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e Tumor Necrosis Factor alpha (TNFa) is a central cytokine in inflammation,
immune regulation, and cell death. Dysregulated TNFa signaling underlies a
broad range of autoimmune, inflammatory, and oncologic diseases.

e All approved TNFa inhibitors are monoclonal antibodies that block ligand
receptor interactions. While clinically effective, therapeutic antibodies are
limited to injections, high production costs, immunogenicity risks, and poor
penetration into certain tissues, including the central nervous system.

e Small molecule drugs could overcome these challenges by enabling oral
administration, expanding indication space, and reducing immunogenicity.
However, development of small molecule TNFa inhibitors has been
challenging due to lack of obvious druggable pockets in static structures, as
TNFa functions as an oligomer with dynamic, hidden allosteric sites.

e To address this challenge, we applied the AIMS™ platform, an integrative
approach combining structural proteomics and computational sciences.
Here, molecular dynamics enhanced sampling simulations, pocket
detection algorithms, and Hydrogen Deuterium Exchange Mass
Spectrometry (HDX-MS) were used.

Retrospective validation - TNFa

Prospective discovery - TNF Family member

HDX-MS identifies transient pocket

AIMS-Fold identifies novel druggable pocket

H/D exchange Apo HDX-MS reveals

time-dependent deuterium
uptake in specific regions,

identifying dynamically
’ accessible pockets in the
protein.
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HDX-MS of family member identifies novel pocket Metadynamics simulation validates druggable pocket
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Apo state HDX-MS data reveal regions of dynamic deuterium uptake Metadynamics simulation confirms the presence of a transient,
over time, indicating several potential novel pockets in the protein. accessible pocket in the asymmetric state, critical for ligand binding.

Metadynamics simulation validates druggable pocket

AIMS-Rank identifies novel hits
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HDX-MS validates small molecule binding

Compound-induced asymmetric state validation using HDX-MS

\ Deuterium uptake

upon treatment HDX-MS analysis of the apo and holo protein shows that
g asymmetric binding exposes the upper surface of the trimer,
leading to increased deuterium uptake.

The compound allosterically stabilizes the asymmetric trimer,
as evidenced by extensive regions of reduced deuterium
uptake on the lower surface.
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