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Proteine
proapoptotiche:
Bax,Bak,Diva,Bcl-Xs,
Bim,Bik,Bad,Bid,Egl-1

Proteine

antiapoptotiche:
Bcl-2,Bcl-xL,Mcl-
1,CED-9,A1,Bfl-1

Residui idrofobici conservati
nelle posizioni

I, 1+4, i+7, i+11 dell’a-elica
BH3.
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ABT-263 ABT-199 (Venetoclax)
ABT-737 (Navitoclax)
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Modello
AMBErTools matematico in
grado di predire
I'attivita di inibitori
Bcl-2/Bcl-xL

MarvinSketch
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Complessi iniziali
27 Bcl-xL

14 Bcl-2 »

Complessi aventi:

e Ligandi small molecules (non peptidici)
¢ Ligandi con atomi parametrizzabili

11 Bcl-xL ¢ Proteine umane

6 BC|-2 e Ligandi sottoposti a saggi enzimatici

Complessi aventi:
8 Bcl-xL e Ligandi saggiati su entrambe le proteine

5 Bcl-2 _J
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Complessi iniziali
27 Bcl-xL

14 Bcl-2

Complessi aventi:

e Ligandi small molecules (non peptidici)
¢ Ligandi con atomi parametrizzabili

11 Bcl-xL ¢ Proteine umane

6 BC|-2 e Ligandi sottoposti a saggi enzimatici

Residui di
4 cristallizazione

Modeller

~ /

Complessi aventi:
8 Bcl-xL e Ligandi saggiati su entrambe le proteine

5 Bcl-2




Parametrizzazione e
minimizzazione

(32 complessi sperimentali)

Creazione complessi virtuali

(512 complessi virtuali e
sperimentali)

Minimizzazione

Eliminazione di complessi
con anomalie

(415 complessi)

Eliminazione dei dati

ridondanti (26 complessi)

Allineamento e taglio
delle proteine

Inibitori

Bcl-xI Bcl-2

240 complessi

proteine

proteine inibitori

Bcl-xL

Bcl-2

240 complessi

480 complessi
virtual

32 complessi
sperimentali




Journal of

Medicinal Chemistry

Subscriber access provided by UNIVERSITA DI ROMA LA SAPIENZA

Prediction of Drug Binding Affinities by Comparative Binding Energy Analysis
Angel R. Ortiz, M. Teresa Pisabarro, Federico Gago, and Rebecca C. Wade
J. Med. Chem_, 1995, 38 (14), 2681-2691- DOI: 10.1021/jm00014a020 » Publication Date (Web): 01 May 2002

Res1 Res2 Res3 ......... Res-n
Cplx 1] X1 X2 X3 ........ Xn Y1
Cplx 2] X1 X2 X3 ........ Xn Y2
Cplx 3] X1 X2 X3 ........ Xn Y3
Cplxm}] X1 X2 X3 ... Xn Ym




15 modelli di @
@® partenza

8 modelli

Fields r g2 g2(YS Scaling Max N Components Score Func
STE.ELE.DRY 0.909 (5) 0.203 (5) -0.28 False True 8 LOO
STE.DRY 0.509 (1) 0.209 (1) -0.409 False True 8 LOO
STE.ELE.DRY.HB 0.707 (2) 0.101 (2) -0.501 False True 8 LOO
STE.ELE 0.873 (6) 0.293 (6) -0.792 False True 8 LOO
STE.HB 0.676 (3) 0.155 (3) -0.956 False True 8 LOO
STE 0.707(3)  0.390 (3) -1.032 False True 8 LOO
STE.DRY.HB 0.626 (2) 0.119 (2) -1.614 False True 8 LOO
STE.ELE.HB 0.703(2)  0.092 (2) -1.775 False True 8 LOO

Py-ComBinE,, &cme
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23 inibitori x 415 proteine

9.545 complessi

9.545 complessi x 20 conformazioni possibili di binding

190.900 complessi

23 Bcl-xL 23 Bcl-2
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Bcl-xl
Bcl2
Bcl-xl
Bcl2
Bcl2
Bcl-xl
Bcl-xl
Bcl-xl
Bcl-xl
Bcl-xl
Bcl-xl
Bcl2
Bcl2
Bcl2
Bcl-xl
Bcl-xl
Bcl2
Bcl2
Bcl2
Bcl2
Bcl-xl
Bcl2
Bcl2
Bcl2
Bcl-xl
Bcl2

