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ABSTRACT. Aptamers interacting with RNA hairpins through leelmop (so-called kissing) interactions

have been described as an alternative to antisense oligomers for the recognition of RNA hairpins. R06,
an RNA aptamer, was previously shown to form a kissing complex with the TAR (trans-activating
responsive) hairpin of HIV-1 RNA (Ducorigend Toulnig(1999)RNAS5, 1605). We derived a chimeric
locked nucleic acid (LNA)/DNA aptamer from RO6 that retains the binding properties of the originally
selected R06 aptamer. We demonstrated that this LNA/DNA aptamer competes with a peptide of the
retroviral protein Tat for binding to TAR, even though the binding sites of the two ligands do not overlap
each other. This suggests that upon binding, the aptamer TAR adopts a conformation that is no longer
appropriate for Tat association. In contrast, a LNA/DNA antisense oligomer, which exhibits the same
binding constant and displays the same base-pairing potential as the chimeric aptamer, does not compete
with Tat. Moreover, we showed that the LNA/DNA aptamer is a more specific TAR binder than the
LNA/DNA antisense sequence. These results demonstrate the benefit of reading the three-dimensional
shape of an RNA target rather than its primary sequence for the design of highly specific oligonucleotides.

RNA folding is a strong limitation to the use of antisense if the penalty energy to be paid for opening the structure in
oligonucleotidesY) and siRNA @). Even though many RNA  the first case is equivalent to the destabilization introduced
structures play an important role in gene expresss g, by the mismatches in the second case. In other words,
such regions are generally not considered as valid targetsincreased affinity might be a source of decreased specificity,
for complementary regulatory oligomers: intramolecular a dilemma that has been recognized for a long tifr8z 14).
RNA—RNA interactions prevent or at least weaken the [ jgands that interact with the folded structure, using, for
intermolecular RNA‘O”QO”UCleotide association. A limited instance, local tr|p|e helix formation]_6—l7) or aptamer
number of studies have been devoted to the targeting of RNArecognition @, 18), may circumvent or at least limit this

motifs. Different types of strategies have been developed ( problem. We explored this latter strategy over the past few
10). First, the energy required for opening the RNA structure years and identified aptamers interacting with RNA hairpins
can be minimized. One generally takes advantage of pecU-through loop-loop interactions 19, 20). The in vitro
liarities (loops, bulges) for choosing the target sequence, thusselection carried out against the trans-activating responsive
reducing the price paid for opening the structute)(  (TAR?) element of HIV-1 led to the characterization of
Second, one can make use of h|gh aff|n|ty derivatives that aptameric RNA hairpins that form kissing Comp|exes with
promote the binding of the oligomer at the expense of TAR, involving at most the formation of six base paigd).
intramolecular pairing ¥2). A number of oligonucleotide  TAR is a 59 nucleotide long imperfect hairpin located at
analogues with modified bases, sugar, or internucleosidethe very 5 end of the retroviral RNA thatrans-activates
linkers have been developped to this aim. Of course, high the formation of full length HIV transcripts upon binding to

affinity derivatives can be introduced in sequences targetedthe viral protein Tat and host cellular facto; @2, 23).
to optimized sequences. However, one should be aware that

oligomers displaying a high binding constant for a target

being part O.f a secondary structure may also bind to aNintroduction of locked nucleic acid (LNA) residues. LNAs
accessible (single-stranded) mismatched sequence. An equivas . 1\ cleic acid analogues, with &Q—4'-C-methylene
lent amount of complexes will be formed Wlt_h the intended linkage (Figure 1A)24—26) showing unprecedented affinity
folded target or with a noncomplementary linear sequence . o complementary RNA sequenca7), We designed
tS.R. is the recipient of a SIDACTION fellowship (grant 23041- an LNA/DNA chimera hairpin with a four base pair stem
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Ficure 1: Scheme of the locked nucleic acid monomer and of the
TAR—aptamer kissing complex. (A) Schematic representation of

the locked nucleic acid monomer. (B) Sequence and secondarydescribed previously3(). Briefly,

structure of the looploop complex formed between the R@6
aptamer and miniTAR RNA used in this study. The consensus

octamer obtained from in vitro selection and the loop bases of the

TAR element susceptible to base pairing with the aptamer loop
are shown in bold. The substitution of the closing A residue of the
aptamer loop (underlinedyta C generates the LD@&gc) variant
used in Figure 3A. The numbering of the TAR residues refer to
the full length element.

