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Abstract:

A strategy will be presented involving combination of ligeamitd structurebased drug design
methods to retrieve structurally novel compounds through virtual screening of large chemical
databases. In particular, variopsarmacophoranethods (liganebased, complebased and
structure-based) form an integral part of this strategy and will be discussed.

It will be shown that the combination gharmacophoresdocking, and expert assessment can [
successfully applied in database screening to retrieve structurally novel compounds as
topoisomerase | and Il inhibitors. {B]
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Topoisomerases are validated anticancer drug targets:
I overexpressed in tumour cells

Topol covalentcomplex is vulnerable to trapping by agents intercalating between
DNA base pairs at cleavage site + forming interactions with the protein (poisons)

Ternary complex: proteHbNAdrug

Main group oftopo | poisonscamptothecin(CPTylerivatives used clinically
Topoll enzymes induce DNA douldgand breaks

Poisons trap DNAdpo Il complexes

Topoll poisons used in the clinic, all exhibit severe side effects:
I etoposidesanthracyclinegdoxorubicin) anthraquinonegmitoxantrone), acridinesamsacring



Methodology
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A Hits in a drug discovery program:
I molecules with activity against drug target
I uM affinity for a receptor or UM inhibitory activity against an enzyme
I usually retrieved through high throughput screening (HmSilicoor in vitro
A The ideal hit:
structurally novel, accessible to chemical synthesis and modification
drug-like properties
i promise of selectivity: has been coun®@rONB SY SR |-@Algexy ad |y W

A How do we retrieve such his

A General methodology:

I stepwisein silicoscreening of large databases wgharmacophores
I expert assessment of resulting lists
|
|

docking of selected molecules
selection of a small number of molecules for biological testing



Pharmacophorefor Discovery and
Design of Bioactive Small Molecules

Classical or LIGANBASED:

I 3D patternof featuresexplaining biological activity of a series of small molecules =
TRAINING SET

I features: hydrogen bond donors/acceptors, hydrophobic groups
I assumption: same binding mode, same binding site
Receptoror COMPLERASED

I describe interactions observed in a 3D structure of a complex between a small
molecule and its target

STRUCTURHASED

I describe potential interactions in the binding pocket
Pharmacophoresxtremely useful:

I design of new or modified bioactive molecules

I fastin silicodatabasemining



LigandBasedPharmacophore$or Topol
Inhibitors

Selection of training set Definition ofCyPi

(27 compounds) feature models
(Catalyst)

A Camptothecirderivatives

A IC,values from DNAopo | cleavage assay,
performedby the same lab,
spanning4 ordersof magnitude

A Selection based ostructural or
functional diversity(if possiblég
A Mosttopo | inhibitors
Intercalateinto the
cleaved b! Ibh
" -Interactions important

A Softwareused W/ I G f &

Correlation: 0.94
Stat. significance: 99 %

. . . Correlation: 0.96
NOw In DISCOvery StUd|01 Stat. significance: 99 %

Accelry$ hasno
"~ -Interaction feature

A Extension of aromatifeature \fk
Mbdefinition of CyPfeature | L

Features used:1BA HBD hydrophobig Jexcluded volumegmax. 5)
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ComplexBasedPharmacophores

A Two Xray structures ofopo | ¢ DNAC camptothecinderivative complexes available
and used for identification of ligand interactions

I camptothecin PDB: 1t8i

I topotecan PDB1k4t
A Generation opharmacophore
I Interactions present in both crystal structures used
| averaged features
I placement of excluded volumes to mimic the shape of binding pocket

I placement of additional excluded volume for discriminatimtween
active/inactive stereoisomersf CPT

ligandprotein interactions ligddA interactions




Screening of a Virtudatabase,
Selection of Hits

‘ NCI database: 240 000 compounds \

Screening with ligandased pharmacophores:
7175 hits

Screening with compleBased pharm.
(no excl. vol.):
3474 hits

Druglikeness filter:
1763 hits

Excl. volumes added to compibased
pharmacophorgmimic shape of pocket):

746 hits
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Generation 1 compounds
I 21.0% with confirmed anticancer activity

I Positive control: 2.7 amptothecin
derivatives
Generation 2 compounds
I 14.6 % with confirmed anticancer activity

I Positive control: 6.2 amptothecin
derivatives

Top 20 of generation 1 and generation 2 hit lists
inspected individually, selected according to
criteria:

I not acamptothecinderivative
I not tested fortopo | inhibition
I dissimilar to compounds already selected

22 compounds selected and docked (round 1
Assessment basesh a combination of criteria:
I docking score comparable to control
i small number of clusters

T isrg%grcalation between DNA bases at cleava

i hydrogen bonds to protein formed
6 compounds eliminated in round 1:
i failed more than one criterion
9 compounds survived round 2:
I passed all criteria
Requested for biological testing, 7 available



