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Molecular quantum numbers (MQN, 42D)
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Polar groups
H-Bond donor atoms 3   1   2
H-Bond donor sites 3   1   2
H-Bond acceptor atoms 3   4   1
H-Bond acceptor sites 3   7   4
Positive charges 1   0   1
Negative charges 0  1   1

Bonds
Acyclic single bonds 3   8   5
Acyclic double bonds 0   3   3
Acyclic triple bonds 0   0
Cyclic single bonds            18 11   7
Cyclic double bonds 4   3   1
Cyclic triple bonds 0   0
Rotatable bonds 0   4   4

Topology
Acyclic monovalent nodes 3   6   3
Acyclic divalent nodes 0   2   2
Acyclic trivalent nodes 0   2   2
Acyclic tetravalent nodes 0   0
Cyclic divalent nodes 8   6   2
Cyclic trivalent nodes 9   6   3
Cyclic tetravalent nodes 1   1
3-Membered rings 0   0
4-Membered rings 0   1   1
5-Membered rings 1   1
6-Membered rings 4   1   3
7-Membered rings 0   0
8-Membered rings 0   0
9-Membered rings 0   0
 10 membered rings 0   0
Atoms shared by fused rings 7   2   5
Bonds shared by fused rings 6   1   5

Atoms
Carbon 17 16 1
Fluorine 0 0
Chlorine 0 0
Bromine 0 0
Iodine 0 0
Sulphur 0 1  1
Phosphor 0 0
Acyclic nitrogen 0 1 1
Cyclic nitrogen 1 1
Acyclic oxygen 2 4  2
Cyclic oxygen 1 0  1
Heavy atom count    21 23  2
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FUn: A Framework for Interactive Visualizations of Large, High Dimensional Datasets on the Web. D.Probst, J.-L. Reymond, Bioinformatics, 2018, 34, 1433-1435

SmilesDrawer: parsing and drawing SMILES-encoded molecular structures using client-side JavaScript D. Probst, J.-L. Reymond, J. Chem. Inf. Model. 2018, 58, 1–7
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8Exploring DrugBank in Virtual Reality Chemical Space Daniel Probst and Jean-Louis Reymond, J. Chem. Inf. Model., 2018, 58(9), 1731-1735



Atom-pairs with topological distances in bonds
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Mahendra Awale et al., J. Chem. Inf. Model. 2014, 54, 1892-1907

0

50

100

150

200

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

adamantane

bis-homocubane

iPrEt3CH

0

50

100

150

200

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

cyclodecane

1,5-dimethylcyclooctane

decalin

iPr3CH

0

50

100

150
ChEMBL AV ChEMBL SD

ZINC AV ZINC SD

GDB-17 AV GDB-17 SD

CSD AV CSD SD

A

B C

0%

5%

10%

15%

20%

25%

30%

35%

0 5 10 15 20 25 30

ChEMBL

ZINC

GDB-17

CSD

longest topological distance

%
 D

a
ta

b
a

s
e

B
it

 V
a

lu
e

 a
v

. 
/ 
S

D

B
it

 V
a

lu
e

0

50

100

150

200

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

decane

2,7-dimethyloctane

Pr3CH

B
it

 V
a
lu

e

Pr3CH

0

50

100

150

200

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

adamantane

bis-homocubane

iPrEt3CH

0

50

100

150

200

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

cyclodecane

1,5-dimethylcyclooctane

decalin

iPr3CH

0

50

100

150
ChEMBL AV ChEMBL SD

ZINC AV ZINC SD

GDB-17 AV GDB-17 SD

CSD AV CSD SD

A

B C

0%

5%

10%

15%

20%

25%

30%

35%

0 5 10 15 20 25 30

ChEMBL

ZINC

GDB-17

CSD

longest topological distance

%
 D

a
ta

b
a
s
e

B
it

 V
a
lu

e
 a

v
. 
/ 
S

D

B
it

 V
a
lu

e

0

50

100

150

200

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

decane

2,7-dimethyloctane

Pr3CH

B
it

 V
a
lu

e

Sfp ECfp4 Xfp10 Xfp20 CATS

AUC for recovery of  ROCS Color Tanimoto analogues
≥ 90 %75 %60 %≤ 50 %

AUC value

i-PrCEt3



Target prediction
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Marion Poirier et al. ChemMedChem 2019, 14, 224-236

PPB2 with Xfp similiarity

angiogenesis inhibitor from phenotypic screen
known LPAAT-β inhibitor
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active off-targets ( 50 % @ 10 µM) inactive off-targets

HERG

ADAR1A

DRD1

DRD2

DRD3

DRD4

CHRM1

CHRM2

OPRM

HTR1A

HTR2A

SCN2A

CACNA1S

CACNA1B

5HT3

NMDA

GABA

ADRA2A

ADRB1

ADRB2

CB1

CB2

HTR1B

HTR2B

N
N

(M
Q

N
)

N
N

(X
fp

)

N
N

(E
C

fp
4

)

N
N

(M
Q

N
) 

+
 N

B
(E

C
fp

4
)

N
N

(X
fp

) 
+

 N
B

(E
C

fp
4

)

N
N

(E
C

fp
4

) 
+

 N
B

(E
C

fp
4

)

