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Selective Recognition of a d&dG Base Pair by (a) o (b)
Oligonucleotide-Directed Triplex Formation Using a 3
dC Residue Tethering an Intercalator
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The recognition of double-stranded DNA using a third single- N
stranded pyrimidine (or purine) oligonucleotide to form a DNA LH
triplex occurs most effectively when the target sequence is a _ ) ) ) . .
polypurine tract. The interruption of a polypurine target sequence Figure 1. (a) Potential hydroge_n bpndmg gnd intercalating interactions
by one or more pyrimidine bases has proven to be detrimental to Peteen the analogue nucleoside in the third strand and the targat C
triplex stability: 6 presumably in part due to the inability of the ba;e pair. (b) Structure of_the phosphoramidite derivative of the analogue

L . suitable for DNA synthesis.
Hoogsteen face of pyrimidines to form a bidentate hydrogen-
bonding interaction with the third strand. A number of native and to bind effectively to nucleic acids by an intercalation mé¥a:
analogue nucleosides have been examined for their ability to The synthesis of the building block was straightforward, beginning
interact with either FdA or dC-dG base pair targets. In the  with the sulfonation of thymidine essentially as described previ-
simplest case, dG can interact with adA base pair’ and form ously22 The unsymmetrical naphthalene diimide, containing both
a single interstrand hydrogen bohall of the possible base  2-aminoethyl and 2M,N-dimethyl)aminoethyl substituents, was
triplets involving the common nucleosides have been examined, prepare@* and reacted with the sulfonated thymidine. This
but only the dG-T—dA (parallelf and T-dC—dG (antiparallef,’ reaction generated the critical linkage between thaikino group
base triplets exhibit moderately stabilizing effects. A number of and the naphthalene derivative. The modified nucleoside was then
analogue residues in the third strand have also been examinectonverted to a phosphoramidite derivative by conventional
for their ability to target pyrimidine purine base pairs: 16 The procedures to yield a compound suitable for DNA synthesis
most common approach here is to introduce an added functionality (Figure 1b).
such that hydrogen-bonding interactions could occur with the  DNA synthesis with the analogue nucleoside proceeded by
target pyrimidine as well as its partner purine and thus recognize essentially standard protocdfsysing thymidine and Nacetyl-
the base pair as a urt!”'® While these modifications have protected 2deoxycytidine building blocks in addition to the
resulted in moderate selectivity, it is often achieved by destabi- analogue. Deprotection of the oligonucleotide was performed in
lization of the complex at nontarget base pairs. In the present0.05 M potassium carbonate in methanol. These conditions
work we have examined the use of a simple analogue which canavoided transamination of the analogue5@mesidue that was
be used to form a single hydrogen bond and through intercalation observed in the presence of concentrated ammonia and previously
provide additional hydrophobic interactions. observed for other Nsubstituted cytidine derivatives. However,

The design of the analogue began with a®@nnesidue since under these conditions some cleavage of the linker was still
its N®-nitrogen appeared to be positioned such that it could take apparent. Control experiments indicated that the diimide ring itself
part in hydrogen bond formation with the availabléNH of the was stable to the conditions of deprotection. Loss of the linker
target dC-dG base pair (Figure 1a). To the #nresidue was  presumably occurred as a result of an addition/elimination reaction
covalently attached a naphthalene-based intercalator through theat C,. After an initial HPLC isolation based upon a DMT-mediated
N*-amino group. Naphthalene diimides have recently been shownmobility shift, a second isolation was required to resolve the 15-

— - - — mer containing the naphthalene diimide linker (62%) from the
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Table 1. Tn, Values for 15-mer DNA Triplexes for Various
N—R—Z Base Triplet3

5’- TTTCTTTTICINICIT - 3’
5’ - GCGCGAAAGAAAAGARAGAACCCGG - 37 0.82

0.84 o

37 - CGCGCTTTICTTTTCTZTCTIGEECC - 57 E
2 080
pH Value <
Q
base triplet pH 6.4 pH 7.0 pH7.5 Eo7s
R-Z=G-C 2
N=C 30 22 15 < 0.76
N =X 28 22 —¢ 0
R_7=0C-G . Tm 36 °C
N=C 13 - -
N=X 36 30 27 .
R-Z=A-T 072t I ’ j
m z )(é 22 1_9 Il ’ * Temper;?ure (°C) ° 5
R-Z=T-A Figure 2. Absorbance (260 nm) vs temperature plot for the DNA triplex
N=C - - — containing a X-C—G base triplet at DNA strand concentrations of 1
N=X 28 22 4} uM in 10 mM PIPES, pH 6.4, 10 mM Mg&l50 mM NaCl?* Solutions

were incubated overnight at°€ prior to analysis. First order differential

@ For assay conditions see caption to Figure 2. Values reported A€ot the absorbance vs temperature plot is illustrated as a dashed line.

