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Xemorpadusa (Kaptorpadusa): aHanus n conocraBneHmne 6a3 AaHHbIX

Tean et al J Cheminform. 2013 Jan 21;5(1):5. doi:
10.1186/1758-2946-5-5
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Xemorpadusa (Kaprorpadua): BUpPTyasbHbliA CKPUHUHT

band gap (eV) T, (K)
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Xemorpadusa (kaptorpadpus)

15,840 mpoaykToB (-aminoacyl amide derivatives) TpeXKOMIIOHEHTHOW KOHJIEHCAIIMA YTU (B3aUMOJICHCTBHEC
aMUHOB, N30ITUAHUIOB, KAPOOHMIIEHBIX COCTMHEHUH, OPraHUIeCKUX/HEOPTaHUICCKUX KUCIIOT).
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Pacnpenenenue qaHHbBIX MO 3HAYEHUIO OMOJIOTHYECKOM

Pacnpenenenue qaHHBIX 110 MTOACTPYKTYPE
aKTUBHOCTHU (MHTHOMPOBAHUE TPUIITA3bI) et 4 ACTPYKTYP
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Stochastic Neighbor Embedding (SNE) +
M. Reutlinger, G. Schneider / Journal of Molecular Graphics and Modelling 34 (2012) 108-117 pharmacophore descriptors




MeToabl npeacTaBNeHUA XMMUYECKOro NPoCTPaHCcTBa
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CeTeBOe npeacTaBieHNnE XMMHUYECKOro Metoabl, ocCHOBaHHbIe Ha

NPOCTPAHCTBA AaHHbIX AECKPUNTOPHOM npeacTaBieHun
DAaHHbIX



MeToabl, OCHOBaHHbIe HA MONEKYNAPHDbIX rpadax




HaBI/II'aLI,MFI B XUMHNYECKOM NPOCTPpaHCTBE AAdHHDbIX:
TONOJ/IOrMYecKoe NPOCTPAHCTBO MOJIEKYNAPHbIX rpadoB
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Cxema nepapxmyeckom MoneKynapHoOU opraHusaLumum:
MONEKYNAAPHDbIE CKeNeTbl U KapKachl

TepMUH «MONEKynapHblii cKenet» B O6GONbLWIMHCTBE C/AyYaeB WUCNOAb3yeTca AAA ONUCAHUA
MONIEKYNAPHOM OCHOBbI, 3a4eACTBOBaHHOM B pa3paboTKe seKapCTBEHHbIX MpenapaTtos Wau
AETEKTUPYEMOM nNpU BUPTYAZIbHOM CKPUHUHre (BAMAET Ha MOJIEKYNApHble CBOMCTBA, 4acTo
onpepgennaeTt buonornueckyto (pmMsnonoruyeckyro) akTMUBHOCTb MONEKYNbI)

OnAa cepunm aHaANOroB, MOJIEKYNAPHbIA CKeneTr MoXKeT ObiTb MoAydYeH npu  onpeaeneHum
MaKCcMManbHOM o06weir noacTpyktypbl (Maximum Common Substructure), nm6o ogHum us3
MHO}KeCTBa a/ibTepPHAaTUBHbIX NOAX0A0B

MpucoeauHeHne K MONEKYNAPHOMY CKeneTy LUKAA UHTepnpeTupyeTca Kak obpa3oBaHue HOBOro
cKeneta

B paae cay4vyaes UCNONb3YHOTCA MOJIEKYNIAPHDbIE KapKachbl
0 e
=0 S:O

CH,
NS > I S | > |
N N N

2 3 4

Scaffold Framework




[epeBbA MONEKYNAPHbIX OCTOBOB: nepapxuyecKaa Knaccupukauma gns
BU3yasn3aLum XMMUYECKOro NPoCTPaHCTBA MOJIEKYNAPHbIX cKadpdonaos

MerTogp, Knaccud)m(au,uu COEAMHEHMVI B COOTBETCTBUU C UX MONIEKYIAPHDbIM CKeJ1IeTOM.
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The Scaffold Tree — Visualization of the Scaffold Universe by Hierarchical Scaffold Classification. A.
Schuffenhauer, P. Ertl, S. Roggo, S. Wetzel, M. Koch, H. Waldmann, J. Chem. Inf. Model. 47, 47, 2007




