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Illuminating the Chemical Space (ICS) protocol
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Druggable Cancer Genome Protein Family

ABSTRACT: According to the Illuminating the Druggable Genome (IDG) initiative, 90% of the proteins encoded by the human
genome still lack an identified active ligand, that is, a small molecule with biologically relevant binding potency or functional activity
in an in vitro assay. Under this scenario, there is an urgent need for new approaches to chemically address these yet untargeted
proteins. It is widely recognized that the best starting point for generating novel small molecules for proteins is to exploit the
expected polypharmacology of known active ligands across phylogenetically related proteins following the paradigm that similar
proteins are likely to interact with similar ligands. Here, we introduce a computational strategy to identify privileged structures that,
when chemically expanded, are highly probable to contain active small molecules for untargeted proteins. The protocol was first
tested on a set of 576 currently targeted proteins having at least one protein family sibling the year before their first active ligand was
reported. A privileged structure contained in active ligands that were identified in the following years was correctly anticipated for
214 (37%) of those targeted proteins, a lower-bound recall estimate when considering data completeness issues. When applied to a
set of 1184 untargeted potential druggable genes in cancer, the identification of privileged structures from known bioactive ligands of
protein family siblings allowed for extracting a priority list of diverse commercially available small molecules for 960 of them.
Assuming a minimum success rate of 37%, the chemical library selections should be able to deliver active ligands for at least 355
currently untargeted proteins associated with cancer.
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ABSTRACT: The SureChEMBL database provides open access to 17 million chemical entities mentioned in 14 million patents
published since 1970. However, alongside with molecules covered by patent claims, the database is full of starting materials and
intermediate products of little pharmacological relevance. Herein, we introduce a new filtering protocol to automatically select the
core chemical structures best representing a congeneric series of pharmacologically relevant molecules in patents. The protocol is
first validated against a selection of 890 SureChEMBL patents for which a total of 51,738 manually curated molecules are deposited
in ChEMBL. Our protocol was able to select 92.5% of the molecules in ChEMBL from all 270,968 molecules in SureChEMBL for
those patents. Subsequently, the protocol was applied to all 240,988 US pharmacological patents for which 9,111,706 molecules are
available in SureChEMBL. The unsupervised filtering process selected 5,949,214 molecules (65.3% of the total number of
molecules) that form highly congeneric chemical series in 188,795 of those patents (78.3% of the total number of patents). A
SureChEMBL version enriched with molecules of pharmacological relevance is available for download at https://ftp.ebi.ac.uk/pub/
databases/chembl/SureChEMBLccs.
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ICS validation by virtual de-targeting exercise
Capacity to anticipate active compounds for untargeted proteins

Do privileged structures found for CDK1/2/4
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ICS validation by virtual de-targeting exercise
Capacity to anticipate active compounds for untargeted proteins

Top #1.1 Top #2.1 Top #3.1 Top #3.2 Top #3.3
O=g Ox=g HS
~ )
N N N
2 KT T
] \ S
X0 N OH
q = HN—y HN HN—y
SEe HN a \ \ \
g E o o o
O'w HN HN HN
®
Covers 3/3 siblings and Covers 3/3 siblings and Covers 2/3 siblings and Covers 2/3 siblings and Covers 1/3 siblings and
4 unique molecules 1 unique molecules 33 unique molecules 24 unique molecules 1 unique molecules
Max. pPChEMBL CDK1/2/4 = 8.4 Max. pPChEMBL CDK1/2/4 = 7.7 Max. pPChEMBL CDK1/2 =8.0 Max. pChEMBL CDK1/2=9.3 Max. pChEMBL CDK2 = 8.2
~ ]
N N/,I'
@ ET |
= N\ AN
8] OH
g % HN Cl
QE
Oy
>
-§ NH;
CHEMBL23327 CHEMBL2002649
pChEMBL CDK5 =7.7 pChEMBL CDK5 = 8.1




ICS validation by virtual de-targeting exercise
Capacity to anticipate active compounds for untargeted proteins
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ICS validation by virtual de-targeting exercise
Capacity to anticipate active compounds for untargeted proteins
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Enzymes

Peptidase M10A family Lipoxygenase family

1,663 untargeted proteins
chemically illuminated by the ICS protocol

Pelle subfamily

5,501 purchasable compounds

Phospholipase A2 family
% Z
(=]

25000
. . tah OH
| Tclin @ Tchem @ Thio m Tdark
20000 PDK/BCKDK
family c
OH =
o
=
o
=y
N
15000 o=: Ecm a
]
N =
N
o
aga) 2
10000
Ep. proteins
o
N
5000 % )ﬁ)\ S
— R
N S 0
11,663 / ° s ”
’ N )
JARID1 histone AN InsP3 receptor family
0 demethylase family .
IDG InterPro family InterPro family Chemically o
with targeted siblings illuminated o -
[0“ mYN Telin Protein family
AN N H ™ Thio Superf
N N HO perfamily
K/W N\/ko
L Tdark
SLC29A/ENT family Transporters BASS family Telin/Tchem with no active molecules




May 8, 2023 Volume 63, Issue 9

pubs.acs.org/jcim

JOURNAL OF
CHEMICAL INFORMATION
AND MODELING

llluminating the
Chemical
Space of
Untargeted
Proteins

: ;r_dm } Targeted
chem

@ .
. Tda'k

Untargeted

ACS Publications

WWW.acs.org
v Most Trusted. Most Cited. Most Read.

Acknowledgements

Systems Pharmacology group (IMIM)
Chemotargets SL

Questions and feedback welcome

mariaf@ebi.ac.uk m @mijfalaguera

12



