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ABSTRACT:

Circular dichroism (CD) was used to assess the stabiliza-
tion/destabilization imposed by oxidative lesion 7,8-dihy-
dro-8-hydroxyadenosine (8-0x0A) on strands of RNA
with different structural motifs. RNA:RNA homoduplex
destabilization was observed in a position dependent
manner using 10-mers as models that displayed differen-
ces between 12.7 and 15.1° C. We found that increasing
the number of modifications resulted in depressed T,, val-
ues of about 12—15° C per lesion. The same effect was
observed on RNA:DNA heteroduplex samples. We also
tested the effects of this lesion in short hairpins containing
the tetraloop UUCX (X = A, 8-0x0A). We found that the
stem was hypersensitive to substitution of A by 8-0x0A
and that it destabilized the structure by >23°C. Concom-
itant substitution at the stem and loop prevented forma-
tion of this secondary structure or lead to other less-stable
hairpins. Incorporation of this lesion at the first base of
the loop had no effect on either structure. Overall, we
found that the effects of 8-ox0A on RNA structure are

position dependent and that its stabilization may vary
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from sharp decreases to small increments, in some cases,

leading to the formation of other more/less stable struc-
tures. These structural changes may have larger biological
implications, particularly if the oxidatively modified
RNA persists, thus leading to changes in RNA reactivity
and function. © 2014 Wiley Periodicals, Inc. Biopolymers
103: 167—-174, 2015.
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INTRODUCTION
xidative damage to nucleic acids is an important phe-
nomenon occurring from endogenous and exogenous
sources' ™ and is of relevance in the biogenesis of dis-
ease including different cancers and neurological dis-
orders.” Much of the emphasis regarding reactions
between reactive oxygen species (ROS) and nucleic acids has
been placed on DNA, due in part, to the potential deleterious
effects resulting in mutations and genetic damage.® Oxidation
of RNA has not been as studied; however, this phenomenon is
increasingly attracting interest and has been suggested to play a
role in the development of disease.”'' Amongst the canonical
bases, guanosine and adenosine have the lowest oxidation

12,13
and are common

potentials, 1.29 and 1.42 eV, respectively,
targets for their corresponding reactions with ROS (e.g., O,>,
«OH, *OOH, and 'O,). One of the main products arising
from these events corresponds to oxidation at the C-8

position to yield the 7,8-dihydro-8-hydroxy-purines, namely
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SCHEME 1 Oxidation of the C8-position in adenosine changes the equilibrium between the syn-

and anti-conformations.
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8-oxo-guanosine and 8-oxo-adenosine (8-oxoA, Scheme 1).

In fact, these oxidative lesions (1:0.4 ratio 8-0xoG/8-0x0A) con-
stitute about 64% of the main modifications observed in DNA
of mammalian chromatin subjected to y-radiolysis.'® In this
study, we are reporting on the biophysical properties of mono-
mers and oligonucleotides of RNA containing the adenosine
adduct 8-oxoA. This lesion has been detected previously in
both DNA'” and RNA."® Studies on monomers of this lesion
have shown that a conformational change around the glycosidic
bond, anti—syn (Scheme 1, right), occurs upon oxidation of
adenosine at the C8-position, while equilibrium in adenosine
favors the anti-conformation. This change is responsible for the
formation of base pair mismatches that may lead to alterations
in the cellular faiths of the RNAs containing this modification.
Parameters that are known to directly affect the stability of oli-
gonucleotide structures, following the incorporation of oxida-
tive lesions, include salt concentration (Na™ ions), position of
the lesion, and base pair identity amongst others.'>*’

In this study, we describe the stabilization/destabilization
effect that 8-oxoA has on homo- and hetero-duplexes of
RNA:RNA and RNA:DNA structures, respectively, and on short
hairpins of RNA. These structures are ubiquitous in nature and
play essential roles in nature e.g., gene regulation, small mole-
cule detection, and translation amongst many others. We found
a direct relationship between the number of oxidative lesions in
double stranded samples and an increased destabilization of
these structures. However, the effects in short hairpins were
position dependent with the stem being hypersensitive and the
loop not affected. These differences are of importance, while
increased destabilization may lead to faster degradation/disposal
of the undesired oxidized RNA by endogenous processes,
unchanged or increased stabilization may ensure the survival of
the modified RNA and thus lead to deleterious effects e.g.,
errors in protein synthesis, changes in RNA reactivity.

