Aut omat ed generation of nulti-dinmensional structure activity and structure
property relationships The present invention relates to autonated
generation of nulti-dinmensional 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 analysis of the obtained data. In particular, there is a
need for conversion of information derived frommnulti-di nensional data
matrixes into structural chemcal information. It is the object of the
present invention to provide a nmethod 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
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provi di ng data about at |east one biol ogical descriptor; c) calculating
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sai d analygls. Preferably, in step e), each of the fragments calculated in
step c) is ata. cpagtiquiar,itheze Eiad]egjgﬁnbggnversmn 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;

¢) 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;

¢)  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 €), each of the fragments calculated in step ¢) 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, nmultiple |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 stpucture. In this context, the term
"predefined scaffold structure' neanS a basic structure being sel ected by
the user of the nmethod, for exanple a chemist, and the fragnments of such
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step ¢) analyses the data in the data matrix with a view on the effect of a fragment and its physico-

chemical properties on the biological descriptor. Each physico-chemical property of each

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



E) analysing the data in said data matrix with a view on the effect of each
physi co- 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 physico-cheni cal property of each chem cal structure is |inked
to said biological descriptor data. %he physico-chenical properties of said
chem cal structures or fragnents are preferably selected 3 fromthe group
conprising hydrophilicity, hydrophobicity, electricity, shape, and
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menti oned above, neural networks, nultiple 1inear regression, or support
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results is nade as a two-dinmensional pattern O
partial-least-square method for analysing the data in the data matnx w1th a view on the effect of

each physico-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
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.



dependent on the chem cal structure and the biol ogical descriptor(s),

wherein the pattern represents a positive or negative effect of each of the |
fragnents or each physico-chem cal property on the biological |
descriptor(s). Mire preferably, the portions of the pattern representing a |
positive effect of each of the fragments or each physico-chem cal property
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Pr ef er abl ymortpréfeaisly fivductieitiesfordactobiolojicdl aésrier, Nore preferably five, are
provi ded as input data. Furthernore, the biological paraneter or descriptor
is provided as input data, and the activities of this descriptor.
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exanpl e, t PG 1§ WG Argordingaithe presentinyenien:accor ding to the present invention:
Y = a- FragnentA + b - FragnentB +... + x - FragnentY + Z wherein Y

represents theFact ivity value of the biological descriptor being provided as
i nput Y =a- FragmentA +b- FragmentB + ...+ x - FragmeniN + Z 0

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 Fragment] is either 1 or 0 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
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 )



Fragnment A t hrough Fragnent N represent the fragnents that are considered, a
through x are coefficients, and z is a constant Each paranmeter Fragnentl is
either I or 0 dependent on whether the fragnment is considered in the
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other (because they may have dlfferent dimensions).

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;




Preferably, the coefficients are normalized and centralized so that they are
conparable with each other (because they may have different dinensions).
According to the present invention, three aspects are an indication for the
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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,



i nvention; Fig. 8 shows how a fragnental fingerprint can be obtained with
the present invention; and Fig. 9 shows an exanple of ranking list with
new y generated nolecules. Fig. | shows the principles of the present
invention in formof flow diagranms. The flow diagram in the mddle of Fig.

| shows the nmethod according to the f17rst aspect of the present invention.
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followed by a visualisation of the results.

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.

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.
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descriptor is shown in
biological descriptor (e. g increase in cardiac safety).
|
|

Empty fields 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.

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.



The table or matrix shown in Fig. 3 shows in its second line the different
fragnments used for the analysis. As shown in Fig. 3, the part of the

chem cal structure can be explicitly shown. In the exanple shown in Fig. 3,
four different biological descriptors are used which are nentioned in the
first line (pG&YTI, NHP-60, phERG Mliga - 10). For this reason, blocks or
groups are fornmed in the matrix. In nore detail, the third to sixth columms
relate to the first fragnent with varying descriptor, and the next four
columms relate no the next fragnment with varying the sane descriptors. 8
Preferably, the second colum shows the chem cal structure of the entire

nol ecul e. However, for reasons of sinplicity, these entire nolecules are
not shown in Fig. 3. The results of the data analysis are shown in the

vari ous colums under the fragnents. That is, in case PLSis used for data
analysis, the results of the PLS, i.e., the PLS coefficients are listed in
the matrix for each fragnment descriptor, and nolecule. In addition to the
nmere listing of the PLS coefficients, the coefficients are preferably