[lepeBba MONIEKYNIAPHDbIX CKEIeTOB: uepapxudeckas knaccupukauyma gna
BU3ya/in3aLum XMMUUYECKOro NPOCTPAHCTBA MONIEKYNAPHbIX cKaddongos
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scaffold O8_NH
)
o
HN
~ A - ~ |
H ~Z N
H

3arpyska QfOaHHbIX, W3BNEYEHME MOJIEKYNAPHbIX CKenetoB (KapbouuKnMyeckme coeauHeHUs U
reTepoumKbl, UX anndaTnyeckne cBs3m, aTombl, NPUCOESUHEHHbIE MOCPEACTBOM ABONHOW CBA3M)
NTepaTuBHOE OTAENEHME LMKIAOB ANA FeHepaunnm «yYMeHbLUEHHbIX» CKe/lieTOoB B COOTBETCTBMU C PSAOM
npasun (The Scaffold Tree — Visualization of the Scaffold Universe by Hierarchical Scaffold Classification.
A. Schuffenhauer, P. Ertl, S. Roggo, S. Wetzel, M. Koch, H. Waldmann, J. Chem. Inf. Model. 47, 47, 2007 )
Nepapxunyeckaa opraHM3aLmna NONYYEHHbIX CTPYKTYP B eAUHOE AePEBO

Nature Chemical Biology 5, 581 - 583 (2009)



JepeBbsi MoJieKy/JIsSApHBbIX cKeJsieTOB: Hierarchical Scaffold
Clustering (HierS algorithm)

Select input
compound set

={ Select compound

Trimallchainsto |, For each fragment
reveal super scaffold
fad compound fo @xieling _ Yes Scaffold exist No _| Add compound to scaffold's
scaffold's derived
in list? derived compound list
compound list
A
. Add scaffold to
> -
Identify all basis scaffolds scaffold list

Yes -

umber of basis scaffold Yes For each ring system, Make a list of remaining

? >
More compounds’ greater than 1? delete the ring system fragments
For each scaffold More scaffolds? Terminate

A

Perform super structure

search against all other
scaffolds

Add scaffold to derived
scaffold list of all scaffolds
that are substructures
of the query scaffold

Wilkens, S. J.et al HierS: Hierarchical Scaffold Clustering Using Topological Chemical Graphs. J. Med. Chem. 2005, 48, 3182-3193




[lepeBba MONEKYNIAPHDbIX CKE/IeTOB: BELEeCTBa NPUPOAHOro NPOUCXOXKAEHUA

NP scaffolds

Cnalio u3 0oknada P.Ertl (Novartis)




level 4

level 3

level 2

level 1

dx.doi.org/10.1021/ci2000924 |J. Chem. Inf. Model. 2011, 51, 1528-1538
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[epeBbA Vs. CETU MONEKYNAPHbIX CKENeToB
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Hu Y et al Computational exploration of molecular scaffolds in medicinal chemistry. ] Med Chem 59, 4062-4076, 2016



AepeBbA MONEeKYNAAPHbIX CKeNeToB: NporpammHoe obecneueHune

Scaffold Hunter
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AepeBbA MONEeKYNAAPHbIX CKeNeToB: NporpammHoe obecneueHune

Scaffold Explorer
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AepeBbA MONEeKYNAAPHbIX CKeNeToB: NporpammHoe obecneueHune
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AepeBbA MONEeKYNAAPHbIX CKeNeToB: NporpammHoe obecneueHune

Scaffold Explorer
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LASSO (layered skeleton-scaffold organization) graph
skeleton—-scaffold—-compound hierarchy
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LASSO (layered skeleton-scaffold organization) graph
skeleton-scaffold-compound hierarchy
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PaAMaI'IbeIe Knacrteporpammbl
J. Chem. Inf. Model., Vol. 47, No. 1, 2007
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HoBbliA TN MONEKYNAPHDbIX CKENEeTOB: CKeNeTbl, OCHOBaHHbIE Ha Cepumn
aHanoros (analog series-based scaffolds)

