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... just to, summarize the aim, off our
,, sjn@rrtt coufse::

Faimace , , Progetiazione
(@vg) M@»@eﬁ»

. Informatica |
(informadies;)

th informatics; can, l@rrli@lgﬁdl drugrdesign?
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I would like: to, start with, a venry

.

ideration

conss

pragmatic.
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TIME is the worse enemy in drug discovery...

Aaahhh....
fo xxx. 000N

1 compound

Review and approval by Food & Drug approve

Administration.

Phase /ll: Confirms effectiveness and
monitors adverse reactions from
long-term use in 1000 to 5000 patient

volunteers.

Phase /I: Assesses effectiveness
and looks for side effects in 100
to 500 patient volunteers.

Phase [

100.000 compounds
evaluated

2 4 6 8 10 12 14

YEARS
Bringing a new drug to market can take 8-14 years

and costs between $400 and $900 million
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One of the possible strategy is the
analysis of all failures:

B.Abrahamsson et al., in Drug Bioavailability, H.van der Waterbeemd Ed.,
Vol 18, Wiley-VCH, p495 (2002)

Pharmacokinetics Adverse effects (toxicity)

Lack of efficacy Commercial reasons
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“A How we can reduce the
. unfavorable ratio xxx.000 to 1?
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The werthwhile “pharma” geal (dream):

From Lead to Drug in Five Years

3st International Drug Discovery and Development Summit — December 2-5,
2008, Honolulu, Hi, USA

Priorities:

Lead selection using virtual screening; |
In vitro screening for drug toxicity;
Solubility and bioavailability;

Animal models: accelerating discovery;
Accelerating clinical studies.
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Informatics as; synonymous:

ofi speed?

Dual-Core Intel”® [tanium® 2 Prooesser

MOORE'S LAW Intel* Itanium® 2 Processor

[rtel Harum® Processor

transistors
10,000,000,000

1,000,000,000

100,000,000
Intel® Pentium® 4 Processor
Intelr Pentiom® B Processor
Intel® Pentivm® Il Processor 10,000,000

Imtel® Pentium® Proce :snr‘,f’!
Intel486" Processor |-

1,000,000
Intel 386™ Protessor ,//
286 _.//‘

100,000
8086 /
8080 / 10,000
8008 -

4004 @
1,000
1970 1975 1980 1985 1990 1995 2000 2005 2010
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Just an example....
“ \ Ui

Informatics, cam help us to solve simple
procedures; in interactive way::

The calculation of a molecular weight is trivial, but the
calculations of 4,5 millions of MW is not!

orr solve extremely, complex procedures;:

Such as the calculation of symmetries and energies of molecular
orbitals 'of a chemical structure or ligand-receptor binding
energy (AG,,q, kcal-x mol)!
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Some. costs: details::

Experiment Typical Cost per Compound (€)

Computer modeling 7
Biochemical assay 270
Cell culture assay 2.700
Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000

Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000 ¢
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Informatics is the basic science of any
virtualization process:

From an informatics point of view, any compu
tool is a wvirtualization process: the creation of
a virtual version of the real process.

ligand = ligand =
NG,y AG g
— —
— @0 0 o @
receptor
receptor“ (aq) P (aq)
complex
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The accuracy of this virtualization

REAL WORLD

ligand = ligand =
AGbind
—b'
receptor

(aq)
complex
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“A But what we need to virtualize in
W drug discovery process?
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Floewcharts; im Drug Discoverny;:

Focused Synthesis/
in vitro Screening

_____ HTS /in vitro
Screening
¢ v v
Ll : Lead . .
Gene to to Screen Hit o Clinical Marketing
Function Validate to Hit to Lead : Trials Phase IV
Candidate
Target
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Chemical Space

A easy,way, to define. a  sereening, progcess::

Profiling
Comp.11 K.(A) | K,B)| K(C)| K (D) | K,(N)
COmp-2| Ky(A) | Ky(B)| Ky(C)| Ky(D) | Ky(N)
Comp.3 Ki;(A) | Ki3(B)| K3(C)| Ki(D) | Ks(N)
Comp:4 Ki(A) | KyuB)| Ky(C)| KyD) | Ki(N)
Comp.n K.,(A) | K.,B)| K.,(C)| K,(D) | K,(N)

ScreenitGhemical Proteomics

M S Dept. P
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What A/t ss...

% \ il
HIT: a compound that acts on an assay system.

