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Intercalating nucleic acids (INA®s) with insertions of (R)-1-O-(1-
pyrenylmethyl)glycerol were hybridized with locked nucleic acids
(LNAs). INA/LNA duplexes were found to be less stable than the
corresponding DNA/LNA duplexes when the INA monomer was
inserted as a bulge close to the LNA monomers in the opposite
strand. This property was used to make “quenched” complements
that possess LNA in hairpins and in duplexes and are conse-
quently more accessible for targeting native DNA. The duplex be-
tween a fully modified 13-mer LNA sequence and a complemen-
tary INA with six pyrene residues inserted after every second base
as a bulge was found to be very unstable (T,,=30.1°C) in com-

Introduction

In the last two decades many attempts have been made to im-
prove the characteristics of native nucleic acids, such as hy-
bridization affinity, stability towards cellular nucleases and the
ability to penetrate the cell membrane." A variety of modified
oligonucleotides are used now in biophysical and biochemical
studies.”” However, if the modified oligonucleotides have effi-
cient hybridization properties towards single-stranded DNA
(ssDNA) or ssRNA, they usually bind even more strongly to a
complementary sequence of their own type, as is the case for
peptide nucleic acids (PNA)®! and locked nucleic acids (LNA).™
The high self-affinity limits the number of sequences of DNA
and RNA that can be targeted with the synthetic oligonucleo-
tides, due to the formation of stable intra- and intermolecular
secondary structures.

It has been reported that DNA possessing N*-ethyl-cytosines
or 2,6-diaminopurines and 2-thiouracils instead of cytosines,
adenines and thymines forms considerably less stable base
pairs than natural bases.” The lower level of secondary struc-
ture was shown to allow hybridization with complementary
native DNA probes.”™ Pseudo-complementary nucleic acids
constructed from PNA with modified bases were used for se-
quence-specific targeting of double-stranded DNA (dsDNA) by
double duplex invasion.*®¥ A minimum content of A/T base
pairs (40%) is a limiting factor for the invasion and excludes
many gene sequences to be targeted. Therefore, the design of
modified oligonucleotides for binding with native DNA and
RNA without cross self-complexation is still a challenge in the
chemical biology of nucleic acids.

Here we suggest an alternative approach that could over-
come the problem of “quenched” complementary sequences
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parison with the unmodified double-stranded DNA (T,,=48.7°C)
and the corresponding duplexes of LNA/DNA (T,,=81.6°C) and
INA/DNA (T,,=66.4°C). A thermal melting experiment of a mix-
ture of an LNA hairpin, with five LNA nucleotides in the stem,
and its complementary DNA sequence gave a transition with an
extremely low increase in optical density (hyperchromicity). When
two INA monomers were inserted into the stem of the LNA hair-
pin, the same experiment resulted in a significant hyperchromici-
ty comparable with the one obtained for the corresponding
DNA/DNA duplex.

of modified nucleic acids. During recent years, special attention
has been paid to the design of oligonucleotide probes with
the ability to discriminate between ssDNA and ssRNA, which
has been explored in the development of nonradioactively la-
belled oligonucleotides, antisense and antigene technologies.
We suppose that so-called easily denaturing nucleic acids
could be constructed from DNA- and RNA-discriminating mole-
cules. If these structures are placed opposite each other in the
complementary regions, it would be thermodynamically more
favourable to target native nucleic acids than each other due
to different binding ability towards A-type and B-type helices.

