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Abstract : Several diazapyrene-tagged oligodeoxynucleotides were synthesized and characterized. The
interaction of these modified oligomers with complementary strands indicated that introduction of the diazapyrene
moiety increased the stability of the duplex as compared to that of native oligomers. DNA cleavage experiments
with diazapyrene-tagged oligomers induced localized scission at the duplex region.

As part of our effort to design functionalized antisense DNA oligomers? having the ability to produce site-
specific DNA cleavage,3 we synthesized several oligodeoxynucleotides4 containing viologen3 derivatives
attached covalently to the phosphorous backbone. Several of these derivatives perturbed duplex formation, but
failed to induce DNA cleavage. Lack of cleavage may be due to steric hindrance induced by the energetically
favored orthogonal conformation§ of the two viologen pyridinium rings. To overcome this unfavorable
interaction, the 2,7-diazapyrenium dication? (DAP2+) was chosen as a constrained viologen analogue having a
planar n-framework which contains viologen as a built-in unit. We describe herein the preparation of
diazapyrene-tagged oligodeoxynucleotides and their DNA photocleavage.
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DAPZ+ derivatives 1~38 bearing aliphatic alkyl amino linker arms were prepared from 2,7-diazapyrene.?
Photocleavage experiments of pBR322 plasmid DNA10 with 2, demonstrated the conversion of supercoiled
cDNA into nicked DNA, suggesting a preferable interaction of the DAP2* with cDNA (Figure 1). A second
experiment using the EcoRI-BamHI fragment from pBR322 plasmid DNA, revealed that DAP2* derivatives 1
and 2 had a 102 to 103-fold increase in ability to induce photocleavage as compared to the viologen derivatives
(data not shown).
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DAP2+-tagged thymidine decamers 6 and 7, and heptamer 8 were prepared using standard protocol for
H-phosphonate chemistry,12 as shown in Scheme 1, and were isolated as a diastereomeric mixture by reverse

phase HPLC.

The modified oligomers and their cation radicals exhibited characteristic UV-visible absorption spectra.8
The presence of the phosphoramidate linkage was confirmed by 31P-NMR.!13 For example, 8 showed two peaks
of equal height at ca. 11 ppm and a broad peak at -0.58 ppm in a 2 : 5 ratio due to the diastereomeric
phosphoramidate and the native phosphodiester, respectively. HPLC analysis of enzymatic digests!4 of the
modified oligomers with snake venom phosphodiesterase and alkaline phosphatase, showed formation of the
corresponding monomeric nucleoside and the DAP2+-tagged dimers,15 indicating resistance of the

phosphoramidate bond toward nucleases.16

Table 1. Melting temperature of duplexes 4 ~ 8@

Strands Complementary Strand NaCl (M) Tm (°C)
0 5
T1o (native) 4 poly dA (equimolecular) 0.1 24
1.0 4
Tng 0 5
HNWN}CN\/\A/\NH7 poly dA (equimolecular) ? 2) gg
TpTe .
¢ :é ;j . ! 0 11
an~ NN, poly dA (equimolecular) ¢ 4 ig
1.0
TeTo o . - 0 1
HN\/\/\/\NJ’\/\/\/N N-cH, 7 poly dA (equimolecular) g 1 31
. 1.0 45
TeTs 2 o . 0.1 8
LUNPNG NP PN n-ch, g poly dA (equimolecular) ;' 24
H

(a) *p" = natural phosphodiester linkage ; Absorbance measured in 10 mM Tris-HCI (pH 7.0).

CD analysis of duplexes 4 ~ 8 with poly dA showed B-form structures (data not shown) . The thermal
stability of the modified oligomers was determined from their melting curves (Tm, Table 1). Decamer 6 and 7
complexed with the poly dA and showed higher Tm values at various salt concentrations relative to 4 or 5,
suggesting that both the cationic nature and the planar -system of DAPZ* contributed to duplex stabilization.
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Figure 2. DNA cleavage by 8
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(a) Assay mixture (20 ul) contained 20,000 cpm 5'-end
labeled 24mer 9, 0.1 ODpgy/ml umlabeled 9 and 0.1
ODyso/ml 8 in 10 mM Tris-HCl (pH 8.0) in the preseace
of 1 mM EDTA (pH 7.6) aad t N NaCl. After treatment
under the same coadition as described in Figure 1, the
crade i i was eloctroph d s room
tempecature at 2500 V for 2.5 hr. and their radioactivities
wore determined. Lase 1:2+ 9 ; Lane 2 : 9 control ;
Lane 3: 8+ 9; Lace 4 and 5 were the A+G and C+T
reactions of the Maxam-Gilbert protocol on 9,
reapectively.'? (b) Alkaline treatment!® of lane 3. Relative
DNA cleavage activity (%) of each base was shown. The
most dassaged base, pasition 13, was taken as 100 %.
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Finally, we examined the interaction of the DAP2+-tagged oligomer 817 with a short, synthetic fragment
containing a poly dA run (918, Figure 2a). Polyacrylamide gel electrophoresis (PAGE) analysis indicated a
photoinduced covalent attachment occurred between these two species upon irradiation (Lane 3, for conditions
see Figure 1). Although no photocleavage of the 24-mer by 8 alone was observed, alkaline-induced DNA
scission of the photoadduct of 8 and 9 suggested that 8 interacted with 9 in a site-selective manner (Figure 2b).
The mechanism of this selectivity is currently unknown and will be the subject of a subsequent study.

In conclusion, DAP2*+ was successfully incorporated into oligodeoxynucleotides, and the DAP2+-
modified oligomer interacted selectively with it's complementary strand and induced DNA scission localized to
the duplex region. DAPZ+-tagged oligodeoxynucleotides are potentially promising candidates as functionalized
DNA oligomers possessing selective DNA cleavage properties. More detailed investigations on the function of

the DAP2*-tagged oligonucleotides (e.g., the optimum condition of DAP2+-induced cleavage) are in progress.
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