the result of at least two independent assays, characterized by poor
hyperchromicity, suggesting a poorly formed triplé®o triplex — formation of an interstrand hydrogen bond (Figure 1a). The
duplex transition observed Broad transition observed below 2C. remaining three base pair targets likely benefit from the intercala-

. . . . tion mode of binding but are less likely to form an interresidue
latter material confirmed that the phosphodiester linkage3 hydrogen bond. In this respect the three complexes with non-
the analogue nucleoside was refractory to enzymatic cleavage.qc—dG base pair targets have very similar, but reduGedalues.

A number of assays of triplek, values were made using four  \with the dA-T and T—dA base pair targets, the analogue
25-mer double-stranded target sequences, and two 15-mers, oN@omplex was more stable than that containing simply dC, an
containing the modified nucleoside at a preselected position andeypected result if little interresidue hydrogen bonding is present
the other containing dC at this site. To test for selectivity, the for gjther target and intercalative binding occurs for both. With
four 25-mer target duplexes each contained one of the possibleihe G-dC base pair target the two complexes exhibited similar
four DNA base pairs (d€dG, dG-dC, T-dA, dA-T) at a T values. With dC in the third strand two interresidue hydrogen
preselected site (see Table T), values were obtained at three  1,5nqs can form, while the analogue intercalation likely rotates
different pH values, including mildly acidic (pH 6.4), neutral (bH  the Nt-H residue away from the target such that with intercalation
7.0), and mildly basic (pH 7.5) conditions. Absorbance Vs at |east one if not both interresidue hydrogen bonds are lost.
temperature plots generally resulted in two transitions, with the T4 confirm that the naphthalene adduct is likely bound by

higher transition occurring near 7£. Analysis of the duplex  intercalation, we conducted the thermal melting studies at 383
alone resulted in this same transition. The temperature of the lowerpm " the ..., for the naphthalene diimide ring system. For the

transition was dependent on the nature of the triplex formed and gx —qc—dG containing complexTimaeo = 36 °C, pH 6.4), a
on the pH of the solution and was interpreted to reflect cooperative cooperative transition was observed with a midpoint of°€3
denaturation of the third strand from the duplex. An example of \ye ‘interpret this result as suggesting a cooperative unstacking
the two transitions observed for a triplex with ar-K—G base  of the naphthalene diimide adduct during the denaturation process.
triplet at pH 6.4 is illustrated in Figure 2. That the midpoint of this transition occurs at a higher temperature
The Ty, values for the lower transition generally decreased as than that observed for the transition monitored at 260 nm suggests
thf: pH |ncreased., reflect|r}g the requisite protonation of C in the that the unstacking of the naphthalene diimide might occur
C"—G—C base triplets. With C present in the preselected site in rg|atively late in the overall triplex to duplex transition.
the third strand_, the most stable complex _resulted v_vlth a target Although a number of analogue nucleosides have been reported
G-C base pair as expected from previous studies. Of the for the recognition of either d€dG or T-dA base pairs, the
remaining three targets, both-G and A-T exhibited athermally  hresent analogue exhibits significant selectively for the-dG
induced transition at pH 6.4, while with the-TA target no triplex _target. Additionally, the stability as measured By values
appeared to form at any pH value. The corresponding results withngicates that the dXdC—dG base triplet exhibits stability that
the analogue nucleoside present in the preselected site were quitgs petter than that observed for the well-characterized bidentate

different. DNA triplexes with d&-dC, dA-T and T-dA target  §c+—dG—dC base triplet under the conditions of the assay.
base pairs exhibited similar,, values of 26-28 °C at pH 6.4,

and were also similar (£922 °C) at pH 7.0. The complex with Acknowledgment. This work was supported by a grant from the NIH
the dC-dG base pair target exhibited increased values of 36 and (GM53201).

30 °C at pH values of 6.4 and 7.0, respectively. These results _ _ _ _
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