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Stereochemistry of Cell Penetrating Peptides
Yasien Amer and Jean-Louis Reymond
Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern,

Freiestrasse 3, 3012 Bern, Switzerland
yasien.amer@unibe.ch

Peptides are linear oligomers of amino acids, almost exclusively of L-amino acids.
Nevertheless, mixed-chirality sequences also occur, either in natural products mostly from
microbial origin, such as the cyclic peptide Gramicidin S,! or in designed peptides such as our
recently reported antimicrobial undecapeptide In69.2 Both of these peptides are membrane
disruptors and the mixed chirality appears to play a key role in their activity/toxicity profile.
Here we asked the question whether mixed chirality might also affect the properties of cell
penetrating peptides (CPPs), focusing on the case of the arginine nonapeptide which is well-
known as a drug delivery peptide.®> We prepared a series of nona-arginine diastereomers by
solid-phase peptide synthesis which we labeled at their N-terminus with 5(6)-
carboxyfluorescein to trace cellular uptake.* The results of this study will be presented in the
poster.
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Synthesis of GBD Derived Bicyclic Diamine as Interesting Scaffold for Medicinal
Chemistry

Giulia Baldoni, Jean-Louis Reymond

University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences DCBP,
Freiestrasse 3, 3012 Bern, Switzerland

giulia.baldoni@unibe.ch

The Generated Data Base (GDB), curated by the Reymond group, offers stable, feasible, 3D-shaped chiral
molecules, enabling exploration a vast chemical space, providing promising scaffolds for Medicinal
Chemistry. These molecules are innovative due to their complex polycyclic system, high sp3-hybridized
carbon fraction and the presence of many quaternary carbons. »2 This project exploits a subset of the
GDB, listing 1139 mono- and bicyclic saturated diamine scaffolds containing 5, 6 or 7 membered rings,
including 680 novel scaffolds. Herein | discuss initial synthetic steps for preparing a target subset of these
diamines based on Diels-Alder and ring expansion reactions (Figure 1A). The amine functional group
within the cyclic scaffolds grants straightforward functionalisation with desired moieties. Many small
molecule cores in literature features this interesting structural motifs, namely, Tofacitinib (Figure 1B), an
anti-inflammatory drug, bears one edo and one exo cyclic amine while mCMY416, an anti-infective lead,
contains a bicyclic scaffold. 3
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Figure 1
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Enzymatic cascade for the production of halogenated API precursors

Glenn Bojanov, Francesca Paradisi

Paradisi Research Group
Department of Chemistry, Biochemistry and Pharmaceutical Sciences
University Bern, Freiestrasse 3, 3012 Bern
glenn.bojanov@unibe.ch

The synthesis of pipecolic acid derivatives is critical for the development of bioactive molecules and
pharmaceutical compounds, particularly local anaesthetics and antibiotics. Halogens are known to
enhance the pharmacokinetic and pharmacodynamic profiles of APIs and facilitate cross-coupling
reactions essential for complex drug synthesis.[1] However, traditional synthetic methods struggle with
the regioselective halogenation of unactivated sp® C-H bonds, a challenge overcome by our biocatalytic
approach. We report the usage of engineered variants of Lysine Cyclodeaminase and a Hydroxylase in a
two-enzyme cascade to produce chiral halogenated pipecolic acid from cost-effective starting
materials.[2] The process is designed for scalability and high efficiency by utilising immobilised enzymes,
with the potential of future integration in continuous flow reactors for enhanced performance.
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Predicting Off-targets from ChEMBL Data Using the Polypharmacology Browser

Maedeh Darsaraee and Jean-Louis Reymond

Department of Chemistry, Biochemistry and Pharmacy, University of Berne,
Freiestrasse 3, 3012 Berne, Switzerland
maedeh.darsaraee@unibe.ch

The public archive ChEMBL, which collects bioactive compounds and their associated targets from the
literature, has been used by many groups to build models predicting the possible targets of small
molecules to guide the experimental search for off-targets. In our group we have developed the
polypharmacology browsers (PPB and PPB2),12l which assign possible targets to a query molecule based
on molecular fingerprint similarities to ChEMBL molecules, and provided critical insights in several
practical case studies such as the identification of LPAATP as the actual target of a putative kinase inhibitor
(Figure).34
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However, our PPB and PPB2 models are mostly associated only a single target per ChEMBL molecule and
one protein type of targets which is a single protein. To better integrate the existing polypharmacology
information available in ChREMBL, we are updating our PPB to handle multi-target information for ChREMBL
molecules, using various machine learning models into account, and exploiting the latest version of the
database featuring a total of 1.9 million molecule-target associations.

