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Bridged Nucleic Acids (BNAs) as a Basic Material for Genome Technology
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The completion of the human genome sequencing project will greatly accelerate the development of novel and prac-
tical technologies for genome-analysis, diagnostics or therapeutics. Oligonucleotides are playing an important role in
these genome technologies, because of their sequence-specific hybridization ability toward the complementary strand.
Besides the sequence-specific duplex formation, oligonucleotides are able to form stable triplex structures, which is fun-
damental to the antigene strategy to regulate gene expression in a living cell. However, two major drawbacks are known
in the triplex formation by a natural oligonucleotide: low stability of the triplex and limitations of the target DNA se-
quence. One promising strategy to overcome these problems is chemical modification of the oligonucleotides. We have
developed various bridged nucleic acids (BNAs), and found that the oligonucleotides containing 2°-0,4’-C-methylene
bridged nucleic acid (2”,4’-BNA) modification form a stable parallel motif triplex with the double-stranded DNA target
under physiological conditions. Some nucleobase analogues to extend the target DNA sequence were designed, synthe-
sized and incorporated into the 2”,4’-BNA structure. The obtained 2",4"-BNA derivatives containing modified nucleo-
bases effectively recognized a pyrimidine-purine interruption. Some other examples of nucleic acid analogues to over-
come the two major drawbacks in the triplex-forming oligonucleotides are also summarized.
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Fig. 1. Schematic Representation of Antigene and Antisense Strategies
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Fig. 2. Structures of DNA and RNA

Fig. 3. Structure of the Bicyclo-DNA
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Fig. 4. Illustrations of A-type Helical Structure and N-form
Sugar Conformation (Left), and B-type Helix and S-form
Sugar Conformation (Right)
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Fig. 6. Schematic and Simplified Drawings of Parallel and Antiparallel Motif Triplexes (Left), and Structures of Hoogsteen and

Reverse-Hoogsteen-type Base Triads (Right)
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Fig. 8. Gel-Retardation Experiments Showing Significant Binding Affinity of the 2",4"-BNA Modified TFO to the Target dsSDNA
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Fig. 9. Structures of the Nucleoside Analogues to Recognize
TA Interruption
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Fig. 10. Structures of T, 4HT and P*CG Triad
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Fig. 11. Structures of 2,4’-BNA-P and Its Derivatives

Table 1. T, Values (°C) of the Triplexes Comprising Modi-

fied TFOs
5 -TTTTT*CTXTnCTmCTmCT-3"
5’-GCTAAAAAGAYAGAGAGATCG-3
3’"-CGATTTTTCTZTCTCTCTAGC-%

YZ

X
CG GC TA AT
2, 4-BNA-P 33 19 14 23
2’, 4-BNA-"P 32 21 14 23
2, 4-BNA-Q 29 20 16 15
P 24 16 15 15
T 25 20 17 44

Conditions: 140 mm KCl, 10 mm MgCl,, 7 mm Na,HPO, buffer (pH 7.0).

2", 4-BNA/LNA kL IaNTOREZEHE AT 5
Hilzla Pl LT, C- X7 LA REI2 ,4-BNA/
LNA O &g 2 mat L2 QML IR L 7=
(Fig. 12), 6667 Afgix, FHEI &2 7 )5 RE
IR USRS T 2 AT O8O U F 7 A< Grignarge
Hx NI, Z0%, Mitsunobu Kz TEE
HEEZITOHDT, BAHOIERRUKBEL AT
% 2/, 4-BNA/LNA 7 T &R EKRT 5 2 &N
T&5., ZORBZEMALTEKRLZAFH =)
B3 & S R4 12D 27,4'-BNA/LNA 23 CG #1z
KU TEROEFFEZ RTEVWSHIERNEG SN
tﬁ$ébb,mﬁbmofr4quﬂNA®ﬁ
BT /= )VEEBAL FEROGRIC
Ih L (Fig. 12), ZhzE&8A4VITXT LA F I\
MEETY >—FREEY I D UEIIFICEET S
TA HH> UA AN EMHAERL, RER—=H
AT 5 L2 WY Z &I L7z, 70
5. &HYIC

PLE, EES13 TR O E 2 28BS 1T X
S THYICHEENT 2] W a2t hob L,
Bk & I3 5RRE RN TR DBRFE 217> T&E . HTH,
2, 4-BNA/LNA 345 REIFEST U 7z & D ITERH) —H K

Ar-Li RO,

Ar
K ? K -0 Ar—?\-;gx KOH L.\\H
—-' —— 'OH
‘-“‘-\-
OR’ OR O OrR O
Mitsunobu condition:
T =N
O O, ~
K ? —
—_—
0“‘--.0 O"‘--.O
iy A etc.

Fig. 12. Synthetic Route for the C-Nucleoside Analogues of
2,4-BNA/LNA
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212, NIHROFET - HFRICHIz> TEHE SIS
F7eEAT 2T MIFERITO E<HERELZEE X
TWa, BUfE, MABRRANT L/ BT /0
D—OMENLIZIENT T, TS5 ZEER N TR D EE
JSHZEREIICHEEFR TH D, ZHITIAT, AL
il D72 5 EkkRe b2 Big L ez /a5 1 7 D%
% T OBRFHIRICD HEFENTNS,

BEE AR, KRR FRFRIEEIERHC
BWTTo2bDTH D, #&ia, B WEIFEED)
SEBOELESH REGRIEEILBL BT E
T Fi, INSRETEE < OLFETEE DB
OBYTY. ZOBEH/BOTOLIOEHHFL B
&

E AR DOEITICHEL, SCRREE R AT &
W4, ba—< YA T2 AR A b
21— YA T2 AR, NEDO R0 EY 3
FealhF 7B gk 3, W ONT HASGE 5582 A & 0 #2
BEBOELE ZZICE#OERERLET.
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