RESULTS
We incorporated the oxidative lesion 8-oxoA into RNA via
solid phase synthesis using its corresponding phosphorami-

dite*' The sequence chosen for the various RNA strands
allowed us to study different secondary structures individually,
i.e., duplex, heteroduplex, and hairpins. The stability changes
that this lesion imparts on RNA:DNA double stranded samples
were previously measured by Kim et al.*' using 12-mers of
RNA and displayed a depressed T, of about 10.4°C (compared
to its canonical analogue) when the modification was posi-
tioned opposite to thymidine (T). To explore the possible gen-
eralization of this result and learn more about this disruption
in other assemblies, we decided to test the effect in stability of
oligonucleotides containing 8-oxoA on 10-mers forming
RNA:RNA homo- and RNA:DNA hetero-duplex structures.
The length of these strands was chosen based on biologically
relevant events that occur on RNA chains of similar dimen-
sions such as the seed region in miRNA.**** The duplex struc-
tures also contained base pair mismatches on both 5'- and 3'-
ends to mimic some of the interactions observed between
miRNA and mRNA structures. The sequence for the selected
strands in this work (Figure 1) enabled us to test structures
containing a single modification in different positions of the
strand, that is, in the middle (single or consecutive modifica-
tions) or two bases away from the 3'-end using uridine (U/T)
as its Watson-Crick complementary base pair. Melting temper-
atures were recorded by following the hypoellipticity of the CD
band at A, = 270 nm.

We used circular dichroism as an indicator of the presence/
absence of secondary structures. A single-stranded (ss) RNA
displays a band with positive ellipticity at about 270 nm. This
is in contrast with double stranded (ds-RNA) and/or forma-
tion of another structure containing an A-form duplex (i.e.,
hairpin, self-dimer, or pseudoknot), which can be character-
ized by (1) a hyperchromic shift in the band at 270 nm, and
(2) the appearance of a band with negative ellipticity at about
210 nm. Also, a B-form duplex displays two main bands at
about 280 and 240 nm with positive and negative ellipticity,
respectively.

Consistent with this designation, CD spectra of single
stranded RNA complement 6 showed a band with positive
ellipticity (Amax = 270 nm) only, indicating a lack of secondary
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FIGURE 1
sponding RNA or DNA complementary strands.

structure. On the other hand, spectra obtained from hybridiza-
tion of canonical RNA 1 with RNA 6 or DNA 7, and of DNA 8
with DNA 7 showed the signature bands that indicate forma-
tion of their corresponding duplex structures (Figure 2). Solu-
tions containing RNA 1:RNA 6 or RNA 1:DNA 7 assumed an
A-form helix.** The observed band with negative ellipticity at
about 240 nm has been assigned to the percent of single
stranded regions.*® Furthermore, increased ellipticity in a band
with A, about 220 nm is consistent with an overall structure
having features of both the B-form and A-form.”® Control
experiments to compare B-form DNA using the same sequence
(DNA 7:DNA 8) displayed the expected spectrum.

CD spectra of RNA 1 alone showed bands [ellipticity at 270
(+),240 (-), 220 (+), and 210 (-) nm] consistent with folding
into a secondary structure. Attempts to obtain a T, value failed
and the lack of a defined sigmoidal curve suggested the pres-
ence of more than one structure.”’ Calculations® predicted
formation of two hairpins, in agreement with the observed CD
showing a secondary structure [Figure 2b and Table I, column
2]. Hybridization of RNA 1 with its corresponding comple-

RNA sequence (left) of canonical and modified 10-mers hybridizing with their corre-

ment six resulted in increased ellipticity of the CD bands
observed in the absence of the complementary strand, in agree-
ment with the formation of an A-form duplex. T, measure-
ments were recorded by following the hypoellipticity of the
main band (4, = 270 nm), indicating dissociation of half of
the ds-RNA population at 65.4°C (Table I, column 3). Double
stranded heteroduplex and DNA:DNA samples were prepared
in the same manner and displayed changes in their T;, of about
10.8 and 19.1°C lower, respectively.