Keywords: Computer-aided drug design, Polypharmacology, Target prediction, Web-based tool,
Cheminformatics
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Phosphorylation of alcohol sidechains

Claire E. Grigglestone, Nina Hartrampf

Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzerland
claire.grigglestone@chem.uzh.ch

MYC is an intrinsically disordered protein (IDP) that acts as a regulator of gene transcription and is deregulated in over 50% of
human cancers.} Its activity is largely modulated by phosphorylation and the protein-protein interactions (PPIs) they induce.*
Changes in phosphorylation could be responsible for switching from a controlled (normal) state to a deregulated (cancer)
state.® To date, mainly small fragments of MYC with minimal phosphorylations have been isolated and studied.®’

MYC activity MYC activity
normal state cancerous state

Figure 1. Phosphorylation dependence of MYC activity on cancer.

It is challenging to obtain peptides with multiple selective phosphorylations using the typical methods of a phosphorylated
building block or P(lll) global phosphorylation. The SPPS building block approach suffers from incomplete couplings that lead
to decreased yield, limiting the number of phosphorylated residues that can be incorporated, and high costs. Meanwhile, P(l11)
phosphoamidite methods require a harsh oxidation step that can be incompatible with oxidation prone residues and
destructive to the peptide.®® To address this issue, a novel method for the on-resin (poly)phosphorylation of Ser, Thr & Tyr
sidechains has been developed. This approach utilizes previously discovered, inexpensive and commercially available P(V)
reagents, eliminating the need for oxidation and expensive SPPS building blocks.
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Discovery of indolicidin derived antimicrobials by diastereomeric optimization

Xiaoling Hu, Markus Orsi and Jean-Louis Reymond
Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern, Freiestrasse
3, 3012 Bern, Switzerland

Antimicrobial peptides (AMPs) are regarded as reliable resources for anti-bacteria agents®. Indolicicin
(ILPWKWPWWPWRR-NH>) is a linear AMP displaying moderate and broad antibacterial activities
towards gram-negative bacteria. However, severe hemolysis and limited antibacterial ability are the
obstacles in therapeutical application®. As a result, discovering indolicidin analogues with increasing

anti-bacteria efficiency and hemolytic safety has arose wide attention as a feasible method.

Recently, several interesting works in our group confirmed that diastereomeric optimization is an
available strategy to modify peptides bioactivities and lead to optimized AMPs. Siriwardena et al.
demonstrated stereochemical purity plays a critical role in the properties of AMPSs3.
Stereorandomization preserves antibacterial effect and decrease hemolysis. Personne et al
introduced D-residues in a a-helical linear undecapeptide to obtain sterecisomeric analogues with
improved antibacterial effect and reduced toxicity*. Based on these works, diastereomeric
optimization might provide a promising method to obtain effective and safe indolicidin derivatives.
This project focuses on replacing the L amino acids with D amino acids to obtain diastereomeric
indolicidin analogues. Preferred peptides will be tested at further biological and pharmaceutical

experiments to investigate cellular mechanism and drug-like property.
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Analysis of InsP1 and InsP2 in biosamples by CE-MS
Mengsi Lu, Henning Jacob Jessen

Albert-Ludwigs-University, Freiburg, Albertstr. 21, 79104 Freiburg i. B., Germany
mengsi.lu@ocbc.uni-freiburg.de

Inositol phosphates play an essential role in the biology world and they are a type of molecule with
numerous isomers, chromophore-free and a high charge density structures. Capillary electrophoresis
mass spectrometry (CE-MS) has been shown to be a powerful analysis approach for InsP3-InsP8.[1-3]
However, for InsP1 and InsP2, it is common to find mixtures of inositol phosphates and sugar phosphates
in biosamples, which share the same mass and become problematic for the assignment by CE-MS.

