substructures associated with activity.

While in step 710, a fragment is selected that forms the basis for applying the
generalization functions 145 to obtain a generic substructure, it is another preferred
embodiment of the invention to select a greater number of high scoring fragments to
generate generic substructures. For instance, the following fragments have been

15 shown to have high contributions to the desired activity, and can be selected in step
710:



A, NA-, ANAS5 These generic substructures are then used to virtual

screen comerci al databases A NA-A-NAO OHNx(1\ O Br NJ, ONONO |
O N'S5N\wootBd®wé ol~ o O-T1 O0s O Noml I~ NN ;1 1 |IPCHERQ/O9%ZI, a
ci , @I~ 0o yNONI I ONS NV N~NNNN O~ N -- NNo N or corporate

conpound col l ections. Wiile the reitepgti on process has been described as
bei ng advant ageous for conputational reasons since it is useful to start
with small fragnents and increasi ng WO 02/ 33596 PCT/ EPO1/ 11955 27 the

fragment size from nound to rpund, and while it has been further shown that
the power of di SC6V§IW{FI\\'§U\”\NDE i ncreased by/ﬂ%«"‘nﬁ eric aspects in

the reiteration process, there is t @an thgr approach according to the

i nvention of further inpravi t he scret® substructural yanal ysis process
of the invention. ﬁ\i"éﬂgﬁr '[\I%%/a}pr oach is basoe%\o/ﬁ\ }n\gnneal i ng
techni que and will now be [d’escri bed with reference t FIG 10. In the

preferred enbodi meni~Qi~EING_ <0, the~stlp 50 Ofﬂlww fr agnent
library N N T

These selected fragments are then reduced to high scoring generic substructures
such as:

Aromatic — ||

5 These generic substructures are then used to virtual screen commercial databases

f
A\N/A\ A/N\ A

or corporate compound collections.

While the reiteration process has been described as being advantageous for

computational reasons since it is useful to start with small fragments and increasing



that has been generated in the previous round, starts with steps 1010 and
1020 of selecting a first and a second fragnent. Both fragnents are

sel ect ed wasmsbseh t he 1o cal cul ated score val ues and can PeT/EP@erisisood as
being high contributing fragnments. |In the follow ng step 1030, an

anneal ing function 155 is applied for2gonnecting the first and the second
fragnments. Connecting the fragnments neans to define a nolecular structure
or substructure including both fragments. For this purpose, a numnber of

di f f er entheafiagralenh gizeuinemi rousd t65ound, bed wdild. it Mae beecarfudhkbr agowortbai thes

O Lokl SrePlEh oL s R Rt TS AR B Bt

(predet eppiaed) th@?é‘@?&%rﬁﬁthéh&;}gﬁrj{)ﬁgﬁ fa_%@é'rdiﬁg?ﬁﬂ'ﬁ@ iﬁf/é‘rﬁt@f‘éﬁfurthaﬁimprovintghe

t hree-di nensi onal orientation o irst and the second fragnents,

nunber ofheadisatete Isabstivetupaltanadytsise prodelse of ithg invendont Nedis durthar afproaanits
that are, used for gluing.the fragnents tagether, the kind of, bonds and
atonss BESE o rapy eHoP G deciABNE | pBCRSE be G BRAb I CRtBEREd M ¢ b
t he genegis. pppect described above. If for exanple in steps 1010 and 1020
fragments F1 and F2 are selected that are known to have hi gh score val ues,
the annealing function that is selected in step 1030 and run in step 1040

m ght usé thedorgéaiead embpginaes| ofi 1S5 101 tHeGtep250taf arghréng thenisagmanhitiasy.

Siven pr ik EEREET 4 aldthr i s BYAMBYEY 0T Ra s SBLsshe RO Bht CReb
functi onsgieeting \WOiIB2aRdD 8eb6Ad FEQAcht O Hoth 2 detstdre dolagsemasebayretteen

conbi ned, by nmeans of exact or generic expressions, K a new conmpound set is
genei@t egaicklated scareamlyemand san becindessirod @sdhaing Sigheentakuting Eagmeats.
nol ecul e of the new conpound set is depicted in FIG 11 which is a
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different annealing functions 155 can be used. These annealing functions differ in the
15 concrete implementation of how certain annealing parameters are evaluated and

used. Annealing parameters are, e.g., the (predetermined) distance of the first and

second fragments, the three-dimensional orientation of the first and the second

fragments, the number of atoms that are put between the fragments, the number of

bonds that are used for gluing the fragments together, the kind of bonds and atoms,
20 efc.

Further, the annealing process is preferably combined with the generic aspect
described above. If for example in steps 1010 and 1020 fragments F1 and F2 are
selected that are known to have high score values, the annealing function that is

selected in step 1030 and run in step 1040 might use the generic expression
25 A o L F1-[G]-F2

to connect the fragments. The general expression [G] is a synonym for molecular
substructures of given properties and annealing parameters and depends on the

annealing function used.



by connecting two fragments having high contribution to the desired
activity, larger nolecules can be obtained that participate fromthe fact
t hat t heywononwsiasde nore than 10 one high scoring fragnent. POUhVEPOIeRES | Ng
structures have therefore good chances to have an even hi gher score val ue
t han the highest score value of the t fragnents. For instance, in the
structure of FIG 11, the resulting c%%pound i ncludes fragnents having
score values of 1.2 and 1.7 but nmay result in a total score value for the
entire . ws
for di scgb{é?méjﬁg;gt@emgh%ﬁ% %eé OE\})Z‘F\ §heegg(szto:?\%??bt%‘r$%érﬂﬂ )ﬁ%rgs%ég%t age
is that ahﬁs\/\annamaung sambngeﬂ\maaidl mv\stebm@wmlatdlaamidesmthrfragrhents An
conput ati onal process. can be seen fromFIG %éélﬁt he relatl ve

Cont ri buPrAPIEVel adBoketiecat the oW GUapOyRNSRbIS tgskeinf 6Hpi H Whigh is a
reiteratjonqps 198RHGE %@ntrlb@tlgh %%shﬁ@vﬁfgﬁ h'égreﬂtﬁve R uth éfnalﬂq%%tl% and

|ncreaS|ngthe ragnent size ation romround to rou n
deadl®cktonting Iacalseocwdmteaﬁ]e AcssectacbeckdenafgmnElG M1, dhereoéret tveo iddaelmmdhnat e

steps is |located on a | oc maxi num For i nst anc en at the end of the
second r@%neﬁﬁeﬁPawﬁ?%@@w? esefd.2 apd 1aﬁ@?thﬁm€a$m§§%1 and A%cat ed
on a local maximum the next round will not be successful. As described

above, tfige kh @aﬁmﬁ ﬁr&fes%h@ A0 htapRung fé}*t%vc?or”e%fs%héb'%ezﬁ’rs%&?éﬁl‘ég%qg thgom -

the sel ected tragnent of the previous roun i ncrenent al reasi ng

t he fragberonsecting wadragnhentevavirat bighi somdbehbm do tthe c@siredtemirvnty rlagyemt |
t he next Will shift.the f nt.a fro | ocal. i mum_ That
is, any P“é’g‘?ﬂ §hG20 Pegiainedba pggﬁ t%%,a&%ét%ﬁéqﬁﬂtaﬁey HaaHéPéE?@d%an
fragpent ogé nt scdﬂr@’fr@@'ﬁ]ehpumﬁe'r@stﬁlhhé s%é@reé/@a@@&ﬁé%@&e%é@cﬁ&%ﬁc&%@
29 To avoid this deadl ock, the annealing technique can be ap by

sel ect i ngavaan gued higheigeere valtiedhan the highesicsesre yahe, ofdba rﬁ\@@tﬁfaggﬂeﬂié
fragnents, calculating a score value and continuing the process. This can

be done | 1. e o
det eot ed CERTER s STUERIESr hie' PhafieqeBlBaRT gl BRAGISCgfents
pref er r edadingedorenalsesidf 1 zwehH ﬁpmemaﬂ} egul)in ahiossl sebrevdiuedoy tisKehtirel n
the art that the_invention is by no nean

structure of, e.g.,, 2.1. The annealing techmque therefore allows for discovering

15 compounds of even higher activity.

The second advantage is that the annealing technique allows to avoid deadlocks in
the computational process. As can be seen from FIG. 11, the relative contribution
values indicate two local maxima. When performing the reiteration process depicted
in FIG. 3, starting with small fragments and increasing the fragment size in each
20 reiteration from round to round, a deadlock may arise when the selected fragment in

one of the intermediate steps is located on a local maximum.

For instance, when at the end of the second round the fragment N-C=0 is selected
and this fragment is located on a local maximum, the next round will not be
successful. As described above, the fragments of the next round are preferably
25  constructed from-the selected fragment- of the previous round by incrementally
increasing the fragment size. Thus, whatever atom is added to the selected
fragment, the next round will shift the fragment away from the local maximum. That
is, any resulting fragment has a lower score value than the selected fragment of the

previous round in this case.



limted to these enbodi nents. For instance, the sequence of nethod steps
shown in the flowharts can be changed, or steps that are shown to be

per formedvoovsssecut i vel y coul d be even perforned i n paral PEI/EP&IEITS. .
steps 1010 and 1020 of 10 the process shown in FIG 10. Further, it is
apparent to those of ordinary skill i89the art that not all of the shown
nmet hod steps are required in any inplenentation. For instance, in the
scoring _process of FIG 6, paraneters that are not used by the scoring

f unct i onTaragoitbthis deapﬂiocl&dhe@meabrag tadhaiqw caFube lapplied by setadiingtteogganall d

be cal d 15 : | d
oper at | nBRGETia ORI drexhlsdoHEn: CoBteqting M KRBT, P1ICHBIMG e rarE i 1 y

be descr{Agg- anﬁ%ontm@srﬁqﬂ% prob8sd.i Phircanthe HHAS FRAbAICER AOAT Rﬁbridnto%ﬁﬁd 230
may in theory contain possi bl e fragments and conbinations thereof

Thi s mayobwhaoeveedeadlopkicdetestedt the Ilibrary is generated by corrput er.
However, if the library is generated manually, it is 20 likely to contain
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rel ati 0ncbr@sédmevelyecmmlbea@démpeh@f@héwErﬁpbre@l@l me@t stefnsen@m andT1@20s6br €
val ue obt ai ned can be conpared with the score values of the individual WO

02/ 33596thedOEPH3 h29BEN F3G. #Pagnents to verify whether the conbination
results in an inprovenent of the contribution to the chem cal and/or

bi ol ogi ca,rAuk GoTE aFé?ftﬁ%f’c@%e IR o“i‘dl}cn‘éh} Qg |ﬁ”’tjﬂ%dérﬁﬂ%ﬂ%t Rbt éh%fﬂﬁ@%n

invention, 1t may ggbposm 0 single out from ragnents having the
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or
15  using a multi-tasking or multi-threading operating system.

Further embodiments of the invention will now exemplarily be described.

For instance, the library of fragments generated in step 230 may in theory contain all
possible fragments and combinations thereof. This may be achieved in practice if the
library is generated by computer. However, if the library is generated manually, it is
20 likely to contain only a selection of all possible fragments. The method may therefore
be repeated using combinations of fragments, in particu]ar combinations of fragments

for which high score values have been obtained in a previous analysis.

Thus, following an initial analysis of fragmehts, those fragments most likely to
contribute to the chemical and/or biological outcome of interest may be combined and
25  an algorithm applied as described hereinbefore fo estimate the contribution of said
combined fragment in relation to the chemical and/or biological outcome of interest.

The score value obtained can be compared with the score values of the individual



nmol ecul ar fingerprint having the |argest weighting for contribution to a
given chem cal or biological outcone 1o Having identified said fingerprint
it is thawoposspbl e to create a library of conpounds conpai/BPeug19%s d

chem cal determ nant(s). The conmpounds may be obtained by a program of
synthesis, around the structural featgge in question. Alternatively,
conpounds contai ning the chem cal determ nant nay be identified from
comercial catal ogues and purchased fromthe rel evant source. The
corrpoundﬁraguiglehtmdb Qérifye?mgftmri ;Ene loaviehitetton pea]giwém émrinmtavemeﬁmddfcﬁie g
pur poses and may be avail abl e roma variety o ources. Once the desire
library ﬁ%@”%@%‘ E%Q‘@]%Teéﬁ',ca‘ ANYahbiglodcaH o %lenﬁ%ﬁesﬁ-he target(s) of

interest. The results of the screening may identify conpounds which are
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Cicocbs pHeliahrigosbr GRINGB Sbirdsehherandborentiel e Featibolen ahentd
I ncr ease@omhﬁbrﬁpéﬁﬁbhh@ih@%&@?'mherttﬁén BN §@RMing MYGREhRN provides a met hod

for the identification 2 cul es having cCertain desired properties,
such as biologically active nol ecul es,- which nmethod conprises: Wighting
t he cont fhedtagmerts wibh deihighest agerentalyesy represeat s sbemigal rdsitereinest, ott o
a given chem cal.or hi.ologi.cal, outco as, descri bed.hereinabove, WO .
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hi ghest weblddicw ouddsme Conpi | ing a set of conpounds which conpounds
contain one of nore of said fragnents and optionally Testing said

conmpounds, for the desired properties. 51t will be aganpr eci ated that the
net ho® nENavieguisenyfier saisktingespriateit s therr pagpielet!e GakEha libsaly efocainpesndsed
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program of synthesis, around the structural feature in question. Alternatively,
compounds containing the chemical determinant may be identified from commercial
catalogues and purchased from the relevant source. The compounds will not

15  necessarily have been prepared for pharmaceutical purposes and may be available

from a variety of sources.

Once the desired library has been assembled, it can be screened against the
target(s) of interest. The results of the screening may identify compounds which are
sufficiently active to develop further, or may provide leads for a program of synthesis.
20 The DSA method according to the present invention enables the creation of diverse,
yet highly focused libraries, in relation to a particular biological or pharmacological
target. Thus the likelihood of success in screening for active compounds and/or

useful leads is much increased.

In a further embodiment, the present invention provides a method for the identification
25  of molecules having certain desired properties, such as biologically active molecules,

which method comprises:

* Weighting the contribution of molecular fragments, within a subset of molecules, to

a given chemical or biological outcome as described hereinabove,



Thus the process of the present invention generates structural hypotheses
(fragnments) whose |ikelihood of being an explanation to a given biol ogical,
1o bi ochewm® ez3sophar macol ogi cal or toxicol ogi cal outconme PeT/EBti/IBiSed by
calculating a quantitative score value. Considering the score value for a
gi ven fragnment enables the drug deveBgper to-nmake infornmed decisions as to
t he approach which is nost Ilikely to achieve a desired goal, such as the
identification of nore potent conpounds, the discovery of new series of
active comemtigingtdie di@oke fragaiehe wRh tH®higheet %Ig'h‘ﬁﬂ?, dfdor nore

bi o- avai | abl e conpounds or the elimnation of toxic effects. The nethod of
the present invention focuses on the fragnents present within the subset
of conpotnd=CroPilingt@rseétof eaepewidsewhifhngempgunde aeakaintengef Maeie okaaidus
calculatio t, re likely less relevant sectors of chem cal
space. Thi g'sag?@ér?#taai iorfg{ggnraggucti on in the nunber of conmputational steps
that are needed to 20 address a given biol ogical outconme, whilst retaining
the basi¢ ITsthg®aidebepuliads forBetesredbrshdriigs. is required in order to
postul ate the existence of biologically active chem cal determ nants. As

di scussed hereinbefore, the process of the invention involves searching for
| ocal5 elitwibhe appresiatest thabine mathod oaY eawally: hedisedpe identdy Fposenés weishs o
that th : bi | j L j f . tati stical
Lol es. TS S SHRERIRRRIE PORR AR ST ARl M RS | ehee o

cont ri bueksludefroan gonsidefativgroonipdunds havhensaidlfragmdnitsl ogi cal out cone.
However, it is not necessary to base the analysis on statistical theory in

order to_carry out the inyention. WD 02/33596 PCT/ EP01/ 11955 A 32 The DSA
et hod. oTREheliBIARSR Ohnlise MEsat MYoHR JeRaIesT SRITAl JOmAiTGses

appl i cat 'fFH'g?n d Kb i nab t es,t : ;
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nat ur al | }h0@RM deR8IapePth dRERE tnfblrHad dfecisities Rt {0theabppradich ONsicht8 most
identification of endogenous nodul ators of drug targets,
likely to achieve a desired goal, such as the identification of more potent compounds,
the discovery of new series of active compounds, the identification of more selective

15 or more bio-available compounds or the elimination of toxic effects.

The method of the present invention focuses on the fragments present within the
subset of compounds of interest, thereby eliminating the need to perform tedious
calculations for vast, but more likely less relevant sectors of chemical space. This
results in a reduction in the number of computational steps that are needed to
20 address a given biological outcome, whilst retaining the basic level of molecular
understanding that is required in order to postulate the existence of biologically active

chemical determinants.

As discussed hereinbefore, the process of the invention involves searching for local
extrema of one or more functions, which can be readily selected so that these
25 correspond to probabilities given in common statistical tables. This provides an
elegant method of evaluating the potential contribution of a given fragment to a
chemical or biological outcome. However, it is not hecessary to base the analysis on

statistical theory in order to carry out the invention.



facilitating the identification of new axes of pharnmacol ogi cal

intervention, as well as the rational incorporation of novel

phar macolvogozadsspr operties into nolecul es 10 previously PevaPa/ubsssuch
said properties. The nethod may also be utilised to identify fal se positive
and fal se negative results in data sgps, for exanple those derived from

hi gh t hroughput screening. DSA is also of wuse in predicting conpound
selectivity, for exanple by identifying potentially wundesirable secondary

ef fects. TR DDA mretHuedof #ie heventied dam beeussn® wayideorgiigedbl tirudeiscoxersy
effects of a conpound, by identification of its "toxicophoric" chem cal
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t hat nee j . ning canpaign the DSA nethod al |l ows
"for theg]z %ti%g%]@n#&g%ﬁg{]g%ﬁ%&?@t@%hg . massively parallel, automated
hi gh-t hr oughput screeni ng canpai gns, which is a nmarked i nprovenent over

t he curr&hé rhBtRodi asoadows the ddagifieatior? bf ehdogéhousemodpiatesi ¢t dagt thegets n

t he above nethod,- af lLeast one step is effected by a. co ter-controlled
Systom | Bellatig ihe Henifieatam e paMmesO! Pragaimioscarn iSO Vel s
dat abase e i ipnt; pr, ?eﬁlgg i

comput er?h%)Thrreéﬁgpglselﬁ(g&?E\%lndtni odrﬁ '(tﬁ Eg?‘efﬁg%g%%gleo%csa@ t (E)Hl uch Y i UBIEEafes

conput er poaviusty Hevbidrof suohsaidgproperilesnent ed nmet hods. WO 02/ 33596
PCT/ EPO1/ 11955 33 Fromthe above description, it is apparent that the

ot ecul eShEaUPgaBed Blsh 2 Bl toryaiY 8t assivealid alrohidaey eadls 0
nol ecul egatd SetBafdrickahle thssd derfdld PomIayRteDuGApat seEBRIMgOTDSAAS Gid 6

the efficacy of nolecular structures, in order to identify the biologically
5 activeUs®i ét | redistingpceawosnd s selgetivityes forafxagyiiagby hisksatifyingt petenfialit he

design o 89%’%@@?%‘38%&&9%[%8%@0”“ collections for nore rapid and

cost-eff

15 The method can be used in the same way fo predict the toxic effects of a compound,
by identification of its “toxicophoric” chemical determinants, which in conjunction with
the above, allows for the construction of chemical determinant databases of great use
for chemical series selection. In this context, the method further allows for the
rational incorporation of novel pharmacological properties into chemical compounds

20 previously devoid of such activities. Finally, and via its capacity to identify the most
appropriate level of molecular diversity that needs to be tested during a screening
campaign the DSA method allows for the efficient conduct of rational, massively
parallel, automated high-throughput screening campaigns, which is a marked

improvement over the current HTP discovery strategies.