Incorporation of one modification closer to the 3’-end
yielded RNA 2, and as observed in strand 1, a secondary struc-
ture was observed in the absence of complement. T, measure-
ments showed a more defined transition, showing a clear
sigmoidal shape, albeit with a T;, value lower than 10°C. This
observation suggests for the presence of one structure that is
stabilized by 8-0x0A, possibly folding to the hairpin containing
a GAAGA* pentaloop (Figure 2b), where the modification at
the first base in the loop provides stabilization of the structure
vide infra. Subsequently, hybridization of RNA 2 with its RNA
complement 6 resulted in duplex formation with a AT, value

a) b) c A
N\ — ds-RNA:RNA G A
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a ---- ss-RNA A3‘
h
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FIGURE 2 (a) CD spectra of canonical double stranded using strand 1, (ds) RNA:RNA,

RNA:DNA, DNA:DNA, or RNA complement 6 as single stranded (ss) RNA structures. 25 uM RNA,
5 mM MgCl,, 10 mM NaCl, and 1 mM sodium phosphate pH 7.2. (b) Predicted secondary struc-

tures obtained from RNAs 1 and 2.
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Table I T, Values of Homo- and Hetero-duplex of Canonical and Modified RNAs

RNA:RNA 1 - Mod RNA RNA:DNA 1 - Mod RNA Homo-Hetero Homo-Hetero
RNA 2° Structure (T,) T AT, T AT, AT, AAT,,
1 Yes (nd) 65.4+0.3 - 54.6 £ 0.5 — 10.8 £0.7 —
2 Yes (< 10° C) 50.3 £0.1 15.1 0.3 38.9+*0.3 15.7 £ 0.6 11.4£0.3 —0.6*04
3 X 52.6 £0.8 12.8 £0.9 38.9£0.1 15.7 0.7 13.7£0.9 —29=*1.1
4 X 36.7 £ 0.7* 28.7 = 0.8 24.3 £ 0.1* 30.3 0.7 12.4 0.7 —16%1.1
5 X 21.5 = 0.4* 439+ 0.5 < 10 > 35 na na

T;, measurements of DNA 7:DNA 8 double stranded DNA yielded a value of 46.3 * 0.2; AT;,, = 19.0°C to RNA:RNA.

2 Structure indicates folding in the absence of complement.

AT, (1 — Mod RNA) indicates the difference when compared to the canonical analogue.
AT, (Homo—Hetero) indicates the difference in Tj,, between homo- and hetero-duplex structures.
AAT;, represents the difference in AT, between homo- and hetero-duplexes.

All T;,, values were obtained via CD recorded at 270 nm.

The error represents that of experiments performed in duplicate* or triplicate.
nd, not determined; na, not applicable; Mod RNA, modified RNA structures 2-5.

about 15.1°C lower than its canonical analogue (Table I, col-
umn 4). This result shows that one 8-oxoA modification is suf-
ficient destabilize the double stranded
significantly. Similarly, hybridization using DNA 7 yielded the
corresponding RNA:DNA analogue and displayed a AT, of
about 15.7°C (Table I, column 6), thus indicating that the
destabilization imposed by the lesion is similar to that obtained

to structure

in the homoduplex structures.

