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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



http://www.beilstein-symposia.org/
http://www.beilstein-symposia.org/

Book of Abstracts



Table of Contents

OVEIVIBW ...t reeee ettt s e s meme e et e s teesaeaneeeneessemmnseeaneesteenseannenneesseemnnsennes ] 6
SCientific COMMITEEE ... sene e e snn e ]
Liability QN INSUFQNCE....... ..ottt ee et e e e e e e et e e e e e e e e ennaeeeeeeaaas 9
Yol 1= g i ol o o T ={ = 1 TR Q
1Y, [ 3 T = Y 9
B T=E o b 1 2 10
1T L=Te [ T=T o I 1 TP 11
TRUESAAY ..o ettt ettt eaanas bt e s ettt e e e aaaeesamneeeees 12
LISt OF POSTEIS.... ..ottt et nme e e s rae e te e nneeeree e 13
LY 013 1 = ot £ SRRSO 15
1] (=T gl A 1] 1 = Lo SRR PRSI 45
SPEAKEIS BIOBIAPNIES ......coeeeiiieeeeeeeeeeee e e e e e e e eennase e e b e aaeees 89

May 5 - 7, 2026, Rudesheim, Germany 5



Overview

Supramolecular chemistry has evolved into a vibrant and interdisciplinary field, offering
powerful design principles to create complex, dynamic, and functional systems. The Beilstein
Symposium “Designing Dynamic Matter — Frontiers in Supramolecular Systems” will bring
together researchers working at the forefront of this rapidly expanding area to discuss how
supramolecular strategies are shaping new directions in chemistry, materials science, and the
life sciences. The program will explore how molecular systems can recapitulate or mimic
hallmarks of life through bottom-up design approaches. Topics include synthetic and minimal
cells, protocell evolution, artificial molecular machines, and systems capable of adaptation,
autonomous behaviour, and information processing. These contributions offer new
perspectives on the origin of life and the construction of life-like systems from non-living
matter. A strong emphasis will be placed on biomaterials and biologically inspired assemblies.
Discussions will highlight supramolecular hydrogels, nanostructured scaffolds, and bio-
responsive materials with applications in regenerative medicine, immune engineering, and
targeted drug delivery. These approaches showcase the deepening integration of
supramolecular chemistry with biological function and therapeutic design.

The symposium will also address pressing societal challenges through the development of
functional and sustainable materials. Contributions will span adaptive materials,
supramolecular catalysts, degradable systems, and smart assemblies for energy and
environmental applications. This theme underscores the potential of supramolecular design
in advancing green chemistry and sustainable technologies. Emerging work on out-of-
equilibrium systems and chemical information processing will form another major theme.

From dissipative self-assembly and transient structures to chemically fuelled reaction
networks and soft robotics, the symposium will feature pioneering research on systems that
operate far from equilibrium—capable of computation, motion, and self-regulation.
Complementing these applied areas, a foundational track will focus on the core concepts of
supramolecular chemistry. Topics include noncovalent interactions, molecular recognition,
self-assembly, chirality, and multicomponent systems, as well as advances in modelling and
simulation. This session will highlight efforts to achieve greater control, predictability, and
function in increasingly complex molecular systems. Together, these themes will create a rich
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and engaging program that reflects the diversity and innovation of supramolecular science,
while offering a platform for interdisciplinary dialogue and discovery.

The symposium will cover, but is not limited to the following themes:
/ The origin of life and synthetic cells

/ Molecular machines and out-of-equilibrium systems

/ Supramolecular materials for sustainability

/ Biomaterials and the interactions with cells

/ Molecular computing

/ Machine learning and Al in multi-components systems

/ Fundamental supramolecular systems

Enjoy the symposium!

Scientific Committee

E.W. "Bert" Meijer Tanja Weil
Eindhoven University of Max Planck Institute for
Technology Polymer Research
Netherlands Germany
EW.Meijer@tue.nl weil@mpip-mainz.mpg.de
Contact

Marti Recort-Fornals
Beilstein-Institut
Germany
mrecort@beilstein-institut.de
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Presentations of Posters

Poster exhibition

On Tuesday, we will have a dedicated poster session and four flash talk sessions spread
throughout the day.

Location of the posters

The poster exhibition will be placed in the coffee room which is close to the conference room.
Your poster board will be marked with your poster number which is the same in the abstract
book.

Poster mounting

Please mount your poster before the session. You can start hanging them from Monday, after 5
PM. Your poster will be on display throughout the symposium. You are asked to remove all
poster materials from the board at the end of the meeting.

Poster material

The size of your poster board is 120 x 90 cm (height x width). Hanging material for the poster

boards will be provided on-site.

Presentations

The oral poster presentations will take place as indicated in the scientific program. The
presentations should not exceed 4 min. We will have an LCD projector connected to a

Windows PC available.
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Liability and Insurance

The Beilstein-Institut will not be liable for any accident, theft or damage to property, nor for
any delays or modification in the program due to unforeseen circumstances.

Participants and accompanying persons are advised to arrange personal travel and health
insurance.

