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The Beilstein-Institut and Open Science
The non-profit Beilstein-Institut is one of the most respected organizations in the
communication and dissemination of high-quality information in chemistry. Since 1951,
when the foundation was established by the Max Planck Society, we have been fulfilling
our mission to support the scientific community by providing high-quality information
that is essential for research.
Our role has evolved over the years: from the production of the Beilstein Handbook and
Database, to being one of the first open access journal publishers in chemistry, to host of
interdisciplinary symposia and supporter of open data initiatives. We believe that free
access to scientific research results, giving everyone in the world an equal chance to
participate in the exchange of experimental findings and data, is the best way to advance
science.

Open Science is a new paradigm for scientific research. It is based on cooperation and creates
new ways to disseminate information and broaden knowledge through digital technologies
and new collaborative tools. It aims to make the primary outputs of publicly funded research
results – publications (open access) and the research data (open data) – publicly accessible in
digital format with no or minimal restriction.
The Beilstein-Institut supports open science and makes the results of its projects freely
available to the scientific community, which is an essential contribution to the foundation’s
mission to advance the chemical and related sciences. All journal articles, conference
proceedings and videos are open access to allow the worldwide, unhindered sharing and
exchange of ideas. This allows scientists, students, educators and the public the opportunity
to inform themselves of the latest developments in research and to build on these ideas to
further advance scientific knowledge.
Our two diamond open access journals, the Beilstein Journal of Organic Chemistry and the

Beilstein Journal of Nanotechnology , which we fully fund, have no fees for authors or readers.
Both journals are produced and managed by the Beilstein Editorial Office team, who work
together with a global scientific network of experts that are responsible for the peer review,
ensuring high quality science is published. In 2015, the Beilstein Journals were awarded the
DOAJ Seal which recognizes the exceptionally high level of publishing standards and best
practices adhering to these journals. Both journals publish thematic issues on subjects of high
contemporary interest; these are often edited by guest editors, further expanding our network
and outreach.

Launched in April 2019, a new addition to our publishing platform is the Beilstein Archives.
This is the preprint server for the Beilstein journals. During the manuscript submission
process, authors have the option to request that the manuscript is posted as a preprint, which
is the version of the manuscript before peer review. Our preprints are posted on average within
two days, allowing authors to rapidly disseminate their research results and ensuring that
they claim priority for their work. Currently, over 30% of our authors select the preprint
option.
The Beilstein-Institut runs two data standards projects: STRENDA which is concerned with the
reporting of enzymology data and MIRAGE which is working on guidelines for the reporting of
glycomics experimental results. Both of which are now widely accepted and acknowledged by
the scientific community.
The direct interaction and the exchange of thoughts and ideas between scientists are
supported by a program of regularly hosted symposia. These international meetings are
organized by the Beilstein-Institut and cover a variety of topics ranging from organic
chemistry and biochemistry to nanotechnology and open science as well as interdisciplinary
meetings on contemporary topics.
The Beilstein-Institut has been hosting symposia since 1988. Each meeting is always a unique
event with an open result: the Beilstein-Institut provides the framework and the lively and
intense exchange of thoughts and ideas of the participants turn it into a memorable and
lasting experience. The number of participants is usually limited to around 50 and the
program is designed specifically to allow sufficient time for discussions. In some ways the
talks can be seen as providing a catalyst for these discussions which often go on into the night
and have led to subsequent cooperation projects. The resulting exchange between
researchers, at all stages of their careers, is the underlying goal of the meeting and gives the
Beilstein Symposium their unique character.
Regularly updated information about our symposia is available at
www.beilstein-symposia.org.

Upcoming symposium in 2022:

Beilstein Nanotechnology Symposium 2022

Scientific Program:

Nanoinformatics: Spanning Scales, Systems and
Solutions

Isolt Lynch and Georgia Melagraki
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Overview
“I simply wish that, in a matter which so closely concerns the well-being of mankind, no
decision shall be made without all the knowledge which a little analysis and calculation
can provide.”
Daniel Bernoulli, on smallpox inoculation, 1766

Every day, enormous amounts of experimental and theoretical data are becoming available in
the diverse research fields. For example, in chemistry the chemical space is explored, in
physics the fundamental structures of particles that make up the world we know are
examined, and in biology the paradigm is studied that leads from the DNA to structure,
function and regulation. In economics research real time data on micro- and macroeconomic
developments are collected and analysed. Think also of climate research that, based on the
diverse data sources, reports observations of climate change over the past 200 years.
Most of these sciences are at a crossroads as computing power, machine learning methods
and the means of artificial intelligence (AI) advance so that the data can be explored in new
and hitherto unexpected ways that provide new insights and allow for predictions about new
mechanisms, products and future developments. To achieve this the pressure on data quality,
understanding bias, and standardisation is becoming higher. However, it is not only an
essential requirement for scientific progress to have unrestricted access to these data, both
from successful and unsuccessful experiments in a digitized form but also to allow
researchers to process, analyse and re-use them for simulations and predictions across
disciplines.
Assuming the requirements for both high quality and access to data are met, the perspectives
for the computational approach are promising but also raise a number of questions which will
be addressed in the symposium and include
• How much impact do AI and simulation have on future science?
• Can simulations replace experiments?
• What is the contribution of predictions to innovative processes?
• Can AI and ML drive knowledge and innovation?
May 17-19, 2022, Rüdesheim, Germany
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• How can we resolve and control complexity?
• What does AI mean in the context of chemical and biological sciences?
• What’s the difference between AI and machine learning?
• How much is AI capable to solve chemical problems?
The Beilstein Symposia address contemporary issues in chemistry and neighboring sciences
by emphasizing interdisciplinarity. Scientists from a wide range of areas – often outside
chemistry – are invited to present aspects of their work for discussion with the aim not only to
advance science, but also to enhance interdisciplinary communication.
We are looking toward committed discussions about the latest results, approaches and
methodologies presented in the various experimental, theoretic and informatics research
fields.

Enjoy the symposium!
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Scientific Committee

Lee Cronin
University of Glasgow
United Kingdom
lee.cronin@glasgow.ac.uk

Tim Clark
Friedrich-Alexander University
Nürnberg-Erlangen
Germany
tim.clark@fau.de

Christian Kramer
F. Hoffmann-La Roche Ltd.
Basel, Switzerland
christian.kramer@roche.com

Carsten Kettner
Beilstein-Institut,
Frankfurt am Main, Germany
ckettner@beilstein-institut.de
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Tuesday, 17th May
09:00

Welcome and Opening

Carsten Kettner

Session chair: Tim Clark
09:20

Why Simulation Can Never Discover & Predictions Can Never Lee Cronin
Surprise – a Discovery Robot Chemist

10:00

Exploring Chemical Reactions through Automation and
Machine Learning

Fernanda Duarte

10:40

Poster Lightning Talks #1

Stefan T. Arold,
Soukaina Ameur,
Mathijs Mabesoone

11:00

Coffee break and poster session

11:30

Artificial Intelligence for Chemical Reaction Space

12:10

Intelligent Artificial Intelligence for Human Health: fromthe Hans V. Westerhoff
Molecular Chaos to Understanding

13:00

Lunch

Philippe Schwaller

Session Chair: Kimberly Stachenfeld
14:30

Poster Lightning Talks #2

Jacob Stern,
Bryce Hedelius,

14:50

Datasets, Training Strategies, and Algorithms for AI Driven
Simulations

Dennis Della Corte

15:30

The Effect of Natural Selection Outside of Biology

Michael Lachmann

16:10

Conference photo and coffee break

16:40

Darwinian Evolution: an Early Molecular Version of Deep
Learning

Ken Dill

17:20

Simulating Life – Can it be Done?

Sara I. Walker
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18:05

Poster session

19:00

Close

19:30

Dinner
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Wednesday, 18th May
09:00

Opening

Session chair: Christian Kramer
09:10

When the Limits of Experiment and Simulation Overlap

Tim Clark

09:50

What Hinders Artificial Intelligence in Chemical
Engineering?

