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Single-position Ligand Modifications Tune CB2R  
Activity by Targeting the Toggle Switch
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A series of ligands was designed to target the cannabinoid receptor 
type 2 (CB

2
R), which is implicated in inflammation, pain, and 

neurodegenerative diseases. Building on the HU-308 scaffold, 
they introduced diverse sidechains enabling precise tuning of 
receptor activation. Structural modification at a single position 
allowed control over the key toggle switch residue, Trp2586.48, 
thereby modulating receptor behaviour. This strategy produced a 
continuum of functional outcomes spanning full agonism, partial 
agonism, neutral antagonism, and partial inverse agonism. Several 
low-efficacy ligands displayed protean behaviour across different 
assays, highlighting context-dependent CB

2
R signalling. Notably, 

a CF
3
-substituted compound, (S)-1, exhibited distinct affinity, 

potency, and biased signalling. Molecular dynamic simulations 
suggest that its unique pharmacological profile arises from 
stabilization of an active receptor conformation through close-
contact interaction with the toggle switch. Overall, this study 
showcases how targeted modifications can shift ligand efficacy 
independently of the parent scaffold.

Authors’ comments:
“CB

2
R is an attractive target because its toggle switch provides a 

very tractable system. Our design model may also prove useful for 
tuning other class A GPCR ligand cores”.
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This work addresses peptide aggregation during solid-phase 
peptide synthesis (SPPS), a long-standing limitation to synthesis 
efficiency and reliability. Using in-line UV-vis data from automated 
flow peptide synthesis platforms with machine learning models, the 
authors predicted aggregation with ~60% accuracy and identified 
amino acid composition as a major determinant of aggregation 
behaviour. Notably, randomly shuffled peptides largely retained 
their aggregation profiles, suggesting that the overall peptide 
composition may be more influential in determining aggregation 
behaviour than the sequence alone. Interpretable XGBoost models 
and SHAP analysis revealed that aliphatic or β-branched residues 
like Ser(t-Bu), Thr(t-Bu), Ile, and Val tend to promote aggregation, 
whereas aromatic or polar residues Phe, Tyr(t-Bu), Asp(t-Bu), 
and Arg(Pbf) tend to reduce it. An ensemble of XGBoost models 
was then used not only to predict aggregation, but also to suggest 
targeted pseudoproline substitutions at critical positions. These 
recommendations improved crude purities in two test cases, 
reaching 69% and 75%. This work reframes aggregation in SPPS 
as a largely composition-dependent phenomenon and provides a 
practical framework for data-guided synthesis optimisation. 

Authors’ comments:
“By revealing composition as a major determinant of peptide 
aggregation during SPPS, machine learning turns synthesis data 
into practical guidance for choosing aggregation-suppressing 
building blocks and improving peptide access.”
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In their work, Lochner and coworkers identified PBA as a potent 
anthranilic anilide-based inhibitor of the TRPM4 ion channel, 
a Ca2+-activated cation channel associated with cardiovascular 
diseases, neurodegeneration, and cancer. Identified through a 
focused Structure-Activity Relationship (SAR) study, PBA is ca. 
18-fold more potent than the previous reference inhibitor (NBA), 
achieving an IC

50
 of 0.15 μM in human colorectal cancer HCT116 

cells. PBA demonstrates significantly higher aqueous solubility, 
improved ligand efficiency (LE), and lower cytotoxicity than 
NBA. It effectively blocks both human and mouse TRPM4 but 
shows no activity against the closely related TRPM5 channel. 
X-ray structures and NMR studies revealed that bifurcated 
intramolecular hydrogen bonds stabilize a ‘bent’ conformation 
essential for target engagement. This study establishes PBA as a 
high-quality chemical probe for future TRPM4-related biomedical 
research and drug development.

Authors’ comments:
“Our study shows that the observed anthranilic anilide 
conformation is not only essential for activity but also imparts 
physicochemical properties that allow the inhibitors to reach the 
binding site deep within the TRPM4 transmembrane domain”.
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The generation of transition-state (TS) conformer ensembles, 
a key aspect of accurate computational catalyst design, has 
proved computationally expensive with current state-of-the-
art methods such as CREST and GOAT. Schmid et al. take an 
alternative approach by replacing energy-surface exploration 
with stochastic sampling via constrained distance geometry. 
Their method, racerTS (Rapid Conformer Ensembles with 
RDKit for Transition States), constrains the reaction centre atoms 
and their immediate neighbours, while sampling and refining 
transition-state conformers with RDKit’s ETKDG algorithm and 
a force-field, respectively. Benchmarked across 20 organic and 
organometallic reactions, racerTS runs approximately 4× faster 
than CREST and up to 500× faster than GOAT, while producing 
valid transition-state conformers with a median activation energy 
deviation of 0.17 kcal/mol, well within chemical accuracy. 
Conformer space coverage is comparable to CREST (F1 score 
of sampled conformer clusters ~0.74–0.80), though below GOAT 
(F1 = 0.93). By utilising RDKit, racerTS integrates readily into 
existing cheminformatics workflows, enabling rapid generation of 
large, physically meaningful transition-state datasets for machine 
learning applications in catalyst discovery.

Authors’ comments:
“In this work, we remove a computational bottleneck in transition 
state modelling to accelerate catalyst discovery. Our open-source 
tool has already been adopted into a computational pipeline for 
reaction discovery at TU Wien, showcasing the potential of open 
science and making the tools user friendly”.
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