Recently, we reported the synthesis and hybridization prop-
erties of two discriminating nucleic acids: LNA® and intercalat-
ing nucleic acids (INA®).”' LNA is a class of oligonucleotide
analogues containing one or more conformationally locked
nucleotide monomers with a 2'-0,4-C-methylene linkage
(Scheme 1). LNA (both as fully modified and as LNA-DNA or
LNA-RNA mix-mers) has shown unprecedented high-affinity
hybridization towards complementary DNA and RNA. LNA
binds better to RNA (AT,=42 to +10°C per modification)
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Scheme 1. Chemical structures of LNA and INA P monomer. B=nucleobase.

than to DNA (AT,,=+1 to +8°C per modification).*? Howev-
er, LNA probes can “quench” each other and form very stable
hairpins or duplexes.” Contrary to the LNA case, the bulge
insertions of (R)-1-O-(pyren-1-ylmethyl)glycerol (monomer P,
Scheme 1) into oligodeoxynucleotides (INA) induced increased
affinity for complementary ssDNA (AT, +1.0 to +11.0°C), but
reduced affinity for an identical sequence of ssRNA (AT,, —2.0
to —7.0°C).7

Combining LNA and INA thus seems a very promising ap-
proach to developing easily denaturing nucleic acids that
could also be helpful in solving the problem of undesired self-
hybridizations. Furthermore we think that INA is a good choice
because it shows high sensitivity to mismatch when inserted
into DNA duplexes.’®

Here we report the design and thermal-stability studies of
single- and double-stranded oligodeoxynucleotide probes pos-
sessing LNA and INA targeting native DNA.

Results and Discussion
Duplexes possessing LNA and INA in opposite strands

NMR has been used to determine the structure of DNA/LNA
duplexes, and it was found that one LNA monomer in the
duplex was sufficient to induce a change in the furanose-ring
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conformation of the flanking 2'-deoxynucleotides from a
South-type conformation, typically found in B-type DNA/DNA
duplexes, to a North-type conformation, typically found in A-
type RNA/RNA duplexes.” It was therefore expected that inser-
tions of the INA monomer P as a bulge into regions with an A-
type duplex structure would induce a decreased duplex stabili-
ty, whereas the opposite should be observed for regions with
B-type duplex structure. We studied the systematic insertions
of monomer P as a bulge at all possible sites of an 11-mer
DNA/LNA duplex (Table 1).

Target I, which does not contain any LNA monomers, was
used as a reference for hybridizations with probes 2-12
(Table 1) which contain P monomers as a bulge at all possible
positions, except at the 3’-end. Increased duplex stabilities
were observed for target | with probes 2-12 in all cases when
compared with unmodified probe 1. In fact, probe 3 gave a
remarkably stable duplex with an increase of 10.1°C in the
thermal melting temperature.

For target ll, which possesses a single LNA molecule in the
middle of the sequence, we observed that insertion of the INA
monomer P in regions oriented one base-pair away from the
position of the LNA monomer (probes 5-12), induced an in-
crease in duplex stability when compared with the unmodified
dsDNA. In fact, the stabilizations observed were nearly identical
with those detected for targetl. This confirms that regions
away from the LNA monomer still have a B-type structure.

Target lll, which has three evenly placed LNA monomers,
was supposed to induce A-type, RNA-like duplex structure in
most parts of the duplex. This expectation is in agreement
with the NMR structure determination on a similar duplex with
three LNA monomers.®! An increased melting temperature
(+14.3°C) was observed for target Illl towards DNA probe 1
when compared with unmodified dsDNA (1-1).

In comparison with LNA/DNA (targets Il and Il towards 1),
destabilisation of INA/LNA complexes was only detected when
monomer P was placed as a bulged opposite neighbour to an
LNA moiety in the complementary strand (2 and 3 towards II,
and 2, 3, 5-8 and 13 towards
lll). However, only in three cases