Artur M. Schweidmann

10:30

Coffee break

11:00

Machine Learning and Human Interpretation: Density-based Bettina Keller
Clustering for the Identification of Molecular Conformations

11:40

Roles of Machine Learning in Atomic and Molecular
Modeling

Adrian E. Roitberg

12:20

Machine Learning for Excited-state Molecular Dynamics

Philipp Marquetand

13:00

Lunch

14:00 Excursion
17:30
19:30

Dinner
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Thursday, 19th May
09:00

Opening

Session chair: Lee Cronin
09:10

Simulation and AI in the Future of Small Molecular Drug
Design – a User Perspective

Christian Kramer

09:50

Latent-space Chemistry: Deep Learning for Drug Discovery Djork-Arné Clevert

10:30

Coffee break

11:00

Machine Learning and Beyond for Organic and Medicinal
Chemistry

Marwin Segler

11:40

The Data Donation Project – How Wearable Sensors Can
Help in Dealing with the COVID-19 Crisis

Dirk Brockmann

12:30

Lunch
Session chair: Fernanda Duarte

14:00

Innovative Bioinformatics Partnerships by EMBL-EBI: The
AlphaFold, Open Targets, and COVID19 Data Platform
Examples

Rolf Apweiler

14:40

Learned Models for Physical Simulation and Design

Kimberly L. Stachenfeld

15:20

Advancing Molecular Physics with Deep Learning

Frank Noé

16:00

Coffee break

16:30

Artificial Intelligence and Chemical Space

Jean-Louis Reymond

17:10

Transformer AI and Economics: Use Cases and Risks

Tohid Atashbar

17:50

Closing Remarks

Carsten Kettner

19:30

Dinner
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List of Posters
The poster presentation includes a short (5 min) oral presentation on Tuesday, 17th May, and
the poster sessions during the coffee breaks on Tuesday and Wednesday. The posters will be
displayed from Tuesday, 17th May, to Thursday, 19th May.
Tuesday, 17th May
#1

Using simulation and AI to guide structural biology research Stefan T. Arold

#2

An MEDT study of the mechanism and selectivities of the
Diels Alder cycloaddition reaction of Butyl Vinyl Ether with
3-Aroylpyrrolo[1,2-a]quinoxaline-1,2,4(5H)-trione

Soukaina Ameur

#3

Evolutionary patterns enable statistically-guided
engineering of trans-AT PKSs megaenzymes

Mathijs F. J. Mabesoone

#4

MLCDock - Machine Learning-Enhanced Consensus Docking Jacob Stern
for Virtual Screening

#5

Performing Molecular Dynamics Simulations with an
Equivariant Graph Neural Network

May 17-19, 2022, Rüdesheim, Germany
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Tuesday

09:20

Why Simulations Can Never Discover &
Predictions Can Never Surprise –
a Discovery Chemist Robot
Lee Cronin
The University of Glasgow
School of Chemistry
Glasgow, United Kingdom

Advances in chemical robotics and automated synthesis systems promise to revolutionize the
way we discover new reactions and chemicals. However, current systems lack chemical
intuition and cannot take advantage of on human expertise to explore chemical space or
translate important and unexpected results into discoveries. For automation to go beyond
random discoveries of little interest, a hybrid human-AI is needed to interpret complex high
dimensional reactivity datasets whilst retaining the expert’s intuition.
Here we demonstrate a Bayesian chemical Oracle that reasons about observations as
manifestations of a set of abstract chemical properties. Coupled with a high-throughput
automated discovery robot, our probabilistic model can formulate an unbiased notion of
chemical properties that combine to explain the robot’s experimental findings. Quantities
measuring knowledge such as uncertainty, novelty, and conflict, are definable within this
framework, enabling new strategies for autonomous exploration of chemical space. The
Bayesian model was validated with the outcome of 550 robotic experiments in a chemical
space of 11 reagents, discovering without any prior literature knowledge nine historically
important reactions, five of which ultimately won Nobel prizes for their human discoverers.
This new discovery paradigm allows the expert chemist to decode new reactivity observations
into mechanistic insights, see Figure.

May 17-19, 2022, Rüdesheim, Germany

16

Simulation and AI in the Future of Science
Beilstein Bozen Symposium 2022

Figure a, Progress in discovery workflows. The most primitive form of automation simply replaces the
human for labour-intensive operations. AI-powered closed-loop discovery using online analytics has
recently become a possibility, but normally operates as an optimization black box. True hybrid AI- human
discovery relies on human intuition to enable generalizing interpreting and interrogating discoveries, as
well as the assumptions leading to them. b, Abstraction for probabilistic discovery. A curiosity-driven
algorithm proposes various experiments, leading to observations in the process space accessible to the
robot. These observations update the model’s priors.

Back to Program
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Tuesday

10:00

Exploring Chemical Reactions through Automation
and Machine Learning
Fernanda Duarte
University of Oxford
Department of Chemistry
Oxford, United Kingdom

Automating the search for new chemical reactions is one of the ‘grand challenges’ in
computational chemistry. While characterizing reaction energy pathways has been routine for
practitioners, efficiently exploring complex reaction mechanisms remains time consuming
and a highly non-systematic endeavour. Even for an experienced computational chemist,
reaction prediction is resource-intensive. For computational chemistry to become more
practical and impactful, new developments are necessary to reduce technical barriers and
increase efficiency and accuracy when modelling reactions in complex environments.
In this talk, I will present our team’s efforts to tackle these challenges by introducing
automation and machine-learned potentials to study reactions mechanisms in the condensedphase. I will describe our recently developed tool, autodE, which automates the
characterization of reaction pathways with minimal user input and expertise. Previous
developments in the field have focused on the free exploration of unknown pathways, which
require no a priori knowledge but are computationally costly and therefore limited to small
systems.[1] Our approach is applicable to both organic and organometallic reaction classes,
accounts for conformational sampling, is compatible with several electronic structure theory
packages, and is freely available. I will illustrate the functionality and general applicability of

autodE in a range of reaction classes, including complex organic and metal-catalysed
reactions.
Concerning increasingly complex systems in solution, e.g., including explicit solvation of
flexible systems, I will present an efficient strategy that by leveraging hierarchical and active
learning, enables the generation of Gaussian Approximation Potential (GAP) models requiring
only hundreds to a few thousand energy and gradient evaluations on a reference potential
energy surface.[2]
May 17-19, 2022, Rüdesheim, Germany
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Our work demonstrates that reactive ML potentials can achieve ab initio accuracy at a much
lower cost than related strategies. A diverse range of examples will be presented, for which
expensive AIMD simulations would otherwise be needed.

References
[1] T. A. Young, Joseph J. Silcock, Alistair J. Sterling, F. Duarte. autodE: Automated

Calculation of Reaction Energy Profiles— Application to Organic and Organometallic
Reactions. Angew. Chem. Int. Ed. 2021, 60, 4266.
[2] T. A. Young, T. Johnston-Wood, V. Deringer, F. Duarte. A Transferable Active-Learning
Strategy for Reactive Molecular Force Fields. Chem. Sci., 2021,12, 10944.

Back to Program
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Tuesday

Using Simulation and AI to Guide Structural
Biology Research

Poster

Stefan T. Arold

#1

King Abdullah University of Science and Technology (KAUST)
Bioscience Program, Biological and Environmental Science
Engineering Division, and
Computational Biology Research Center
Thuwal, Kingdom of Saudi Arabia

and

Computational methods, and in particular AI, are well adapted to analyse the rich and noisy
data produced by life sciences. However, in my team we also closely integrate computational
methods with experiments to generate hypotheses and to steer experimental data acquisition.
Given that our research into the three-dimensional structure and function of proteins is
inherently difficult, slow, and costly, such a use of computational methods allows to expand,
accelerate, and focus our work.
I will illustrate this approach based on three related examples from our investigations of
proteins involved in cellular adhesion and survival. Firstly, I will show how iteratively
integrating machine learning with experimental methods allowed us to establish the
proteome-wide prevalence of a cryptic signalling motif and to propose a mechanism for its
evolution. Second, I will present how we used AI-based structure prediction and transformerbased protein language models to establish the novelty, but not uniqueness, of an
experimentally identified driver sequence for liquid-liquid phase separation. Finally, I will
provide an outlook on a project that iteratively combines mesoscale computational
reconstructions with experimental findings. I conclude that computational approaches can
and should play a more prominent role in guiding biological sciences.

Back to Program
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Tuesday

An MEDT Study of the Mechanism and
Selectivities of the Diels Alder Cycloaddition
Reaction of Butyl Vinyl Ether with 3Aroylpyrrolo[1,2-a]quinoxaline-1,2,4(5H)-trione

Poster

Soukaina Ameur, A. Zeroual, N. Mazoir

#2

University Chouaïb Doukkali
Molecular Modelling and Spectroscopy Research Team, and
Laboratory of Plant Biotechnology
Faculty of Sciences
El Jadida, Morocco

Molecular electron density theory explains the regioselectivity and stereoselectivity between
3-aroylpyrrolo[1,2-α]quinoxaline-1,2,4(5H)-trione and butyl vinyl ether[4 +2] Regioselectivity of
cycloaddition reactions. The regioselective mechanisms of these reactions are investigated by
evaluating the surface potential calculated for the cycloaddition process and the DFT densitybased reactivity index. These methods have been successfully applied to predict the preferred
regioisomers for different process alternatives. Reactions are monitored by performing
transition state optimizations, calculating intrinsic reaction coordinates and activation
energies. The observed regioselectivity was rationalized using DFT-based reactivity
descriptors such as the Parr function. The results were compared with experimental data to
find good agreement.