? An arbitrary
ctivity cutoff (high UM range)

In many real
cases, the
confirmation
rate is often

# of compound's

low
L ~100 to ~5000
{ O BEREIES B S >
Low activity High activity
Bleicher et a/. (2003) Nat. Rev. Drug Discov., 2, 369
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Hit definition ...

* hits
— active in assay

— defined and
confirmed structures

———————————————————————————

HTS hits from this database typically show
micromolar activity wuth a median

and I|p0ph|I|C|ty (IogP) was 359 Da and 3.8,
respectively.
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What: about: costs?

Experiment Typical Cost per Compound (€)

Computer modeling 7
Biochemical assay 270

Cell culture assay 2.700

Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000

.. dp, you, undenstand hew; cruciall could be.

iilafe» @fﬁd}@ﬁlmuqff@ﬁfa@m» new, hits:?

CfdtIdetyf©2012MI IMdIgSt _
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Hit to lead ...

e leads
— potency established wﬂ - 4 ‘m
— selectivity/specificity |

— Mechanism of action | :

(MOA) established © 0
— in vivo efficacy i
— ADME/Tox

— pharmaceutically
acceptable
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Well.... new; it’s; trivial

S /il
Experiment Typical Cost per Compound (€)

Computer modeling 7
Biochemical assay 270

Cell culture assay 2.700

Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000

.. de, you, undernstand hew, magjic: could be.
ﬁhﬁ' @fﬁ@@ﬁlmuqﬁ@ﬁfa@m» new, ieads?

Co fd ntial a detyf©2012MI cular MdIgSt
|\/| Dept. Pharmaceutical and Pharmacological Sciencesuniversity of Padova - Italy S. MORO - Vigo — 2012




We: surely need informatics; but:
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xxx.OOO to 1 ?

Is this ratio really acceptable
for a pharma company?
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We: surely need informatics; but:

LIGAND
KNOWLEDGE
o |
Pharmacophores Structure-Based Drug Designl
Known Ligand Similarity Ligand-Contact Analysis
Ligands QsSAR Bound-Ligand Morphing I
De Novo Design
Combinztorial Chemistry Virtual Ligand Screening
Jnknown HTS Library Design Virtual Target Screening
Ligands
TARGET
KNOWLEDGE
Unknown Known
Target Structure Target Structure
M Confidential and Property of ©2012 Molecular Modelng Section .
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Lead

Screen Hit e
to Hit to Lead Candidat
4
...... Virtual
Screening (VS)
L ‘-...\.] ( = 4 j
Eﬁ“}‘f,f‘ 2.4 -
o VL0 ” Target “ .............................

\ 4 4

Ligand-based
Virtual Screening (LBVS)

Structure-based
Virtual Screening (SBVS)

Similarity search HT Molecular Docking
Pharmacophore matching
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Lead

Screen Hit o
to Hit to Lead Candidat
A

Virtual Lead
Optimization

.......................... Target
: Structure Determination :

Ligand-based Optimization Structure-based Optimization

Pharmacophore Molecular Docking
QSAR Molecular Dynamics
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Before starting;: lesson 0

e hits
_____ HTS /i viro }‘ — active in assay
Screefing — defined and confirmed
................................. structures
v — drug-like lotential
- Scregn Hit L?gd ____________ t __________BEA_L_-
to Hit to Lead candida® VIRTUAL

Virtual
Screening (VS)
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We do NEVER forget:

Thisis a This is one of its
chemical possible chemical
representations
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... follow; me: in this; logic. comparison::

. Realworld  Vitwalworld
@ie,miwl@mepyﬂm (ce)
B Numesical)

@rﬁwﬁﬁh 9ﬁ«ﬁ*% 2(C9) | repeseHazions ofiCs;

J

Qmemiwl Properties; (CR)| Mrleculps-Descriptors; (M@))é

Cfd Ideyf©2012MI IMdIgS _
‘ MS Dept. Pha cal and Pharmacological Sciencesuniversity o de - Italy S. MORO - Vigo — 2012




With,  how,  many chemical
| representations we can deal?

O

/u\o OH

CO9H804 l X ]

...again the salicylic acid?
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The crucial informatics; differences::

C9H804

... thisis a simple sfring (sequence) of
alphanumeric characters and it is very
easy to manage... informaticaliy!!!
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Just a simple example:: are these: two,
representations identical?

)Cl)\o OH
C9H804 )
C9H804 C&?’:@
Time of answer (sec): Time of answer (sec):
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Be careful to the chemical s/ang:...