i ndi vidually highlighted so that the user can easily see the differences in
the results, nanely the different effect of the ftagnent on the biol ogical
descriptor. For exanple, a matrix field having a coefficient wwth a negative
sign is highlighted in red (dark grey in black/white picture) representing
a negative effect on the biological descriptor (for exanple, decrease in

bi ol ogi cal activity). On the other hand, a positive sign is additionally
highlighted in a different way, for exanple in a different colour. In the
exanple showmn in Fig. 3, a field highlighted in green (light grey in a

bl ack/white picture) neans a positive effect on the biological descriptor
(e.g., increase in cardiac safety). Enpty fields in the matrix nean that the
respective fragnent is not present in the tested chemcal structure.
Furthernore, each group of fields in one matrix line for a specific fragment
represents according

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,
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, logP, 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.



to the present invention a "fragmental fingerprint". A fragnental
fingerprint represents the effect of one fiagnent on a "whol e" bi ol ogi cal
profile conparable with a genetic fingerprint. This will be described in
nore detail belowwth reference to Fig. 8. Fig. 4 shows a detailed flow
chart for the selection of nodels accgrding to the present invention,
preferably using PLS. The follow ng table describes the abbreviations used
inthe flowchart. 9 Table 1: List of abbreviations As can be taken from
the flow chart of Fig. 4, OBSERVATIONS are input. Possible biological
observatio ri.se. a i.0l.00i ca ervation (Y-values) fromthe fiel eds
of in vitr%ﬁ?ﬁgpﬁvggn%ﬂ§¥ﬁ§EBSVﬁ@ﬁ?@?%?ﬁ“V$tro/in vi vo pharmarokinetic, in
vitrorin vivo toxicology, in vitrolin vivo safety or any physico-chem ca
parematers such as absorption, bioavailability, 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 (DDI), mcrosonal stability, hepatocyte clearance,
enzynme activity, enzyne selectivity, GPCR activity, GPCR selectivity, in
vivo activity, in vivo selectivity, ion channel interaction,
phosphol i pi dosis, AVMES activity, genotoxicity, carcinogenicity,
teratogerlicity, hepatotoxicity, phototoxicity, perneability, nenbrane

bi ndi ng, |ogP, HLP, solubility in different nedia, etc. Furthernore,
according to the preferred enbodi nrent shown in Fig. 4, at |east three
ENTRIES such as chem cal structures, and at |east one descriptor is

provi ded 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 showmn in the follow ng: 11



| D Bi ol ogi
Mol ecul e |

data Fig. 5 shows a screenshot of an input nask of a conputer
In the left part of the screen,
| eft subm ssion field,
| east three

of the present
data subm ssion fields are shown.
structure are input.
nore preferably five,

of the chem cal
structures,

cal

Variable 1 Variable 2 Variable 3 Variable 4 .

observati on

Mol ecule 2 Mdlecule 3 Mlecule 4 Mlecule 5 Table 2 :

in

venti on.

I n fihe
Preferably, at
are input.

Furt her nore,

i npl ement ati on
the two input or
t he codes
chem cal

t he bi ol ogi cal

parameter or descriptor is input in the left one of the two data subm ssion
fields, affythe acig:NEGERS [HadnliS T VIR et By tiiree—actT
are input,ﬁ)m)re pr Bfleg?%%ﬁ?y ?m%malct ‘{D/bls:itall&”é% ¥h%aar%i[39hﬁa§g¢l§4of“'the
screenshotf of Fi g.|obsestations (an exanpl e where|the codes of el eJen chemi
struct ur espgrE T Nput—as vt t—as—eteven—di-tferent—activitiesyfor—the
descri pt of Dhgﬁ%. Based _on|these input data] the phylsi co-cheri cal pro
are for exbfolebwe2al cul ated|{or read | from a dat abase,| and the|PLS iIs
per f or med Va—mj\ 1s—rodet-g—Fhe—+resubts—of HHhe—data ar-e
Fig. 6. Fo¢ 05 lle, if onlly two physico-chém cal prioperties|are cons
(such as |dbrale#nd Surtaceg), above equatlom (2) 1sjas TolToyws: Y=
acl ogP+bsiface+c{Hf the filrst value . for the bhiolagi lptor s
Fig. 5is Melegple 3nd assuni ng clogP F 3.0 amd Surfac \2 (as an
exanpl e), [equation (Z) woulfd Tread: [7.04=a3. (F¥b 345+C

