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a–b Chimeric oligo-DNA bearing intercalator-conjugated
nucleobase inside the linker sequence remarkably improves
thermal stability of an alternate-stranded triple helix
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Abstract—Novel a–b chimeric oligodeoxynucleotides bearing an intercalator-conjugated nucleobase located at the internal 4-nt
linker region were synthesized, and their triplex-stabilizing property was examined. The triple helical DNA formed between the
modified chimera DNA and double-stranded DNA exhibited remarkable thermal stability; however, the position of the inter-
calator-conjugated nucleobase had little influence on the stability. Among the examined, modified chimera DNA bearing the two
intercalator-conjugated nucleobases at adjacent positions exhibited the highest stability.
� 2004 Elsevier Ltd. All rights reserved.
Oligonucleotides capable of forming a triple helix with
double-stranded DNA (dsDNA) have been extensively
studied, because an appropriately designed triplex-form-
ing oligonucleotide (TFO) would inhibit the normal
gene expression through the sequence-specific binding
to the genomic DNA.1 Homopyrimidylate is commonly
used as a TFO, which binds to a homopurine strand of
dsDNA by the Hoogsteen hydrogen-bonding in the
manner of parallel orientation. The thermal stability of
the triplex is, however, lower than that of the comple-
mentary double helix, in general. Thus, the formation
of a stable triplex requires a sufficiently long tract of
the homopurine strand as the target strand. Unfortu-
nately, this could limit the feasibility of TFO as the
gene-regulating agent since it would be not so easy to
find sufficiently long tracts of homopurine in one strand
of a certain gene. One way to extend the range of the tar-
get is to utilize a specifically designed TFO capable of
forming a triplex with adjacent and alternating homo-
purine strand. For example, several 3 0–3 0 or 5 0–5 0 linked
oligopyrimidylates were synthesized and were proved to
form an alternate-stranded triplex with a double-
stranded DNA having adjacent and alternating homo-
purine strand.2 Meanwhile, we found that a chimeric
oligo-DNA (GK-300, previously designated as ODN-1)
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composed of a tandem b-anomeric polypyrimidine
strand and an a-anomeric polypyrimidine strand could
also form an alternate-stranded triplex.3 The resulting
alternate-stranded triplex was thermally more stable
than the triplexes formed with the parental a-DNA, b-
DNA or a mixture of both.3 The melting point of the
alternate-stranded triplex was, however, just above the
physiological temperature and further improvement of
the thermal stability of the triplex is highly desired.

These facts prompted us to synthesize a modified chi-
meric DNA bearing an intercalator-conjugated nucleo-
base at the internal linker region. We found that the
novel modified chimeric DNA exhibited remarkable sta-
bilizing ability of the alternate-stranded triplex upon
binding to the target duplex. Here, we would like to re-
port the synthesis of the modified chimeric DNA (GK-
329 to GK-332, Fig. 1) and the result of UV-melting
experiment of the triplex formed between the chimeric
DNA and the target dsDNA.

The synthesis of the modified chimeric DNA bearing an
intercalator-conjugated nucleobase was carried out by
the known procedure utilizing the 4-triazolyl derivative
of 5-methyl-2 0-deoxycitidine as summarized in Scheme
1, with a slight modification. In brief, 1-(6-aminohexyl-
1-amino)anthraquinone (1), which was readily prepared
from 1-chloroanthraquinone and 1,6-diaminohexane,4

was reacted in dimethylacetamide with 2 0-deoxy-3 0-O-
acetyl-5 0-O-dimethoxytrityl-4-triazolyl-5-methylcytidine
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Figure 2. UV-melting profiles of the triple helices. The duplex consist-

ing of ODN-2 and ODN-3 (1.5lM) was mixed with an appropriate

TFO (1.5lM) in sodium cacodylate buffer (10mM, pH6.1) containing

100mM NaCl, 0.5mM spermine, and 10mM MgCl2. The temperature

was raised at 0.1�C/min and thermally induced transition of each

mixture was monitored at 260nm.
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Figure 1. The structure and the sequence of a–b chimeric DNA (GK-

300 and GK-329 to GK-332). In the sequence, italic letters represent

a-anomeric polypyrimidylate portion and roman letters represent b-
anomeric polypyrimidylate portion. The linker portion of the chimeric

DNA consists of b-anomeric 4-nt sequence.

DMA

MeOHO

OAc

DMTrO N

N

O

O

O

HN-(CH2)6-NH

O

OH

DMTrO N

N

O

O

O

HN-(CH2)6-NH

O

O

DMTrO N

N

O

O

O

HN-(CH2)6-NH

P N
CNCH2CH2O

iPr

iPr

P
N

CNCH2CH2O

iPr

iPr
Cl

TEA

1 + 2

3

4

5

DNA synthesizer

Scheme 1. Preparation of fully protected anthraquinone-bearing nucleo-

side phosphoramidite reagent (5).
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(2), which was obtained from the corresponding pro-
tected thymidine and triazole.5 Treatment of the result-
ing conjugate (3) with a mixture of triethylamine and
MeOH (1:1) afforded the 5 0-protected nucleoside (4),
quantitatively. The nucleoside 4 was further derived to
the corresponding phosphoramidite derivative (5).6

