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Covalent inhibitors have emerged as powerful therapeutic
agents, offering prolonged target engagement and enhanced
potency compared to reversible inhibitors. Once viewed with
scepticism due to concerns about off-target reactivity and tox-
icity, covalent drugs have experienced a renaissance in recent
years, with numerous FDA-approved examples demonstrating
their clinical value. However, the development of covalent drugs
requires sophisticated chemical tools to identify, validate, and
optimize these interactions in complex biological systems.

This year’s DMCCB (Division of Medicinal Chemistry and
Chemical Biology) Basel symposium focused on innovative ap-
proaches to harness covalent chemistry in drug discovery, from
initial target identification and screening through to preclinical
development. The symposium, held at the Biozentrum at the
University of Basel, attracted many participants from across ac-
ademia and industry, reflecting the growing importance of cova-
lent modalities in modern drug discovery. The scientific program
featured cutting-edge research on covalent probe design, target
engagement strategies, and translational applications.

The opening session on Chemical Probes for Functional
Discovery began with Prof. Joanna McGouran from Trinity
College Dublin, who presented three studies on evolving cova-
lent probe design for challenging biological targets, particularly
deubiquitinating enzymes (DUBs).

Prof. McGouran began by describing a radical departure
from conventional activity-based probe design. Traditional
ABPs targeting DUBs rely on electrophilic warheads that react
immediately upon binding to the active site cysteine. Her group
developed latent ubiquitin-based probes that remain inert under
ambient conditions and can be selectively activated by UV light
through a radical mechanism.l The probe incorporated an alk-
ene warhead at the C-terminus of ubiquitin. Upon UV irradiation
with radical initiators, a thiyl radical is generated at the active
site cysteine, which reacts with the aligned alkene to form a co-
valent bond. This approach offers temporal control over adduct
formation, allowing establishment of a binding equilibrium prior
to covalent capture. Proteomic analysis identified twelve DUBs
and eight ubiquitin conjugation machinery components, repre-
senting the first successful application of thiol-ene chemistry in
activity-based protein profiling.

Building on this foundation, Prof. McGouran presented
work on expanding the chemical toolbox for metalloprotein
profiling.[?l Her group developed a photoactivatable probe in-
corporating an 8-mercaptoquinoline (8MQ) metal chelator com-
bined with a diazirine group and terminal alkyne. While initially
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designed to target Rpnl1, a zinc-dependent proteasome subunit,
probe SMK-24 unexpectedly enriched multiple components of
the minichromosome maintenance (MCM) complex, including
MCM2, MCM4, MCM6, and MCM?7. These proteins form a
hexameric DNA helicase complex essential for DNA replication,
with overexpression serving as an adverse prognostic marker in
several cancers. Cell cycle analysis demonstrated that SMK-24
treatment caused significant stalling in G /G, phase, consistent
with disruption of MCM helicase activity.

Prof. McGouran concluded by describing a streamlined ap-
proach to synthesizing peptidic, activity-based probes using sol-
id-phase peptide synthesis (SPPS).3 Her group developed a mod-
ular strategy incorporating electrophilic warheads directly into
Fmoc-protected unnatural amino acids (UAAs) compatible with
standard SPPS. A key innovation was the synthesis of a novel
vinyl methyl ester (VME)-functionalized UAA—the first VME-
bearing amino acid compatible with SPPS. Peptidic probes based
on the Lys48-containing region of ubiquitin demonstrated excep-
tional selectivity for OTUB1, successfully labelling the enzyme at
endogenous levels in cell lysate with minimal off-target labelling.
This modular approach offers significant advantages in synthetic
accessibility and flexibility for targeting cysteine proteases.

Prof. Joanna McGouran (Trinity College Dublin). Photo credit Irina
Zhirkina.

Prof. Megan Wright from the University of Leeds present-
ed chemical proteomics approaches in the context of identify-
ing anti-infective compounds. Her first example focused on the
use of diverse sulfonyl fluorides as probes, prepared in a single
step from commercially available building blocks via photore-
dox-catalysed coupling chemistry, to discover Trypanosoma
brucei inhibitors.*] Sulfur(VI) fluoride probes have emerged as
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useful electrophiles for covalent modifiers in ‘beyond-cysteine’
approaches to target additional amino acid residues, including ly-
sine, tyrosine, and serine. Four of the prepared probes were found
to have sub-micromolar anti-trypanosomal activity. A chemical
proteomic approach, harnessing an alkynylated analogue and
broad-spectrum fluorophosphonate tools, provided insights into
the observed anti-trypanosomal activity, which likely stems from
covalent modification of multiple protein targets. Given the small
size of the set of screened compounds, it is perhaps unsurprising
that strong candidate protein targets were not identified, but Prof.
Wright anticipates that execution on a larger scale may be used in
the future for the discovery of specific protein targets relevant to
the underlying biology of this parasite and other pathogens.