Table 2 : Input data

Fig. 5 shows a screenshot of an input mask of a computer implementation of the present

invention. In the left part of the screen, the two input or data submission fields are shown. In the

left submission field, the codes of the chemical structure are input. Preferably, at least three

chemical structures, more preferably five, are input. Furthermore, the biological parameter or

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

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=a-3.0+b-345+c¢

On the basis of this and other equations for other activity values and parameter values, a, b, and ¢
need to be determined.

perties

shiown i n



On the basis of this and other equations for other activity values and
paraneter values, a, b, and ¢ need to be determned. 12 Fig. 6 shows in
its upper table the results for five different nodels, i.e. nunbers 15
through 19 listed in this table. These nodels are distinguished from each
other by the nunber of variables (i.g , physico-chernical properties) that
are considered in the PLS (see nost right colum in this table). The second
and third columms of this table show the cal cul ated regression coefficients
R2 and the calculated cross validation values @ of the PLS. In order to

all ow t he e i | ti t he be resul it ferre that
t hese are Eil%gé]fh{)%ﬁ 'gg g{%’pﬁ g&éﬁlﬂe TF%}FTP%@& aﬁ?@‘“}“ {% li)FlB‘F‘E‘?rgﬂ)?e g?

t he exarrplh hstﬁhﬁ\ﬂ;]ls mblei @hesﬁhmoﬂélearé elgﬁﬁmhanﬁa@eiclhmeeaﬁ theam}‘neér dirnslfﬁblew del
0.727 is te rt her the cro s tion val ue or. node
19 0, 609 i é% #‘éﬁf’u g‘?ﬁ Pr"?FfEnﬂﬂlj’h%’F cogsiderd) i Pl-ﬁ e%@f’%tékgh‘t%mg’épé@% ed
nodel . | n tabk). Thetecan drthlrdﬂSﬁﬁhﬁh§oﬂtﬁls ta%[é@h@@t}ﬂrcﬂcﬁlht%kgﬁmcﬁ%&ﬂéi@fﬂss@t hey
are preferred beéawse the s vari The nore

vari abl es ¥y SleHlatedcrosy), a&f"f f”iﬂl&‘iﬁl@ ?ftth? BLS.gp OECl?ét%lBW te usadnenstly t hose

par anet er Sidehtiy thede& rodults it RIREERAL thét iRdse %"lﬁélﬁght@d’&ﬁﬁh@ﬁ 1R R othen Gesgrodel
can be |nter aEted g‘géthe user, In addjtion to the nere listing of nunbers

in a tabl ePreferagle rgsulth, Jthe exampls show in ie. 6.ci8¢ ragsessionecogffisient RY orf mesdel 16
according b.;RA lsohigfxl@%h[e@d FORRGEHbEE e <9$sst¢'hﬁd29iro§5ﬁﬂfe QDS 1oBd)- 1%%@ is

sunmari es form di fferent gw hi cal representations can be dlzglayed

(see seconllag]%{’rgﬁ flﬁlthc!l“@B‘l Reév#pd; Q2. @eﬁqr&qulegtggjmgdebfln ].’qeéast eYumm mpdele ¥ essi on
pl ots and ﬁfaqbfak&mgimgheh @Ec%u&%&y%e ﬂ%ﬁﬁécﬁ%%ﬂxse MR sk yoﬁ&ﬁ%]ﬁéé%ke%“t pl ot

is shown in Fig I'n this examp which is base e met accordi ng
to the fir%he Ia%rﬁé@%abksfm@ﬁéﬂdpﬂlewmdlffﬁ%msl fonthe pssnto lﬂm@mtbwsvm@mem twbd, and

the cal cukdingg imBeidnt GhfSthds, b the Q@n@%@ﬁ%d& o magééteeb fhe uSQr the first
three (Frag 35, Frag 47, and Frag 58 e coefficrents re positive, and

for the | ast paraneter (Frag 60) the calculated coefficient is negative.
In addition to the mere listing of numbers in a table, Fig. 6 shows that graphical results are also

available according to a preferred embodiment of the present invention. Model summaries in
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

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.