25 It will be appreciated that in the above method, at least one step is effected by a
computer-controlled system. Thus, for example, the values X, y, z and N obtained
from the database(s) may be entered into and processed by a suitably programmed
computer. The present invention therefore extends to such computer-controlled or

computer-implemented methods.



di scovery. A nethod is provided for increasing the proportion of

bi ol ogically active conpounds in a given set of chemcal entities wherein
said entiwdex3ampe not al ready known to have 1o the desirpdr/Eralugiscal
activity. The said nethod involves the application of various mathenati cal
techni ques to the determ nation of qu;}gtltative structure activity

rel ati onships (QAR). This new net hodP’“whi ch nay be terned discrete
substructural analysis (DSA) provi des a sol ution e.g. to the probl em of

Phe chont 2 BecBRVbrifherbRRE) oRfirent tlatle ABSE BRI b Rt 46
gi ven comeensdiforfthe rap ueewmaﬁbﬁm fidlediles BRQINgWerRlin eeénﬁémﬁropdﬂmé‘éﬂsm be
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activity is respectively pesticidal and herbi ci dal acti vi ty. The nethod may

al so be i@eaednct*@a&al VeOriBelend iaejealipns dak inake WABide ande caskeffeadive drug

properti ARy chem cal rather than biological attributes, eg in the n
preparatlon o catalysts. It will be appreciated that it is a techni gue of
the invention to conbine within a subset 25 or between different subsets

L holse fr Algnetho&i impﬁ'bvib!ekiébwinbmasi]@(ij thiemrlbﬁottm)nt c}sféaiclbghrﬁadiﬂaot;mdbm@ounﬂs in
i ol ogi cal .outcopme of interest, and apply an algorithmto estimte the
contri bufilQiYPereggf HLEWﬁﬁ?r%’(t;lt‘ﬁ Novesein said eatities e et ﬂaf@ag}f‘ne‘t'ﬂptf"é‘l toah@lYeor
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conpared wth re va 0 rarre s to veri
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bi ol ogi cal Out cone nterest a co n structural portion ent|
whet her régodadian ithat isothepraden efodeoiifyppgr theonherslqahelewrmnaﬂts (CD s) that

15  are responsible, with regard to a given compound, for any given chemical or
biological outcome, which may be for example the biological, biochemical,

pharmacological, chemical and/or toxicological activity.

The method of the present invention has wide application and is not restricted to the
pharmaceutical field. In terms of biologically active compounds the method may for
20 example be used in connection with pesticides and herbicides, where the desired
biological activity is respectively pesticidal and herbicidal activity. The method may
also be used in reactive modelling applications where the desired properties are

chemical rather than biological attributes, eg in the preparation of catalysts.

It will be appreciated that it is a technique of the invention to combine within a subset

25  or between different subsets those fragments most likely to contribute to the chemical
nd/or blologlcal outcome of lnterest and apply an algorlthm to estimate the
contribution of said combined fragment in relation to the chemical and/or biological
outcome of interest, whereby the score value obtained can be compared with the

score values of the individual fragments to verify whether the combination resuits in



hi gher than the starting fragnents. Moreover, a neasure of association is
used that is preferably selected from subtractive neasures, rati o neasures
or m xed weaxsises. The neasure of association is preferabCYEPOICOPFFOr at ed
in, or developed into, a score function. The 1o score function can be
devel oped using a statistical nethod gglected fromthe critical ratio
nmet hod, Fisher's Exact test, Pearson's chi-squared, Mantel Haenzel's chi -
squared, inference on slopes and the like. It is another preferred

enbodi neah ii@bvemeat sfdhe Eantdbition ite tHevelltepiedl asdiay biotogfidaddotedrmet et
fron1the,%alc | ation and conparison of exact and approxi mate confi dence
i nterval §"€&8Frel ati on coefficients or 15 any function explicitly

contai ning a nmeasure of association conprising any conbination of one,

two, th f ; : i | . , :
wo I 8rtAbr,f BW iNQENEHE Y18 atgeﬁégl)é_ ot fré[rg’ﬂﬁ’e Nagﬁﬁ&ﬁ@ﬁﬁﬂn‘é} ttrﬁ]é;%reatest

invention perforns the step o ting nol ecul es “containin
hi ghest - cantkibatiof tatrediemasl pod/enticddgitalgaidemearnd intpteshmatdmymbesstiucturahem

subsequent |y a dulLators of a dr target. The process of the invention
can_ 50 pPartraf [FRREn et 1Becaitibbitd ok satl BolGaT R Rartin fealhce SHEGaP ve
exper i meRigiler KRfHHeSstartdd sgrRERier red applications are to perform

simlarity searches, di versi%y anal ysis and/or conformation analysis. In

the foll ow ng, exanples are given showi ng the nunmerous applications of the
DSA pr oblweowec od dMegstte tofe appnaialicrorns Theed ethaipise prefeeably efalected from

enbodi nment .1 h 5 invention and serve t.o i llustrate t i nvention,  but
ore ot PUPBRCdreaT S daip Ry 1 il MR ndRe MR ont

| dent i fi egso@atiot idNpveferauyg ikrp6idte® iReseatwslopbdands aN6rdre/ 183efbn. The
PCT/ EPO1/ 11955 35 A conpetition binding assay was develogfd for a cel

surf aee peeEplunctionicag ke deeeloped waing astatisiinal pedrd aelesiedaiiamathe critical
di ol ab i , t.i i . .
s asoo I EAneRY, disnéE TAEEI LI 2harsBAI RURCA.EE, AR Hadhals afeey

accor di ngquarddhénfesdrivgdonfsidged afi¢sieantiké nvei anothefheefaresit embeginfent that
consisted in the_conpilation of a |jst of 208 structures of ant a‘gao_ni sts of

t he sameR&isgore &NGHCH ispdevelepadiifigot adnethodepelesiedetiony the FaicellPNANd The

second SLEMEPREH Hr@hakland approximate confidence intervals, correlation coefficients or
15 any function explicitly containing a measure of association comprising any

combination of one, two, three or four of the variables x, y, z and N.

Preferably, the invention performs the step of selecting molecules containing the
highest-ranking fragments as potential ligands and optionally testing them
subsequently as modulators of a drug target. The process of the invention can
20 preferably be used to identify false positive and/or false negative experimental results.
Other preferred applications are to perform similarity searches, diversity analysis

and/or conformation analysis.

In the following, examples are given showing the numerous applications of the DSA
process according to the invention. The examples are preferred embodiments of the
25  invention and serve to illustrate the invention, but are not to be considered as limiting

its scope.

Example No. 1 - Rational Identification of Novel and Selective Receptor Ligands



identifying the biologically-active chem cal determ nants contained within
these 208 receptor ligands. For this neans, an additional |ist containing
101" 130 svouwsaspes described as having no effect on the BE@MEP&IZI1655r ecept or
was generated, and added 1o to the first. The resulting list of 101' 338
structures was then anal yzed for the ggesence of biologically-active

chem cal determ nants by selecting a subtractive neasure of association
(1), wherein x represented the nunber of active chem cal structures

cont ai ni Agcampbitiore dinding easgayantasofieveibpedsor &y cetpsierirnt eskdpter tsira) a
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det er ni n@§PMBINGRE MEsRbicaE PreRafaliqhand AP EBE o (R aRSiden v callection of

structur i : c . € = 8 n e t he
Cotar nusdnpBupd 8Eteind T hEHEY. WasCassarToled hecteB Al REREICREHREH
101" 338) ligands Wereyideniifitieds aceordingas she ngdthod of the pesehhienedibore | Tdpeefirst step
score functi.an (i” , which the %O skilled practitioner _intglﬁfield wi
recoghi z€ORESIEH IN Hef PREPiIAHRR af @ ligh ok 48 mﬁarﬁa Pk gniggoRinteidNs Same eaide
nodi fi ed i i f aGLOES- 1 in the
o at ol Py PAASRAY BNEAE! SRR IERi XTI Setl stéff Bbndlsied

scal ed i eatityorgs Hrev hiologicalllj-astivee ohemfcal lieterarinahts agmtainedavittin thesé 1208

binomal distrjbutjo i.ch is a usefy| nodificatian for dealing with
el att velsFeoH [SHsL oS madng, 45 astiighatist v Bies R aRcSTegtirani ch
respectl M@é&iﬁe@%ﬁﬁ?ﬂiﬁgtme@&@&%@é sar"(\{%'hﬁlél r@Eeof N8B Gt erdRe Bt qof

interest (MW, e nunber of tines the sane said chem cal determ nant
appe#st s tanthetfiests Thegesoltingdist ofe @YD atrdsture vah Yhemenalyzéh&dritiepresendse

score function.in order tp favor the .identjfication of the largest
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the vari g BsaPhunyberZofaasdivdl.chehlidalStaIcarbs iMie st of(Ni rolgzliledV(Ze. 20N= 208),
and N represented the total number of chemical structures subject to analysis (i.e. N
=101'338).

) Nx—-yz

Measure of association () was then developed into score function (ll), which the
20  skilled practitioner in the field will recognize as an indirect measure of the probability
of chance occurrence modified for various confounding factors. For example, the term
N/2 in the numerator of the second quotient of the product being Iogarithmically
scaled is a conservative adjustment of the normal approximation to the binomial
distribution, which is a useful modification for dealing with relatively small values of x,

25 vy, z or N. The variables MW and [S], which respectively represent the molecular

weight of a chemical determinant of interest (MW), and the number of times the same
said chemical determinant appears in the subset of active compounds x ([S]), were
included in the score function in order to favor the identification of the largest
possible, singleton, biologically-active chemical determinants during the analysis. The

30  skilled practitioner in the field will recognize that other measures of association and/or



[S] z(N- z) y(N- y) 5 The skilled practitioner in the field wll also
recogni ze that score function (11) could also be nodified to conprise

addi ti onavovzsisabl es related to a nolecule's material, bpPoT/@RIICADIS

chem cal and/or physico-chem cal properties. For exanple, such

nodi fications could conprise, but in gg way be limted to, adjustnents for
conpound potency, selectivity, toxicity, bioavailability, stability
(metabolic or chemical), synthetic 1o feasibility, purity, comerci al
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groups, nunber of H bond donating 15 groups, charges (partial and formal),
protonation constants, nunber of Iecule{ x G LR Q-W addi ti onal chem cal
keys or dpscriptors, numbséorek LiRfhable. ility indices,

nmol ecul ar ‘shape indices, alignment si Bl ard(Ni-e® yANdNOr Joveriap vol unes.
Anal ysis of the 101' 338 structures led to the identifitcation of eight
distinct chemcal 20 determ nants, ranging from 150 to 230 Da in nol ecul ar
wei ghs , &hd skilledmyatitimer atheafield wilhalko' r@66gmize bzt dcory fofctibri(Hpcaddtatsoned

within the subset of active chenical structures on the basis of chanc
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chem cal deterim nant” found in these additional "cal cul"ati ons
PCT/ EPO1/Mieasar 3weighd, am@tareoefractivilyi gmoleculazsvalameandogids (s@lceletast as a

subsequet sttt Sefencd o AREM PR PRETR W 2 RE i ARG B TR ess
i nvol vedtdtal Rgnidee drepoecsgidisasi ¥nss abtf sumber and/or types of chemical bonds
and/or orbitals, number of H-bond accepting groups, number of H-bond donating
15 groups, charges (partial and formal), protonation constants, number of molecules
containing additional chemical keys or descriptors, number of rotatable bonds,
flexibility indices, molecular shape indices, alignment similarities and/or overlap

volumes.

Analysis of the 101’338 structures led to the identification of eight distinct chemical
20  determinants, ranging from 150 to 230 Da in molecular weight, and having less than a
1 in 10’000 probability of being contained within the subset of active chemical
structures on the basis of chance alone (p < 0.0001). Accordingly, the eight chemical
determinants were accepted as being representative of one or more biologically
active moieties of the 208 receptor ligands derived from the literature, and were
25 assembled into a fourth list. Calculations using formula (il) were then réi{erated in
order to ascertain if a larger chemical determinant resulting from the combination or
further expansion of any of the eight fragments could be identified. The largest,

statistically significant, chemical determinant found in these additional calculations



descri bed above as a tenplate for virtual screening and conpound sel ection.
For this 5 neans, substructure searches were conducted in a database of
over 600'VW002/33e¢merci al |y avail abl e conpounds, usi ng bot ACT/EBROICEPFSUI at ed
fingerprint and fragnments thereof. A total of 1360 conpounds were acquired
on the basis of these searches, and gp additional 1280 conpounds were
randomy sel ected and acquired fromthe sanme suppliers for control

pur poses. 1o The fourth and fifth steps, constituting the final phases of

t he procksasa meleeulatoveight eti33H raranld whs séhetddus tarepresentaind yeaffdi@sdr ng
the two sets of caonpounds described above in the radioligand binding
assay. CPhARERCOICHY adlives “Hegasprinll &1 suhgend@its COMRUING saiEion: &ndve
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delivering active | ecul.es than was the set of random conpound <

0-0001)  SCREBhmNABRAI Gl BT SRPRSEHES Wert rRIdoTH PR Lo

cl ass of Pbﬁﬂhgista%e Qﬁppﬁé?gféreé‘d?ﬁrto@gggfosie@ erest. FIG 12 illustrates the
[

ef fect of conpound A on receptor- ated inositol trisphosphate
generation. Cells expressing the receptor of interest 25 were prel oaded

wi t h1¢ adiTbe afseirihe @nidn diht stepsamebrsiipsingd the firet ephiagesagdnitst procadse were
presence of ,increasin oncentratigns .of conppound A. lLnositol .trisphosphate
() gemet T atdidod ol it 5 Mo ERTTENMa the 288CraiBar G Bamidy ar

i nosi t ol degdtireRhai e ﬁwrtﬂ@réﬂi_o%émd‘btrﬁdiﬁg)b%@&l. GaReoIsBd Moldtildy $&18cted on
agoni st-induced 1P3 generation with an 1C50 of 22 nM a val ue consi st ent
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15  showed activity when tested at concentrations ranging between 0.1 and 1 pM, and

one compound, termed compound A, displayed an affinity for the receptor (Ki) of 8.1

+ 1.05 nM (n = 12). Each of the 1280 randomly selected compounds failed to
demonstrate receptor binding properties when tested at a concentration of 10 uM. As

such, the set of compounds compiled on the basis of a representative fingerprint was

20 at least 21-fold more effective in delivering active molecules than was the set of

random compounds (p < 0.0001).

Compound A was found to represent a novel, hitherto unreported, class of inhibitor of
the receptor of interest. FIG. 12 illustrates the effect of compound A on receptor-
mediated inositol trisphosphate generation. Cells expressing the receptor of interest
25 were preloaded with radiolabelled inositol, and exposed to receptor agonist in the
presence of increasing concentrations of compound A. Inositol trisphosphate (IP3)
generation was measured following elution of radiolabelled cellular  inositol
phosphates from an affinity column. Compound A inhibited agonist-induced 1P
generation with an 1Csp of 22 nM, a value consistent with the affinity of the compound

30 for the receptor.



tri sphosphate generation in a cell-based functional assay (1C50 = 22 nM, a
finding consistent with both the conpound's affinity for the receptor, and
the use ofOpBEXpPs or antagoni sts in the cal cul ati ons descPCheHI1ANIO5E.
Finally, conpound A was determ ned 5 as being highly selective for the
receptor of interest, insofar as it fg'gl ed to denonstrate significant
inhibitory activity when tested at a ncentration of 10 pMin nore than 20
ot her radioligand receptor binding assays. The fifth step consisted-in
using theg.r tR I esGLik 0. di t : ual
desi gn aﬁé syrﬁzrgi@ble:ﬁh%@gfaog'ﬁgmgcsjtﬁﬁ'ﬁggn%mgéédé@e:dnre{yﬁé?ﬁemngégg?oc%c%ﬁgf
conposi t trisphobphatet generatidniin & cembased demitional agsap Vs, rRecnigsa indihg
receptor binding activities. For this neans, a list of chemi cal reactants
and r eacEPRHSISNbMIR: Roth\iag cosraumdedafiinie fei theteeepion) and & e o recaptor
represen - > \, r [ re.
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assay | he T i ovel class of chem cal conmpound in

t he sensgg})e?’qa%'gﬁ%%@?r%%égt%?&h@@?;S,SQ%\Qnurrber of representatives of which
di splayed 1C50s in the 50 to 500 nMrange. 20 Exanple No. 2 - Rational
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L dent kT yi g RiRA35P Pl RS RGY ddidRRd, 3Ad the corresponding reaction products

were synthesized for testing. Testing these compounds in the receptor binding assay
led to the identification of a novel class of chemical compound in the sense of
composition of matter, a number of representatives of which displayed 1Cs¢s in the 50

to 500 nM range.
20 Example No. 2 - Rational Identification of Novel and Selective Kinase Inhibitors

An enzymatic assay was developed for a human kinase involved in inflammation, for
which no inhibitors were previously described in the literature. A collection of
compounds for testing in the assay was assembled, tested, and novel kinase
inhibitors were identified according to the method of the present invention. The first

25  step consisted in the compilation of a list of 2367 chemical structures of inhibitors of
7 purine nucleoﬁde-binding proteine from the scientific literature, including the
structures of compounds shown to inhibit other kinases, phosphodiesterases, purine
nucleotide-binding receptors, and purine nucleotide-modulated ion channels,

henceforth referred to as “surrogate targets”. The second step consisted in identifying



t he bi ol ogically-active chem cal determ nants contained within these 2367
chem cal structures. For this neans, an additional |ist containing 98 971
struct ur a0 dB335pé bed as having no effect on the sanme sai BECHEPOIOGAISE
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chemi cal 85‘%855 physi co-chem cal properties, as nentioned, but not [imted
to, t hosé d in exanple No. .1. The skilled practitioner in the field

w Il also recognize that other neasures of association and/or score
functions can be used for the sane XN -BUF ROX® in lieu of those described in

formul ae(11) and (1V), the nost Wf which, in the sense of the
present invention, contain various nbiat?ons of two, three or four of
the variables x, y, z and N. (1V) Score- x(Ny-z+x)e-2

1/ x+1/ (yMeasliré D gssdtiabion -(AhH*was (Fen ¥k(¥oped into score function (IV), which the

skilled practitioner in the field will recognize as a manner by which to estimate the
15  value of the lower limit of the 95% confidence interval of measure (lll), by using a
logarithmic transformation to render the distribution of the ratio more comparable to
that of the normal distribution, and a first order Taylor series approximation to
estimate the variance of the logarithm of the same said ratio. In this instance, no
additional variables other than x, y, z or N were used in the score function, although it
20 is apparent to the skilled practitioner in the field that formula (V) could also be
modified to comprise additional variables related to a molecule’s material, biological,
chemical and/or physico-chemical properties, as mentioned, but not limited to, those
cited in example No. 1. The skilled practitioner in the field will also recognize that
other measures of association and/or score functions can be used for the same
25  purpose /n lieu of those described in formulae (lil) and (IV), the most pertinent of
which, in the sense of the present invention, contain various combinations of two,

three or four of the variables x, y, z and N.

(V) Score = X(N-y~-z+x) e_zﬁx+1/(y-x)+1/(z—£)+1/(N—y-z+x)
(z=x)(y—x)



WO 02/ 33596 PCT/ EPO1/ 11955 40 The anal ysis of the 101' 338 chem cal
structures annotated for various biological activities was conducted by
scoring avQer/3xs6 of chemi cal determinants with formula (P&)/EPUtIP35S one or
nore. groups of determ nants were recogni zed as containing elenments having
a value greater than one, which corregponded to a less than 1 in 20 5
probability of being contained within the subset of biologically active
structures on the basis of chance alone (p < 0.05). Accordingly, these
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ol ecul egosfiRE dettBhiMdsRehddis ty when tested at a concentration of 5
pM Anong these, six nolecul'es displayed 1C50s in the 0.2 to 2 pMrange,

and one _25 cquiound,_ termed conpound B, displayed an 1C50 of 164 nM (FIG
13). FigThe ihirqusteptisyolvhd esingctheofrepingentaityeBsoaffeiaadesaibpdnabave as

Fadi ol abiEatTisY A Borsns 0B EBrit it SRR ol B2 S Y R ol tbilstyre
concest r sgbhMhesofver®gaPUN6ied. in a database of over 250°000 commercially available
compounds, using both the calculated fingerprints, fragments, and combinations
thereof. A total of 2846 compounds were acquired on the basis of these searches,
and the same collection of 1280 randomly selected compounds described in example

No. 1 was used for control purposes.

20 The fourth and fifth steps, constituting the final phases of the process, were
conducted in parallel. The fourth step involved testing of the acquired compounds in
the enzyme assay. Of the 2846 molecules selected on the basis of representative
scaffolds, 88 molecules showed inhibitory activity when tested at a concentration of 5
MM. Among these, six molecules displayed ICsps in the 0.2 to 2 yM range, and one

25  compound, termed compound B, displayed an ICsy of 164 nM (FIG. 13).

Fig 13 illustrates the effect of compound B on  kinase-dependent protein
phosphorylation. The kinase of interest was incubated with radiolabelled ATP and
peptide substrate in the presence of increasing concentrations of compound B.

Protein phosphorylation was measured using standard radiometric techniques.



