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Abstract:

Some of our research works are highlighted as following: (1) development of
synthetic approaches for a cytidinyl analog, 2'-deoxy-5-azacytidine (°C), and its
phosphoramidite derivative for application on a DNA synthesizer; (2) physical studies
of stability of a nucleic acid triplex containingG *C G,A *C G, T *CGorC °C
G; (3) building up a triplex model composed of a hairpin duplex with a
homopyrimidine single strand through Hoogsteen base pairing. We have had
significant progresses in these research works. A manuscript describing the
experimental results of a triplex model has been prepared and submitted to an
international journal. It has been observed that a group of unusually stable DNA
hairpin duplexes (Hn: 5'-d-(AG),T4(CT),, n = 2-4) are directed to homopyrimidine
sequences (Pn: 5'-d-(TC),) by py pupy-type triplex formation, resulting in high
binding affinity and specificity. The experimental results of UV thermal denaturation
and CD spectroscopy showed that the short bimolecular triplex Hn:Pn (1:1) could be
formed in acidic conditions (pH 4.5-6.0) as the helix length n > 2. This hairpin
strategy for nucleic acid recognition of a pyrimidine strand has a substantial binding
advantage over either the conventional linear analog or simple Watson-Crick DNA
complement. The triplex stability of Hn with Pn is not only helix length- and
pH-dependent but also extremely sensitive to the nature of a buffer. In the present
study, we provide a simple triplex system, and the data presented may be useful in
defining the experimental conditions necessary to stabilize triplex DNA. The other
interest of our research is to eliminate the limitation of sequence recognition of a
single strand DNA by oligonucleotides through triplex formation. The synthetic
strategies and procedures have Dbeen developed for derivatives of
2'-deoxy-5-azacytidine (?C) which is designed to form a base triad G *CG. The
cytidinyl analog 2'-deoxy-5-azacytidine and its derivatives were synthesized and
incorporated into oligonucleotides on a DNA synthesizer. Characteristics of °C in
triplex formation and stability were monitored by measurements of optical methods. It
was observed that the base triads G °CG and A °CG, among G °CG,A °CG, T
8CG and C ?CG, showed greater ability in supporting py pupy-type triplex
formation, and thus extended the recognition range of a DNA single strand by a

duplex containing a base pair *CG.

Keywords: hairpin duplex, the nature of a buffer, triplex stability,
2'-deoxy-5-azacytidine, limitation of sequence recognition
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#5-

3 20 mM phosphate buffer pH4.5 150 mM NacCl

20 mM MgCl, 2

1 %CG G AT C G
G A %G T %G C %G

2 G %G A °CG G CG G TA

A CG
3 G °CG G TA
X YX

Triplex Symbol | G 2CG A ®CG T °CG C °CG
T (°C) 14 14 10 10

G CG|A CG | T CG|C CG| G TA
12

Triplex Symbol
T (°C) 11 9 13 13

Hn 5'-d-(AG),T4(CT),, n = 2-4

" "Watson-Crick
" " Hn Pn 5-d-(TC)y, n =2-4 Hoogsteen
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Hn Pn 1:1
4.5 acetate buffer pH 6.0 phosphate
150 mM NaCl 20 mM MgCl,

symbol

sequence

H2 5'-d-AGAGTTTTCTCT

H3 5'-d-AGAGAGTTTTCTCTCT

H4 5'-d-AGAGAGAGTTTTCTCTCTCT

P2 5'-d-TCTC

P3 5'-d-TCTCTC

P4 5'-d-TCTCTCTC

L1 5'-d-CTCTCTCT

L2 5'-d-AGAGAGAG

L3 5'-d-GAGAGAGA

n
20 mM pH
cacodylate MOPSO  PIPES buffer
Hn 2 uM - 100 pM

+1°C HnN



Hn
20 mM acetate buffer
MgClz

Hn 2 uM

20 mM phosphate buffer 150 mM NaCl 20 mM

concentration Tm (°C)
(LM) H2 H3 H4
100 44 61 70
50 43 60 69
pH 6.0
(phosphate) 25 42 59 68
44 60 70
average Tp, 43 60 69
100 35 56 63
50 35 56 63
pH 4.5
(acetate) 25 36 55 61
2 37 57 61
average Tp, 36 56 62
# n pH
pH 6.0 n>?2
Tt T2 Hn Pn n=3-4
H2 P2
H2
pH 4.5 Hn Pn n=2 4
C' GC
4 pH 6.0 pH 4.5 Hn Pn
Hoogsteen C' GC
H3:P3 7°C 26 °C
H4:P4 H4:P4
60 °C
" " pH 6.0

H2 P2



Hn:Pn 1:1 2 uM
20 mM acetate buffer =~ 20 mM phosphate buffer 150 mM NaCl
20 mM MgCl, Tt Watson-Crick
To  Watson-Crick

Tmi / Tm2 (°C)

pH 4.5 pH 6.0
(acetate) (phosphate)
H2:P2 /35 / 44
H3:P3 26 /57 7/61
H4:P4 60" 27/70
L1:L2 /28 -
L1:L2:P4 30° -
L3:P4 /22 -
a: Ty
Hn Pn acetate buffer pH 4.5
H2 P2 5 °C 240 nm
H3 P3 45°C >T, 26°C
Hn Pn n=34 5°C
214 nm
H2 P2 pH4.5 pH 4.5
35°C " " H2
pH 4.5-6.0
Hn Pn n=3-4
H2 P2 H2
Hn Pn n=3-4
3 !/
= e o 2 uM pH 4.5
é ' 2 o 20 mM acetate buffer 150 mM NacCl
;1 1T | 20 mM MgCl,
1 5°C (---)H2 P2,(—)H3 P3
o (+)H4 P4 45°C (--)H3 P3.

T T T T T T
220 240 260 280 300 320 340

Wavelength (nm)



" " (H4) " "
(L1:L2) (-TTTT-) " "
ATy, =32 °C P4 " "
AT, =30 °C P4 Watson-Crick
L3:P4 Tm=22°C Hoogsteen
H4:P4 T, =60 °C " "
#
H4:P4  pH 6.0
dissociation of the Hoogsteen/Watson-Crick domains 27°/70° (phosphate) >
23°/71° (cacodylate) > 19°/70° (MOPSO) > 12°/71° (PIPES) Hoogsteen
domain
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