Scientific Program

Monday, May 4

19:00 Welcome Reception

19:30 Dinner
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Tuesday, May 5

09:00 Welcome andOpening Beilstein-Institut

09:20  Supramolecular polymerization for a sustainable future Takuzo Aida

10:00  Assembly code for supramolecular peptide materials and Rein V. Ulijn
systems

10:40  Poster Lightning Talks #1(Posters b5)

11:05  Coffee Break

11:20  Supramolecular assemblies inspired by nature and beyond Helma Wennemers

12:00  The chemistry of supramolecular materials and systems: Ghislaine Vantomme
from responsiveness to adaptation

12:40  Poster Lightning Talks #2(Posters &10)

13:05  Lunch

14:30  Giving chemistry direction David A. Leigh

15:10 Poster Lightning Talks #3(Posters 1b15)

15:35  Coffee Break

16:00 Biological mechanoradicals: new kids on the block Frauke Gréater

16:40  Poster Lightning Talks #4(Posters 1&20)

17:05 PosterSession

19:30  Dinner
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Wednesday, May 6

09:00 Opening

09:05 Dissipative seltassembly by chemical fuels and/or light Thomas M. Hermans

09:45  Supramolecular ion receptors for transmembrane transport Hennie Valkenier

10:25  Dynamic supramolecular hydrogels for ECM mimicry and Pol Besenius
antitumor vaccination

11:05  Conference Photo & Coffee break

11:40  Designing key modules for minimal biological cells Petra Schwille

12:20  From design of supramolecular monomers tanexpected  Patricia YW.Dankers
supramolecular polymer béhavior aspossibilities for cell
and organoid cultures

13:00  Lunch

14:00  Excursion

19:30  Dinner
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Thursday, May 7

09:00 Opening

09:05 Information processing inchemical reaction networks Wilhelm T. S.Huck

09:45  Dynamic supramolecular polymeric biomaterials: From Jodo Borges
molecular design to interactions with living systems

10:25  Mechanochemical regulation of artificial molecular motors Nathalie Katsonis

11:05  Coffee Break

11:40  Non-covalent synthesis of carbohydratebased Guosong Chen
macromolecules

12:20  Shaping celluar outcomes with sitedirected David YW. Ng
supramolecular assemblies

13:00  Lunch

14:30  Architectural control in polymer-basedartificial cells Jan van Hest

15:10 Dynamic enzymatic assemblyof large-ring cyclodextrins Sophie R. Beeren
and other unusual cyclic glycans

15:50  Coffee break

16:20  Carbohydrate foldamers and assemblies Martina Delbianco

17:00 The art of building small Ben L. Feringa

17:40 Closing Remarks

19:30  Dinner
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List of Posters

The poster presentation includes a short (4 min) oral presentation on Tuesday, May 5, and the
poster sessions. The posters will be displayed from Tuesday, May 5, to Thursday, May 7.

#1  De novo design of glycan foldamer based on a seju Yadiel Vazquez Mena
trisaccharide

#2  Precise protein assembly by orthogonal supramolecular  Lj Long
interaction

#3  Molecularcommunication along a nanoscale array of Luis Martinez Crespo
squaramides

#4  Non-covalent synthesis of asymmetric supramolecular Satyaijit Patra
biomaterials

#5 Photoswitchable peptides control order in intracellular Julian Link
assemblies

#6  Supramolecular assemblies of photoresponsive molecular Franco KingChiLeung
amphiphiles as celhaterial interfaces and supramolecular
robotics

#7 Co-assemblies regulate the catalytic activity of peptide fibril Albin Lahu

#8 Sequencencoded dynamicand phase behavior in minimal Hamish Swanson
peptide materials and systems

#9 Dynamic and stable -Quadruplexderived hydrogels by VeraSousa
combining norcovalent and covalent bonds

#10 Polyoxometalates as chaotropic templates for the dynamic Jo&o Henriquede Souza
enzymaticsynthesis of largeing cyclodextrins

#11 Noncovalent synthesis of higher order sdlpeterostructures Sai RachanaPramatha
from structurally distinct moleculgr-systems via secondary
nucleation

#12 Tunable CPlvia chirality andco-solvent directed pathways in JahanviRalhan
fluorophore tethered peptide amphiphiles

#13 Controlling the energy landscape of actuators through Friedrich Stricker
interdependent stimuli.

#14 Supramolecular photopolymerized hgdels for selective GabrielaToader
removal of La, Ce, €

#15 MXenebased supramolecular hydrogels: bridging soft actui AndreeaMoldovan
and biefunctionality

#16 Terrylene diimidebased chiral supramolecular aggregates fc ShivangeeJha
red circularly polarised luminescence

#17 Harnessing molecular rotary motion for the controlled L. PatriciaSanmiguel
di s as s e-amyloig aggrégatds
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#18 Dipeptide glues with reversible adhesion and-ketling ElmaNaranjo
properties

#19 Segquencalependent pathwagelection in dynamic peptide  AmeenaYoonus
assemblies

#20 Photechememechanical transduction in hybrid soft matter f JacopoMovilli
programmable molecular signaling
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IEEl  Supramolecular polymerization for a sustainable
future

Takuzo Aida
Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-0032, Japan

Center for Emergent Matter Science (CEMS), Riken, 2-1 Hirosawa, Wako,
Saitama 351-0198, Japan

