1 Automated generation of nulti-dinmensional structure activity and
structure property relationships The present invention relates to autonmated
generation of nulti-dimensional structure activity and structure property
rel ati onships. Wth the devel opnent and i npl enmentati on of Hi gh- Thr oughput
Systens (HTS) the pharmaceutical industry faces nore and nore the probl em
of an adequate anal ysis of the obtained ! data. In particular, there is a
need for conversion of information derived fromnulti-dinensional data
matrixes into structural chemcal information. It is the object of the
present invention to provide a nethod for automatic finding of potential
correlations in conplex data matrixes. It is a further object of the present
invention to provide a wuser with chem cal structural or chem cal property

i nformati on about the latent nultidinensional cohesions. These objects are
achi eved wi t Automatedeggneraten effmultieliménsionsl stractuvy abitivigy angd sirvciure propeysect , t he
present invention provides a net hOer%:tricﬁﬁﬁiEg to the analysis of the effect
of a structural fragnent of a chemical structure on at |east one biol ogical
descriptor. The nethod according to the first aspect conprises the steps of.
a) providipg data @Rl Bl £3ton 808 ¢Selatl oSAAMG RS UELHEERivinha
provi di ng dat'a about at Teast one ] ogl ca escrlpfor, c) calculating

st ruct ur al stfuctcppeotesty febatiosships. cheni cal structure; d) associating said
structural fragnments for each chem cal structure with said biol ogical
descriptor data in order to obtain a data matrix; e) analysing the data in
sai d dat a Hithr ithe \detelopaemti emd cimplenenefidrectt Highahfqugigne nSysefns e 8€TS) dleemi cal

structure on _said. bi.ol ogi cal descr,i ptor: a fl visualizing t resul.t of
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step c) i sddta.mkpatiduiartthee Biaoleedfoe adnversion of information derived from multi-dimensional

data matrixes into structural chemical information.

It is the object of the present invention to provide a method for automatic finding of potential
correlations in complex data matrixes. It is a further object of the present invention to provide a
user with chemical structural or chemical property information about the latent multidimensional

cohesions. These objects are achieved with the features of the claims.

According to a first aspect, the present invention provides a method directed to the analysis of the

effect of a structural fragment of a chemical structure on at least one biological descriptor.

The method according to the first aspect comprises the steps of:

a) providing data about at least one set of chemical structures;

b) providing data about at least one biological descriptor;

c) calculating structural fragments for each chemical structure;

d) associating said structural fragments for each chemical structure with said biological
descriptor data in order to obtain a data matrix;

e) analysing the data in said data matrix with a view on the effect of a fragment of each
chemical structure on said biological descriptor; and

f)  visualizing the result of said analysis.

Preferably, in step e), each of the fragments calculated in step c) is linked to the biological

descriptor data. This is preferably done using a partial-least-square method. Alternatively, neural



descriptor data. This is preferably done using a partial -1east-square
nmet hod. Alternatively, neural 2 networks, nultiple |linear regression, or
support vector machines are used. In step d) of the nethod of the first
aspect of the present invention, the fragnents are preferably selected on
the basis of a predefined scaffold sthucture. In this context, the term
"predefined scaffold structure" neanS a basic structure belng sel ected by
the user of the method, for exanple a chemist, and the fragnments of such
basi c struaﬁwmﬁ&amﬂmkaﬁkadqmﬁmeﬂethmﬁdtematﬁﬂﬁﬁwsMem&mUres can also be
identified by an automated search for the nost common chem cal substructure.
As an alternative, the present nethod enconpasses that in step d) the
fragment s &rsepgpBehanethodof thbEirst Bepsdt ©f ME pfesdne fiveraion fthafimhs areieefoblyng to a

preferred enbodi t of the hod a rdin he firs ect,. step d) is
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aspect, the present invention provides a nethod directed to the analysis of
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| east one Qggk@gbgahmfg@§gﬁg ptor. The nethod according to the second aspect
conprises the steps of: "A) providing data about at |east one set of chem cal
structures; B) providing data about one biological descriptor; C
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fragment is preferably linked to the biological descriptor data.

According to a second aspect, the present invention provides a method directed to the analysis of
the effect of physico-chemical properties of a chemical structure on at least one biological

descriptor.

The method according to the second aspect comprises the steps of:
A) providing data about at least one set of chemical structures;
B) providing data about one biological descriptor;
) C) calculating physico-chemical properties of each chemical structure;
D) = associating said physico-chemical properties of each chemical structure with said
biological descriptor data in order to obtain a data matrix;
E) analysing the data in said data matrix with a view on the effect of each physico-
chemical property of each chemical structure on said biological descriptor; and

F)  visualizing the result of said analysis.