Protei n phosphoryl ati on was nmeasured using standard radi onetric techni ques.
WO 02/ 33596 PCT/ EPO1/11955 41 Conpound B significantly inhibited

ki nase- dap@nzigasbé phosphoryl ati on of protein substrate, dpepERy/Mgsan | C50
of 164 nM Anpng the 1280 randony sel ected conpounds tested for control
purposes, only three showed inhibitopy activity in the screening assay,
the nost potent of which 5 displayed an IC50 of only 7.8 pM As such, the
set of compounds conpiled on the basis of representative fingerprints was
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role in neurodegeneration, ich no inhibitors were previously
descri bedes¢ﬂhehbabot/@rtatdlr@:t the conceptual design and synthesis of novel chemical
compounds, in the sense of composition of matter, and in view of identifying novel
15 molecules with kinase-inhibitory activities. For this means, a list of chemical reactants
and reaction products was assembled, wherein the biologically active representative
scaffolds described above, or fragments thereof, were contained either within the
chemical structures of the reactants, or within the resulting reaction product(s). More
than 4000 combinations of reactants were selected, and the corresponding reaction
20 products were synthesized for testing. Testing these compounds in the screening
assay led to the identification of two novel classes of chemical compounds, in the
sense of composition of matter, a number of representatives of which displayed 1Csgs

in the 100 to 500 nM range.

Example No. 3 — Rational Identification of Novel and Selective lon Channel
25 Blockers

An assay was developed for an ion channel believed to play a role in
neurodegeneration, for which no inhibitors were previously described in the literature.
A collection of compounds for testing in the assay was assembled, tested, and novel

inhibitors were identified according to the method of the present invention. The first



A collection of conpounds for testing in the assay was assenbl ed, tested,
and novel inhibitors were identified according to the nethod of the
present iweensisec. The first WO 02/ 33596 PCT/ EP01/ 11955 HerErepiiesnsi st ed
in generating the necessary structural data for identifying the chem cal
determ nants of inhibitors of the chagpel of interest. This was
acconplished by testing the first 3680 conpounds of our corporate
collection at a 5 pMconcentration in the screening assay, and annotating

each str gepusahsisted hﬁﬂérh@*atiﬁglthé hecég¥airpktroeturalcddty ifbyidehtifRigteacheniiedlf of
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t he tot alnactivder of active chemcal structures in the set of N nol ecul es
(i.e. z =36), 15 and N represented the total nunber of chem cal structures

subj ect analysis (i.e. N = 3680). asure of associatiaon (l) was then
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15 and N represented the total number of chemical structures subject to analysis (i.e. N
= 3680). Measure of association (I) was then developed into score function (V), which
the skilled practitioner in the field will recognize as a product moment correlation
coefficient reflecting the degree of shared variance between two dichotomous

variables not explicitely shown in formula (V).

Nx —yz
VzZ(N=-2z)y(N-y)

20 (V) Score =

In this instance, no additional variables other than x, y, z or N were used in the score
function, although it is apparent to the skilled practitioner in the field that score
function (V) could also be modified to comprise additional variables related to a
molecule’s material, biological, chemical and/or physico-chemical properties, as
25  mentioned, but not limited to, those cited in example No. 1. The skilled practitioner in
the field will also recognize that other measures of association and/or score functions
can be used for the same purpose in lieu of those described in formulae (I) and (V),

particularly as score function (V) is not invariant over different changes in study



the field will also recognize that other neasures of association and/or
score functions can be used for the sanme purpose in lieu of those

descri beavon2/8xeérul ae (1) and (V), particularly as scoreP€ERU/TOMY V) S
not invariant over different changes in study WO 02/ 33596 PCT/EP01/ 11955
43 design and/or distributions of y, {4N-y), z and (N-z). The nobst pertinent
of these alternative nethods, in the sense of the present invention,
contain various conbinations of two, three or four of the variables x, vy,
z and N. dé’éi@n faold/owidisgrilpaticess o lypWNeWarmplhed N-z¢.h&he crlost gteetimen avft thessed
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conprising the five illustrat I n pane five structures,
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by scoring a series of chem cal determnants with formul a , &/j
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Exanpl es ter S
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det erm n@t@tlstMBIIy“a@hﬁde deternhihghtesdorgginee withivgl tivesciestt 3arattasitars, and was
subsequently selected for follow-up. Symbols: A represents C, N, O, or S; B
represents H or OH.

GO oo ”

No. 1 No. 2 No. 3

Score = 0.10 Score = 0.04 Score = 0.01 @A\)\/A

e

No. 4 No. 5
15 Score = 0.21 Score = 0.03

Analysis of the 3680 annotated structures was conducted by scoring a series of
chemical determinants with formula (V), and by retaining the structures yielding the
largest, non-null positive values. Examples of some of the chemical determinants
used in this process are shown in panel A, along with their calculated score values.
20 Amohg theée, determinant No. 4 showed the highest score, and was estimated as
having less than a 1 in 100 probability of being contained within the subset of channel
blocking structures on the basis of chance alone (p < 0.01). Accordingly, determinant

No. 4 was accepted as being representative of a biologically active moiety of a large



having less than a 1 in 100 probability of being contained within the
subset of channel bl ocking structures on the basis of chance alone (p <
0.01). Aovonusisgéy, determinant No. 4 was accepted as bePOUEP@Epresent ative
of a biologically active noiety of a |arge WD 02/33596 PCT/EP0O1/11955 44
proportion of the 36 inhibitors, and g4l cul ations using formula (V) were
then reiterated in order to ascertain if even |arger chem cal determ nants
could be identified. The largest, statistically significant, chem cal

det er m npiripokitamdf the 3dsebitisli dridoo@tulatiohs ubial formulas(\4vesre then peiterhted.
The structure was selected as a representative 5 scaffold,
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sanme col ect on o "1280 random y sel ected conpounds descri bed in exanple
No. | was used for control purposes. The fourth and fifth steps,
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No. 1 was used for control purposes.

The fourth and fifth steps, constituting the final phases of the process, were
15 conducted in parallel. The fourth step involved testing of the acquired compounds in
the enzyme assay. Of the 1760 molecules selected on the basis of representative
scaffolds, 84 molecules showed inhibitory activities of at least 40% when tested in the
assay at a concentration of 5 yM. Among these, 8 molecules displayed ICsps in the
submicomolar range, and one compound, termed compound C, displayed an 1Cs of
20 400 nM. Two examples of these channel-inhibiting compounds are shown below, both

of which contain the exact pharmacologically active “fingerprint” shown in panel B:



SIN~OHd NNI / . W 02/33596 PCT/EPO1/ 11955 45 These two
channel -i nhi biti ng conpounds were selected for testing using the nethod of
t he presewo o2/sseht i on. Both nol ecul es significantly inhi bp¢rdEPeiiEITShannel
of interest. As shown by the substructures highlighted in black, the

chem cal structures of the two conpod6ds contain the pharnacol ogically
active chemcal determnant identified 5 using the nethod of the present

i nvention, and shown in panel B above. Among the 1280 randomly sel ected
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The fifth step consisted in using the representative scaffold shown in panel B, to
15 direct the conceptual design and synthesis of novel chemical compounds, in the
sense of composition of matter, and in view of identifying novel molecules with
channel inhibiting properties. For this means, one of the 120 pharmacologically active
inhibitors described above was selected for follow-up, and chemically modified using
the previously assembled positive and negative screening results as a source of
20  structure-activity information. This work led to the synthesis and subsequent
identification of a novel, hitherto undescribed class of ion channel blocker, in the
sense of composition of matter, a number of representatives of which displayed ICsgs
in the 100 to 500 nM range. Selectivity testing indicated that the compound was
selective for the channel of interest over 30 other drug targets, and further inhibited

25  cell death in a model of nerve growth factor withdrawal-induced apoptosis.

Example No. 4 — Rational Identification of Novel and Selective Protease -
Inhibitors h

An enzyme assay was developed for a protease believed to play a key role in

ischemic damage and injury. The protease in question was a member of a family of



- Exanple No. 4 - Rational Identification of Novel and Sel ective Protease
I nhi bitors An enzyne assay was devel oped for a protease believed to play a
key rol e wao2sasehem ¢ danage and injury. The protease in ROPEPIIGNIMAS a
menber of a famly of WD 02/ 33596 PCT/EPO1/11955 46 closely-related
enzynes, itself being the only target4®f interest for therapeutic
intervention. A collection of conpounds for testing in the assay was
assenbl ed, tested, and novel enzyne inhibitors were identified according

to the nelbbelg-refatédeenzynesenitsdlinteitig ahe ohly taget &t @Reesbsbst hdrapeutic
generating the necessary structural data 5 for identifying the chem cal
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shown bel ow_(VI), erein x represented the nupber of actiyve chem cal
truct ur egoFe e \é[v{hblﬁ@n 58&&%%% tCATRPRIHE Clgps Iﬁ@méﬁstw%ﬁﬁé&%ﬁt ed
Lhe t ot alqeRtfiera beirf&RFa! afl! el HRAIHRN B Rbibdfies S AliRERCE
determ nant, z represente the total nunb of active chem cal structures

in the swictve.N nolecules (i.e. z = 17), and N represented the total
nunber of chem cal structures subject to analysis (i.e. N = 1680). In this

i nst ance,., nmeasur f association (V. s, directly used,as .a sgore .20
funct 1 on TP SSEaEh TR ARG b By e s b Bl aedie cap il e Ralfas
cont ai negontalrid withiie thé biallitdids0os Bk MMt eitisitors( ok this ears,NtHen 1168I0S
context, no additional variables other than x, y, z or Nwere used in the
score annotated structures were analyzed by selecting theé mixed measure of association
shown below (VI), wherein x represented the number of active chemical structures
15  containing a chemical determinant of interest, y represented the total number of
chemical structures containing the same said chemical determinant, z represented
the total number of active chemical structures in the set of N molecules (i.e. z = 17),
and N represented the total number of chemical structures subject to analysis (i.e. N
= 1680). In this instance, measure of association (VI) was directly used as a score
20 function for identifying the biologically active chemical determinants contained within

the 17 inhibitors of interest.

(VD

N[ x
Z <

In this context, no additional variables other than x, y, z or N were used in the score
function, although it is apparent to the skilled practitioner in the field that formula (VI)
- 25  could also be modified to comprise additional variables related to a molecule’s
material, biological, chemical and/or physico-chemical properties, as mentioned, but

not limited to, those cited in example No. 1.



function, although it is apparent to the skilled practitioner in the field
that formula (VI) 25 could also be- nodified to conprise additional

vari abl esvoomsabed to a nol ecule's material, biological, popEPTIAI19%Nd/ Or
physi co-cheni cal properties, as mentioned, but not limted to, those cited
in exanple No. 1. WO 02/ 33596 PCT/ EPO47 11955 47 The skilled practitioner
inthe field will “al so recogni ze that other neasures of association and/or
score functions can be used for the sanme purpose in |lieu of those

descri betihé nsKiltsdngractitidner ipatid dldidrviyl akot hecsljnigstthas ethéi sneeases eofof
associ ati on onI allows for a relative estimation of the |ikelihood that a
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conduct ed by sggsl ng, a &erl es of chemcal determnants with formul a
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culaté

i n panel herr ca score val ues

determ nﬁmfrsftﬂmva?rleﬂulmis 8, \sloavedINt he hi ghest scores, and were accept ed as
being representative of one or nmore biologically active noieties contained
within a, substantial, proportion o the 17 inhibitaor Cal cyl ations, using
for mul a f0R)Sesk titdAoRoaNEr PR SEHOTLRES RS CPBUHSER: RAFONRS h S67ER Of
l'arger chgstheal dé ﬁrﬂﬂrﬂ@U\Ftthan@IéJ ) tethl Wt dORIRS thd far é@te
using the avail abﬁ ectll on of 19/gt%ﬁ(2t urerE'l’|jg gnd eé’tNgr mﬁ%nt S )

and & wepesitieg g@ldesdénamptesmf doonenof Hee cb@mméde’e&rnmrﬁsaﬂsemlmms qsxrocess
phar macol ogi,cal Ié)e?ct ve "

phar Tacol 0Ll ke Y Bl ASSEBEL, SR BEhRY sk Plcks Byl |
N N A B §btagthman®s Nodqubhg 8R6wed the highest scores, and were accepted as being
representative of one or more biologically active moieties contained within a
substantial proportion of the 17 inhibitors. Calculations using formula (V1) were then
15  reiterated in order to ascertain if an even larger chemical determinant could be
identified, which was not the case using the available collection of 17 structures, and
determinants No. 7 and 8 were merged together to form the representative scaffold,
or pharmacologically active “fingerprint” shown below in panel B, which was

subsequently used for compound selection and synthesis.
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| | e oy
‘ I \[  Singleor
double bond
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l l | I I
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No. 6 No. 7 No. 8 No. 9
20 Score = 0.25 Score =0.32 Score=0.27 Score=0.17

© 0

In the panels, examples are shown of chemical deferﬁwinants uéed for anélysis and
selected for follow-up. A total of 1680 structures annotated for protease inhibiting
activity were tested for the presence of biologically active substructures using a set of

chemical determinants comprising the four illustrated in pane! A. Among the four



O 0OOOONd. 6 No. 7 No. 8 No. 9 20 Score = 0.25 Score = 0.32 Score = 0.27
Score = 0.17 In the panels, exanples are shown of chem cal determ nants
used for vematyspe and selected for foll owup. A total ofPaBE8LIELIPISCE Ur €S
annotated for protease inhibiting activity were tested for the presence of
bi ol ogically active substructures using a set of chem cal determ nants
conprising the four illustrated in paﬁgl A. Anong the four WO 02/ 33596

PCT/ EPO1/ 11955 48 structures, determ nants No. 7 and 8 displayed the
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consi sti thagit tHeyahad the kighesziketihood of beiigest the BasiglolCorispssesiahibitig adivity.
hi gher scori n(T:; structures were identjifjed when reiterating cal cul ations
with 5 débedeiermipaniepnsistiigdosa sirele henzaneudnd searase? &2nar@EiParsos. Hse
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cal cul at edSf Brrgprgzenid Hadd N, Gygmremyshdlbgereaforior this purpose. A total of

589 conpounds were acquired on the basis of these searches. The fourth and
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t hese, 1gcwehpounere d¢osguetgddinl @sdstabase hef osabiSOEN0 apmmergia)ly savhilehle
conpound, termed conmpound., D,, di spl aye n_ | C50, of 5 nM . Si.x ex | es. of
these. pr 6oBBoNTs - PERE: Rt ERuBHER . Pamn b sl ragMenss a8l B s
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"fingerprint" shown in panel B:

The fourth and final step of the process involved testing the acquired compounds in

15  the enzyme assay. Of the 589 compounds selected on the basis of the representative
scaffold, 52 molecules showed inhibitory activities of at least 40% when tested in the
assay at a concentration of 3 yM. Among these, 12 compounds displayed 1Csgs in the
submicomolar range, and one compound, termed compound D, displayed an 1Csq of
65 nM. Six examples of these protease inhibiting molecules are shown below, all of

20 which contain at least one occurrence of the pharmacologically active “fingerprint”
shown in panel B:



WO 02/ 33596 PCT/EP01/11955 49 OO Sr-ON~-s OBr ol I\ A\ NON9 CGS =0
O NOO, I \ OO NN'" O0Br OOO These six protease inhibiting
conpoundwow?/a3ssel ect ed for testing using the nmethod of POPEPoieResst

i nvention. Each nolecule significantly inhibited the protein of interest,

di splaying 1C50s in the 0.15 to 15 pMigange. As shown by the substructures
5 highlighted in black, the structures of the each of the six conpounds
contain the pharmacologically active chem cal determ nant identified using
the invention, and showngn panel B above. Some of phese_ cgnpounds
actually contain nore thaf one variant of the fingefprint, such as, for

exanpl e, the tetracy ure/shown above in wer right hand
corner. 10 As such, ds conpi | ed e Ifasis of the
representative fingerpf shown M~panel B was & 0 nore effective-in

delivering-active nol ecul es then was the originally testgd collection of
1680 conpounds (p < 0.0001). Furthernore, the 52 rationally identified
conmpounds were found to be selective for the protease of interest, insofar

as the mpgjority (> 9 failed to show inh tjvit entested at a
%#‘ Sve ﬁj
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These six protease inhibiting compounds were selected for testing using the method
of the present invention. Each molecule significantly inhibited the protein of interest,
displaying 1Cses in the 0.15 to 15 yM range. As shown by the substructures
5 highlighted in black, the structures of the each of the six compounds contain the
pharmacologically active chemical determinant identified using the invention, and
shown in panel B above. Some of these compounds actually contain more than one
variant of the fingerprint, such as, for example, the tetracyclic structure shown above

in the lower right hand corner.

10 As such, the set of compounds compiled on the basis of the representative fingerprint
shown in panel B was 8.7 fold more effective-in delivering-active molecules than was.
the originally tested collection of 1680 compounds (p < 0.0001). Furthermore, the 52
rationally identified compounds were found to be selective for the protease of interest,

insofar as the majority (> 90%) failed to show inhibitory activity when tested at a 5 pM



WO 02/ 33596 PCT/ EPO1/ 11955 50 concentration on a rel ated protease

bel onging to the sane enzyne famly, as well as when tested in the sane
condi t i ove0 013352 ot her drug targets. Exanple No. 5 - Rati POBREP01/11955
Identification of Novel and Sel ective Phosphatase Inhibitors 5 An

enzymati c assay was devel oped for a pdsphatase believed to play an
inportant role in receptor sensitization and regulation. A collection of
conpounds for testing in the assay was assenbl ed, tested, and novel enzyne
i nhi bi t ocenosatratiodent & felated proteasdi gonginghe thetshott enzynhe famiby east well as

invention, The first step consi.sted i eneratjng the necessary structural
data forVPERAFSIEYiH et?ﬁiﬁﬁﬁgﬂa'@ﬁps éPBt@r%%ﬁéHf‘!Q @I‘rgﬁté- i nhi bi torsyof t he

enzyme. This was acconplished by testing the first 12160 conpounds of our

cor por at ex&RlIE NS08 aRatichdNdeAtifigatibAl 5P Ndvel L &ivd SSEIBEHIVE Phéssatasdnd
annotatll?m%;1 each chem cal structure for its inhibitory activity. ing a

cutof f ilBidOss nhi biti on as a threshold for conpound classification, a
total of 15 chem cal structures were identified as being active, and the
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12160 annotated structures were analyzed by selecting the m xed neasure of
associ atlihgnasgay |was \@ascaiied, egiedsentetovéle enayier inbibitess | werec lidentidiad

structur ai ni hem,cal m t _of-i ntere represent ed
the tot arcinner or e diiaf o rid el ShRlbar e B C S L bAE R A
det er m ngéierating ¢ne eeepssty tdhectipbipdatarfdmfintipfingeheé \CResheddetdrnaihantstafr es
in the set of N nolecules (i.e. z = 15), and N represented the tot
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t he sl ope a . reqgression |line representing the deqree of sha .
IOof 86% inh?bEftlon as a threshold f%r compoun clasmﬁlcgtlron, a total o{ ?g chemical
structures were identified as being active, and the remaining 12145 molecules were

15  qualified as inactive.

The second step consisted in identifying the biologically active chemical determinants
contained within the structures of the 15 inhibitors. For this means, the 12160
annotated structures were analyzed by selecting the mixed measure of association
(VI), wherein x represented the number of active chemical structures containing a

20 chemical determinant of interest, y represented the total number of chemical
structures containing the same said chemical determinant, z represented the total
number of active chemical structures in the set of N molecules (i.e. z = 15), and N
represented the total number of chemical structures subject to analysis (i.e. N =
12145).

25 (VI) I - (Xz) - (z-x)/(N-Z)

Measure of association (VII) was then developed into score function (VIill), which the
skilled practitioner in the field will recognize as being related to an estimation of a

relative risk using the slope of a regression line representing the degree of shared



WO 02/ 33596 PCT/ EP01/11955 51 variance that exists between two di chot onous
vari abl es, that has been further nodified to account for the nol ecul ar

wei ght ofweawsssehem cal determ nant under consi deration POVXEPOI(ND3SI ) Score
= MNV- e[(x/z)-(z-x)/(N-z)] 5 1In this context, no additional variables
other than x, y, z, N, or MNWwere usegqin the score function, although it
is apparent to the skilled practitioner in the field that formula (VIII)
could also be nodified to conprise additional variables related to a

mol ecul eygrigieethal exigisolbeaisan tw%h%thl'RﬁJ)mé[\Q/ QaridBIS Rt Ch&EN Kt further
properties, as nentioned, but not limted to, those cited in exanple No.

