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Targeting interleukins with small-molecule protein-protein interaction (PPI) disruptors
remains a major challenge due to the unusual structural features of their binding sites.
Extended and shallow interfaces, such as those found in IL-2, require large, elongated
molecules, whereas targets like IL-1p contain deep, multi-subcavity pockets, favouring
highly branched chemotypes. However, prior virtual screening efforts with ultra-large
chemical databases (e.g., Enamine REAL 5B) predominantly produced small, weakly
branched molecules, reflecting structural biases in both training data and model behaviour
that limit access to target-relevant chemical space.

To address these limitations, the GM workflow (ALGen-1) [1] was adapted into ALGen-
2, by introducing two methodological modifications: (i) the use of specialized general
training datasets focused in either high molecular weight or highly branched molecules
to improve the learning of complex SMILES representations, and (ii) redesigned the inner
active learning (AL) cycle criteria that explicitly steer molecular generation toward those
target-appropriate properties (size or branching).

When applied to IL-1p and IL-2, ALGen-2 generated compounds with predicted docking
scores that surpassed those of the initial specific training sets. Successive AL cycles
consistently introduced novel scaffolds, indicating sustained exploration of chemical
space rather than premature convergence. Importantly, generated IL-1f candidates
exhibited pronounced branching and effectively occupied the three key sub-cavities of
the binding site, while IL-2 candidates were larger, elongated molecules spanning the
extended interface. These results demonstrate that ALGen-2 overcomes key structural
limitations and enables target-adapted exploration of chemical space for challenging
interleukin PPIs.
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