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A spectral clustering approach for the analysis
of screening data

® Techniques for generating screening data
® Analysing screening data

® A spectral clustering approach

® Example application to COX-2 inhibitors
® Provision of results and applications

® Some possibilities for future work and summary




High throughput screening

® High throughput screening
factory that can generate

100,000 data points a day
per machine

® Developed with partners:
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Fragment screening

® Confocal Fluorescence Spectroscopy
® NMR Spectroscopy
® 30000 fragment library

Fragment based drug discovery
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Virtual screening approaches | vita nuova

Substructure searches

Similarity searches
Pharmacophore-based approaches
Molecular docking

Physiochemical properties

In silico ADMET

4 )
[ Screening] High throughput docking

—| employs a computing grid
dofabase distributed across 400PCs
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Clustering for the analysis of screening data

® Both in vitro and in silico screening yield lists of compounds

® Medicinal chemists will inspect in vitro hits to identify compounds to take into
hit-to-lead programs
O  Assess number and representation of different scaffolds
O  Molecules with similar structure constitute hit series
O Realised by software packages which cluster molecules
® Virtual screening hit lists contain list of compounds for purchase and/or
synthesis
O  Diversity can be an important caveat so clustering can help here also

® Lots of other applications of clustering e.g. profiling of compound collections




Clustering molecular datasets

Hierarchical clustering:
® Many types of clustering method e.g. Wards Method
available: hierarchical, non-hierarchical,
| | ® i °
nearest neighbour, relocation, etc. o
: (]
® There is a common general procedure OG .
1. Assign descriptors = L e
2. Use descriptors to calculate similarity - —
3. Process similarities with a clustering —
. ® °
algorithm I
P. Willett, Similarity and Clustering in Chemical Information Systems, Research Studies Press, Letchworth (1987) 7
G.M. Downs and J.M.Barnard, Rev. Comput. Chem., 18, 1 (2002)




Clustering molecular datasets

How many clusters?
How to interpret and distribute clustering output?
Ties in proximity?

How to determine the validity of clusters?

4 )
... the best measure of the validity (and hence choice of
clustering algorithm) has been the usefulness of the resulting
classification ...T

o J

D.J. Wild and C.J. Blankley, JCICS, 40, 155 (2000), J. M. Barnard and G. M. Downs, JCICS, 32, 644 (1992)t, 8
J. MacCuish et al., JCICS, 41, 134 (2001)




A thought experiment

~
A hypothetical similarity u
matrix, where B denotes N
_ a pair of 'similar’ molecules | N
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Ordered ideal matrix
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Permuted ideal matrix
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Existing applications of spectral clustering

® Eigenvalues and eigenvectors form the basis of

spectral clustering algorithms

® Spectral clustering algorithms are used routinely
to process digital images
O  Segmentation: To obtain a compact
representation of what is useful in the image
® Spectral clustering has also been used in other
cheminformatics applications

O Guha and Wild have used singular value

decomposition to cluster molecular datasets

(= —\

Foetal images processed
using spectral clustering

N. Archip et al., Ultrasound in Medicine and Biology, 31, 1485 (2005)
http://www.chembiogrid.org/documents/presentations.html
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Further background

If we recognise the similarity matrix (S) as a
weighted adjacency matrix and diagonalise:

S =CACT-

Results from theory of graph spectra

show that

1) Eigenvalues (A) relate to cluster cohesiveness

2) Eigenvectors (C) relate to cluster contribution
and are normalised CCT = 1
(analogous to fuzzy clustering membership functions)

Sorting by A and C provide a means to inspect
clusters

N.B. A does not depend on the order of molecules

S. Sarkar and K. L. Boyer, Computer Vision and Image Understanding, 71, 110 (1998) 13
D. Forsyth and J. Ponce, Computer Vision a Modern Approach, Prentice-Hall, India (2003)




Example application: COX-2 inhibitors

® COX-2is an important target for inflammation

® (COX-2 dataset downloaded from the

cheminformatics website

® Standard Tripos UNITY 2D molecular

fingerprints for 125 unique chemical structures

® Programs written to compute Tanimoto

similarities and diagonalise filtered similarity SC- 558 )
matrices (PDB: ICX?2)
® Example clusters presented using the five \ /,

largest eigenvalues and a = 25

http://www.cheminformatics.org/ 14




Filtering function

>
® Filtering function was found to be '
0.8 - a= 25
necessary to obtain useful clusters
0.6 1
® Removes background similarity but &
L
maintains chemically relevant levels of a
similarity 0.2 1
® Several filtering strategies investigated 02 —
® (Gaussian filtering function selected Si
O  Single parameter with correct limiting [F(Sij) — exp[—a(SiJ-—l)Z] J
behaviour
15




