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Exploration of branched RNA structures and their biological functions
using Co(HAPP)** complex:
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Abstract

The determination of RNA structure is one of
most challenge topics in biological systems. These
branched RNA structures usually are capable of
dominating RNA functionality. The difficult handle
problem in RNA and the lack of proper tool make these
¢omplicated RNA structures appear to be untouchable.
We have demonstrated that a novel octahedral
Co"™(HAPP)(TFA), is sensitive to the shape/size of
conformation in DNA/RNA bulges, which is the first
example ever to resclve directly in RNA bulge and
internal loop conformation.
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Branched structures are crucial motifs in nucleic
acids chemistry in the formation of tertiary structures
and the recognition of nucleic acid-binding-proteins in
biological systems, particularly in RNA. Among
these branched structures, internal loop and bulge
conformation usually play an important role in
determining the geometrical construction of tertiary
structures of RNA and their biological functions. For
instance, the internal loop and bulge structures in
ribozymes are found to in charge of the metal binding
domain as the result to splice RNA.  In order to obtain

the interaction, the X-ray crystal structures analysis,
NMR studies, and FRET approach are capable of
providing the further structural information. An
alternative way to rapidly reveal the prelimarily
information of these branched structures is to use
chemical probes. Owing to the existence of 2’-OH
group, the recognition of chemical probes frequently
show the a little bit of differences between DNA and
RNA structural analysis. Many wonderful chemical
nucleases have been reported to nick the specific DNA
and RNA sequences or nucleotides. These chemical
probes have the obscurity in distinguishing the variety
of single-stranded regions such as the unobstructed
single-stranded sites, bulge, hairpin loop, and internal
loop in RNA structure,. Lately, a novel octahedral
Co" complex, Co'(HAPP)(TFA); has been reported to
serve as a specific probe for DNA bulges. This
complex also has been demonstrated to have the low
affinity towards double-stranded DNA as well as
single-stranded DNA. Therefore, it is important to
show this cobalt macrocyclic complex is capable of
processes the highly specificity in recognition of RNA
structures.
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The 4°-H sugar oxidation pathway induced by
CoHAPP*/H,0, is further confirmed by the analysis of
DNA cleavage fragments in MALDI-TOF (MALDI,
matrix-assisted laser desorption and jonization ; TOF,
time-of-flight) mass spectrometry. The
MALDI-TOF-MS analysis is known to offer an
efficient and accurate tool for the unambiguous
characterization of DNA cleavage products. The
assignments and m/e values of possible HIV-DNA
cleavage products and their expected m/e values were
listed in supplementary data. Indeed, MALDI-TOF
mass spectrum exhibited a higher resolving ability in
the determination of several DNA fragment ion series
compared to the gel electrophoresis method. The
dominant scission products were attributed to the
cleavage at the deoxyribose 3'-phosphate bond,
resulting in fragments of 5'-NNN-3'-PO, in different
lengths. The reiative fragment distribution agrees
well with the gel electrophoresis result, and clearly
demonstrates that fragmentation resulting from
cleavage at bulge position of A5, T6, C7, T8 and G9 is
a major pathway in the reaction.
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Furthermore, peaks marked with the filled
squares (W) in Fig. 1 having m/e values 58 higher than
the corresponding dominant 5-NNN-3'-PO, fragments.
In comparison to DNA cleavage products, the observed
extra fragments with molecular weight 58 are most
likely due to the formation of glycolate (-CH,CO,)
species. These results have been repeated three times
at least. Therefore, the cleavage reaction of
CoHAPP#/H,0, with HIV-DNA is evidently disclosed
through the sugar oxidation pathway at the 4’-H
position based on the identification of glycolate
fragments (5'-N-3’PO,-CH,CO,) in Fig.2. In fact, the
formation of glycolate has been demonstrated as a 4’'H
sugar oxidation product in the cleavage of
oligonucleotide mediated by 4’H-radical.
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Since bulge moiety is one of the most common
but important branched structures in nucleic acids, the
understanding of cleavage pathway of bulge-specific
chemical nuclease, Co"(HAPP)(TFA),, may provide
the significant structural information in the study of the
complicated nucleic acids structures and their
biological functions.

Bulge-Specific RNA Cleavage. The
presence of branched moieties such as bulge, internal
loop, and helical junctions in RNA arise more
complicate conformations in the study of RNA
secondary and tertiary structures. The cleavage in
RNA structures commonly is correlated to the
accessibility of their conformation as a result to provide
the structural information. The exploration of RNA
structures and the biological functions thereof is of
great interest to many chemists as well as biologists.
Therefore, it will be of great interest to explore the
bulge specific recognition in RNA using CoHAPP*,
A variety of modified TAR-RNA was used as the
targeted RNA in the study of the interaction with
CoHAPP™.