The rel ati onship between the cal cul ated coefficients for the different
fragnents and the data matrix (see Fig. 3) is clearly showmn in Fig. S
Here, four screenshots are shown. The nost |eft screenshot is the one shown
in nore detail in Fig. 7, i.e., coefficients for fragnents Frag 35, Frag
47, Frag 58, and Frag 60. The next scygenshot to the right shows
coefficients for a nodel calculated based on fragnents Frag 35, Ftag 47,
Frag 58, Frag 60, and Frag 70. The further right screenshot shows

coeffici enie Pwlﬂfﬂda@eﬁ'lcwﬂiﬁefgr the cpusidgred, frafmergs 88,inpubdn FheafytadBatriFianalsdy, t he
nost righ r E;rt@ fof sf Frag 58,
and Fr aQQG(E)hO%@slﬁg cl Y\%Oﬁg gi;blélﬁ&?ﬁioc%ﬁ@ﬁéd?g’l ?gg‘r er%?acaglgg%%?%an [vgl ues,
the ef fect ﬁwﬂqnh§m4ﬂr&gmﬁhf@g68fméFmg3lS The cal cul ated coefficients for
the considered fragnents are input in the data matrix as also shown in Fig.
8. The right group of four coefficients 0.076, -0.10, -0.230, and 0.234

rel ate to Af shoymenFig. Frthgmdtﬁpd Mm@(ﬂq mEpagpnB&vemndﬁMmgcoaﬁnse&shestvp\m in

Fig. 9, th d acc to t res nvetlonfurt ses the
step of rgaﬁggéih’% sélﬁsr gxs%lgtsgo &"ﬁﬂgg‘f% RS SRR f “%%B Jer uct ur es
enuner at edthi'cﬁhb hClﬁrrigtryMB” Fot ﬂk(ﬁ&g-bchn@hﬁmcﬂhﬁlh‘te&@alues ffstrthd Me&tosd pGICY T, €S, the
cal cul at ed escripto p NHP_60, phERG and Mli a- 10,

as exanple ﬁ@‘fé@]ﬁﬂ‘? %Wple% Gﬁé‘ﬁ‘{'a in this data matrix obtai ned
for each chem cal structure are summed up to obtain the ranking of this
cherni cal ure, faqr ex |l e by the formula: Rancing_Score = a - pGYT +
b - NHF60 ﬁ“’ ra IY,:)F’{'Elﬂé*,“b%“ this gﬁ%gfﬂamﬂ?bwnﬁﬁ fgr ﬁéclwséF*aﬁﬁlsS"H@M%gm‘a summed yp|to ¢ =|
and d=l . Thigaintiegdtikmgar distBémicals@ebnas dorGRinfiehliaRiReat 0 any val ues. Thus,
for the newy generated nol ecul es "Chem stry 12" through "Chem stry 40" a
ranking is obtained according to the present invention. 14

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.




Claims 1. Method conprising the steps of. a) providing data about at |east
one set of chem cal structures; b) providing data about at |east one

bi ol ogi cal descriptor; c) calculating structural fragnents for each chem cal
structure; d) associating said structural fragnments for each chem cal
structure with said biological descr”_otor data in order to obtain a data
matri x; e) analysing the data i.n said data matrix with a view on the effect
of a fragment of each chem cal structure on said biological descriptor; and
f) visualizing the result of said analgyihg. 2. The nethod of claiml,
wherein in step e) each of the fragnents calculated in step c) is linked to
sai d biological descriptor data. 3. The nmethod of claiml| or 2, wherein in
step d) said fragnments are selected on the basis of a predefined scaffold
structure.14. M&@d@hgﬁgné}ﬁeggpgiom 1 or 2, wherein in step d) said fragnents
are generated on the basis of nolecular fragnments. 5. The nethod of claim3
or 4, wherei n 2t dpoviding datz dhoptapieast Be sehef chemigal stfuctuzdsc ul at i ng physi co-

chem cal propegjti 18iR8 aRAMuf s 100i hod of claimb5, wherein
step e) anal y?gs Ig(i%vel&g_%?a inutsag?%g%%mﬁ%%aﬁ%ﬁa%h a viewon the effect of
a fragment and)i teglcplatirg syuctunakiragments foyeesh cheniiend stontuseai d bi ol ogi cal
descriptor. 7.4 Th : i el By pe po

physi co- chem (?%J %ﬁ%@?%@%&u&g@%% reéllgrr(grr‘;'?dhlrhs]é f%%@%tﬁwgg?aéd l?'8$'8%i cal
descriptor data. @escrigerietd icerdpns elitaiga titemstrieps of A) provi ding data about

at least one gpt Qlikie HeS@la irldd Gt th&ifix 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.