Here we introduce the pre-treatment method to remove sugar phosphates and enable the accuracy of
the measurement of InsP1 and InsP2, using uridylyltransferase and sodium borohydride (NaBH4).
Uridylyltransferase converts occupied hemiacetal sugar phosphates to UDP-bonded products (sugar-
UDP), e.g., glucose-1-phosphate to glucose-1-UDP. NaBH4 reacts with free hemiacetal sugar phosphates
and generated corresponding alcohols, e.g., glucose-6-phosphate to sorbitol. The comparison between
the biosample before and after the treatment showed that sugar phosphates were removed in the
fragmentation and only inositol phosphates were reserved, ready for further analysis.
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A chemical degron system for exploring PALB2 synthetic lethal combinations
Xinyan Lu, Basilius Sauter, Dennis Gillingham
University of Basel
xinyan.lu@unibas.ch

Cells with poorly functioning homologous recombination (HR) are extremely sensitive to poly (ADP-
ribose) polymerase (PARP) inhibition. Current approaches to exploit this vulnerability focus exclusively
on PARP inhibition in a mutated HR genetic background. If HR factors could be inhibited or degraded in
normal cells with drugs, then combination treatments of these agents with PARP inhibitors could open
new patient populations to this well-validated combination. Here we build a model system which fully
recapitulates PARP/HR synthetic lethality by installing a small-molecule responsive zinc-finger degron in
the HR factor partner and localizer of BRCA2 (PALB2). We also then test a battery of peptide ligands for
PALB2 based on its natural binding partner. Taken together these our studies validate PALB2 as a target
for drug development and provide the tools for identifying small molecule binders.
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Multicomponent condensations as an easy and accessible method for creating
bioactive compounds

Kateryna Marchenko!?, Henning Jacob Jessen?, Nadiia Kolos?

! Albert Ludwig University, Albertstr. 21, 79104 Freiburg, Germany

2 Karazin National University, Svobody Sq. 4, 61002 Kharkiv, Ukraine
kateryna.marchenko@ocbc.uni-freiburg.de

Many substances used in medicinal chemistry, agrochemicals, and dyes have a nitrogen-
containing heterocyclic framework. For example, essramycin 1 is the first triazolopyrimidine antibiotic
with strong antibacterial activity. Just 6.25 pg/ml of the triazolopyrimidine-6-carboxylic acid derivative 2
is enough for 92% inhibition of the growth of Mycobacterium tuberculosis H37Rv. The 6-
hydrazidetriazolopyrimidine derivative 3 has demonstrated potent activity against Gram-positive and
Gram-negative bacterial strains, and the thiosemicarbazide derivative 4 has potent activity against

Gram-positive strains [1].
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Figure 1. Biologically active pyrimidine derivatives
We have previously synthesized a series of 3-amino-1,2,4-triazolopyrimidine derivatives [2]. In

order to diversify the structure of these derivatives and study their biological activity, we carried out a
number of modifications, including methylation, acetylation, reduction, and aromatization reactions.
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Figure 2. Scheme of the modification of 3-amino-1,2,4-triazole derivatives
It turned out that methylation with methyl iodide in the presence of KOH in acetonitrile does not
lead to the formation of a product, unlike the reaction with NaH in dimethylformamide in an inert
medium. Acetylation occurs both for compounds containing an acetylacetone fragment and for
compounds with an acetoacetic ester residue. Aromatization occurs only at high temperatures - boiling
in acetic acid - while the reduction of the aryl fragment is possible at 0°C in methanol. The structures of
the obtained compounds were confirmed by 'H and *C NMR, as well as COSY, HMBC, NOESY
spectroscopy, and mass spectrometry.
[1] J. A. Mokariya, D. P. Rajani, M. P.Patel. Arch. Pharm. 2023; 356:€2200545.
[2] Natal'ya V. Chechina, Nadezhda N. Kolos, Irina V. Omelchenko, Vladimir I. Musatov. Chemistry of
Heterocyclic Compounds 2018, 54(1), 58-62.
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Synthesis of modified carbohydrates as glyco-donors aiming complex glycans synthesis
and glycopeptides

Matheus A. Meirelles®, Kaspar P. Locher?, Jean-Louis Reymond"*

"Departement fiir Chemie, Biochemie und Pharmazie, Universitit Bern, 3012 Bern
*|nstitut fiir Molekularbiologie und Biophysik, Departement fiir Biologie, ETH Zurich, 8093, Ziirich
matheus.andrade@unibe.ch

