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Active-Site—Independent Inhibition of TREX1 Mediated by Fuzzy Interactions within a
Nucleic Acid—Binding Intrinsically Disordered Loop

Abstract (500 words maximum)

As a central exonuclease in cytosolic immune regulation and nuclear DNA repair, TREX1
represents an attractive target for cancer immunotherapy. At the substrate-binding interface
adjacent to its DEDDh catalytic core, TREX1 contains an intrinsically disordered region (IDR)
within the a7-8 loop. Here, we identify a series of small-molecule inhibitors that engage this
IDR-defined modulation site and induce distinct disorder-to-order transitions. High-resolution
X-ray crystallography reveals a conserved triangular clamping mode through which the
inhibitors stabilize the flexible loop into defined conformations. Structural analysis combined
with molecular dynamics simulations further demonstrates that these conformational transitions
arise from fuzzy interaction patterns between the IDR and the inhibitors in aqueous solution.
Biochemical assays together with in vitro and in vivo functional studies show that stabilization
of the loop interferes with substrate recognition and suppresses TREX1 activity by disrupting
DNA binding. Targeting this IDR-mediated conformational switch thus establishes an active-
site—independent strategy for TREX1 inhibition in cancer immunotherapy. Although IDRs are
widespread in the mammalian proteome and offer potential for highly specific drug targeting,
their disorder-to-order mechanisms remain poorly characterized due to limited structural
insight. Our study provides rare atomic-level evidence of inhibitor-induced structural ordering
within an IDR and advances the mechanistic understanding of IDR druggability in nucleic acid—
binding proteins.
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