Preferably, in step E), each physico-chemical property of each chemical structure is linked to said

biological descriptor data.

The physico-chemical properties of said chemical structures or fragments are preferably selected



chem cal property of each chem cal structure on said biological descriptor;
and F) visualizing the result of said analysis. Preferably, in step E), each
physi co-chem cal property of each chemi cal structure is linked to said

bi ol ogi cal descriptor data. The physico-chem cal properties of said chem cal
structures or fragnents are preferablxiselected 3 fromthe group conprising
hydrophilicity, hydrophobicity, electricity, shape, and anphiphilicity.
However, the present invention is not limted to these properties. In this
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conprising descriptors relatlng to receptor activity, selectivity,
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vector machines are used. In the follow ng, preferred features of the first

and’' t he second aspect are described. Preferably, the visualisation of the
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physi co- chegirthysico-chemical property of each chemical structure on the biological descriptor (step E)).

Alternatively, as mentioned above, neural networks, multiple linear regression, or support vector

machines are used.
In the following, preferred features of the first and the second aspect are described.

Preferably, the visualisation of the results is made as a two-dimensional pattern or matrix
dependent on the chemical structure and the biological descriptor(s), wherein the pattern
represents a positive or negative effect of each of the fragments or each physico-chemical

property on the biological descriptor(s). More preferably, the portions of the pattern representing

ot

a positive effect of each of the fragments or each physico-chemical property on the biological
descriptor are highlighted different from the portions of the pattern representing a negative effect
of each of the fragments or each physico-chemical property on the biological descriptor(s). Most
preferably, the different portions are coloured differently.

The methods of the first or second aspect may further comprise the step of validating the result

with an independent data set.

According to a further preferred embodiment, the methods comprise the step of automatically

generating new molecules with favourable multi-dimensional profiles.



property on the biological descriptor(s). Mre preferably, the portions of
the pattern representing a positive effect of each of the fragnents or each
physi co-chem cal property on the biological descriptor are highlighted
different fromthe portions of the pattern representing a negative effect

of each of the fragnents or each physjco-chem cal property on the biol ogical
descriptor(s). Most preferably, the different portions are col oured
differently. The nethods of the first or second aspect may further conprise
the step of validating the result wi th an i ndependent data set. According
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according to the nethod of the first aspect of the present invention, the
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(1), wherein tY repr % ne.s Itg?tg acti V|t .val ue of the biological descriptor
bei'ng pr ovi YR AEFHFGTTnE &H@?WNHY 'Bligh Fragnment N represent the
fragments that are considered, a through x are coefficients, and z is a

const ant ch ar anpter Fra ntl is,eith or 0 dependent on whet her
t he fragrreEa 59 Jz’r'g&gf'%’%he JbﬁrFrf’%muﬁg\[ %Ddel or not. Q)

wherein Y represents the activity value of the biological descriptor being provided as input,
FragmentA through FragmentN represent the fragments that are considered, a through x are
coefficients, and z is a constant. Each parameter Fragmentl is either 1 or O dependent on whether

the fragment is considered in the particular model or not.

This general formula shows that in principle a plurality of fragments can be considered for the
data analysis. However, in practice, it is desirable to have only a few number of fragments in
order to keep the number of necessary calculations at a reasonable minimum, and more
P importantly to ensure that the results can be interpreted and that the influence and effect of each

fragment can be determined by the user.

According to the method of the second aspect of the present invention, again based on these
input data, the physico-chemical properties of the chemical structures are for example calculated
or read from a database, and the PLS is performed on these various models. As an example, the

following formula is used according to the present invention:

Y =a- propertyl + b - property2 +...+ x - propertyN +z @)



This general formula shows that in principle a plurality of fragnents can be
considered for the data analysis. However, in practice, it is desirable to
have only a few nunber of fragments in order to keep the nunber of
necessary cal cul ations at a reasonable mninmum and nore inportantly to
ensure that the results can be interpreted and that the influence and effect
of each fragnent can be determ ned by the user. According to the nethod of
t he second aspect of the present invention, again based on these input

data, the physincY-refresats e grivipevdlucest thé biologicelhdaseripgdr wingugbvided sas dnpent,f or
exanpl e cal cul at.e r read.from a database nd the PLS 1s _perforned on
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each activity. Preferably, the coefficients are normalized and centralized
so that they are conparable with each other (because they may have
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According to the present invention, three aspects are an indication for the quality of the model
(i-e. three quality parameters). First, the variable importance, i.e., the relevance of the fragment or
physico-chemical property. Secondly, the absolute value of the calculated coefficients (in case
PLS is used for the data analysis). If a calculated coefficient (of above equations (1) or (2)) is
small, the effect of the associated variable is only small, even if this variable is an important one.
Thirdly, the number of variables (fragments or physico-chemical properties) that are used.
Basically, as mentioned above, the number of variable should be as small as possible in order to

have a model that is interpretable by the user.

