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Le Tyk2 sono un membro della famiglia delle Janus Kinase (JAKSs), ovvero una famiglia

di tirosin chinasi non-recettoriale.

Strutturalmente presenta: @
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* la porzione carbossiterminale che
comprende JH1 e JH2; J COOH
* idomini JH3, JH4 e JH5 che presentano una
certa omologia con i domini SH2 (Src-
homology-2);

* la porzione amino terminale, caratterizzata
dai domini JH6 e JH7 e dalla zona FERM.
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Creazione del dataset

SMILES 1C50(nM)
NC(=0)C1=CN=C2N1N=C{NC1=CC{=CC{=C1)C#N)C{F)(F)F)C=C2NC1CC1 430
NC({=0)C1=CN=C2N1N=C(NC1=CC=CC=C1)C=C2NC1CC1 32
CC1=CC(NC2=NN3C(=CN=C3C(NC3CC3)=C2)C(N)=0)=CC(C)=C1 22
CC1=CC(F)=CC(NC2=NN3C{=CN=C3C(NC3CC3)=C2)C(N}=0)=C1 24
NC(=0)C1=CN=C2N1N=C(NC1CCCCC1)C=C2NC1CCL 220
CNC1=CC{NC2=CC(C)=CC{C)=C2)=NN2C{=CN=C12)C(N)=0 7
CCNC1=CC{NC2=CC(C)=CC{C)=C2)=NN2C({=CN=C12)C{N}=0 17
CC1=CC(NC2=NN3C{=CN=C3C(NC3CCC3)=C2)C(N)=0)=CC(C)=C1 110

Analisi grafica
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Py-MolEdit , Reve w

Load Molecules
Draw New Molecule

View Molecules

Edit Dataset
Download

My Datasets
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Identification of N-Methyl Nicotinamide and N-Methyl Pyridazine-3-
Carboxamide Pseudokinase Domain Ligands as Highly Selective
Allosteric Inhibitors of Tyrosine Kinase 2 (TYK2)
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SFKEEM

Py-ConfSearch ., XcMpw

UFF
MMFF94S

- Balloon — MMFF94

GAFF
GHEMICAL

UFF

<= Make Conf Search - RDkit - MMFF94S

MMFF94

Conf Search ID Status Method Max Confs CG Maxiters SD Maxlters Force Field
4751 completed Results openbabel 50 50 50 UFF
4752 completed Results openbabel 50 50 50 MMFF94
4753 completed Results openbabel 50 50 50 MMFF94s
4754 completed Results openbabel 50 50 50 GAFF
4755 completed Results openbabel 50 50 50 Ghemical
4756 completed Results balloon 50 50 50 EEM
4757 completed Results balloon 50 50 50 MMFF94
4758 completed Results balloon 50 50 50 SFKEEM
4759 completed Results rdkit 50 50 UFF
4760 completed Results rdkit 50 50 MMFF94
4761 completed  Results rdlkit 50 50 MMFF94s RDkit
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Method: RDKit

Aligned Data Set TYKZ_inhibitors_C_[align on

Name:
Scoring Function: Best Score
Align On: Least Active
Use Longest Conf: 0®

1056 allineamenti totali (x3)

BEST SCORE
RDKit —p  LOWEST RMSD

/' TANIMOTO DISTANCE
PROTUDE DISTANCE

I

ONLY SHAEP
SHAEP > SIMILARITY

16 allineamenti ciascuno:

- least active;

- most active

-most flexible;

-most rigid;

-heaviest;

-longest;

-least polar;

-most polar;

-highest MR (Molecular Refractivity);
-lowest MR;

-highest HD (Hydrogen Donating groups);
-lowest HD;

-highest HA (Hydrogen Acceptor groups);
-lowest HA;

-highest LogP;

-lowest LogP;
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Py-CoMFA ,, Rore ~ Compare 3-D QSAR Models for Dataset and its children: dataset_ampliato_tyk2 (1

Show All 15 B3 Search...

Model External r q?
+ My 3-D QSAR Models ID Dataset Status Maps nTrMols Pred STE(PC)  STE(PC)
297114 76078 dataset_ampliato_tyk2 lowest HA completed Results Missing 106 False 0.780 (3) 0.587 (3)
297115 76079 dataset_ampliato_tyk2 highest HD  completed Results Missing 106 False 0.803 (4) 0.537 (4)
297116 76080 dataset ampliato_tyk2 lowest HD completed Results Missing 106 False 0.846 (4) 0.679 (4)
# My Datasets 297117 76089 .dataset_ampliato_tyk2_most_rigid completed Results  Missing 106 False 0.549 (2) 0.365 (2)
297118 76090 dataset_ampliato_tyk2 least polar completed Results Missing 106 False 0.799 (4) 0.5458 (4)
297119 76091 dataset_ampliato_tyk? most _polar completed Results Missing 106 False 0.702 (2) 0.583 (2)
b_tyk2_highest MR 458 (4)