«MpucoeguHeHne K MOJIEKYIAPHOMY CKeNeTy UMKAA UHTeprnpeTupyerca  Kak
o6pa3oBaHMe HOBOrO CKesleTa»

npOTMBopeL-IVIT NPaKTUKeE, Korga unkandyecCkne nogCctpykTtypbl NpncoegnHATCA B Ka4eCTBe d)yHKLI,MOHaIIbeIX rpynn

ASB scaffolds
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Dimova D et al ASB scaffolds: computational design and exploration of a new type of molecular scaffolds for medicinal chemistry.
Future Science OA 2, FSO149, 2016.
J. Bajorath Strasbourg Summer School - Strasbourg, France, 23-27 June 2014




HoBbliA TN MONEKYNAPHDbIX CKENEeTOB: CKeNeTbl, OCHOBaHHbIE Ha Cepumn
aHanoros (analog series-based scaffolds)

MMP core Analogs

ASB scaffold

T~ A B,C,D,E
oA <




Hosbiit TMN MONEKYNAPHbIX CKesleToB: CKe/sieTbl, OCHOBAHHbIE Ha CepUuun

aHanoroB (analog series-based scaffolds)
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MoneKynapHbiii ckapdona: npuBuaerMpoBaHHble NOACTPYKTYpDI
(Privileged Substructures)

GPCRs Kinases
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xanthine A, antagonist quinazoline Aurora kinase inhibitor
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4-phenyl-piperazine D, antagonist bisarylaniline CHK1 inhibitor "’

hexahydroindo-
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lo[4,3-fg]quinoline Dopamine agonist aniline Protein kinase B (Akt 1) inhibitor
Privileged Exemplary Privileged Exemplary
substructures compounds substructures compounds

Hu Y et al Computational exploration of molecular scaffolds in medicinal chemistry. ] Med Chem 59, 4062-4076, 2016




MonekynapHblie obnaka

AHanorusa c «TekctoBbiMm obnakom» (“text cloud”)

cloud data

layout method molecule cloud

molecules

scaffolds structures
visualization

“Text cloud”: wupgeHTMduumpyer Hanbonee ynorpebumblie B TeKcTe C/i0oBa U oTobBparkaeT ux B BuAe
«0obnayHon» AnMarpammbl, rge 4acToTa BCTpeYaemocCcTu onpegensnert pasmep wpudrta npm otobpaxkeHuu
Anarpammbl. Hanbonee uyacto BcTpevawuwmecs cnosa, Takue Kak “n”, “uan” wn 1.4., npu atom He
Hecywme nHpopmaumm He oTobpakatorca

Ertl and Rohde Journal of Cheminformatics 2012, 4:12
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MonekynapHbie obnaka

Hanbonee npeacrtasiaeHHble CoeaMHEHUMA pPacnosiaratoTtCcA B LI,eHTpaJ'IbHOﬁ 4aCTU TaKUM o6pa30M, 4TOObI

MWUHUMMU3NPOBATb NEepeKpbIBaHNE
OcTanbHble COEANHEHUS MO OYepean NPOELMPYIOTCA B CETKY 3aZaHHbIX MOJIOXKEHWUM, paccunTbiBaeTca napameTp,
OLEHUBAOWMI MNepeKpbiBaHME [N KAXKAOTO M3 HUX C NOCNeAylWMM OKOHYATE/IbHbIM  PacnoioXKeHMemM
CoeANHEHUSA B TOUYKE, COOTBETCTBYIOLWMM MUHUMANbHOMY 3HAYEHMUIO NepeKpPbIBaHMA.

MpoBoAMTCA aHANIOTMYHbIV aHANM3 g5 CAeayoLWwero coegMHeHus.




KapTbl MONEKyNApHbIX CKeneTos
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Most common scaffolds from the ChEMBL database ordered according to their Scaffold Keys

Q 0 O 0o o o 0

= The scaffolds are described by a set of topological descriptors: counts of atoms and bonds
of particular types and various substructure scaffold features characterizing ring fusing, spiro
connections, and linker properties that are called Scaffold Keys.

= The horizontal axis represents scaffold size, the vertical axis is a mixture of other scaffold
characteristics and may be considered as a measure of their complexity.

