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Branchpoint Sugar Stereochemistry Determines the
Hydrolytic Susceptibility of Branched RNA Fragments
by the Yeast Debranching Enzyme (YDBR)

Sandra Carriero, Maria M. Mangos, Kazim A. Agha,
Anne M. Noronha, and Masad J. Damha™

Department of Chemistry, McGill University,
Montreal, Quebec, Canada

ABSTRACT

A series of branched RNAs (Y-shaped) related to yeast pre-mRNA splicing inter-
mediates were synthesized incorporating both natural (i.e., ribose) and non-
natural (i.e., arabinose, xylose and acyclic nucleoside) branchpoints in order to
examine the effect of sugar conformation and phosphodiester configuration on
yDBR hydrolytic efficiency. The results indicate that 2’-phosphodiester scission
with yDBR occurs only with a cis-arrangement of phosphate groups at the
branchpoint (i.e., ribose) thereby discriminating between all other configurations.

Key Words: Lariat debranching enzyme; Branched RNA; 2/,5-Phospho-
diesterase.

The yeast lariat debranching enzyme (yDBR) is a unique metalloprotein that
selectively cleaves 2/,5-phosphodiester bonds adjacent to 3',5-linkages,!"! such as
those observed in branched intermediates formed during nuclear pre-mRNA splicing
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(lariat RNA introns).”! The atypical architecture of these oligonucleotides renders
them resilient to general endo- or exonuclease activity and as such, recognition
and degradation by DBR is central to intron turnover and nucleoside regeneration.?!
At the present time, the minimal substrate requirements of DBR have been investi-
gated,' however little is known about the influence of branchpoint sugar confor-
mation on enzyme selectivity. The incorporation of ‘non-natural’ residues as
branchpoints in the synthesis of Y-shaped nucleic acids that mimic the native
substrates enables us to dissect and examine the influence of sugar conformation
upon the debranching process.

Synthesis of lariat intron mimics involves the coupling of a 2’,3’-O-bis-adenosine
phosphoramidite to the free hydroxyl termini of two adjacent support bound linear
RNA molecules followed by chain extension in the conventional 3'-5" direction to
yield the Y-shaped RNAs."! Bis-phosphoramidites containing the wild-type ribose
(1), its corresponding 2’ and 3'-epimers, arabinose (2) and xylose (3), and its 2/,3'-
acyclic analog, “seco’-ribose (4) were synthesized from their appropriately protected
nucleosides as described previously.l”! The branching synthons were characterized by
FAB-MS (NBA matrix) and *'P-NMR (see Fig. 1). The introduction of phosphityl
groups at the 2’ and 3/-furanose oxygens generates two new chiral centers and gives
rise to 4 diastereomers, and an expected 8 signals in the proton decoupled *'P-NMR
spectrum. However, an unforeseen 16 peaks were seen for 1, indicating the presence
of either a through-bond or through-space P-P interaction.') The precise origin for
this observed splitting effect is discerned by spectral analysis of 3. In this case, no
splitting of the signals was observed, thus ruling out the existence of *Jp_p coupling.
Presumably, 3 exists exclusively in a C3’-endo sugar pucker, resulting in a trans-
diaxial arrangement of the 2’ and 3’-phosphite groups which places the electron lone
pairs sufficiently far from each other and abolishes any through space effects. This
further establishes an O4’-endo and/or C3'-endo conformation for 2, as these are

# of # of
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R4 Ry —
Bis-ribo-A
R3 Ry 1 R:,Rs=H 16 8 C2-endo
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1-3 is-arabi
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Figure 1. Proton-decoupled *'P-COSY-NMR splitting characteristics of 2’,3'-O-bis-
adenosine phosphoramidites used as branching synthons in Y-RNA synthesis. Spectra were
obtained on a Mercury 400 spectrometer using CD3;CN as the solvent. All signals were centred
in the 149-153 ppm range.
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Figure 2. yDBR digestion assays of branched RNA analogs. Reactions contained 5'->*P-
labelled branched substrates (500 fmol) dissolved in 125mM KCI, 0.5mM MgCl,, | mM
DTT, 10% glycerol and 20 mM HEPES at pH 7.6. Reactions were initiated by the addition
of yDBR (50U). Reaction products were resolved by 16% polyacrylamide sequencing gel
containing 7 M urea and visualized by autoradiography.

the only conformations that support splitting of the phosphorus chemical shifts via
electron lone pairs.

The incorporation of branching synthons 1-4 into Y-RNA molecules related
to the intronic portion of yeast actin pre-mRNA, allowed us to examine the effect
of sugar conformation on branchpoint recognition and the efficiency of 2’-bond
scission by yDBR (Fig. 2).[ Selective hydrolysis of the 2’,5'-phosphodiester bond
by yDBR was evident only in the wild-type ribo-A branched RNA, and was
deemed nearly complete after only 30min. On the other hand, the branchpoint
analogs were resistant to enzyme hydrolysis even after a 20h incubation period,
suggesting that the local orientation of vicinal phosphate groups at the branching
sugar dramatically affects debranching efficacy (i.e., cis-arrangement). Moreover,
preliminary results have indicated a concentration dependent inhibition of wild-
type Y-RNA debranching in the presence of ara-A branched RNA, such that a
50% reduction in debranching efficiency was observed at a concentration of
0.45 uM of inhibitor (data not shown). Such an inhibitor would signify a potential
choice for enzyme co-crystallization and X-ray analysis of the yDBR active site
structure.

Our results indicate that only ribose as a branchpoint directs optimal debranch-
ing activity, suggesting that the configuration of vicinal phosphate groups and/or
sugar pucker of the branchpoint to be a crucial element for optimal enzyme recogni-
tion and hydrolytic efficacy. Further studies would include the use of conformation-
ally locked ribo-branchpoints and other branchpoints containing a cis-arrangement
of vicinal phosphate groups (e.g., L-ribo-A). Such a study would allow us to eluci-
date the particular nature of the structural effects that collectively contribute to
enzymatic recognition and subsequent processing events.
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