H
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Remember, alll of these ane not
identical... informatically, specking)

-
@)

/u\ 0 0
Q OH )I\o ® HSC)I\O OH
re o o
o

H3CJ\O OH

H
O

H
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- === g=g=-=F - — 13- -5 -3+ - S

I e

S L -

A
t-———— - ———— -

representation

nis

— 2012

S. MORO - Vigo

S
E
%
:
g
&
)
y -
@
2
]
I

Confidential and Property of ©2012 Molecular Modelng Section
Dept. Pharmaceutical and Pharmacological SciencesJniversity of Padova - Italy

IE



1SI'S )

1341347
1.0986 - 13. 6500
1.0974 -14.4773
1.8122 -14.8902
2.5287 -14.4769
2. 5258 Colzréfirate:
1.8104 -13.2372
1.8080 -12.4122
1350923 - 12.0p18
1.0898 -11.1768
0.3790 -12.4165
3.2387 -13.2311
3.9547 -13. 6409
3.2356 -12. 4061

1 2 £k

6 7 1  “~~_

3 4 2 S~o

7 8 1

8 9 2

4 5 1

8 10 1

2 3 1

511 1

5 6 2

11 12 2

6 1 1

11 13 1

M _END

_ Numero di atomi

S C L0000 00o

- - Numero di legami

0000
0000
0000
0000
0000
0000
0000
0800
0000
0000
0000
0000
0000

_. tipodiatomo

-
-

\
\
\

OC0O0OO0OKOOOOOOQ
\

N primo legame e tra
I’atomo 1 e I'atomo 2 ed &
di . ordine 2 (doppio
legame).

09
)4\07 013
6 11
1 O
S 12
2 4
3
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Now;, this: is; perfect understandable!
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MOE2007  _ Numerpdi atomi

“ ,;:_’ _______ Numero di legami  _
21 21 el

-

1.1522 0.5113 -0.0537 CA”™

_. tipodiatomo

0. 2183 1. 2057 -0.8346 C
0. 5665 2. 3445 -1. 5679 O
-1. 0985 0.7524 -0.9667 C
-1. 8050 Codrébpate-1- 5911 H
-1. 5038 - 0. 3936 -0.2868 C
-2.5276 -0.7473 -0.3775 H
-0)6938 - 1. 0870 0.5@99 C
-0.9101  -1.9816 1.0411 H
0.7269 -0.6400 0.6244 C
1.4145 -1.2086 1.2469 H
0. 5056 3. 5095 -0.8113 C
0. 9559 4.6611 -1.6596 C
0. 9409 5.5777 -1.0629 H
0.2773 4.7842 -2.5073 H
1.9783 4.4900 -2.0055 H
0.1372 3.6103 0.3517 O
2. 5419 0. 9700 0.0441 C
3. 0443 1.9108 -0.5504 O
3. 2755 0. 2254 0.8972 O
4.1677 0. 6310 0.8800 H
110 24====—=—m e __
1 2 1 Il primo legame €& tra
118 1 I’atomo 1 e ’atomo 10 ed &
. di ordine 2 (doppio
20 21 1 legame).
M__END
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Object: 3D graph

CO9HB804

>
Object: string (1D)

y Object: 20 graph
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Are we fully, satisfied?
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... the illusion of time!

.

i
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Ancther impeortant informatics
- difference!

FIAL N ‘ 5
/u\o OH
C9H804 ©/Eo

!
!

l
!

!

6 byte 1.299 byte 2.051 byte  73.728 byte

! !

1 byte =8 bit (1 bit=0o0 1, true o false)
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Combining business with, pleasure 2

O

C9HB804 28
| G%
[} [}
[} J

[}

!

SMILES (Simplified Molecular Input Line Entry Specification)
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SMILES (Simplified Molecular Input Line Entry Specification)

Some SMILES rules:

H

C HYH ,
metano % %
CC etano . iWH

CCC propano AR
CC(C)C 2-metil-propano NN
C1CCCCC1 cicloesano O

M S Confidential and Property of ©2012 Molecular Modelng Section .
M Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy S. MORO - Vigo - 2012




SMILES (Simplified Molecular Input Line Entry Specification)

H
: H
C=C etilene \%\H
H H
H. =~
C=CC propene \H\CHs
H
H
CIC=CIC trans (E)-2-butene ch%%
H H
CIC=C\C cis (2)-2-butene “%CH
3
CH,
C#C etino (acetilene) H—=——H
T T