10.50
9.50
9.50
9.41
9.31
9.31
9.23
9.22
9.10
9.01
8.76
8.70
8.67
8.62
8.40
8.36
8.34
8.31
8.29
8.25
8.20
8.10
8.10
8.00
7.70

ATTIVITA PREDETTE
e P By S TEELE DR S IE DR ST SLS DR STE ELE STE LR STC [STE DR BiSTEELE 3

ll 42
10.50
9.10
10.43
9.68
10.29
7.33
9.51
9.66
12.70
8.47
8.58
5.58
7.43
8.60
9.11
9.69
4.12
8.52
7.97
9.40
7.29
7.67
511
9.50

lO 62
8.74
8.38
9.19
8.97
7.94
8.38
8.24
9.40
8.57
7.68
7.78
6.01
6.63
8.67
8.74
8.86
5.26
8.37
7.59
9.22
8.33
8.60
5.21
9.77

10. 87
9.01
9.17
9.23
8.79
8.21
8.73
8.16
9.37
8.95
7.93
8.01
6.14
6.89
8.24
8.76
8.82
5.29
8.42
6.82
9.08
8.69
8.03
5.42
9.84

10 71
9.94
9.30
8.64
8.24
9.63
6.84
9.46
9.13
11.92
8.98
8.20
6.16
7.54
9.15
9.89
9.98
4.59
9.43
7.53
9.84
7.67
8.41
5.11
9.73

10. 17
8.95
9.11
8.67
8.88
8.40
8.91
8.25
9.39
8.46
8.64
8.15
6.24
6.99
8.78
8.76
8.91
5.59
8.80
7.98
8.97
9.25
8.75
5.90
9.89

11.37
9.42
9.65
8.68
8.71
9.16
8.10
9.27

10.27

10.23
9.47
8.03
5.99
7.72

10.13

10.33
9.77
5.64
9.46
9.22

10.18
8.96
9.70
6.42
9.94

ll 07
8.29
9.01
8.40
8.55
8.03
8.51
8.17
9.20
8.67
7.61
7.50
5.93
6.71
8.87
8.56
8.63
5.27
8.26
7.59
9.03
8.48
8.61
5.33
9.53

10 20
9.11
8.99
9.00
8.72
8.41
8.94
8.04
9.14
8.58
8.54
8.37
6.35
7.07
8.19
8.57
8.54
5.86
8.56
6.81
8.82

7.58
6.22




| modello STE.ELE.HB )

i o ot ety 20 7200 200 2 A N
Ly W \‘._//\.j

] COMBINE SELETTIVITA Bcl-2/Bcl-xL
STE.ELE.HB STE.ELE.HB

18 Bel-xl 10.50 10.20 0.65 0.84
1 Bcl2 9.50 9.11 1.00 1.01

Bel-xl 9.50 8.99 1.00 1.01

Bcl2 9.41 9.00 1.02 1.01
2 Bcl-x 9.23 8.94 1.02 1.01
19 Bel-x 9.10 9.14 0.73 1.00
11 Bcl2 8.10 9.00 1.17 1.07
12 Bcl2 8.10 7.58 1.05 0.78
12 Bel-xl 7.70 9.71 1.05 0.78
14 Bcl2 7.68 9.03 1.49 1.19
11 Bel-x 6.94 8.43 1.17 1.07
18 Bcl2 6.85 8.54 0.65 0.84
19 Bcl2 6.80 8.77 0.75 0.96

14 Bcl-x 5.15 7.57 1.49 1.19




| modello STE.ELE.HB )

i o ot ety 20 7200 200 2 A N
Ly W \‘._//\.j

] COMBINE SELETTIVITA Bcl-2/Bcl-xL
STE.ELE.HB STE.ELE.HB

18 Bcl-x 10.50 10.20 0.65 0.84
1 Bcl2 9.50 9.11 1.00 1.01

Bel-xl 9.50 8.99 1.00 1.01

Bcl2 9.41 9.00 1.02 1.01
2 Bcl-x 9.23 8.94 1.02 1.01
19 Bel-x 9.10 9.14 0.73 1.00
11 Bcl2 8.10 9.00 1.17 1.07
12 Bcl2 8.10 7.58 1.05 0.78
12 Bel-xl 7.70 9.71 1.05 0.78
14 Bcl2 7.68 9.03 1.49 1.19
11 Bel-x 6.94 8.43 1.17 1.07
18 Bcl2 6.85 8.54 0.65 0.84
19 Bcl2 6.80 8.77 0.75 0.96
14 Bcl-x 5.15 7.57 1.49 1.19
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GLN51
ALA52
ASP55
PHES6
ARG59
TYRG0
ASP63
PHEG4
GLUG6
MET67
GLUS8S
LEU89
ASP92
ASN95
TRP96
GLY97
ARG98
VAL100
ALA101
PHE105
TYR154

