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➢ Design/validate/optimize different tools to derive quantitative structure-

activity relationships (QSAR, 3-D QSAR, and COMBINE) on different

molecular classes of current interest.

➢ Highlight/explain the fundamental ligand-protein interactions

➢ Predict untested/novel compounds

➢ Synthetize and evaluate new designed compounds

➢ Optimize existing quantitative models

➢ Obtain new lead compounds 5
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HSP90 INHs

X-ray SB

BSAO- PA As

Docking SB

PLS
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• Patent restrictions until June 17th 2011

• Not automatized proprietary softwares

• Still the same procedures
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Probe

Description
MPGRS Colour

A Aromatic Carbon Gray

C Aliphatic (sp3) Carbon Dark Gray

HD Hydrogen bonded to heteroatom Green

NA Hydrogen-bond-accepting amine nitrogen Cyan

N Amide nitrogen Blue

OA Hydrogen-bond-accepting oxygen Red

e Electrostatic Orange

d Desolvation Yellow

List of the AutoGrid probes employed for MIF calculation and MPGRS subregion

color coding.
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➢ MPGRS allowed focusing on the most

informative regions around the ligands and used

all the probes together to reduce the chances of

missing important correlations when using

single probe 3-D QSARs.
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• a data set of aligned opioid-receptor antagonists (LB data set)

• two data sets of HCV NS5B allosteric inhibitors (SB data sets)

➢ 3-D QSAutogrid/R validation:
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• a data set of aligned opioid-receptor antagonists (LB data set)

➢ 3-D QSAutogrid/R validation:

3-D QSAutogrid/R
OR P PC r2 q2

LOO q2
K5FCV r2

YS q2
YS

δ Autogrid DP 3 0.83 0.70 0.67 0.41 -0.50

μ Autogrid DP 4 0.85 0.65 0.63 0.52 -0.53

κ Autogrid DP 3 0.84 0.67 0.63 0.50 -0.53

CoMFA

OR P PC r2 q2
LOO q2

K5FCV

δ CoMFA 4 0.91 0.69 -

μ CoMFA 4 0.92 0.67 -

κ CoMFA 6 0.96 0.60 -
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• a data set of aligned opioid-receptor antagonists (LB data set)

➢ 3-D QSAutogrid/R validation:

3-D QSAutogrid/R

CoMFA

Steric Electrostatic
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• a data set of aligned opioid-receptor antagonists (LB data set)

• two data sets of HCV NS5B allosteric inhibitors (SB data sets)

➢ 3-D QSAutogrid/R validation:
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• two data sets of HCV NS5B allosteric inhibitors (SB data sets)

➢ 3-D QSAutogrid/R validation:

GRID/GOLPE

Dataset P PC r2 q2
LOO q2

K5FCV
r2

YS q2
YS

Thumb GRID/GOLPE/C1= 3 0.99 - 0.69 - -

Palm GRID/GOLPE/C1= 3 0.99 - 0.55 - -

3-D QSAutogrid/R

Dataset P PC r2 q2
LOO q2

K5FCV r2
YS q2

YS

Thumb Autogrid A 2 0.90 0.67 0.64 0.70 -0.63

Palm Autogrid A 3 0.96 0.73 0.62 0.68 -1.62
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• two data sets of HCV NS5B allosteric inhibitors (SB data sets)

➢ 3-D QSAutogrid/R validation:
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✓ Successfully validated

✓ New automatized 3-D QSAR procedure

✓ Completely free for academics

✓ New straightforward features : MPGRS and CAPP

✓

1

➢3-D QSAutogrid/R

1Journal of Molecular Modeling 2011, 17, 201-208
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model  P PC r
2
 q