Lipid-linked oligosaccharides (LLOs) are pivotal in N-protein glycosylation, a crucial post-translational
modification facilitating a broad spectrum of N-glycan structures.™t! In eukaryotes, this biological process
is governed by various enzymes such as ALG (asparagine-linked glycosylation) and OST
(oligosaccharyltransferase), which use LLO as substrates.’?! Our laboratory has developed simplified LLOs
precursors, which are converted to synthetic LLOs through enzymatic synthesis employing glyco donors
such as dolichyl phosphomannose (1).53! Recently, we have also optimized the synthesis and purification
of dolichyl diphosphochitobiose (GIcNAc,-PP-Dol;s), providing a reliable method for preparing new LLO
analogues.!

Extending on this work, we aim to synthesize modified glyco substrates capable of being recognized by
Alg enzymes to produce complex oligosaccharides. Ultimately, these synthesized glycans hold the
potential for producing glycopeptides, offering promising avenues for further exploration in glycoscience
and biotechnology.
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[4] M. A. Meirelles, J.-L. Reymond, Helvetica Chimica Acta 2023, 106, €202300171.
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The P2Y1, receptor expressed on platelets is a target of antithrombotic drugs (e.g. clopidogrel and ticagrelor).t In
addition, it is expressed in the brain on microglial cells and involved in neuroinflammation.? Radioligands, e.g.
positron emission tomography (PET) tracers, targeting P2Y1, receptors have potential for diagnostic imaging and
therapeutic monitoring providing a non-invasive method to study receptor expression and distribution as well as
monitoring activated microglial cells in vivo.3*

In this study, we set out to develop a non-nucleotidic, potent and selective radioligand for the labeling of P2Y1,
receptors, with potential to penetrate into the brain. A comprehensive data analysis of published P2Y1, receptor
antagonists was conducted and key parameters such as binding affinity, selectivity, pharmacokinetic properties,
and properties related to brain bioavailability were evaluated. This led to the selection of a promising P2Y1,
receptor antagonist scaffold,” and the design and synthesis of a tritium-labeled P2Y12 receptor antagonist, termed
[3H]PSB-22219. The new radioligand displayed high-affinity binding to membrane preparations recombinantly
expressing the human P2Y1; receptor (Kp = 4.57 nM) and low non-specific binding (< 10 % of total binding), while
non-transfected cells were devoid of specific binding sites for the radioligand. Selectivity of [3H]PSB-22219 was
confirmed versus the closely related receptor subtypes P2Y1and P2Y13. The established radioligand binding assay
was employed to characterize P2Y1, receptors natively expressed in human platelets (Kp = 2.53 nM) and rat brain
cortical membrane preparations (Kp = 5.35 nM). This new, superior radioligand is expected to become a useful
pharmacological tool. It will contribute to the future development of PET ligands and therapeutics targeting brai
P2Y12 receptors.

(1) Y. Baqgi, C. E. Muller, Drug Discov. Today, 2019, 24, 325-333.

(2) A. Mansour, C. Bachelot-Loza, N. Nesseler, P. Gaussem, |. Gouin-Thibault, Int. J. Mol. Sci., 2020, 21, 1391.
(3)  A.Mildner, H. Huang, J. Radke, W. Stenzel, J. Priller, Glia, 2017, 65, 375—-387.

(4) C. E. G. Uff, K. Patel, C. Yeung, P. K. Yip, Biomolecules, 2022, 12, 603.

(5) C. Boldron, A. Besse, M. F. Bordes, S. Tissandié, X. Yvon, B. Gau, A. Badorc, T. Rousseaux, G. Barré, J.
Meneyrol, G. Zech, M. Nazare, V. Fossey, A. M. Pflieger, S. Bonnet-Lignon, L. Millet, C. Briot, F. Dol, J. P.
Hérault, P. Savi, G. Lassalle, N. Delesque, J. M. Herbert, F. Bono, J. Med. Chem., 2014, 57, 7293-7316.
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Remodelling and maturation of collagen, the dominant structural protein in mammals, is crucial for the
integrity of organs and wound healing.>? These processes include post-translational cross-linking of
collagen strands triggered by the oxidation of lysine residues through lysyl oxidases (LOXs). This enzyme
family consists of five isoforms - lysyl oxidase and four lysyl oxidase-like enzymes. LOXs catalyze the
oxidative deamination of lysine residues in the telopeptide domain of collagen and are important for the
mechanical properties of the extracellular matrix (ECM).! Excessive LOX activity is, however, associated
with fibrotic and malignant diseases which are estimated to account for around 45% of deaths in
developed countries.3