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

drawings, in which

Fig. 1  shows three flow diagrams which represent the methods according to the first and the
second aspect of the present invention as well as a combination of both aspects;

Fig.2  shows one process step of the first aspect of the present invention in more detail;

Fig.3 shows an exemplary visualisation of the results of the method of the first aspect of the
present invention;

Fig.4 shows a detailed flow chart for the selection of models according to the present

invention;



(i.e. three quality paranmeters). First, the variable inportance, i.e., the
rel evance of the fragnent or physico-chem cal property. Secondly, the

absol ute value of the calculated coefficients (in case PLS is used for the
data analysis). If a calculated coefficient (of above equations (1) or (2))
is small, the effect of the associated variable is only small, even if this
variable is an inportant one. Thirdly, the nunber of variables (fragnments
or physico-chenical properties) that are used. Basically, as nentioned
above, theFiuhbehowes asarcermhdteof sihdopud nizek af a sompiterasnpirossiatidre of theqradent t o0
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structure data, for example a sequence of letters and numbers, and these codes are provided as

input data. The specific data about the chemical structures are provided for example in a
database, and with the input code the chemical structures can be distinguished and accessed at
the database. Furthermore, data about at least one biological descriptor is provided as further
input data. Based on these input data, two alternative embodiments are encompassed by this
method. These two alternative embodiments are represented by the two branches of the middle
flow diagram of Fig. 1. According to the left branch, molecular fragments are selected and
calculated from the chemical structures. In the next step, a data analysis is performed in order to
associate the molecular fragments for each chemical structure with the biological descriptor data
in order to obtain a data matrix. As shown in Fig. 1, a partial-least-square (PLS) method is
preferred for the data analysis. Finally, the results are visualised, as will be described in more

detail below.

In the alternative embodiment, instead of molecular fragments, fragments selected on the basis of
a predefined scaffold structure are used. Again, this step is followed by a data analysis, preferably

partial-least-square method. In the last step shown in Fig. 1, the results are visualized.

Fig. 1 also shows in its left flow diagram the method according to the second aspect of the
present invention. According to this aspect, data about at least one set of chemical structures and
data about one biological descriptor are provided as input data. On the basis of these input data,
physico-chemical properties of each chemical structure are calculated. The respective box in Fig.

1 gives some examples for these properties, such as hydrophobicity, hydrophilicity, electricity,



in the mddle of Fig. 1 shows the nethod according to the first aspect of
the present invention. According to this nethod, data about at |east one
set of chem cal structures is provided as input data. Such chem cal
structures are typically identified by respective codes of the provider of
such structure data, for exanple a seguence of letters and numbers, and
these codes are provided as input data. The specific data about the

chem cal structures are provided for exanple in a database, and with the
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As already described above, the method according to the first aspect of the present invention as
well as the method combining both aspects can be used for the analysis of multiple biological
descriptors. This is shown in schematic form in Fig. 2. In principle, n biological descriptors can
be used for the analysis. The examples given in Fig. 2 are receptor activity, selectivity,

bioavailability, and in-vivo activity.

Y An example of the visualisation of the results of the method using more than one biological

descriptor is shown in Fig. 3.

The table or matrix shown in Fig. 3 shows in its second line the different fragments used for the
analysis. As shown in Fig. 3, the part of the chemical structure can be explicitly shown. In the
example shown in Fig. 3, four different biological descriptors are used which are mentioned in
the first line (pGLYT1, NHP_60, phERG, Mdia_10). For this reason, blocks or groups are
formed in the matrix. In more detail, the third to sixth columns relate to the first fragment with
varying descriptor, and the next four columns relate no the next fragment with varying the same

descriptors.