P.Ertl Intuitive Ordering of Scaffolds and Scaffold Similarity Searching Using Scaffold Keys
JCIM 2014 54 (6), 1617-1622
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description

number of ring and linker atoms

number of linker atoms

number of linker bonds

number of rings

numbe} of spiro atoms

size of the largest ring

number of bonds in fully conjugated rings

number of multiple bonds in not fully
conjugated rings

number of heteroatoms in rings

number of heteroatoms other than N, S,
O in rings

number of S ring atoms

number of O ring atoms

number of N ring atoms

number of heteroatoms

number of heteroatoms other than
N, S, O

number of S atoms

number of O atoms

number of N atoms

number of multiple linker bonds

count of two adjacent heteroatoms

count of 3 adjacent heteroatoms

count of 2 heteroatoms separated by a
single carbon

count of 2 heteroatoms separated by 2
carbons

number of double bonds with at least one
heteroatom

number of heteroatoms adjacent to a
double (nonaromatic) bond

count of pairs of conjugated double
(nonaromatic) bonds

count of pairs of adjacent branched atoms

count of branched atoms separated by a
single nonbranched atom

count of 3 adjacent branched atoms

count of branched atoms separated by any
2 atoms

number of exocyclic and exolinker atoms

number of heteroatoms with more than 2




CETEBOE ITPEACTABAEHME AAHHBIX




CeTeobpasyroIue rpadbl MOJIEKYJIAPHOTO II0I00MA
(Network-Like Similarity Graphs)
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CeTeobpasyroIue rpadbl MOJIEKYJIAPHOTO II0I00MA
(Network-Like Similarity Graphs)
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Global scores

continuity 0.79

discontinuity ~ 0.99

SAR Index 0.40

BrlmeJsigeT coeIUMHEHMUA, 00PasyIOIIHre
«0OPBb1Bbl AKTHBHOCTH

OTpaxaeT YypOBEHD
HEIIPEPBIBHOCTH/PaSPblIBHOCTHY MJIA I'PYIIIIbL
CTPYKTYPHO IIOTOOHBIX COETUHEHNH

OTpaxaeT YpPOBEHD
HEeIIpEPbIBHOCTY/Pa3pblBHOCTH IJIA BCETO
Habopa TaHHbBIX

Squalene synthase inhibitors

N AL \_ activity cliff
[N & p S 094

, continuous local SAR
N 0.01

—NL @&  discontinuous local SAR
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B3amMOCBASEL CTPYKTYPAa - CBOMCTBO:
O6pB1Bbl akTUBHOCTH (Activity Cliffs)

G. Maggiora On Outliers and Activity Cliffs - Why QSAR Often Disappoints JCIM/ 8006 46 (4), 1535-1535

O6prbiBaMmu axTuBHOCTH (Activity Cliffs) Hasb1BarOTCA Maphbl CTPYKTYPHO CXOTHbBIX
COEIUHEHUN, XapPaKTEPUSYIOIINECA PESKUMU OTJIMUYUAMU B SHQUEHUY CBOXCTBA,

THUIIbl IIPENCTABIIEHUA

/Network-like similarity graph K Activity landscape \ / SALI graph \
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Stumpfe et al Exploring Activity Cliffs in Medicinal Chemistry J Med Chem 8018 55 (7), 8932-2942




Tunbl 06pbIBOB akTUBHOCTH (activity cliffs)
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J. Chem. Inf. Model. 2012, 52, 1806 - 1811




ITapaMeTpsnl, XapaKTEePUIYIOIINE JIQHIIIaMT aKTUBHOCTH:
Structure-activity Landscape Index (SALI) u Structure-Activity
Relationship Index (SARI)

aapg - Al
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PaccunTbiBaeTca Ana coeAnHeEHU nonapHo, 3G PeKT U3MEHEHWI B CTPYKTYPE MOXKET ObITb 1IETKO
NPOaHaAN3NPOBaH

CtabuneH K U3MeHeHuto B ONMCAaHUN COeANHEHU
Mnoxo paboTaeT 4Na CTPYKTYPHO NOAOGHbIX MONEKYN