To test for a position dependent effect, a single modification
was incorporated in a region closer to the center of the strand
to yield RNA 3. Although formation of a secondary structure
was expected in the absence of complementary strands, CD
did not display a band at 210 nm, thus indicating that the posi-
tion of 8-0x0A in this region inhibits the folding observed on
samples of both RNA strands 1 (canonical) and 2 (Figure 2b
and Table I, column 2). We are investigating this observation
further to address the effects of the lesion at this position
(another unpredicted structure cannot be ruled out at the
time). A decrease in stability was also detected upon formation
of the corresponding RNA:RNA and RNA:DNA duplex with a
AT, of about —12.8 and —15.7°C with respect to one. This is
in agreement with a larger disruption in the heteroduplex
structures as the modification is further from the 3’-end. This
may be due in part to a higher structural flexibility, thus sug-
gesting for a lower impact in RNA:DNA complexes containing
this lesion.

We then proceeded to test the effect of two consecutive
modifications and synthesized RNA 4. In agreement with a
larger number of oxidatively damaged nucleotides (one in the
same position as in RNA 3), no secondary structure was
observed in the absence of complementary strands (Table I,

column 2). Furthermore, T;;, measurements of hybridized sam-
ples showed a larger destabilization with respect to its canoni-
cal analogue one showing AT, values of about 28.7 and
30.3°C in RNA:RNA and RNA:DNA, respectively. The differ-
ence with modified RNA 3 of about 15.9°C (in RNA:RNA)
suggested the possibility of an additive effect as a function of
number of lesions. To test this hypothesis we modified the
canonical RNA at the three available sites to yield oligonucleo-
tide five. T, experiments performed on this RNA:RNA duplex
showed a difference of 15.2°C with respect to RNA 4, well in
agreement with the changes observed between RNAs 3 and 4.
The same analysis could not be performed with the RNA:DNA
heteroduplex due to the low T;, recorded (<10°C, Table I, col-
umn 5).

It is noteworthy that the difference between RNA:DNA
duplexes three and four is also within the same range (14.6°C).
This value is 4-5°C higher than that reported by Kim et al.,”'
presumably due to the higher G-C content present in the
strands used in our work. We then used the change in molar
ellipticity as a function of temperature to obtain thermody-
namic parameters® on RNA:RNA duplexes formed with RNA
strands 1, 3, 4, and 5 (see Supporting Information SI). Van't
Hoff parameters, enthalpies (AH®), entropies (AS°), and free
energies (AG®), were obtained from the slope and intercept of
1/T,, versus In(C/4).° The change in free energy (AAG®)
from incorporation of one modification (RNA 1 compared to
RNA 3) was of 0.9 Kcal/mol, while incorporation of two
lesions resulted in a destabilization of about 2.7 Kcal/mol
(RNA 1 compared to RNA 4). Attempts to obtain these param-
eters on RNA 5 yielded a poor R’ value, presumably due to the
low T, value observed on this structure. These changes are
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FIGURE 3 CD spectra (left) corresponding to the indicated RNA strands 9-12 (50 uM RNA,
5 mM MgCl,, 10 mM NaCl, and 1 mM sodium phosphate-pH 7.2) and hairpin structure highlight-

ing the modification sites (top right).

consistent with a decrease in duplex stability upon increasing
the number of oxidative lesions within the duplex structures.
With the interest in testing the conformational changes
imposed by this lesion on other structural motifs, we decided
to use short hairpins with similar sequences to known RNA
strands that met the following criteria: (1) Ty, higher than
room temperature, and (2) containing adenosine at both the
stem and/or closing base pair of the loop. We chose a short
hairpin composed of a three base pair long stem and a UUCA
tetraloop (Figure 3). Hairpin formation was followed via CD
and, as in the duplex structures, displayed bands with positive
and negative ellipticities at about 270 and 210 nm, respectively.
CD spectra of control oligonucleotide 9 displayed the expected
bands characteristic of a hairpin structure, albeit with a lower
T,, than that reported previously.”® This difference can be
rationalized with the fact that the authors used 5-
methyluridine and other modifications within the stem. Melt-
ing temperatures for RNA strands 9—12 showed concentration
independent profiles, in agreement with formation of the low-
est energy structure mainly.”® Substitution of A with 8-oxoA at
the stem produced RNA 10, which resulted in significant desta-
bilization that inhibited formation of the hairpin. This is evi-
denced in the CD spectra taken at room temperature and
showing a single band with positive ellipticity, indicative of a
single stranded structure (A,,,, = 270 nm). Lowering the tem-
perature (about 4°C) of samples containing 10 induced folding
into a secondary structure (increased ellipticity and appearance
of the band at 210 nm, Supporting Information SI), albeit at
an incomplete stage, as observed via the lack of a sigmoidal
curve upon melting. The observed AT, of >about 22.5°C,
with respect to its canonical analogue nine is larger than the
difference of about 15°C observed on double stranded chains.