2. The method of claim 1, wherein in step e) each of the fragments calculated in step c) 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 physico-
chemical properties for each fragment.

6.  The method of claim 5, wherein step e) 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.

7. The method of claim 6, wherein in step €) each physico-chemical property of each
fragment is linked to said biological descriptor data.

8.  Method comprising the steps of:
A) providing data about at least one set of chemical structures;
B) providing data about one biological descriptor;



B) providing data about one biological descriptor; 15 C) calculating

physi co-chem cal properties of each chem cal structure; D) associating said
physi co-chem cal properties of each chem cal 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 efs ect of each physico- chem cal
property of each chem cal structure on said biological descriptor; and F)

vi sual i zi ng the result of said analysis. 9. The method of claim@8, wherein
in step E) eadh pralaiatiog phsiep-chamienl propartisp obfackehsmicabitmntineal structure is

linked to sai gybi Qs&ﬁﬂti‘ﬁ? salq ?sridomh 1c£1§;r§3em%9 of %ﬁ cgi&gxgﬁdsﬁ'ﬁénu@ 1th0{a1dC laims 5

to 9, wherein Saldf) emca ties O em ca ructures
or fragments are bBie Oél@aleﬂascﬁp@ndatthe Ogievupb‘r@mmﬁmamang(, hydrophi licity,

O e ) ThBfk Sh dare B AREaa 2R R PO G okt or theh fEAIER ©f

any of clains ereln sal escriptor
i ndependent |y sel dmpmmwpﬁanmmm@tmme oh eaid biologigilclaseriptan dnd

phar macoki net igg d of claim1l, wherein said at |east one
bi ol ogi cal descri gl%'%}lzaéthggggh{?éﬁgg 't he group conprising descriptors

relating to receptor activity, select|V|ty, bi oavailability, and in vivo

activity. 43. t;h ny, of. ¢ er.ein in p or E)
a partial - eagéﬂgga%%fie&dnggﬁlog’ Mh"“’"&é‘éd e@ eaﬁ}hgl}%f"i\éf\@ g pé?W”Y)P? ‘%I s 1 to
13, wher ei n i mhetieg) strjcthirdiis linkeglud sa6d Holegivdl desediptareidtaas a t wo- di mensi onal
pattern dependent on the chem cal structure and the biol ogical

descriptor(s), said pattern representing a positive or negative effect of
each of thH.f Thgmeitiod ofrangaf blainhy & ¢ ovteheiTiaicaphysico-pldntisal Propertiesloftdatdl ogi cal
descri ptor(s) ‘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.

12.  The method of claim 11, wherein said at least one biological descriptor is selected from the
group comprising descriptors relating to receptor activity, selectivity, 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 any of claims 1 to 13, 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 or each

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

15. The method of claim 14, 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 portions of said pattern
representing a positive effect of each of the fragnents or each

physi co-chem cal property on said biol ogical descriptor are highlighted
different fromthe portions of said pattern representing a negative effect
of each of the fragments or each phyg co-chem cal property on said

bi ol ogi cal descriptor(s). 16 16. The nethod of claim15, wherein the
different portions are coloured differently. 17, The method of any of clains
| to 16, f 6.t Hihe nmethop of daimgl 5t Whereih ép differeneportibat ame golbdred di€ferehtty. Wi t h an

i ndependent data set. 18. The nethod of any of clains 14 to 17, further
conprising the step of ranking the results. 19. The nmethod of claim18,
wher ei n t h#7.daha method o€ ankabfoclaims 1itx 16 fhttien esindrising @&CstepCdTealidatthg the résuigt ur e
are sumred up L& oht indthﬁ ranki ng of this chem cal structure. 19. The
met hod of any ‘0P RHRLGO0Y23%  further conprising the step of
automatically generating new nolecules with favourable nulti-di nensi onal

rofiles.
P 18. The method of any of claims 14 to 17, further comprising the step of ranking the results.

19. The method of claim 18, 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.