One of the major issues causing environmental destruction is plastic waste. Between the
years 1950 and 2015, we produced 8.3 billion tons of plastic, yet less than 9% was recycled. 6.3
billion tons became waste, either incinerated or discarded into the natural environment.
When burned, plastic emits carbon dioxide, which accelerates global warming. When
discarded, plastic degrades into microplastics, which spread not only in the oceans but also in
the air and soil, harming ecosystems—including humans. While many strategies, such as
improving plastic materials, have been explored to address the plastic waste problem, we
believe a fundamentally new strategy is necessary. We focused attention on the concept of
supramolecular polymers, which I have tightly committed from the beginning [1-12]. At the
end of November 2024, we reported supramolecular plastics [13, 14], as a strategic extension of
the concept of supramolecular polymers using salt-bridge-forming ionic monomer pairs. This
new class of polymeric materials disassembles into monomers when exposed to salts in the
natural environment and is then metabolized by microorganisms. Unlike conventional
plastics, supramolecular plastics do not generate microplastics. Despite their eco-friendly
characteristics, these plastic materials possess mechanical properties that are comparable or
even better than those of conventional plastics. Quite recently, we developed an ultrathin
low-density artificial luffa sponge from resorcinol and formaldehyde in electric bilayer [15].
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[1] Aida, Meijer, Stupp, Science 2012, 335, 813-817.
[2] Aida, Meijer, Israel J. Chem. 2020, 60, 33—47.
[3] Aida, Adv. Matter. Essay, 2020, 1908140.
[4] Meijer, Aida et al., Prog. Polym. Sci. 2020, 101250.
[5] Aida et al. Chem. Commun. 1988, 391-393.
[6] Yanagisawa, Aida et al., Science 2018, 359, 72-76.
[7] Yamagishi, Aida et al., Science 2018, 361, 1242-1246.
[8] Yano, Aida et al., Science 2019, 363, 161-165.
[9] Fujisawa, Aida et al., . Am. Chem. Soc. 2021, 143, 15279-15285.
[10] Meng, Aida, Sato et al., Nature 2021, 598, 298—303.
[11] Chen, Aida et al., Nature Mat. 2022, 21, 253—261.
[12] Itoh, Chen, Aoki, Aida et al., Science 2022, 367, 738-743.
[13] Cheng, Hirano, Meijer, Aida et al., Science 2024, 386, 875-881.
[14] Chen, Hong, Inuzuka, Mizukami, J. Am. Chem. Soc. 2025, 147, 44507—44514.
[15] Hao, Aida et al., Nature 2024, 636, 92—99.

[15] Itoh, Aida et al., Science 2025, 389, 73-77.
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ICECEM  Assembly code for supramolecular peptide
materials and systems

Rein V. Ulijn

CUNY Advanced Science Research Center, USA

Peptides have tremendous potential as building blocks of designer materials with wide-
ranging applications, including those that nature never explored. The Ulijn lab is developing
methodology for bottom-up design, discovery and evolution of functional materials and
designed liquids for a variety of applications. [1] The talk will include our latest research in
this area, focusing on the rich side-chain interaction space in short peptides to mimic
biology’s context-adaptive and flexible structures: (i) Supramolecular Peptide Dispersions: [2]
We have developed dispersions that undergo drying-induced phase separation, forming
porous peptide microparticles capable of stabilizing proteins or small molecule payloads. (ii)
Context-Adaptive Peptide materials: We are investigating peptide materials that exhibit
context-dependent actuation [3], including vapor-erasable structures [4]. (iii) Drug-Matched
Peptide Excipients: [5] We are designing peptide excipients that are tailored to enhance the
bioavailability of specific drug molecules. Our research collectively demonstrates the
remarkable potential of peptides and dynamically exchanging peptide mixtures as designable
and tunable nanomaterials for a wide range of applications.
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[1] Kaygisiz, K., Sementa, D., Athiyarath, V., Chen, X. & Ulijn, R. V. Context dependence in
assembly code for supramolecular peptide materials and systems. Nat. Rev. Mater. 10, 449—
472 (2025).

[2] Dave, D. R. et al. Adaptive peptide dispersions enable drying-induced biomolecule
encapsulation. Nat. Mater. 24, 1465-1475 (2025).

[3] Athiyarath, V. et al Context-Adaptive Nanotopology in Peptide Crystals.
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LU Ssupramolecular assemblies inspired by nature and
beyond

Helma Wennemers

Laboratory of Organic Chemistry, ETH ZUrich, Vladimir-Prelog-Weg 3,
8093 Zurich, Switzerland

Self-assembly and selective recognition events involving proteins are critical for numerous
processes in nature, for example, catalysis, signal transduction, and the controlled formation
of structural components such as collagen. My group is intrigued by the question of whether
peptides — molecules with significantly lower molecular weights compared to proteins — can
fulfill functions for which nature evolved large macromolecules. Specifically, we ask whether
peptides can serve as effective asymmetric catalysts, selective carbohydrate and nucleotide
receptors, synthetic collagen-based materials, or targeting probes for diagnosis and therapy of
excessive collagen formation. [1,2]

The lecture will focus on our research interests in supramolecular assemblies and their
application in chemical biology and supramolecular chemistry.