1. The skiodified for accountciosrthe rmolecttas weightl Qmeaohablsmroad:a@rt&menamtaundﬁmer

measures_o and/ or score functions can be used for the sanme
pur pose ??ﬁsil&z%{)@??mge described in fornmula (M11), particularly as the

conpari son of slopes may not, in sone instances, allow for sufficient

discrim {on between two closely | afgeh-ehemineg)] determinants. The nost
perti nen{{ﬂh such score funcgc ‘N[\& Le )sgérzllsga ofﬂthe present invention,

conprise 15 various conbinations of two, three, or four of the variables
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scoring a series of hem cal determinants wth'fornula (VIT1), and
retaini n@CQfﬁrf.!l@th@@,s aﬁh@lllgh rilg ist I@@pﬂ%&rgei@t thepskilledv prachitionsr. iMMihe field that t he
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structures on the basis of chance al one Accordi ngly, the three
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(M11) V\eame Hehersedefdrethat edmienparpdse o lieacef titode \deetfitssd dn Zbrrhakgevill),
chemi cal det ermnant resulting fromthe conbination, or further expansion,

of any BRTEHEMNYhRENEr aOMRANSOR Al Bopesi @Mt nel. éa. Sqhe mﬁw allow for
statistigakb Déﬂ§§i%€hﬁ1'n%ﬁtn betﬁlgsmt\&?lcl?seetlgE%E@néhefngﬁgpdét@rrft ?s %‘g\g‘ rJQthnal

cal cul at1ons a nol ecul ar wel was se
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16 various combinations of two, three, or four of the variables x, y, z and N.

Analysis of the 12160 annotated structures was conducted by scoring a series of
chemical determinants with formula (V1ll), and retaining structures yielding the largest
positive values. This led to the identification of three distinct chemical determinants,
ranging from 120 to 220 Da in molecular weight, and having a less than 1 in 10
20 probability of being contained within the subset of active chemical structures on the
basis of chance alone (p < 0.1). Accordingly, the three chemical determinants were
accepted as being representative of one or more biologically active moieties of the 15
enzyme inhibitors identified in the screen, and were assembled into a fourth list.
Calculations using formula (VIIl) were then reiterated in order to ascertain whether a
25 Iarger chemical determinant resultmg from the combination, or further expansmn of
any of the three fragments could be |dentlf|ed The largest statlstlcally sugnlﬂcant
chemical determinant found in these additional calculations had a molecular weight of
255 Da, and was selected as a representative scaffold, or pharmacologically active

“fingerprint” for subsequent compound selection.



"fingerprint" for subsequent conpound selection. WO 02/ 33596 PCT/ EPO1/ 11955
52 The third step involved using the representative scaffold described
above aswoO0/835pé ate for virtual screening and conpound sPCEREPIIONISSFor this
means, substructure searches were conducted in a database of over 800' 000
commercial and proprietary conpounds52sing both the cal cul ated fingerprint
and fragnents thereof for this 5 purpose. A total of 1242 conpounds were
selected for testing on the basis of these searches, and the sane

col | ect i ©he ahirdi28@pr avdbrady usielge thee depaspatative desfitold béebcribedealboyd asna. |
was used for _control EQur oses. The fourth and final step of the process
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purposes, only two showed inhibitory activity in the screening assay, the
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than the first_ 12160 conpounds of the corporate conpound collection (p <

0.00001)87Pi\41é1"—r|@,14é-0rrp0und E was found to represent a novel, hitherto
unreported, class of

FIG. 14 illustrates the effect of compound E on phosphatase-dependent protein
15  dephosphorylation. The phosphatase of interest was incubated with phosphorylated
peptide substrate in the presence of increasing concenirations of compound E.
Substrate dephosphorylation was assayed by measuring the release of free
phosphate into the reaction medium with malachite green. Compound E significantly

inhibited phosphatase dependent dephosphorylation, displaying an ICsp of 87 nM.

20  Among the 1280 randomly selected compounds tested for control purposes, only two
showed inhibitory activity in the screening assay, the most potent of which displayed
an 1Csp of only 1.8 pM. As such, the set of compounds compiled on the basis of
representative fingerprints was 17.5 fold more effective in delivering active molecules
than was the set of randomly selected compounds (p < 0.0005), and 22.3 times more

25  effective than the first 12160 compounds of the corporate compound collection (p <

-0.00001). o

Finally, compound E was found to represent a novel, hitherto unreported, class of

phosphatase inhibitor, showing greater than 20-fold selectivity for the target of interest



phosphat ase i nhi bitor, show ng greater than 20-fold selectivity for the
target of interest WO 02/ 33596 PCT/EPO01/ 11955 53 when tested in

sel ecti viwg 0a3says usi ng both structurally- and functi onaPCyEP&/EDFE,
alternative phosphatases. Exanple No. 6 - Increasing the Potency of a
Chem cal Series The invention can al sgybe used for increasing the potency
of a chemcal series. 5 Exenplifying this, a collection of 1251 conpounds
was tested at a 3 pMconcentration in a protease assay, which yielded 25
conpound I iy a 9 f
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ki nase agsagediently, thei ceterhehalediR2qesuipunds accepted as representing the
biologically active moiety of the inhibitors of interest, and was directly used as a
15 representative scaffold, or pharmacologically-active “fingerprint’, for additional

compound selection.

For this means, a database of over 100’000 commercially available molecules was
screened for the determinant of interest, and 142 molecules were selected for
additional testing. Among these 142 compounds, 11 showed inhibitory activities in the
20 submicromolar range, displaying a mean ICsy of 0.48 uM = 0.09 uM (n = 11, mean
[Cso significantly smaller than previous value at p < 0.05). As such, the method of the

present invention allows one to significantly increase the pharmacological potency of

a chemical series.
Example No. 7 — Increasing the Selectivity of a Chemical Series

25  The invention can also be used for increasing the selectivity of a chemical series.
Exemplifying this, a collection of 3360 compounds was tested at a 3 uM concentration
in a kinase assay, termed kinase assay No. 1, which yielded 22 compounds

displaying inhibitory activities of at least 40%. Analysis of the structures was



di splaying inhibitory activities of at |east 40% Analysis of the
structures was WO 02/ 33596 PCT/EPO1/ 11955 54 performed as described in
exanpl e Noo 023359hich led to the identification of a nunbepPCT/@POICHESS cal
determ nants, one of which, ternmed "determ nant No. 10", was estimated as
havi ng approximately less than a 1 ins520 probability of occurring anong 3
of the 22 kinase inhibitors on the basis of chance alone (p < 0.05).
Unfortunately, selectivity 5 assays perforned on four other Kkinases
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chemical 3jedref B of 9128 eMegh, =3 o édmigssnNed 1t had ejnesbeotivelyiewhivhl
structures active on kinase No. 2 containing the 20 sane said chem cal

det er m néapresgnted grealesitvity ratieot omlxi2. 9 ibtavospf kinake - 1- st ruct ures
containing the chem cal determnant, zi represented the total nunber of

(Z:ihem cal lrﬁfzrgé'%é%,%eaﬁéd’ %oﬁ@obh&é‘%&st%-oﬂ KirfhstMRoS§tw MEQLEH! £3 hﬁM €.

= 22) represented t total nunber of chem cal structures active on
ki nase Noonczntratibheors dinasef NW. )| whichegie(dede 92Z20mpO@ds alispldying pnleibiotyed

o IR S TAR e B B PR ol AN el 4
*X2) 4z bth) kiNa¥é No.1 and No. 2 activities, and analysis was performed according to the
method of the present invention by selecting measure of association (lll), and
developing it into score function (IX), wherein x4 represented the number of chemical
structures active on kinase No.1 containing a chemical determinant of interest, xo
represented the number of chemical structures active on kinase No. 2 containing the
20 same said chemical determinant, y represented the total number of chemical
structures containing the chemical determinant, z, represented the total number of
chemical structures active on kinase No. 1 in the set of N molecules (i.e. z1 = 22), z
represented the total number of chemical structures active on kinase No. 2 in the set
of N molecules (i.e. z; = 92), and N represented the total number of chemical

25  structures subject to analysis (i.e. N = 3360).

Xi(N=y =2y +x,)(z;, = X )y — X;)

(IX) : ) 7 Score=XZ(N—y—ZZ+X2)(Z1—X1)(y_x1)

The skilled practitioner in the field will recognize score function (IX) as a way to

compare relative risks, allowing one to identify the chemical determinants that are



The skilled practitioner in the field wll recognize score function (I1X) as
a way to conpare relative risks, allowing one to identify the chem cal

det er mi namo 82/83%¢ are WO 02/ 33596 PCT/ EP01/ 11955 55 nostPCT/ERIYI1DES be

sel ective for one kinase over the other. In this context, it is apparent

to the skilled practitioner that fornbba (IX) could be nodified to conprise
additional variables related to a nolecule's material, biological,

chem cal and/or ph)éSl co- chem cal properties, as nenti oned but not Iinited
to, thosBosttiRlyite @Wtyeﬂ@r one kinasenayentheiathers Imthis coatrxgnt iscaprarant
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and the resulting score values for kinase 2 activity could be
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t he nost cpebeiusedtfopthesamb, purposdith kansethoketdescibes @nforniutve(ll) and (Xypl oy

score functions corrprl si ng various conbinations of two, three of four of
t he vari b8l 8%aRple, meagiig QQIaSSQ‘é‘laF'ﬁ@ (R coeid Bs Ltﬂedclﬁéﬁoé%tlfu'ﬂ‘épér(m it eni t h
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selective C determ nants, one of eterm nan

11", consbisiredt fafr kitedser Nbndrdctiddy, drOccsuA@sgély Lthed/aMJédﬂobmm@tdfdrimmwe No.1
chem cal noti det er m nant was accepted as

repr é%en??%\@tyaco'rﬁﬁai’ﬁaglﬂ'éﬁi/@éﬂ tRosge abjaingd; @Fyk'ﬁfis%em@ct vRUMERP WS 13Per of
ki nase bachBs al88|seS5ehsits, e fi

phar macof B a2 B el R o At B hthS 5eee of e presen

sel ecti omveﬁb@nt@mplayeaw:e fsnb8oms compeisinge aaridies cmmrbmatlondmfttw |thr% of
dat abase_of O?}/er 40Q' 000 cormer&l ally avail abl e conpounds usi ng det erm nant

11 O o IR HRTARCE Ke¥ eofNd Nt ot al  of 498 conpounds were acquired on
the basis of these searches, which after testing in the tw assays,

yi el ded Bhpesg erﬁuri@st@frcﬁmenqean@ét@rrﬁmaﬂ@g @/rtmfamﬁlﬁlaw lé@ toQHQ ldarﬁuﬂb%maf
mean | C50s of 0.94 pM 0.52 pM (n 25 3), . 3) in

ki nas®e agspiysbe of kinase Mo. r1e§gmlveeqhﬁm|¢ah detar@mrﬁs r@@@@ééﬁh@hafﬁefmed‘ ol d
| ncr ease.. dé}emﬁaﬁ{a}\l%?tﬁv,' éé’nsrls%ﬁ OJetér inaftl NSS B ublé'ufﬂx?gg V\H?] an additional
chemical motif. Consequently, determinant No. 11 was accepted as representing a
pharmacologically active moiety of selective inhibitors of kinase No. 1, and was used
as a representative scaffold, or pharmacologically active “fingerprint’, for subsequent
20 compound selection. For this means, substructures searches were conducted in a
database of over 400000 commercially available compounds using determinant No.
11 and fragments thereof. A total of 498 compounds were acquired on the basis of
these searches, which after testing in the two assays, yielded three inhibitors
containing determinant No. 10, and displaying mean ICses of 0.94 uM + 0.52 pM (n =
25 3),and 31.6 pM *+ 4.41 pM (n = 3) in kinase assays No. 1 and 2, respectively. This
result represents an 11-fold increase in the selectivity ratio of the series for kinase No.
1-over kinase No. 2 (from 2.98 to 33.6, p < 0.05), demonstrating that the method of
the present invention allows one to increase the pharmacological selectivity of a

chemical series of interest.



1 -over- kinase No. 2 (from2.98 to 33.6,. p < 0.05), denonstrating that
the nmethod of the present invention allows one to increase the

phar macovogoradsvcel ectivity of a chem cal series of inteP€REPOVIIG2/ 33596
PCT/ EPO1/ 11955 56 Exanple No. 8 - Rational Identification of Series with
Mul ti pl e Pharnmacol ogical Effects A fggctional assay was devel oped for a

| i gand-gated ion channel believed to play a role in the imune response. A
col l ection of conpounds for testing in the assay was 5 assenbl ed, tested,
and noveExample hNonréel Rdtioricd ldentifieatioe wifi Serdel adttoMiiltiplet Bhaimacetolgichlof

t he pres R i nvention. The channel under investigation was described as

bel ongi ng B6!S family of targets that were permeant to sodiumions,
activated by purine nucleotides, and inhibited by a certain sodi um channel

bl ocker sg fRcdHa alss«sgtwaé Bevé'P@éedi?&‘ Qegahe -dafedtior xhamérr@éhebealtég{lay a

fingerprints having t dual capacity o m m cki ng purine nucleotides
and i nhi tole lmmesmmunecrawmslesAacoltdmaoswrmompmndsﬁor testingof theassasivag t he
of the |i nnel

h f | hi,b
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lists of ehesd efithe prddat WHRMtIBN. Tﬁé"c?l‘éﬂnﬂ@l hﬁéerch'fv(eﬂgatldnt \‘ﬁéé‘tders%ﬂbé-d‘%s

first list contained the structures of 79 docune sodi um channel
i nhi bi t opglonging eeotamityont dangets thas were,ueecmeenbto zaiuni ibndi adivated by

|l eot di t det
Pocond. oPanRonUeRallds At RhRHEN It SR iR A g eh DR ERO 0 L3F Fightadt ve
chem cal wget @sdilie@nbsidehmy Eﬁéﬁﬁé’édldgl@@lmﬁﬂg@ﬁﬁm\m tHavidy Bs hiddl séapaefty of
chem cal structures. For ‘this means, each |ist was supplenented with the

st r ut ur B¥Miskingopuring nusiaetides’ @b inhibidgl sedivesehanneals & thasamee rtlmeaflﬂect
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No. 1., @aighridgvelmeieag it into score function (X), wherein x1 represent ed
the number of chemical structures active at sodium channels and contai ni ng

a chemcal determ nant of interest, x2 represent ed t he 25 nunber of
cheni cal T8¢ rlifet §feRs ChdhPvirogess ramisesc Fig omnilaion o n ive ristseioh chemcal

structures by reviewing the current literature. The first list contained the structures of
15 79 documented sodium channel inhibitors. The second contained the structures of
2367 inhibitors of purine-nucleotide binding proteins (see example No. 2 for details).
The second step of the process consisted in identifying the biologically active
chemical determinants simultaneously contained with in both lists of chemical
structures. For this means, each list was supplemented with the structures of more
20 than 100’000 molecules described as having no effect on the surrogate target(s) of
interest, and the analysis was conducted by selecting subtractive measure of
association (1), as described in example No. 1., and developing it into score function
(X), wherein x; represented the number of chemical structures active at sodium '
channels and containing a chemical determinant of interest, x» represented the
25 number of chemical structures active at purine nucleotide- binding proteins and
containing the same sald chemical determmant Y1 represented the total number of
Astructures containing the chemical determinant in the list of structures annotated for
sodium, channel blocking effects, y» represented the total number of structures
containing the chemical determinant in the list of structures annotated for purine

30 nucleotide-binding protein inhibition, z; represented the total number of structures



containing the sane said chem cal determ nant, yj represented the total
nunber of structures containing the chemcal determnant in the |list of
struct ur asoansesv@t ed for sodi um channel bl ocking effect BCT¥ROWEPISESent ed
the total nunmber of structures containing the chem cal determinant in the
list of structures annotated for puri®2 30 nucl eotide-binding protein

i nhibition, z, represented the total nunber of structures WO 02/ 33596

PCT/ EPO1/ 11955 57 inhibiting sodiumchannels in the set of Nl nol ecul es
(i.e. zlinhibith)g sediumegiraawels iadhelset of bl aholroulber(i.@fzichéf), zalrepriesantadr the
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structures. X) Score= 1 -y1Z1)zN + Yzzz) 2

-2J) Y, ( Nehemicl atzqwresmwezqtm anarh/)alsméhe kesm@divgmabtcpftarmmmﬁ istruptirés.el d
wi Il recognize score function (X) as a way to conbine two different tests
of association, allow ng e \ nant s t hat
are nost i kely t§8 e _tff ectNiXon Yoo 1sod| m ®hanne,3;)aNd puri ne

nucl eot i d&- bi ndi n ot AN he) t. ntexy,| is apparent
to the skilled 1o pract?lftql ne€r thatﬁ?qerm]a GNZ @Zyzg[g rrg Ified to

conprise additional variables related to a m)l ecule s material,
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not limted to, ose cited in exanple Is alsor hat
ot her neagubine tWO afigercnittesls aﬁ@/seomettm eaﬂmmmgl ons Toardelm@fwﬂmj dhemicdle

par i col ey et B &7 ot e 73 ey eoetof it BSnhir BRsR pngypurine

directi Oﬁu@éoﬁdbebmdfrfg? RRACIAS B MSEhmg t.rﬁ@tmﬁ& éd?ﬁe%tr RRASPdrenstothe tdk@lewo
data sets, all the while requiri ng that these proportlons be conparabl e,
i ae

and 1Qr t peactifiener, thﬁhﬁ@tmeP anddfied tangomprige erditionsbyariapié s ealated

where salprdTapsds’s FERH) '820&2%%&%“@?0% afeE P bicke Bl ol 4 ©
based 20n@mtignae tghtrﬁﬁ hrmm tof tﬁd& citdd pr @ApleeNlyeeNt iy aROIeLogRIZEE ¢Rat
exanpl e 21 further on AIternatlver, one may want to include a third, or

fourth, @mertrﬁegﬁgpﬁagoﬁg@qq@pon and/or” score funcfions can be used for the same
purpose in lieu of those described in formulas () and (X), particularly as score

15  function (X) does not take into account the direction of the differences existing
between the proportions of the two data sets, all the while requiring that these
proportions be comparable, and further more, that Ny be comparable to N3, and that
both values be larger than 20. For example, one may wish to weight results for data
sets where sample sizes are considerably different by using a score function based

20 on a weighted mean of the difference between proportions (see example 21 further
on). Alternatively, one may want to include a third, or fourth, or ith pharmacological
property into the calculation, in which case it is apparent that formula (X) can be
extended to its more general form (XI), wherein d represents the number of
compound lists undergoing analysis, and where the resulting score values can be

25  directly referred to tables.of the standard normal distribution in order to determine the
likelihood of having found one or more chemical determinants that are at the basis of
all the pharmacological properties under consideration. Numerous other approaches

are also possible, the most pertinent of which, in the sense of the present invention,



property into the calculation, in which case it is apparent that formula
(X) can be extended to its nore general form (Xl), wherein d represents

t he nunbavooi/33se@npound |ists undergoi ng anal ysis, and whRC®EPHE1pEsuUl ti ng
score values can be 25 directly referred to tables of the standard nornal
distribution in order to determne th | i kel i hood of having found one or
nore chem cal determnants that are af the basis of all the

phar macol ogi cal properties under consideration. Numerous other approaches
are al so j ; : Lok ol e ent
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vari ous vandhleskj wwsanod Nbwo, three of four of the variables x, y, z and N
(XI) Score =1 d (Nx- yzNd i _, z(N- z2)y(N- y) . Analysis of the two
lists of annotated structures was con }igng a series of 5

chemi cal ﬂﬁt erminants with fornul al()|,| aitNk-byz)fet a| ning the structures
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nucl eoti de- bi ndi n rotein inhibitors, and was_direct)] sed as a .
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on the bagéSsoPImbRESSORRMAPEEetVAN InbiRBes ABE KKAth! 864iUADN anhéBlaknsifiHey
sel ected conpounds described in exanple No. 1 was used for control

pur posesnugdeotitherbinslimg hprakein f inhiitoss, epndf wasedipeatbesisednas| @ eepresaritatiye: he
acqut redsg%&)’unoq,s p'h%rmacologically active  “fingerprint” for subsequent compound

selection.

The third step of the process involved using the representative scaffold as a template
15  for virtual screening. For this means, substructure searches were conducted in a
database of over 250’000 commercially available compounds using determinant No.
12 and fragments thereof for this purpose. A total of 800 compounds were acquired
on the basis of these searches, and the same collection of 1280 randomly selected

compounds described in example No. 1 was used for control purposes.