Her second topic dealt with the use of isocyanides as potential
caging groups for protein labelling.[5' While isocyanides have also
found application in bioorthogonal click-to-release strategies, the
presented results indicate that they might also be able to react with
proteins in the absence of any additional reagents. Using a fluoro-
phore-linked isocyanide probe in a simplified system of Aurora
A (AurA) kinase showed strong labelling and provided evidence
that isocyanides cannot be considered bioorthogonal in chemical
biology but also shows an opportunity to apply isocyanides as a
novel warhead in covalent protein modification. Further mech-
anistic studies are currently underway in her laboratory to fully
characterise the residue selectivity of isocyanide-protein ligation.

The second session opened with an invited award talk by Dr.
Xing-Yu Liu (currently at Scripps Research Institute), recipient
of the 2025 PhD Prize of the Division of Medicinal Chemistry
and Chemical Biology for his outstanding thesis on ‘Integration
of Hypervalent lodine Reagents and Carbazolyl Cyanobenzene-
Based Dyes into Peptides: New Opportunities for Biomolecule
Functionalization’, completed in the laboratories of Prof. Jérdme
Waser at EPFL. Dr. Liu demonstrated that incorporation of ethy-
nylbenziodoxolone (EBX) reagents into peptide sequences opens
access to diverse transformations, such as decarboxylative mac-
rocyclizations and one-pot synthesis of bicyclic peptides. The ri-
gidity of the aryl alkyne linker into cyclic peptides proved key to
biological activity, as demonstrated by the development of inhib-
itors of the Keap1—-Nrf2 protein—protein interaction.!6!

Anton Budeev (University of Basel) described a photocata-
lytic sulfurization strategy for oligonucleotide phosphorothioate
synthesis, using thiosulfate as a benign sulfur source. The protocol
can be extended to phosphate synthesis under aerobic conditions
and is applicable directly into standard solid-phase phosphora-
midite synthesis using riboflavin (vitamin B2) as a photocatalyst
in water, representing a cost-efficient and sustainable alternative
to existing methods.[7!

Dr. Corentin Bon (University of Basel) presented a unified
approach for direct, radical-based modification of phosphorus
centres in oligonucleotides. The modular strategy enables P-O,
P-N, and P-C bond formation under mild conditions, without
sensitive reagents or protecting groups, granting versatile access
to uncommon phosphorus motifs across DNA and RNA scaffolds.

The third session of the day started with Prof. Matthias
Gehringer from Eberhard Karls Universitit Tiibingen, who pre-
sented two connected topics on expanding the scope of covalent
kinase drug discovery. The first part introduced a fragment-based
discovery strategy to probing the underexplored protein kinases’
‘cysteinome’. A kinase-focused covalent fragment library was
screened across 47 protein kinases, covering 60 cysteine residues
positioned near active sites. Primary screening combined LC-MS
to quantify covalent modification of intact proteins with differ-
ential scanning fluorimetry (DSF) to estimate fragment binding
affinities. This approach yielded covalent inhibitors engaging ki-
nases that had not been targeted previously. Residue-level assign-
ment was supported by cysteine mutagenesis, tryptic digestion,
and in some cases crystal structures. 8]

Laura Hillebrand (University of Tiibingen) receives the Best Poster Award
from Dr. Christoph Sager, chair of the symposium. Photo credit Irina
Zhirkina.

In the second part, Prof. Gehringer shifted the focus to target-
ed covalent inhibition of amino acid residues beyond cysteine,
employing a small, diversity-focused library of novel fluorosul-
fate and sulfonyl fluoride-bearing compounds. He highlighted
the discovery of a fluorosulfate-bearing MK2 inhibitor originally
designed as an allosteric binder, which unexpectedly formed a
covalent bond with the catalytic lysine and revealed a distinctive
hinge-region interaction. Overall, this was a compelling case in fa-
vour of broader adoption of fluorosulfate warheads, which display
high stability in solution and under physiological conditions.®!

