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Triplex formation between duplex DNA and a nan il wnnn N|W
triplex-forming oligonucleotide (TFO) has been cl) Base lo Base O Base
noted in practical applications of antigene method- W W -
ology and in genomic analysis. In the triplex DNA ) \\o o R o R
formed with the pyrimidine motif, the homopyr- °='|°‘0_ °='|"0_ o=P-G
imidine TFO binds to the homopurine tract of the o e e

target duplex DNA in a sequence-specific manner
through the formation of Hoogsteen hydrogen
bonds to form T-A-T and C*-G-C triads. Inter-
ruption of the homopurine sequence of the target B)
duplex DNA by a pyrimidine nucleotide causes I
destabilization of the triplex. Chemical modifica- I
tion of the TFOs in the nucleobase moiety has 1
been reported to give efficient recognition of a
pyrimidine - purine base pair, such as a C-G or
T-A base pair.>2 However, development of |
practical TFOs for recognition of general duplex "
DNA sequences is still pending.

We recently achieved the first synthesis of a
novel nucleoside with a fixed N-type conformation
(C-3'-endo),”! namely, 2'-0.4’-C-methyleneribonu- M|M

cleic acid (2'-O4'-C-methylene Bridged Nucleic o o
Acid 2',4-BNA; Scheme 1 A)i> and found that k ;

pyrimidine oligonucleotides with partial 2',4'-BNA

N-type conformation

5-d(GCTAAAAAGAYAGAGAGATCG)-3'

3-d(CGATTTTTCTZTCTCTCTAGC)-5'

5'-d(GCTAAAAAGYYY,GAGAGATCG)-3'
3-d(CGATTTTTCZ1ZZ,CTCTCTAGC)-5'

N-type conformation S-type conformation

5-d(TTTTT"CTXTMCTMCT™CT)-3'  (X: T,™C, P, P or HB)

(YoZ: CoG, TeA, GC or AsT)

5-d(TTTTTTCX 1 XX,"CTMCT™CT)-3' (X: Tor PB)
(YoZ: CoG or TeA)

(X1 ‘Y1‘Z1, Xz'Yz’Zz: TeAeT or mC'G'C)
4

X 3
| 2 “T“
N o o

modification exhibited strong triplex-forming abil- [ [ [

.. [6-9] O=P—0" O=P—0O" 0=P—0"

ities at neutral pH values. | | |
From the fact that T or C moderately interacts e i e

with a C-G base pair in homopurine - homopyri- (P) (P%) (H®)

midine double-stranded DNA (dsDNA),['*12] we
considered that the 2-carbonyl oxygen atom of T or
C plays an important role in the recognition of a
C-G base pair. Therefore, we selected the 2-pyridone
group,I'> ¥l which has only a 2-carbonyl group and lacks the
3-nitrogen atom and a 4-carbonyl or amino group of thymine
or cytosine (Scheme 1B), as a nucleobase to interact with a
C- G base pair. Here, we report the synthesis of the novel 2,4’
BNA monomer 1 bearing a 2-pyridone group, and its
application to the efficient recognition of C-G interruption
in homopurine - homopyrimidine dsDNA.

The synthetic route to 1 is shown in Scheme 2. The starting
material 2,1} which was easily prepared from D-glucose, was
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Scheme 1. A) Structure and characteristics of 2',4-BNA. B) The oligonucleotides used in
this study.

treated with 2-pyridone, N,O-bis(trimethylsilyl)acetamide
(BSA), and trimethylsilyl trifluoromethanesulfonate
(TMSOTY) in dichloroethane to give 3. Bicyclic nucleoside 4
was obtained upon exposure of 3 to potassium carbonate in
methanol. Next, hydrogenolysis of 4 afforded the desired
compound 1. The structure of 2',4-BNA monomer 1 was
confirmed by X-ray crystallographic analysis (Figure 1),
which revealed that the sugar moiety in 1 was fixed in an
N-type conformation (pseudorotation phase angle P is 16.7°),
the same as that in the 2',4-BNA uracil monomer (P is
17.4°).141 The phosphoramidite 6, the suitable building block
for DNA synthesis, was obtained by dimethoxytritylation
(1—5) and phosphitylation (5 —6), and then incorporated
into TFOs I and I' (Scheme 1B) by a standard phosphorami-
dite protocol on a DNA synthesizer. The purity of the
modified TFOs was verified by using reversed-phase HPLC,
and the compositions were determined by matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF)
MS.07
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Scheme 2. Synthesis of 2',4-BNA-pyridone monomer 1 and its phosphor-
amidite derivative 6. a) 2-pyridone, BSA, TMSOTT, dichloroethane, reflux,
74%; b) K,CO;, MeOH, RT, 100%; c) 20% Pd(OH),/C, cyclohexene,
EtOH, reflux, 95%; d) DMTrCl, pyridine, RT, 96%; e)2-cyanoethyl
N,N,N',N'-tetraisopropylphosphorodiamidite, diisopropylammonium tetra-
zolide, MeCN/THF, RT, 98%. Bn=benzyl, Ac=acetyl, Ts=toluene-4-
sulfonyl, DMTr = dimethoxytrityl.