Table 1. Thermal stabilities of oligodeoxynucleotides possessing INA and LNA in opposite strands.’ of the INA/LNA duplexes (2/1I,
Prob s T 53 3/ll, 13/lll) was the T, lower
robes equence, argets, 5'—3’
3,15, | 9 il i than the T, of both the corre-
TGTGATATGCT TGTGAT-ATGCT TGTGAT'ATGCT sponding INA/DNA duplexes (2,
T, AT [ T [°C] T, [°C] T [°C) AT, [°C1 | 3, 13 towards I) and the corre-
1 ACACTATACGA 424 - 474 - 56.7 - sponding LNA/DNA duplexes (Il
2 ACACTPATACGA 476 52 448 —26 529 -38 and Il towards 1).
3 ACACTAPTACGA 525 10.1 465 -09 545 -22 From the study on targets
4 ACACPTATACGA 444 20 478 04 57.8 11 L. it b luded th
5 ACACTATPACGA 4838 6.4 520 46 55.2 ~15 —l 1t can be concluded that
6 ACAPCTATACGA 506 8.2 54.2 6.8 55.1 -16 effective destabilization of INA/
7 ACACTATAPCGA 503 7.9 54.8 74 53.1 -36 LNA duplexes can be achieved
8 ACPACTATACGA 450 26 503 29 537 -3.0 by insertion of INA monomer as
9 ACACTATACPGA 444 20 492 1.8 572 05 . - ohb LNA
10 APCACTATACGA 475 5.1 520 48 63.5 68 an opposite neighbour to LNA.
1 ACACTATACGPA 496 7.2 543 6.9 62.7 6.0 This result is in line with a recent
12 ACACTATACGAP 487 6.3 53.8 6.4 60.4 37 finding that shows that intercala-
13 ACAPCTATPACGA 548 124 60.0 12,6 529 -38 tors exhibit significantly lower af-
[a]l P denotes INA monomer, T* denotes locked nucleotide of thymine; [b] The difference in T, of duplexes finity for LNA-containing duplex-
with modified and corresponding unmodified probes. es.” Increased stability is ob-
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served for duplexes with several LNAs; if not, all LNAs have
INAs as opposite neighbours (see T, of probes 2-6, 8-12 to-
wards Il in comparison with 1ll).

With the proper combination of INA monomers P and LNA
monomers in the duplex, this method seems a promising tool
for the design of easily denaturing nucleic acids which could
be used for targeting native DNA.

Duplexes from LNA and INA mix-mers and fully modified
LNA towards INA

The next step was to check the thermal stability of duplexes
possessing LNA monomers and INA in the same strand
(Table 2). To our surprise, the duplexes with probe 15 towards
targets V and VI were even more stable than the correspond-
ing reference duplexes 14/V, 14/VI, 15/IV. In the latter case, all
the INAs had an LNA as an opposite neighbour, but the neigh-
bouring LNAs in the same strand as the INAs were detrimental
to the denaturing effect. The significant stabilization is proba-
bly due to several LNAs as opposite neighbours in the duplex.
However, a small destabilization was still observed for 15
against V (3.7°C) and against VI (4.6°C) when compared with
LNA/LNA complexes without monomer P insertions (16 to-
wards V and VI). For duplexes with two to six pyrene insertions
in one strand (probes 17-22), there were only minor changes
in duplex stabilities when the wild-type target IV was com-
pared with target V, which has four LNAs.

The best results in our design of easily denaturated nucleic
acids were obtained when the fully modified LNA sequence VII
was used. Its duplexes with sequences 20-22, which possess
from four to six pyrene pseudonucleotides, had thermal melt-
ing temperatures that were even lower than that of the wild-
type dsDNA (14 towards IV). On the other hand, by using the
same wild-type duplex as a reference, considerable increases
in melting temperatures were observed when VII and 20-22
were hybridized with their complementary ssDNA (14 and IV,
respectively). The dramatic decrease in thermal stability of the
complex formed by INA and fully modified LNA VII was ob-
served when the number of P monomers in the INA strand
was increased from three, in probe 18 (T, 60.5°C), to four, in

20 (T,, 36.7°C). The position of the INA monomer is important.
For example, when monomer P was moved from the nearest
bulged position at the 5’-end, in probe 19, to the middle of
the sequence, in probe 20, thermal stability of the INA/LNA
complex changed from T,,=62.7°C (19/VIl) to 36.7°C (20/VII).
It can be expected that very close insertions of the pyrene
moiety P in the strand cause both synthetic problems during
oligosynthesis, and difficulties of solubility in water for the final
oligomer. On the other hand, destabilization of the complex
formed by fully modified LNA and INA was achieved by repeti-
tive insertion of P. Therefore, from our point of view, the INA
monomer should be inserted after every second base as a
bulge in deoxynucleotide strand in order to have an optimum
design of easily denaturing nucleic acids when using fully
modified LNA.

