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2023 was the year of ChatGPT and artificial intelligence is
becoming increasingly ubiquitous in all walks of life. In scientific
research Al is now being applied to almost every aspect of chemi-
cal discovery and optimisation from the generation of new mole-
cules, to predicting their synthetic routes and modelling complex
pharmacology, not to mention the more mundane tasks such as
writing up results (disclaimer, this report was written entirely by
human intelligence!).

Al in drug discovery was therefore a timely topic for this
year’s DMCCB Basel symposium, held at the University of Ba-
sel’s BioZentrum on February 12", The meeting was attended by
approximately 120 participants from across the academic and in-
dustrial sectors with specialisms spanning drug discovery, chem-
ical biology, computational chemistry, and machine learning.

At the early stage of the discovery process generative Al can
be used as a tool to discover new chemical matter for screening
against a target. A generative Al workflow requires a generative
model that ‘invents’ molecules with a particular set of properties,
coupled with a scoring algorithm that ranks the generated mol-
ecules based on relevant parameters. The results for the scoring
algorithm then feed back into the generative model to inform the
design of further compounds. Developing models that can gen-
erate structures that are novel but chemically and synthetically
reasonable is an ongoing challenge.

To this end Prof. Hongming Chen (Guangzhou Laborato-
ry) presented his groups research on the ‘Development of Novel
Generative Models for Molecule Design’. Prof. Chen’s group
has developed ‘Tree-Invent’,['l a molecular generative model
capable of producing structures that adhere to specific topo-
logical constraints. The model’s adaptability extends to various
molecule design applications, including scaffold decoration,
scaffold hopping, and linker generation, showcasing its utility
in diverse design scenarios. Prof Chen also presented EC-Conf,
a novel diffusion method for rapid generation of low energy
conformers.[2! Conformer generation is necessary for many com-
putational methods such as pharmacophore modelling, virtual
screening and QSAR modelling and often represents a bottleneck
in high throughput computational workflows. EC-Conf demon-
strated up to two orders of magnitude improvement in efficiency
over traditional diffusion models.

Prof. Gerard J. P. Van Westen (Leiden University) also pre-
sented a new approach to generative modelling called ‘UnCor-
rupt SMILES’. This model corrects any invalid smile outputs of
a generative model to improve the coverage of chemical space.l’]
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Prof. Van Westen also presented several other workflows and
models designed to facilitate virtual screening. QligFEP*! and
QresFEPD! are automated workflows for binding free energy cal-
culations. QIigFEP uses a dual topology strategy to provide a
clear perturbation pathway between the ligands being studied in
a free-energy perturbation experiment and QresFEP is designed
to specifically explore the impact of point mutations in the target
protein. DrugEx is a multi-objective reinforcement learn-
ing-based, open-source software package for de novo drug de-
sign.l%l Integrated within the GenUI software platform, DrugEx
provides a versatile tool for users ranging from those seeking
quick experiment setup and model building through graphical
user interfaces, to those desiring deeper workflow customization
via its new Python APL

Fig. 1. Clockwise from top-left: Prof. Hongming Chen, Prof. Andrea
Volkamer, Prof. Gerard JP van Westen, Dr. Nadine Schneider.

Another approach to generating new leads is mining open-
source data such as that stored in databases such as ChEMBL or
PDB. Prof. Andrea Volkamer (Universitit des Saarlandes) pre-
sented her group’s work on the development of tools to aid the
design and discovery of new kinase inhibitors, a class particularly
rich in relevant data. Prof. Volkamer presented methods for tem-
plated docking of kinase inhibitors to increase the size of datasets
used to train ML models for generative chemistry”l and a method
called KiSSim that can be used to predict possible off-targets
within the kinome.[8!

One of the key challenges with the rapid development of Al
models to assist drug design is how to ensure that the next gener-
ations of medicinal chemists are appropriately skilled in their use,
especially as a lot of software is either proprietary or requires a
degree of familiarity with programming languages to implement.
The Volkamer group have developed ‘TeachOpenCADD’, an ex-
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tensive training toolkit for teaching computer aided drug design
that provides simple tutorials and workflows, using open-source
software, for common tasks in CADD.[®I This is a valuable resource
both for students of organic and medicinal chemistry but also for
established practitioners looking to keep their skills up to date.