References
[1] J. J. Li, Éd., Diels-Alder reaction, in Name Reactions: A Collection of Detailed Reaction

Mechanisms, Berlin, Heidelberg: Springer, 2006, p. 199-201. doi: 10.1007/3-540-300317_89.
[2] L. R. Domingo, Molecular Electron Density Theory: A Modern View of Reactivity in
Organic Chemistry, Mol. Basel Switz., vol. 21, no 10, p. E1319, sept. 2016, doi:
10.3390/molecules21101319.

May 17-19, 2022, Rüdesheim, Germany

21

Simulation and AI in the Future of Science
Beilstein Bozen Symposium 2022

[3] L. Domingo, P. Pérez, et J. Sáez Cases, Understanding the local reactivity in polar
organic reactions through electrophilic and nucleophilic Parr functions, RSC Adv, vol.
3, p. 1486-1494, janv. 2013, doi: 10.1039/C2RA22886F.
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Tuesday

Evolutionary Patterns Enable Statistically-guided
engineering of trans-AT PKSs Megaenzymes

Poster

Mathijs F.J. Mabesoone1, Hannah A. Minas1,
Allison S. Walker2, Roy A. Meoded1, Sarah Wolf1,
Stefan Leopold-Messer1, Silke I. Probst1, Silke Reiter1,
Nancy Magnus3, Birgit Piechulla3, Jörn Piel1

#3

1

ETH Zürich, Institute of Microbiology, Zürich, Switzerland
Harvard Medical school, Department of Biological Chemistry and
Molecular Pharmacology, Boston, MA, United States of America
3
University of Rostock, Institute of Biological Sciences, Rostock, Germany
2

Polyketide synthases (PKSs) are among the biggest proteins known and their evolution is
strongly characterized by horizontal gene transfer. To fully unlock the pharmaceutical
potential of the many highly diverse and highly potent natural products produced by PKSs,
engineered assembly lines have become an attractive, yet still elusive goal. Here, we show a
structure- independent statistical analysis to unravel evolutionary patterns that serve as
engineering guidelines for these huge enzymes. Our statistical analysis elucidates networks of
co-evolving amino acids within PKSs and identifies the natural boundaries of the individual
protein modules and spatial patterns in the co-evolving residues. We experimentally validate
the statistically predicted recombineering sites by presenting engineered, hybrid assembly
lines of the oocydin-producing trans-AT PKS in Serratia plymuthica. Using the statisticallyguided engineering strategy, chimeric biosynthetic assembly lines, containing a broad variety
of enzyme domains from diverse organisms, can be inserted into the polyketide
megaenzymes. As such, these first successes in recombineering the complex enzymatic
machinery of trans- AT PKSs may enable the combinatorial biosynthesis of a wealth of novel
therapeutics and renewable materials.

Back to Program
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Tuesday

11:30

Artificial Intelligence for Chemical Reaction Steps
Philippe Schwaller
École Polytechnique Fédérale Lausanne (EPFL)
Institute of Chemistry and Chemical Engineering
Lausanne, Switzerland

In organic chemistry, we are currently witnessing a rise in artificial intelligence (AI)
approaches, which show great potential for improving molecular designs, facilitating
synthesis and accelerating the discovery of novel molecules. Based on an analogy between
written language and organic chemistry, we built linguistics-inspired Transformer neural
network models for chemical reaction prediction, synthesis planning, and the prediction of
experimental actions. We extended the models to chemical reaction classification and
fingerprints. By finding a mapping from discrete reactions to continuous vectors, we enabled
efficient chemical reaction space exploration. Moreover, we specialized similar models for
reaction yield predictions. Intrigued by the remarkable performance of chemical language
models, we discovered that the models can capture how atoms rearrange during a reaction,
without supervision or human labelling, leading to the development of the open-source atommapping tool RXNMapper (http://rxnmapper.ai/).
During my talk, I will provide an overview of the different contributions that are at the base of
this digital synthetic chemistry revolution.

Back to Program
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Tuesday

12:10

Intelligent Artificial Intelligence for Human Health:
from the Molecular Chaos to Understanding
Hans V. Westerhoff
Systems Biology Amsterdam and the Universities of Amsterdam
Department of Molecular Cell Biology
Amsterdam, The Netherlands

In this lecture I shall address six of the pertinent questions of this symposium, with examples
from systems biology:

How and when can we resolve and control complexity?
The complexity of living organisms is tremendous but finite, confined as it is by genomes in
excess of 300 genes and the corresponding proteomes, metabolomes and interactions. What
seems even worse: the behavior of the particles cannot even be understood. For fundamental
or practical reasons their states are incompletely knowable. Transcription of the genome in
the context of the environment is supposed to provide the information that defines the living
state, but this information is noisy. Information is not only related to the Shannon entropy,
but also to what we shall call the ‘Stirling entropy’. Only if transcription burst sizes are limited
in magnitude and the numbers of each type of molecule are large enough, this Stirling
entropy can be neglected and deterministic information emerges: only then the relationship
between process rates and concentrations becomes deterministic and only then we can
simulate the system and thereby resolve complexity in an intelligent manner. We shall have to
accept that this is not always the case: tissues nor tumors are homogeneous and this has
implications for the effectiveness of medicines.

What does AI mean in the context of chemical and biological sciences?
Above I used the original meaning of the word ‘intelligence’ ( intelligentia: knowledge and
insight), which differs from what intelligence (also) means nowadays, i.e. information and
information gathering. The AI as implemented often, means information gathering by the use
of computers. One example is information gathering by AI in bioinformatics: patterns of
behavior are learned from Big Data sets.

May 17-19, 2022, Rüdesheim, Germany
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What’s the difference between AI and machine learning?
Important for the discussion here is that this pattern recognition can be done in either of two
ways, i.e. ‘uninformed’ (‘unsupervised’) or ‘informed’. The former has the appealing
advantage of being ‘objective’, but the disadvantages of being phenomenological, possibly in
conflict with the actual molecular mechanisms at hand, and statistically less powerful. The
‘informed’ way uses mechanism-based simulation, where alternative ‘watchmaker’ (siliconcell’) type of models may be compared to experimental data in order to decide between them
and obtain a better understanding of the molecular networks and mechanisms at play; the
‘informed’ way aims for insight more than information. I submit that ‘machine learning’
corresponds to the former strategy, whereas AI may either be the former (machine learning) or
the latter approach, which I shall call Intelligent AI (IAI).

What does AI mean in the context of chemical and biological sciences?
Systems Biology has provided examples of this IAI, e.g. where it started from the sequence
genomes of a multitude of organisms. For each of these organisms the information about the
functionality of their genes was incomplete, but systems biology used the insight that all
terrestrial organisms are homologous. This enabled it to build the genome-wide metabolic
maps (GEMMs) and predict biomarkers for medicine. A second example came by enforcing
that processes in biology are (almost) always enzyme-catalyzed and should thereby obey
Michaelis-Menten type of kinetics. In ‘silicon cells’ all experimentally validated enzyme
kinetic equations of GEMM-instructed pathways were integrated, and drug targets were
identified. By using such strategies, new principles were identified in living organisms, such
as the gear shifting principle, much illustrated by drivers between Niederwald and
Rüdesheim.

Can simulations replace experiments?
In both these examples, simulations replaced experiments and this was done on purpose:
simulations are more precise and in these examples precise enough to enable the discovery of
principles and drug targets by quantitative methodologies. Yet, simulations cannot completely
replace experiments in the Life Sciences: due to accumulation of statistical uncertainties in
the models, conclusions of simulations may not be realistic and need to be validated
experimentally.
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How much impact do AI and simulation have on future science?
I propose a major scientific initiative towards the massive implementation of IAI towards
human health (IAIfHH). Preliminary work consists of mathematical models of the kinetics and
thermodynamics of a substantial number of metabolic, signal transduction and geneexpression pathways (‘the silicon cell’). More of these models should be made, collected and
integrated. The effects of perturbations with various molecules, extracellular conditions,
nutrients and workloads, on metabolomics, proteomics, and transcriptomics should be
measured and integrated as well. The resulting Big Data ‘intellected’ by the dynamic models,
should then be subjected to further IAI to discover how the networks can be moved away from
disease.
Networks of highly different types share commonalities. Also in human societies the stubborn
tend to control what happens, yet endanger stability. It is my expectation that some of the
principles of human health delivered by the IAIfHH project, will also apply to our complex
human society, and teach us how to deal with its asocial cells.