Based on the thermal stability studies, one can expect that
the formation of LNA/DNA (VII/14) and INA/DNA (22/IV) du-
plexes is thermodynamically more favourable than formation
of LNA/INA (VII/22) on mixing of all these strands together. It
is considered appropriate that the T, of the complex VII/22
(30.1°C) should be lower than the physiological temperature
(37°C). Such an easily denaturing nucleic acid duplex is there-
fore considered a good candidate for competing for duplex
formation with wild-type dsDNA. It has been shown that
double duplex invasion could be done without significant
problems on dsDNA of the same length as the probes,"” but
there is still a problem with targeting and sequence-specific
recognition of considerably long, nonsupercoiled dsDNA (50-
150 base-pairs) under physiological conditions when using
short invaders. The known successful attempts of targeting
against dsDNA have been accomplished by PNAP“Y or LNA™
on breathed plasmid DNA (more than 250 base-pairs) by using
unnatural salt concentration. It is well known that thermally in-
duced breathing of a long DNA duplex results, at physiological
temperatures, in localized DNA melting of 10 base-pairs or
more, which is similar in size to some transcriptional starting
sites.'? We suppose that these positions could be available for
duplex invasion on nonsupercoiled dsDNA. However, studies
involving the biologically relevant design of using easily dena-
turing nucleic acid duplexes are needed to establish the scope
of the above-proposed approach.

Table 2. Thermal stabilities, T,, [°C] of oligodeoxynucleotides possessing INA and LNA in the design of easily denaturing nucleic acid duplexes.””
Probes Sequence, 5'—3' Targets, 3'—5’
v \' Vi Vil
TTTACTACCGACG TTT*AMC'TA'CCGA'CG TTT'PAMC'TA'PCCGA'CG (TTTA MeCTAMC"*CGAYCG)"
14 AAATGATGGCTGC 48.7 58.2 66.3 81.6
15 AAATGPATGGMC'PTGC 64.9 78.4 77.8 >90
16 AAA'TGATG'GMC'TGC 63.1 82.1 82.4 n.d.”
17 AAATGPATGGCPTGC 57.8 58.5 66.4 66.4
18 AAAPTGATPGGCTPGC 61.1 65.1 58.5 60.5
19 APAATPGATPGGCTPGC 67.5 66.8 65.7 62.7
20 AAATPGATPGGPCTPGC 59.7 59.7 59.7 36.7
21 AAPATPGATPGGPCTPGC 65.4 61.4 59.3 374
22 APAAPTGPATPGGPCTPGC 66.4 68.0 61.7 30.1
[a] P denotes INA monomer. T, MC", A", G* denote locked nucleotides of thymine, 5-methylcytosine, adenosine and guanosine, respectively; [b] n.d., not
determined.
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In fluorescence in situ hybridization (FISH) experi-
ments, the partial denaturation of chromosome is
achieved by adding formamide."® The challenge in
FISH is the detection of single copy sequence tracts.
This requires both very high binding affinity and spe-
cificity of short oligonucleotides as well as extremely
sensitive, non-time-consuming hybridization detec-
tion." We believe that easily denaturing nucleic acid
duplexes containing fully modified LNA together
with its complementary INA-rich strand could be an
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attractive design for FISH.

DNA hairpins

For “quenched” LNA, due to formation of stable hair-
pins, we decided to apply the findings of using LNA
and INA for the design of easily denaturing nucleic
acid duplexes to making LNA-hairpins that are more
accessible for targeting native DNA. The hairpin-
forming oligo T,-DNA (see Table 3 for sequence key),
which possesses either LNA or INA monomers, was
used in the present investigation.