square nmethod. In the last step shown in Fig. 1, the results are visualized.
For the cal culation of the physico-chem cal properties, standard tools can
be used. Such standard tools are, for exanple, Msrfvl available from GWD
(Gerber Mol ecul ar Design, Angen, Switzerland); 1D prop or O ogP avail able
fromDaylight Inc., Los Altos MssiongViejo, CA  USA, pKaDB available from
ACDLabs (Advanced Chem stry Devel opnent, Inc.), Toronto, Ontario MbH 3V9,
Canada, or CAFCA avail able from Roche. The PLS preferably uses Clibraries
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| i ne the difbfeample, dema@mmblslqgselchcﬁmy) tQrethe athed lymd,sa podRive bignws 4dditifinally 3, t he
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reason, bl B%tg Wl sQF PG oAk rea{e% ((ﬂa.sr&fe e matrix. In nore detail, the
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third to sIx fragment with varying
descriptor, and the next four columms relate no the next fragnment with

varying t h%mﬁ@rﬂélds in the matrix mean that the respective fragment is not present in the tested chemical

structure.

Furthermore, each group of fields in one matrix line for a specific fragment represents according
to the present invention a “fragmental fingerprint”. A fragmental fingerprint represents the effect
of one fragment on a “whole” biological profile comparable with a genetic fingerprint. This will

be described in more detail below with reference to Fig. 8.

3 Fig. 4 shows a detailed flow chart for the selection of models according to the present invention,

preferably using PLS. The following table describes the abbreviations used in the flow chart.



descriptors. 8 Preferably, the second colum shows the chem cal structure
of the entire nolecule. However, for reasons of sinplicity, these entire
nol ecul es are not shown in Fig. 3. The results of the data analysis are
shown in the various columms under the fragnents. That is, in case PLSis
used for data analysis, the results ofgthe PLS, i.e., the PLS coefficients
are listed in the matrix for each fragnent, descriptor, and nolecule. In
addition to the nere listing of the PLS coefficients, the coefficients are
preferably individually highlighted so that the user can easily see the
differences in the results, nanely the different effect of the fragnent on
the biological descriptor. For exanple, a matrix field having a coefficient
with a negative sign is highlighted in red (dark grey in black/white

pi cture) representing a negative effect on the biological descriptor (for
exanpl e, decrease in biological activity). On the other hand, a positive
sign is additionally highlighted in a different way, for exanple in a
different colour. In the exanple shown in Fig. 3, a field highlighted in
green (light grey in a black/white picture) means a positive effect on the
bi ol ogi cal descriptor (e.g., increase in cardiac safety). Enpty fields in
the matrix nean that the respective fragnent is not present in the tested
chem cal structure. Furthernore, each group of fields in one matrix |ine
for a specific fragnent represents according to the present invention a
"fragnmental fingerprint". A fragnental fingerprint represents the effect of
one fragnent on a "whole" biological profile conparable with a genetic
fingerprint. This will be described in nore detail below with reference to
Fig. 8. Fig. 4 shows a detailed flow chart for the selection of nodels
according to the present invention, preferably using PLS. The follow ng
tabl e describes the abbreviations used in the flowchart. 9 Table 1: List
of abbreviations

Table 1: List of abbreviations

As can be taken from the flow chart of Fig. 4, OBSERVATIONS are input. Possible biological
observations comprise any biological observation (Y-values) from the fieleds of in vitro/in vivo
pharmacodynamic, in vitro/in vivo pharmacokinetic, in vitro/in vivo toxicology, in vitro/in vivo
safety or any physico-chemical parematers such as absorption, bioavailability, distribution,

clearance, stability, excretion, blood-brain barrier permeation, cerebro-spinal fluid (CSF) levels,

S

affinity to transporters (i.e., P-gp, OAT, OCT etc.), drug-drug interaction (DDI), microsomal
stability, hepatocyte clearance, enzyme activity, enzyme selectivity, GPCR activity, GPCR
selectivity, in vivo activity, in vivo selectivity, ion channel interaction, phospholipidosis, AMES
activity, genotoxicity, carcinogenicity, teratogenicity, hepatotoxicity, phototoxicity, permeability,

membrane binding, 1ogP, HLP, solubility in different media, etc.

Furthermore, according to the preferred embodiment shown in Fig. 4, at least three ENTRIES
such as chemical structures, and at least one descriptor is provided as input data. Based on these
input data, data analysis with PLS is performed, and the results of the N best models is finally

output to the user. N is an integer number selected by the user.



