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Abstract—An anthraquinone derivative conjugated with 2,2-bis(hydroxymethyl)propionic acid as a novel non-nucleosidic compo-
nent was synthesized and successfully incorporated into an internal region of 14-mer triplex-forming oligonucleotide (TFO) via the
phosphoramidite method. The resulted novel TFO exhibits remarkable enhancement effect on the thermal stability of a DNA triplex
upon binding to a pyrimidine-gap containing polyprurine sequence.
# 2003 Elsevier Ltd. All rights reserved.
For the past decades, oligonucleotides capable of form-
ing a triple helix with double-stranded DNA (dsDNA)
have been extensively studied, because an appropriately
designed triplex-forming oligonucleotide (TFO) would
regulate the normal gene expression through the inter-
ference of the transcription and/or replication of geno-
mic DNA.1 Usually, a homopyrimidylate is used as a
TFO which binds to a homopurine strand of dsDNA in
the manner of parallel orientation. Therefore, a suffi-
ciently long tract of the homopurine strand is required
as the target strand for the triple helix formation. The
thermal stability of the resulted triple-helical oligonu-
cleotide is, however, generally much lower than that of
the corresponding double helix. Furthermore, an inter-
ruption of the homopurine strand with even a single
pyrimidine residue substantially lowers the stability of
the triplex.2 Several TFOs bearing a modified base,
which is able to form hydrogen bonds with the inverted
base pair in the homopurine strand, have been repor-
ted.3 In the case that thymidine is placed as the inter-
rupting pyrimidine residue, however, the approach
using such modified bases has resulted in limited suc-
cess.3,4 Thus, the development of new TFO capable of
forming a stable triplex upon binding to a pyrimidine
interruption sequence possessing a T–A base pair would
bring about a great improvement in the feasibility of
TFO as a practical gene regulating agent.

Attempting to achieve enhanced thermal stability of the
triplex containing such inverted base pair, we have syn-
thesized a novel non-nucleosidic phosphoramidite bear-
ing an intercalative moiety. The derivative was
incorporated into a modified TFO (GK-302, Fig. 1) at
the position facing the T residue of the T-A inverted
base pair in a polypurine sequence of dsDNA. UV-
melting experiment revealed that the modified TFO
brought about remarkable enhancement effect on the
thermal stability of DNA triple helix upon binding to
the target dsDNA.

The preparation of the key compound, bi-functional
anthraquinone phosphoramidite reagent (4), was
achieved by the following procedure (Scheme 1). In
brief, anthraquinolylethylenediamine (1), which was
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Figure 1. The structure and the sequence of TFO used in this study.
Keywords: Triplex intercalator inversion.
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readily prepared from 1-chloroanthraquinone and ethyl-
enediamine, was condensed with 2,2-bis(hydroxymethyl)-
propionic acid by the action of dicyclohexylcarbodiimide
(DCC) in dry pyridine.5 The obtained conjugate (2) was
reacted with slightly less equivalent (0.9 equiv) of
dimethoxytrityl chloride to give the mono-tritylated
desirable product (3) as the major product along with
small amount of the di-tritylated by-product. The
mono-tritylated compound 3 was further converted to
the corresponding phosphoramidite derivative (4)6 using
chlorophosphoramidite reagent.7 Meanwhile, 20-deoxy-
5-methylcytidine, which substitutes all normal deoxy-
cytidine residue in GK-302, was prepared from 4-tria-
zolylthymidine.8 The nucleoside was readily converted
to the 50-dimethoxytritylated derivative (5). Further
attempt to convert 5 to the corresponding N4-benzoyl-
ated form (6)9 with a standard transient-protection
procedure, which has not been described in literature
yet, using the TMS-group as the transient 30-protecting
group was not successful. This is due to the
extraordinary vulnerability of the benzoyl group of the
intermediate towards the alkaline hydrolysis used for
the removal of the TMS-group. Even a brief treatment
of the intermediate with 2 M ammonium hydroxide at
room temperature caused the cleavage of the benzoyl
group. After several experiments, we found that a brief
treatment of the intermediate with a mixture of pyridine
and aqueous methanol (pyridine:MeOH:H2O=1:8:1, 25
min) is effective for the selective and quantitative
removal of the TMS-group. The protected nucleoside
thus obtained (93.2% from 5) was derived to the
corresponding phosphoramidite derivative (7) as
above.