20 The fourth and final step of the process involved testing the acquired compounds in
the ion channel assay. Of the 800 molecules selected on the basis of determinant No.
12, twenty three compounds showed inhibitory activity of at least 40% when tested at
a concentratidn of 3 yM. Among these, three compounds displayed 1Csps in the
- submicromolar range, and one compound, termed compound F, displayed an 1Csq of -
25 145 nM + 56 nM (n = 4). Among the 1280 randomly selected compounds tested for
control purposes, only one molecule displayed significant inhibitory activity in the low
micromolar range, and its chemical structure actually contained a substantial portion

of determinant No. 12. Interestingly, when the same collection of 800 compounds was



the ion channel assay. O the 800 nol ecul es sel ected on the basis of
determ nant No. 12, twenty three conpounds showed inhibitory activity of
at | east W09%2/3d3e tested at a concentration of 3 pM AnoRPQTER@EZEISH hr ee
conpounds di splayed 1C50s in the subm cronolar range, and one conpound,
termed conpound F, displayed an 1C50 g 25 145 nM 56 nM (n = 4). Anong the
1280 random y sel ected conpounds tested for control purposes, only one

nol ecul e di splayed significant inhibitory activity in the low mcronolar
range, atedtéd i eharkinade that iscdiso bebetadtdd plag @vote metthedmsnalnss @spbase,peight on

of determ nant No. 12. |nterestingly, when the sa col | ecti f 800
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It is also apparent that, by analogy, the nethod can be use _
i ncor@or tteetreaimgnt puitifackwisl dificask spatepestdtess, histonal listited toainflsemhatéon. It

[ | id_of i_d ties. | e Na. - Conpjli
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conpiling lists of biologically active chem cal determinants, which in turn

can be pravesiRs as reference databases for use in the conduct of rational
drug design, such as, for exanple, in a conputer-controlled decision
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active nol ecul es were assenbl ed, each list conprising the
15  In a preferred embodiment of the present invention, the method can also be used for

compiling lists of biologically active chemical determinants, which in turn can be
employed as reference databases for use in the conduct of rational drug design, such
as, for example, in a computer-controlled decision making programs for use in
medicinal chemistry. Exemplifying this, the scientific literature was reviewed, and 25
20 lists of pharmacologically active molecules were assembled, each list comprising the
chemical structures of compounds displaying a given pharmacological property, such
as, for example, sigma receptor binding, dopamine D, receptor agonism, and
estrogen receptor antagonism. Each list was subsequently analyzed according to the
invention by selecting measure of association (lll), as described in example No. 2,
25 and developing it into function (IV), which was used to score various chemical
determinants contained with in one or more of the lists undergoing analysis. These
calculations led to the identification of a large number of pharmaéolbgicélly active
chemical determinants, three of which are shown in a portion of the resulting matrix in

the following table:



chem cal structures of conpounds displaying a given pharnmacol ogi cal
property, such as, for exanple, sigma receptor binding, dopam ne D2
recept or vegonsaspg and estrogen receptor antagoni sm EachPCT/EPOMASSS
subsequent |y analyzed according to the invention by selecting neasure of
association (111), as described in exgpgple No. 2, 25 and developing it into
function (1V), which was used to score various chem cal determ nants
contained with in one or nore of the lists undergoing anal ysis. These

cal cul ations | ethefRnibdpe identifi Caéié(' LiRhd @ | B G8niflUrReEqeR hntagonist

phar macol ogi cal 'y active chem cal determ nants, three o I ch are shown

in a portion of the _resuiNing trix in the following table: W 02/ 33596
PCT/ EPO1/ 11955 m' nant Sigme 46 gand D. Jpni st Esty@gen antagoni st

N 1.85 8.12 0.0 )[0. 13 NN 2.4pD 0.00 0.00 No. 14 0.91 2.93 28.17 No. 15
This table providtesda referencel list of pharmacol ogically active chem cal
determ nants. Twenty fm of structures containing nol ecul es

descri bed as havj ty five different pharmacol ogi cal
properties were nbl ed, and b anabywed accordong to theooret hod of the
present invention¥usi ng neasurej of association (Il11) and score function
(1V). The twent yN§.i'4e properties included the capacity to bind to sigm
receptors (sigm IigaBd), dopam ne D2 receptor agonism (D2 agonist), and
estrogen recepto agoni sm (eptrogen antagonist). A small portion of the
resulting 26 col matrix i s shown PAlthe tabl @%bove. Vdl'les greater than
1 1o indicate thg g given chem cal determnant has less that a 1 in 20
probability of gdarri ng by chance in a set of nolecules sharing the sane
phar macol ogi cal

This table provides a reference list of pharmacologically active chemical
determinants. Twenty five lists of structures containing molecules described as having
one of twenty five different pharmacological properties were assembled, and
5 analyzed according to the method of the present invention using measure of
association (lll) and score function (IV). The twenty five properties included the
capacity to bind to sigma receptors (sigma ligand), dopamine D, receptor agonism
(D2 agonist), and estrogen receptor antagonism (estrogen antagonist). A small portion
of the resulting 26 column matrix is shown in the table above. Values greater than 1
10  indicate that a given chemical determinant has less that a 1 in 20 probability of
occurring by chance in a set of molecules sharing the same pharmacological
property, indicating that the determinant is most likely to be at the molecular basis of
the same said property. Tables such as the one shown above constitute repositories
of biologically active determinants, or “fingerprints”, which can be used as reference

15  lists for making informed decisions in drug discovery and development.

Interpretation of the resulting table is conducted as follows. Compounds whose
chemical structures contain determinant No. 13 are more likely to display dopamine
D, receptor agonist properties than either sigma receptor binding or.estrogen receptor
antagonist properties, as 8.12 > 1.85 > 0.05. Conversely, determinant No. 13 is a
20 preferred determinant for constructing collections of potential dopamine D, receptor

agonists, as 8.12 > 2.93 > 0.00. In the same way, compounds whose chemical



property, indicating that the determnant is nost likely to be at the

nol ecul ar basis of the sanme said property. Tables such as the one shown
above comnve®02/83506 r eposi tories of biologically active det PeTVER@LISSS or
"fingerprints”, which can be used as reference 15 lists for making

i nformed decisions in drug discovery &hd devel opnent. Interpretation of the
resulting table is conducted as foll ows. Conpounds whose chem cal
structures contain determnant No. 13 are nore likely to display dopanm ne
D2 r ecepstmctlar@snctcs*ttanprdﬁiermmegt Noard 4eatehmors| lixety taebepgiomabiecdpiny ligands
estrogen,rece anta oni st, proper
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8.12 > 2.93 > In the same way, conpounds whose chem cal 02/ 33596

PCT/ EP019f1sigs8 reae.ptgt ligands, @s 260 tal .B5de &nFinaly, sompounds whose eheiiedly to

b l,i t t d t t

ot r dens 1 EaTREcronr RS Rmleit 186,15 s g, Mol WGoB AL v oaBh PR
No. 14 'Iﬁhtb"lﬁl@[ﬁl@fp@ﬁfe%d a@eZ89ﬂ7">”@9¥3 £ 0ro € QyHel AltdiafRily, dé’tferrﬁingﬁ’ﬁNroqu%or
| i gands, as 2. 1.8 91. Finally, conpounds whose chemcal 5

struct urtée @fﬁf@@red M@pﬁﬂhém cROPiiE acdeations dfkedtgntial eshippén resepiegen
recept or SgP s 28.17 > 2.93 > 0.91, and alternatively,
eORASls, 3RS TRY G Epf

det er mi n& ed fingerprint for conpiling collections
of potenti al estrogen receptor antagonists, as 28.17 > 0.05 > 0.00. It is

appar ent Ittie dpparskitb ltiesl skitled rddtitioaer Innthietfeld idedtchthGeineab s dreasocRgonf
aSSOC|at|on 1o and/or, score functions could be used for constructing such

tabl B i #NY/PegCRIe THIERNS FO4S PBees§th IooraRAtaEting Sychalables V) lietof @oasso
recogni zggk 4Ral ﬁqhﬁormsem@% ). SR QK drg A gﬂeﬁw R addit Lm&ﬁglo

variables related to a st ture' eri a chemca

physi co- empliyedl cpluldpeompelse addlnemll Qaadblebutelat@tj ko na tstelicttire,s trhateeiati t ed
in exanpl.e No. 1. S I’ici;zrther a TEgarent that the score fun$t|on or. the
L7 e

15
scoring @P@@E@é %mlaa O RYRIH-£D & 9% PERRASHFS S MREIgNRS. iyt ot imited
nOr el | 261 HASHRR! 1] Bxth@R/NbOA! ‘ﬁ§fur'?ﬁérvé;%’eﬁlan§ 19h¢ BoRS LS [Faflb! Y

conparablé wth eac ot he Is cert case I'n ove
tabl 6 t$nosimggirocess colild edses hephedified te compdse |ame@htln@mmoumellmuonbs19p may
not be thFOI%%??O fn(%):glkemlnhoe |duaté'icosigtvsalue':sI rr]ﬁfioreyl’eadIly com%%rgble with each other,
which is certainly the case in the above table, three similar sized samples were used
in its construction, but may not be the case for other data sets. Finally, it is apparent
that the same process can be used to compile reference lists of structures scored for
20 other properties of interest in discovery process, such as, but not limited to, general

therapeutic use, toxicity, absorption, distribution, metabolism, and/or excretion.

Example No. 10 — Predicting the Secondary Pharmacological Actions of a
Molecule

The invention can further be used to predict the secondary actions of a molecule.
25 lllustrating this, a novel class of ion channel blockers was identified as shown in
example No. 3. As previously described for other inhibitors of this same channel, the
basic chemical structure of the new chemical series of inhibitors contained the
chemical determinant shown in panel B of example No. 3, notably in the form of

determinant No. 5 shown in panel A of example No. 3. By comparing determinant No.



that the sanme process can be used to conpile reference lists of structures
scored for 20 other properties of interest in discovery process, such as,
but not WoY/8349¢ 0o, general therapeutic use, toxicity, aPCSDEPMI/ANS

di stribution, metabolism and/or excretion. Exanple No. 10 - Predicting

t he Secondary Pharnmacol ogi cal Actions6af a Mol ecule The invention can
further be used to predict the secondary actions of a nolecule. 25
Il'lustrating this, a novel class of ion channel blockers was identified as
shown i nS tegmﬁet@rmmarﬂs costairas inothel sbalkestabicdidwvas prajetted thathihiei inbibgorsf

this sa hann t he jc,chem gal. structure of the new chem cal series
o e ot BTEEhad 14 Sen iiEh BB bindar i Hafte tasshforer bR amN s e
exanpl e PRemibal ReUslIry dfnddtBEnhahiiNy. 5 (eL@ETIARRS thi oP dERPMMAM NManes A
of exanple No. 3. By conparing determ nant No. WO 02/ 33596 PCT/ EP01/ 11955

62 5 to Cessdetentlyi abansel dionkers edntiainingdetdromantdibd.cg wete testedinogigmiaesy

that the ighi bitors , of interest hagpa ery hi gth chance of bjndj ngf to sigma
r ecept or 8Nd GarEPeRIPEPINAING 23%7YS: 8REPYRT tQ exhbflpudnyeromealar AffiRKIRS TREPOH! i's
 dent 1 cabidd ADRLcR! iHiRAER] A Herhorte thSLIRCIUSR! Vs ABM)TEa RsAEY e
cont ai ni ng det erm nant : were tested in signa a, and a2 receptor

bi ndi ng asdlays,ofahd prsedt irovemtibhbaltove wWrre ¢o rediat tiad fseabhday &otiortzobh a
sites. As, such, these results denpbnstrate that the score val ues obtai ned
usi ng th@he'??{é‘{ai‘]o%?r@s’twg‘cgr@s&)ffre Lrt§H! 4PT GRrisRePESrsRiEen cin mdicinal
secondar yhaetdyns of a chemical series, which is extremely useful for
series progression in nedicinal chemstry. 1o Exanple No. 11 -
Identification and Prediction of the Toxic Actions of a Mdlecule It is

cl earo f r Exampde pNoc et ny ldentifidaiion hand t PeedietibndobfthenTexid okctiams ads@ be
used toAILo enti fy toxicophoric chem cal determ nants contained wthin
pesticid 1% i ci des, insecticides, and the like, and this sinply by
analyzing lists of structures that are 15 annotated for toxicol ogical

i nst ead @fis phair e ek dpigoperrhpies thatthehhstheaifertentiofecan A¥6Md e an
be directly a.glltl ed to the identification of nore potent, selective and/or

nor e br ofRIIAENHY toxigopBRiie chaminat detesatinartsfopntained withirt pestisidasy herbicides,
agri cul t Waalyicides, and the like, and this simply by analyzing lists of structures that are
15 annotated for toxicological instead of pharmacological properties. In this context, the
invention can be directly applied to the identification of more potent, selective and/or

more broadly-acting toxic chemical series for use in, for example, agricultural

chemistry programs for crop protection.

Alternatively, the invention can be used to compile reference lists, or databases, of
20 toxic chemical determinants in a manner identical to that described in example No. 9.
Such lists can then be used for estimating the likelihood that a chemical series will
exhibit a given toxic effect, which is of use, for example, in the screening of food

additives and environmental chemicals.

llustrating the possibility of predicting toxic effects in the pharmaceutical research
.25 setting, 4480 compounds were tested on a cellular phosphatase of interest for the
treatment of inflammation. A total of 25 compounds showed inhibitory activities of at
least 40% when tested at 10 uM in the assay, all of which displayed ICsgs in the low
micromolar range. Resuits analysis conducted according to the method of the present

invention, which led to the identification of two molecularly distinct chemical



chem stry progranms for crop protection. Alternatively, the invention can be
used to conpile reference lists, or databases, of 20 toxic chem cal

det er m nam® 82/83%9@ nmanner identical to that described in erawpPe/MBss 9.

Such lists can then be used for estimating the |ikelihood that a chem cal
series will exhibit a given toxic efggect, which is of use, for exanple, in
the screening of food additives and environnental chemcals. Illustrating
the possibility of predicting toxic effects in the pharmaceutical research

25 setti Raterdiidhts ARBOUMKEYWRS e %ﬁttﬁ@ 88si8 éﬁldwélr%cﬁlagﬁﬁmaéc@@ﬁ\/ ofermed
interest for the treatnent of inflanmmtion. A'total of 25 corrpounds showed

i nhi bi t odpteaminantsiNe o6 and 17edst theotwavtdstenminarid werel oresdnt in tamiipaienty

|1 of wh I t
conduct el dgele A EnoRETel Ro b s Rl EeBRR R st BRRan Mojlk i ofilal o °
t he i denbihfdnedld @) cbnlivd foRbRAY, at lwestééuae@tto%@&w@émé@noﬁféw@@m the
PCT/ EPO1/ 11955 63 determ nants nost likely to be at the basis of

phar néicobegiscdIpredicied toyic ide pfactsdet ermi nants No. 16 and 17. As the two
determ nants were present in equipotent nolecules, and both were felt to

e oL, FBHHE AGERETIREIs BB e i Rt A A7 TRkl

basi s of sfruetired @dntam@d: isicdeoxddlegical deRibakB] aindei@ngas Edslﬂwcstthiatcm@leﬁmleﬁ
determ nants No. 16 and 17 were conpared to structures contained in

t oxi col o§PB@ININGCEREENaRiNO; 16 iRdheibaitciuRe haﬁ|ae§lan5@anﬂbﬁt@éiemhhghhood
det erm n%%emg qa/%cﬁokle tﬁ?ﬁ'cﬁrrﬁ)torué'\ﬁg%ﬁ%lﬁ'iﬂg Hn%%'?r!\‘oy 17 ¢ H%rlndlcated

i kel i hood ot oxI'c an co con al ni ng only determ nant
No. 17. Tﬂmtqohasﬂha%ednmmltbrmbe@’rmnba-iraﬁmantrmp bié wosud)berless;:rdertestmg et

No. 16 would be less interesting for . progr SSI n due to inherent

cyt ot oxi EFeGje8Fi0n hEUSHLy afm%%tg%&sa?owﬁg@? D afrﬁfi%dowyag?'ﬁs@rpg"\kaéf his
verified I i d t centsa ns
of " bot . CFBORESRENA | Vertled® SRkt P leSidiny  QubyBl cERECRILT Lhe
st andar d chfiderdsgimys othboth 'class\es of animibitoh endably meaamngjsettomﬂtajltynwsgng a

whi oh waSTSETd M 285V atiheianE Was BRREyhg ab SRESEHASS SR NGB RA SR ARh:
No. 14. Ap.seciRdutbeeell 'dRath K/\ﬁ’thﬂ 22MHo\rs of application, which was not the case for
the majority of compounds bearing determinant No. 17. As such, these results clearly
demonstrate that the method of the present invention allows one to identify and/or
predict chemical series that are most likely to exhibit toxic properties in a given
setting. In this context, it is apparent that identical calculations can be performed
20 using, for example, mutagenicity data (Ames tests), P450 isozyme inhibition data, or

data derived from any other relevant toxicity test.

Example No. 12 - Identification of the Biologically Active Moieties of Receptor

Ligands

A cell surface receptor was selected as a target of interest for the control of certain
25  endocrine disorders. The receptor was described as being endogenously activated by
a nonapeptide hormone produced by the pituitary gland. A list of chemical structures
described as being ligands of the same said receptor was compiled by reviewing the
scientific literature. The list was subsequently analyzed according to the method of

the present invention, using measure of association, score function (IV), and a list of



denonstrate that the nmethod of the present invention allows one to identify
and/or predict chem cal series that are nost likely to exhibit toxic
properti a0023¥9gi ven setting. In this context, it is appar/@nel/tibgst

i dentical calculations can be perforned 20 using, for exanple, nutagenicity
data (Ames tests), P450 isozyme inhi bb#ion data, or data derived from any
other relevant toxicity test. Exanple No. 12 - ldentification of the
Biologically Active Mieties of Receptor Ligands A cell surface receptor
was sel echenicas determnigantsofornprissde st fragmerite of dhée rtelenbf commai amids acids

et vt ol ATe e el RIS e Bl aP G NE S v A oS RS | st
of - chem Bﬁénﬁéffa?\ﬁfeur ?;Eptéﬁﬁéﬁ'b@fgmés begithd,| 9qBfgine! bRBagaEe ﬁut@mate

receptor was’ conpil y review ng t scientific literature. l'1st” was
subsequenspyragin, Warrammy,ﬂmge tamct mnethmmlheti afpplerhenteddyefragmentnof the,

021 395 96 PBRASERER B985 S AP EG BT br AR S Bt Rl RS of

t he twengyowRMEW:am no acids (glycine, alanine, valine, |eucine,

i sol eucine, proline, serine, threonine, tyrosine, phenylal anine,
tryptophan, lysine, arginine, histidine, aspartate, glutamte, asparagine,
gl utam ne, cysteine and mnethioni ne), supplenented by fragnments of the 5
pepti de backbone stPucture (mw+C}+cx>) Exanpl es of these determ nants are

shown bel ow. 0 of NH@EN N HO N N NI Trmptophan No. 18 No. 19 No. 20 No.

21 OB O C EUN .HOl =

Tryptophan No. 18 No. 19 No. 20 No. 21
@) B ﬁ B 0
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No. 22 No. 23 No. 24 No. 25 No. 26
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Peptide Backbone No. 27 No. 28
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No. 29 No. 30 No. 31 No. 32 No. 33



EEE E-EE No. 22 No. 23 No. 24 No. 25 No. 26 OOOOI11 NNVv N BBJ
ANA, N 1 Peptide Backbone No. 27 No. 28 OO OO 11 NNSNABBA AOO
No. 29 Nowo8D33Ne¢ 31 No. 32 No. 33 WO 02/ 33596 PCT/ EPO1/ 12OBBP016H9Bhese are
exanpl es of am no acid and peptide backbone-derived chem cal determ nants
used for analysis. Alist of receptorefi gands was conpil ed by review ng
the scientific literature, and anal yzed according to the invention using
measure of association (lI11), score function (1V), and a list of chem cal
det er m n@ihese camprexaeables b6f vaminousadid agnenpeptifie t beckhvematgenveainuoheamicalo
aci ds suppl enented by fragnments of the peptide backbone structure.L

(- NH- CH ef@!”%@i%h‘ﬁg‘éé%g”%ﬁ% Bilist e recrtter ﬁ@%qfﬁ Wag OHRLgSr b FViewing
trypt oph 8 ! h i - =]

v 2bmont 2o SEnBRP Hbrkfirt, ing drelygothat Y Bing) B 1, WghtioR iRy rfighSike of
exact fragsmaaton @), sdeteefumctiam{IVNoan@ 2)ljstiofiekanticdlrdadgererinantéecomprised of
determ nants .10 23, .24 and 25), or assenbljes of exact and inexact

f ragnent ¥ard%hﬁ§9|'6‘\ﬁlﬁé’. OfL'g‘\ﬁéWef‘%Cng‘HWé‘. AN BPIES BIPPiRITeRRAMYHraomenis iy
from t heypepbdsiricaskidpfeS siteine e (NEECIHEED,) 3ExdRpless it isBtheXaE
(determ nanfﬁé ﬁ%lo 29, 31, 32) and irge@g;(t: frggsrr‘ent)é ?&et er m'Snants Not.he27,
28, 30, dslermjnansydeoived from dppbsmEnansae shoBn B thepfiss démo so@soMhebe Wiere

[ﬁgriezg2%&?@9&%'\%063@%%%\%3%:?&&%%%&1%?5Nfor. al%m%t sZOV,Vi2t1ha;1 " ,l éass Imvtglielsec(ajf to
exact fragments (ex: determinant No. 22), inexact fragments (ex: determinants No.