The session continued with Prof. Alberto Dal Corso from
the University of Milan, who presented his group’s work on the
reversible-covalent engagement of lysine residues for affinity
enhancement of peptidic protein ligands. This work focused on
employing salicylaldehyde (SA) derivatives as valuable warheads
to obtain reversible-covalent inhibitors, with higher efficacy com-
pared to other aldehydes or aminophilic compounds. This concept
was first showcased in the context of an integrin-binding cyclo-
peptide, leading to enhanced ligand affinity for the receptor as
well as stronger biological activity in cultured glioblastoma.1%]

In the second part, Prof. Dal Corso illustrated a strategy for
late-stage peptide modification to introduce the SA tag. This re-
lies on the insertion of a propargylglycine residue (Pra) at suit-
able positions of the peptide sequence, followed by installation
of the salicylaldehyde (SA) tag through CuAAC. A known pep-
tide—protein interaction was selected as a case study to verify the
feasibility of this approach, using a peptide binder for NEMO, a
protein involved in the activation of the proinflammatory tran-
scription factor NF-kB. Fluorescence anisotropy screening led to
the identification of SA-tagged peptides with higher affinity than
the wild-type sequence.l!ll More broadly, the high reactivity of
the SA tag towards imine formation and the high frequency of
Lys(e-NH,) species on the surface of proteins hold promise for
the general development of reversible covalent inhibitors against
a larger number of clinically relevant targets and protein—protein
interactions.

Prof. Stephan Sieber from TU Munich focused on addressing
bacterial resistance by characterizing innovative and druggable
modes of action. He first presented an anti-virulence strategy
through inhibition of CIpP, a serine protease involved in bacte-
rial toxin production. ABPP-derived B-lactones which covalent-
ly modify ClpP and effectively reduce virulence across multi-
ple resistant strains were first discovered!!2! and later served as
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chemical probes to decipher the basis for ClpP protease activ-
ity. His group applied a multifaceted approach using structural
biology, crosslinking mass spectrometry, and chemoproteom-
ics to understand ClpP biology, mapping its interactors and
substrates.[13] Importantly, these studies revealed that CIpP con-
formation locking is key to inhibition of its protease activity, and
ClpX was identified as a key chaperone regulating ClpP confor-
mation. ClpX was found more amenable to reversible compound
inhibition, and an HTS campaign directed at ClpX ultimately de-
livered effective non-covalent virulence inhibitors.[14]

In the second part of his talk, cellular stress induction in
bacteria was presented as a unique antibacterial mode of action.
He showcased the mechanistic deconvolution of a potent isoni-
trile-containing antibacterial, Xanthocilin, through a combina-
tion of chemoproteomics and genomic studies.!'>! Xanthocilin
was found not to act covalently nor by metal binding, but instead
through the unique mechanism of regulatory heme sequestration
in bacteria, leading to toxic, uncontrolled heme biosynthesis and
ROS production.

He closed by presenting a novel class of stress-inducing an-
tibiotics related to nitrofurans whose structures were predicted
using generative machine learning (ML).I'®I The molecules were
found to act similarly to nitrofurans, which covalently inhibit thiol
peroxidase—an enzyme protecting against oxidative stress—and
simultaneously drive ROS production through reductive metabol-
ic activation of their nitro group. These combined effects lead to a
dual stress-inducing mode of action specific to bacteria.l!”}

Dr. Jeff McKenna and Dr. Andrea Vaupel from Novartis
then presented their efforts to expand covalent chemistry beyond
cysteine for incorporation into KRAS ligands. The use of cova-
lent oxaziridine reagents, developed in collaboration with the
Toste and Chang groups, was first described. These achieve re-
gioselective ring opening with either methionine or tryptophan
residues through careful oxaziridine substituent tuning.['8! Due to
their general metabolic instability and thus limited developability,
focus was then shifted to B-lactone electrophiles. Proteome-wide
studies with lactone probes using open MS searches enabled map-
ping of modifications on D/E/C/S/T amino acids, which can occur
either at C2 (carbonyl attack) or the C4 (S,2) position, the latter
offering opportunities for enantioselective reactions.

B-Lactone incorporation into known KRAS ligands to specif-
ically target KRASY?P mutants was then showcased in a thor-
ough covalent inhibitor optimization study. Through tuning of
the reactive warhead, efforts were placed into decreasing reac-
tivity towards KRAS serine residues, deconvoluting affinity- vs.
reactivity-based potency improvements, as well as decreasing
proteome-wide reactivity. Guided by iterative designs involving
occupancy assays, structural studies, and computational reactivi-
ty predictions, the team optimized C3-gem-disubstituted lactones
with optimal stereochemistry favouring G12D attack while bal-
ancing global reactivity and metabolic stability. The incorpora-
tion into KRAS inhibitor MRTX1133 yielded a bioavailable com-
pound with activity in vivo.[19

The 2026 DMCCB Basel Symposium showcased the remark-
able breadth of covalent chemistry approaches now available to
the drug discovery community, from radical-based photoactivat-
able probes and reversible lysine-reactive warheads to stress-in-
ducing antibacterials and next-generation KRAS inhibitors. The
event made clear that the field has moved well beyond the clas-
sical cysteine-reactive warhead, with an ever-growing arsenal of
electrophiles, reaction mechanisms, and biological targets being
brought into reach.

Join us again at Biozentrum on 25 January 2027 for the next
DMCCB Basel Symposium!
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