Back to Program
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Tuesday

MLCDock – Machine Learning-enhanced
Consensus Docking for Virtual Screening in Drug
Discovery

Poster
#4

Jacob Stern
Brigham Young University
Department of Computer Science and Physics
Provo, UT, United States of America

Molecular docking tools are regularly used to computationally identify new drug molecules in
virtual screening for drug discovery. However, docking tools suffer from inaccurate scoring
functions with widely varying performance on different proteins. To enable more accurate
ranking of active over inactive ligands in virtual screening, we created a machine learning
consensus docking tool, MILCDock, that uses predictions from five traditional molecular
docking tools to predict the probability a ligand binds to a protein. MILCDock was trained and
tested on data from both the DUD-E and LIT-PCBA docking datasets and shows improved
performance over traditional molecular docking tools and other consensus docking methods
on the DUD-E dataset. LIT-PCBA targets proved to be difficult for all methods tested. We also
find that DUD-E data, though biased, can be effective in training machine learning tools as
long as care is taken to avoid DUD-E’s biases during training. Improved docking datasets with
more diverse data and improved docking methods are needed to further improve docking
performance.

Back to Program

May 17-19, 2022, Rüdesheim, Germany

28

Simulation and AI in the Future of Science
Beilstein Bozen Symposium 2022

Tuesday

Performing Molecular Dynamics Simulations with
an Equivariant Graph Neural Network

Poster
#5

Bryce Hedelius
Brigham Young University
Department of Computer Science and Physics
Provo, UT, United States of America

As computational power grows, molecular dynamics (MD) simulations are used more
routinely in drug discovery pipelines. However, the potentials used in MD simulations have
limitations in their functional forms that prevent chemical processes such as bond breaking
and formation. Machine learning (ML) potentials are proving to be more accurate alternatives
to conventional force fields. ML models that can generalize to systems that they were not
trained on are not accurate enough to replace conventional force fields. SE(3)-equivariant
neural networks exploit symmetries of physical space and provide a promising alternative
framework for MD potentials. We adapted a re-engineered SE(3)-Transformer for the ANI-1x
dataset and performed a hyperparameter sweep. We integrated that model into OpenMM and
conducted benchmark simulations. We found that the best model yields accurate simulations
for small molecules but does not yet generalize to macromolecules. Here we present the most
recent advances in theory and training to overcome these limitations.
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14:50

Datasets, Training Strategies, and Algorithms for
AI Driven Simulations
Dennis Della Corte
Brigham Young University
Department of Physics and Astronomy
Provo, UT, United States of America

Traditionally, new deep learning algorithms originated in fields with strong benchmarks and
open datasets, such as image recognition of natural language processing. Recently, we noticed
a shift where other disciplines with greater need for domain expertise, such as chemical
simulations, are turning into testing grounds for novel algorithms. This marks a fundamental
transition from technology users to developers. The Consortium of Molecular Design (CMOD)
at BYU drives this transition as an interdisciplinary hub for chemists, biologists, physicists,
and computer scientists. Here, I will give an overview of current activities in the CMOD and
how AI driven solutions impact and inform experiments. Further, I will report on industry
activities aimed at creating datasets of high integrity for future data science applications.
The shift of simulations from an explaining to a guiding role of experiments will be illustrated
with recent reports on designing biosensors, enzymes, and peptides. A new database for
systematic benchmarks in protein engineering will be introduced. We will also explore the
importance of representation learning to solve problems with common Behler-Parinello based
methods that limit scalability of machine learned interatomic potentials. Further, we discuss
how deep learning models improve prediction of protein-ligand interactions when trained
with diverse data sources. In conclusion, we report on current trends in the context of ZONTAL
and the Allotrope consortium that highlight how self-reporting data assets furnish industry
with high quality datasets for novel machine learning methods.
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Tuesday

15:30

The Effect of Natural Selection Outside of Biology
Michael Lachmann
Santa Fe Institute
Santa Fe, NM, United States of America

The origin of function in biological systems is understood to originate ultimately through the
process of natural selection. In my talk I will show that the same natural selection process can
be also applied to many non-biological systems. This means natural selection can act in
simple physical or chemical systems. Just as in biology, it can then generate function in these
systems.
I will show that natural selection is process that converts free energy into functional
information. In many systems, as entropy increases, functional information does, too.
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16:40

Darwinian Evolution: an Early Molecular Version
of Deep Learning
Ken Dill
Stony Brook University
Laufer Center for Physical and Quantitative Biology
Stony Brook, NY, United States of America

We look at biology's evolutionary driving force - Survival of the fittest (SOF) - through the lens
of physical principle and its possible origins in physical chemistry. SOF is unlike any other
dynamics in physics or chemistry. It is not a tendency toward equilibrium, not governed by the
Second Law, not limited to steady states, and not simply about self-replication. Biological
evolution is self-sustaining, self-serving, innovative and resourceful, and for 3.5 billion years
has moved ever further away from equilibrium. What is this principle and where did it come
from? Darwinian Evolution is, in part, process of maker molecules making other makers; in
part a statmech-like sampling over sequenced-polymers; and in part a Feynman ratchet for
upstepping in fitness. We explore some implications.
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17:20

Simulating Life – Can it be Done?
Sara I. Walker
Arizona State University
Beyond Center for Fundamental Concepts in Science
SFI Center for Biosocial Complex Systems
School of Earth and Space Exploration, School of Complex Adaptive
Systems
Tempe, AZ, United States of America

It is oft quipped ‘What I cannot create, I do not understand’. The modern popularity of this
quote derives from text posthumously found on the chalk board of the influential physicist
Richard Feynman. It summarizes a key part of his legacy, and indeed a key part of the legacy
of the last 300 years of physical science, in its popularization of the idea that our capacity to
build things is essential to our ability to understand them. While this has worked
exceptionally well in physics, the field Richard Feynman most significantly contributed to,
and its close relatives, the approach has been markedly less successful in other areas of
science. Nowhere is this more apparent than in the study of complex systems such as life. This
has led to a large research field attempting to simulate, rather than physically emulate, the
behaviors of living systems, which could perhaps be encapsulated by a new mantra “what I
cannot simulate, I cannot understand”.
In this talk, I discuss why it may not be possible to simulate life, based on insights from work
aimed at deriving new physical theories that describe the nature, origin, and signatures of
alien life. Instead, we need experimental paradigms that allow us to run “simulations” in
physical materials. That is, until we can create de novo life in the laboratory, we will not
understand it and attempts to simulate the phenomenon may lead us astray.
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Wednesday

09:10

When the Limits of Experiment and Simulation
Overlap
Tim Clark
Friedrich-Alexander University Erlangen-Nürnberg
Computer Chemistry Center
Department of Chemistry and Pharmacy
Erlangen, Germany

Approximately 800 G-protein coupled receptors (GPCRs) are encoded in the human genome
They constitute by far the most important target class for pharmaceuticals. They are
responsible for passing signals (usually chemical) from outside to inside the cell and are
therefore ubiquitous in life-sustaining processes. Unfortunately, the fact that they are
membrane proteins and their marginal stability make them particularly difficult experimental
subjects. This means not only that experiments, especially structure determination, are
difficult but also that the experimental systems must sometimes be strongly modified to make
them tractable, which lowers their relevance to the biological situation.
This situation makes molecular-dynamics (MD) simulations an important tool in GPCR
research. However, GPCR simulations require either targeted MD or enhanced-sampling
techniques because of their relatively long reaction times. This, combined with the
geometrical complexity of the GPCR activation process (there are typically several competing
ligand-binding sites and more than one stable receptor conformation) renders GPCRsimulations complex and computationally intensive.
I will describe the complementarity of experiment and simulations and the techniques
developed to simulate GPCRs effectively.
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Wednesday

09:50

What Hinders Artificial Intelligence in
Chemical Engineering?
Artur M. Schweidtmann
Delft University of Technology
Department of Chemical Engineering, Process Intelligence Research
Delft, The Netherlands

Artificial intelligence (AI) led to tremendous success in automated decision-making in various
domains even surpassing human performance. In some domains such as computer vision, AI
is already driving innovation and knowledge at an enormous speed. However, in the field of
chemical engineering, it seems, that the full potential of AI has not yet been unfolded. In
particular, it is unclear if and how AI can contribute to the innovative design of processes. In
my presentation, I argue that the lack of meaningful information representations and
structured big data hinders breakthroughs of AI in chemical engineering. Structuring and
linking the heterogeneous and interdisciplinary information will open up new potentials for
AI.
I present a potential avenue to overcome this issue that combines data mining, knowledge
graphs, and machine learning.
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Wednesday