References:
[1] H. Wennemers "Peptides — Molecular Allrounders", Chimia, 2021, 75, 525-529

[2] M. C. Deen, L. B. Boll, H. Wennemers "Chemical Tools for Monitoring and Targeting
Collagen Cross-linking", Chimia, 2024, 78, 673—676
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IC=CEME  The chemistry of supramolecular materials and
systems: from responsiveness to adaptation

Ghislaine Vantomme

Eindhoven University of Technology, Netherlands

Supramolecular chemistry provides powerful strategies to construct materials whose
properties are more than the sum of their molecular parts, emerging from dynamic, non-
covalent interactions. In this lecture, I will show how molecular design and ordered
supramolecular structures can be used to translate molecular events into macroscopic
function. Through selected examples from our work, I will highlight systems that display
stimuli-responsiveness, self-repair, and history-dependent behavior. Moving beyond passive
responsive materials, I will discuss recent efforts toward materials that can learn from their
environment and adapt over time. I will also present our ongoing efforts to build self-driving
laboratory platforms for coatings, integrating automation and data-driven optimization to
accelerate the discovery of supramolecular materials. These advances open new directions
toward functional molecular systems with applications in biointerfaces, (opto)electronics, and
sustainable materials.
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ILECEME  Giving chemistry direction
14:30 David A. Leigh

Department of  Chemistry, University of Manchester, UK
School of Chemistry and Molecular Engineering, East China Normal
University, Shanghai 200062, China

Over the last three decades examples of synthetic molecular machines and motors [1] have
been developed, [2] all be they primitive by biological standards. Such molecules are best
designed to work through statistical mechanisms. [3] In a manner reminiscent of Maxwell’s
Demon, [4] random thermal motion is rectified through ratchet mechanisms, [3-10] giving
chemistry direction.

It is increasingly being recognised that similar concepts can be applied to other chemical ex-
change processes. [11] Ratchet mechanisms—effectively chemical engines [12] in which cataly-
sis5, [7-9] of “fuel’ to ‘waste’ is used to drive another chemical process—can cause directional
impetus in what are otherwise stochastic systems, including endergonic chemical reactions
[13]. This is ushering in a new era of non-equilibrium chemistry, providing fundamental ad-
vances in functional molecule design and the first examples of molecular robotics, [14,15]
overturning existing dogma and offering fresh insights into biology and molecular nanotech-
nology.

For a musical introduction, see ‘Nanobot’: https://bit.ly/2M5Zwd|I
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ILECEME  Biological mechanoradicals: new kids on the block
16:00 Frauke Grater

Max-Planck-Institute for Polymer Research, Biomolecular Mechanics,
Ackermannweg 10, Mainz, 55128, Germany

Tissues are perpetually subjected to mechanical forces. We know for nearly a century that
high mechanical load on polymer materials - be it a shoe sole or rubber band — causes the
rupture of chemical bonds and generates mechanoradicals. We uncovered the very same
mechanism in biology: radicals form by stretching protein materials of our tissues, even under
stresses far below tissue failure. Using experiments in conjunction with simulations and
machine learning we reveal how protein assemblies like collagen and elastin tame their
radicals and convert them in a highly controlled fashion to oxidative stress, dominantly
hydrogen peroxide. We currently explore how this new mechanism is related to biomaterial
degradation and renewal, disease and aging.
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BESUESED  Dissipative self-assembly by chemical fuels
and/or light

Thomas M. Hermans

IMDEA Nanociencia, ¢/ Faraday 9, 28049 Madrid, Spain

We develop strategies to bring lifelike dynamics and adaptability into synthetic chemical
systems by integrating catalysis, light, and redox control to out-of-equilibrium reaction
networks. Our work combines photochemical initiation, catalytic feedback, and redox-
responsive pathways to achieve transient self-assembly, reversible phase transitions, and
adaptive energy dissipation. By merging approaches such as light-regulated catalysis,
repurposed catalytic cycles, and redox shunting, we reveal general design rules for
constructing reaction networks that autonomously modulate structure and function over time.
[1-6] Recently, we use super-resolution techniques to visualize growth dynamics at the single
fiber level, which seems to contrast bulk kinetic measurements. [7] These systems collectively
demonstrate how orchestrated chemical feedback can generate emergent behaviors such as
multiple transient states or tunable lifetimes, without continuous external input. This
convergence of photochemical, catalytic, and redox control brings us toward programmable,
adaptive matter and represents a step forward in bridging synthetic and biological non-
equilibrium chemistry.

May 5 - 7, 2026, Rudesheim, Germany 25



«\)‘ BEILSTEIN SYMPOSIUM Designing Dynamic Matter: Frontiers in
Supramolecular Systems
Beilstein Organic Chemistry Symposium 2026

References:

[1] Valera, J. S.; LopezZAcosta, A.; Hermans, T. M. Photoinitiated Transient SelfZAssembly in a
Catalytically Driven Chemical Reaction Cycle. Angew Chem Int Ed 2024, 63 (33), €202406931.
https://doi.org/10.1002/anie.202406931.