A comprehensive investigation of LOX activity is therefore important for a deeper understanding of
normal physiological versus pathological processes. The current standard activity assay detects hydrogen
peroxide, the by-product of the oxidative deamination reaction, and lacks specificity.* Our group has
recently developed an enzyme-reactive sensor that detects LOX in vitro, in vivo and in tissue sections.®

HaN_~_ O LysyI omdases
O\/\ +2H

In this work, we developed a quick and straightforward assay for measuring LOX activity, based on the
turn-on of a coumarin-based sensor. We have examined various analogs of the activity-based probe and
evaluated their selectivity for LOX isoforms over related amine oxidases. We anticipate that our tools will
be valuable for the screening of drug candidates targeting LOXs and deciphering the role of LOXs’ in
healthy and diseased states.

References:

1S. D. Vallet, S. Ricard-Blum, Essays Biochem., 2019, 63, 349-364.

2 M. D. Shoulders, R. T. Raines, Annu. Rev. Biochem., 2009, 78, 929-958.

3 N. C. Henderson, F. Rieder & T. A. Wynn, Nature, 2020, 587, 555-566.

4 F. Rodriguez-Pascual, T. Rosell-Garcia, Anal. Biochem., 2022, 639, 114508.

>a) M. R. Aronoff, P. Hiebert, N. B. Hentzen, S. Werner, H. Wennemers, Nat. Chem. Biol., 2021, 17, 865-
871. b) P. Hiebert, G. Antoniazzi, M. Aronoff, S. Werner, H. Wennemers, Matrix Biol., 2024, 128, 11-20.
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The generated databases (GDBs) are a large collection of generated chemical scaffolds which
adhere to principles of synthetic feasibility and chemical stability. Interestingly, most of the
compounds in the database are novel which make the GDB an important resource for discovering
novel chemical targets and allows us to explore previously unknown chemical space.

From the GDB we have found an interesting novel family of tricyclic and bicyclic chemical scaffolds
which can be accessed synthetically from tropinone.

In this poster we describe a simple synthesis to obtain novel bi-cyclic diamine scaffolds from
tropinone which can be easily functionalized to explore novel medicinal chemistry space.

Small molecule drugs often consist of rigid scaffolds equipped with reactive handles, typically
amino groups which can be functionalized. To explore previously unknown chemical space, we can
use generated databases (GDBs), which are a large collection of generated chemical scaffolds
adhering to principles of synthetic feasibility and chemical stability. Comparing the generated
databases (GDB) with biologically active small molecules in ChEMBL reveals that many scaffolds,
even structurally simple ones, have never been synthesized (1).

Here we discuss the synthesis of a novel family of tricyclic and bicyclic amino containing chemical

scaffolds which can be accessed synthetically from tropinone and can be easily functionalized to
explore differentiated medicinal chemistry space.

[1]Ye Buehler and Jean-Louis Reymond, J. Chem. Inf. Model. 2023, 63, 20, 6239-6248.
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The generated databases (GDBs) are a collection of possible molecules up to a certain size which are
filtered by rules of synthetic feasibility and chemical stability. Interestingly, a large number of these
molecules are novel, intrinsically chiral, 3D-shaped and have never been synthesized. (1) As such the
GDBs are a valuable source of new scaffolds for medicinal chemistry, which is why we are interested in
exploring these databases synthetically. In the past this has already yielded interesting scaffolds such as
triquinazine which has been used to discover a nanomolar and selective inhibitor of Janus
Kinase 1 (see Figure 1). (2)
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Figure 1 Structure of triquinazine and the nanomolar and selective inhibitor of Janus Kinase 1 utilizing it. Taken from (2)

Building on this success, in our ongoing research we have further explored the GDBs to identify
additional interesting cases of novel chiral tricyclic scaffolds. These scaffolds are synthesized to be used

in a medicinal chemistry context.

