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Computational Approaches for Target
Prediction

Query
- ~ Target Full Name: ( 3) Serotonin_1a_(5-HT1a)_receptor Link To Chembl
CH,y
(\u _ Query molecule is identical to database compound
\ 'y " p-value streching from 0.01 to 0. Complete fill=0
©/ [ p-value 0.01
1 Target not found by fingerprint

. A

ChEMBLAD ChEMBL-Name m Man SMifp ECipd Fipl [ Fip3 Fips No. of Mols
1 [ ] ] [ 50

CHEMBL1907610 ADRATA [ I O e
2 CHEMBLSS2S EBP ] (N (N [ (D (Y| (DD (D (— 68
3 CHEMBL273 HTR1A ] s (oo | | (0031 ] ] [ O [ 49
4 CHEMBL4153 SIGMAR1 [ N B | I | D D | 61
5 CHEMBL390 CELL-LINE ] O oo ]| | (005 | [ [ ] [ 2
6  CHEMBLE14518 CELLLINE | | | | (odz6 | [ozz8 | [o0fd | [ | D | O 10
7 CHEMBL1795085 ATXNZ 032 ] | | (o061 ] | ] Cooas | [ o0s | 0| Y] | 8
8 CHEMBL232 ADRATS [T [T D | N | [ (N | N D (e () 10
9 CHEMBL229 aprata [ [T W | W | [ @@ ) @ [ s 10
10 CHEMBL223 AaDRatD [T [T W | @AW | [T @ ] O O s . 10
11 CHEMBL1293231 RORC | | ST | | | | I N ] e 1
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Target Protein Identifiction

CHy

A

] IMH

Side targets?
(Polypharmacology)

OH

QW

Primary target?
e.g. Compounds from phenotypic
screening
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Reasons for project closure at Astrazeneca during 2005-2010

100 - Polypharmacology!
12 |—> (binding to other side
35 targets)

i 62

& 82 |

;C: | ——» Wrong target!

O

& 5 578 o8
15

B ol
0_

|
Preclinical Phase|l Phasella Phase llb
(33) (27) (26) (8)

[]Safety  HPK/PD
[ Efficacy M Strategy

Nature Reviews Drug Discovery 2014, Volume: 13, Pages:419-431
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Computational methods for target prediction

Ligand-based target prediction models

Chemical similarity
searching

Similarity values based
Database containing

statistical models
structures of known » (e.g Evd)

bioactive compounds

Fingerprint based

machine learning
models
N 0]

(e.g. Naive Bayes)
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S Z "N | A OH
N A N ONT
O H
Query compound Receptor-based target prediction models

List of predicted
targets

— Reverse docking
Database containing

3D-structures of target »

proteins Receptor-based

pharmacophore
models
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Chemical similarity searching o ek osrion
for target prediction

Max. similarity
sorting

Target A-1 NN score
Target B-1 NN score
Target C-1 NN score

Database
Calculate \/

similarity Target A-Ligand set

>

Target B-Ligand set
Target C-Ligand set

Avg. Similarity
sorting

Target A-average score
Target B-average score
Target C-average score

averge similartiy score considering K
nearest neighbours or all compounds
for each target
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model
- P-value
Max. similarity sorting
Qﬁ o Target A-1 NN score Target A-P-value
N —>
Y A @)%H Target B-1 NN score Target B-P-value
'N))\/Qku N Target C-1 NN score Target C-P-value
O

Database
Calculate \/

similarity Target A-Ligand set
< Target B-Ligand set

Target C-Ligand set P-value
Avg. Similarity

sorting
Target A-average score Target A-P-value
Target B-average score ™ Target B-P-value
Target C-average score Target C-P-value

Averge similartiy score considering K
nearest neighbours or all compounds
for each target
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model. (Example is shown for SEA method)