11:00

Machine Learning and Human Interpretation:
Density-based Clustering for the Identification
of Molecular Conformations
Bettina Keller
Free University Berlin
Department of Biology, Chemistry and Pharmacy
Berlin, Germany

Molecular simulations provide high-quality data at atomistic resolution. These data points lie
in an extremely high-dimensional state space, the space is sparsely populated, and he
dimensions of the state space are highly correlated. Thus, raw data cannot be interpreted
directly and machine-learning approaches are needed to transform the data according to
concepts that can be understood by humans. However, machine-learning approaches often
only approximate human concepts. The usefulness of a ML technique stands and falls with
the interface between ML result and human interpretation.
I will discuss this interface using on the example of “molecular conformations”, i.e. the link
between minima in the potential energy surface and highly populated regions in the
molecular state space. We have developed the density-based cluster algorithm CommonNearest-Neighbor clustering (CommonNN) which is designed to identify highly populated
regions of the molecular state space by cutting along iso-density lines.
I will present two examples in which the identification of molecular conformations by
CommonNN has been crucial to the elucidation of a molecular mechanism: (1) the allosteric
mechanism in the pattern recognition receptor langerin, and (2) a molecular recognition
process that proceeds via a ternary complex between a proline-rich peptide sequences and a
tandem-WW domain. In both cases, molecular simulation yielded data that could not be
obtained by experiment and that was essential to understanding the molecular process.
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Wednesday

11:40

Roles of Machine Learning in Atomic
and Molecular Modeling
Adrian E. Roitberg
University of Florida
Chemistry Department
Gainesville, FL, United States of America

In the theoretical study of molecular systems, a compromise between speed and accuracy is
required to study the energetics of chemical systems. Quantum mechanical (QM) methods
allow accurate energies and forces to be calculated but require massive computational effort.
Classical force fields are fast but only accurate near equilibrium and are generally unusable in
reactivity studies due to restrictive functional forms or man hour intensive parametrization.
One solution to these problems is the development of empirical potentials, however, but little
progress has been made towards accurate and general purpose empirical models.
Machine learning methods such as artificial neural networks have been used to develop
neural network potentials (NNP), which are fit to QM reference energies, though few have
shown to be size extensible. Through the continued development of our methodology and
data set, known as ANAKIN-ME (or ANI for short), we developed a new class of NNP, which is
size extensible and chemically accurate. Specifically, we develop the ANI potential for organic
molecules containing H, C, N, O, F, S, and Cl. Through extensive benchmarks, case studies,
and molecular dynamics simulations, we will provide evidence that the ANI method produces
chemically accurate and size extensible potentials. As the results clearly show, the ANI
method is a potential game changer for molecular simulation. The ANI method continues to
bring a new, highly efficient, and accurate method for the development of NNPs into the realm
of reality and opens the door for the next generation of “out-of-the-box” general purpose
potentials.
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Wednesday

12:20

Machine Learning for Excited-state Molecular
Dynamics
Philipp Marquetand
University of Vienna
Institute of Theoretical Chemistry, and
Research Platform on Accelerating Photoreaction Discovery
Vienna, Austria

Machine learning has lead to tremendous improvement for the prediction of excited-state
properties of molecules [1,2]. With such deep learning models, nanosecond excited-state
molecular dynamics, which was previously unattained, is now rendered feasible [3,4]. With
such capabilities at hand, we discover that roaming atoms can occur after photoexcitation the
tyrosine molecule and lead to photodamage [5].
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Thursday

09:10

Simulation and AI in the Future of Small
Molecular Drug Design – a User Perspective
Christian Kramer
F. Hoffmann-La Roche Ltd.
Computer-Aided Drug Design
Basel, Switzerland

Bringing a new drug to the market is one of the most expensive privately financed research
endeavors that humankind undertakes. Everything we can do to make the research path more
efficient will be of benefit for patients waiting for new medicines to treat their diseases.
AI, simulations, and other computational techniques have arisen as one of the most exciting
technological avenues to push the field. Bold claims have been made about their
transformative impact on drug design (“AI developed a drug in only X days”), particularly in
the preclinical small molecule design phase. In this talk, I will contrast those claims by
highlighting where AI and simulations are already successfully being used today and where
the real gaps are.
I will sketch out how AI and simulations when properly integrated with “classical” science,
not replacing it, can help us push the future boundaries of drug design.
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09:50

Latent-space Chemistry:
Deep Learning for Drug Discovery
Djork-Arné Clevert
Bayer AG
Department of Machine Learning Research
Berlin, Germany

Deep learning is currently the most popular technique of machine learning, and every other
day we read new success stories about how it is dramatically changing a wide range of
applications. In recent years, it has been increasingly used in drug discovery to predict
potential drug targets or to screen for active molecules. In this talk we will give a brief insight
into how we use deep learning in our research at Bayer to (i) de novo design molecules under
multi-parametric objectives, (ii) predict protein-ligand interactions using unsupervised
learned representations and multi-task regression, and (iii) solve the inverse molecular
problem for extended chemical fingerprints and molecular depictions.
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Thursday

11:00

Machine Learning and Beyond for
Organic and Medicinal Chemistry
Marwin Segler
Microsoft Research
Cambridge, United Kingdom

In the last five years, modern Machine Learning (ML) has led to significant progress in
problems which the community had almost abandoned, in particular in automated
retrosynthesis, chemical reaction prediction, and molecular design.
In this talk, we will discuss where ML fits into the design-make-test cycle of molecular
discovery, and where it currently does not. We will also discuss the complementary character
of experiments, theory, simulation, data analysis and machine learning.
Finally, we will provide an analysis of the growth of chemical reaction data, and its
implications for ML.

Back to Program

May 17-19, 2022, Rüdesheim, Germany

42

Simulation and AI in the Future of Science
Beilstein Bozen Symposium 2022

Thursday

11:40

The Data Donation Project – How Wearable
Sensors Can Help in Dealing with the COVID-19
Crisis
Dirk Brockmann
Humboldt University
Departments of Biology and Physics, and
Robert Koch Institute
Infectious Disease Dynamics Group
Berlin, Germany

Wearable sensors, such as smart watches and fitness tracking devices, have become a
promising technological tool for monitoring health related physiological data with high
temporal resolution on an individual level. In April 2020 we launched the data donation
project in the context of the COVID-19 pandemic as a citizen science project in which
participants donate their daily data on resting heart rate, physical activity and sleeping
pattern. Based on the idea that COVID symptoms will yield deviations from baselines,
especially in heart rate and physical activity, the project was designed to detect COVID cases
remotely and in real time on a population level.
By now more than half a million people have donated data, and approx. 200,000 donor have
contributed time series of almost 2 years. I will discuss a multitude of insights we’ve gained
from this data, including insights on LongCovid, the impact of vaccinations on the likelihood
of developing short time and long time symptoms. Furthermore, based on the data we were
able to measure geographic heterogeneities of heart heart, sleeping patterns and insights on
the impact of urban life on sleep. I will discuss possible potential uses of this data in a variety
of public health contexts.
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Thursday

14:00

Innovative Bioinformatics Partnerships
by EMBL-EBI: The AlphaFold, OpenTargets, and
COVID19 Data Platform Examples
Rolf Apweiler
EMBL’s European Bioinformatics Institute
Hinxton, United Kingdom

The European Bioinformatics Institute (EMBL-EBI) maintains the world’s most comprehensive
range of freely available and up-to-date molecular data resources. Developed in collaboration
with our colleagues worldwide, our services promote to share data, perform complex queries
and analyse the results in different ways.
In my presentation I like to highlight some recent examples of innovative EMBL-EBI
partnerships, emphasising AI, simulation and modeling:
•

Open Targets is an innovative, large-scale, multi-year, public-private partnership that
uses human genetics and genomics data for systematic drug target identification and
prioritisation.

•

The European COVID-19 Data Platform facilitates data sharing and analysis in order to
accelerate coronavirus research, which is essential to respond to the COVID-19
pandemic. The European Commission and EMBL’s European Bioinformatics Institute
(EMBL-EBI), together with EU Member States and research partners such as ELIXIR,
operate a dedicated European COVID-19 Data Platform that enables the rapid collection
and comprehensive data sharing of available research data from different sources for
the European and global research communities.