As can be taken fromthe flow chart of Fig. 4, OBSERVATIONS are input.
Possi bl e biol ogi cal observations conprise any bi ol ogi cal observation
(Y-values) fromthe fieleds of in vitro/in vivo pharnmacodynamc, in
vitro/in vivo pharmacokinetic, in vitro/in vivo toxicology, in vitro/in vivo
safety or any physico-chenical paremgfers such as absorption

bi oavail ability, distribution, clearance, stability, excretion, blood-brain
barrier perneation, cerebro-spinal fluid (CSF) levels, affinity to
transporters (i.e., P-gp, OAT, OCT etc.), drug-drug interaction (DDl),

m cr osonal it v {. .C Lapce, enzynme activity, enzyne
selectivit@?é%ﬁ%ﬁﬁ°£%¥?9@ﬁ§%”%%é%%H%%?%@?Wv ty, i% Vi Vo actizity, ?n Vi Vo
selectivity, ion channel interaction, phospholipidosis, AMES activity,
genotoxicity, carcinogenicity, teratogenicity, hepatotoxicity,

phototoxicity, perneability, nenbrane binding, |ogP, HLP, solubility in
different nedia, etc. Furthernore, according to the preferred enbodi nent
shown in Fig. 4, at least three ENTRIES such as chem cal structures, and at
| east one descriptor is provided as input data. Based on these input data,
data analysis with PLS is perforned, and the results of the N best nodels is
finally output to the user. Nis an integer nunber selected by the user. 10
An exanple of an input table is shown in the followng: 11 1D Biol ogical
Variable 1 Variable 2 Variable 3 Variable 4 .. observation Mlecule 1

Mol ecule 2 Mlecule 3 Mlecule 4 Mlecule 5 Table 2 : Input data



Fig. 5 shows a screenshot of an input mask of a conputer inplenentation of
the present invention. In the left part of the screen, the two input or
data subm ssion fields are shown. In the left subm ssion field, the codes
of the chem cal structure are input. Preferably, at |least three chemca
structures, nore preferably five, arepjinput. Furthernore, the biol ogical
paraneter or descriptor is input in the left one of the two data subm ssion
fields, and the activities of this descriptor. Preferably three activities
are input, nore preferably five activities. The right part of the

scr eenshotpT FI g T SHOHS [FRdlAT P GarldhIe s © TV ibf0r Shy Mg 4eVen chenteal
structures are input as well as elgven difflerent activitiesifor the
descri ptof phERG [Rasssdtion [t hese input data, the physico-chemical properties
are for e cutated|or read | froma database, [and the [PLS TS
per f or med [on varlous model s. The results of {the datalanalysig are _shown in

Fig. 6. FoMokgdedlle, if onlly two physico-chenical prpperties |are consjdered
(such as 75 gnd—Surfacy)—aboverequattonr(2)—Tsgs fottons—Y =
irface_+c irst val

acl ogP+bst I f the fi ue for the biologjcal desdriptor shown in
Fig. 5 is/|Mekdyledand assuming clogP F 3.0 and Surfacp = 345 AZ (as an
exanpl e), ““Faﬁi"“ 2r—wottd—+eat: ) b—34

and ot her g@ gffgns for other activity and pafraneter val ues, a, b,
and ¢ need.to be determ ned. 12 Fjg. 6 shaws in its upper tlable the
results for -ye—dHferent—wodels—t—e—nurbers through—4
this table Qﬁmﬁgﬁﬁls are dlstanU|shed fromeach other by the nunber of
varlables (| e., phy5|co chemi cal properties) that are considered in the

see ht col u this a The second and t hij rd colunns of
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to easil i.dent | f. est referred tQat t hese are
hi ghl | gh%/ e&ﬁcﬁu rflggérh%igg @ici)(ﬁ.é awingzglsstruc ure are input. Preferably, zﬁﬁeast ttin'ee

chemical structures, more preferably five, are input. Furthermore, the biological parameter or
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descriptor is input in the left one of the two data submission fields, and the activities of this
descriptor. Preferably three activities are input, more preferably five activities. The right part of
the screenshot of Fig. 5 shows an example where the codes of eleven chemical structures are

input as well as eleven different activities for the descriptor phERG.