On heating the unmodified hairpin T,-DNA alone
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in a thermal melting experiment, a clear transition
was observed at 37.2°C (Figure 1A, blue line, and
Table 3), which was ascribed to opening of the hair-
pin to ssDNA. In a similar experiment with a hairpin
containing LNA nucleotides in the stem, a higher
transition temperature was expected due to in-
creased stability, as judged from the reported elevat-
ed stabilities of LNA/DNA duplexes.*® To test this hypothesis,
T,-LNAs (Table 3), analogous to T,-DNA, were synthesized with
five DNA nucleotides in the stem being replaced with the cor-
responding LNA monomers (T and MCY). For this modified
hairpin, only an incipient transition from hairpin to ssLNA
could be observed above 80°C (Figure 1A, brown line).

An equimolar mixture of T,-DNA and A,-DNA (Figure 1A,
black line) gave a transition at the same temperature as the
one observed for T,-DNA alone (Figure 1A, blue line), but the
increase in optical density (hyperchromicity) was much stron-
ger for the transition of the T,-DNA/A,-DNA mixture. The in-
creased hyperchromicity of the mixture could be best ex-
plained by the melting of a T,-DNA/A,-DNA duplex, because

40 50 60 70O 80 B0

T['C] —=

30 40 50 60 70 80 B0
T[C] —=

Figure 1. Melting curves for hairpin probes with ssDNA targets detected at 260 nm. See
Table 3 for a sequence key and Experimental Section for details. The hyperchromicity of
T,-DNA/A,;-DNA duplex in Figure 1A-C is used as a reference system.

A,-DNA had no transition above 20°C (Figure 1A, green line).
This is in agreement with earlier reports that adenine com-
pared to thymine in the loop, destabilized a hairpin."™ From
melting curves it was impossible to estimate the ratio of T,-
DNA distribution between its hairpin structure and its duplex
structure with A,-DNA.

Due to the high stability of the T,-LNA hairpin and the insta-
bility of the A,-DNA hairpin, no transitions were expected to
be found in the temperature range 20-80°C for a mixture of
these two oligomers. It was therefore puzzling to find a transi-
tion at 37.3°C with a very low hyperchromicity (Figure 1A, red
line). This extra transition for the T,-LNA/A,-DNA mixture can
be best understood by comparison with the properties of pal-

indromic sequences that have
been extensively studied by

Table 3. Transition temperatures, T,, [°C] for hairpin probes possessing INA and LNA with ssDNA targets.”” NMR. For example, it has been
shown that the self-com-
Probes Sequence, 5'—3’ . A DNA Targets, 3:?)A ONA plementary sequence 5
target CTATTAAAAAATAG CTATTAAPAAAATAG CGCGTTAACGCG has two tran-
e B 2 2 sition states, at 33°C (du-
?:gl:/)x GATAATTTTTTATC 37.2 37.2 403 plex=hairpin) and at 48°C
T, LNA GAT-AATTTTTTEAT Mect >80 373 447 (hairpin=random coil)." For
P2-LNA GPAT-AATTTTT'T-AT" MecCt (81.1) 46.4 49.9 the 5-CGCGTTAACGCG se-
PS-LNA GATL;L\PA1'|'|'|'rLTLL;L\TL LM;CLL (71.4) 433 51.9 quence, complete conversion
P-P-LNA GPAT-APATTTTTT-AT- MeC (69.1) 53.6 61.8 .
from hairpin to duplex has
[a] P denotes INA monomer. T* and MC* denote locked nucleotides of thymine and 5-methylcytosine, respec- never been observed by NMR.
tively. This may indicate quenching
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of the equilibrium at temperatures lower than the first transi-
tion temperature.

By comparison with the nature of the palindromic sequen-
ces, the melting of the T,-LNA/A,-DNA mixture at 37.3°C is
best explained by a transition from LNA/DNA duplex to a mix-
ture of T,-LNA hairpin and A,-DNA single strand (Scheme 2).
The low hyperchromicity for the transition seems to indicate
that the conversion from a mixture of A,-DNA and T,-LNA hair-
pin to DNA/LNA duplex was incomplete.