Smple S.D

Database Random Set A
of ligands Random Set B
Random Set C
o
(@]
(@]
(7]
C
o
v . _
ECfp4 Raw similarity score: GEJ
Set A-Set B Tanimoto Sgt A S_et B =
Set C-Set R »Raw similarity score: =
etc.. Set C- Set R N
etc..
0 | | | | | | |
0 1e+05 2e+05 Je+05 de+05 5e+05 Be+05 Te+05 Be+05 Ge+05 1e+08
i | | | | | | | | no. of ligands in set A x no. of ligands in set B
observed 2
45 - it 1 017 T ] T T ] |
AP L observed
Qr e "] .006 evd ——
35 B - —
R - i 0.006 .
| 0.004 - Pr -
_ Z-score distribution
| 0.008 —
n 0.002 -
| | | o - —
0 1e+05 2e+05 3Je+05 48405 S5e+05 BewlS 7e+05S Be+0S Se+d5 Te+06 0 | |

no. of ligands in set A x no. of ligands in set B -4 2 0 2 4 6 8 10 12 14
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ECfp4 _
Tanimoto Target A-ligand set
query 3| Target B-ligand set
Target C-ligand set
Sum up Tanimotos
v
Target A-ligand set raw score
Target B-ligand set raw score
Target C-ligand set raw score
—
o T 1 T 1 T T 1 T N
observed = ’
%= fil o _f;::f.!
4{} = L .:- =

Smple S.D

0

Te+05 2e+05 3e+05 4e+05 58405 Ge+05 7e+05 Be+05 Se+05 le+l6

no. of ligands in set A x no. of ligands in set B

similarity searching with Statistical
model. (Example is shown for SEA method)
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Smple mean score

o I I I l l I |
0 1e+05 22405 Je+05 4e+05 Se+05 Be+0d 7o+05 Be+0D Se+03 1e+06

no. of ligands in set A x no. of ligands in set B

I I ] I I
observed .

eud -

g

:

Z-score distribution

a.o0E —

a.o0m ~
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Machine Learning Models

Calculate
descriptors or

m Wfig Og{j )Lu’cr fingerprints
o ﬂ”““@‘

: I Fingerprint space
ﬂ%w g (Predictor variables)

Title ALogP AlLoge2 | AMRAR BCUTp-1 [BCUTp-1h| fragC apol | naAmmdt| natom
NHz NHJ Acebutolol =po0d | 441188 | E7.0727 | 4.75E08 | 9.76B1E 2152.08 | 55,7582 [ 52
’QJH}' Amoicillin -1.874| 351188 | 35964 | 4781190121043 | 1516.00 | 51.031 [] 44
Bandroflumethlazide -0.8075 | 085208 | 39.64T1 4.24440 | 12.8541 114712 | 49.7141 12 41
Banzocaing -0.4p83 | 0236844 | 205043 | 454706 | 852863 307.03 | 258787 B 23
Banzthlazide -1.8208 [ 1.78506 | 50,9851 g.80082 | 128721 111441 | 831231 10 AD
Clozaping 0.0002 | BABE-DS | 450577 | £.o2acs | 11.5903 1610.0E | B0.021 i2 42
Dibucaine -0.5e02 | 0312382 | s7.7081 5.09823 | 10.5048 2425.08 29441 10 54
Diathylstibastrol -0.2302 | 0.05299 | 33,7088 | 4.85004 | 11.5338 1301.02 | 46.6199 12 40
Diflurizal p.o5om | 0.06724 | 11,5280 | 4.03082 | 9.84330 423.05 | 31.7343 12 28
Dipyridamole -3.3772 | 114085 | o586ed | 430728 [ 11.5724 | 498112 | 809187 10 T&
Folic_Acid -3.3182 | 11.0105 | 52,3395 | 383215 | 9.33155 181713 | 86211 12 &1
Furosamida 00040 | 098983 | 33.6078 4.6608 | 12.2624 BE0.09 [ 30.7447 11 a2
Hydrachlorothiazide =1.5438 29827 | 354357 | 7.28B33 | 128018 4041 221423 [ 26
Ta rget A, Ta rget B, Irnipramins 0.001 | 0.00828 | 392562 | 57083 | 11.5804 1780.02 51.843 12 45
Indameathacin 02922 | 0.0BE38 | a7.8730@ | 412177 | 11.088 124008 | B0.EDET| 12 41
Ta rget C Ketoprofan =0.2088 0.0438 | 21,9194 | 420008 | 9.91827 81403 [ 39,2011 12 a3
’ Lidacairs 1166 | 1.35088 | 458867 | 500004 | 908654 124003 | 423114 ] 20
IMeclofenamic_acid 1.4704 | 216208 | 27.2826 4.4488 | 11.3888 619,05 | 29.0887 12 30
Target D, Target E, -
Target F,
Target G, Target H,
Target | < Find mathematical functions
Target space etc. Naive Bayes, which correctly mapped