0.00
0.00
-0.01
0.00
0.00
0.00
0.03
0.00
0.03
0.00
-0.04
0.00
0.21
0.01
0.00
0.00
0.38
0.00
0.00
0.00
0.00

0.03
0.12
0.27
0.49
0.01
0.19
0.00
0.18
0.00
0.05
-0.02
0.18
0.00
0.15
0.04
0.26
0.30
0.05
0.04
0.03
0.33

0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.09
0.00
0.00
-0.33
0.00
0.00
0.00
0.00

ALA42
GLU45
PHE46
TYR50
PHE54
SER55
ASP56
LEUS7
GLU78
LEU79
ASP82
ASN85
TRP86
GLY87
ARGS88
VAL90
ALA91
PHE95
LEU143
TYR144

0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
-0.04
0.00
0.10
0.01
0.00
0.00
0.32
0.00
0.00
0.00
0.00
0.00

0.10
0.23
0.51
0.65
0.39
0.05
0.01
0.09
-0.01
0.18
0.00
0.12
0.05
0.27
0.28
0.07
0.04
0.03
0.02
0.48

0.00
0.00
0.00
0.00
0.00
0.70
0.00
0.49
0.00
0.00
0.00
-0.07
0.00
0.00
-0.60
0.00
0.00
0.00
0.00
0.00
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Tyr 144=0,48(STE)
Tyr 154=0,33(STE)

Phe 46=0,51(STE)
Phe 56=0,49(STE)

Tyr 50=0,65(STE)
Tyr 60=0,19(STE)

Leu 57= 0,49 (HB)
Ser 55=0,70(HB)

Bc-2= B
Bcl-xL= [
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RESIDUI BCL-XL RESIDUI BCL-2

GLU42A 0.00 0.01 0.00 ALAS57A 0.00 0.05 0.00
ALA43A 0.00 0.14 0.00 ASPG0OA 0.00 0.05 0.00
GLU46A 0.00 0.37 0.00 PHEG61A 0.00 0.48 0.00
PHE47A 0.00 0.65 0.00 ARGG64A 0.00 0.08 0.00
ARGS50A 0.00 0.01 0.00 TYRG5A 0.00 0.47 0.00
TYRS1A 0.00 1.00 0.00 ASPG8A 0.01 0.00 0.00
PHES5A 0.00 0.16 0.00 PHEG9A 0.00 0.01 0.00
SER56A 0.00 0.01 0.00 GLU93A -0.01 0.00 0.00
LEUS8A 0.00 0.02 0.00 LEU94A 0.00 0.06 0.00
LEUBOA 0.00 0.07 0.00 ASN100A 0.00 0.13 0.00
ASNS8GA 0.00 0.18 -0.02 TRP101A 0.00 0.32 0.00
TRP87A 0.00 0.22 0.00 GLY102A 0.00 0.46 0.00
GLY88A 0.00 0.47 0.00 ARG103A -0.03 0.10 0.00
ARG89A -0.01 0.10 0.00 VAL105A 0.00 0.08 0.00
VAL91A 0.00 0.13 0.00 ALA106A 0.00 0.02 0.00
ALA92A 0.00 0.03 0.00 PHE155A 0.00 0.01 0.00

PHE141A 0.00 0.01 0.00 TYR159A 0.03 0.51 0.00




Gly 102=0,46(STE)
Gly 88=0,47(STE)

Tyr 65=0,47(STE)
Tyr 51=1(STE)

Phe 61:0,48(STE)

Asp 60
Glu 46=0,37(STE)




Sono stati elaborati modelli COMBINE attraverso il
portale www.3d-gsar.com;

Il docking con Plants ci ha permesso di creare il test set
esterno per la validazione del modello;

E stato possibile individuare un modello COMBINE in
grado di predire |'attivita e la selettivita dell’inibitore.
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http://www.3d-qsar.com/
http://www.3d-qsar.com/
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Il modello potra essere utilizzato per progettare inibitori
potenti e selettivi. Questo potra permettere la creazione di
nuovi farmaci con minori effetti collaterali.
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