3

w
w1

moiety into the DNA-rich and not into the LNA-rich stem of T,-
LNA hairpin, because this design gave the best result for easily
denaturing nucleic acids.

As the transition temperature of T,-LNA was too high to be
determined, it was encouraging to observe thermal transitions
for the monopyrene-modified oligomers P> and P*-LNA at
81.1°C and 71.4°C, respectively, and for the double-pyrene-
modified oligomer P-P-LNA at 69.1°C. As the hyperchromicity
was extremely low for these three transitions, one should be

very cautious about the inter-

31 pretation; this is symbolized by

w1

MecL_ G MenL c using parentheses for these
ol _ a T T A oL A transitions in Table 3. Irrespec-
A - T T T T A T tive of whether these transitions
™ - A ™ - 2 A Tz 2 were due to opening of hairpins

L ° ° . . .
ot - a 37.3%C ™ -2 i >80 ™ 2 or to melting of undefined inter-
T -A A - T* 2 t A molecular complexes, to us they
T - A L T - g
T - A T - A A T A indicated that these pyrene
T - A MenL _ o A T A modified oligomers could be
A-T 3 50 g A g more accessible for duplex for-
A -T AL A mation with their complementa-
T - A T4~LNA A T
P T T ry ssDNA targets than T,LNA
A - T Hairpin A .
cC-cC c G C itself.
For the oligomer P-LNA, with
T,-LNA/A,-DNA A4~DNA T4-1LNA A4=DNA the |INA monomerP inserted

Duplex

Scheme 2. Proposed duplex resulting from hairpin/single-strand to single-strand/single-strand transformation.

For palindromic oligomers, it has been suggested that the
transition from duplex to hairpin took place through formation
of a cruciform structure formed after creation of an initial
bulge in the centre of the duplex upon melting."” Once the
cruciform was formed, little energy was needed to propagate
the mobile junction formed and to complete the separation of
the two hairpins. We can argue for a similar mechanism in our
case and also for the same type of mechanism operating in
the opposite direction, because identical melting curves for up
and down temperature modes were obtained.

As the duplex-hairpin transition depends on the nature of
two complementary strands, it is assumed that the T,-LNA hair-
pin is more easily transformed into a duplex if the DNA com-
plement has a better binding affinity. This was indeed found to
be the case when the INA monomer P was inserted into the
middle of the A, region in the A,-DNA (Table 3). For the oligo
A,PA,-DNA in its duplex with T,-LNA, melting was detected at
44.7°C. Furthermore, a significant increase in the hyperchro-
micity was observed for this duplex when compared with the
T,-LNA/T,-DNA duplex (Figure 1D green line, and 1A red line,
respectively). The higher hyperchromicity indicates that the T,-
LNA/A,PA,-DNA duplex has a greater ability to be formed.

From the above finding (Tables 1 and 2) that insertions of
monomer P opposite to the LNA monomer decreases the melt-
ing temperatures of LNA containing duplexes, it was deduced
that proper insertions of monomer P in the stem of a T,-LNA
hairpin could reduce its thermal stability and make it prone to
targeting A,-DNA. We decided to incorporate the pyrene

ChemBioChem 2004, 5, 1673-1679  www.chembiochem.org
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after the first nucleotide in the
stem, a considerably stronger
hyperchromicity was observed
on melting of the duplex with
A,-DNA (Figure 1B, red line) than for T,-LNA/A,-DNA mixture
(Figure 1A, red line). The hyperchromicity was approximately
half that observed for the T,-DNA/A,-DNA duplex which is
shown in Figure 1A-C as a reference. An increase in the transi-
tion temperature was also observed, as should be expected
because of the stabilising effect of monomer P on hybridiza-
tion to DNA (Table 2). With respect to both the transition tem-
perature and hyperchromicity, a similar result was found for
the oligomer P>-LNA with a P monomer insertion close to the
loop of its hairpin form when mixed with A,-DNA (Figure 1C,
red line). With two P monomer insertions in the stem region,
the resulting oligo P-P-LNA showed an even higher transition
temperature for its corresponding duplex with A,-DNA (Fig-
ure 1C, blue line). More strikingly, the hyperchromicity was
nearly the same as the one for the unmodified duplex. This is
a clear demonstration that monomer P insertions into LNA
with secondary structures can make this type of LNA more ac-
cessible to targeting and at the same time increase the duplex
stability with the target. The latter was deduced from higher
transition temperatures for the LNA probes with monomer P
insertions (Table 3).