2
LOO q

2
K5FCV r

2
YS q

2
YS V 

1 A 3 0.92 0.86 0.85 0.36 -0.33 3758 

2 C 3 0.92 0.86 0.85 0.37 -0.33 4492 

3 HD 3 0.91 0.85 0.84 0.39 -0.31 1217 

4 NA 3 0.91 0.86 0.85 0.31 -0.33 531 

5 N 3 0.91 0.85 0.85 0.32 -0.30 477 

6 OA 3 0.91 0.85 0.85 0.36 -0.33 658 

7 e 4 0.88 0.78 0.76 0.40 -0.48 468 

8 d 4 0.91 0.85 0.84 0.35 -0.44 4412 

 

Probe A Probe HD Probe NA
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Probe A

Probe HD

Probe NA

Original pharmacophore obtained by M. Botta group.1,2

1.Manetti, F.; Corelli, F.; Biava, M.; Fioravanti, R.; Porretta, G. C.; Botta, M., Building a pharmacophore model for a novel class of

antitubercular compounds. Farmaco 2000, 55, 484‐91.

2. Biava; Mariangela; Fioravanti; Rossella; Porretta; Cesare, G.; Deidda; Delia; Lampis; Giorgio; Pompei; Raffaello; Tafi; Andrea;

Manetti; Fabrizio, New derivatives of toluidine: Synthesis, antitubercular activity and pharmacophore hypothesis. Med. Chem. Res 2002.

HBA

RA2

HY

RA1



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT

HBA

RA2

HY

RA1

HBA

RA2

HY

RA1

27

Probe HD

pMIC=6.53 pMIC=4.06
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PC1 vs PC2 scores plot

derived from A probe

analysis

PC1



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
29

PC1 vs PC2 scores plot

derived from A probe

analysis

PLS-loadings contour maps from the A probe

analysis at PC1 (contour levels: 60%; positive:

orange, negative: cyan).

PC1
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Statistical Results Obtained from MPGRS Analysis.

PCFL:SL: optimal number of principal first level (FL) and second level (SL) components for the

MPGRS model; r2: conventional square-correlation coefficient; q2
LOO: cross-validation correlation

coefficient using the leave-one-out method; q2
K5FCV: cross-validation correlation coefficient using

the k-fold cross-validation with 5 random groups and 100 iterations; r2
YS: average square

correlation coefficient obtained after Y-scrambling process using 100 iterations; q2
YS: average

cross-validation correlation coefficient using the leave-one-out method obtained after Y-scrambling

process using 100 iterations

PCFL:SL 

1:3 
r

2
 q

2
LOO q

2
K5FCV SDEP LOO SDEP K5FCV r

2
YS q

2
YS 

0.88 0.80 0.80 0.32 0.32 0.31 -0.31 
 

Fitting (r2) and Cross-Validation (q2 K-5-Fold) plots at PC1:3
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External Test Set: R-4-Amino-3-isoxazolidinone Derivatives: Monocarbamates

(1a−e), Dicarbamates (2a−f), and Amides (3h,i)
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MIC data for D-4-amino-3-isoxazolidinone  derivatives

compd MIC(μg/mL)a pMICb

1a 32 3.84

1b 32 3.87

1c 32 3.90

1d 3.1 4.89

1e 32 3.97

2a 32 4.03

2b 32 4.06

2c 32 4.10

2d 3.1 5.09

2e 32 4.11

2f 32 4.02

3h 64 3.78

3i 32 4.13
aM. tuberculosis H37Rv (ATCC 27294) was used; MIC values represent the minimal concentrations of compounds

completely inhibiting visible growth of mycobacteria.

bpMIC = -Log [MIC(µM) x 10-6]
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Test Set predictions: SDEP values considering the optimal PCs; P: AutoGrid Probe;

PC: optimal number of principal components/latent variables; SDEPEXT: standard

deviation error of prediction (or root mean squared error of prediction, RMSEP) for

the external test set

P PC SDEPEXT

A 3 0.88

C 3 0.88

HD 3 0.81

NA 3 0.82

N 3 0.83

OA 3 0.84

e 4 0.90

d 4 1.51

P PCFL:SL SDEPEXT

A 1:3 0.89

Multi-Probe Guided Region Selection Test Set predictions: SDEP values

considering the optimal first level and second level PCs. P:AutoGrid Multi-Probe;