LNA residues in the eight nucleotide loopg). This chimeric
aptamer binds to the TAR hairpin with an affinity similar to
that of the parent RNA aptamer, very likely through the
formation of a six base pair loegoop helix. The chemically
modified LNA/DNA octamer, homologous to the aptamer
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Melting Cures.Melting curves were collected by measur-
ing the change in absorbance at 260 nm using a Uvikon UV/
Vis spectrophotometer (BIOTEK) equipped with a 10-
position sample holder and a Peltier temperature control
accessory. Samples (@M final concentration of each
oligomer in the mixture, in 20@L of 20 mM cacodylate
buffer (pH 7.3 at 20°C) containing 140 mM potassium
chloride, 20 mM sodium chloride and 0.3 mM magnesium
chloride) were heated at a rate of 0@/min from 5°C to
90 °C. Samples were overlaid with 3@ of mineral oil to
prevent evaporation at high temperatures. An initial 30 min
equilibration time was included prior to the temperature
ramping. The midpoint of the melting transitiom;, was
given as the peak of the first derivative of the UV melting
curve.

Electrophoretic Mobility Shift AssayMiniTAR RNA—
aptamer complexes were monitored by an electrophoretic
mobility shift assay (EMSA) at room temperature as
a total of 0.5 nM §2P]
5'-end-labeled aptamer LD@Sor anti-loop asL@ were
incubated with increasing concentrations of miniTAR BRU
or MAL (Figure 2A) for 1 h at 23°C in a 20 mM HEPES
buffer at pH 7.3, at 20C, containing 20 mM sodium acetate,
140 mM potassium acetate, and 3 mM magnesium acetate
(R buffer). Binding reactions were loaded onto running native
gels equilibrated at 4C (15% (w/v) acrylamide and 75:1
acrylamide/bis(acrylamide) in 50 mM Tris-acetate (pH 7.3
at 20°C) and 3 mM magnesium acetate). The electrophoresis
was carried out at 300 V at 4C for 4 h. The radioactivity
was quantified with an Instant Imager apparatus (Hewlett-
Packard). The apparent dissociation equilibrium conskatt,
was deduced from data point fitting of the titration curves

loop that can also give rise to the same six base pairs, binds/Sing Kaleidagraph 3.0 (Abelbeck software) according to eq

as strongly to the TAR loop as the chimeric aptamer. We
demonstrate in this article that the LNA/DNA aptamer highly
discriminates between two TAR variants, differing only by
a single mutation in the loop, whereas the LNA/DNA

antisense sequence does not. Moreover, this modified

aptamer competes with a peptide derived from the viral
protein Tat for binding to TAR, whereas the antisense LNA/

_ Bmax [RNA,

~ Kd+ [RNA, @)

whereB is the proportion of compleBmax is the maximum
of complex formed, and HNA, is the miniTAR total

DNA octamer does not. Because the binding sites of the concentration.

aptamer and the Tat peptide, the apical loop and a bulge,

Footprinting of TAR/Oligonucleotide Complexe§en

four base pairs below the loop, respectively, do not overlap, Picomoles of in vitro transcribed TAR RNA were dephos-
this suggests a teleo-specific effect. The aptamer, but notPhorylated with the Shrimp Alkaline Phosphatase (SAP, USB
the antisense octamer, switches the conformation of the TAR Corporation) and then radioactively labeled at theril with

bulge region to a structure that is no longer recognized by [7-*P] ATP and the T4 polynucleotide kinase (T4 PNK,
the Tat peptide. USB Corporation) according to the manufacturer’s instruc-