[2] Amano, S.; Hermans, T. M. Repurposing a Catalytic Cycle for Transient Self-Assembly. J. Am.
Chem. Soc. 2024, 146 (33), 23289-23296. https://doi.org/10.1021/jacs.4c05871.

Transitions. Angewandte Chemie International Edition 2023, 62 (23), €202301529.
https://doi.org/10.1002/anie.202301529.

[4] Singh, N.; Lopez-Acosta, A.; Formon, G. J. M.; Hermans, T. M. Chemically Fueled Self-Sorted
Hydrogels. J. Am. Chem. Soc. 2022, 144 (1), 410—415. https://doi.org/10.1021/jacs.1c10282.

[5] Sharko, A.; Livitz, D.; De Piccoli, S.; Bishop, K. J. M.; Hermans, T. M. Insights into
Chemically Fueled Supramolecular Polymers. Chem. Rev. 2022, 122 (13), 11759-11777.
https://doi.org/10.1021/acs.chemrev.1c00958.

[6] Lopez-Acosta, A.; Valera, J. S.; Klajn, R.; Hermans, T. M. Photoacid-Mediated Controllable
Gelation in a Chemical Reaction Cycle. ChemSystemsChem 2026, 8 (3), €70037.
https://doi.org/10.1002/syst.70037.

[7] Yao, P.; Lopez-Acosta, A.; Britto Neethinathan, J.; Liu, W.; Blaskovits, J. T.; Erker, C.; Gelléri,
M.; Lieberwirth, I.; Basché, T.; Andrienko, D.; Bonn, M.; Gierschner, J.; Hermans, T. M.; Liu, X.
Solid-State Luminescence Intermittency Unlocks in Situ Label-Free Super-Resolution Imaging
of Supramolecular Fiber Growth. ChemRxiv 2026 (0310).
https://doi.org/10.26434/chemrxiv.15000757/Vv1.

May 5 - 7, 2026, Rudesheim, Germany 26



((\)\ BEILSTEIN SYMPOSIUM Designing Dynamic Matter: Frontiers in

Supramolecular Systems
Beilstein Organic Chemistry Symposium 2026

UERUEEEEM  Supramolecular ion receptors for
transmembrane transport

Hennie Valkenier

Engineering of Molecular NanoSystems, Université libre de Bruxelles,
Brussels, Belgium

Lipid membranes form a hydrophobic barrier for the diffusions of ions. For that reason, cell
membranes contain proteins that transport ions and other hydrophilic species across the lipid
bilayer. Ionophores are synthetic ion receptors that bind ions reversibly and can be used for
the transport of ions across lipid bilayers. Such synthetic ion transporters can find
applications in biology, for instance by disruption of homeostasis leading to toxicity, as is
relevant for anticancer and antimicrobial applications. [1]

Our laboratory has contributed to the development of transporters for different anions [2] and
cations, [3] as well as the methods to study transport into liposomes. [4,5] Whereas most of the
research on anion transport focusses on chloride, we have overcome multiple challenges to
develop the first synthetic transporter for inorganic phosphate. [6,7] Furthermore, we have
shown that the anion transport process can be tuned by the use of dynamic covalent
chemistry within the lipid bilayer. 8]

Ionophores can also be used as tools to control the entry of anions in liposomes or giant
vesicles for the study of reaction networks or the assembly of novel materials. We have
exemplified this using synthetic carboxylate transporters in liposomes as nanoreactors for the
formation of metal-organic complexes. We have transported benzene dicarboxylate (BDC) into
liposomes with lanthanide cations encapsulated, resulting in the formation of highly emissive
lanthanide-BDC complexes in a stable colloidal aqueous suspension, which can be used for
sensing applications. [9]
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UESERE  Dynamic supramolecular hydrogels for ECM
mimicry and antitumor vaccination

J. Erlenbusch,’ M. Urschbach,' D. StraBburger,
M. Thomas,' P. Besenius,' H.K. Mishra,? , V. Conradi
Garcia,”? C. Jacob® R. Attariya-Hefnawy,'? I. Silvestre,’
N. Stergiou,’ E. Schmitt,*> T. Bopp,’

' Department of Chemistry, Johannes Gutenberg University Mainz

2 Insitute of Developmental Biology and Neurobiology, Johannes
Gutenberg University Mainz

* Institute of Immunology, University Medical Center Mainz, Germany

Supramolecular chemistry offers a powerful platform for the design of multifunctional and
dynamic biomaterials that mimic the complexity of biological systems. In this lecture, I will
focus on our recent efforts to engineer multicomponent supramolecular hydrogels composed
of dendritic peptide amphiphiles bearing distinct thermoresponsive ethylene glycol-based
solubilizing units. Using a combination of spectroscopic and microscopic techniques, we
demonstrate how these materials form stable nanofibrous networks with slow (co)monomer
exchange while maintaining rapid stress relaxation, underscoring the hydrogels’ potential as
extracellular matrix (ECM) surrogates and injectable biomaterials. In particular, we are
developing injectable formulations as synthetic vaccins for immunotherapy. Key
immunogenic components, including a clinically relevant tumor-associated mucin-1 (taMUC1)
B-cell epitope, were conjugated to a supramolecular carrier and integrated into the injectable
hydrogel matrix. In vivo studies demonstrate that both adjuvant and epitope dosing critically
influence the immune response, emphasizing the modularity and efficiency of the
supramolecular system. Together, these studies highlight how supramolecular engineering
enables precise control over both mechanical and immunological cues, paving the way for
next-generation materials in regenerative medicine and cancer immunotherapy.
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WEERO  Designing key modules for minimal biological
cells