PCFL:SL: optimal first level and second level PC; SDEPEXT: standard deviation error

of prediction (or root mean squared error of prediction, RMSEP) for the external test

set
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✓ Quantitative pharmacophore model

✓ Useful conformational results to design new compounds

✓ Capability to correctly predict low active compounds

✓ Capability to discriminate most and least active compounds

(CHEMBL)

✓ 120 compounds were identified from the NCI Diversity Set as new

potential anti-TB agents

➢Anti-TB case study
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Retention of the compound  outside of the ATP 

binding  site

Gap in the 

allosteric pocket 

with potential 

binding  for the 

inhibitor

99.2% inhibition at 200µM

IC50=2.25±0.1 µM (pIC50=5,54)

Predicted pIC50= 8.18

2-indolyl-thieno[3,2-d]pyrimidinone

Docked binding modes in the 

ATP binding site of VEGFR-2

How to 

improve this 

activity ?

• 3D-QSAR models and pIC50 predictions of a set of 

55 new compounds (5.82<pIC50<7.82)

• Experimental activity (%inhibition @ 200µM)

evaluated for 51 compounds.(ranging from 13,7%

to 99.2%. (4 inactive compounds)

38
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Design of potent VEGFR-2 inhibitors: 3-D QSAR considerations

Indole

protection

pIC50=6.81

pIC50=8.51 for 3

Isomery

pIC50=8.37 for 2

2 modulations of A were studied.

Prediction of pIC50.

1. Protection of the indole moiety

2. Isomery of the thienopyrimidinone

Increased 

inhibitory activity 

compared to A

Decreased 

inhibitory activity 

compared to A

1

2

pIC50=8.18

Unprotected indole = no 

activity!

39
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Thieno[2,3-d]pyrimidinone

isomer

Phenyl urea:

extending chain 

commonly studied in 

VEGFR-2 inhibitors

Q= S, O, NH

Modulation of the 

heteroatom: 

= various possibilities of 

interaction with the 

Kinase Domain (KDR)

A= I, Br

Introduction of aromatic 

moieties

Nexavar (Sorafenib) ®

Lead Optimization

1

2

3

3 potential modulations

GM. Keating, A. Santoro. Sorafenib: a review of its 

use in advanced hepatocellular carcinoma. Drugs

69 (2009 ) (2): 223–240
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RESEARCH PERIOD ABROAD 

(09/2012-03/2013)

Synthesis of new classes of thienopyrimidinone as 

Inhibitor of Vascular Endothelial Growth Factor 

Receptor-2 (VEGFR-2) 41
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Condensation Reduction

Cyclisation Urea Formation

Alternative synthetic strategy:

access to the unsubstituted thieno[2,3-d]pyrimidinones

Linear open pathway: 4 steps synthesis

42
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Results of the 3D-QSAR modeling: the 10 best predictions (over 49)

43

ID Structure

Predictions

pIC50 IC50 nM

7a 7.73 18.72

7b 7.63 23.47

7c 7.57 26.74
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1-[4-chloro-3-(trifluoromethyl)phenyl]-3-[4-({4-oxo-3H-thieno[2,3-

d]pyrimidin-2-yl}methoxy)phenyl]urea 

Molecular Weight 494.874 

 

Aspect Light grey solid 

Yield 52% 

1
H NMR (400MHz, DMSO): δH 12.57(bs, 1H), 9.07(s, 1H), 8.65(s, 1H), 8.09(s, 

1H), 7.64-7.58(m, 3H), 7.41-7.38(m, 3H), 7.01-6.99(m, 2H), 5.00(s, 2H) 

19
F NMR (376 MHz, DMSO): δF -61.44(s, 3F) 

MS (ESI, [M+Na]
+
) 

m/z for 

C21H14ClF3N4NaO3S 

theoretic: 517.0325 

obtained: 517.0323 

Microanalysis:  

 

 C H N S 

theoretic: 50.97 2.85 11.32 6.48 

obtained: 51.08 2.77 11.56 6.41 
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Biological evaluation* for compounds 7a, 7b, 7c

45

Structures and either EGFR, VEGFR-2 inhibitory activity of thieno[2,3-d]pyrimidinones 7a-7c

# R R1

% Inhibition @ 10 µM

EGFR VEGFR-2

7a H H n.a.a 9%

7b F H n.a.a 5%

7c Cl CF3 n.a.a 13%

a Not active. No inhibition was observed up to 10 µM of the tested compound.

