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G protein-coupled receptors (GPCRs) represent one of the most important classes of drug targets, and numerous small-
molecule therapeutics have been developed and clinically approved. Conventional GPCR drug discovery has primarily
relied on orthosteric agonists and antagonists to achieve quantitative control of signaling. In contrast, recent advances have
highlighted the importance of qualitative control of signaling, aiming to optimize therapeutic efficacy while minimizing
adverse effects. Biased agonists and positive allosteric modulators (PAMs) have therefore attracted attention as promising
next-generation ligand classes. However, conventional high-throughput screening (HTS), which relies on predefined
functional readouts such as cAMP accumulation or Ca?>" mobilization, has intrinsic limitations in identifying ligands with
pathway-or ligand-dependent pharmacological properties. In particular, the discovery of PAMs is further complicated by
the diversity and unpredictability of allosteric binding sites.

To address these challenges, we established an integrated drug discovery framework combining DNA-encoded library
(DEL) screening, pharmacological evaluation, and structural analysis. Using a purified ghrelin receptor-Gq protein complex,
we performed DEL screening and identified multiple compounds that specifically bind to the receptor. This binding-first
approach enabled the efficient acquisition of candidate molecules that are difficult to detect using conventional function-
based screening. Subsequent pharmacological profiling led to the selection of four compounds for further characterization.

Among these, one compound (compound X) exhibited agonist activity at the ghrelin receptor. Cryo-electron microscopy
(Cryo-EM) analysis of the compound X-bound ghrelin receptor-G4 complex at 3.2 A resolution revealed that compound X
bound to the orthosteric site, while adopting a binding mode distinct from that of the approved agonist anamorelin.
Functional analysis demonstrated that, whereas anamorelin activates both G protein and B-arrestin signaling pathways,
compound X preferentially activates G protein signaling with minimal effect on B-arrestin signaling. These results indicate
that compound X functions as a biased agonist with a preference for G protein-mediated signaling.

In addition, we identified another compound (compound Y) that enhances receptor responses only in the presence of an
orthosteric ligand, consistent with PAM activity. Pharmacological analysis showed a significant leftward shift in the ECsg
of anamorelin in a concentration-dependent manner. Cryo-EM analysis at 4.3 A resolution suggested that compound Y binds
to an allosteric site on the receptor. These findings indicate that compound Y enhances receptor signaling in an allosteric
manner by modulating signaling amplitude and responsiveness. Taken together, our results demonstrate that DEL screening
enables the identification of ligands with distinct modes of signaling control from a single platform.

Importantly, by integrating DEL screening with pharmacological and structural analyses, we established a rational drug
discovery strategy in which mechanistic understanding can guide ligand design. This framework provides a technological
basis for next-generation GPCR drug discovery and is broadly applicable to other GPCR targets. It also highlights a new

direction for structure-guided of ligand with diverse signaling control properties.