1. K. Meier, S. Biihlmann, J. Arus-Pous, J.-L. Reymond, CHIMIA 74, 241-241, issn: 2673-2424 (Apr. 2020).
2. K. Meier, J. Ar’us-Pous, J.-L. Reymond, Angewandte Chemie International
Edition 60, 2074—-2077, issn: 1521-3773 (2021).
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Systemically administered chemotherapy in the form of cytotoxic agents like doxorubicin is often
accompanied by severe side effects. In a similar way to antibody drug conjugates, small molecule drug
conjugates (SMDCs) aim to localize the treatment by combining a targeting ligand with a cytotoxic
moiety. The localizing part of an SMDC must be selective for a target associated or specific to the cancer
tissue in question. For our system we chose the epidermal growth factor receptor (EGFR) a receptor
kinase which is overexpressed in several types of cancer, including lung and colorectal cancer, and
afatinib a covalent inhibitor targeting the kinase domain of this protein.[1]

The inverse electron-demand Diels-Alder (IEDDA) reaction between tetrazines and trans-cyclooctenes
(TCOs) is an emerging biorthogonal reaction. Since its introduction in 2008(2] it has found application in
the traditional sense of click reactions of connecting two scaffolds, but moreover it can also act in a
dissociative manner called click-to-release,[3] when a suitable leaving group is placed next to the alkene.
A biologically active compound can be rendered inactive by placing a bulky TCO on a suitable
heteroatom. It will only be activated upon reaction and subsequent release with a tetrazine.

By way of connecting the activating tetrazine to the EGFR targeting afatinib, we aim to localize the cargo
release to cells with overexpressed levels of EGFR. Following this treatment, TCO protected MMAE can
be introduced which will only be activated in cells with elevated levels of the tetrazine.

[1] Li et al., Oncogene, 2008, 27, 4702-4711.
[2] Melissa L. Blackman, Maksim Royzen, Joseph M. Fox, J. Am. Chem. Soc., 2008, 130, 13518-13519.
[3] Versteegen et al., Angew. Chem. Int. Ed., 2013, 52, 14112-14116.
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The exploration of diverse molecular structures is pivotal for uncovering innovative pharmaceuticals,
pesticides, and other tailor-made compounds. Particularly in studies concerning structure-activity
relationships (SAR), the investigation of variations in the core structures of lead compounds holds
considerable interest.»? However, to obtain these diverse molecular architectures, usually de novo
multistep syntheses are required, obstructing access to otherwise desirable analogues. Recently, novel
techniques like cut-and-sew and skeletal editing have emerged to directly modify core scaffolds.'?
However, these methods often focus on linking two skeletal structures, overlooking the importance of
obtaining isomers, which could be particularly valuable in SAR studies.

Here, we present a divergent approach that allows for the interconversion of oxindoles to quinolinone
regioisomers.* This not only enables the rapid synthetic connection between these two prominent
scaffolds, but also offers access to isomers, mitigating the need for de novo syntheses in SAR studies.

The initially disclosed method for the conversion of oxindoles to 4-substituted quinolinones comprises a
LiIHMDS-mediated pathway, allowing for a broad range of functional groups to be tolerated. To investigate
mechanistic details of this transformation a variety of experiments are presented, e.g. Hammet-plot
analysis and KIE studies. Complementing this initial discovery, we designed a transformation of oxindoles
to the isomeric 3-substituted quinolinones, through a Friedel-Crafts type mechanism from the same
starting materials. Together, both methods are applied to a variety of oxindole drugs, such as the cognitive
enhancer linopiridine, or the epilepsy drug doliracetam. Further, the synthesis of an analogue of the
quinolinone drug tipifarnib is achieved, giving access to the drug in the least number of steps as compared
to the literature, while also offering a straightforward route to its regioisomer.
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[1] Jurczyk, J.; Woo, J.; Kim, S. F.; Dherange, B. D.; Sarpong, R.; Levin, M. D. Single-Atom Logic for Heterocycle Editing. Nat. Synth. 2022, 1, 352— 364.

[2] Ye, H.; Stumpfe, D.; Bajorath, J. Recent Advances in Scaffold Hopping J. Med. Chem. 2017, 60, 4, 1238-1246.

[3] Chen, P.-H.; Billett, B. A.; Tsukamoto, T.; Dong, G. “Cut and Sew” Transformations via Transition-Metal-Catalyzed Carbon—Carbon Bond Activation ACS
Catal. 2017, 7, 1340-1360.

