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Understand how it becames a binder!
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FromFrom aa molecularmolecular pointpoint ofof viewview,, ofof coursecourse!!FromFrom aa molecularmolecular pointpoint ofof viewview,, ofof coursecourse!!
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Select the best binder! Understand how it becames a binder!

MMStools



“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

Back when I was young:
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Any method attempting to model biological activity

should take into account this information and try to

correlate it to biological activity…”

by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775
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Why X-ray structures are computationally exciting…
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The natural link with the final state (bound state) of  

a ligand-receptor recognition process.
MMS Lab (2015): 3D printed model of the human A2A adenosine receptor co-crystallized its antagonist ZM 241385 (PDB entry: 4EIY)



II wouldwould likelike toto startstart fromfrom herehere!!II wouldwould likelike toto startstart fromfrom herehere!!

X-Ray

Crystallography

NMR

Spectroscopy

Comparative/Homology

Modeling
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…… andand thisthis isis ourour favoritefavorite huntinghunting

place!place!
www.rcsb.orgwww.rcsb.org
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PDBPDB…… inin numbersnumbers::
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19 March 2015



PDBPDB…… inin numbersnumbers::
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dodo youyou rememberremember??dodo youyou rememberremember??

Experiment Typical Cost per Compound (Experiment Typical Cost per Compound (€€))

Computer modeling 7

Biochemical assay 270

Cell culture assay 2.700
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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



FromFrom smallsmall moleculemolecule toto itsits biologicalbiological targettarget……FromFrom smallsmall moleculemolecule toto itsits biologicalbiological targettarget……
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C (x, y, z)C (x, y, z)
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“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

Back when I was young:
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Any method attempting to model biological activity

should take into account this information and try to

correlate it to biological activity…”

by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775
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zzCPK model:CPK model:

Robert Robert CCoreyorey LinusLinus PPaulingauling

Walter Walter KKoltunoltun
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Walter Walter KKoltunoltun
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Michael ConnollyMichael Connolly
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YouYou havehave nownow aa wonderfulwonderful tooltool toto estimateestimate

thethe topologicaltopological complementaritycomplementarity betweenbetween aa

cavitycavity andand itsits ligandligand::
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cavitycavity andand itsits ligandligand::
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ComplementarityComplementarity ∝∝ VolVolcavitycavity –– VolVolligandligand



“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

Back when I was young:
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Any method attempting to model biological activity

should take into account this information and try to

correlate it to biological activity…”

by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775



…… veryvery charming!charming!…… veryvery charming!charming!
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Vel < 0

Vel = 0

Vel > 0



Docking and ScoringDocking and ScoringDocking and ScoringDocking and Scoring
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The molecular docking problem: The molecular docking problem: 

ToTo placeplace aa ligandligand (small(small molecule)molecule) intointo thethe bindingbinding sitesite ofof

aa receptorreceptor inin thethe mannersmanners appropriateappropriate forfor optimaloptimal

interactionsinteractions withwith aa receptorreceptor (DOCKING)(DOCKING)..

ToTo evaluateevaluate thethe ligandligand--receptorreceptor interactionsinteractions inin aa wayway thatthat

maymay discriminatediscriminate thethe experimentallyexperimentally observedobserved modemode fromfrom

othersothers andand estimateestimate thethe bindingbinding affinityaffinity (SCORING)(SCORING)..
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ligand

receptor

docking

… etc

othersothers andand estimateestimate thethe bindingbinding affinityaffinity (SCORING)(SCORING)..

complex

scoring

predict (x,y,z) predict “∆∆Gbind”



Here is the problem…Here is the problem…
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1.1.where?where?

2. how?2. how?

3. how long?3. how long?



VirtualizeVirtualize docking and scoring…docking and scoring…
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1.where?



Principal binding site
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Alternative binding



VirtualizeVirtualize docking and scoring…docking and scoring…
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1.1.where?where?

2. how?
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z
1. Positioning the ligand into binding pocket:1. Positioning the ligand into binding pocket:
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22.. DockingDocking:: translate,translate, rotaterotate andand exploringexploring

conformationsconformations insideinside thethe bindingbinding pocketpocket::
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VIRTUAL WORLD

… etc

We define as POSE: 

a.the respective orientation of  the ligand 

Some definitions:
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a.the respective orientation of  the ligand 

vs protein;

b.the bound conformation of  the ligand. 



VirtualizeVirtualize docking and scoring…docking and scoring…
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1.1.where?where?

2. how?

3. how long?



Docking performance: can we preliminary analyze the stability of the complex poses?

Il ruolo dell’intelligenza umana e artificiale nella scoperta di nuovi farmaci
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weak binderstrong binder

… from a chemical point of  view, how could we distinguish 

between strong and weak binders?



Empirical Scoring Functions
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(kcal/mol)
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charge-charge interaction (ionic bond): -∆G0 ≅ 5 ÷ 10
charge-dipole interaction: -∆G0 ≅ 1 ÷ 7
charge-π interaction: -∆G0 ≅ 8 ÷ 10
hydrogen bond: -∆G0 ≅ 1 ÷ 7

(kcal/mol)

charge transfer interaction: -∆G0 ≅ 1 ÷ 6
π-π interaction: -∆G0 ≅ 1 ÷ 2
dipole-dipole interaction (van der Waals): -∆G0 ≅ 0.5 ÷ 1



Here is a real example: 

ZM

Ki = 1.6 nM (h_A2A)
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Caffeine

Ki = 23400 nM (h_A2A)



Here is a real example: 

ZM T4G
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T4E Caffeine



Molecular  Dynamics

Computational expensive

Investigate receptor full flexibility

Explicit solvent treatment

Accurate binding energy inspection (?)

SWAT Analysis

Molecular Docking

Fast  and scalable pose sampling

Rigid protein

Difficult solvent treatment

Serious scoring problems

Il ruolo dell’intelligenza umana e artificiale nella scoperta di nuovi farmaci
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Accurate binding energy inspection (?)Serious scoring problems

Ciancetta  A.; Moro S. TIPS 36, 878-890, (2015)



StretchingStretching time!time!StretchingStretching time!time!
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GRAZIE

PER LA PAZIENZA
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PER LA PAZIENZA