It is not just small molecule discovery that can benefit from
Al techniques, and this was elegantly illustrated by Prof. Patrick
Barth (EPFL, Laboratory of Protein and Cell Engineering). Pro-
teins are flexible molecules and Prof. Barth presented his group’s
work on using molecular dynamics and deep learning models to
help understand the allosteric behaviour of membrane receptor
proteins in response to different stimuli. This has allowed the
group to design new sensors, demonstrated with the development
of an ultrasensitive chemotactic sensor based on the chemokyne
receptor CXCR4 and a modified SDF-1 peptide.[!% Incorporation
of conformational dynamics into the design workflow was es-
sential to develop potent receptor agonists without switching into
antagonism.

In addition to the keynote speakers there were three short
talks. Marvin Alberts (IBM / University of Ziirich) presented
his PhD studies on the development of methods for automated
structure determination using machine learning models for the
interpretation of NMR and IR spectra.l'!] Jennifer Miiller (ETH
Ziirich) developed novel inhibitors of the amino-acid transporter
LAT-1 as potential antitumor agents.l'?] Using the clinical can-
didate JPH203 as a lead compound and supported by cryo-EM
data, she used a cyclisation strategy to rigidify the compound and
improve potency. Lukas Schneider (University of Basel) present-
ed a new method for DNA-encoded library screening based on
fusing a nucleotidyl transferase enzyme to the target protein.[!3]
In the presence of ATP this polyadenylates the DNA tag of any
compound that binds to the target allowing for simple isolation of
binders using poly-dT functionalised beads. This method over-
comes a number of limitations with conventional affinity selection
and improves the resolution of the selection step. Importantly it
is fully back compatible with existing DNA encoded libraries.
Jennifer Miiller and Lukas Schneider have received the DMCCB
PhD prize for their work at the symposium.

Best poster prizes were won by Pinwen Cai (University of
Basel) for his work on ‘Selecting DNA encoded small molecules
to direct protein ubiquitination’ and David Kreutter (University
of Bern) who is developing an open-source tool for ‘chemoenzy-
matic multistep retrosynthesis with transformer loops’.

On the other side of the coin to the development of new meth-
ods is their implementation and use. The final two talks of the day
gave an industrial perspective on the progress of Al in industry
and examples of how it is being used to support projects and gen-
erate new leads.

Nadine Schneider (Novartis) gave an overview of the inte-
gration of machine learning models in medicinal chemistry at
Novartis and demonstrated their impact on all stages of the de-
sign-make-test-analyse cycle.['¥l Applications include retrosyn-
thesis prediction, generative chemistry, protein structure predic-
tion and activity prediction both on- and off-target. Successful in-
tegration into daily medicinal chemistry activities is both cultural
and technical as many medicinal chemists are not computational
experts. Connected platforms with integrated ML capabilities
make the use of Al straightforward and no-code platforms for
developing new ML models allow ‘citizen developers’ to exper-
iment with developing their own tools. Above all team members
must be encouraged to experiment with Al tools and collaborate
across different domains of experience. She also highlighted the
importance of both industry and academia contributing to the de-
velopment of open-source tools to democratise access to Al for all
and enable collaboration.

To close the meeting, Chris Baker (Syngenta) gave an over-
view of a recent collaboration between Syngenta and in silico

medicine. The goal of the collaboration was to discover new
leads for weed-control using an inverse design strategy driven by
in silico medicine’s Al platform PHARMA.AI. The collabora-
tion explored different strategies for generating and scoring com-
pounds and were ultimately able to identify in silico generated
compounds with in vitro and in vivo activity. The conclusions to
this talk summarised some of the learnings from the collaboration
and which represent some of the current challenges in the area.
Sufficient, high-quality FAIR data is key to building high qual-
ity models. When this is available excellent ML models can be
built, however for complex endpoints like off-target toxicity data
availability is a major limitation. Scoring compounds for synthetic
accessibility was also noted as a challenge and this is a key feature
to enable generative chemistry algorithms to propose ‘reasonable’
compounds.

These talks concluded an excellent and broad ranging day’s
science that highlighted developments and challenges in the tech-
nical aspects of applying Al to drug development but also the ed-
ucational and cultural changes that are required for its successful
implementation. On this aspect it seems fitting to conclude with
a point that has been made before and was made again at this
meeting: ‘Al will not replace chemists but chemists using Al will
replace those not using A’
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