Petra Schwille
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Biophysics, Am Klopferspitz 18, Martinsried, 82152, Germany

Researchers at the interface of biology with the quantitative sciences, like physics and
chemistry, have in the past years been pursuing a new approach towards a fundamental
understanding of living systems, termed “bottom-up synthetic biology”. The underlying idea
is that only a radical simplification and abstraction of a biological cell will allow us to
decipher the distinctive features of life, because even the simplest life forms on earth have
accumulated a huge degree of redundance, in order to remain viable in a hostile and
competitive environment. Thus, in order to arrive at a self-sustaining minimal reaction system
with the ability to replicate and evolve — a minimal living system - we likely need to build it
from scratch. In this context, my group approaches the bottom-up assembly of a minimal
functional machinery to accomplish the spontaneous division of a vesicle-based artificial cell.
[ will discuss our latest results on the successful reconstitution of key components of the
bacterial divisome towards autonomous assembly, positioning and contraction of a minimal
division ring, and how we want to advance the design of key functional modules for minimal
cells by utilizing the power of machine learning in the future.
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UESERE  From design of supramolecular monomers to
unexpected supramolecular polymer behaviour
- possibilities for cell and organoid cultures

Patricia Y.W. Dankers

Institute for Complex Molecular Systems, Department of Biomedical
Engineering, Department of Chemical Engineering & Chemistry,
Eindhoven University of Technology, Eindhoven, The Netherlands

The integration of synthetic components into biological systems will shape the future of
regenerative medicine. In nature, tissues and cells are formed by complex, intricated
molecular compositions held together by both covalent and directed non-covalent
interactions. They can be regarded as complex molecular systems. The formulation of an
artificial extracellular matrix (ECM) from synthetic building blocks that can assemble and
disassemble into supramolecular polymers on demand is proposed to lead to complex tissue-
inspired materials. We showed the importance of various design criteria to mimic different
aspects of the ECM in a supramolecular way; e.g. we showed the effect of supramolecular
monomer design on cell behavior, the effect of dynamics on cell adhesion and introduced
stress stiffening properties into supramolecular hydrogels. Unexpectedly, we recently found
that our supramolecular polymer fibers in solution phase separate into liquid droplets, i.e.
into so-called tactoids, and that they can act as self-standing systems. In future we aim to
answer whether these supramolecular fibers and tactoids in solution can be used for neuronal
cell culturing and beyond.
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IUEEEEE  Information processing in chemical reaction
networks

Wilhelm T. S. Huck

Radboud University, Nijmegen, Netherlands

The flow of information is as crucial to life as the flow of energy. Living cells constantly probe
their environment, and processing this information enables cells to adapt their behavior in
response to changes in internal and external environmental conditions. Chemical reaction
networks such as those found in metabolism and signalling pathways enable cells to sense
physical properties of their environment, to search for food, or maintain homeostasis. Current
approaches to molecular information processing and computation typically pursue digital
computation paradigms and require extensive molecular-level engineering. Despite
significant advances, these approaches have not reached the level of information processing
capabilities seen in living systems.

In this talk, I will discuss our results on implementing concepts of reservoir computing in
molecular systems. I will demonstrate how chemical/enzymatic reaction networks can
perform multiple non-linear classification tasks in parallel, predict the dynamics of other
complex systems, and can be used in time-series forecasting. This in chemico information
processing paradigm provides proof-of-principle for the emergent computational capabilities
of complex chemical reaction networks, paving the way for a new class of biomimetic
information processing systems.
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IEEEEM  Dynamic supramolecular polymeric biomaterials:
From molecular design to interactions with living
systems

Jodo Borges

CICECO - Aveiro Institute of Materials, Department of Chemistry,
University of Aveiro, Campus Universitario de Santiago, 3810-193
Aveiro, Portugal

Nature provides us with an unprecedented source of fascinating supramolecular systems that
regulate biological processes. Among them, the native extracellular matrix (ECM) of living
tissues and organs is a compelling example of a structural and functionally complex dynamic
supramolecular landscape that orchestrates cell functions. Inspired by the structural
composition, dynamics and functional features of the native cellular microenvironment,
scientists have been boosted towards the creation of ECM-mimetic supramolecular
biomaterials. Despite the progress, the synthetic biomaterial architectures developed to date
do not fully emulate its complex biomolecular composition, nanostructural elegance and
dynamic mechanical profile, thus limiting their potential as advanced regenerative therapies.

