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Fo 4 B AR &1 93 LANIE B R
The Effect of 2'-Substituent on Stability of Triple-Helical Nucleic Acid
and Design/Physical Study of Nucleic Acid Probe
£ %5 - NSC 93-2113-M-034-003-
EHFAHFER PERCRBLEAERACEAH
HESEAR BIR  BHAE EFH - -BER FECRLEALEM

Bz

BB A7) 5-d-(AG), Ao 5-0-(TC)n HAR ¥ F HRF 7] - HAI4HHL K
B A 713t 0048 B B A X B 84T 4 5-d-(TC)aTo(CT)y #9 5'-d-(AG) T4(CT)y
EAEAIEL G SR TEE  REY B RGN Ff RN E — 1 47
AATEMBMEHRENERLE - AR EFF AR E TR H
RBRERESEENZ RIS -

LBREFPHREREBEEEMAEREXEERARE - FHZ ARt
(C2-endo # C3'-endo) R A Z RAMRAAHE A A LM R REBABTH
g £ B EEMETEY  RHESARME-2RCFE MG LTI LS —
2'-deoxyuridine ( #f & C2'-endo #3% )4v 2'-O-methyluridine (#f% C3'-endo 47 )
L2 BEANFAGSS TR ER T - AFELERT — A7 RRREE
(F Bt — : 5-d-(XC)T(CY)s + 5-d-(AG)s ; Tl = : 5-d-(CX)sTa(YC)s +
5.d-(GA); : X, Y = thymidine + 2'-O-methyluridine ~ 2'-deoxyuridine ) « BN B
LRBRAERFEERE  ForE kX BB ST L E- 2T AER
RTABRA S EHOBIE S FAHEAA BB EREMABIRY
HWPAEL B Cicendo # kbhiEiHL C2-endo 9 BAE ¥ Bh 8 & A%
Bk S SRR SEARGY A AR o

LERE BB BRSNS AEHBAES RELRSREZ LT
( Fluorescein * F) & TRy B £ Fahdpdl4h (dabeyl» Q) EM EHAHRAN
ERFBLASALETURAR S BEAAENMARH4 ARSI TRRELAER
BT H o AT E PAR T B AT S-d-TCTCTCTCTTTTGAGAGAGA-F -
5 F-d-AGAGAGAGTTTTCTCTCTCT » ;X &R B2 R #shsd 5-d-CTCTCTCT-Q
5-d-TCTCTCTC-Q- £ £ By R IR A AR MM ARMH & RHHMM R
# 4% + Hoogsteen strand 48 # # Watson strand #9748 # 7 @14k » B 8 & T 4F B sk
SRS E R T RER c S ATRERMET 0 £ py - pupy BRI



fi§ = 383k 445+  Hoogsteen strand #8 $f#> Watson strand B EZ L P47 T2 &
BertER N1 BB EMEEZ KUMEN - EEENESSE R EER -

Makis ¥ kX An8 k& AohtataA - M E2YL LSBT iTEY -
BB IR 4

Abstract

The studies of oligonucleotide-directed triple helix (triplex) formation have been
a wide spreading event. The 5'-d-(AG), and 5-d-(TC), sequences are found at
unexpectedly high levels in eukaryotic genomes. The strategies provided here will
give the homopyrimidine and homopurine sequences to be recognized by an
oligonucleotide through the triplex formation. It is very important to enhance the
sensitivity of an oligonucleotide as a probe, and the binding affinity and specificity to
the target nucleic acid. In this research project, two subjects are highlighted as the
following.

1. To investigate the stability of nucleic acid triple helices containing 2'-modified
uridine in the Hoogsteen domain and/or the Watson-Crick domain. The
electronegativity of a 2'-substituent makes the furanosyl conformation of a nucleotide
different. In this project, uridine derivatives with a variety of substituents on the
position-2' have been synthesized, such as 2'-deoxyuridine with a tendency to show
the C2-endo conformation and 2'-O-methyluridine preferring the C3'-endo
conformation. It has been also made a series of hairpin-type triplex-forming
oligonucleotides (5'-d-(XC);To(CY)3+ 5-d-(AG)3; 5-d-(CXpTHYC)+ 5-d-(GA)s3;
X, Y = thymidine, 2'-deoxyuridine or 2'-O-methyluridine). The UV thermal melting
experiments indicate that the 2'-methoxy group is better than the 5-methyl group on
enhancing the hairpin-type triplex stability, and the C3-endo conformation of the
furanosyl ring facilitates the triplex formation relative to the C2'-endo conformation.