10 23, 24 and 25), or assemblies of exact and inexact fragments (not shown). Lower two
rows: examples of determinants derived from the peptide backbone structure (NH-
CH-CO-)3, representing exact (determinants No. 29, 31, 32) and inexact fragments
(determinants No. 27, 28, 30, 33). ). Symbols: A represents C or S; B represents C or
N; E represents C, N, O or S.

15 Scoring the fragments with formula (IV) led to the identification of a number of
chemical determinanis having score values greater than 1, indicating that the
corresponding structures had less than a 1 in 20 probability of being contained within
the subset of pharmacologically active compounds on the basis of chance alone (p <
0.05). Examples of such determinants are shown below, along with their respective

20  score values:



chem cal determ nants having score values greater than 1, indicating that
the corresponding structures had less than a 1 in 20 probability of being
cont ai neavew/bdsme t he subset of pharnacol ogically active powgsuridssson t he
basi s of chance alone (p < 0.05). Exanples of such determ nants are shown
bel ow, along with their respective 266score values: W 02/ 33596

PCT/ EP01/ 11955 66 O O NNN A O No. 34 No. 35 No. 36 No. 37 Score =
3.09 Score = 1.17 Score = 1.06 Score = 3.78 ONO / NN N HONO No. 38
No. 39 No. 40 No. 41 Scofe = 2.12 8core = 1.18 Score = 1.92 Score = 2.83
[ hem cajy_determi nantg identified in

first round of analysig. A collegtion of regeptor |igan was anal yzed
according to the pr i nventign by scori the chem cdl determ nants
shown before, as as a nunb 5 others,ZYwith scor€ fynction (IV).

Val ues greater th e indicated that the deperm nant hadiless than a 1
in 20 probability o occurring in the subset of ©eceptor |igands on the
basi s of chance al ong, sdhe figurg, gpove showg,spme of thg hj;gher scoring
cheni cal detern nagthse Ihed wereordent fi edsgcg}e'ti‘%i_og pr ogess = 3Agcordi ngly,
these determ nants were accepted as being representative of one of 10 nore
am no acids contained gmthin the primary sequence of the peptide hornone,
and were assenbl eq}ki ntlo a second list. Calculations using fogrmula (IV) were
then reiterated i der to identify the hi glhest scorir}@ canbi nat i ons of

t hese new j
HO
N 0]
No. 38 No. 39 No. 40 No. 41
Score =2.12 Score =1.18 Score = 1.92 Score = 2.83

These are examples of high-scoring chemical determinants identified in first round of
analysis. A collection of receptor ligands was analyzed according to the present
invention by scoring the chemical determinants shown before, as well as a number of
5 others, with score function (IV). Values greater than one indicated that the
determinant had less than a 1 in 20 probability of occurring in the subset of receptor
ligands on the basis of chance alone. The figure above shows some of the higher

scoring chemical determinants that were identified in this process.

Accordingly, these determinants were accepted as being representative of one of
10 more amino acids contained within the primary sequence of the peptide hormone,
and were assembled into a second list. Calculations using formula (IV) were then
reiterated in order to identify the highest scoring combinations of these new
determinants, a number of which obtained score of values greater than 10. The
structure of the highest ranking chemical determinant, termed determinant No. 42,
15  was subsequently compared to the structures of the 800 dipeptides comprised of
various combinations of 20 amino acids, and it was determined that only one
dipeptide sequence, termed A4-A,, contained determinant No. 42 in its entirety. This

result was taken to indicate that the hormone of interest most likely comprised the As-



determ nants, a nunber of which obtained score of values greater than 10.
The structure of the highest ranking chem cal determ nant, terned

det er m namo 0MBB59612, 15 was subsequently conpared to--the BCT/EROWNES of the
800 di peptides conprised of various conbinations of 20 am no acids, and it
was determ ned that only one dipepti@é sequence, terned Al -A2, contained
determnant No. 42 in its entirety. This result was taken to indicate that
t he hornone of interest nost |ikely conprised the A1 WD 02/ 33596

PCT/ EP01A1 58@688enGT spmeydue ndthins dagwiary sirudiure, iang furthenmnyoret thadtairleastand
further nore
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predicted A -A2 sequence, an event that was calculated as 5 having a
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| ower affln'ltK or the receptor, |Ilustrat|n8 that at | east one of the two
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i denti fyjlubpati@ltiog saldagt antiofethaives ipesdiofedpeRidude didgagdsd cahstiuté $in
useful in medicinal chem stry prograns focussing on the rational desig

n
of, 1&r BRROFRE, MolRiptynASHYIRG: the Sipigaisal Amidionoek harares afdptasest Takgands.
15  Examp ' o h C ; . :
i nventi okoegaﬁl\dg%r’ iﬁ ?%emgésg.ﬂécc{égf? %hrsg{ﬂtgtt%ﬁ{eh%eﬁeﬁcgdngg mc# Eé%%béﬂr@&r@ﬁeﬁ”r? ws
i nt er act baadoiidentify thartgoiogicallyp @etise tmoikties of grptidbdidandst Whichr iscesfoigin
exanple. Il]ustrati nﬁg this, an ion-channel screen vvaé%%gﬁ)l ement ed as

|

descr i be@'§HCIBRIaRPPEING. PROITAMISc FPUSEINGo ONhihe iralieRals ot dPT RXRERIBan
t wo dozeg?pg%@ﬁwg%pﬁ%@mhmt@g ab&ﬁﬁ?eé‘%”ﬂ& dion 20 when tested at a

concentr he chem cal structures  of these inhibitors were
assenbled into a list, which was anal yzed as described in exanple No. 12.
Thi s15 | eExapladNo.dbh+iAreditticonobPreteseFreteinfintdrgbtiensri ng, ani no acid and
pepti de backbone-

The invention also allows one to predict the existence of protein-protein interactions in
a manner analogous to that described in the preceding example. lllustrating this, an
ion channel screen was implemented as described in example No. 3, which led to the
identification of more than two dozen molecules displaying at least 40% inhibition
20  when tested at a concentration of 5 uM. The chemical structures of these inhibitors
were assembled into a list, which was analyzed as described in example No. 12. This
led to the identification of a series of high-scoring, amino acid and peptide backbone-
derived chemical déterminants, which after further analysis, were found to indicate
that the channel of interest was most likely to interact with an inhibitory peptide or
25 protein specifically containing a certain dipeptide sequence, termed As-As.
Interestingly, such inhibitory proteins had previously been described in the literature,
all of which contained a 20 amino acid “channel inhibitihg;’ domain contéining exéctly '
the predicted As-As dipeptide sequence. As it can be determined that any 20 amino
acid sequence has a probability of only 0.046 of containing a given sequential

30 arrangement of two given residues on the basis of random chance, it can be



derived chem cal determ nants, which after further analysis, were found to
indicate that the channel of interest was nost likely to interact with an
i nhi bi t owopeptspele or 25 protein specifically containing BCT/EPUZI1OSS

di pepti de sequence, terned A5-A6. Interestingly, such inhibitory proteins

had previously been described in the fgterature, all of which contained a
20 am no acid "channel inhibiting" domain containing exactly the predicted
A5- A6 di peptide sequence. As it can be determ ned that any 20 anmino acid

sequencegi@fafedlitiabil piobadlite M Yodird46 ﬁfedkﬁmba'mu' RgtistertieV O taeadRhEA!
30 arrangenent of two given residues on'the basis of random chance, it can
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predictions were nade in both cases, denonstrating that the invention
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structures, and then searching in sequence databases for proteins
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process is initiate ing a list of ¢ structures havi ng
a gi ven sfifars), mucleotigest end thuf likent erest (typically binding), but for

Example No. 14 - Identification of Orphan Ligand-Receptor Pairs

The invention can further be applied to the identification of orphan ligands and/or
orphan ligand-receptor pairs. The process is initiated by compiling a list of chemical
20 structures having a given effect on a protein of interest (typically binding), but for
which no ligands are known at the time of investigation. This information can be
generated in a number of ways, such as, but not limited to, conducting of NMR
studies, measuring conformational changes by circular dichroism, measuring protein-
ligand interactions by surface plasmon resonance, or in the case of an orphan
25  receptor, by performing assays with constitutively-activated mutants of the receptor of

interest.

lllustrating this concept, let us suppose that experiments of the type described above

are conducted on an orphan receptor, yielding the structures shown below:



which no ligands are known at the time of investigation. This information
can be generated in a nunber of ways, such as, but not limted to,
conduct i mgo 01/338R st udi es, neasuring conformati onal chanpewERy1/TP3scul ar

di chroism measuring protein- ligand interactions by surface plasnon
resonance, or in the case of an orphas925 receptor, by perform ng assays
with constitutively-activated nutants of the receptor of interest.
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This is a hypothetical list of structures analyzed for biologically active chemical

determinants. The nine structures shown above were analyzed according to the

invention as described in example No. 12, using the aforementioned list of amino acid
5 and peptide backbone-derived chemical determinants.

Analysis of the structures as described in example No. 12 leads to the identification of
a number of amino acid and peptide backbone-derived chemical determinants with
scores larger than 1. Examples of such determinants are shown below, along with

their corresponding score values:



This is a hypothetical list of structures analyzed for biologically active
chem cal determ nants. The nine structures shown above were anal yzed
accordi ngv0 02/83%e6 i nventi on as described in exanple No. 1PCT/EBIWIGI3She
aforenentioned list of amno acid 5 and peptide backbone-derived chem cal
determ nants. Analysis of the structui78s as described in exanple No. 12

| eads to the identification of a nunber of am no acid and peptide
backbone-derived chenmi cal determnants with scores larger than 1. Exanpl es
of such determ nants are shown belld al ong with Ntheir correspondi ng score
val ues: WD 02/ 33596. PCT/ EPO1/ 11955 70 NN HO No. |43 No. 44 Score = 4.43
Score = 4.90 These are exanpl es_g } i NQ i cal determ nants
identified in first round of [ ysis. The c@ tion of hypotheti cal
receptor |igands was anal yzed @& ding to vention by scoring the
chem cal determ nants shown in tUhe first pg gf 5 exanple No. 12, as well
as a nunber of others, with score functlon (IV) Val ues greater than one

i ndi cated that the deter mi nant I\n)aq Iess than g n 20 probability of
occurring in the subset of Ii ds the b%\?% gghance al one. Shown-
above are two of the higher scori ng chem cal " det erm nants that were

identified in this process. It is clear fromthese exanpl es that

det er ni ndhese oe ex3mwihes althighrsaoning diemital defatminaets igentified irhéirst r@Mctaf
structures_pf. t am no..aci anl ne osi ne.
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sequences, and that these residues are likely to play an i nportant role in
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f r agment gcefirriaghe thesubsetasfiligand® onahe Yaelstofasranchizhes. Strmwar abgve are two
structures, fragments such as determ nant No. 45, shown in the follow ng
of the higher scoring chemical determinants that were identified in this process.
It is clear from these examples that determinanis No. 43 and 44 can only be
10  contained within the chemical structures of the amino acids phenylalanine and
tyrosine. As such, it is inferred that peptides that interact with the orphan receptor are
likely to contain either a tyrosine or phenylanine residue with in their sequences, and
that these residues are likely to play an important role in either the binding of the
ligand(s) and/or the activation of the receptor by these peptide(s). If high-scoring
15 determinants No. 43 and 44 are subsequently reanalyzed in order to ascertain
whether combinations with fragments of other amino acids do not yield even higher

scoring structures, fragments such as determinant No. 45, shown in the following

panel A, can be further identified.
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Score = 41.96 Tyr - Gly




panel A, can be further identified. AHHBONHH NA-A HN OO HO HO
No. 45 Score = 41.96 Tyr - Ay WO 02/33596 PCT/EP0O1/11955 71 These panel s
show hi giw@opsisng chem cal determ nants identified in secPOaUEP@uNOsSs0f

anal ysis. Chem cal determ nants such as those described before were

reanal yzed according to the inventioAlto deterni ne whet her conbi nations
with fragnents of other am no acids would not produce still higher scoring
structures. One of these, ternmed 5 determ nant No. 45 (Panel A), displayed
a score Vhgsfeparelatsdow high-sooring mhemdsali drjeyminantseidentiiied inysegondgiosingdiaiant
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sequence in their primary structures. As
primary structures. On the basis of this information, databases of amino acid
sequences can be screened in order to identify known and/or orphan ligands
containing the predicted Tyr-Gly sequence, which after selection and expression, can

15 be tested in the original biochemical screening assay. Alternatively, chemical

determinant No. 45 can be directly used to compile compound collections of potential

Tyr-Gly mimetics.

Finally, it is worth noting that the chemical structures used in this example are actually
opioid receptor agonists taken from the literature, and that the naturally-occuring
20 opioid receptor agonists dynorphin A, B-endorphin, leu-enkephalin and met-
enkephalin all contain the predicted Tyr-Gly sequence in their primary structures. As
the tyrosine residue has been shown to be absolutely required for opiod agonist
activity, the current example further illus{rétes the capacity of the invention to identify
biologically-active moieties of receptor ligands. It is also recognized that the
25  estimations described above can be improved by using alternative algorithms
employing the variables x, y, z and N, such as, for example, in Fischer's exact test.
Indeed, only nine structures wé}é énalyzéd by usinrgr a method for which no éd'equater
correction for small sample sizes was made, suggesting that the score value of 41.96

for determinant No. 45 may be somewhat overestimated.
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Example No. 16 - Identification of False Positive Experimental Results

An enzymatic assay was developed for a protein kinase believed to play an important
role in the immune response. A compound collection for screening on the target was
assembled according to the invention, notably as described in example No. 2. The
20 compounds of the collection were subsequently tested in the assay at a concentration
of 5 uM, which led to the identification of 35 molecules displaying inhibitions of at
least 40%. .The structures of these compounds were analyzed using a simplified
variant of formula (ll) as a score function, and the corresponding score values were
directly compared to those of a statistical table, which provided estimations of the
25 probabilities that given chemical determinants occurred among the subset of 35

pharmacologically active compounds-on the basis of chance alone.

Using a threshold for the probability of chance occurrence of p < 0.05, it was
determined that 14 of the 35 inhibitors were most likely to represent false positive

results. Subsequent retesting of the 14 compounds in the assay confirmed this



of 5 pM which led to the identification of 35 nol ecul es displaying
inhibitions of at |east 40% The structures of these conpounds were

anal yzedwaomngpsss si nplified variant of fornmula (11) as areT@p@&/flesscti on,
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determ nants, but which were “nevertheless”identified as being negative in
t he dereenarofeadsdye ligthef chemiesiminditurgs castespohdingviertbe sobymyndatthgt were
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the present invention allows for the identification of false negative

exper i memeyertheless identifisd appbeinginegegve o e seraapinansay: diheveorresponding
Conf i gur %3!85@%3 W&e%s%ﬁﬂgmlf rf'gtjested in the assay, where it was found that more
15 than 15% of these were false negatives, one compound even displaying
submicromolar inhibitory activity. These results clearly demonstrate that the method

of the present invention allows for the identification of false negative experimental

results.

Example No. 18- Conducting Quantitative Configurational and Conformational

20 Analyses

In a further improved embodiment of the invention, one can also employ algorithms
comprising various combinations of the variables x, y, z and N for quantitative
conformational and/or configurational analysis. lllustrating this possibility, it is clear
from the results shown in example No. 4 that the structure of the pharmacologically
25 - active, protease-inhibiting “fingerprint” shown_in panel B of example No. 4 is neither
configurationally nor conformationally defined. Indeed, it is impossible to tell from the
representation of the structure whether, in relation to the two carbonyl or sulfonyl
groups, it is the trans-oid or cis-oid conformation of the single bond version of the

fingerprint that is pharmacologically active, or furthermore, whether it is the (E) or (Z)



20 Analyses In a further inproved enbodi rent of the invention, one can al so
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with score function (1V).
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double bond double bond
l l
0 O
No. 46 No. 47
15 Score = 36.90 Score = 14.10

This panel illustrates the quantitative conformational/configurational analysis of a
protease-inhibiting chemical determinant. The six structures shown in example No. 4
were analyzed according to the invention using a list of conformationally- and

configurationally-defined chemical determinants.

20 Chemical determinant No. 46, shown along side lower scoring chemical determinant
No. 47 above, obtained one of the Highest sbbré values, inferring that the (Z)
configuration of the double bond version of the fingerprint is more likely to be the
preferred arrangement contained in the chemical structures of inhibitors of the

protease of interest. This hypothesis was subsequently verified by further focused



No. 46 No. 47 15 Score = 36.90 Score = 14.10 This panel illustrates the
quantitative conformational/configurational analysis of a
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that the concept of nolecular simlarity, as viewed by the nmethod o
present invention, is strikingly different fromwhat is 15 generally
accept ed Exempde Np-t te—~ SandudtognSimidaritthBearahea For exanpl e, the conpounds
in the hypothetical list of exanple No. 14 are very dissimlar, insofar as

Lher o 1SS EBYH o WY h8viBLEBapibd tndl B BBAGHH GmbMicich SHTAGhE), as
viewed by the method of the present invention, is strikingly different from what is

15 generally accepted as being the significance of this term. For example, the
compounds in the hypothetical list of example No. 14 are very dissimilar, insofar as

there is no obvious way to classify the nine molecdles into a single chemical family

using classical clustering techniques. Nevertheless, we have shown in example No.

14 that these compounds are, in actual fact, extremely similar, insofar as they each

20 contain at least one occurrence of a chemical determinant that is a representative

fragment of the amino acid tyrosine; see this panel:
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These are fragments of the amino acid tyrosine contained within the structures of nine
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opiod receptor agonists. The structures shown above are dissimilar insofar as they
are difficult to assemble into a single chemical family using classical clustering
5 techniques. They are nevertheless very similar in the sense of the present invention,
insofar as they all contain at least one fragment of the chemical determinant defined

by the amino acid tyrosine, occurrences of which are highlighted in bold.

As such, the invention can readily be used for measuring molecular similarity and/or
for comparing similarities that may exist between different sets of chemical
10 compounds. lllustrating the concept in brief, it is readily apparent that one or more
reference molecules can be selected from a list of chemical structures, and analyzed
for the presehce of certain chemical determinants, which after identification, can be

used to conduct one or more substructure searches in one or more new molecules in



As such, the invention can readily be used for neasuring nol ecul ar
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the the corresponding list of chemical structures according to the invention, wherein a

reference set of chemical structures, such as those contained in the Merck Index,

Derwent, MDDR or Pharmaprojects databases is used as a reference collection of

“drug-like” molecules. In this instance, molecules whose structures are substantially

20  comprised of low scoring chemical determinants are deemed to be “drug-like”, as the

same said chemical determinants are present in a high proportion of the reference

structures. Conversely, molecules that are substantially comprised of high scoring

chemical determinants are deemed to be "non-drug-like”, as the same déterminants

are only poorly represented within the set of reference compounds. This information

25 is very useful for the design of discovery experiments, as it assists the researcher in

identifying chemical structures that should be included or excluded from a compound

collection for screening. In thié Vcontext, it iisrapparent that a number of algorithms

comprised of various combinations of the variables x, y, z and N can be used for this

purpose.



chem cal determi nants are deenmed to be "non-drug-Ilike", as the sane

determ nants are only poorly represented wthin the set of reference
conmpoundwoO M339¢ nf ormation 25 is very useful for the desPQWEBéI/OPISCovery
experinments, as it assists the researcher in identifying chem cal
structures that should be included or 78xcl uded froma conpound collection
for screening. In this context, it is apparent that a nunber of algorithns
conprised of various conbinations of the variables x, y, z and N can be
used f or ExanspleNo. ke SPAOiAICAIGOYRANTCT/ EPO1/ 11955 78 Exanple No. 21 -°
Special Algorithns It is cI ear that the preceding exanples do not supply an
exhaustivye list of e er %&rthm | oyi ng various conbi nat ons of the

yi
variabl ed i, cigar haf ey S BRPRIL 7 PO SHahly A oAt B listoor Svery
substruc i lhed
oractiti %L%O?*?’ﬂé?*‘é’?xﬁ‘g ¥ﬂrﬁ%ﬁ Sorfibiigfishs of tnq FaRBRER0Y, £ Ntfiab Eah
enpl oyed used éddpee‘errarngrrﬂrberete)fsubd;tamumtarmmsrqorlestbrst echtext, tithis empmrenltr fog

cvat se; o "SRG PR (BRE ot dRpRiRongIE: TR I Bni Al o
the ones eﬁ’rgg Veéd tby aBBRéé'sd%d n‘u’ﬂnbérh%f etﬁ@”ﬁh%%trod?"ﬁé%nteéslﬁ hRe! Er’é%'eﬁhﬁ{; dl S

primarily signed for i1dentifying the 1o chem cal determ nants contai
Wit hi n aekagplas. had!@d dmlsopte gatas iéss evan nwre appsopridte kial thetstatisdicat serse

Cotati veolt il BhangHhe Bhn ol Re toron Bisrin e Brot che P BRI Rk B Rrovidad N
Never t he'tl@@%xafrﬂﬂé@“ ABWeYb as (3 lihleri (XhMnafe dsumpletiofbr DabAtfying e

event that: a) an exact estimation of the probability of chance occurrence
i s régui chemicsl @%ennmn@stsSe@ma@esiewﬁhmseélsmqf cheeical str@@ureesﬁmﬁcwetmoshe

o pr opor 1 8KdF i o8 2l HhEn e e Bt i e BT e’ of

t wo detelthre NamMtvel scoHdhd A besrrﬂyeqUeﬁprreﬁkl@rfdenhgroﬂseremraareﬁermhﬁnms
(see XIIl, where d corresponds to the nunber of separate chem cal

det er ni n&Yaverthelgssciorpmdas (XH), (81l) eadeX!Y hpes ﬁmhqdobeew irdbe ayeakthadt @kct s
cheni oal BGERatnrsimiRSH, B (hGGRaRRRT R PbLE BrctivehlB JerieLAeaIEF sFal
vari abl esamply sets (@ed X, where s corresponds to the smallest value among the variables
X, (y-x), (z-x) and (N-y-z+x)); b) that a proportionally weighted estimation of the
simultaneous contributions of two determinants is felt to be more appropriate for use
in example No. 8 (see XIil, where d corresponds to the number of separate chemical
determinants); or c) that it is deemed important to estimate order effects when
20 assessing the simultaneous contributions of two interconnected chemical
determinants (see XIV). In this context, the definitions of the variables x, y, z and N

are exactly those previously described.