Based on these input data, the physico-chemical properties are for example calculated or read

from a database, and the PLS is performed on various models. The results of the data analysis are

shown in Fig. 6. For example, if only two physico-chemical properties are considered (such as
B ClogP and Surface), above equation (2) is as follows:

Y=a-clogP+b- surface+c

If the first value for the biological descriptor shown in Fig. 5 is used, and assuming clogP = 3.0

and Surface = 345 A? (as an example), equation (2) would read:

7.04=4g-3.0+5-345+c¢

On the basis of this and other equations for other activity values and parameter values, a, b, and ¢

need to be determined.



preferable results. In the exanple showin Fig. 6, the regression
coefficient R2 for nodel 16 0.727 is highlighted. Furthernore, the cross
val i dation value @ for nodel 19 0.609 is highlighted. The higher R2 and
@, the better the selected nodel. In the last colum, nodels 18 and 19 are
hi ghl i ght ed because they are preferr because the small nunbers of

vari abl es used. The nore variables are used, the nore difficult it is for
the user to identify those paraneters that are nore inportant than others,
and the easier the nodel can be interpreted by the user In addition to the

S0 avai TG OREEORARG Be Sesrule et Bie DABE0 Rkl o ARBTD] olEHe 10 o

i nvent i on. lisddde thiS taBRBTheSS mbikls zfreﬂmmghlsﬁhdfﬁcﬁxﬁ eﬂ:h ogreabﬁﬂleahtunb@mfemreﬁt i ons
can be dis

| a see .second .a thlrd | ower tabl e aof Fig.
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ShO}N]Ic’l in Fid@mf}? the FR$t rbduls, fit rs%gefirl‘vaaﬁat (tll%&@&e?n'ﬁghhﬁﬂit&gdrﬁf&entaﬂﬂﬁn tier@ker 383 t he
coefficients_ are |t|ve an raneter rag.e0
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is clearly, sho in Fig. 8. e, four scree are shown. Th eft
screenshot h‘g@‘%@ ﬁ’ﬁé‘lgg‘ﬁro%%aqlgféwe’eﬁeéf@ SFle?t éﬁ Iy the; lasécom%é’?cﬁreln?gnt s for
f [1 agme'n:1 S Erdalg aBbhigltlgh@d bécZuseFﬁ@Qbr&&efeﬂ&ﬂbj ciRg thlﬁtlmalT h@rnﬂ@éébf \&ﬁ?‘tﬂ&ﬂﬁ&pt to
the right oms coe |C|ents or a, el . cul at S on fra nts Frag
L0004 TRere Shled e SEN g e SorCiBRSE S S e iy Y BT B d R ot
shows coef ﬁrb @ofy inPortRt thin &Berd, andthaehsfer thE md@el Gan Beliftgrprbted btk Usérag 43.
Finally, the nost right screenshot shows cal cul ated coefficients for Frag

35, Frag 58, and Frag 60. as can be clearly seen fromthe different
coef fi ci entn adaitit®®, thé MereaisfiRCdf ndinbdré Biseetatble, Fygresshowlihhtf gi‘ipﬂixlcalersultg' e also
calculated c ffICI nts for the c nﬁjdere fragnent s arekigg in.the data
matri x as a\(ag le accor 1ng to a preferred em ment of the present invention. Model summaries 1n

form of different graphical representations can be displayed (see second and third column in the

lower table of Fig. 6), and regression plots and coefficient plots can be displayed.

An exemplary coefficient plot is shown in Fig. 7. In this example, which is based on the method
according to the first aspect of the present invention, four fragments were used, and the
calculated coefficients for these are shown in Fig. 7. For the first three (Frag 35, Frag 47, and
Frag 58) the coefficients are positive, and for the last parameter (Frag 60) the calculated

3 coefficient is negative.

The relationship between the calculated coefficients for the different fragments and the data
matrix (see Fig. 3) is clearly shown in Fig. 8. Here, four screenshots are shown. The most left
screenshot is the one shown in more detail in Fig. 7, i.e., coefficients for fragments Frag 35, Frag
47, Frag 58, and Frag 60. The next screenshot to the right shows coefficients for a model
calculated based on fragments Frag 35, Frag 47, Frag 58, Frag 60, and Frag 70. The further right
screenshot shows coefficients for Frag 1, Frag 5, Frag 6, Frag 38, and Frag 43. Finally, the most
right screenshot shows calculated coefficients for Frag 35, Frag 58, and Frag 60. as can be clearly

seen from the different coefficient values, the effect of these fragments differs.



shown in Fig. 8. The right group of four coefficients 0.076, -0.10, -0.230,
and 0.234 relate to fragnents Frag 47, Frag 60, Frag 38, and Frag 35. As
shown in Fig. 9, the nethod according to the present invention further
conprises the step of ranking the results. Fig. 9 shows a ranking score for
21 structures enunerated "Chenmistry 1" through "Chenmistry 40". For these
structures, the calculated values for the descriptors pGEYTl, NHP60, phERG
and Mdia_ 10, as exanples, are listed. Preferably, the data in this data

mat ri x obt Bhenedcufated welthienth dori the lconstdergd thagmenty are Supwtrind thgpiataomauibtaaiahOt he