N
B

(E
C

fp
4

)

D
N

N
(E

C
fp

4
)

S
w

is
s
T
a

rg
e

t

S
E

A

S
P

iD
E

R

S
u

p
e

rP
re

d

H
it

P
ic

k

T
a

rg
e

tH
u

n
te

r

C
h

e
m

M
a

p
p

e
r

T
a

rP
re

d

P
A

S
S

P
P

B

N
N

(M
Q

N
)

N
N

(X
fp

)

N
N

(E
C

fp
4

)

N
N

(M
Q

N
) 

+
 N

B
(E

C
fp

4
)

N
N

(X
fp

) 
+

 N
B

(E
C

fp
4

)

N
B

(E
C

fp
4

)

D
N

N
(E

C
fp

4
)

S
w

is
s
T
a

rg
e

t

S
E

A

S
P

iD
E

R

S
u

p
e

rP
re

d

H
it

P
ic

k

T
a

rg
e

tH
u

n
te

r

C
h

e
m

M
a

p
p

e
r

T
a

rP
re

d

P
A

S
S

P
P

B

N
N

(E
C

fp
4

) 
+

 N
B

(E
C

fp
4

)

TRPV6 inhibitor: 

M. Awale, J.-L. Reymond, J. Chem. Inf. Model. 2019, 59, 10-17



a) DUD, MUV, ChEMBL b) Mutated and scrambled peptides c) All datasets

MAP4
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Alice Capecchi et al, J. Cheminf. 2020, 12, 43

MAP4 encoding of jk

j

k

r1: O=c |15| c(c)c

r2: O=c(c)[nH]|15|c(cc)cc



MAP4 TMAP of natural products

15Alice Capecchi et al., J. Cheminf. 2021, 13, 82, doi.org/10.1186/s13321-021-00559-3

https://tm.gdb.tools/map4/coconut_tmap/

Daniel Probst et al., J. Cheminf. 2020, doi:10.1186/s13321-020-0416-x

https://tm.gdb.tools/map4/coconut_tmap/
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Fuzzy atom-pairs
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Atom-pair with 3D-distance in Å
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Combretastatin A-4

3DAPfp CBD: 132 3DAPfp CBD: 9
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Johannes Morstein, Mahendra Awale et al., ACS Central Science 2019, 5, 607-618



www.cheminfo.org/pdbexplorer

PDB explorer
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Xian Jin et al. BMC Bioinformatics 2015, 16, 339



xLOS: matching pairs of atoms in 3D
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𝐱𝐋𝐎𝐒 𝐬𝐜𝐨𝐫𝐞 =
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3OG is a selective TRPV6 inhibitor
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pIC50   

7.30

3.00

Micael R. Cunha et al. RSC Med. Chem. 2020, 1, 1032-1040 

cis-22a3OG



X-Ray and cryo-EM structures of TRPV6 bound inhibitors

23Rajesh Bhardwaj et al. Sci. Adv. 2020, 6, eabe1508
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Graphs ≤ 17 nodes
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FDB-17: Fragments

10 M

Tobias Fink et al. J. Chem. Inf. Model. 2007, 47, 342-353 (GDB-11)

Lars Ruddigkeit et al., J. Chem. Inf. Model. 2012, 52, 2864-2875 (GDB-17)

Ricardo Visini et al., J. Chem. Inf. Model. 2017, 57, 700-709 (FDB17)

Jonai Pujol-Giménez, Marion Poirier et al., ChemMedChem 2021, 16, 3306-3314

Princeton 

Biomolecular Res.

952,071 cpds

GDB-17 Fragments

1,676 cpds

Fragment-like (Ro3)

remove reactive FG

1 tri/tetravalent sp3 center

present in GDB-17

diverse subset

511 cpds

diversity selection



Sampling

25Josep Arus-Pous et al., J. Cheminf. 2019, 11, 20



Josep Arus-Pous et al., J. Cheminformatics 2020, 12, 1-18, doi:10.1186/s13321-020-00441-8 + PhD thesis, 2020

LSTM or 

Transformer

GDBscaffolds

c1(c2c(c3ccccc3)ccc2)ccccc1

O=S(c1ccc(n2c(c3ccc(F)cc3)cc(C(F)(F)F)n2)cc1)(N)=O

Scaffold decoration



Ring systems

27
Kris Meier et al., Angew. Chem., Int. Ed. Engl. 2020, 60, 2074–2077

PDB:  3LXK (JAK3)

Table 1: JAK kinase inhibition profiles. 

IC50 (nM) JAK1 JAK2 JAK3 TYK2 

Delgocitinib[45] 2.8 2.6 13 58 

Tofacitinib[45] 2.9 1.2 1.1 42 

PF-06651600[41] >10,000 >10,000 33 nM >10,000 

rac-9a) 1.0 13 29 26 

rac-10a)  30 53 9 183 

(R)-9a)  0.8 5.4 14 52 

(S)-9 b) >1,000 >1,000 >1,000 >1,000 

 Ricardo Visini, Josep Arùs-Pous et al., J. Chem. Inf. Model. 2017, 57, 2707-2718



28
Kris Meier et al., Angew. Chem., Int. Ed. Engl. 2020, 60, 2074–2077
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