'yS'zer 2)!
(Xir) Score = Z( Tl(N—y— z+x)'N']

oamy Score:i(Nx;\;yz) /‘ji(zm“ﬂzm-y))

(ly+z-N-1)°
(N—y—z+2x)

25  (XIV) Score =



are exactly those previously described. y! (N- y)!I zI (N- z)!I' (X1)
Score =1 ; , xI (y - x)! (z- x)! (Ny-z+ x)! N (.z(N (XI'll) Score=Nx-yz
- Z)Y(N- WO oMeB59@25 (XIV) Score= (ly+z-Nl-1)2 (N y-z+2x) WXDRPBIEIG

PCT/ EPO1/ 11955 79 Finally, it is also apparent to the skilled practitioner
that the use of certain variables in 78core functions and/or algorithns
designed to identify biologically active chem cal determnants, but not
explicitly described in the preceding exanples, can be mathenmatically

equi val ehtnally, itisi @lgo e@pamY te dndskilled practidibnenthaidine 48 f certaip variahigs B N.

[llustratin i e_function enpl oying,t ard abl def i,ned

Fepr esentritg MHonS AGRGR Rk e SR b Sy dB0BR ATy dren S o TR
contai n ge@irv@mrgdemueahot ExbRE Ndédoribed @fluihsalppsdeding eaRIraYESY canaé v,
as q = y-x. Likewi se, a score function enploying the variable r, defined
as repreg@iiematiealy e@tiwdlentimuesingfvasious womybai@imaskthenv@riallesist ycarmngi n a

gi ven_ chem m | | gebr ai call . lya (S | oyi.ng the
Var bl o8 MAH S FRbre higbfEhBbihatls BrER A Ged &SR, o
functi ontrryplrapensf inagivd mdletutes WRbsE eHemicdl eRUERPEY toftairhg ghehadhenfibaber
of inactive conpounds that do not contain a given chem cal determ nant, is

equi val efleter@inany isyaadyalert to amplpyiag xandy, as alyN; Likewises asgpre fnction

Finally, - i.n var.i . , [ vel :
Final Y. eRIASA TR, BPRHRY L g ac Al ESeha il (LAY qee
contai n gogipvendslethat nicamit Contairardd diten tetemhicahWeltemioint, niscbigedraically

nol ecul es (u), are equivalent to enploying the variables N, y and/or z, as
it cAh regdivelenbéo sAmlpying die vadahles x antizasitigap readinBe Shawn Hat I =spi ng

Rel ative Alonts idubd Q0Sction employing a variable s, defined as representing the total
number of inactive compounds that do not contain a given chemical determinant, is
equivalent to employing the variables x, y, z and N, as s = N-y-z+x. Finally, algorithms
employing the variables t and u, respectively representing the total number of

15 -molecules whose structures do not contain a given determinant (t), and the total
number of inactive molecules (u), are equivalent to employing the variables N, y

and/or z, as it can readily be shown that t = N-y, and u = N-z.
Example No. 22 — Mapping Relative Contributions

The invention also allows for the construction of relative contribution diagrams. These
20 are graphical representations of chemical structures where the relative contribution of
various atoms, bonds, fragments and/or substructures to a given biological outcome
are indicated by score values calculated as described in the preceding examples. In a
preferred embodiment of the method, probabilistic score values such as those
calculated using formula (XIl) are used, where P(A) represents the probability that a
25 given chemical determinant is contained within the subset of biologically active
structures on the basis of random chance, which is calculated using formulae
eﬁnployihg various combinations of the variables x, y, z and N as previously

described.

(X1 Score = [1-P(A)] - 100%



The invention also allows for the construction of relative contribution

di agrans. These 20 are graphical representations of chem cal structures
where t havoetaasbove contri buti on of various atons, bonds, PET/aBMENPIS and/ or
substructures to a given biological outconme are indicated by score val ues
cal cul ated as described in the precedBdg exanples. In a preferred

enbodi nent of the nethod, probabilistic score values such as those
cal cul ated using fornula (XI'l1) are used, where P(A) represents the

pr obabi | N $hig reantextodt igi evidephématcrumaeus maashies of assoaiatied and/on fColee

subset o . i.cal i ye ruct S t LS, of 0 : .
ahion i oGBS Ao REH: K oshEHE LRSS Rllo ' SrTiaRs ol e Rl B ERARRR
var i abl egiagrants will aod B¢ discpssad inurbe detesic mheedllowiglpanstore = [1- P(A)]
100% WO 02/ 33596 PCT/ EPO1/11955 80 In this context, it is evident that

numer ous neasures of associ ation and/ or score functions can be used to

estimate P(A). Two exanples of relati P8 contribution di agransOWi | | now be
di scussed in nore detail. The fol r Mhel OH OH NH2 \ . HH/
Mbl ecul e No. 46 of interest : 1.2%0HO0HOH| OB O H H No. 47
No. 48 No. 49 Scor N ¢ 14. 7% Sc ) I(\)l/ OHOH NN
H
Molecule No. 46
of interest Score = 1.2%
- OH OH OH
N N L/U\
No. 47 No. 48 No. 49
Score = 10.4% Score = 14.7% Score = 12.3%
OH OH OH OH
L Q) B @A T D) I
N N N N
H H H
No. 50 No. 51 No. 52 No. 53
Score = 23.8% Score = 56.2% Score = 63.0% Score = 92.9%
OH
Ej o O -
No. 54 No. 55 No. 56 No. 57
Score = 98.1% Score = 12.0% Score = 0.3% Score = 0.0%

5 shows a molecule of interest accompanied by a series of chemical determinants
comprised of fragments of the same said molecule, that were scored using formula
(XI) and a modification of measure of association (I) to determine P(A). FIG. 15
shows the same information in graphical form, wheré fhe determihantééré plo'ttred A
versus their respective score values. In this context, it is apparent that the same

10 * information can be represented in the form of probabilistic contour maps, as shown in

this panel:



HHHNo. 50 No. 51 No. 52 No. 53 Score = 23.8% Score = 56.2% Score =
63. 0% Score = 92.9% c?H/ I-'" No. 54 No. 55 No. 56 No. 57 Score = 98.1 %
Score = W002838e0re = 0.3% Score = 0.0% 5 shows a nol ecul RCDEPIItI®FSEST
acconpani ed by a series of chem cal determ nants conprised of fragnents of
the sanme said nolecule, that were scoBé&d using formula (X I) and a
nodi fi cati on of neasure of association (I) to determine P(A). FIG 15
shows the sane information in graphical form where the determ nants are
plotted versus their respective scase values. In this context, it is
apparent that the sane 10 i nfor mé¥%on < he represented in the form of
probabilistic contour maps, asS&hownd s—pagel : WO 02/ 33596
PCT/ EPO1/ 11955 81 95% 90% 50% % RO h\N I., H Overall, such
di agrans are very useful for des| ' \lections, as they
assi st the researcher in selecti/ng cg ) e basis of mathematica

$ a given assay, reducing
diversity to identify novel,
g€ al so of interest in
’ the one shown in the above
D eties of -a nol ecul e can

the need to 5 rely on the concep
biologically active chem cal g
medi ci nal chem stry, as repres
panel, clearly indicate which

Overall, such diagrams are very useful for designing compound collections, as they
assist the researcher in selecting compounds on the basis of mathematical
estimations of the chance of being successful in a given assay, reducing the need to
5 rely on the concept of molecular diversity to identify novel, biologically active chemical
series. They are also of interest in medicinal chemistry, as representations such as
the one shown in the above panel, clearly indicate which moieties of a molecule can
reasonably be modified with minimal risk of loosing pharmacological activity.
Conversely, such graphs alert the toxicologist as to which moieties of a toxic

10 compound need to be modified in order to eliminate an undesirable effect.

For obtaining the relative contribution mappings shown above and in FIG. 15,
chemical determinants corresponding to fragments of a biologically active molecule
were scored according the invention using a score function employing the variables x,
y, z and N that permitted a direct estimation of the probability of chance occurrence
15 within the set of active molecules (P(A)). The corresponding P(A) values were
transformed using score function (XII), supplying a probabilistic score value for each
determinant reflecting the relative likelihood that the corresponding chemical structure
was at the basis of the biological activity of interest. The values can be illustrated as
in FIG. 15 which is a graphical representation of the score values for the various
20 chemical determinants. Chemical determinant- No. 54 corresponds to the local
maximum of this series. Or, the values can be illustrated as in the above panel which
is a probabilistic contour map, indicating which fragment or sector of the chemical

structure of interest is most likely to confer biological activity (determinant No. 54



reasonably be nodified with mnimal risk of |oosing pharnmacol ogi cal
activity. Conversely, such graphs alert the toxicologist as to which

noi et i es vob 023350i ¢ 10 conpound need to be nodified in oPdEEPtIGIIe3S ni nat e
an undesirable effect. For obtaining the relative contribution mappi ngs
shown above and in FIG 15, chemnical 88eterm nants corresponding to
fragments of a biologically active nolecule were scored accordlng t he

i nvention using a _score function enploying the variables x, z and N
that per APRtEEEd Withine dhe careAneloRedTbY HBS 2 HaBentory lige) )chARBIes vaY rehce
15 wit h| S4 P(A)). The correspondi ng P(A) val ues
were tr %ﬁtlﬁquéag?lﬁggslﬁégpéwbEr?tﬂ(?on{(XI ), supplying a probabilistic
score val ue for each determnant reflecting the relative |ikelihood that

t he corr Expmyle Np.@8eriEzplivalenoetofrScorecRunadtidrie basi s of the bi ol ogi cal
activity of interest The values can be illustrated as in FIG 15 which is

a graphi ation of the score values for the varlous chem cal
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panel whic I'S a probabilistic contour “map, indicating whi
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cont o noBraREAPe (s CETER Bes s B 25907 IO 3910 RCOtR TUNEHTS Ak BEHdI Bty
of  preset 4dbeb&ifig eIy &riah SR of uEet%n IhePRiPbfed\es 8e°scnb6aumva4eence

of Score Functions The score functi ons enpl'oyed in the previ ous exanpl e
are al| wasod ofi thenpiesgnt Mtﬂtielnnc&zlactjefoemnﬁataﬂ@wstfbattherléemf@atlon kel theto
be at the baS|hs of . a |ven bi oI rmacol

o o) Sl hiarst Pk Pagiita? Befliina BIRRT R haER o P hhe bes st

that cer gijeh HBlRGIVREEIfOEL. aesgtehathé)ft)rmmﬂ Pfeseﬁ%cﬁnftuecﬁre@étﬁn@eﬁah@%s gieed
for addressing only certain types of questi on, when enpl oyed as descri bed

in the mAndiedaty equivalentiethe senserafidiaeretesasbsirgeinialanalysiins for t he
identification of the 1o sane, highest ranking chem cal determ nant that is

Pgﬂm: ekgreg%%r%tgzngt tt{v% aﬁf‘%r‘éag Iﬁggfeygénpﬂggﬁg@e unct onalo‘*y € UI va r?t hlen
t he senseeadptoli sgorasis wa@ﬁemahedadlgmntahesms parallel using the eight measures of
15 association and score functions containing various combinations of the variables x, vy,
z and N shown below. The study was conducted as previously described, notably by
adding the chemical structures of 101207 molecules described as having no effect on
the dopamine D; receptor to the first list of 131, and scoring the series of 19 chemical
determinants shown below with score functions (XV) to (XXIII), which the reader will
20 recognize as representing the same functions that were employed in a number of

previous examples, and/or closely related variants thereof.



Denonstrating this, an analysis of the chem cal structures of 131 dopam ne
D2 receptor agonists was perfornmed eight tinmes in parallel using the eight
measur es vob 02/3B9@ssoci ati on and score functions contai ni NBCVaPIIGLISSS

conbi nati ons of the variables x, y, z and N shown bel ow. The study was
conducted as previously described, nogdbly by adding the chem cal
structures of 101207 nol ecul es descri bed as having no effect on the

dopam ne D2 receptor to the first list of 131, and scoring the series of 19
chem cal determ nants shown bel gw with scorg-functions l(,)@»g\ to (XXI11),

whi ch the reader will 20 recogni ze as representing the sane functions that
were enployed in a rmuwber of prewsous exanpli€so and/ or chNesely rel ated
variants thereof. WO 02/33596 PCT/EP01/11955 83 C N N No. 58 No. 59 No. 60
No. 61 N~ N~/~ N~ N\ No. 62 No. 63 No. 64 No,65 N NI NI N No. 66 No.
67 No. 68 No. 69 NyNWLN---(< AR A . : 71W 73 AAA
A A?AAN-~KA AN-"/KAA N~~A-A A No. 74 No. 75 No. 76 These are the
chenical deterni nanto-§8ored wi N0 68i ght di f N &ht score f¥&ions. The 19
cheni cal deterninants shown above were scored using functions to
(XXI'l) and a list of chem cal structl res ann tatl d for dopam ng D2
recept or agoni sty 7N } are: N Scorfe = MW (x /
)Z&N-)(/X;/lz() Scor e= (x/Noz.%é(y I'N) Né}é}"') corei\lo.—Gé\lx- yz (Xl\\(cl)'leb) Scor e=

ZA
/\/)\) - | /\/© '?/ \ﬁ
A
No. 70 No. 71 No. 72 No. 73
A/’A\ e A//A\A A AéA\ AN
l It | i | I
N/\//\\A/A N/\/A\\A/A N/\/'lK\A/A
No. 74 No. 75 No. 76

These are the chemical determinants scored with eight different score functions. The
19 chemical determinants shown above were scored using functions (XV) to (XXIl)
and a list of chemical structures annotated for dopamine D, receptor agonist activity.

5 The used functions are:

(XV) Score =MW - (x/ z)
(XVI) Score = (x/z)-(y/N)
(XVII) Score =Nx—yz
X(N-y—-2z-X)
(XVI) Score = = X)y—x)

(Nx—yz-N/2)*N
2(N-2) y(N=)

10  (XIX) Score =



(z - xX)(y - x) 10 (XIX) Score = (I Nx-yzl-N2)ZN z(N - z) y(N- y) W

02/ 33596 PCT/ EPO1/ 11955 84 (XX) Score = x(N- y- z- x) e 2

| / x+1/ (y-WOQ 6483526 X) +1/ (N-y-z+x) (z- X)(Y- Xx) (XXI) ScorePET/HROH11Y:S z( N -
z) Y(N-vy) (XXIl) Score = e{(x/z)-(z-x)/(Nz)] FIGs. 16A to 16H show
corresponding relative contribution dﬁ‘égr ans. The chem cal 5 determ nants
shown in the above panel were scored as previously described, and plotted

versus their correspondi nggég?,r_ezyai ugai/__ELQ._lﬁA_shﬂws_Lhe_scores obt ai ned
with fungtien (XV), SEbfe= g/ loht - Ret (- H(Nwngtd on (XV1), FIG
16C the scores obtai ned wiz-+hxXynredion (XVI1), FIG 16D the scores obtained
with function (XVIll1), FIG 16E the scores obtained with function (Xl X),
FIG 16F the scores to obtained with funﬁtion (XX), FIG 16G the scores

obt ai nedpwiyh function (XXI), apdre FLG_Y6EYfhe scores obtained with
function (XXIl1). Each score functi on\ﬁz(NarzDamyy) singled out the sane

chem cal determ nant (No. 73) as being the nost likely to be at the basis
of biological activity. As shown by the relative contribution diagrans
present eg()'qg FIGs. 16A to 16H, seaghe eB2ZbfztHd-alght score functions
correctly identified chem cal determ nant No. 73 as corresponding to a

| ocal maxi mum signifying that it is the chemcal notif nost |likely to be

at the bEKPS 1§A HpAah slowrospshpsdingcialativeycanttibviion Hiagrags. dheicheansisakd

et o) By RS SHENTH b 08,0 b ke 50160 HUNGEL MRS BELEIAA T T

ranki n ['ower-scorin entca nant I NS0 éterm
62 was splogedtvetsR0thalr digrexpootiingdsrt aatest Fl@i obAghoals thetscerds/obtmined

ranking third in cal culations using score_ functions %X\/) i)XVI ?@Cand
(XVI 1), WHBrfERstice (&Y i Richt 1ok thes sCreaskabtaingd withsfungtior d&VY), filfe {iPenthe

nd (a0 FEOER QAR Witn G RIcAO P B, bl SRR A Aoty
score  (XVIll), FIG.16E the scores obtained with function (XIX), FIG. 16F the scores
10  obtained with function (XX), FIG. 16G the scores obtained with function (XXI), and
FIG. 16H the scores obtained with function (XXII). Each score function invariably
singled out the same chemical determinant (No. 73) as being the most likely to be at

the basis of biological activity.

As shown by the relative contribution diagrams presented in FIGs. 16A to 16H, each
15  of the eight score functions correctly identified chemical determinant No. 73 as
corresponding to a local maximum, signifying that it is the chemical motif most likely
to be at the basis of dopamine D, agonist activity within the list of 19 tested
determinants. Interestingly, the different score functions varied in terms of ranking
lower-scoring chemical determinants, insofar as determinant No. 62 was suggested
20 as being of importance to biological activity by ranking third in calculatio'ns. using
score functions (XV), (XV1) and (XVII), whereas determinant No. 63 ranked third using
score function (XXII), determinant No. 65 ranked third according to score functions
(XIX) and (XXI), and finally, determinant No. 66 ranked third when tested with score
functions (XVIIT) and (XXI1). . | | |

25  Overall, these minor differences are of little importance to the successful outcome of

the method, as in each case, the lower ranking determinants are actually fragments of



functions (XVII1) and (XXII). 25 Overall, these mnor differences are of
little inmportance to the successful outcone of the nethod, as in each
case, thavoomedsss anki ng determ nants are actual |y fragnmenpeT/@PoiV¥viF2/ 33596
PCT/ EPO1/ 11955 85 the larger, highest ranking determ nant No. 73 (see the
above panel). As such, it suffices t8directly enploy chem cal determ nant
No. 73 and fragnents thereof for the design of conmpound collections for

hi ght hr oughput screening, as these will invariably contain structures

cont ai ni thg Ergeradnglugsttraskingueeterrainanh dNale? 2 (gt dhe saboxespamsl). niys sluch, ithe

type of canpound . that could to i.ncluded int uch a collecti | S sho
oLFu SRR ol ST SR e b8 S PR Bl RIS,
OH  OH Hgdkigh ldPcbingdand dollcdndNo? HidghthroughpGtsSteinthdN deHh&be 98l fagBhBly
structures are exanpl es of conpounds., that could be sel ected for

i ncl usi oeontainctalciwiesantaipHIgl af seich wf diee Iayyardankingtdeterndipanist Acarmplingosf

dopang nethlgztype of compound that could to included into such a collection is shown below.

These sample structures are examples of compounds. that could be selected for
inclusion into a compound collection designed for the identification of dopamine D;
receptor agonists. Each of the structures shown above contains a chemical

10  determinant No. 73, or a substantial portion thereof.