Biopolymers

This value however may vary with loop sequence and/or stem
length, as the modification may stabilize/destabilize the overall
structure.

As the stability of hairpins is known to be dependent on
sequence and length, we set out to incorporate the oxidative
lesion within the loop, one position from the closing base pair
to yield RNA 11. As illustrated in Figure 3, CD spectra corre-
sponding to RNA with substitution at A7 displayed bands con-
sistent with formation of a hairpin and with no significant
difference in AT, values, which shows that modification at
this position is not related to the stability of the hairpin. We
then set out to test the possible formation of a hairpin upon
concomitant modification at the two sites. RNA 12 was
obtained and characterized as described below; however, CD
spectra obtained at various temperatures (20-3°C) did not
show formation of a secondary structure. These results indicate
that both the position and the number of lesions may affect
the overall structure in a different manner and magnitude.

To corroborate these observations and quantify the effect of
8-oxo0A within the stem, we decided to increase the length of
the stem by adding a C-G base pair without varying the
sequence of the tetraloop. The design was such that similar
positions to those in the shorter hairpins were also modified,
leading to RNAs 13-16 (Figure 4). As indicated in Table II and
in agreement with a longer stem, we found that melting of the
canonical hairpin 13 occurred with a difference of about
+27.6°C with respect to its shorter analogue (10-mer). Incor-
poration of 8-oxoA at the stem yielded RNA 14, which dis-
played a CD pattern consistent with formation of a hairpin
and resulted in a T}, depression of about 24.9°C. As in the case
of the shorter analogue 10, this value is in agreement with a
larger destabilization than that observed in the duplex samples.
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Hairpin 13 - mod RNA
RNA X Y Tm (°C) AT,
13 A A 60.1+0.5 —_
14 oxo0-A A 35.2+0.2 24.9+0.5
15 A oxo-A 60.7£0.5 0.6+0.8
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(right) and Table II (left). Hairpin sequence and structure of RNA strands 13—16 con-

taining tetraloop UUCX (X = A or 8-oxoA) and its proposed transformation from 14/16 to 17
(left). T, and AT, values of RNAs 13—16. All T, values were obtained via CD at 270 nm. Experi-
ments were performed in triplicate or duplicate* (right). Mod RNA = modified RNA structures

14-16.

We also reasoned that this observation may be attributed to the
proximity of the modification to the loop, thus setting up for-
mation of a less stable structure (RNA 17) containing a larger
loop (UCUUCAGA®*)/shorter stem (G:C, C:G) or hexaloop
(CUUCAG)/stem (U:A°*°, G:C, and C:G). To validate the for-
mation of a hairpin with a larger loop, we synthesized two RNA
models designed to form an octaloop or a hexaloop. (Figure 4).
Strands 18 and 19 displayed CD spectra consistent with hairpin
formation and showed T;, values of 18.1 and 44.5°C. These
results are in agreement with structural transformation 14 —
17, with a T, value that shows preference for formation of a
hairpin containing a hexaloop and not an octaloop (RNA 17).

To test for the effect upon modification at the loop, we syn-
thesized RNA 15. As in the case of the shorter hairpin, T,
measurements displayed a value that is within error of its
canonical analogue 10 (T, =60.7°C) showing no obvious
interactions at this position. As a last control, we synthesized
disubstituted RNA strand 16. Contrary to the results obtained
for the shorter hairpin 12, RNA 16 showed formation of a hair-
pin with a measurable melting temperature about 4.9°C higher
than that of oligonucleotide 14 (containing a single modifica-
tion at the stem). This observation suggests formation of a
more stable hairpin structure upon concomitant modification
of the stem and loop regions, consistent with the proposed for-
mation of RNA 17 (hexaloop). It is known for the identity of
this position to be in direct relationship with both the stem and
the loop, and thus impact the stability of the hairpin.’>>> One
explanation can be found in the possible increased stacking
interaction between 8-oxoA and Gg,”* which may arise from
the feasibility of 8-0x0A to exist in either syn- or anti-
conformations.