In this lecture, emphasis will be given to the synergistic interplay between naturally sourced
(macro)molecules and synthetic self-assembling building blocks, as well as bottom-up
nano/microtechnologies towards the supramolecular design of hybrid self-assembling
multicomponent biomaterials to interface with living systems. We will discuss how these
building blocks can be combined and assembled into chemically programmable and dynamic
supramolecular  polymeric  hydrogels and layer-by-layer-driven  self-assembling
multifunctional nanobiomaterials to be wused as platforms for controlled
drug/therapeutics/cell delivery and as bioinstructive matrices to elucidate cell-biomaterial

reciprocal interactions and control cell functions.
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EEEE  Mechanochemical regulation of artificial
molecular motors

Nathalie Katsonis

University of Groningen, Netherlands

Artificial molecular motors are typically designed to transmit controlled motion to soft matter
and generate dynamic behavior across length scales. In this talk, I will examine the reverse
scenario, in which the surrounding molecular environment regulates motor operation. In
biology, such mechanochemical regulation is fundamental to function: the bacterial flagellar
motor adjusts its rotation rate under load, whereas kinesin alters its walking speed according
to the cargo it carries.

I will show that mechanical load transmitted through a stretchable polymer matrix accelerates
motor rotation by accelerating helix inversion, the rate-limiting step of the rotary cycle.

[ will then show that in lipid bilayers motor rotation slows markedly, and that the extent of
this slowdown correlates with membrane stiffness. As a result, the mechanical state of the
membrane can be read out directly by routine UV-visible spectroscopy. Because membrane
mechanics often change in disease states and during therapy, such motor-based optical
readouts may provide a route to diagnosing pathological membrane states and monitoring
treatment response.

Together, these findings demonstrate that artificial molecular motors are mechanochemically
regulated by soft matter. This feedback between material mechanics and motor kinetics
provides the basis for adaptive materials in which molecular machines sense local stress or
stiffness and adjust their kinetics of operation accordingly.
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IEEEEEE  Non-covalent synthesis of carbohydrate-based
macromolecules

Guosong Chen

State Key Laboratory of Molecular Engineering of Polymers and
Department of Macromolecular Sciences, Fudan University, Shanghai,
200438, China

We are exploring the non-covalent synthesis of carbohydrate-based macromolecules,
including oligosaccharides with precise chemical structures by using glycopolymers and
glycopeptides, and polysaccharides with precise molecular weights. We design reactions
related to saccharides as the driving force to control the non-covalent synthesis behavior of
glycopolymers and glycopeptides. The reactions can be related to protection chemistry and
chemoenzymatic synthesis of saccharides. We focus on the dominate role of various non-
covalent interactions including hydrogen bonds between saccharides during non-covalent
synthesis by designer saccharide-based structures.
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IWEEEEM  Shaping cellular outcomes with site-directed
supramolecular assemblies

David Y.W. Ng

Max Planck Institute for Polymer Research, Synthesis of Macromolecules,
Ackermannweg 10, Mainz, 55128, Germany

Macromolecules in biology uses supramolecular chemistry as a critical tool to acquire
emergent functions, producing the diversity of life from the apparent limited pool of biogenic
precursors. The assembly into hierarchical ensembles to perform biochemical reactions,
amplify and translate them into cell-wide responses, are coordinated in an integral network
from molecular to the organism level. At each scale, new functions mostly emerged as a result
of the ensemble’s structural arrangement or conformation in 3-D space and not by their
chemical composition which are commonly seen in ion channels, the cytoskeleton and the
nuclear pore complex. With similar principles, our group is particularly interested in
engineering supramolecular materials to evolve functions (e.g. biological, catalytic) simply by
controlling the molecular order and state of assembly.

We develop minimalistic peptides that integrate self-assembly, spatiotemporal control and
imaging onto a single molecule. We can show that different structural order of a single
molecular identity can radically alter their designated function, demonstrating that structure-
activity relationships of ensembles are highly diverse. In living cells, using both endogeneous
(i.e. pH, ROS, GSH, Lactate) and exogenous (i.e. light) mechanisms, we see non-functional
small molecules develop novel biological functions through activating different protein
expression pathways. With our work, we hope to bring forward this secondary dimension of
supramolecular engineering to inspire the creation of artificial hierarchical functions in broad
areas of chemical biology, therapeutics and life-like materials.
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IR Architectural control in polymer-based artificial
cells

Jan van Hest, Alex Cook, Nadia Erkamp, Sebastian
Novosedlik, Yigitcan SUmbelli, Siwen Sun, Thijs van
Veldhuisen, Madelief Verwiel

Eindhoven University of Technology, Netherlands

Compartmentalization is generally regarded as one of the key prerequisites for life. To better
understand its role, there is a clear need for model systems in which life-like properties can be
installed. In this lecture I will discuss a synthetic cell platform composed of complex polymer
coacervates formed from oppositely charged amylose derivatives and stabilized by a semi-
permeable polymer membrane. The coacervate structure resembles better the crowded
environment observed in the cytoplasm than vesicular structures normally do. In order to
further emulate the structure of eukaryotic cells, we have incorporated multiple artificial
organelles, both with membrane-bound and membrane-less architectures. The latter are
transient, but can be sustained for longer periods through a crosslinking process. Membrane-
bound organelles can also be turned into exosomes by a light-activated charge reversal
process. This allows us to exchange cargo between artificial and living cells. Furthermore, we
have equipped the cells with an artificial cytoskeleton that enables us to modulate membrane
dynamics and mechanical properties. Finally, we are able to incorporate life-like features
such as motility in these structures, making this class of artificial cells a very versatile
platform to study and mimic biological processes.
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EEEEM  Dynamic enzymatic assembly of large-ring
cyclodextrins and other unusual cyclic glycans