Effect of filtering function

[ Similarity ]

[ Input similarity matrix ] [ Gaussian filtering (a = 25) ]
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Cluster 1: Imidazothiazoles
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Cluster 2: Chloropyridines
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Cluster 3: Pyrazoles
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Cluster 4: Stilbenes
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Cluster 5: Thiazoles
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Effect of Gaussian width parameter (a)

!
12.5 25 50 100 200 400 - N
A 6367 BUAS6 4.752 3.806 2,917
la 0149 01851 0.208  0.243 0.286 >
1h 0149 0181 0.208  0.243 0.286
J

le 0132 0144 0142 0133 0.115 0,075
Id 0131 0.141 0,139  0.134 0,119 0.097
le 0131  0.141 0.139  0.134 0.119 0.097
If 0127 0.131 0.118  0.098 0.073 0.034
lg 0.097 0.082 0046 0.016 0002 4x107°

1

—

1 0.004 6x107°% 3x10-% 0 0 0

Normalised contributions
from molecules in cluster 1 a=125 a =400
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Effect of Gaussian width parameter (a)
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Provision of results

ESMAT Chemical
Spreadsheet

%, Evoseek Searching an =10l x|
Fle Toos Model Workspace Window  Help
D B89 & 9 B ®
| B input_for_ESMA.sdF 125 rows. el il E
5ol [ a||&] =P [|%e] %] @ 18] 7 [2]| @] =[] & |m]
I |sTRucTLRECS = [evaL_1- [vac_z [ s [Evar_s EVAL_S
1 a0 0.130619 9.65e-06 a 0 7.251e-05
2 96 0.180619 9.65e-06 a o 7.251e-05
ADME Models x|
Mode/ Model Han BEE
BEE Brief Description:
3 19 DLijies [] Caco-2 Water along with small polar molecules and lipophilic drugs are known to cross the blood
[ HsA _brain barrier. Larger polar molecules and hydrophilic molecules do nat penstrate well
[ MDck Log BB is thus refated to local hydrophobicity, lipophilicity and molecular size. These
[ salubilicy tactors are descrined by GSAR variables such as logP, steric descriptors and the number
[ hera 1 of H-bond donors and acceptors
[] heri Experimental walues of Log BB range from -2.00to 1.64. Experimental errar ~0.3 log units
4 14 0.140609 P i ationfhiuclsar Racep,.. || COMROLNES it log BB=0.3 more el t0 cross the BSE, whils onrmpouns with log B <
|10 [ likely ti
Mollnspiration/Ton Channel M. ARSI E e
7] Mallnspiration/GPCR Model

[] MolTnspirationfKinas Inibito. ..

0.140609

Proprietary
silico ADMET tools

Model Info:

®

S
Open Training Set on Desktop: [T]

0.130681
| Run Model(s) H About ADME H Cancel
7 69 0.0822185 7.Be-00 a o 7.405e-05
8 95 6.028e-05 o a o 8.615e-05

TEVOseek Searching and Modelling Application
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Applications

® Analysis of screening data
O  Prioritisation of hit series
O  Visualising different scaffolds within a dataset

O Identifying chemically related scaffolds within and between different clusters

® Diversity assessment
QO  Virtual screening hit lists

O  Virtual libraries

25




Future and on-going work

® Investigate alternative molecular descriptors and/or similarity methods

and/or datasets and/or filtering schemes
® Investigate alternative spectral clustering methods

® Implementations which scale more favourably with the number of
molecules
O Matrix diagonalisation scales as N3 where N is the number of molecules
® Develop the intuitive understanding of spectral clustering methods

O A global rather than local approach to clustering

26




® Demonstrated the benefit of spectral clustering

O Eigenvalues and the normalised cluster contributions (eigenvectors) provide

a natural way to analyse a dataset
O  Single tunable parameter

O  Overlapping and non-overlapping clusters possible

® The clusters of molecules produced have proven effective for medicinal
chemists
® Further details of this work to appear soon:

Mark Brewer, “Development of a spectral clustering method for the analysis of

molecular datasets”, JCIM (accepted)

27




Acknowledgements

| would like to thank current and former colleagues at Evotec
who have assisted with this work

28





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