*Depreux Lab. 
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✓ 3-D QSARs correctly predicted 2f as new potent VEGFR-2

inhibitor

✓ Binding mode analysis led to design new compounds

✓ I practiced on organic chemistry

✓ Finally 3 new compounds were synthetised and biologically

evaluated

➢VEGFR-2 case study
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Hsp90 Inhibitors (I). Definition of 3-D QSAutogrid/R Models as a Tool for Virtual Screening

Flavio Ballante, Antonia Caroli, Richard B. Wickersham III And Rino Ragno 

Journal of Chemical Information and Modeling, 

(accepted with minor revisions, under correction)

47

Hsp90 Inhibitors (II). Combining ligand-based and structure-based approaches for Virtual 

Screening application

Antonia Caroli, Flavio Ballante, Richard B. Wickersham III, Federico Corelli And Rino Ragno

Journal of Chemical Information and Modeling, 

(accepted with minor revisions, under correction)
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Autogrid/R PLS models statistical results (CAPP process was applied).

model P PC r2 q2
LOO q2

K5FCV r2
YS q2

YS

1 A 2 0.93 0.61 0.59 0.69 -0.46

2 C 2 0.93 0.61 0.58 0.69 -0.50

3 HD 2 0.85 0.55 0.54 0.44 -0.52

4 NA 2 0.93 0.61 0.59 0.71 -0.42

5 N 2 0.93 0.62 0.58 0.68 -0.52

6 OA 2 0.93 0.61 0.59 0.69 -0.47

7 e 2 0.93 0.63 0.60 0.73 -0.50

8 d 1 0.72 0.61 0.60 0.12 -0.22
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Statistical Results Obtained from MPGRS Analysis

MPGRS 3-D QSAR

PCFL:SL

1:2

r2 q2
LOO q2

K5FCV SDEPLOO SDEPK5FCV r2
YS q2

YS

0.94 0.69 0.68 0.43 0.44 0.67 -0.50
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MPGRS. : key points with PLS-coefficients contour maps (contour levels 75%:

positive: red; negative: blue). 3OWD in magenta and 1UYD in green. The points are

color coded according to that reported in the methodology reference.
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Test Set predictions

P PC SDEPEXT

A 2 0.79

C 2 0.79

HD 2 0.78

NA 2 0.80

N 2 0.79

OA 2 0.81

e 2 0.79

d 1 0.86

MPGRS. Multi Probe model Test Set predictions.

P PCFL:SL SDEPEXT

AutoGrid MP 1:2 0.81
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VS

1785 compounds (NCI Diversity Set) 

80 molecules selected for biological assays 

4 derivatives with IC50 values ranging between 18-63 µM
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ID
IC50

[µM]

NCI23128 18

NCI610930 32

NCI117285 49

NCI170578 63
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The most active screened compound NCI610930 (green coloured) in its BC system (protein

and pose) overlapped with 2YKI1.

1J Med Chem 2011, 54, 7206-19.
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✓ Max usage of available HSP90 crystal structures

✓ 3-D QSARs allowed to derive several LB-SB convergence points

✓ An optimized VS procedure was applied on the NCI Diversity Set

✓ 4 compounds were identified to be active in a low micromolar

range

➢HSP90 case study
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COMBINE: 

Comparative Binding Energy Analysis

combination of data

structures of the receptor-ligand 

the measured biological activity 

combination of molecular mechanics 

and chemometrics for the analysis

Rebecca C. Wade, Angel R. Qrtiz, e Federico Gago, «Comparative Binding Energy Analysis», in 3D

QSAR in Drug Design, cur da. Hugo Kubinyi, Gerd Folkers, e Yvonne C. Martin, vol. 2 (Dordrecht:

Kluwer Academic Publishers, 2002), 19-34, http://www.springerlink.com/content/r1g65852226264h3/.