The introduction of the phosphoramidite (5) into the
chimeric DNA was accomplished with automated
DNA synthesizer (ABI 392) on a 0.2lmol scale starting
from CPG-bound a-deoxynucleoside as reported previ-
ously.3 It should be noted that the coupling period for
the amidite 5 was extended to 360s. Under the condi-
tions, the coupling yield estimated from the conven-
tional trityl assay for 5 was about 90–92%. After the
usual treatment of DNA-bound CPG with concd
ammonia (55 �C for 8h), the oligomer was purified by
reversed-phase HPLC, detritylation, ethanol precipita-
tion, and Sephadex G-25 gel filtration to give 26-mer
modified TFOs (GK-329, -330, -331, -332). The struc-
tures of the oligomers were confirmed by ESI-mass
spectrometry.7

The formation and thermal stability of the complex ob-
tained by the mixing of the modified chimera DNA and
the dsDNA consisting of ODN-2 and -3 was monitored
by UV-melting experiments under near physiological
conditions and the results are shown in Figure 2. The
all complexes exhibited a two-phase transition upon
increasing the temperature as shown in Figure 2. The
higher transitions are due to the dissociation of the du-
plex (ODN-2 + ODN-3) into single strands. Meanwhile,
the lower transitions are presumed to correspond to the
dissociation of the triple helices into the duplex and the
third strand.

It is clearly seen from Figure 2 that the lower transitions
of all triplexes formed with the modified chimera DNA
and the dsDNA markedly shifted towards higher tem-
perature range compared to that of the unmodified
parental chimera DNA (GK-300, blue line). The data
indicates that the triplexes containing the modified
TFO has higher stability compared to the triplex con-
taining GK-300. The Tm values of the triplex estimated
from the first derivative of the UV-melting profiles are
listed in Table 1. As shown in Table 1, the modified
TFO greatly stabilizes the triple helix since the Tm values
of the triplexes containing the modified TFO are
remarkably higher (10�C>) than that of the triplexes
containing unmodified GK-300. Also, the stabilizing ef-
fect is influenced by the number of the intercalator-con-
jugated nucleobases incorporated to the TFO. Thus, the
Tm values for GK-331 and -332 bearing two of the mod-
ified bases were higher than those of GK-329 and -330
bearing a single modified base. Meanwhile, the position
of the modified base in the TFO seems to have little ef-
fect since the Tm values of GK-329 and -330 were almost
the same and as that of GK-331 and -332. Among the



Table 1. Melting temperature (Tm) of the triplexes and the duplex

TFO Triplex Tm
a Duplex Tm

a DTm
b

GK-300 38.6 71.1 —

GK-329 49.4 71.3 10.8

GK-330 49.0 71.1 10.4

GK-331 52.1 71.1 13.5

GK-332 51.2 70.9 12.6

aTm values (�C) were determined by computer fitting of the first

derivative of the absorbance with respect to 1/T.
b DTm indicates the deviation from the Tm value of the corresponding

triplex composed of GK-300 and the duplex.
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modified TFO, GK-331 having the adjacent modified
bases exhibited the highest stabilizing effect, although
the difference in the Tm between GK-331 and 332 was
only about 1 �C. Presumably, the observed Tm increment
effect of the modified TFO is due to the interaction of
the anthraquinone moiety and the double-stranded por-
tion of the target dsDNA.

To confirm such interaction, we carried out a set of
experiments monitoring the change in UV-absorption
of the anthraquinone moiety. Thus, the complex formed
between GK-332 and the dsDNA was heated at elevated
temperature and the UV-absorbance at the range of
400–700nm was monitored. As shown in Figure 3a,
the anthraquinone-based absorbance exhibited a
marked shift to the shorter wave length (blue shift)
according to the elevation of the temperature. At the
same time, the absorption maximum was also increased
(hyperchromic effect). A combination of these character-
istic behaviors in UV-spectroscopy strongly suggests
that the anthraquinone moiety actually intercalates to
the target dsDNA when the modified TFO binds it to
form the triplex.
Figure 3. Temperature dependent UV-change of anthraquinone moi-

ety in GK-332. The experiment was carried out in the same condition

as the UV-melting experiment, although the concentration of the

triplex was 18.6lM.
Next, the UV-absorbance at 535nm in Figure 3a was
plotted against temperature and the result is shown in
Figure 3b. As is clearly seen from Figure 3b, the plot
shows prominent increment of the absorbance between
50 and 60 �C. The essentially same results were obtained
from the corresponding experiment for other modified
TFOs. The obtained plots reflect the association and dis-
sociation of the intercalator moiety from the target
dsDNA, presumably. The results strongly suggest that
the intercalator moiety in the modified TFOs works as
a molecular anchor to fasten the TFO to the target.

In conclusion, we have successfully demonstrated the
preparation and the remarkable triplex-stabilizing abil-
ity of novel a–b chimeric oligo-DNA bearing an interca-
lator-conjugated nucleobase located at the linker region
as a unique alternate-stranded triplex forming oligonu-
cleotide. The triplex-stabilizing ability of the modified
chimera DNA arises from the intercalation of the inter-
calative moiety.

The ease in preparation and the substantial triplex-stabi-
lizing effect of the current modified chimera DNA would
make it more advantageous compared to the previously
reported modified chimera bearing a dinucleoside phos-
photriester unit conjugated with the same intercalative
moiety having hexamethylene tether group at its inter-
nucleotide linkage in a stereospecific manner.8 Also,
the results presented here indicate that the C-4 position
of the pyrimidine base in the linker portion of the chi-
mera is a very suitable position to incorporate a certain
molecule capable of interacting with dsDNA, such as
DNA cleaving molecule.

Optimization of the structural feature of the conjugate
including the length of the linker portion is now under
way and will be reported elsewhere.
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