tions. The labeled fragments were purified by polyacrylamide
gel electrophoresis. In total, 0.2 picomoles 6Ehd-labeled
TAR RNA were incubated in 50 mM Tris-acetate buffer at
OligonucleotidesDNA and RNA were synthesized onan pH 7.5 at 20°C, containing 50 mM sodium acetate and 5
Expedite 8908 synthesizer. Oligomers containing LNA units mM magnesium acetate in the presence or the absence of
were synthesized as previously described on an automatedlO pmol of LNA/DNA chimera oligonucleotides for 30 min
DNA synthesizer 29). All oligonucleotides were purified  at 37°C. Subsequently, 2L of a fresh solution of 25 mM
by electrophoresis on denaturing 20% polyacrylamide/7 M lead(ll) acetate was added, and the incubation was continued
urea gels and desalted on Sephadex G-10 spin columnsfor 2 or 5 min. Reactions were stopped by addingL50f
Oligomers were solubilized in sterile RNase- and DNase- 0.1 M EDTA, and the labeled transcripts were precipitated,
free distilled water and stored a20 °C. The concentration  suspended in gel loading buffer and analyzed on an 8%
of all oligomer solutions was quantitated using spectrometric polyacrylamide/8 M urea sequencing gel run in TBE.
absorbance values at 260 nm. The molar absorptiviy)( Aptamer/Tat Competition AssayisnM 32P-labeled mini-
of LNA-containing oligonucleotides was calculated assuming TAR was incubated with 100 nM Tat peptide, Jaamino
identical absorptivities for LNA and DNA nucleotides. acids 3772 of the Tat protein) (Neosystem) and with

MATERIAL AND METHODS
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Ficure 2: Analysis of oligonucleotideminiTAR complexes by
electrophoretic mobility shift assays. (A) Sequence of oligonucle-
otides used in this experiment. Capital letters represent RNA, capital
letters in bold represent LNA, and lower case letters represent DNA.
Underlined bases for miniTAR MAL are those that differ from
miniTAR BRU. The A residue in the 12th position was substituted
by a C for generating a G,C variant that no longer binds to mini
TAR BRU or MAL (28). (B) Radiolabeled LDOg& (top panels) or
asLD; (bottom panels) derivatives were incubated in R buffer at
23°C with increasing amounts of miniTAR MAL as indicated (left
panels) or of miniTAR BRU (right panels).

increasing concentrations of aptamer LRY6r anti-loop
asLDs in R buffer containing 0.01% Triton X-100 and 1 mM
DTT at 37°C for 2 h. Complexes were loaded onto running
native gels (10% (w/v) acrylamide and 75:1 acrylamide/bis-
(acrylamide) in 50 mM Tris acetate (pH 8.3 at 20) and

20 uM magnesium acetate) and electrophoresedfb at

12 W, at 4°C. The gel was dried and visualized by
autoradiography.

RESULTS

The RNA hairpin RO6 previously selected against the TAR
RNA element of HIV-1 p1) was truncated to generate the
aptamer RO& (Figure 1B), which retains the originally
selected 8 nucleotide loop @ra 4 bpstem as well as the
binding properties of the parent aptam28); A chemically
modified analogue, LDQg, was then prepared in which the
two base pairs at the bottom of the stem and four loop
nucleotides (T6, C8, A10, and G11) were introduced as LNA
residues in a DNA context (Figure 2A). Such chimeric
oligonucleotides were previously shown to adopt A-type

Darfeuille et al.

Table 1: Melting Temperaturel) of Aptamer and Antisense
Oligonucleotides Complexed with BRU or MAL MiniTAR Variants

Ligands Sequence 5'-3' Tm (°C)
BRU MAL
GuUC
& CACG C
RO6,, 3GUGC ¢ 30.5+x1.5° <10
AGA
asRg 5'GUCCCAGAs:  20.3 +0.4° ND¢
gTc
5:CACg C
LDO06,, 3#GTgc ¢ 31.8+0.4° <10
aGA
asLDg 5:gTcCchAGas: 326 +0.5 20.9+0.9
asLg s'TCCCAGs: 44,6 +0.9 > 35¢
asL, 5'GTCCCAGA:: 438 +0.5 > 35¢

a Capital letters represent RNA, capital letters in bold represent LNA,
and lower case letters represent DN, values are the average and
standard deviation of at least three independent experimeata® T,
values are from ref28) and @4), respectively ND: not determined.
9No accurate determination of tfig, value was possible because the
transition corresponding to the dissociation of the complex partly
overlapped the melting of the TAR stem.

helix geometry 25, 27) and are, therefore, excellent mimics
of the originally selected RNA aptamer. The chimera LR06
gives rise to a looploop complex with miniTAR (a RNA
hairpin corresponding to the apical part of the TAR element)
characterized by &, similar to that of the unmodified TAR
RNA-aptamer RNA complex2Q).