Figure 1. X-ray structure of 2',4-BNA-pyridone monomer 1.

The melting temperatures (7,,) for the triplexes formed by
TFO I containing the 2',4-BNA-2-pyridone monomer (PB)
were compared with those of triplexes where TFO I contained
a natural nucleobase (T or ™C), a DNA-2-pyridone monomer
(P),I'Y or the 2',4'-BNA abasic monomer (HE, Table 1).1 181 At
first, it was found that the triplex I-II-III containinga P-C-G
triad was as stable as the triplexes I-II-III containing a
T-C-G or ™C-C-G triad, which indicates the great impor-
tance of the 2-carbonyl oxygen atom of T, ™C, and P in the
recognition of a C-G base pair.'”! Furthermore, as we
expected, the TFO I containing P showed high sequence
selectivity, while that containing T or ™C preferentially
recognizes an A-T or G- C base pair. The proposed hydro-
gen-bonding pattern for the P-C-G triad is shown in
Scheme 3.
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Table 1. T, values [°C] of the triplex formed between TFO I and the target
duplex II- ITLEI

Y-Z
C-G G-C T-A A-T
T 25 20 17 44
nC 25 43 16 18
P 24 16 15 15
P8 33 19 14 23
HE 24 20 20 16

[a] UV melting profiles were measured in 7 mm sodium phosphate buffer
(pH 7.0) containing 140 mm KCl and 10 mm MgCl, at a scan rate of
0.5 Kmin~! at 260 nm. The oligonucleotide concentration used was 1.5 um
for each strand.
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Scheme 3. Proposed structures of the P-C-G, T-C-G, and "C-C-G
triads.

Triplex formation between TFO I (X =P8) and the target
duplex II - III was also found to be sequence selective, with the
triplex I-II-1II containing a PB-C-G triad being the most
stable in the triplexes I-1I-III with a PB-X-Y triad (Fig-
ure 2A). Moreover, the thermal stability of the triplex I-1I-
III containing a PB-C-G triad is preferable to that of the
triplex I-II-III containing a T-C-G triad (Figure2B).
Comparison of the T,, values of the triplexes with P2-C-G
(33°C) and P- C- G triad (24 °C) demonstates that the level of
triplex stabilization induced by the 2',4-BNA modification of
the 2-pyridone derivative for recognition of the C-G inter-
ruption (AT, =+9K) is comparable to that caused by the
2’ 4-BNA modification of thymidine or 5-methylcytidine in
the fully matched triplexes.”

To confirm the general applicability of this result, the ability
of PB to recognize the C-G interruption in other dsDNA
targets was also studied (Table 2). Replacement of an A-T
base pair by a G- C base pair at the neighboring sites of the
C-G interruption caused a decrease in the T,, values as a
result of the low stability of a "C-G-C triad under neutral
conditions. However, the TFOs ' (X=P8) preserved the
reasonable triplex-forming ability towards the corresponding
target duplex (Y:-Z=C-G). Furthermore, the triplexes
I'-II'-1II' containing a PB-C-G triad had much superior
thermal stability than any other triplexes I'-II'- III' having a
PB-T-A, T-C-G, or T-T-A triad.

To the best of our knowledge, P® is one of the best nucleic
acid analogues for recognizing a C- G base pair since it gives a
significant increase in binding affinity without loss of selec-
tivity. Considering that the TFO I containing the 2',4-BNA
abasic monomer (H®) had only a slight effect on the triplex
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Figure 2. T,, profiles of triplex 1-II-III containing a A) PB-C-G (—),
PB-T-A(----),PB-G:C (e—e-),0r PP A-T (—) triad and B) a PB-C- G
(—)orT-C-G (----) triad.

Table 2. T, values [°C] of the triplex formed from the TFO I’ and the
target duplex IT'- III".12]

Y-Z Y-Z

X, -X-X, C-G T-A XXX, C-G T-A
T-T-"C 16 ca. 10 mC-P8-T 21 b
T-PmC 27 ca. 10 nC-T-"C -l 0
mC-T-T 13 ca. 10 mC-pBmC 16 vl

[a] See captions in Table 1. [b] Typical hyperchromicity for the triplex
dissociation was not observed.

stabilization, the unprecedented C - G recognition ability of P®
would be attributable to the 2'-O,4’-C-methylene bridged
ribofuranose moiety coupled with an appropriate hydrogen
bond between the 2-carbonyl oxygen atom in P® and the
4-amino group in C.

The results presented here demonstrate that the 2-carbonyl
oxygen atoms of pyridone and pyrimidine nucleobases play an
important role in the recognition of a C-G base pair. In
contrast to T or ™C, the 2-pyridone derivative (P) has a
reasonable C- G selectivity because of the lack of a 3-nitrogen
atom and a 4-carbonyl or amino group which are crucial for
hydrogen bonding with other base pairs. The combination of
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2-pyridone and the 2'-O,4’-C-methylene bridged sugar moiety
significantly enhances the binding affinity with a C-G base
pair, without loss of selectivity. The application of the present
findings to the regulation of gene expression is currently
under way.
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