While the performed chemometric analysis is similar to CoMFA, the

analyzed data, in COMBINE, include the interaction energies between

the receptor and the ligand rather than the only interaction ligands

properties.
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The COMBINE models allow to highlight the fundamental

interactions that drive for the different binding mode characterizing

the training set.

The used training set can be characterized by:

✓ complexes consisting of the same receptor complexed with

different ligands

✓ different receptors complexed with the same ligand

✓ different ligands complexed with different receptors

➢ A simplified and faster version of comparative binding energy

(COMBINE) analysis, named COMBINEr was developed…



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
58



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
59



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
60

j
i

rij

ΔGL-J = ɛ
𝑟𝑚

𝑟𝑖𝑗

12

− 2
𝑟𝑚

𝑟𝑖𝑗

6

ΔGE = 
1

4πɛ0

𝑞1 𝑞2

𝑟𝑖𝑗



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
61

ΔGL-J = σ𝑖𝑗 ɛ
𝑟𝑚

𝑟𝑖𝑗

12

− 2
𝑟𝑚

𝑟𝑖𝑗

6

ΔGE = σ𝑖𝑗
1

4πɛ0

𝑞1 𝑞2

𝑟𝑖𝑗

j
i

rij



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
62

ΔGL-J = -0.356

ΔGE = -0.849
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ΔGL-J = -0.356+(-1.287)

ΔGE = -0.849+(-0.570)



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
64

ΔGL-J = -0.356+(-1.287)+(-0.749)+…

ΔGE = -0.849+(-0.570)+(-1.136)+…
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ΔGL-J = -0.356+(-1.287)+(-0.749)+…

ΔGE = -0.849+(-0.570)+(-1.136)+…
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ΔGL-J = -6.725

ΔGE = -8.430
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ΔGL-J
compd1 compd2 compd3 compd4

Phe208 1.236

Asp101

Cys275

ΔGE compd1 compd2 compd3 compd4

Phe208 2.851

Asp101

Cys275
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ΔGL-J
compd1 compd2 compd3 compd4

Phe208 1.236

Asp101 -6.725

Cys275
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ΔGE compd1 compd2 compd3 compd4

Phe208 2.851

Asp101 -8.430

Cys275
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ΔGL-J
compd1 compd2 compd3 compd4

Phe208 1.236

Asp101 -6.725

Cys275 -6.246
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ΔGE compd1 compd2 compd3 compd4

Phe208 2.851

Asp101 -8.430

Cys275 -7.879
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ΔGL-J
compd1 compd2 compd3 compd4

Phe208 1.236 -0.489 … …

Asp101 -6.725 -5.213 … …

Cys275 -6.246 -3.551 … …

ΔGE compd1 compd2 compd3 compd4

Phe208 2.851 -6.187 … …

Asp101 -8.430 -7.488 … …

Cys275 -7.879 -5.375 … …
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VL-J
compd1 compd2 compd3 compd4

Phe208 1.236β1 -0.489β1 …β1 …β1 β1X1

Asp101 -6.725β2 -5.213β2 …β2 …β2 β2X2

Cys275 -6.246β3 -3.551β3 …β3 …β3 β3X3

.

.

.

IC50 6.3 x 10-7 3 x 10-9 4.3 x 10-6 5.6 x 10-5 Y

β1X1 + β1X1 + … + βnXn = Y
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✓ Identify the most influent ligand protein interactions

✓ WO patent 61/842,191

➢COMBINEr
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Anti-RT activities (µM) of NVP and EFV used to build the COMBINEr model.