[4] Schmitt, H. L., Martymianov, D.; Green, O.; Delcaillau, T.; Park Kim Y. S.; Mornadi, G. Regiodivergent Ring-Expansion of Oxindoles to Quinolinones J. Am.
Chem. Soc. 2024, 146, 4301-4308.
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Potent Inducers of Paraptosis Through Electronic Tuning of Michael Acceptors
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Paraptosis is a non-apoptotic programmed cell death characterized by cytoplasmic vacuolation due to
endoplasmic reticulum (ER) and mitochondria swelling. This process may lead to protein and Ca?*
homeostasis disruption and activation of the unfolded protein response of the endoplasmic reticulum
(UPRER). (121 paraptotic cells do not exhibit DNA fragmentation or caspase activation. ! The mechanisms
that lead to paraptosis are not well understood. However, specific targets have been reported to induce
paraptosis. These targets include the insulin-like growth factor | receptor (IGFIR), 21 GDP-dissociation
inhibitor beta (GDI2), B'and ubiquitin-specific peptidase 10 (USP10).[ Due to defective apoptosis, some
cancer cells exhibit resistance to current therapies. Therefore, non-apoptotic programmed cell death
mechanisms such as paraptosis have gained significance in cancer therapy.

In this study, we developed a set of Michael acceptors, one of which exhibited paraptosis induction in
HEK293, Hela, and MDA-MB-231 cell lines. This process was characterized by the formation of vacuoles
arising from the ER and did not involve caspase activation. The compound caused swelling of the ER and
mitochondria, increased superoxide production, and exhibited reactivity towards cysteines. Furthermore,
our initial proteomic analysis revealed specific proteins that differ from known paraptosis-inducing
targets. These proteins could be potential targets for paraptosis activation.

[1] S. Sperandio, I. de Belle, D.E. Bredesen, Proc. Natl. Acad. Sci. U.S.A, 2000, 97, 14376 —14381.

[2] S.Hanson, A. Dharan, J. PV, S. Pal, B. G. Nair, R. Kar, N. Mishra, Front. Pharmacol, 2023, 14,
1159409.

[3] Y.Sun, H.Zheng, L. Qian, Y. Liu, D. Zhu, Z. Xu, W. Chang, J. Xu, L. Wang, B. Sun, L. Gu, H. Yuan, and H.
Lou, JACS Au, 2023, 3, 2749-2762

[4] J.Y.Kim, D. M. Lee, H. G. Woo, K. D. Kim, H. J. Lee, Y.-J. Kwon, K. S. Choi, Sci. Rep, 2019, 9, 4909.S.
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06-methylguanine-DNA methyltransferase (MGMT) is a DNA repair protein that rescues cells from
guanine O6-alkylation. This mechanism protects cells from malignant transformation, but in already
existing tumours it decreases the efficacy of chemotherapy based on DNA-alkylating agents [1]. Another
more widely used cancer therapy is based on proteasome inhibition. The proteasome is a sophisticated
protein complex that plays a central role in protein degradation in eukaryotic cells. Since cancer cells
strongly rely on high protein turnover, proteasomal degradation becomes vital for tumours [2].

In this work we aimed for the development of bispecific molecules that can do both: inhibit proteasome
and cause MGMT degradation. Two series of molecules which comprise O6-benzyl guanine attached to
the proteasome targeting scaffold were created. 06-Benzylguanine should covalently modify C145 of
MGMT, thus causing its degradation, and the proteasome targeting part should covalently bind to the
beta-5 subunit of the proteasome 20S core particle. First, compound activity was measured with western
blotting. Then we developed a fluorescent cell model that allowed us to assess proteasome inhibition in
a more productive way with flow cytometry. Furthermore, we investigated if the proteasome inhibition
caused by some of our molecules was MGMT-dependent. For this, molecules were tested in a cell line
expressing mutated C145A MGMT that should not be modified by benzylguanine moiety. Bispecific
molecules appeared to inhibit proteasome in an MGMT-independent manner. Hence, we found molecules
that function as dual proteasome-MGMT inhibitors, even though the two mechanisms are performed
independently within the cell.

[1] P.Bai, T. Fan, G. Sun, et al., DNA Repair, 2023, 123, 103449.
[2] E. Manasanch, R. Orlowski, Nature Reviews Clinical Oncology, 2017, 14(7), 417-433.
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