R. Guha, J.H. Van Drie. J. Chem. Inf.
Model. 2008, 48, 646-658

SARI=0.5[ Cont + (1-Disc) ]
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P. Iyer, Y. Hu, J.Bajorath. J. Chem. Inf. Model. 8011, 51, 532-540,
L. Peltason, J. Bajorath. J. Med. Chem. 8007, 50, 5571-5578




CeTeobpasyrolue Ipadbl MOJIEKYJISPHOI'O IIOIMO0MA
(Network-like Similarity Graphs): npuMepbl ¥UCIIOJIL30OBAHUA

AmaJins 06phIBOB aKTHBHOCTH: MCXOIHbBIN ¥ KOHCEHCYCHBIHM
BapHraHT (COI'JIaCOBAHHOCTD ME Y aJIbTEPHATUBHBIMY TUIIAMU
IOECKPUIITOPHOI'O OIIMCaHUS)

AHaJn3 B paMKax QYHKIMOHAJBHBIX IPYIIII

U neHTUPUKAIINA CTPYKTYPHBIX 0COOEHHOCTEM, OTBEYAIOIINX 34,
CEeJIEKTUBHOE B3aMMOIEHUCTBHE C 3a,TaHHEBIMY MUIIECHAMH!

BO3SMOMHOCTE HIEHTUPHUKAIIUN COeTUHEHUH C
HeCIIeIIuPUIECKUM B3aMMOIENCTBHUEM

IIpuMepnb1 UCIIOJIE3SOBAHUA
ceTeobpasyroimux rpadoB
MOJIEKYJIAPHOI'O CXOICTBA,

W neHnTUHUKaAIINA IIOICTPYKTYP, OTBEYAIOIINX 33,
MOJIEKYJIAPHDblE MEXaHNUSMbl BSAUMOIENCTBUA JIUTAHI-
MUIIIEHD




CeTeobpasyrolrme rpadbl MOJIEKYJIAPHOro momodbusa (Network-
like Similarity Graphs): MOJIEKYJIAPHbIE MEXaHU3Mbl
B3aAMMOIEHUCTBUA JIUTI'aH I-PEIISIITOPD

W S S =
® o [ DU
S st = Color code:
0% .. =
Y Mechanism
[ ]
e e, 0
soer ° * Antagonist (94
[ ] ® .. .. .*‘:. .. o o [ ] g ( )
) ® “o e .o . o
[ ] v ® Ps :.o e 0 .
. : , J e Agonist (107)
o . v/ e Inverse agonist (52)
° ’ A
* Nige Srinn
& ... ...:
s o. .: T ..o'..t.
" :.::. ¥ Bl Adenosine A1 receptor ligands
ol
ATOHHCT — XUMMUUYECKOe coenmuHeHue (JIMIraHI), KOTOpOE IIPH B3AMMOIENUCTBUU C DPEIEITOPOM

H3MEHSAET €r0 COCTOAHME, IIPUBOLA K OHMOJIOTHYECKOMY OTKJIUKY.

IIoJIHBlE aTrOHMCTH] BB1SHIBAIOT OOJIBIINM II0 CPABHEHMIO C SHIOT€HHBIM arOHHUCTOM OTKJIHMK
YacTUUYHbIE al'OHUCTD] IIPY B3AUMOIENCTBUHU C TEMHU e PEILEIITOPAMU HE BbISHIBAIOT MaKCUMAJILHOI'O
sdderTa

Ob6paTHblE arOHKCTH] Bb1SbIBAIOT YMEHBIIEHHBIN OTKJIMEK PEIISIITODA,

AHTaroHUCTB]l OJIOKUPYIOT IEHCTBHUE ATOHHUCTOB




CeTeobpasyrolme rpadbl MOJIEKYJIAPHOro romodbusa (Network-
like Similarity Graphs)
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Stumpfe et al Exploring Activity Cliffs in Medicinal Chemistry J Med Chem 2018 55 (7), 2932-2942



CeTeobpasyromrre rpadbl MOJIEKYJIAPHOro rmomobmsa (Network-like
Similarity Graphs): aHaJi1s Ha HaJIMUYNE MYJIbLTUTAPIETHON aKTUBHOCTH
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