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Abstract

The LINE-1 (L1) retrotransposon is an ancient genetic parasite that has written around
one third of the human genome through a ”copy-and-paste” mechanism catalyzed by its
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multifunctional enzyme, open reading frame 2 protein (ORF2p). ORF2p reverse transcrip-
tase (RT) and endonuclease activities have been implicated in the pathophysiology of cancer,
autoimmunity, and aging, making ORF2p a potential therapeutic target. However, a lack of
structural and mechanistic knowledge has hampered efforts to rationally exploit it. We re-
port structures of the human ORF2p ‘core’ (residues 238-1061, including the RT domain) by
X-ray crystallography and cryo-EM in multiple conformational states. Our analyses reveal
two novel folded domains, extensive contacts to RNA templates, and associated adaptations
that contribute to unique aspects of the L1 replication cycle. Computed integrative struc-
tural models of full-length ORF2p show a dynamic closed ring conformation that appears
to open during retrotransposition. We characterize ORF2p RT inhibition and reveal its
underlying structural basis. Imaging and biochemistry reveal that non-canonical cytosolic
ORF2p RT activity can produce RNA:DNA hybrids, activating innate immune signaling via
cGAS/STING and resulting in interferon production. In contrast to retroviral RTs, L1 RT
is efficiently primed by short RNAs and hairpins, which likely explains cytosolic priming.
Additional biochemical activities including processivity, DNA-directed polymerization, non-
templated base addition, and template switching together allow us to propose an updated L1
insertion model. Finally, our evolutionary analysis reveals structural conservation between
ORF2p and other RNA- and DNA-dependent polymerases. We therefore provide key mech-
anistic insights into L1 polymerization and insertion, shed light on L1 evolutionary history,
and enable rational drug development targeting L1. (if time permits and the committee finds
this of interest, unpubilshed structural and mechanistic data will also be presented)
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