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Triplex targeting of double-stranded DNA using natural
nucleobases as introduced ten years!dgostill essentially
limited to homopurine stretches. The problem lies in the
asymmetric nature of the triple-helix structure, in which only
the purine part of the base pair is recognized b&FT, C*-G—

C, A-A—T, or GG—C triplet formation™* Attempts to
circumvent this problem by targeting homopurine tracts on
alternate strandshas expanded the sequence recognition
repertoire somewhat, but naturally has not resulted in a general
solution. It is widely agreed that novel “nucleobases” that are
able to sequence specifically recognize-K) and C(~G) base
pairs are required for this task. Several nucleobases that
recognize cytosine in an oligonucleotide context have been
described, whereas successful recognition of thymine is still
lacking. Duplex-invading homopyrimidine peptide nucleic acids
(PNAsY-® also rely on triplex formation for recognitich.
However, in this case a PNBNA—PNA triplex is formed,

and thus T(or C) recognition by the Hoogsteen PNA strand may
be less stringent, since part of the recognition occuies
Watson-Crick base pairing of the other PNA strand. In an
approach to expand the triplex recognition repertoire of PNAs
beyond that of homopurine targets, we now report the synthesis
and recognition properties of a novel “nucleobase”, 3-oxo-2,3-
dihydropyridazine, designed to recognize the-Aj base(pair).

In order to recognize a-fA base pair from the major groove,
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Figure 1. Proposed structure of the 3-oxo-2,3-dihydropyridazine
E-T—A triplet.
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Figure 2. Synthesis of the PNA monomdr (a) S-alanine, kCO;in
absolute EtOH, reflux overnight, 50%; (b) benzyl alcohol and NaH, 3
h at 165°C, 57%; (c) ethyIN-(2-Boc-aminoethyl)glycinate, HODhbt
and dicyclohexylcarbodiimide in DMF, overnight at rt, 78%; (d) 1 M
LiOH (aqueous) in THF, 30 min at rt, the2 M HCI (aqueous), H
Pd/C in absolute EtOH2 h at 0°C, 80%.
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a heterocycle should be connected to the PNA backbone with
a linker long enough to circumvent the 5-methyl group of
thymine and have a hydrogen donor positioned to bind the 4-oxo
group of thymine. If possible, a hydrogen acceptor to form a
hydrogen bond to one of the N-6 hydrogen atoms of adenine
would also be advantageous. Computer model building indi-
cated that 3-oxo-2,3-dihydropyridazine (E), connected to the
PNA backbone via g-alanine linker from the 6-position, would
fulfill these requirements (Figure 1). It should also be noted
that the lack of a hydrogen atom on N-1 greatly reduces any
steric interference with the thymine 5-methyl group.

For the synthesis of monomet containing the novel
nucleobase E (Figure 2), commercially available 3,6-dichloro-
pyridazine was converted tdN-(3-chloropyridazin-6-yl)-3-
aminopropionic acidX) by nucleophilic aromatic substitution
with B-alanine in the presence of potassium carbonate. Another
nucleophilic substitution to yieltll-(3-(benzyloxy)pyridazin-6-
yl)-3-aminopropionic acidq) was performed at elevated tem-
perature using benzyl alcoholate in benzyl alcohol. Compound
2 was condensed with ethj-(2-Boc-aminoethyl)glycinafté
using the previously published proced@reBasic hydrolysis
of the resulting benzyl-protected monomer e8tebllowed by
catalytic hydrogenation of the masked oxo functionality in the
3-position, gave the monomdr

In order to assess the triplex recognition properties of the
E-base, monometwas incorporated into the Hoogsteen strand
of a bis-decamer-linked bis-PNA1? at two positions facing
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Table 1. Thermal Stabilities of PNADNA Complexes Table 2. Effect of Mismatches on Bis-PNA Complex Stabilities
bis-PNA? Tm (°CC)P oligonucleotide target sequerice Tm (°C)P°

H-TJTETIJETTT-egl-egl-egl-TTTACTATCT-Nbt 57.0 5-dCGCAGATAGTAAACGC-3 57.0
H-TJT-aedAc)-TJ-aegAc)-TTT-egl-egl-egl- 47.5 5'-dCGCAGAAAGTAAACGC-3 45.0
TTTACTATCT-NH¢ 5-dCGCAGAGAGTAAACGC-3 40.5
H-TITGTIGTTT-egl-egl-egl-TTTACTATCT-NH 46.0 5'-dCGCAGACAGTAAACGC-3 40.5
H-TTT-egl-egl-egl-TTTACTATCT-NH 37.0 5-dCGCAGAUAGUAAACGC-3 63.5
H-TTTACTATCT-NH, 27.0 5'-dCGCAGAAAGUAAACGC-3 49.5
H-TJTETIETTT-egl-egl-egl-TTTGCTGTCT-NA 42.0 5'-dCGCAGAGAGUAAACGC-3 44.5
5'-dCGCAGACAGUAAACGC-3 445

a Pseudoisocytosine (J) was used instead of protonated cytosine in
the Hoogsteen strand of the bis-PNA. Three units of 8-amino-3,6-  2The bis-PNA; H-TJTETJETTT-egl-egl-egl-TTTACTATCT-NH
dioxaoctanoic acid (egl) connect the two antiparallel 10-mer PNA was used? T, measurements were performed in 100 mM NaCl, 1 mM
strands” Tr, measurements were performed in 100 mM NaCl, 1 mM EDTA, 10 mM NaHPQ,, pH 7.0, on a Gilford Response spectropho-
EDTA, 10 mM NgHPQ;, pH 7.0 on a Gilford Response spectropho- tometer at a heating rate of 0°&/min.

tometer at a heating rate of 0®&/min.°E is the 3-oxo-2,3-dihy- h S f thi .
dropyridazine unit derived from monomédr ¢ aeg(Ac) isN-acety\- _ The sequence discrimination of this system was studied by
(2—aminoethyl)glycine, a no-base PNA unit. introducing a mismatch at one of the E,A positions. The results

presented in Table 2 showMl, discrimination in the order of

an adenine in the WatserCrick strand (Table 1). Thus, 12-16°C. Finally, we introduced uracil in the target in place
thymines in the DNA target should be recognized at these two of thymine in order to assess the interference v_V|th the 5-methyl
positions. All other positions consisted of T,T and},@airs group. The thermal stability results (Table 2) indicate that the
for standard recognition of adenine and guanine in the DNA design of the E-base has not completely solved this steric clash
target, respectively. In the same system we also substitutegProblem since the E-base PNAs bind somewhat stronger to the
the E-base for a no-baeposition or a guanin&15 In an uracil containing targets than to the_ thymine containing targets
analogous system we placed a guanine facing the E-base to studfA Tm ~ 3 °C per unit). In conclusion, our results prove the
the recognition of cytosine in the DNA target. The thermal E'T—Atripletto be considerably more stable than thef GA
stabilities of complexes of these PNAs with their respective OF the no-base triplets, although significantly less stable than
DNA targets are given in Table 1. These results clearly the canonical C-G—C and FA—T triplets, since complexes
demonstrate that the E-base binds stronger to thymine than to®f homopyrimidine decameric bis-PNAs with homopurine DNA
either guanine or a no-basAT, ~ 5 °C per unit) and also  targets typically show thermal stabilities around-BD °C. The

show that the E-base recognizes thymine over cytoshi, ( results presented herein could direct a novel method for the
~ 7 °C per unit). future design of heterocycles designed for specific interaction

with T—A base pairs in DNADNA—DNA triplexes.
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