•

AlphaFold, a state-of-the-art AI system developed by DeepMind, is able to
computationally predict protein structures with unprecedented accuracy and speed.
These predictions are being made freely and openly available to the global scientific
community in partnership with EMBL’s European Bioinformatics Institute (EMBL-EBI),
opening up new and exciting research avenues to dramatically deepen our
understanding of human health, disease and our environment, with implications for
areas like drug design and sustainability
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Thursday

14:40

Learned Models for Physical Simulation and
Design
Kimberly L. Stachenfeld
DeepMind
London, United Kingdom

Simulation is important for countless applications in science and engineering, and there has
been increasing interest in using machine learning to produce learned simulators to produce
simulations more efficiently than classical simulators, distill dynamics into a differentiable
model, or learn simulators from real world data.
In the first part of our talk, I will describe our recent work on training learned models for
efficient turbulence simulation. Turbulent fluid dynamics are chaotic and therefore hard to
predict, and classical simulators typically require expertise to produce and take a long time to
run. We found that learned CNN-based simulators can learn to efficiently capture diverse types
of turbulent dynamics at low resolutions, and that they capture the dynamics of a highresolution classical solver more accurately than a classical solver run at the same low
resolution. We also provide recommendations for producing stable rollouts in learned models,
and improving generalization to out-of-distribution states.
In the second part of the talk, I will discuss our recent work using learned simulators for
inverse design. In this work, we combine Graph Neural Network (GNN) learned simulators
[Sanchez-Gonzalez et al 2020, Pfaff et al 2021] with gradient-based optimization in order to
optimize designs in a variety of complex physics tasks. These include challenges designing
objects in 2D and 3D to direct fluids in complex ways, as well as optimizing the shape of an air
foil. We find that the learned model can support design optimization across 100s of time steps,
and that the learned models can in some cases permit designs that lead to dynamics
apparently quite different from the training data.
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Thursday

15:20

Advancing Molecular Physics with Deep Learning
Frank Noé
Free University Berlin
Department of Mathematics and Computer Science and of Physics
Berlin, Germany
(online)

There has been a surge of interest in machine learning in the past few years, and deep
learning techniques are more and more integrated into the way we do quantitative science.
A particularly exciting case for deep learning is molecular physics, where some of the
"superpowers" of machine learning can make a real difference in addressing hard and
fundamental computational problems - on the other hand the rigorous physical footing of
these problems guides us in how to pose the learning problem and making the design
decisions for the learning architecture.
In this lecture I will review some of our recent contributions in marrying deep learning with
statistical mechanics, rare-event sampling and quantum mechanics.
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Thursday

16:30

Artificial Intelligence and Chemical Space
Jean-Louis Reymond
University of Bern
Department of Chemistry, Biochemistry and Pharmaceutical Sciences
Bern, Switzerland

Since the advent of organic chemistry as a basis for drug development, millions of organic
molecules of various sizes and shapes have been discovered or synthesized and tested for
various properties, and thousands of them have become clinical drugs. Can we understand
this data and use it to discover new drugs addressing unmet medical needs? To contribute to
this endeavor, we develop computational tools to enumerate, visualize and search the vast
chemical space of drug-like molecules and use our tools in applied projects involving organic
synthesis and bioassays.
I will discuss the impact of artificial intelligence for enumerating chemical space, selecting
new molecules, assigning their targets and plan their syntheses, with experimental examples
in small molecule drugs and peptides.
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Thursday

17:10

Transformer AI and Economics:
Use Cases and Risks
Tohid Atashbar
International Monetary Fund
Macro-Policy Division – Strategy, Policy and Review Department
Washington, DC, United States of American
(online)

With an overview of the recent trends in artificial intelligence, we will discuss current and
potential use-cases of AI in economics, focusing on the Transformer AI and Reinforcement
Learning applications.
In the presentation, we will show how AI could be used to automatically analyze economic
data, optimize economic models, identify trends and produce policy advice. We also discuss
the risks associated with the use of AI in economics and how these could be mitigated.
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Biographies
Rolf Apweiler
is Director of EMBL-EBI. Prior to this position he was Associate
Director, after many years of leading protein resources such as UniProt
and InterPro. Rolf has made a major contribution to methods for the
automatic annotation of proteins, making it possible to add relevant
information to proteome sets for entire organisms.
He has spearheaded the development of standards for proteomics data, and his teams have
maintained major collections of protein identifications from proteomics experiments (PRIDE)
and molecular interactions (IntAct). He also led EMBL-EBI’s contribution to the Gene
Ontology, was Director of Open Targets, and is now leading the efforts of EMBL-EBI around the
European COVID-19 Data Platform.
Rolf received his PhD from the University of Heidelberg in 1994, and has been at EMBL since
1987. His major contribution to the field of proteomics was recognised by the Human
Proteomics Organisation’s “Distinguished Achievement Award in Proteomics” in 2004 and his
election to President of the Human Proteomics Organisation, which he held in 2007 and 2008.
In 2012, he was elected as a member of EMBO and in 2015 he was elected to an ISCB
(International Society for Computational Biology) fellow. Rolf also served over many years on
a multitude of Editorial Boards and Scientific Advisory Boards

Tohid Atashbar
Professional Summary:
Macroeconomist by day, AI-economist by night. Tohid Atashbar is an
Economist at the Macro-policy division of the Strategy, Policy and Review
(SPR) department of the International Monetary Fund (IMF). He has
published on a variety of topics in Monetary policy, AI, Social Protection
and Health.
Competencies:
Analytical Skills | Policy and Macro modeling (FPP, CGE & DSGE modeling, Time Series and
Panel Data), Micro econometric skills (Randomized Evaluation and Impact Evaluation), Data
mining and big data analysis (Deep Reinforcement Learning).
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Happy to help on:
• Macro + Fiscal
•

Social spencing and health

•

AI (Transformers and RL)

•

DM (Stablecoins)

•

DLT (ETH and Hyperledger

Academic Education:
• Ph.D. in Economics, Tarbiat Modares University (TMU), Iran, 2017
•

Master’s Degree in Economics, Shahid Beheshti University (SBU), Iran, 2009

•

Bachelor’s Degree in Economics, Shahid Beheshti University (SBU), Iran, 2006

Professional Education:
•

Smart Contract Development

•

Blockchain Development (Corda, Hyperledger)

•

Deep Reinforcement Learning in Python

•

Causal Inference with Machine Learning

•

Macroeconomic Modeling and Forecasting Using R-Studio

Dirk Brockmann
is Professor at the Institute of Biology at Humboldt-University of
Berlin. Between 2007-2013 he was Professor for Applied Mathematics at
Northwestern University. At Northwestern University he was on the
faculty of Northwestern’s Institute on Complex Systems where he still
holds an external faculty position.
A theoretical physicist by training, his research focuses on complex systems at the interface of
physics, life sciences and social sciences. He is particularly interested the application of
dynamicals systems theory, stochastic processes and network science to infectious disease
dynamics and related contagion processes. In this context he is currently investigating
dynamical processes on time-dependent networks, complex contagion processes and the
emergence of cooperation in evolutionary processes. He is known for his work on human
mobility and its role on the global spread of infectious diseases.
Dirk Brockmann is member of the Institute of Theoretical Biology as well as the Integrated
Research Institute for the Life-Sciences at Humboldt University of Berlin.
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He is also head of the project group Computational Epidemiology at the Robert Koch-Institute,
Germany’s federal public health institute.In 2017 he launched the project Complexity
Explorables, a collection of interactive illustration on complex systems that continously
expands in examples and is designed for teachers, instructors and people that want to gain an
intuitive unterstanding of the beauty of complex dynamical processes in nature.

Tim Clark
was born in southern England and studied chemistry at the University of
Kent at Canterbury, where he was awarded a first class honors Bachelor of
Science degree in 1969. He obtained his Ph.D. from the Queen’s University
Belfast in 1973 after working on the thermochemistry and solid phase
properties of adamantane and diamantane derivatives.
After two years as an Imperial Chemical Industries Postdoctoral Fellow in Belfast, he moved to
Princeton University as a NATO Postdoctoral Fellow working for Paul Schleyer in 1975. He then
followed Schleyer to the Institut für Organische Chemie of the Universität Erlangen-Nürnberg
in 1976. He was technical Director of the Computer-Chemie-Centrum in Erlangen until 2015
and Professor of Computational Chemistry at the University of Portsmouth, UK, where he was
also Director of the Centre for Molecular Design from 2007-2016. He is the author of 488 articles
in scientific journals and two books, has an h-index of 68 and is the founding editor of the
Journal of Molecular Modeling.
Tim Clark’s research areas include the development and application of quantum mechanical
methods in inorganic, organic and biological chemistry, electron-transfer theory and the
simulation of organic and inorganic reaction mechanisms. More recently, he has used long
time-scale classical molecular-dynamics simulations to investigate a number of proteins and
protein-DNA complexes involved in the resistance mechanisms of bacteria to tetracycline
antibiotics and control of the bacterial restriction-methylation defence mechanism. Since
2007, his group has concentrated on developing and applying new techniques for simulating
new materials and devices, particularly in the areas of solar energy conversion and organic
electronics. An important aspect of this research is extending the range of applicability of
quantum mechanical techniques to hundreds of thousands of atoms using supercomputers.
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Djork-Arné Clevert
studied joined the Bayer AG in 2015 and is since May 2019 the Director of
the Machine Learning Research department at Bayer AG. He has a
background in computer science and received his doctorate on machine
learning for computational biology. He was a senior scientist in the
prestigious Hochreiter Lab at the Institute of Bioinformatics at Johannes
Kepler University from 2007 to 2015. He has been Co-PI in several large
projects with pharma industry, in particular, transcriptome analysis and statistical genetics
with Johnson and Johnson and Merck Serono Geneva, respectively. His research in earlier
years was mainly on method development for analyzing omics data. Later he shifted this
research focus to the prediction of biological effects of compounds with methods, such as,
deep neural networks. A highlight of his Marie Curie fellowship was the introduction of the
Exponential Linear Units (ELUs), which has become a defacto standard in the field of deep
learning. He is promoter of multiple master and doctoral projects as well as of six completed
postdoctoral projects. He is author of more than 40 publications in international peerreviewed journals and books.