RT NVP EFV

WT 0.4 0.03

L100I 9.0 0.12

K103N 7.0 0.16

V106A 10.0 0.04

V179D 2.0 0.10

Y181I 36.0 0.15

Y188L 18.0 0.38

Nevirapine (NVP) Efavirenz (EFV)

Nevirapine and Efavirenz.
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CM Model r2 SDEC q2
LOO

SDEP

LOO

q2
LSO5

SDEP

LSO5

q2
LSO2

SDEP

LSO2

1 DRY 0.91 0.31 0.82 0.43 0.79 0.46 0.63 0.58

2 ELE 0.80 0.45 0.51 0.71 0.49 0.72 0.37 0.79

3 STE 0.81 0.44 0.69 0.57 0.65 0.60 0.52 0.68

4 DRY_STE 0.88 0.35 0.78 0.48 0.75 0.50 0.61 0.61

5 ELE_STE 0.82 0.43 0.58 0.66 0.53 0.69 0.44 0.75

6 DRY_ELE 0.89 0.34 0.66 0.59 0.63 0.62 0.48 0.70

7 DRY_ELE_STE 0.86 0.38 0.66 0.59 0.62 0.62 0.50 0.70
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PLS coefficients x SD obtained from the CM4 model. Only bars with values higher

than 0.001 and lower than -0.001 are shown.
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 EFV NVP 

A 

(+90 °) 

  

B 

Frontal 

View 

 
 

C 

(-90 °) 

 
 

 
  

Figure 5. Efavirenz (EFV) and Nevirapine (NVP) with the surrounding 

residues surfaces as in the experimental complexes. The surfaces are colored 

by activity contribution. Three view of the complexes which are rotated 

along the X axes by ±90 ° are shown. 
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(R/S) MC1501

(N,N-DABO)

(R/S) MC2082

(DAPY-DABO Hybrid)

Racemic DABO derivatives used as external test set.

Experimental and COMBINE model CM4 predicted activities of MC compounds. 

MC1501 MC2082

R S R S

Exp Pred Exp Pred Exp Pred Exp Pred

WT 8.70 7.46 6.93 7.20 6.81 7.21 4.52 5.77

V106A 8.52 9.19 6.45 5.78 9.52 9.43 6.62 7.51

K103N 7.02 7.17 6.01 7.52 8.52 9.11 7.19 7.52

L100I 7.02 6.69 4.40 7.11 8.10 7.49 6.74 6.03

Y188L 6.71 7.51 4.40 5.11 8.10 7.09 4.40 5.95

Y181I 6.35 6.05 4.40 6.12 6.12 6.25 6.29 5.48
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✓ First COMBINEr application

✓ Identify the most influent ligand protein interactions

✓ Predict DABOs derivatives with the correct eudismic ratio

➢HIV case study
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➢ Both ligand-based and structure-based alignments has been used

➢ Several 3-D QSAR models for the eleven human zinc-based histone

deacetylases (HDACs) were derived by a comparative binding energy

(COMBINEr) analysis on a series of inhibitors for which biological

activities against the 11 human zinc-based HDACs isoforms were

available.
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TEST SETS:

▪ Three different test sets were used for external validation

▪ MTS, CTS, LTS

TRAINING SET:

• 39 complexes derived with crystallized 

structures

+

▪ 55 complexes derived with homology models.

LLX

VALP

NABUT

OXAM

APHA8

SAHA

SBHA

TSA

SCRIP

MS-275

MS-344

NHB

HA3

TFMK

15 INHs
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Statistical results of the COMBINE models.

# Field PC r2 SDEC q2
K5fold

SDEPK5

fold

q2
LOO

SDEPL

OO

q2 scrambled

% 

positive

values

Max. 

