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Properties of Triple Helices Formed by Oligonucleotides
Containing 8-Aminopurines

A. Aviﬁ(),1 M. Frieden,' J. C. Morales,! B. G. de la Torre,’
R. Giiimil-Garcia,' M. Orozco,? C. Gonzalez,® and R. Eritjal’*
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ABSTRACT

The synthesis of parallel hairpins carrying 8-aminopurines is described. These
hairpins have a high affinity for specific polypyrimidine sequences resulting in
the formation of very stable triplexes.

Key Words: Oligonucleotides; Triplex; 8-Aminoadenine; 8-Aminoguanine;
2’-O-alkyl-RNA.

INTRODUCTION

Nucleic acid triplexes have wide potential applications in diagnosis, gene ana-
lysis and therapy.!! One of the main drawbacks of the triplex technology is the
low stability of triple helices especially in neutral conditions, and when the homo-
purine-homopyrimidine tracks have interruptions. Recently, it has been described that
oligonucleotides carrying 8-aminonucleosides (8-aminoadenine,*! 8-aminoguanine!®
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and 8-aminohypoxanthine!) formed very stable triple helices and parallel-stranded
structures.[) The introduction of an amino group at position 8 of adenine, guanine
and hypoxanthine increases the stability of the triple helix owing to the combined
effect of the gain in one Hoogsteen purine-pyrimidine H-bond and to the ability
of the amino group to be integrated into the “‘spine of hydration” located in
the minor-Major groove of the triplex structure.*® In this comunication we
will describe the synthesis and binding properties of oligonucleotides containing
8-aminopurines. The triplex stabilizing properties of 8-aminopurines are of
special interest in hairpins carrying 8-aminopurines connected head-to-head to the
Hoogsteen pyrimidine strand.[”) These modified hairpins bind to the Watson-Crick
pyrimidine strand via a triple helix with greater affinity than hairpins containing
only natural bases, especially in neutral conditions.!”

RESULTS AND DISCUSSION

Oligonucleotide sequences (R-22: >GAA GGA GGA GA’-(EG)e->TCT CCT
CCT TCY,R-22A: “GAA GGAN GGAN GA¥-(EG)¢-*TCT CCT CCT TCY,
R-22G: *GAA GGNA GGNA GAY-(EG)e-*TCT CCT CCT TC® and AR-
22A-RNA: "GAA GGA GGA GATT”-asym-*UU UCU CCU CCU UC”were
AN, GN -(EG)s and asym are 8-aminoadenine, 8-aminoguanine, hexaethyleneglycol,
and asymmetric doubler; U and C are 2’-O-methyl-RNA derivatives) were prepared
using phosphoramidite chemistry on an automatic DNA synthesizer. Two methods
were used for the synthesis of parallel-stranded hairpins (Scheme).

In method A, the pyrimidine part was assembled using reversed C and T phos-
phoramidites and a reversed C-support (a support that had the nucleoside linked
through the 5’ end). Then, a hexaethyleneglycol linker was added using a commer-
cially available phosphoramidite. Finally, the purine part carrying the modified
8-aminopurines was assembled using standard phosphoramidites for the natural
bases and the 8-aminopurine phosphoramidites. The phosphoramidites of 8-amino-
adenine, and 8-aminoguanine were prepared as described previously.* !

The second method (B) uses a special support functionalised with a diol deri-
vative protected with two differing groups: the dimethoxytrityl (DMT) group which
is removed under acidic conditions and the fluorenylmethoxycarbonyl (Fmoc)
group which is removed with bases. This support allows the assembly of the parallel
hairpins using standard phosphoramidites (Scheme 1). Hairpin AR22A-RNA was
prepared using this method without the need of synthesizing reverse 2’-O-methyl
RNA phosphoramidites.

The relative stability of triple helices formed by the parallel-stranded hairpins
and the polypyrimidine target sequence (DNA target: > TCT CCT CCT TC?) was
measured spectrophotometrically at pH 6.0. In all cases, one single transition was
observed with hyperchromicity of around 20-25%, which was assigned to the transi-
tion from a triplex to a random coil. Melting temperatures are shown in Table 1.
Replacement of two adenines or two guanines by two 8-aminoadenines (A™) or
two 8-aminoguanines (G") stabilized triple helix, where an increase in the melting
temperature of 9-12°C was observed (Table 1). The presence of 2'-O-methyl-RNA
at the Hoogsteen strand produce a further stabilization of the triplex (ATm 19°C).
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A) USING REVERSE PHOSPHORAMIDITES B) USING ASYMETRIC DOUBLER

O— 5'-C-3'-0-DMT

synthesis of the first branch A N
i using reversed phosphoramidites O—ENHCO O—DMT
NHCO/\/\O—Fmoc
Q_S"CWCCTCCTCT‘Q‘O'DMT l synthesis of the first branch
DMT-hexaethyleneglycol- NHCO™\ N 0—TTAGANGGANGGAAG-5-OH
phosphoramidite GI:
NHCO”\“"0—Fmoc
O_5V'CTTCCTCCTCT'3"O'(EG)6'O'DMT l 1) acetylation, 2) Fmoc removal
NHCO™\/ No—1TAGANGGANGGAAG-5-Ac
synthesis of the second branch O_E
using standard phosphoramidites NHCO™ ™ N\"0H
‘ synthesis of the second branch
O’ 5-CTTCCTCCT CT—S'W
(EG)s : l:NHCO’\/\o—TrAGA“GGANGGAAG-s'-Ac
DMT-0-5-GAAGGANGGANGA-3" NHCO™ ™ \"0—UUUCUCCUCCUUC-5-DMT
NH40H
NH40H l . .
l HPLC purification HPLC purification
AcOH AcOH
5-CTTCCTCCTCT-3' ~ NHCO™N No—TTACANGGANGGAAG-5
v
R22A (EG)s NHCO™\~"0—UUUCUCCUCCUUC-5'
5-GAAGGANGGANGA-3' AR22A
NH,
/N Y AN= 8-aminoadenine
P
’l“ N
dR

Scheme 1. Schematic representation of the two methods used for the synthesis of parallel
hairpins.

Table 1. Melting temperatures (°C) for the triplex formed by hairpin derivatives and their
target. Data obtained at 1 M NaCl, 100 mM sodium phosphate/citric acid pH 6.0.

Hairpin Tm (DNA target)’ ATm? Tm (RNA target)' ATm
R22 47 0 40 0
R22A 56 9 55 15
R22G 59 12 Not determined —
AR-22A-RNA 66 19 71 31

'DNA target: >TCT CCT CCT TC¥and 2'-O-methyl-RNA target: *UCU CCU CCU UC?.
2ATm = Tm-Tm of R-22 in the same conditions.

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 0



11: 01 26 January 2011

Downl oaded At:

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.

) U

MarceL DEKKER, INc.

648 Aviiio et al.

Binding of these hairpins to a 2’-O-methyl-RNA target ('UCU CCU CCU UC?)
gave unexpected results. Unmodified hairpin (R-22) had a less efficient binding to
RNA target while hairpin having two 8-aminoadenines had a similar affinity. Triplex
formed by the hairpin carrying 2’-O-methyl-RNA at the Hoogsteen strand (AR22A-
RNA) with its RNA target had the highest Tm. This result is in agreement with
previous data®® and indicates that parallel hairpins carrying 8-aminopurines and
2'-O-methyl-RNA may be powerful tools for blocking RNA translation.
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