GK-302 (14-mer) was synthesized using an automated
DNA synthesizer (ABI-392) on a 1 mmol scale. The
incorporation of 4 and 7 into the TFO was accom-
plished with the extended coupling period (360 s). After
the usual treatment of DNA-bound CPG with concd
ammonia, the oligomer was purified by reversed-phase
HPLC, detritylation, ethanol precipitation and Sepha-
dex G-25 gel filtration to give GK-302 in a satisfactory
yield (26.8%).10

The double-stranded DNA (ODN-2+ODN-3) contain-
ing a polypurine tract, in which a single pyrimidine
interruption sequence possessing the T–A base pair is
located near the end of the polypurine sequence as
shown in Figure 1, was used as the target for triplex
formation experiment. The stability of the
triplex between the double-stranded DNA and GK-302
was examined through the measurement of the UV-
melting profile under a slightly acidic condition. The
melting curves using GK-303 and -304, in which the
anthraquinone-bearing non-nucleosidic unit in GK-302
was substituted with normal 20-deoxyadenosine or 20-
deoxyguanosine unit, respectively, were also measured
for comparison. As shown in Figure 2, UV-melting
profiles of the mixtures gave a two-phase transition in
all cases. The higher transitions are due to the dissocia-
tion of the duplex (ODN-2+ODN-3) into single
strands. The lower transitions correspond to the dis-
sociation of the triplex into the duplex and the third
strand. The data indicates that the formation of the tri-
plex actually occurred upon mixing all GK-series of oli-
gonucleotide with the dsDNA under the conditions we
used. The thermal stability of the triplex consisting of
GK-302 was compared to that of the triplexes consisting
of GK-303 and -304 through the comparison of the Tm
values of the triplex estimated from the UV-melting
profiles and those are listed in Table 1. As is clear from
Table 1, GK-302 greatly stabilizes the gap-containing
triple helix since the Tm value for the triplex involving
GK-302 is remarkably higher (20 �C>) than those of the
triplexes involving GK-303 and-304. It would be note-
worthy to point out that the Tm values of GK-303 and -
304 were considerably lower than that of the previously
reported 11-mer TFO (�-11mer)10 which covers only the
polypurine region of the current target site (Fig. 1).

In an independent experiment monitoring the UV-
absorption of the anthraquinone moiety of GK-302, we
Scheme 1. Preparation of anthraquinone-bearing phosphoramidite
reagent (4) and fully protected 5-methyl-20deoxycytidine phosphor-
amidite reagent (7).
Figure 2. UV-melting profiles of the triple helices. The duplex con-
sisting of ODN-2 and ODN-3 (1.5 mM) was mixed with an appropriate
THO (1.5 mM) in sodium cacodylate buffer (10 mM, pH6.1) contain-
ing 100 mM NaCl, 0.5 mM spermine, and 10 mM MgCl2. The temp-
erature was raised at 0.1 �C/min and thermally induced transition of
each mixture was monitored at 260 nm.
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observed a characteristic red shift (518–522 nm) of the
anthraquinone-based absorbance upon mixing of the
TFO and the dsDNA as it is shown in Figure 3. These
results suggest that the observed enhancement of the
stability of the triplex containing GK-302 is due to the
intercalation of the anthraquinone moiety to the target
dsDNA, to some extent. Interestingly, enhanced hyper-
chromicity was also clearly observed for the triplex-
duplex transition of GK-302 compared to GK-303 and
-304, as is also shown in Figure 2. This suggests that in
the triplex form, stronger stacking effect exists in GK-
302 compared to other TFO, which would also con-
tribute to the increment of the thermal stability of the
triplex. Another interesting observation here is that the
Tm values of the triplex containing either GK-303 or-304
are almost the same and no stabilizing effect of the tri-
plex by the dG-residue in GK-304 over the dA-residue
in GK-303 facing to the T–A pyrimidine gap position of
the dsDNA was observed. The result is somewhat con-
trary to the previous findings that dG-residue in a TFO
facing to the T–A pyrimidine gap stabilizes the triplex
through the formation of a single hydrogen bond with
T-residue.2a,12 It should be pointed out that, however,
the reported stabilizing effect of dG was observed when
the T–A gap is located near the central region of the
target polypurine strand which is not the case in this
study. In addition, the 50-neighboring triplet of G.TA in
GK-304 is C+.GC which is known to destabilize the
G.TA triplet to a considerable extent.12a,12c The
observed total lack of the stabilizing effect of dG in GK-
304 would be attributed to these facts. The result also
indicates that the current anthraquinone-bearing TFO
would be a particularly useful TFO against a pyr-
imidine-gap containing polypurine sequence when such
gap position is located near the end of the sequence.

The current anthraquinone-bearing phosphoramidite
derivative unit might be more advantageous compared
to the recently reported analogous amino acid deriva-
tive13 because of the ease in preparation and straight-
forward handling in an automated DNA-synthesizer
using phosphoramidite chemistry. The results presented
here indicate that novel modified oligonucleotides con-
taining an anthraquinone moiety as a non-nucleosidic
component would expand the utility of TFO as an effi-
cient and feasible gene-regulating agent. Optimization
of the structural feature of the conjugate including the
length of the linker portion is now underway and will be
reported elsewhere.
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