Support vector machines, i i
(Class lables) 1t vector mac fingerprint space to target space ;
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4613 targets

City block distance . .
y 2.7M drug-target interactions

Query molecule

Similarity check 900K compounds
Collect top 20 targets
Calculate P-Value for each target )
repeat for
10 times

City block distance (CBD)

I

APfp Xfp MQN SMifp Sfp ECfp4d Ffpl Ffp2 Ffp3 Ffpd
\'43?3?3?3?33 SIS TIITANS) (FA3 NS TR INTANS F3T e TITTANE) R TNATATa) S A3 TSIV F IS TSINFANG) [F I ITTAR FISTNFIG }

|

Multi-voting based sorting, Generate combine view 10
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Six types of Molecular Representation

CH, CH,

A A

0 NH ! NH

Bond Distance = 5

o OH

MQN (42) SMifp (34) APfp (11)

Atom type, Bond type, CC(=0)Nclccc(O)ccl Count bond distances
Ring Count etc. Count different kind of between atoms

characters in SMILES Hydrophobic
.“‘ CH:}
H }\ HBD
MH .

2 « O MH o
CH, CHy HBA: .

= Enumerate Substructures )\ )\ . s

Bond Distance =5

P
®

CHa Hyd rophobic"‘

Ao
Sfp (1024)* llﬂljll lnglm Xfp (55)

ECfp4 (1024)* 0 O 1 0 01 0 O Count bond distances

between atoms with
pharmacophore information

11
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0.05 -

0.04 -

0.03 -

0.02 -

0.01 ~
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Four similarity fusion methods

1 10 100
City block distance

Ffpl (Xfpcgp+SMIfpcgp+Sfpcep)

Ffp2 (Xfpgp+MQN p+SMIfp gp)
Ffp3 (Xfppp+tSMIfppp+SfPpp+tECFP4 pp)
Ffp4d (Xfppp+MQN 5 +SMIfp pp+SFPcpptECTP4pp)

1000

o o
o o
N a

Fraction of random pairs
o
o
w

10000

——APfp (2.80)
—=Xfp (1)
MQN (24.9) ﬂ
——SMIfp (60.7)
——Sfp (4.46)
—ECfp4 (18.9)

1

10 100 1000 10000
City block distance

12
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p-value calculation
for the muscarinic acetylcholine receptor M1 (CHRM1)
in MQN fingerprint space
o 008 ] T 1
.a g
= S 0.8 -
£ 0.06 - =
S mmm Observed 2
= —rFitted 2 06 4
o 0.04 4 g
o 0.4 -
o =
§ 0.02 - E 02 4
L S
O
0 L] L] L] L] L] L] L] L) T
0 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
City block distance City block distance

46,130 distributions: (4,613 targets*10 fingerprints)

13
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Success rate

Validation Study: 670 Drugs

0.87
0.67 .
[ All predicted targets
[ Predicted targets p-value <= 0.01
| B Prcdicted targets p-value > 0.01
0.4
0.2- 1 1 1 1 1 1 1 1 1 1 1
o O O O < 41 AN M < O
== S s = 5 0000 =
< S O WL Wb wiw o
n Ll O

Success rate to find at least one of the
known targets of drug in top 5 predicted targets

SCHWEIZERISCHER NATIONALFONDS

14
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JESME Molecular Editor by Peter Ertl and Brunc Bienfait

Our Polypharmacology browser searches
through 4613 groups of at least 10
bioactive molecules with documented
activity against a biological target. as listed
in ChEMBL, using 6 different fingerprints
and 4 combination of fingerprints (listed
below).

No. of targets:

Fingerprints:

® APfp ® Xip ® MQN ® SMIfp
® gip ® ECfpa

* Xfp+SMIfp+Sip (Ffp1)

& Xip+MQN+SMIfp (Ffp2)

* Xip+SMIfp+Sip+ECTpd (Ffp3)

Xfp+MQN+SMIfp+STp+ECTpd (Ffpd)

Target Full Name: ( 5) Adrenergic_receptor_alpha-1

Query molecule is identical to database compound
p-value streching from 0.01 to 0. Complete fill=0