value

1 ELE 2 0.69 0.91 0.67 0.94 0.68 0.93 5 0.07

2 STE 2 0.27 1.40 0.14 1.52 0.15 1.51 n.d. n.d.

3 DRY 2 0.46 1.21 0.34 1.33 0.36 1.32 n.d. n.d.

4 ELE+STE 2 0.74 0.84 0.68 0.93 0.68 0.93 2 0.05

5 ELE+DRY 2 0.80 0.73 0.76 0.81 0.76 0.81 6 0.08

6 STE+DRY 3 0.54 1.11 0.33 1.34 0.35 1.33 n.d. n.d.

7 ELE+DRY+STE 2 0.77 0.78 0.72 0.87 0.72 0.87 4 0.04
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Interaction energies were calculated on a per-residue basis considering

electrostatic (ELE), steric (STE) and desolvation (DRY), while statistical

PLS-based models were build and validated using in-house R scripts…

…this allowed identification of those residues responsible for both

inhibitory activity and selectivity and quantification of their relative

importance

PLS Coeff plot for the ELE+DRY COMBINEr model
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…this allowed identification of those residues responsible for both

inhibitory activity and selectivity and quantification of their relative

importance

Per-residue activity-contribution plots for the ELE (A) and DRY (B) fields.
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The four most important residues (MIRs) from the COMBINE model analysis. The labels and

regions are color coded: in red the residues in the HDAC’s rim region, in blue those forming the

central tube channel and in black those in the proximity of the catalytic Zn ion. ZBG: Zn-binding

group, HS: hydrophobic spacer, CAP: hydrophobic capping group.
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MS-275
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SCRIPTAID
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➢HDAC case study

✓ The derived COMBINEr model shows good statistical

coefficients

✓ Was predictive for the compounds in the test sets, and robust to

cross-validation while omitting multiple data

✓ The model was able to rationalize the different activity profiles

of the HDAC inhibitors studied

✓ This model should provide a useful tool for the a priori

prediction of activity of compounds yet to be synthesized in

order to improve their selectivity profiles
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RESEARCH PERIOD ABROAD 

(08/2013-10/2013)

Biological evaluation of new Histone Deacetylases

Inibitors (HDACIs) against HDAC 3 and HDAC 6

91



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
92



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
93



► OVERVIEW

• CADD

• Aims & Objectives

• Fields of interest

► 3-D QSAR

• 3-D QSAutogrid/R

• Anti-TB

• VEGFR-2

• HSP90

• COMBINEr

• HIV

• HDACs

► RESEARCH ABROAD

• Organic synthesis

• VEGFR-2

• Biological Assays

• HDACs

‖ CONCLUSIONS

‖ PERSPECTIVES

‖ ACKNOWLEDGMENT
94

List of screened compounds

# Cpd

Stock Solution 

mM  in 100% 

DMSO

# Cpd

Stock Solution 

mM  in 100% 

DMSO

1 MC1716 10 16 MC2776 10

2 MC1723 10 17 MC2780 10

3 MC1739 10 18 MC2984 10

4 MC1742 10 19 MC3004 20

5 MC1746 10 20 MC3031 10

6 MC1862 10 21 MC3050 10

7 MC2122 20 22 MC3079 10

8 MC2126 10 23 SD-L-148 20

9 MC2129 10 24 SD-L-256 10

10 MC2195 20 25 SDM141 20

11 MC2427 10 26 SDM146 20

12 MC2625 10 27 ENTINOSTATa 50

13 MC2664 10 28 SAHAa 100

14 MC2726 10 29 TUBASTATIN Aa 100

15 MC2727 10
aStock compounds: from Selleckchem® Tubes
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HDAC 3: standard compounds’ inhibitory profiles  
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HDAC 3: compounds’ inhibitory profiles  
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HDAC 6: standard compounds’ inhibitory profiles  
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HDAC 6: compounds’ inhibitory profiles  
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➢HDAC biological investigation

✓ Optimized assay protocol developed

✓ A huge assay investigation is just started…

✓ …over 400 new compounds will be evaluate over the 11 HDACs

isoforms
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➢CONCLUSIONS

Organic Chemistry

B
io

ch
e

m
is

tr
y

Medicinal

Chemistry
✓→

✓→

8 Journal Publications + 1 Abstract Published

1 Oral Presentation

14 Scientific Abstract/Poster

✓→
9 Months Abroad

✓→ 1 WO Patent (COMBINEr)
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