Scor o = aBRi SR AR gght BG) Uf Rur | GIRGRHATRITE B0 Do T HfRRE 1D

bei ng a=1, frmnw§m347aﬁrég@;Frag$&@nd\élagﬁ5s are not fixed and can be adapt ed
to any values. Thus, for the newy generated nol ecules "Chenmistry 12"

t hrough "Chem stry 40" a ranking is obtained according to the present

i nvent i on. Agshow@l inFigs 9,1the tkthtrbabcerdimp o the prgsenhimventiop Surther coajprigas dhvei stkipred dat a
about at | ) . r p g out at
Feast one Brgs SRFeRit £k pIRR £ Ruiilh olid ML BF smcles LR ACHBR AL
each chem Mught‘ehmmyew dor a)smhamiengles:allcuiatsd valads forgthe dasergmmp@LYBlr each
chem cal S{BCi ML & d ngl 0 |ecal hst%gcrl ptor data in order to obtain
a data matrix: 5) analy5| nﬁl Hﬁe darBEY A°s8rY data matrix with a view on the
effect of a fragment of each chemical structure on sal d bi ol ogi cal
descri ptor Vi su I t of a| d 5| S: where

() the T eRTds e e Sl et GelaRY i efin PR YR e st
obtain the ranking of this chemlcal structure, for example by the formula

in step

1

Rancing _Score=a- pGLYT +b- NHP _60+c- phERG +d - Mdia _10

with the weights being a=1, b=1, c¢=1, and d=1. The weights are not fixed and can be adapted to

any values.

Thus, for the newly generated molecules “Chemistry 12” through “Chemistry 40” a ranking is

obtained according to the present invention.



dependent on the chem cal structure and the biol ogical descriptor(s), said
pattern representing a positive or negative effect of each of the fragnents
on said biological descriptor(s). 2. The nmethod of claim1l, wherein in step
e) each of the fragnents calculated in step c¢) is linked to said biological
descriptor data. 3. The nethod of claim1 or 2, wherein in step d) said
fragnments are selected on the basis ofl4da predefined scaffold structure. 4.
The nethod of claim1 or 2, wherein in step d) said fragnents are generated
on the basis of nolecular fragments. 5. The nethod of claim3 or 4, wherein
step d) i <Clhinks owed by the step of calculating physicochem cal properties
for each fragnent. 6. The nethod of claim5, wherein step e) anal yses the
data in said data matrix with a view on the effect of a fragnent and its

physico-chen{cQhamﬁgggﬁﬁgggﬂ@@u?@5@ bi ol ogi cal descriptor. 15 7. The

met hod of claim6, whereinin s eF e) each physico-chem cal property of each
fragment is | i nkedlProyiding dataybenicgcesioneiees ek shemisal dmictres; 8. Met hod conpri si ng
the steps of., A} pooMididag Aata te Bb1obi pneset of chemca
structures; B) p? Siﬁ?%g gta aE%%?USH@ %F%?E%Tbg r’descriptor; O

cal cul ati ng physicreraiesing stauctysaldpgmente orghchehehicelsemitomt structure; D)

cssecta 15, 5a 3 1Nl 8, SR Gl L AREN K3, SRR FEINBl o 1T o
anal ysi ng t he dat aiolngisaiddsceiatoadarainrdrdervs dthaia adatewaoix;t he ef f ect of
e) analysing the data in said data matrix with a view on the effect of a
fragment of each chemical structure on said biological descriptor; and
f) visualizing the result of said analysis;
wherein in step (f) the results are visualized as a two-dimensional pattern
dependent on the chemical structure and the biological descriptor(s), said

pattern representing a positive or negative effect of each of the fragments on

said biological descriptor(s).

2. The method of claim 1, wherein in step e) each of the fragments calculated in step

¢) is linked to said biological descriptor data.

3. The method of claim 1 or 2, wherein in step d) said fragments are selected on the

basis of a predefined scaffold structure.

4. The method of claim 1 or 2, wherein in step d) said fragments are generated on

the basis of molecular fragments.

5. The method of claim 3 or 4, wherein step d) is followed by the step of calculating

physicochemical properties for each fragment.

