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Engineering of RNA activity
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RNA synthesis at the origin of life iz et
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Hairpin ribozyme
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-derived from Tobacco Ringspot
Virus Satellite RNA

-positively charged co-factors
(Mg?*) required for activity

-bent active conformation with
contacts between loop A and
loop B

-catalyzes the reversible
cleavage of a specific
phosphodiester bond

-internal equilibrium is shifted

towards ligation

Rupert & Ferré-D'Amaré, Nature, 2001, 410, 780
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Hairpin ribozyme cleavage & ligation et et @B s
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» General acid base catalysis
» Stabilization of the charged transition state
* Inline geometry

-> Ligation is enthalpically favored, cleavage is entropically favored
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Ligation profits from structural stabilization e @R =,
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Hairpin ribozymes with stable secondary (and
tertiary) structure favor ligation, while hairpin
ribozymes that are less stable, however stable
enough to fold into a catalytically competent
structure, favor cleavage.
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Hairpin derived twin ribozyme i @)
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Two RNA cleavage reactions and two ligations

Activity control by stability modulation of the twin ribozyme-
substrate/product complexes

—> Facile dissociation of the red segment versus stable binding of the
blue segment
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Twin ribozyme mediated fragment exchange
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Can we make
simpler systems?
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Simpler than twin ribozymes?
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HPR mediated RNA recombination W) B
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Hieronymus R, Godehard SP, Balke D, Miiller S., Chem Commun (Camb). 2016, 52: 4365-8.
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HPR mediated recombination
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Ligationsprodukt (53+52+44 nt)
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Redox-responsive RNA switch el oz s (G50
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Recombination towards higher complexity -
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Hairpin ribozyme mediated back splicing ?
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Initial purpose: making circular RNA
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Hairpin Ribozyme Dimerization ... and Concatemerization? o 73
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Pieper S, Vauléon S, Miller S., Biol Chem. 2007, 388: 743-6. Cyclic dimer
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Formation of dimers el oz s (G50
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...and oligomers Wb Lo :)
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A complex mixture of oligomers
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Linear and circular products
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AFM analysis of the re-incubated 83mer it mor.
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Petkovic S, Badelt S, Block S, Flamm C, Delcea M, Hofacker |, Miller S., RNA. 2015, 21: 1249-60.
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Computer-aided design of variants it @
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Designed variants with distinct dimerization potential
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Increase of RNA size and sequence diversity
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Conclusion: functional diversity of a small RNA s 7)) =
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