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The most insidious question that
you can make me :

Is a drug designable?
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Attending to answer this question...
we try to find an intimate connection

Informaties «-
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... be patient:
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... there is no doubt that chemists (including
medicinal chemists) are of great drawers:

... but what chemical drawings can be subjected to
calculation procedures?
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| know very well that you known what
drug is... but reconsider its definition in
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... and a I/l/wmg organism is difficult to
acc@mm@d te rrm dJesrgm  process (drawing
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.. living organism is still too complex to draw
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We will return later on this concept...
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... couple of bits of:

Informaties « -
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Now, in what informatics has influenced
more in our daily life?

Well, we probably summarize the
answer in only one word:

Time
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Informatics as synonymous of
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couple of concrete example..

Informatics helps us to solve simple problems a
number of times:

Calculate the molecular weight is trivial thing,
calculate 4.5 million ... less!

or solve very complex problems:

Calculate, for example, the binding energy (AG,i.q»
kcal x mol) between a ligand and its receptor!
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Informatics is the basic science of any
virtualization process:

virtualization process. the creation of a
abstraction version of the real process.

REAL WORLD
ligand = ligand =
AG,,., - AG g
N —
receptoru W ” receptor“ (aq) “
complex
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The accuracy of this virtualization

REAL WORLD

ligand = ligand =
AGbind
—b'
receptor

(aq)
complex

Confidential and Property of ©2014 Molecular Modelng Section -
M S Dept. Pharmaceutical and Pharmacological SciencesJniversity of Padova - Italy PhD sp"ng LY S MORO — 2014




S0 .,/ and remember... “Time is money!”

o

Bringing a new drug to market can take 8-14 years
and costs between $400 and $900 million
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Some details about cos

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

You understand why it is so attractive to the pharmaceutical industry!
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Back to “drug” design...

=»  Informaties «-
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But unfortunately “drug” is not
designable... yet!

Could we suggest a possible substitute
of “drug” that is more easily
designable?

To do this we have to necessarily replace
the concept of /iving organism!
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An egoistic solution:

candidate
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o

We surely need informatics but:

LIGAND
KNOWLEDGE
Pharmacophores Structure-Based Drug Design|
Known Ligand Similarity Ligand-Contact Analysis |
Ligands QSAR Bound-Ligand Morphing
De Novo Design
Combinatorial Chemistry Virtual Ligand Screening
Unknown HTS Library Design Virtual Target Screening
Ligands Random Screening
TARGET
KNOWLEDGE
Unknown Known -
Target Structure Target Structure
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Back when | was young:

“It is generally accepted that receptor and
substrate molecules recognize each other at their
molecular surfaces. Therefore, the binding
strength of a receptor-drug complex depends on
the shape of the substrate surface and on the
distribution of certain properties on this surface.
Any method attempting to model biological activity

should take into account this mformatlon and try to
correlate it to biological activity... A~

by Johann Gasteiger eta/ J.A.C.S. 1995, 117, 7769-7775
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Docking and Scoring,

No wind
or current.

Approach the
dock slowly at a
narrow angle (10
to 20 degrees).
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What Docking really is?

From an‘informatics point of view, docking is
a virtualization process dealing with the
creation of a virtual (rather than real) version

of the binding process.

REAL WORLD
ligand = ligand =
NG,y - AG g
— —
receptor“ W " receptoru (aq) ”
complex
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REAL WORLD

ligand = ligand =

receptor“ | receptor@

Epithgﬁb?saltpéetor Rece&grprc’tei z

(kinase domain)

Real ligand 3D ligang£epresentation

Lapatinib (Tykerb®, GSK) %%
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Dockers are coordinates ters!
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Topology virtualiza
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\ Py ‘ r)

|\/| S Confidential and Property of ©2013 Molecular Modelhg Section
\Y/ Dept. Pharmaceutical and Pharmacological Sciencesniversity of Padova - Italy

PhD Spring School S. MORO - 2014




Surface properties virtualization

HmV,=0
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Here is the problem...

1.where?
2. how?
3. how long?
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Stretching time!
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The molecular docking problem:

To place a ligand (small molecule) into the binding site of
a receptor in the manners appropriate for optimal
interactions with a receptor (DOCKING).