DISCUSSION
To test the implications regarding the stability and structural
changes imposed by 7,8-dihydro-8-oxoadenosine (8-0xoA) on

oligonucleotides of RNA forming different secondary struc-
tures, we incorporated 8-oxoA into specific sites of RNA. CD
confirmed formation of the targeted secondary structures, i.e.,
double stranded DNA:RNA/RNA:RNA and short hairpins. We
found that incorporation of a single lesion destabilized both
RNA:RNA and RNA:DNA duplex structures, reflected by a Ty,
depression of as much as about 15.7°C. The position of the
modification did not have an effect on the heteroduplex, how-
ever, RNA:RNA double stranded samples experienced a larger
disruption (about 2.4°C) when the lesion was closer to the 3'-
end (RNA 2). These results are in agreement with the destabili-
zation trend observed by Kim et al?’ on 12-mers of an
RNA:DNA duplex containing a single lesion. In addition, we
found that incorporation of two or three modifications led to
detrimental AT, values between 13 and 16°C each, thus sug-
gesting that this may be a reasonable temperature range to pre-
dict the effect of this modification in oligonucleotides of RNA.
We also confirmed the known stability trend on canonical
homo- and hetero-duplexes (RNA:RNA > RNA:DNA > D-
NA:DNA),*?¢ and found that the effect of the modification
on homo- or hetero-duplexes is independent of structure.
8-0x0A was incorporated on 10-mers and 12-mers of RNA
that folded into short hairpins containing a UUCX (X = A, 8-
0x0A) tetraloop. The stem was lengthened from three (RNA 9-
12) to four (RNA 13-16) base pairs as a way to increase the
melting transitions and quantify some of the effects not

uc uc
u- "A u A -
c fo) c A | Hairpin
Uu u U-A RNA | T,(C)
g:g g:g 18 | 18106
5 3 5 3 19 | #5401
18 19

FIGURE 5 Sequence and structure of RNA strands 18 and 19. T,
values were obtained from their CD spectra and were performed in
triplicate.

Biopolymers



observed in the shorter series. CD spectra corresponding to
both canonical RNA strands 9 and 13 folded into the expected
hairpin displaying melts at about 32.5 and 60.1°C. We then
introduced a modification at the stem of both hairpins to
obtain RNAs 10 and 14, and found that 8-oxoA inhibited for-
mation of the secondary structure in the shorter stem (cooling
the sample to 4°C induced hairpin formation, T;, < 10°C). On
the other hand, oligonucleotide 14 and 16 folded into a sec-
ondary structure that displayed a larger destabilization (T,
lower by about 25 and 20°C from control) than that observed
on the duplex samples. We concluded that both RNA strands
14 and 16 are likely to form a structure resembling that of
RNA 17 (hexaloop), with Ty, values falling closer to hexaloop
hairpin model 19 than octaloop hairpin 18.

Modification of the loop region in the presence/absence of
a modified stem (RNAs 11 and 15) resulted in no effect toward
the secondary structure, as evidenced by the similarity in T,
values (within error). These results are in agreement with the
proposed structures for ss-RNA-1 and ss-RNA-2 (Figure 2,
right), in which the presence of 8-0x0A stabilizes one structure
over the more stable hairpin. Another example of this effect is
observed in the formation RNA 17, where the presence of this
oxidative lesion leads to a different structure that is stable at
room temperature. Finally, concomitant substitution at the
stem and loop in RNA 12 inhibited folding into a secondary
structure, while longer RNA 16 formed a hairpin, which
showed to be more stable than its stem-substituted analogue
14 (about +4.9°C difference). This result may be explained
through the formation of another structure such as RNA 17 or
via the synergy of two effects, destabilization at the stem with
stabilization at the loop.