In conclusion, and whilst the mathematical reasoning lying behind the construction
and use of the eight different score functions is different in each case, all of these
identify the very same chemical determinant that is most likely to be at the basis of
biological activity. As such, algorithms containing various combinations of the
15  variables x, y, zand N, or g, r, s, t and u as previously mentioned, are func:tionally

equivalent in the sense of the present-invention.



receptor agonists. Each of the structures shown above contains a chem cal
1o determ nant No. 73, or a substantial portion thereof. In conclusion, and
whi | st t meonmsdsedrat i cal reasoning |ying behind the constrBCT/ER/11955d use of
the eight different score functions is different in each case, all of these
identify the very sane chem cal deter@pnant that is nost likely to be at
the basis of biological activity. As such, algorithnms containing various
conbi nati ons of the 15 variables x, y, z and N, or g, r, s, t and u as

pr evi ousExamgie iNen@d, — nfermaticsiBasdd YoobtsifonBhenDiscovdrg sense of the
present invention. WO 02/33596 PCT/EPO1/ 11955 86 Exanple No. 24 -
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prograns designed to increase the efficiency of highthroughput screening, 5

conpoundc@inguiey grrggramms designbdadsinahese dhe efficemyocikighihoougyrit screardngyr

| ead _optim zation. Such Brtogegpijrc%s r _pr.ograns_are preferablny bg de i%ned
to dif ectoTRANRY rdsCae o BT dBIRads cevtaiy: FaipPQurd dRoleaR andist iy
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super Vi sed, sem - aut ononous, Yy aut ononous mar_mer . Suc pr ocec_lur es
conpr i semashitnesrand/ar pepatigysysiems dbat perfoime drag scesenivg, neprexeuns! ssleation,h

formpreferred di of. the esent invention: A process wher

Chem bt S8 GbrraL SR ndthish SvlihEsE Tha, Siits L se b BHERERRoUSLEE Fly
are anal yg@Aonud Wiaphegi Sath Yresddures ebaiprisdl baekes ih mnhvay Imhiged Eenthel | ed
according to the invention. A process whereby biol ogically-active chem cal

det etthi niipwindexamelesdvhiek &ora pepferred ephasimentsceitthe pregast invemtion: conduct
searches in chem cal databases, virtual or other, in order to identify

conpounds, bi ql ogl.cal e . react | od in med| at
ot her, tﬁatﬁpa erg%)sgt ﬁﬂ%ﬁ@ t@%’?ﬁ?gi %{FQBG‘F %n %’ﬁ{i\or%:ramt%egol %’gf}ca ,r?es%%anng
bi ochem calexpetinichtdlogsakd, sradiraiyAddolaadi lﬁialogpfaﬂl?%fdtiye ch8niicdl aRBSMhaneby
biologically active chem cal determ nants identiftied according 20 to the
i nvention &8 Idenified aosording{p Hreainvartinty wi t h acconpanyi ng experi ment al
o A process whereby biologically-active chemical determinants identified according
15 to the invention are used to conduct searches in chemical databases, virtual or
other, in order to identify compounds, biologicals, reagents, reaction products,

intermediates or other, that are most likely to exhibit a given pharmacological,

biochemical, toxicological and/or biological property.

e A process whereby biologically active chemical determinants identified according

20 to the invention are stored in a register along with accompanying experimental
data and/or score values, in an electronic form or other, and regularly updated or

not, which serves as a repository of structural information for use in a decision

making process, automated or not, for chemical compound, series and/or scaffold
selection for highthroughput screening, medicinal chemistry and/or lead

25 optinization, said experimental results and score values relating to any given

pharmacological, biochemical, toxicological and/or biological property.

e A process whereby the invention, as described in any of the preceding examples,

is used for the identification of pharmacological modulators of drug targets, such



data and/ or score values, in an electronic formor other, and regularly
updated or not, which serves as a repository of structural information for
use in awieo¥sisecn maki ng process, automated or not, for POEEP@I19350npound,
series and/or scaffold selection for highthroughput screening, nedicinal
chem stry and/or |ead 25 optinization87said experinental results and score
val ues relating to any given pharnacol ogi cal, biochem cal, toxicological
and/ or biol ogical property. A process whereby the invention, as described
in any of tasefOpreéagmlelgbtém%ﬂm&d ta, secedar figandsKinageninhititosg, ilem cpannel

phar macol ogj cal ul [.§.0 f tar ch / 9 -1/ EPOL/ 11955
87 as for gﬁé@ﬂ?@gblﬁ&%sgel {”Hﬂ%“g)gs’t %hggéﬁéﬁs%r 'qn\{gg)%s,gﬁii gtggcga—i E%%{t?rors,
i on channeljiganggul ators, protease inhibitors, phosphatase inhibitors and
steroid receptor ligands. A process whereby the invention, as described

in any of the preceding exanples, 5 is directly used, or enployed in a
conput er ® priogFeaasgavialaky the Invealigzcas Headidegd insamnyiet theegrecadipgdetaneles,

chom tal sdr (RECRTe or BoRIBRER! o BheF Ry OB LA RRE lelEe Baelire iofufel”
predi ct thetpetessiinl orderandaciapbatheagelepgl cafl aagtidnvinal érigs, MAteigeethe
predict the potential toxicological actions of a nolecule, identify the

bi ol ogi cal ISgleiViY Of wechifinisal seriass, desigspeempprpanadth puliiple phavhaslipgical
e or 7 Ger et JSEEIR AL Phenidt SERODbYAP PHARNapo SBRH HEGAR BE RISy

refer in pgredictitie potertize tbxiebldgical attitnes iodrmimgetwls) wentifinthep biztlegioalts,
wherein, for exanple, nucleotide and/or am no acid sequences, can be

sel et ed f @Ct'l"ﬁ\lﬁgteit'gﬁtqfdﬁcéﬁtoﬂ" Hgapgsi Brestict; petepHanProdgindirpiei intesaciionss
nol ecul es i; {,fd LN } 1 F oS i 0

accordi ng tlg&ﬂﬁfkedrﬁﬂeggp}%gﬁ,rggg@hm g)Zal,lrsf %{”%@a@%{‘gﬁfséﬁ? é)?{sd@%? ?1 |%r§t |O]:)n
of orphan ldrggrhdgets. A lattes ssahezfebin pasiculardothefieids difuhetiondl geabimjcs

used, or used in progra designed to identify false positive, and/or
negat i ve et PRARPEICS, SRATES: TOASHBRlss SdnRatls, Srdlar PRVBRIH SPeUEN et r
directly usef perseigethd rp'ir%%ﬁgﬁior?%nd%é ek [ PeedhemhiddlestRRiGRS! 8t |y
hazardous effects of a nolecule to nan

15 molecules identified in a biochemical screening assay and processed according to

the invention, such as, for example, for the identification of orphan ligands.

A process whereby the invention is either directly used, or used in programs

designed to identify false positive and/or negative experimental results.

e A process whereby the invention is either directly used, or used in programs
20 designed to predict the potentially hazardous effects of a molecule to man,
livestock and/or the environment, such as, for example, in the screening of

chemicals for use in or as food additives, in plastics, textiles, and the like.

e A process whereby the invention is either directly used, or used in a program
designed to perform configurational, conformational, stereochemical, similarity

25 and/or diversity analyses

e A process whereby the invention is either directly used, or used in a program
designed to generate relative contribution maps and/or graphical representations

of the biologically active moieties or chemical structures.



| i vestock and/or the environment, such as, for exanple, in the screening of
chem cals for use in or as food additives, in plastics, textiles, and the
i ke. Awo0owsssse wher eby the invention is either direct| yrOosgd)1/asssused in
a program designed to performconfigurational, confornmational
stereochemcal, simlarity 25 and/orggiversity analyses A process whereby
the invention is either directly used, or used in a program designed to
generate relative contribution maps and/ or graphical representations of

t he bi ol egi& grbyesacvhessbpary icftherprobesdasabutihed cdhoves em¥idydd 3RHROor in
PCT/ EPO1/ 11955 88, A process whereby any of the processes out]|ined above,
enpl oyed al &ieroveria a"éﬂ?hé}ar@'@'i%ﬂmé'ﬁél'@ﬁs,paf%ltlséﬂ tasnihien Sinciirginga Pk ased
for the fu J- Q4 ' [ &S :

xpert syst e TRIES &4, Eamel rEBlAr ahdRl e oS Rm MRRHATKORISE H the,
pestici de digreluceolydrug, hérhicide essd/vhpestinid@discotetyhe processes outli ned
above, enployed alone or in serial and/or parallel conbinations, are used

for directing the function of machinery and/or instrunentation, automated
or not, AutdiBREERS WherRRY, aBn®f theinigoepsns aullised ahoyeeeaRipyachalangapr in
det er i nant o, apngl GoPdpMialifl SEMBRYRNES 2L o091 - of B3l hd PRurlcllbh OB
generation of chem cal " structures, e'retrieval o ché&m cal conpounds,

t he rati onahagkinenatandforoinsgrymentation, adutpreted drsnéendionorsousast nat, daid,
and/or the rati Ona%t@ffl ection of results and/or chem cal structures in the

phar maceut | $AN9 4R QAFIIEMS i A1erdr3esteryingsts arotalatheih Brefeetiives Obf

i ncor porati t LAventy ' id-Ms Obt i 0 ~Ski |k ed

person's coﬁnt%br]:&irlljgevl @dggHeé.)m?/@@%%?éé“WE%%fBégﬁgggé&cﬁﬁ E@”J‘ﬁg‘l\/&t hod

of oper ati nheanicahpatnpousyist &m ratiqrel f gemeratioh sdr etpersndrdar poitacals and/or

b (Ao R TBM e P RRuSH or ASTRh Rl Bnif Gt °
in the pharmaceutical and/or agricultural discovery sectors.

Other procedures of incorporating the invention are easily obtainable by means of the

skilled person's common knowledge.



5 dat abase bei ng searchabl e by nol ecul ar structure information and

bi ol ogi cal and/or chem cal properties; identifying (220) in said database
a subset vod omsdsecul es having a given biological and/or chemEe@l/1ipssoperty;
determ ning (230, 420) fragnments of the nolecules in said subset; 10 for
each fragment, cal cul ating (230, 430, 8810-650) a score value indicating the
contribution of the respective fragnent to said given biological and/or
chemi cal property; and perform ng (240, 250) a reiteration process by

anal yzing (250) the determ ned fragnents and cal cul ated score val ues,
whereby first at |east one fragment iGLAIMSsel ected that has a score val ue
i ndi cating high contribution to said biological and/or chem cal property,

cal cul at g VBt 91 BrdibiRg < oS SRrteme iR ertorbl & dsrrerd) MR geE
score val ue bnglygtée@he hqléﬂqcﬁ:twnpﬁmné@h@@{@gkﬁtl ng (610) the nunber of
nol ecul es (x) wthin said subset of nolecules that cont ain a given

fragment. 3 The nethod of one of clainms 1 or 2, further conprising the step

of : i dentifyiPRECTING 4210, dRAAY @ dodakare é‘\ﬂt@seﬂ5éf0fn‘BP@@U|3é§trh@iurﬁévthﬂg
sai d b1 9! 9GiugelnRAch O VeI £alie 5 PRENIL VD AR FESAR FERRRPIH HigBgica

wherePn said g ing a’score val ue conpri ses
cal cul ati ng @6dQr chemicalpepertits;nol ecul es (y) wit h| n said subset and said
second subset of nolecules that contain a given fragnent. 4. The met hod of

one of clains,| , rein said step of c IcuI tin a score, 5 val ue

conpri ses thédeélt'gﬁn%f(z%gl ipusad ﬁi@t%@) & ﬁ'é‘ eqife AAVY @2)91VEN hi n

sai d subset ‘Bol Céﬂo%r'?eﬁmc%_ gg Qod of one of cI aims 1 to 4, further
yin

conprising the s nt i sai d dat abase a second subset of
nmol ecul es not haV|ng sai d given
determining (230, 420) fragments of the molecules in said subset;

10 for each fragment, calculating (230, 430, 610-650) a score value indicating the
contribution of the respective fragment to said given biological and/or chemical

property; and

performing (240, 250) a reiteration process by analyzing (250) the determined
fragments and calculated score values, whereby first at least one fragment is

15 selected that has a score value indicating high contribution to said biological
and/or chemical property, and then repeating the steps of accessing, identifying,
determining and calculating.

2. The method of claim 1, wherein the step of calculating a score value includes

the step of:

20 calculating (610) the number of molecules (x) within said subset of molecules

that contain a given fragment.
3. The method of one of claims 1 or 2, further comprising the step of: -

identifying in said database a second subset of molecules not having said

biological and/or chemical property;



bi ol ogi cal and/or chem cal property; 10 wherein said step of calculating a
score value conprises the step of: calculating (640) the total nunber of

nol ecul esv@by/33896¢ hi n sai d subset and said second subset P€T/EROROMSeSs. ' 6.
The nethod of one of clainms | to 5 wherein the reiteration process is
performed by chosing the fragnents o080t he next round to be of higher

nol ecul ar weight 15 than the fragnments of the previous round. 7. The

met hod of one of clainms | to 6, further conprising the steps of: selecting
(710) a fragibefeibaaidsten of Ralculatioglcasesie yavieecarapiess thesiap 9Fi ng (810) the
structure of the selected fragnent; |ocating (820) a generalized itemin
the fragnent LUGE MT @ 2 i he . rad i =4 Lth a
general i zed %@%L#Ié@@#o(ﬁ@ Zn‘g%n@‘#@? QJ gﬁ @glﬁaé:gfé%) é@bg\{ltﬁﬁg;ﬁs Sfde_sﬁg_ge{r}]ag@né“’? l?4od
of claim?7, dapondesubsetpf molatiddastemant a gendZagiaest PCT/ EPO1/ 11955 091
performng (840) a virtual screening using the generic substructure. 9. The

nmet hod of OhﬁaOf C wherein the step of analyzi t.he
f

ains | to 8, . [ yzi ng [
det er m nd %r%%edaqfoo%@f@ka!@mhé%& feﬁr@lr\/awegteeo%?@lg@gt%@ 86¥Bs

of : el ecti & L84 sBsfihé § ignent based on the cal cul ated score
val ue%; eYn%%ti ng ll%%? a{espfe(?:fgnd fragnent based on the cal cul ated score

val ues; and generating (1030) a nol ecul ar substructure including said
first fragnmecalcalating $63Q) the cambdradgnaeatulby (Appithin sgicsutzastebhiclecflesict i on.
10. The method of one of claims | to 9, wherein the step of analyzing the

determ ngd f ment s ,apnd cal.cpyl at scQre val ues.conpri ses the steps of: 10
sel ecti ng‘ (7-&6?"};&%?%859%%0 @aﬁeqﬁtlﬁglé'gté?f GHRHRING I%ﬁﬁegt d score val ue;
extracting (720) conpounds fromthe previous subset of nolecules, the

extracted coifeatifyiity Riosdididaitdlthsehe s6€IRrs@kdt ' anEiBtules elot thiing dald@Qiven
conmpounds from the previous subset of nol ecules not containing the

sel ect ed fr agiglagical gndiymhemmigal piepeftyicl uded in the previ ous

10 wherein said step of calculating a score value comprises the step of:

calculating (640) the total number of molecules (N) within said subset and said

second subset of molecules. -

6. The method of one of claims 1 to 5, wherein the reiteration process is performed
by chosing the fragments of the next round fo be of higher molecular weight
15 than the fragments of the previous round.

7.  The method of one of claims 1 to 6, further comprising the steps of:
selecting (710) a fragment based on the calculated score values;
analyzing (810) the structure of the selected fragment;
locating (820) a generalized item in the fragment structure; and

20 - -replacing (830) the generalized item with a generalized expression to generate a

generic substructure.

8.  The method of claim 7, further comprising the step of:



15 subset of nolecules; and form ng (740) a new subset of nol ecul es

i ncluding the extracted and the selected conpounds. 11. The nethod of one
of clai mw@o02/85%0, further conprising the step of: generaPCTgP{20035 a
fragment library (120) including the determ ned fragnents 20 and the
cal cul ated score values. 12. The neth8d of one of clains | to 11, wherein
said database is a proprietary database. 13. The nethod of one of clains 1
to 12, wherein said database is a public database. WO 02/ 33596

PCT/ EP01/ 11988 forgning 484Ghe virsehaeresningnesiog the generic sykstngturgher ei n sai d
dat abase is a database of amno acid and/or nucleic acid sequences, and

sai d bi ohogi hen c per | S i.ven ef t 0 tgin of
i nt erest b 15?ﬁ%h@%(r¢4e o(g gﬁéo(?fe Cg‘%lgl zi % 8I @e%ﬁ{ g&ﬁers{e?%(r:l Oéa?@%ﬁégogiecal
and/ or cheni deferminear fopgmets shdthehaicms@ldagioravaies ponipriseanie istepaeft hod
is used for drug discovery. 16. The nmethod of one of clains 1 to 15,

further conprisin e step of: conpiling (260) a set of conpounds that
contain at |§%J§P“'%@1Uh)1@3ﬁw@’38%@@ﬂﬁﬂnﬁé%§e prafiehelsulater gGoreMauafet hod of
claim16, further conprising the step of: testing the conpounds of said
conpid ed set gfiRktiSAl \\Ese lﬁ-rﬁ @e&%/ h(éh@?ﬂ&' 1

Corrpu% er progsgramuzggjbl%jt) ar régrqgg oé;\lltper gﬁgnq tng t etﬂﬁigtdﬁsgﬁg)?g%bgﬁg’ g?%i m 1

to 17. 15 19. Fragment library generated by perfornmng the method of one of
clains 1 to g@neraliog (@OdIPutee malgatiamsiibstrpeufeimiluding shid diret agment and

subst ructural _.anal ysi compri si ng;. _means 00, 110, 115) for accessing a
dat abase of %‘géaﬁgp?@%%ﬁtﬂye%qp%ﬂ%anc?&"t”:?%i@g,ﬁtﬁ%?]mé"searchabl e by
nol ecul ar structure information and bi ol ogi cal

10. The method .of one of claims 1 to 9, wherein the step of analyzing the

determined fragments and calculated score values comprises the steps of:
10 selecting (710) at least one fragment based on the calculated score value;

extracting (720) compounds from the previous subset of molecules, the

extracted compounds containing the selected fragment;

selecting (730) compounds from the previous subset of molecules not
containing the selected fragment, or compounds not included in the previous

15 subset of molecules; and

forming (740) a new subset of molecules including the extracted and the

selected compounds.
11. The method of one of claims 1 to 10, further comprising the step of:

generating (230) a fragment library (120) including the determined fragments

20 and the calculated score values.

12. The method of one of claims 1 to 11, wherein said database is a proprietary

database.

13. The method of one of claims 1 to 12, wherein said database is a public

database.



and/ or chem cal properties; 20 nmeans (100, 130) for identifying in said
dat abase a subset of nol ecules having a given biological and/or chem cal
property,woezasssg 100, 130, 135) for determ ning fragnment sPOf/Erbie11o35 ecul es
in said subset; WO 02/33596 PCT/EP01/11955 93 neans (100, 130, 140) for
cal culating, for each fragnent, a scog@ value indicating the contribution
of the respective fragnent to sard given biological and/or chem cal
property; and neans (1001A 30) for determ ning whether a reiterationis to
be perf oddedThandeihod & se chridinei hio tBe wiatreinndaie ddtalapeeist s database of
cal cul ated score va@Jes and perf,orrrti%Ina reiteratjon pr(??zess. 21. The

conput er sysBEYRQAC | 2iPh puclEiq éﬁ'geﬁfl Cher 1Y 5P b‘.PfR.Qi @nséeroshesnisaby
clainms 1 to |70pe¥l%-isg@@eﬁ%ﬁ@@#@?aﬁ?&%ﬁﬁ‘@fiin%feﬁ’m hesi sing a nol ecul e

containing at l'east one 10 fragne etermned by perform ng the nethod of
one of clains 1 to 17.
15.  The method of one of claims 1 to 14, wherein said biological and/or chemical

5 property is a pharmacological property, and the method is used for drug
discovery.

16. The method of one of claims 1 to 15, further comprising the step of:

compiling (260) a set of compounds that contain at least one of the determined
fragments.

10 17. The method of claim 16, further comprising the step of:

testing the compounds of said compiled set for said given biological and/or
chemical property. '

18. Computer program product arranged for performing the method of one claims 1
to 17.

15 19. Fragment library generated by performing the method of one of claims 1 to 17.
20. Computer system for performing a discrete substructural analysis, comprising;

means (100, 110, 115) for accessing a database of molecular structures, the
database being searchable by molecular structure information and biological

and/or chemical properties;

20 ~ means (100, 130) for identifying in said database a subset of molecules having

a given biological and/or chemical property;

means (100, 130, 135) for determining fragments of the molecules in said

subset;



10

WO 02/33596 PCT/EP01/11955

21.

22.

93

means (100, 130, 140) for calculating, for each fragment, a score value
indicating the contribution of the respective fragment to said given biological
and/or chemical property; and

means (100, 130) for determining whether a reiteration is to be performed, and if
so, analyzing the determined fragments and calculated score values, and

performing a reiteration process.

The computer system of claim 20, arranged for performing the method of one of
claims 1to 17.

Drug compound obtained by synthesising a molecule containing at least one

fragment determined by performing the method of one of claims 1 to 17.