To evaluate the ligand-receptor interactions in a way that
may discriminate the experimentally observed mode from
others and estimate the binding affinity (SCORING).

ligand b :
docking scoring

— e
receptor “ ”

predict (x,y,z) e predict “AGy;g”
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w ... etc

We define as POSE:

Some definitions:

a.the respective orientation of the ligand
vs protein;

b.the bound conformation of the ligand.
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What we need...

A l.1
1. Translate and rotate a molecular object:

original translation rolalion

L
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2. Explore conformational space of a molecule:
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What we need...

PR
3. Assign the potential energy of each molecules:
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Force Field Based Scoring Functions

- { Uy
AEp =
P non;ded \ ritz r”f ) nonbonded ATTE T,
pairs pairs
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Empirical Scoring Functions

R-NH.* R-OH
"< A
/NSO 7 N\
/ \ ~ / \
/ ~ L
\ S \
/ 77 N
/ 3 / S D

charge-charge interaction (/jonic bond).
charge-dipole interaction:
charge-minteraction:

hydrogen bond:

charge transfer interaction:
TeTtinteraction:

dipole-dipole interaction (van der Waals):

(kcal/mol)
-AG°0 5+10
-AGPO 1+ 7
-AG°0 8+10
-AG0 1+ 7
-AG°0 1+ 6
-AGPO 1+ 2

-AG°]  0.5+1
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Here is a real example:
P

Pose 1
Gold Score: 53.49

T4G
Pose 1
Gold Score: 56.98
J\
TAE Caffeine
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Docking Applications:

* High-Throughput Virtual Screening (HTVS),

Chemical compounds

ChemBridge ~ 500,000
Drug like 500,000

Foed i et 2

L e m!!l HTS Very expensive (1-10 $ per

¢ srwww Ccompound, and nearly impossible)

~ 80 years of CPU time, 1 TB data

b
e s S8 waat

‘ﬁﬁ’* ﬂ » Hits

@L‘w '
Targets
Plasmepsin i (1lee, 1If2, ".’;: - Clinical
Plasmepsin IV (1ls5 inica
d ) Leads ¥ Testing

45 days on 1000 computers
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Docking Applications:

* High-Throughput Virtual Screening (HTVS),

"
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‘--.__ad-_-
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W Clinical
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45 days on 1000 computers eacs Testing

Benchmarks for docking 100k structures

96:00:00 1 86:48:20 ©0:16:40
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amazon 48:00:00 1
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2013

webservices™ ~8:00:00 1
24:00:00 A
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0:00:00 : . _ . :
¢1.xlarge Intel i5-2400 20 node cluster 40 node cluster
instanca 3.10 Ghz (c1.xlarge (c1.xlarge
(using all 8 cores) (using all 4 cores) instance) instance)
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Beyond docking...
SWOT analysis

Fast and scalable pose sampling Computational expensive

Rigid protein Investigate receptor full flexibility
Difficult solvent treatment Explicit solvent treatment
Serious scoring problems Accurate energy inspection

Fast and scalable pose sampling
Investigate receptor full flexibility
Explicit solvent treatment

Accurate energy inspection

s it possible to discriminate the bioactive (XRAY) conformation from an ensemble of docked
poses taking advantage of MD versatility?
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Why we need f/ime virtualization?

1. Severallmolecular properties are time-dependent

2. Conformational space is naturally explored
following time coordinate

3. Any recognition process is time-dependent

4. Dynamics controls equilibrium position
5. ...
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Adenosiland — Bridging docking with MD

My favorite C/G mutation

Theoretical GB/s GPU
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GPU
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{ Westmere
40 »

L3 8loomfield il
20 - E Woodcrest Multiple
Prescott Cores
Harpertown

0 “Northwood
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in collaboration with: (@) acellera’
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Bridging Docking and Molecular Dynamics

Molecular Docking — Posel ...
3UzC

MD MD
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Bridging Docking and Molecular Dynamics
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Bridging Docking and Molecular Dynamics - A,, adenosine receptor

M T4G

TA4E Caffeine

Sabbadin D., Ciancetta A., Moro S et al. ] Chem Inf Mod (2014) in press
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Bridging Docking and Molecular Dynamics - A,, adenosine receptor

Comparison between a strong and a weak binders
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)
w Some definitions:

... etc

Translations (3N) Conf. Conf.
Rotations (3N) LIG REC

RIGID @& D D

SEMI-FLEXIBLE =3

FLEXIBLE & < &
Slose toL1
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