]
| I—
[ 1 pvalue =0.01

[ Target not found by fingerprint

OH
\ J

CHEMBL1293235 LMNA S
CHEMBL1697668 SLCO1B1 S
CHEMBL4261 HIF 1A S
CHEMBL1743121 SLCO1B3 S
I i S—

CHEMBLGD35 TXMRDA | R
CHEMBL2007624 PMP22 O &/
CHEMBL2093864 ADRAZC I
CHEMBL4096 TP&3 O/

-
=

Link To Chembl
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XLOS Virtual Screening for TRPV6
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o 4@_{2 OMe
L

1 (R = H) ICs = 90 uM
2 (R = Ph) ICs = 675 uM

Cl Cl Cl
T
R

3 (R = H, econazole) ICgq = 190 uM
4 (R = CI, miconazole) IC5y = 200 uM

5 (tamoxifen) IC5¢ = 8 uM

O\/\N/
SO

|

ICs0 (Cd2+) 26 M
|Cso (Ca ) =17 },lM

9
ICs9 (Cd?*)=31uM

ICsq (Ca®*) = 26 uM

ICs0 (Cdz") =26 uM
ICs0 (Ca%*) = 21 uM

ate bQ @é g@f“@

ICs0 (Cd2+) =37 uM
ICs0 (Ca*) = 25 uM

Sege

ICso (Cd2+) =23 uM
ICsq (Ca®*)=15puM

1) xLOS Screening
12M compounds
2) 133 compounds

purchased

3) FLIPR calcium assay

|

1) xLOS Screening

2) Synthesis (>50 compounds)
3) FLIPR calcium assay

cis-22a

ICs0 = 0.32 +0.12 uM

16
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(N H
NS
»
N
iti cis-22a -
True positive targets o True negative targets
50 = V. T U. o8 . .- . .
(significant binding) (no significant binding)
S5 O S5 O
= Q8 Q y Qs Q
L w-Ea < L w-Ea =3
@© = = o] fud s
o L= F L=
2o % e BBEE os % o $3ZE
o E S2Hd0MMTELC 300 & fo E 2900 ELC 3OO @
D_Q.O’EQ.QD_Q_D_Q.OELU = = D_Q_O'§Q.Oo_o.o.o.o;m = o
— Y— = i =y S5 © - — Y— i =y S © =
I XZ20DNUWLLLLOOOnwmMmEOOWL I XZ20D0NUWLLLILOOnmEOOQL
Y Y FY oy rFY oy Y
HERG %#% }4 CACNA1S % L d H b4
ADRAlA }% CACNAI1B % b db dh
ad rF Yy
DRD1 b dh d b d SHT3 b b b dh b b b b b bk kA A b dh dh Ak d
DRD2 r_1. r NMDA A S S S A A 20 25 2 2 2 A
b d b b b b b b b dh b A e A b b b dh Ak
r Y rvvyvy v vy vyYyYyvyyvYyyYyYYYyYyYyvyyyywyy
DRD3 @@ [ X ] GABA @
ry r
R0 (@OO@D lﬁ ® ADRAZA @
rr r1r1r1r1r1r r ryY~yY Y vy Y Y vy vyyywyrvr
CHRM] 99V Ww [ ADRB1 bbb b b b b b b dh b b b b
CHRM? @@ F 000D R
| W W W W W W W W W W W W ADRB2 W WY W YW WWwwWwwwww
oPRV 00000000000 0000 O FY Y Y Y Y Y Y Y Y Yy Yy vy vy vy
YOV WYWVYOYWYVYVYOYWwYwW N CB1 YOYYYYVYVYVYYYYYYYwYw
HTR1A F_W-. .-.- .- [ | S | S [ | S [ [ | | S [
CB2 VOOV wVYwwewwwww
HTR2A ryYy Yy Yy yyyvy¥y FYy vy FY YW Y Y W W Y WY
}{ b dh dh A b dh JL. JLJ hodh dh dh d HTR1B Ao b o A b b b b ok d
FYr Y Y Y\ ¥ 7
SCN2A A_d HTR2B LJLJLJLJL_JLJLJLJLJLJLJ.LJLJLJLJLJ

In collabaration with CEREP Pvt. Ltd.

17
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Summary

Chemical similarity
searching

Similarity values based
statistical models

DRD1 ADRA1A

X N A
Fingerprint based 'OI)X(H
machine learning m

models [ N

DRD2

cis-22a ‘ HTRlA

ICs0 = 0.32 +0.12 uM

'

DRD4

18
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