Leroy (Lee) Cronin
is the Regius Professor of Chemistry in Glasgow. Since the age of
nine Lee has wanted to explore chemistry using electronics to
control matter. His research spans many disciplines and has four
main aims: the construction of an artificial life form; the digitization
of chemistry; the use of artificial intelligence in chemistry including
the construction of ‘wet’ chemical computers; the exploration of
complexity and information in chemistry. His recent work on the digitization of chemistry has
resulted in a new programming paradigm for matter and organic synthesis and discovery –
chemputation – which uses the worlds first domain specific and universal programming
language for chemistry – XDL, see XDL-standard.com.
His team designs and builds all their own robots from the ground up and the team currently
has 25 different robotic systems operating across four domains: Organic synthesis; Energy
materials discovery; Nanomaterials discovery; Formulation discovery. All the systems use XDL
and are easily programmable for both manufacture and discovery. His group is organised and
assembled transparently around ideas, avoids hierarchy, and aims to mentor researchers
using a problem-based approach. Nothing is impossible until it is tried.
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Dennis Della Corte
Dennis Della Corte is currently Assistant Prof. in the Department of
Physics and Astronomy and Director of the Consortium of Molecular
Design at Brigham Young University, Provo, Utah. He also serves as
Chief Scientific Officer at ZONTAL, a Florida based early growth
company focused on Data Science in the pharmaceutical industry.
Before BYU, Dr. Della Corte worked as global project manager for
Bayer in Germany. He received a PhD from HHU Düsseldorf, where he conducted
computational protein engineering studies at Forschungszentrum Jülich and Stanford
University. He also holds a MS in Medical Physics from HHU Düsseldorf, and a MS in
Biomedical Engineering from FH Aachen.

Ken Dill
is the Director of the Laufer Center for Physical and Quantitative Biology at
Stony Brook University and the Louis and Beatrice Laufer Professor of Physics
and Chemistry. He received SB and SM degrees from MIT in Mechanical
Engineering in 1971, a PhD in Biology with BH Zimm at the University of
California, San Diego, did postdoctoral research with PJ Flory at Stanford
University, and was on the faculty of the University of California San
Francisco for 25 years. His research is at the intersection of statistical physics with the
biophysics of proteins and cells. He has worked on the physics of protein folding;
computational structural biology; proteostasis in the cell; and on foundational problems in
nonequilibrium statistical physics. Dill is a past president of the Biophysical Society and a coauthor of two textbooks. He received the Hans Neurath Award from the Protein Society, the
Max Delbruck Award from the American Physical Society and the Sackler Prize in Biophysics.
Dill is a member of the US National Academy of Sciences and the American Academy of Arts
and Sciences.
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Fernanda Duarte
obtained her PhD in Chemistry from the Pontificia Universidad Católica
de Chile (PUC) in 2012. After graduation, she joined the Department of Cell
and Molecular Biology at Uppsala University, where she pursued training
in biomolecular modelling. In December 2015 she moved to the University
of Oxford with a Royal Society Newton Fellowship working in the area of
computational organic chemistry. Fernanda joined the School of
Chemistry at Edinburgh in January 2017, with a Chancellor’s Fellowship. In October 2018 she
returned to Oxford and took up her first faculty appointment as Associate Professor at the
Department of Chemistry.
Fernanda has received various accolades; including the L'Oreal-UNESCO Women in Science
award (2009), Pre-doctoral Fulbright scholarship (2010), Marie Curie Career Grant (2015), the
Newton Fellowship (2015), MGMS Frank Blaney Award from the Molecular Graphics and
Modelling Society (2020), OpenEye Outstanding Junior Faculty Award (2021) and HarrisonMeldola Memorial Prize (2021). Her team develops computational methods to understand
(bio)chemical reactivity and guide molecular design.

Bettina Keller
Since 2019

Professor for Theoretical Chemistry, Freie Universität Berlin

2013 – 2019

Junior professor for Theoretical Chemistry, Freie Universität
Berlin

2010 – 2013

Postdoctoral reseacher, Freie Universität Berlin, group of
Prof. Dr. Frank Noé

2005 – 2009 PhD studies in chemistry, ETH Zürich, Switzerland,
Advisor: Prof. Dr. Wilfred F. van Gunsteren
2002 - 2005

Diploma studies in chemistry at University of Karlsruhe and ETH Zürich

Bettina Keller has been awarded the Hans G. A. Hellmann-Preis for Theoretical Chemistry by
the Arbeitsgemeinschaft Theoretische Chemie in 2018. She was a member of Die Junge
Akademie at the Berlin-Brandenburg Academy of Sciences and Humanities (BBAW) and the
German National Academy of Sciences Leopoldina from 2016 to 2021.
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Carsten Kettner
studied biology at the University of Bonn and obtained his diploma at the
University of Göttingen. In 1999, he was awarded his PhD for his work on
the biophysical comprehension of the yeast vacuolar ATPase using the
patch-clamp techniques in the group of Adam Bertl at the University of
Karlsruhe. As a post-doctoral student he continued both the studies on
the biophysical properties of the pump and the investigation of the
kinetics and regulation of the plasma membrane potassium channel (TOK1). In 2000 he joined
the Beilstein-Institut. Here, he is responsible (a) for the organization of the Beilstein symposia
and (b) for the administration and project management of funded research projects.
In 2007 he was awarded his certificate of competence as project manager for his studies and
thesis from the Studiengemeinschaft Darmstadt (a certified service provider). Since 2004 he
coordinates the work of the STRENDA commission and promotes guidelines for reporting
enzyme data along with the commissioners (www.strenda.org). These reporting standards
have been adopted by, today, over 55 biochemical journals for their instructions for authors
and are incorporated in the electronic data validation and storage tool, STRENDA DB. Since
2011, Carsten co-ordinates the MIRAGE project which aims at establishing uniform reporting
and representation of glycomics data in publications and which became an essential hub for
the development of glycomics infrastructure (www.beilstein-mirage.org). In 2014, Carsten was
appointed the head of the funding and conferences department which is also in charge of the
foundation’s public relationships. He is very interested in any aspects of open science and
open access and thus he is actively engaged in a number of initiatives that are dedicated to
make scientific data open and accessible to the wider public including NFDI4Chem, Force11
and RDA (Chemical Data, FAIRsharing).

Christian Kramer
is enthusiastic about pushing the boundaries of Small Molecule Drug Design
with computational methods. Being the head of Computer-Aided Drug Design
(CADD) at Roche Basel & Shanghai, he currently leads a team of
computational drug hunters that develop both novel clinical candidates and
novel computational methods that help finding clinical candidates. Based on
a university degree in molecular sciences, Christian built a diverse set of
technological skills relevant to the CADD area, ranging from quantum mechanics,
cheminformatics, statistics, force-field development to ligand- and structure-based drug
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design. He acquired those in various positions, working at the different academic (Universities
of Erlangen-Nuremberg, Basel, and Innsbruck) and industrial institutions (BoehringerIngelheim, Novartis, F.Hoffmann-La Roche). Christian is listed as inventor on 15 patents and
has published more than 50 scientific articles with a current H-index of 24.