Stems are crucial structural determinants of stable-toop
loop complexes because they provide continuous stacking
from one end of the complex to the other through the teop
loop helix 31—33). This accounts for the increased stability
of the mini-TAR—RO06,6 complex 'm = 30.5°C) over that
of the one formed between miniTAR and askhe linear
RNA octamer corresponding to the R06 loofp,(= 20.3
°C), even though six base pairs can be formed in both
complexes (Table 1;2¢, 34)). In contrast the antisense
sequence aslLfdcorresponding to the apical loop of the
chimera LDO0Gg binds as strongly to TAR as the LNA/DNA
aptamer {m = about 32°C). The fully LNA-modified
octamer ask.is an even stronger ligand than the antisense
chimera [, = 43.8°C; Table 1). As expected, the terminal
bases of this octamer do not contribute to binding because
the antisense hexamer askhows the samé&, as that
obtained with ast (Table 1).

LNA/DNA Aptamer Is a More Specific TAR Binder than
the Antisense Sequenddp to this point, experiments were
carried out with the BRU variant of TAR, which was used
as a target for the in vitro selectio2). The loop of the
TAR MAL variant differs by one base from TAR BRU, the
U residue being substituteg la C (Figure 2A). Consequently
the binding of TAR MAL to the aptamer LDQ@gor to the
antisense asLgenerates an A,C mismatch. The binding
of LD06,s and asL[3 oligonucleotides to either mini-TAR
BRU or MAL was compared by electrophoretic mobility shift
assay. The addition of miniTAR BRU to radio-labeled



Aptamers: High Specificity Ligands Biochemistry, Vol. 45, No. 39, 20062079

A LD06,4(ga) LD06,(gc)
$58855558858 am
Taty (100nM) = + -++++ +-+++++

mnrarra,— | ) R

miniTAR/LD06,—» ' - w——n
. awe
miniTAR—> . ” L -

1 2 3 4 5 67 89 1011 12 13 14

B asLDg c
S SO
SSSSS am

¥~ O Y

Taty, (100nM) - + - + + + +
miniTAR/Tat,—> vl g g™ -

miniTAR—> | (g« W« =
-

1 2 3 4 5 6 7 1 2 3 4 5

Ficure 3: Inhibition of Tat-TAR interaction by chimeric LNA/DNA aptamers or an antisense oligomer. (A) The LP&tamer was

used with either G,A (left) or G,C loop-closing deoxynucleotides (right) (see legend Figut#*dabeled miniTAR BRU (2 nM) was
incubated at 37C in the absence (lane 1) or in the presence of 100 nM Tat peptide;;(lBates 2, 4-8, and 10-14). Aptamer variants

were added either to miniTAR alone (lanes 3 and 9) or to the miniFAR peptide complex at the concentrations (nM) indicated at the
top of each lane. Experiments were analyzed on a 10% polyacrylamide gel in Tris-borate buffer at pH 8°€ata2@aining 20uM
magnesium acetate, following incubation in R buffer as described in Materials and Methdd@B:IéRjeled miniTAR (2 nM) was incubated

at 37°C in the absence (lane 1) or in the presence of 100 nM of the Tat peptide (lane 2-@hdadL} was added either to miniTAR

alone (lane 3) or to the miniTARTat peptide complex at the concentrations (nM) indicated at the top of each lane. Experiments were
analyzed as in A. (C¥P-labeled asLB(2 nM) was incubated at 37C in the absence (lane 1) or in the presence of the Tat peptjdel)1

(lane 2). MiniTar (1«uM) was added to asL§in the absence (lane 3) or in the presence of the Tat peptide (lane 4M0Qlane 5: 1uM).