Overall, we found that the effect of the oxidative lesion 8-
0x0A in oligonucleotides of RNA can be position dependent
and while a destabilizing effect is generally expected in double
stranded regions of RNA:RNA or RNA:DNA duplex structures,
it may also give rise to other structural motifs. These results are
of importance, as the functionality within structurally depend-
ent RNA may be altered upon oxidative stress in biologically rel-
evant systems. While the destabilization observed in the
presence of two or more lesions may be desired to promote deg-
radation of the modified RNA, modification at other positions
such as the loop in a hairpin may have no effect. In this case,
the consequences regarding the presence of the lesion may result
in deleterious effects due to the retention of secondary structure
with modified RNAs. We are in the process of expanding this
study to other more structurally complex structures to explore
the generality of the results presented in this study. We are also
interested in incorporating this lesion into functional RNAs
e.g., miRNAs and siRNAs,>” to explore the outcomes inflicted
by this lesion on biologically relevant processes.

Biopolymers
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CONCLUSION

We incorporated the oxidative lesion 7,8-dihydro-8-hydroxya-
denosine into oligonucleotides of RNA and used circular
dichroism to asses structure and stability changes imposed by
this modification. Short hairpins, homo-, and heteroduplexes
were used as models. We found that the effects of this lesion
depend on position and number of modifications and may
result in altered stability. Although destabilization can be gen-
erally expected, there are instances in which stabilization may
occur and lead to the formation of other structural motifs. We
are currently exploring the relationship between the effects of
this lesion and RNA function using other systems.

EXPERIMENTAL SECTION

General Methods

Mass spectra (MALDI-TOF MS) were recorded on an ABI
4800 Plus MALDI TOF/TOF analyzer. Melting points were
obtained using a DigiMelt MSRS. CD spectra were recorded
using a J-815 circular dichroism spectropolarimeter. Samples
for MALDI-TOF analysis were prepared according to a previ-
ous procedure using a 2,4,6-trihydroxyacetophenone
(THAP).” Oligonucleotides were synthesized on an applied
biosystems incorporated 394 oligonucleotide synthesizer. Oli-
gonucleotide synthesis reagents were purchased from Glen
research (Sterling, VA) and used without further purification.

CD Spectroscopy

CD spectra were recorded on a Jasco-815 spectropolarimeter at
various temperatures (PTC-348W1 peltier thermostat) using
Quartz cuvettes with a 0.1 cm path length. Spectra were aver-
aged over three scans (330-190 nm, 0.5 nm intervals, 1 nm
bandwidth, and 1 s response time) and background corrected
with the appropriate buffer or solvent. Solutions containing
the RNA strands 9-12 had the following composition: 50 M
RNA, 5 mM MgCl,, 10 mM NaCl, and 1 mM sodium
phosphate-pH 7.2. All others contained 25 uM in RNA/DNA
using the same buffer and salinity. All solutions were hybri-
dized before recording spectra by heating to 90°C followed by
slow cooling to room temperature. Melting temperatures were
recorded at 270 nm with a ramp of 1°/min and step size of 0.2
and were determined from the maximum in the first derivative
of the melting curve.

SUPPORTING INFORMATION

MS spectra corresponding to the characterization of the
described RNAs is included. CD spectra of all the pertinent
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experiments, including melting temperature measurements
can also be found therein. Van't Hoff plots and thermody-
namic parameters is included along with NMR, IR, and
HRMS data corresponding to the characterization of the phos-
phoramidite of 8-oxoA.

Yu Jung Choi acknowledges a UROP award from CU Den-
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facilities, Structural Biology and Biochemistry, University of
Colorado, Anschutz Medical Campus. Mass spectrometry of
oligonucleotides was performed at the Mass spectrometry core
facilities, University of Colorado, Skaggs School of Pharmacy
and Pharmaceutical Sciences, Anschutz Medical Campus.
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