Michael Lachmann
did his undergraduate in Tel Aviv University, in an interdisciplinary
program that enabled him to learn whatever he wanted, and he
forcused on math, physics and Biology. At that point he worked on a
project on the Origin of Life with Prof Eva Jablonka.
Michael did his PhD in Stanford with Prof Marc Feldman, in Biology on
the origin of multicellularity. Then, he was a Postdoc at the Santa Fe Institute for three years,
continuing his work on the evolution on multicellularity, and focusing on the evolution of
differentiation.
Then Michael was a visiting scholar at the MPI for mathematics in the sciences for two years,
working with Juergen Jost. He was then promoted a group leader at the MPI for evolutionary
anthropology, in the group of Prof Svante Pääbo. Here, he worked on the evolution of gene
expression, and in particular on the Neanderthal genome project.
Finally, Michael came back as a Professor at the Santa Fe Institute, focusing on the Origin of
life. In the last two years, however, he focused almost exclusively on modeling COVID-19 and
joined the UT Austin covid modeling consortium. (While still working the Santa Fe Institute).

Philipp Marquetand
Professional Experiences
2021 - Member of Research Network Data Science @ University Vienna
2020 - Member of Vienna Research
Photoreaction Discovery

Platform

on

Accelerating

2017 - Senior Scientist, University of Vienna, Institute of Theoretical
Chemistry
06/2017

Habilitation in Theoretical Chemistry at the University of Vienna
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2011 - 2017

Junior Research Group Leader, University of Vienna, Institute of Theoretical
Chemistry (Head of Institute: Leticia González)

2010 – 2011

Postdoc with Leticia González, University of Jena, Institute of Physical
Chemistry

2008 – 2010

Postdoc with James T. Hynes, École Normale Supérieure Paris

2007 – 2008

Postdoc with Volker Engel, University of Würzburg, Institute of Physical
Chemistry

Education
2004 – 2007

Dissertation with Volker Engel, University of Würzburg, Institute of Physical
Chemistry

2003 – 2004

Diploma thesis with Volker Engel, University of Würzburg, Institute of Physical
Chemistry

2001 – 2004

Studies in Chemistry, University of Würzburg

1999 – 2001

Studies in Chemistry, University of Heidelberg

Frank Noé
has a B.Sc. in Electrical Engineering, a M.Sc. in Computer Science and did
his Ph.D. in Biophysics at University of Heidelberg. After starting his
independent research career as group leader in the research center Matheon
(FU Berlin) he was promoted to professor in 2013. Frank won ERC starting
and consolidator grants, the Early career award in Theoretical Chemistry of
the American Chemical Society, he is member of the Berlin-Brandenburg
Academy of Sciences and member of the ISI highly cited list.

Wendy Patterson
is a member of the board of management of the Beilstein-Institut where
she serves as scientific director. She received various degrees in the field
of physics, culminating in a doctorate degree in optics at the University of
New Mexico. She continued post-doctoral research in the areas of
nanotechnology and materials for energy conversion and storage at the
Center for Emerging Energy Technologies and the University of
Regensburg.
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Concerned with the direction that scholarly publishing had taken and its impact on scholars,
she joined the non-profit Beilstein-Institut in 2014 to contribute to their diamond open access
journals. She is also a board member of Crossref and the Free Journal Network, both non-profit
entities providing services for the scholarly community. Twitter: @wendympatterson

Jean-Louis Reymond
is a Professor of Chemistry at the University of Bern, Switzerland. He studied
Chemistry and Biochemistry at the ETH Zürich and obtained his Ph.D. at the
University of Lausanne on natural products synthesis (1989). After a Post-Doc
and Assistant Professorship at the Scripps Research Institute, he joined the
University of Bern (1997). His current research focuses on chemical space
exploration methods combining data science, artificial intelligence, organic
synthesis and biological assays to discover new bioactive small molecules and peptides, with
applications in membrane transporters modulators, kinase inhibitors, antimicrobials and
transfection reagents (https://gdb.unibe.ch). He is the author of > 300 scientific publications
and reviews.

Adrian E. Roitberg
Education
University of Illinois at Chicago. Chemistry

PhD., 1992

Universidad de Buenos Aires, Argentina. Chemistry

Licenciado, 1987

Research Experience
2020 – present

V.T. and Louise Jackson Professor in Chemistry,
University of Florida

2001 – present

Professor, Department of Chemistry, University of Florida

1/1996 – 12/2000

Guest Research Scientist, Biotechnology Division, National Institute of
Standards and Technology

10/1992 – 12/1995

Postdoctoral Fellow, Chemistry Department, Northwestern University.
Advisor: Prof. Mark Ratner
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Honors and Awards
2020

V.T. and Louise Jackson Professor in Chemistry, University of Florida

2020

Doctoral Dissertation Advisor/Mentoring Award, University of Florida

2016

Ulam Scholar, Center for Non-linear Sciences, Los Alamos National
Laboratory, New Mexico

2016

University of Florida Research Foundation Professor

2014

Elected Fellow of the American Chemical Society

2014

Elected Fellow of the American Physical Society

2012

‘Ulam Fellow’, Los Alamos National Laboratory

2011

‘Raices Prize’, Ministry of Science and Technology of Argentina

2007

Howard Hughes Medical Institute Distinguished Mentor Award,
University of Florida

2006

Fulbright Fellow (research place in Argentina)

Publications
179 published, ~38100 citations, h-index=66

Philippe Schwaller
received a bachelor’s and master’s degree in Materials Science and
Engineering from EPFL. While working for IBM Research, Philippe
completed an MPhil degree in Physics at the University of Cambridge and a
PhD in Chemistry and Molecular Sciences with the Reymond group at the
University of Bern.
In February 2022, Philippe joined EPFL as a tenure-track assistant professor
in the Institute of Chemical Sciences and Engineering. He leads the Laboratory of Artificial
Chemical Intelligence (LIAC), which works on AI-accelerated discovery and synthesis of
molecules. Philippe is also a core PI of the NCCR Catalysis, a Swiss centre for sustainable
chemistry research, education, and innovation.
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Artur M. Schweidtmann
is a tenure-track assistant professor for chemical engineering at Delft
University of Technology and director of the Process Intelligence Research
lab. His research focuses on the combination of artificial intelligence and
chemical engineering. He received his Master of Science from RWTH
Aachen University in 2017 and defended his Ph.D. from RWTH in 2021,
both in Chemical Engineering. During his studies, he spent the academic
year 2013/2014 at Carnegie Mellon University as a visiting student via the DAAD ISAP program.
He performed his Master thesis at the University of Cambridge.

Marwin Segler
is currently Principal Researcher and Team Lead at Microsoft Research
Cambridge. Prior, he worked at BenevolentAI, London. He received a PhD
in Chemistry from the University of Muenster. His research program
focusses on the development of new concepts and methods for computeraided molecular discovery and organic chemistry. He introduced modern
machine learning to computer-aided synthesis planning, and co-pioneered
neural generative models for molecular design.

Kimberly L. Stachenfeld
Education
2018

Ph.D. Quantitative & Computational Neuroscience, Princeton University

2013

B.S. Chemical & Biological Engineering, B.S. Mathematics, Tufts University

Awards
2019

MIT Technology Review 35 Under 35

2014

NSF Graduate Research Fellowship Program (GRFP) Honorable Mention

2011, 2012

Meritorious Award in COMAP International Mathematical Contest in
Modeling
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Hans V. Westerhoff
has been one of the originators of the field of Systems or Integrative Biology
in the last five years. This stemmed from a longer history of study of
phenomena in which the integrative actions of macromolecules produced
effects that are essential for biological function, such as in free-energy
transduction, DNA supercoiling, and yeast glycolysis. The effects are new or
‘emergent’ because the interactions are ‘nonlinear’ and this in turn implies
that quantitative experimentation becomes important, as do more mathematical methods of
analysis. Westerhoff has been promoting the implementation of this systems biology in
combined experimental and theoretical research.
After staff positions at the (US) National Institutes of Health and the Netherlands Cancer
Institute, Westerhoff became Professor of Microbial Physiology at the Free University
Amsterdam and Professor of Mathematical Biochemistry at the University of Amsterdam. In
2005, he also became the AstraZeneca Professor of Systems Biology at the University of
Manchester (60 %). Subsequently he also took the Chair of Synthetic Systems Biology at the
University of Amsterdam.
Westerhoff is/has been on the advisory boards of Systems Biology programs (NSF-USA,
Germany, Finland, BBSRC/EPSRC-UK). He has been the main organizer of multiple FEBS
Advanced Courses on Systems Biology, as well as Director of Manchester and Amsterdam
centres for systems Biology as well as of the Manchester Doctoral Training Center in Systems
Biology. He is the founder of the Infrastructure for Systems Biology in The Netherlands
(www.isbe.nl).
Publications: https://scholar.google.com/citations?user=UJCCkB8AAAAJ
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