LDO06,s induced the appearance of a low mobility species at displays the same affinity, for both BRU and MAL viral

a low concentration <10 nM), whereas no retarded band targets, as the intact Tat protei@5. The effect of LNA/

was observed with TAR MAL up to 10M (Figure 2B, top). DNA oligomers on the Tgt—TAR interaction was analyzed

A guantitative analysis of the experimental results according by electrophoretic mobility shift assay. To allow Jat

to eq 1 led to an apparedd of 22.2+ 1.5 nM for the binding to TAR, the assay had to be carried out at low

miniTAR BRU—LDO06,6 complex. Therefore, this modified magnesium concentrations (2®) (30). Despite the reduced

aptamer behaves as the parent RNA aptamer and discrimi-affinity of LD06,s for TAR under these conditions compared

nates between the two targets differing by a single b28e ( to that under in vitro selection conditions (3 mM &g, a

In contrast with asLlp retarded bands were detected both specific inhibition of Tags binding to TAR was observed,

with miniTAR BRU (apparenKd = 40.1 + 3.8 nM) and and the addition of increasing amounts of LRHGduced

with miniTAR MAL (apparentkd of about 2.5:M) (Figure the intensity of the band corresponding to the TARat

2B, bottom). In addition, in this latter case, several slowly peptide complex (Figure 3A, lanes—Z). A complete

moving bands that likely correspond to different complexes dissociation of the Tat peptideniniTAR BRU complex was

are visualized (Figure 2B, bottom, left). Therefore, the obtained with a 4uM aptamer (lane 8), whereas a band

antisense oligomer displays a reduced specificity of binding corresponding to the miniTARaptamer complex was

than the aptamer. concomitantly observed. In contrast, no competition was
LNA/DNA Aptamer Inhibits the Binding of a Tat Peptide detected with the aptamer LDQEyc) in which the G,A

to TAR (the Antisense Oligomer Does Not)e Tags peptide residues closing the aptamer loop were substituted by G,C

containing amino acids 3772 of the Tat protein corresponds  (Figure 3A, lanes 1814). This G,C variant does not bind

to the minimal recognition motif that binds to TAR and to TAR, emphasizing the key role played by these residues
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(Figure 3C, lane 3). Moreover, the addition of the Tat peptide
2 5 (min) to the miniTAR—asLD; complex resulted in the appearance
3 of a species of reduced mobility, likely corresponding to the
formation of a TatminiTAR—asLD; ternary complex
(Figure 3C, lanes 45).

Footprinting of TAR/Oligonucleotide ComplexeEhe
above results for the complexes with the aptamer Lip06
Loop on the one hand and with the antisense asbithe other
hand suggest a different conformation of TAR BRU in the
two cases. We performed footprints on the two complexes,
using lead(ll) as the reager3q). In the absence of any added
ligand, strong cleavage sites were observed in the TAR bulge
} (Figure 4). Weak non specific cleavage sites were observed
Bulge
2

|

8

rum

at every other position of the TAR hairpin under the
conditions used for the experiment. In the presence of either
LDO06,¢ or asLDy, we observed a generally reduced sensitivity
to PIZ* in the loop region. But on the' Side of the TAR
loop, the C28 position was protected in the presence of the
aptamer, whereas it was sensitized in the presence of the
antisense octamer (Figure 4). No difference was detected in
the bulge, indicating that the binding of the LNA/DNA
oligomers does not alter its conformation.
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- . . Locked nucleic acid nucleotides were used to generate a
- se . modified version of the RNA kissing aptamer R06, previ-
. ; , > . ously obtained through in vitro selection against the TAR
- - -