‘5 target RNA
NTP m“““"‘"—\—\.\\
DNA 5
promotor t {I : Il 2
onva 3
template
T7 RNA polymerase

The target RNAs were prepared by in vitro
transcription using DNA promoter, various DNA
templates, and T7 RNA polymerase.  The reaction of
target RNA and Co" complexes were performed under
the similar condition in reaction with DNA as mention
previously. [In the absence of aniline treatment, the
major cleavage sites were found to at U6, C7, U8,
which is at the bulge site, and C24. The slightly
cleavage sites were at A5 and A138.
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Bulge moiety in TAR-RNA is known to be
flexible to have the conformational change upon the
addition of binding ligands such as tas-peptide,
argininamide, Mg?*, and Ca®* ions revealed by NMR
and X-ray crystallography studies. In the absence of
ligands, the bulge structure is capable of inducing the
bending of the helical conformation around 93° in
TAR-RNA, measured by gel electrophoresis. In the
presence of external ligands, the interaction between
the ligand and nucleobase at the bulge conformation
triggers the bulge conformational change in order to
overcome the steric hindered environment. Asa

result, the bending angle in TAR-RNA helixes is
decreased and the TAR-RNA helical structure is

changed to more like co-axial conformation.
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Since the bulge conformation in TAR-RNA is
sensitive to the additicnal binding ligands, RNA
conformational change upon the addition of CoHAPP*
complex was examined by using the non-denaturing
gel electrophoresis at 4°C.  The induction of nucleic
acids conformational change commonly required either
by a strong binding mode or by a high concentration of
ligands. It suggests that CoOHAPP* is sensitive to the
conformational change at the bulged RNA structure.

Unlike the unstable conformation of 3-base bulge
structures in DNA, the NMR study has been revealed
TAR-RNA structure and its derivatives. When the



structure is viewed from the minor groove, the
formation of the pocket is obviously observed in the
3-base bulge of TAR-RNA structure. Based on the
mechanism study in DNA, CoHAPP? displayed the
preference of sugar oxidation at the 4’-H position at the
ribose-sugar moiety. Therefore, the cleavage sites of
CoHAPP? in TAR-RNA are allowed to superimpose
with the NMR structures of TAR-RNA. As a result,
the possible explanation for the bulge-specific
recognition by CoHAPP** in the RNA bulge pocket
was considered to be an octahedral conformation of
metal complex, which may provide the nucleobase-
stacking effect by 1,10-phenanthroline ligand but the
presence of the axial ligands prohibited the deeply
intercalation.
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According to the above result of bulge-specific
binding, the opposite site of bulge region has less effect
in the specific recognition. However, it showed the
cleavage site at C24 in TAR RNA suggesting the
orientation of this residue may be close to the hydroxyl
radical reaction center. In order to confirm the
hypothesis, a modified TAR-RNA with an asymmetric
internal loop was designed and prepared.
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As a result, COHAPP? still recognize specifically
at the internal loop region and insensitive to the hairpin
loop.
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The cleavage at the C24 residue was suppressed
in reaction with internal loop of RNA using CoHAPP*
in the presence of H,0,. The major cleavage site is
still at the bulge site (U6 and C7). However, when the

internal loop is the mismatch C-U base-paired, no
cleavage was observed. The mismatch base-paired is
known to have the nucleobase-in interaction without
the pocket formation.
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It suggests that the asymmetry internal loop (N>1) may
form a pocket-like conformation instead of the random
linear form. The internal loop structure is one of most
common structures in RNAs. Therefore, using the
recognition in the RNA pocket, CoOHAPP* complex
has been demonstrated to extend its capability not only
in RNA bulge-specific recognition but also in RNA
internal loop structures,
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Summary

Since bulge moiety and internal loop are the most
common but important branched structures in nucleic
acids, particular in RNA, this bulge-specific chemical
nuclease, Co"(HAPP)(TFA),, may provide the
significant but preliminary information in branched
RNA structures.
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The use of unambiguous structure of TAR-RNA
and its analogs, Co"(HAPP)** was found to be a
bulge-specific probe in RNA and insensitive to the
hairpin loop region in the analysis of RNA cleavage
fragments,. This result may lead to be the first look in
the directly revealing the orientation of RNA branched
structure structures such as bulges and internal loops.



Up to date, there is no proper tool to examine the
variety of single-stranded regions in the secondary and
tertiary RNA structures. However, these branched
moieties are the most common but important structures
in nucleic acids, particular in RNA, this specific
chemical nuclease may provide the significant but
preliminary information in probing unusual, huge, and
unsolved RNA structures.
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