We attempted to further stabilize the duplexes with the LNA
probes by inserting monomer P into the complementary DNA
target. The pyrene moiety was inserted in the region of DNA
corresponding to the loop in the LNA probes. As seen from
Table 3, the highest transition temperature was found for two
P monomer insertions in the LNA probe. Stabilizing the duplex-
es by extra P monomer insertion in the target also improved
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the hyperchromicity as was observed for the A,PA,-DNA oligo
when it formed complexes with P>-LNA and P*-LNA probes
(Figure 1D, blue and red lines).

Here we would like to mention that instead of synthesizing
long, fully modified LNA, which could form hairpins, one
should rather divide the strand into LNA-rich and INA-rich re-
gions. This will allow such sequences to target native DNA.

Conclusion

The previous finding that bulged insertions of (R)-1-O-(pyren-1-
ylmethyl)glycerol into deoxynucleotide strands reduces the
transition temperatures of RNA/DNA duplexes was also found
to be true for LNA/DNA duplexes. It was very effective when
pyrene moiety P was inserted into oligodeoxynucleotide as a
bulge opposite to an LNA monomer. This finding was used to
make single-stranded and double-stranded modified comple-
mentary nucleic acids that are less stable than their corre-
sponding complexes with native DNA. The best result was ob-
tained with fully modified 13-mer LNA and the complementary
INA possessing six P monomers as bulges after every second
base pair. The hairpin-forming LNA was more accessible to tar-
geting ssDNA if pyrene P moieties were inserted in the DNA-
rich stem opposite LNA. The hyperchromicity of the thermal
transition was considerably increased when compared with the
mixture of LNA-hairpin with ssDNA. We think that our design
of easily denaturing nucleic acid duplexes using locked and in-
tercalating nucleic acids will be useful for targeting native DNA
in biological studies.

Experimental Section

Oligonucleotide synthesis by using LNA and INA monomers: In-
corporation of LNA and INA monomers into oligodeoxynucleotides
(ODNs) were performed on a 0.2 umol scale and was followed by
purification of the ODNs with DMT-on by HPLC as previously de-
scribed.”®7? MALDI-TOF analysis was performed on a Voyager Elite
Biospectrometry Research Station from PerSeptive Biosystems. All
modified oligonucleotides gave satisfactory composition with a
purity of over 93%, except for fully modified LNA (above 80%),
which was verified by capillary gel electrophoresis.

Measurement of transition temperatures: Transition analyses
were carried out on a Perkin Elmer UV/VIS spectrometer Lambda 2
with a PTP-6 (Peltier Temperature Programmer) device by using
PETEMP rev. 5.1 software and PECSS software package v. 4.3. Melt-
ing temperatures (T,, °C) were determined as a first derivative of
melting curves, which were obtained by recording absorbance at
260 nm as a function of temperature at a rate of 1°C min~". Ther-
mal stability studies presented in Tables 1 and 3 and in Figure 1
were performed in hybridization buffer (10 mm Na-phosphate,
120 mm NaCl, 1 mm ethylenediaminetetraacetate (EDTA), adjusted
to pH 7.0) at a concentration of 3.0 um of each strand. A medium
salt buffer (10 mm Na-phosphate, 100 mm NacCl, 0.1 mm EDTA, ad-
justed to pH7.0) and 1.0 um concentration of each strand were
used in experiments presented in Table 2. The solutions were
heated to 90°C, maintained for 5 min at this temperature, and
then gradually cooled before melting experiments. All melting
temperatures are reported with an uncertainty +0.5°C, as deter-
mined from multiple experiments.
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