‘XL N

-~ RNA element of HIV-1 21). The 2-O — 4'-C-methylene
linkage that locks the ribose ring in a @ndo conformation
Ficure4: Lead(ll) footprints of the complexes between TAR RNA  (N-type) provides LNA antisense oligomers with a very high
and the chimeric LNA/DNA aptamer or antisense oligom&p] affinity for complementary RNA compared to that for
5’-end-IabeﬁﬂeTe/lAF‘[{aﬁﬁf‘l_ilgfgzgr?r?iﬁgcﬁegetr?(?eligfatzfg,gﬂtitggnse antisense RNAZ6). LD06,, a LNA/DNA chimera derived
glri(;%?l%%?e%tide wgs incubated for 2 an%l 5 min with 25 mM lead- from a truncated RO6 aptamer, _genera_ttes a complex with
(Il) acetate as described in Materials and Methods. The C and L TAR as stable as the one obtained with the parent RNA
lanes correspond to the untreated TAR RNA and the alkaline ladder, aptamer 28). The six central bases of the R06 loop,
respectively. The Tlane corresponds to the TAR RNA digested 5 GUCCCAGAS, are complementary to the TAR loop. This
with RNase T. (RNase T1 preferentially cleaves after G residues pNA octamer is a poor TAR ligand compared to the aptamer,
in a single-stranded context). Part of the apical sequence of TAR d trating that the st f the RNA apt tribut
is given to the right (see Figure 1). emonstrating that the stem of the aptamer contributes
to the complex formation34). In contrast, there is no
in kissing complex formation2@). The Tats peptide does  difference in the thermostability of the complexes formed
bind to the MAL variant of TAR, but no displacement of between TAR and either the aptamer LRH6r the antisense
this peptide from miniTAR MAL was induced by LD@§ octamer asLl Therefore, the association between this
(data not shown). Because this oligomer is a poor TAR MAL antisense 8-mer and the RNA target follows the rules
ligand (see above), this indicates that the competition previously reported for LNARNA duplexes (i.e., LNA
between the aptamer and Jgfor binding to TAR BRU is residues are responsible for an increased affinity compared
directly related to the LDOg—TAR complex formation. to the antisense RNA octamer), whereas no benefit is brought
We then carried out a similar experiment with agL,D by the chemical modification in the aptamer conte2®)(
which is as strong a TAR ligand as LDR§Table 1 and This means that the loedoop helix in the kissing complex
Figure 2). However, the miniTARTatss complex was not cannot assimilate to a canonical A-type double helix. This
out competed by this LNA/DNA antisense chimera, that is, is even more clearly demonstrated with the fully modified
no dissociation of the complex was detected even in the LNA hexamers and octamers that are characterizedhy a
presence of 4M oligonucleotide (Figure 3B, lanes=4). of about 44°C (Table 1), whereas the LNA homologue of
It should be noted that no retarded band was detected uporR06 does not form a detectable complex under the same
addition of asLl3 to miniTAR BRU (Figure 3B, lane 3).  conditions 28). This conformational difference of the TAR
This is not related to the absence of interaction between thecomplexes suggests that different properties might be
two partners under these experimental conditions. This shouldexpected for the two types of ligands: antisense on the one
rather be ascribed to the low difference in molecular weight hand and aptamer on the other. Indeed, even though 1sD06
between the complex and miniTAR, which is not resolved and asL3 bind to their target with a similar affinity, we
on this gel. Indeed, under similar electrophoresis conditions, demonstrated that they display fundamental differences with
a miniTAR—asLD; complex was detected when the oligo- respect to specificity of target recognition and competition
nucleotide asLlp was radiolabeled instead of miniTAR  with Tat.
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The specificity of binding is a key issue for strategies, antisense oligomer was revealed by lead footprints. Generally
making use of complementary oligonucleotides, which aimed two kinds of RNA-induced cleavage can be detected on
at inhibiting the expression of a target gene. The length of RNA: weak unspecific cleavages due to free lead ions and
the sequence is the first parameter driving the specificity of strong specific ones due to ions coordinated to the RNA.
the effects induced by antisense oligonucleotides. The Strong cleavage sites were observed at the level of the TAR
minimal length for ensuring the unicity of a target in the bulge, in reasonable agreement with previous results; this
human genome ranges from 15 to 19 nucleotides, dependingoulge was suggested to be a binding site for calcium,
on the G,C content3{). On the one hand, long sequences magnesium, and lead ion39). The only changes in the lead-
increase the probability of generating mismatched hybrids induced cleavage pattern in the presence of oligonucleotides
with nontarget sequences stable enough under the experiwere located in the TAR loop. A difference was observed
mental conditions, thus inducing nonintended effects. On the between aptamer and antisense complexes on’ tsiel& of
other hand, short sequences might have more than onghe TAR loop. This suggests a slightly different structural
matched target site and consequently inhibit several genesorganization at the junction between the TAR upper stem
This trend is exacerbated when using oligomer derivatives and the duplex involving the loop. Pseudo-half knot forma-
of high affinity as previously demonstrated for theQ tion between hairpin loop and antisense sequences have been
methyl/DNA chimeric antisense oligomers. The increased described in which the heteroduplex is stacked on the 3
affinity of such oligonucleotides compared to those of strand of the hairpin stenl{). This is structurally different
methylphosphonate/DNA chimeras resulted in both increasedfrom the compact complex depicted for RNA/RNA kissing
antisense effects and decreased specificitids The results complexes 31—-33). Surprisingly, no cleavage site was
obtained with the MAL variant of TAR that differs from observed in the looploop helix, even though the kissing
BRU essentially  a U to Csubstitution in the loop and the  complex was reported to accommodate two magnesium ions
octamer asLlp are relevant. asLDforms a very stable  (31—-33).