PARAMETRI DI DEFAULT PARAMETRI VPO
fo_tykZ2 lowest MR 408 (3)
Probe: C3 o_tyk2_lowest HA Probe: C3.H3; H.P; N.am; O.2 547 (4)
Dieletric Constant: 8 Dieletric Constant: (1; 81; 1)
Grid Spacing: 2A ‘_ Grid Spacing: (1; 3,6; 0,1)
Cutoff Value: 30 kcal/mol Cutoff Value: (5; 36; 1)
Minimum Sigma: 0,05 Minimum Sigma: (0,1; 1,1; 0,1)
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2 S Wy — Y ::'i Nome Dataset ID r? q? orcC
Zim O, =)
Tyk_2_inhibitors M | 323310 | 0,800 0,663 4
Tyk2_inhibitors C | 318063 | 0,804 0,675 3
: O, ) Tyk2_inhibitors_S 302986 | 0,709 0,507 3
T G, -7 Media + d.s. 0,771+0,072 | 0,615+ 0,077
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14 Cristalli

PDB -

PROTEIN DATA BANK

Risultati «

—» COMBINE

——» CoMFA SB
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Py-Docking ., Kcrmp ~

Dockings

<+ Make Docking

# My Cross-Dockings (ONLY
PRO)

4 My Docking Pipelines

Dockings for Dataset:

Docking
1D

2619
2620
2621
2622
2636
2637
2638
2639

2640

Status

completed  Results
completed Results
completed  Results
completed Results
completed Results
completed Results
completed Results
completed Results

completed  Results

Method

smina

smina

smina

smina

smina

smina

smina

smina

smina

TYKZ2_inhibitors

Reference
Key

BNZP_key
BNZQ_key
BNZR_key
TAX4 _key
3Z0N_key

40L1_key
3Z0N_key
AWOV _key

5C01_key

Scoring
Function Minimization

vinardo

vinardo

vinardo

TAX4 vinardo
3ZON vina
40LI vina
3Z0ON vina
4OV vina

5C01 vina

Programma

Scoring function

Random
Initial Num
Conf Modes

false

false

false

false

false

false

false

false

false

RMSD
Filter

SMINA

Vinardo
Vina

Ad4_scoring

PLANTS

Plp
plp95
Chemplp

ECRD
RCRD
ECCD
RCCD

Riproducibili. Applicazione ad una serie di ligandi allosterici delle chinasi TYK2
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Docking Accuracy

i
RMSD = 4| — Y 2
N 2

p=1

DA = frmsd < a + 0.5 (frmsd < b — frmsd < a)
m
a
4

Punteggi RMSD:
e trafe2-1
e tra2e3-05
e 230
ﬂ

PLANTS plp e il
miglior metodo

METHOD ERCD RCRD ECCD RCCD
Plants Media (%) 58,85 69,05 44,04 46,43
1
PP d.s. +7,73 +10,31 +7.44 +6,18
Media 75,42 78,57 44,04 42,86
Plants Chemplp
d.s. +11,47 +6,18 +4,13 +7,15
Plants Media 71,42 72,62 46,76 46,42
plp95
d.s. +0,01 +2,06 +5,92 +0,01
Smina Media 35,71 39,28 35,71 34,52
vina
d.s. +0,00 +3,57 +0,00 +4,12
Smina Media 9,52 8,33 0,00 476
vina
L d.s. +2,06 +2,06 +0,00 +4,12
minimizzata
Media 31,76 34,52 29,76 36,90
Smina vinardo
d.s. +14,92 +7,43 +8,99 +8,99
Smina Media 2,38 9,52 7,14 2,38
vinardo
L d.s. +4,12 +4,12 +7,14 +4,12
minimizzata
Media 51,59 54,76 46,42 45,23
Smina
ad4_sc0ri_ng d.s. i5,46 i8,99 i0,0l i4,13
Smina Media 8,33 16,66 1,19 2,38
ad4_scoring
.. d.s. +5,46 +5,45 +2,06 +2,06
minimizzata
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Creazione dei dataset