SMILES (Simplified Molecular Input Line Entry Specification)

c1ccccce1 benzene [:]
CH,
c1ccccc1C toluene @
CH,
c1ccc(N)cc1C 4-metil-anilina N /Ej

c12c(cccc1)ccecc2 naftalene
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SMILES (Simplified Molecular Input Line Entry Specification)

H
H.\ OH
CCO etanolo *(
H O
H H
CC=0 etanale %H 5
H H
HWH
CC(=0)C acetone I
H H I
CC(=0)0O acido acetico %OH
H
M'S o, proomidental and Propery of 62018 Moleouar Meeng Secton 5. MORO - Vigo - 2012




SMILES (Simplified Molecular Input Line Entry Specification)

reassuming:

O

/u\o OH

C9H804

OC(=0)c1ccccc1(0C(=0)C)

Three faces of the same medal!!!
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Searching, in, a database is; now, veny,
. easyl

0

)I\o H ‘ OC(=0)c1cccece1(0C(=0)C)
Query 0

mic SMILES
C7HE02 O)\ 0C(=0)clccecel @
2 | C7H&O3 d'\ 0C(=0)clccccel{) @
3 | congos GA OC(=0)clccceel(0C(=0)C) @
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Bioinforr

[

e bl ke 10 | MtdsINC_ Search | MM=INC_Help | MMsING_Roadmap | MhsINC_Credits | Feedback |

A,

MMSsINC Search: @ Structure Search O Similarity to PDB lisands O 4ndhira

Structure Search

| search [l reset [ _Save Query |

|© CLR DEL D-R +- upo JME
= — ==~A000C000 Query Type:
C
N Search using: (ldentical strudure I
i Ident ucture |
oH OH . Substructure search
= Query Data: Similarity search, tanimato>0.85
F Similarity search, tanimoto>0.9
| Tnput: @ gh 2imilarity search, tanimato>0.95 4 01000 ar Formula
a Molecular Scissoring
= OH o o
Br OH 32 -
= [CCCEDC(=O)C(CC1 c{0)c{CC=C{C)C)e(Oe(CC)=0)c1 O)c(O)cE C J
X 2 ?
X |___Reset |

Create SMILES Clear Editor

=

Note: MM=INC iz offered to ®ie public as a freely available resource. Use and re-distribution of the data, in whole or in part, for commercial purpozes requires explicit
permission of the authors and eXplicit acknowladgment of the scurce material (MMsINC). We ask that users who download significant portions of the database cite the MMsINC
paper in any resulting publications.

Copyright zood, Molacular Modeling Section Lab and CRS4 Bicinformatics Lab. Repert any bug to G. Frau or J. Masciocchi, or send your comments to 8. Moro
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e

Beta Vel

UHSERSTTA

Arzanol

s Ldaliad oaa) amios 1;1.5.'._]_. ing S | | Mtd=ING_Search | MisING_Help | MsiNGC_Roadmap | MhsiMC_Credits | Feedback |

MMsInc code: MMs03967057

Type: Neutral

Formula: C.-H.e Oy

SMILES: Q10(=0)C(Ce2e(@)k(C(=01C k(0 k(CC=C(C)020)=C(0)0(C)=C1C0

InChl: InChl=i/C22Hz2607/c1-6-16-11(4)18(24)15(22(28)129-1670-14-19(2
5)12;1(8-7’-10(2)3)20(26)17(12(5)23)21(14)27}(}17’,24-27H,6,8-9H2,
1-5H3

Sdf File: MMsozgb7057.8df

OsPubChem
Compound
..Search| FubChem Compound :| fori”lnCh|=1,-’CZ2H2BO?,|"|:1-E—1 B-11(4)1 8(24115(22(28)2 [ Go ] [ Clear] Save Search

[ Limits | Previewindex | History | Clipboard | Details |

Choted phrase not found,
see Detalls. Mo ttems found.

FubChem Help | Entrez Help | Wirite to the Help Desk

PubChem | Compound | Substance | BioAssay
Chemical Btructure Search | BioAssay Services | FTF Site | Deposit Data

MBI | MLM | MIH| HHS | Privacy Statement| Freedom of Information Act| Disclaimer

Similarity to PDB ligands

My NCBI H
[Sign In] [Register]

search links for this molecule:
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Molecular Weight 2443565 [g/mol]
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