Complex with the matched viral RNA target, but it also binds The TAR RNA element contributes to the regu|ation of
with a significant affinity to the mismatched one. The the HIV-1 genome transcription through the interaction with
presence of an internal A,C mismatch out of 6 base pairs several proteins, including the retroviral trans-activator
does not prevent its association to a nontarget site. Moreover protein Tat. Our results demonstrate that LRGpecifically
multiple complexes are formed (Figure 2B). Although, we interferes with the binding of a Tat peptide to TAR, an effect
did not attempt to ascribe any of the multiple bands seen onreminiscent of what was previously obtained with the N3
the electrophoresis gel with the asyBiniTAR mixture, P5 phosphoramidate R06 aptamer derivati86)( Because
some complex might involve an interaction of the antisense the aptamer recognizes a site (the apical loop) that does not
octamer with one strand of the TAR. Indeed, the oligomer oyerlap the Tat binding site (the bulge region), this suggests
is partly complementary to thé Bnd of the TAR RNA; the  that the aptamer switches the TAR element to a conformation
strong affinity of this LNA/DNA chimera likely allows both  no Jonger appropriate for Tat binding. However, we did not
the invasion of the double-stranded stem and the formation detect any modification of the lead-induced C|eavage pattern
of a stable mismatched duplex. Several octamers could bindin the bulge upon aptamer binding. It is known that Tat
simultaneously to a single target, leading to the complicated hinding leads to a major reorganization of the bulge region
pattern seen on Figure 2B. This low specificity of anti- (40, 41). Alternatively, the structure of the TAR element in

sense sequences is expected to be more important when thghe TAR/LD06, complex might prevent the transition from
length of the oligonucleotide or the LNA content of the the free to the Tat-bound state.

oligomer is increased. Indeed tfig, of the mismatched The antisense aslgDdoes not displace the Tat/TAR
complex between TAR MAL and the antisensegislhigher complex. The different behavior of antisense agldhd
than that of the matched complex between TAR BRU and o5 mer | Dog; with respect to the competition with the Fat
the aptamer LDOg. Footprints with the LNA hexamer — ,oqide for TAR binding is likely not related to the structural
asls actually revealed interactions with the stem of TAR  yigerance on the Sside of the TAR loop because the Tat

(not shown). Althou_g_h no Qata is ayailable, it _is likely recognition site is not known to extend to the top part of the
that chemically modified antisense oligomers of increased tpr upper stem. The difference might originate in the

affinity targeted to the top part of TAR used in previous inetic properties of the complexes: the aptamer/TAR
studies will display a similar or even higher lack of specificity complex is much longer lived than the antisense/TAR
(38). ) ) complex kot = 8.2 and 45x 1072 s71, respectively; 28)).

In contrast the aptamer LD@5which contains the asld — \vR investigations are under way for analyzing the

sequence, binds to the BRU, not to the MAL variant of TAR. * gi;ctural differences between various oligonuclect@iéR
In addition, a single band is observed on the electrophoretlcComp|exesl

gel (Figure 2B). This means that the partially complementary
regions in the stem, which are putative binding sites for the ACKNOWLEDGMENT
antisense aslL$are not recognized by the aptamer. There-
fore, hairpin aptamers discriminate matched from mis- We are grateful to Cedric Belair for helpful technical
matched targets not only on the basis of sequence comple-assistance.
mentarity but also on the basis of its structure. This
definitively provides aptamers with a clear benefit over REFERENCES
antisense oligomers. ' .
A different structure of the duplex between the TAR loop L ‘Fﬁ'ﬁ,'jffgcf)'nﬁg&’v Syt?f,tétﬂ}s 5na22|E{;ﬁﬂ;,{%g,ﬁffg%gﬁ%? of
and the complementary sequence of the aptamer and of the  Acids Res. 281340-1347.
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