Sophie R. Beeren

Department of Chemistry, Technical University of Denmark (DTU),
Kemitorvet Building 207, Kongens Lyngby, 2800, Denmark

Biomolecular templates define the outcomes of enzymatic reactions in some of the most
fundamental of biological processes, such as DNA replication, transcription and translation.
In synthetic chemistry, molecular templates have enabled the synthesis of highly complex
molecular architectures and interlocked structures. We are exploring Enzyme-Mediated
Dynamic Combinatorial Chemistry, an approach that uses synthetic templates to direct
reversible enzymatic reactions and obtain alternative products to those generated in nature. In
particular, we are working to access novel, unusual and otherwise inaccessible cyclic glycans.

a-, b- and gcyclodextrin (CD) are industrially important macrocyclic hosts formed from 6, 7,
and 8 a-1,4-linked glucopyranose units, respectively. While CDs are usually considered as
stable, static molecules, we generate dynamic mixtures of interconverting CD through
transglycosylation catalysed by cyclodextrin glucanotransferase (CGTase). When glycosidic
linkages are made labile, product formation can be manipulated using non-covalent
recognition of template molecules. [1] We use templates to direct the selective synthesis of
‘natural’ and ‘unnatural’ CDs and employ stimuli-responsive templates to control the system
using light and redox chemistry. Using a dual-enzyme system, we can generate cyclic glycans
containing a diverse range of monosaccharide building blocks.

Large-ring CDs, formed from more than 8 glucose units, have, until now, received very little
attention due to synthetic inaccessibility. However, selective binding of superchaotropic
anions is proving a powerful means to favour the production of CDs with 9-16 glucose units in
enzymatic synthesis. Using the approach of template-directed enzymatic synthesis, we can
now obtain d-CD (formed from 9 glucose units) in unprecedented yields [2] and on a multi-
gram scale. [3] Investigations are ongoing to explore the molecular recognition capabilities of
d-CD and even larger macrocyclic hosts.
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WEEOE  Ccarbohydrate foldamers and assemblies
16:20 Martina Delbianco

Max Planck Institute of Colloids and Interfaces, Potsdam-Golm Science
Park, Am Muhlenberg 1 OT Golm, 14476 Potsdam, Germany

Natural biopolymers have inspired the development of synthetic analogues — i.e. foldamers —
capable of adopting defined conformations and forming programmable three-dimensional
architectures. These compounds are mainly based on peptides and nucleic acids, that are well
understood at the molecular level. In contrast, the complexity of carbohydrate synthesis and
structural analysis have prevented access to synthetic carbohydrates capable of adopting
defined geometries. In the Delbianco group, we synthesize well-defined carbohydrates to
understand how the primary sequence affects conformation and aggregation. [1-2]

Building on this fundamental knowledge, we present the rational design and synthesis of
glycans adopting stable secondary structures, challenging the common belief that glycans are
not capable of folding due to their flexibility. For example, by combining natural glycan motifs,
we created a glycan hairpin, a secondary structure not present in nature. [3] Moreover, we
designed glycan sequences that assemble into programmable supramolecular architectures,
from fibres and particles to hydrogels. [4] Analogous to how the discovery of peptide-based
foldamers launched a new field, we anticipate that carbohydrate foldamers and assemblies
may find applications in areas across materials science, biology, and catalysis. [5-6]
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IWEEEER  The art of building small

17:00 Ben L. Feringa

University of Groningen, Netherlands

The fascinating molecular motors and machines that sustain life offer a great source of
inspiration to the molecular explorer at the nanoscale. Among the major challenges ahead in
the design of complex artificial molecular systems is the control over dynamic properties and
responsive far-from-equilibrium behavior. A major goal is to achieve and exploit translational
and rotary motion. In this presentation the focus is on the dynamics of functional molecular
systems as well as triggering and assembly processes. We design switches and motors in
which molecular motion is coupled to specific functions. For instance, Photopharmacology
offers fascinating opportunities to control biological function by light. Responsive behavior
will also be illustrated in self-assembly and responsive materials with a focus on cooperative
action, artificial muscles, amplification along multiple length scales and 2D and 3D organized
systems. The design, synthesis and functioning of rotary molecular motors and machines will
be presented with a prospect toward future dynamic molecular systems and materials.
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IS De novo design of glycan foldamer based on a
semi-rigid trisaccharide

Yadiel Vazquez,' Yu Ogawa,’? and Martina Delbianco’

' Department of Biomolecular Systems, Max Planck Institute of Colloids
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Natural biopolymers have inspired the development of synthetic analogues — i.e. foldamers —
capable of adopting defined conformations and forming programmable three-dimensional

architectures. These |

[1] Fittolani, G., TyrikosErgas, T., Poveda, A., Yu, Y., Yadav, N., Seeberger, P. H., Jimenez
Barbero, J., Delbiaco, M., Nature Chemistry2023, 15(10), 1461-1469.

May 5 - 7, 2026, Rudesheim, Germany 46