6. The method of claim 5, wherein step €) analyses the data in said data matrix with
a view on the effect of a fragment and its physico-chemical properties on said

biological descriptor.



each physi co-chem cal property of each chem cal structure on said

bi ol ogi cal descriptor; and F) visualizing the result of said anal ysis;
wherein in step (1) the results are visualized as a two-di mensional pattern
dependent on the chem cal structure and the biological descriptor(s), said
pattern representing a positive or negative effect of each physico-chem cal
property on said biological descriptor(s). 9. The nethod of claim8, wherein

in step E) ea hysi co-chem cal . property of each chem cal structure is
| nked o sa dPPanaLP PR PPl SRRal e Rty R ERBFie ot o ST of ol o s
to 9, wherein fRgidntihiisked do QliEhiboaicalieapigtol d&s. of said chem cal structures

or fragnents are selected fromthe group conprising hydrophilicity,
hydr ophobicity, electricity, shape, and anphiphilicity. It. The nethod of

any of claigs Methdd Gnpineriaé fedrd bi ol ogi cal descriptor data are
i ndependent |y sel ected from pharmacol ogi cal, toxicol ogical, and

phar macoki netic ddba. 1govilimg drigaberehlgest efe set efichemital siietpishin sai d at | east
one bi ol ogi cal desgﬁiptoonﬁhéquﬁgggpggngggaig&9§9¥conprising descriptors
i [

relating to receptor activity, selectivity, oaval [ability, and in vivo
activity. 13. The @t hodcadfulaiing pbysicotchmisallpropsrtie? of gdeb ckdnmcal strgtwsgs e) or E)
a partial-least. sqjare pRibod g, ate hdniclfidRIR.0h £LALT 1 or 8.
wherein the portions of salﬁlpét epﬁ/represenﬁiﬂb a positive effect of each
of the fragnments or eachstphwse wih sdidhioglcalptespiptdrWatalin arderdto obtamlaogi ca
descriptor are highlightgq di{ferent fromthe portions of said pattern
representing a negative &Vf8Bt"™of each of the fragments or each

physi co-chem cal E) analysing the data in said data matrix with a view on the effect of
each physico-chemical property of each chemical structure on said
biological descriptor; and
F) visualizing the result of said analysis;
wherein in step (f) the results are visualized as a two-dimensional
pattern dependent on the chemical structure and the biological
descriptor(s), said pattern representing a positive or negative effect of

each physico-chemical property on said biological descriptor(s).

9. The method of claim 8, wherein in step E) each physico-chemical property of

each chemical structure is linked to said biological descriptor data.

10. The method of any of claims 5 to 9, wherein said physico-chemical properties of
said chemical structures or fragments are selected from the group comprising

hydrophilicity, hydrophobicity, electricity, shape, and amphiphilicity.

11. The method of any of claims 1 to 10, wherein said biological descriptor data are
independently selected from pharmacological, toxicological, and pharmacokinetic

data.



property on said biological descriptor(s). 15. The nethod of claim 14,
wherein the different portions are coloured differently. 16. The nethod of
any of clainms 1 to 15, further conprising the step of validating the result
wi th an i ndependent data set. 17. The npgthod of any of clains 1 to 16,
further conprising the step of ranking the results. 18. The nethod of claim
17, wherein the data in the data matrix obtained for each chem ca

structure arg s d,u .obtai n the .rankin f. this cheni cal tructure.
T e et ey SPEERSEe! QoW Rert S A Sreo bk ARET R Biree @il
automatical |y geverthd grogp aenprizhigelesttiperavtiating 8 veveptabicgiviiylstlectiitpensi onal

rofiles. e . -
P bioavailability, and in vivo activity.

13.  The method of any of claims 1 to 12, wherein in step ¢) or E) a partial-least-

square method is used.

14. The method of claim 1 or 8, wherein the portions of said pattern representing a
positive effect of each of the fragments or each physico-chemical property on said
biological descriptor are highlighted different from the portions of said pattern
representing a negative effect of each of the fragments or each physico-chemical

property on said biological descriptor(s).

15. The method of claim 14, wherein the different portions are coloured

differently.

16. The method of any of claims 1 to 15, further comprising the step of validating.

the result with an independent data set.

17. The method of any of claims 1 to 16, further comprising the step of ranking the

results.

18. The method of claim 17, wherein the data in the data matrix obtained for each
chemical structure are summed up to obtain the ranking of this chemical

structure.

19. The method of any of claims 1 to 18, further comprising the step of
automatically generating new molecules with favourable multi-dimensional

profiles.