SMILES 1C50(nM)
NC(=0)C1=CN=C2N1N=C{NC1=CC{=CC{=C1)C#N)C{F)(F)F)C=C2NC1CC1 430
NC({=0)C1=CN=C2N1N=C(NC1=CC=CC=C1)C=C2NC1CC1 32
CC1=CC(NC2=NN3C(=CN=C3C(NC3CC3)=C2)C(N)=0)=CC(C)=C1 22
CC1=CC(F)=CC(NC2=NN3C{=CN=C3C(NC3CC3)=C2)C(N}=0)=C1 24
NC(=0)C1=CN=C2N1N=C(NC1CCCCC1)C=C2NC1CCL 220
CNC1=CC{NC2=CC(C)=CC{C)=C2)=NN2C{=CN=C12)C(N)=0 7
CCNC1=CC{NC2=CC(C)=CC{C)=C2)=NN2C({=CN=C12)C{N}=0 17
CC1=CC(NC2=NN3C{=CN=C3C(NC3CCC3)=C2)C(N)=0)=CC(C)=C1 110

14 Best Docked Dataset _

COMBINE CoMFA SB Utilizzando la key

corrispondente come
riferimento

Risultati Risultati
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14 modelli con i 100 VPO per

Py-COMFA — > parametri di oy ciascun
default modello
Modello r? q? PC

Tyk2_3ZON 0,850 0,500 4
Tyk2_40LI 0,738 0,422 3
Tyk2_4WOV 0,681 0,441 3
Tyk2_5C01 0,768 0,497 3
Tyk2_5C03 0,685 0,382 3
Tyk2_5TKD 0,703 0,504 3
Tyk2_6NSL 0,747 0,521 3
Tyk2_6NZE 0,711 0,445 3
Tyk2_6NZF 0,761 0,443 3
Tyk2_6NZH 0,680 0,472 3
Tyk2_6NZP 0,620 0,467 2
Tyk2_6NZQ 0,667 0,512 3
Tyk2_6NZR 0,795 0,512 4
Tyk2_7AX4 0,783 0,533 4
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Py-ComBinE ., .E’i'l‘"\ﬂ b

Conf Searches

= Build New Combine Model

+ My Molecules

+ My Datasets

ComBinE Models for Dataset: - 13480.7yk2_370N_do

External q? SA
Status Pred Fields (PC) Opt

completed  Results False STE ) 0.369 False

(4)

completed Resulis ) Liles False

8
completed  Results i 0.33 (8) False

0.076
@

completed Resulis HB False

completed  Results STE ELE 0-(22?8
0.318

completed Resulis STE.DRY 5)

Scaling

True

15 modelli ComBine ottenuti dalle combinazioni di
interazione ligando-proteina calcolate:
STE
ELE
DRY
HB
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Risultati Modelli ComBine

Tyk2_6NZQ

Tyk2_7AX4

0,694

0,586

Tyk2_3ZON 0,439 0,304 2
Tyk2_40OLI 0,508 0,338 4
Tyk2_4WOV 0,630 0,44 5
Tyk2_5C01 0,613 0,429 5
Tyk2_5C03 0,485 0,339 3
Tyk2_5TKD 0,672 0,436 5
Tyk2_6NSL 0,627 0,391 5
Tyk2_6NZE 0,603 0,507 3
Tyk2_6NZF 0,577 0,475 3

0,510

0,410
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6NZR

6NZP

B STE

0.6 W ELE
= B DRY
] : B HB
=
]
£ 02
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8
w 0
w
u
o
w —0.2
@
o

-0.4

LEUS95A  GLYS96A  VALG03A TYR689OA  WVALG90A  HIS692A  PROGS4A
Residue
0.4 B STE
B ELE

c B DRY
3 W HB
> 0.2
£
=
L]
(=]
Yoo
@
w
3J
o
@
Lt}
o —0.2

VALG0ZA  LYS642A  TYRGEB9A  VALG90A  HISE92A  GLYG93A  ARG73BA

Residue

Residues Coeff x Mean

0.6

0.3

0.4

0.2

0.2

0.1

0

1

STE
ELE
DRY
HB

LEUS95A

VALGO3A

LYS642A GLUGBBA ARG738A ASN739A

Residue
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Interazioni elettrostatiche

Interazioni steriche




r

Un aumento
dell'ingombro
elettrostatico modula

ositivamente

\

9 lattivita biologica D

Un ingombro
sterico
aumenterebbe
l'attivita biologica

Un ingombro
sterico
diminuirebbe
notevolmente
l'attivita biologica

4 Un aumento )
dell'ingombro
elettrostatico
modula
negativamente

\1 attivita biologica )
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Nonostante 1’alta ed intrinseca casualita di calcolo, i modelli LB
COMFA e il docking molecolare sono riproducibili;

I modelli SB COMFA e COMBINE sono robusti, pertanto
verranno utilizzati per effettuare un Virtual Screening;

Esiste un consensus tra COMBINE e SB COMFA che ha
permesso di derivare SAR tridimendionali utili per progettare
nuovi inibitori allosterici Tyk?2.
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