2. To design triplex-forming fluorescent probes. Oligonucleotides covalently linked
to a fluorescent dye (fluorescein, F) or a quencher (dabeyl, Q) are designed to probe
interactions between biomolecules, to study the orientation of a Hoogsteen strand
relative to the purine strand of a Watson-Crick duplex, and to detect the triplex
formation. Tt has been made a series of fluorescent oligonucleotides including
5.d-TCTCTCTCTTTTGAGAGAGA-F and 5-F-d-AGAGAGAGTTTTCTCTCTCT,
as well as the targets 5'-d-CTCTCTCT-Q and 5'-d-TCTCTCTC-Q. The fluorescent
experiments indicate that the Hoogsteen strand in the py * pupy-type triplex winds

parallel to the Watson strand, and binds to a Watson-Crick duplex in the major groove
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through the hydrogen bonding.

Keywords: hairpin-type triple helix, the furanosyl conformation of a nucleotide,
2'-modified uridine, fluorescent oligonucleotide

HESSRB

FALMRSRAE PN A A DNA & RNA #9504k A FHHBMEM O ER
HBAARABBEANER L P — S EMa REE R A RN Bk
o —BARFHBBEHLARFABRHA SRR ARBE - R - LIESH
SREMB AERABRRA HREANICERAOBBZEREMET R LA
AEZERBUEABE  EEURERE AR ZYERMOEBRIEES - L
HER TR etk THIABEE R G e M = F5%
A enAS 0 o ph b B H B 4244818 Watson-Crick domain #» Hoogsteen domain
MR R AR B R A F PRI AR R A SR
s At mEIRE BB ¥ A AMBEHBRRALERSEERYSE
LEAEL  AWRESAGE (ZHA4ANEMG SR RS- M) KER
ABBEH  BAFMESBRENHERER - £ 93 FEHTHEY » RPN
BaA S REMAMTEE BT TH ZAFHEGTHRIFKS -

1. F kiU HESE RS HB ANV E

REALBGH BN ERBE AR NEG P R KEE KGR SR
B —BEsk e BTH - AL T 2SS BTGB FrEAN
(nuclease resistance ) > BB B-2'4 005 E & B 4B A& 4h - {E RhiE 2R
C3-endo #4715 T o BIBHR SR T M - U E-2'BC2EM 2 B Y
GRS T EGEEIANORFE A EPSHME-2HEHIBHE (X
whiE 23 C3-endo s C2-endo #4%) #4585 = £ 8 = Hoogsteen domain #o
Watson-Crick domain ¢94& € B # % - 5 — & PIFA RARSH - T BAR— R FI 4 A&
¥k KA = ok R 2 A s AR SRR B-2 L AE BRARAE i 69 SR H AT
44 (845 2-deoxyuridine Fv 2'-O-methyluridine ) » J§ 2 A F A% Bk 42 P - [F8F
LRGN TITAEYZ M T RBM T T s R E-2RRAZLE
AAERMES RAAZBARAERA HIZBZSHSEHBETEOBE - SHEH
BREES M43 B EEMMTZ FHMBTE -

2. BAESHAFEHART RS R
BXFHEBGEMGEREFRIETTHBE  EL2NEAMNRERLERN —K

Escatse s 8424 (DNA - RNA & protein) 85 4E R » 5 b BARAE 48 L4

BRAMEE A EMAZ - BAT TR O AR MRS AR A KA FRET
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( fluorescence resonance energy transfer ) ~ TagMan - molecular beacon ~ scorpion
primer ¥ o BABRMMESIFAASAL invivoFo invitro BT £E - MY
#7 DNA ~ RNA v protein 63 &4k du - I T R4 X Lo F & H A5 AR B 44
REMDNA S AXLMKRREE > ABREGBRREE TS FZ At AR S
W BEREGR oF RETH  MAREESE BB A EEMIE4HBE R R
BRGE S - %6k 808 4% F A M Hoogsteen strand & 7 dp it ( Bpin ¢ #h48
FRZRLMBE ~TOHRE) EXBRL-—ARAEHTHRESR - £ 93
FEMEFNETAMMRABLELRRES AR R ML EK— 4 7
AR AR B REBI RS P28 LB S A TR 815k
FXZH AR EREARUMRRHEALHs FHBRE M BE ARG E
LR G945 & 0 4% & Hoogsteen strand 48 A4 8R4k 2 “Bobdd (BPAnBE 43k 6248
F 2 Watson strand ) &4 48 41 7 &3> 45 M5 8% = SR 45 M 4 R Z M B K Bt dg -

tEBERE

l. ZH A BBV HER BN EHBEEYBYE

DNA 82 RNA S4B EOARRAS  —ABATHUZARE L2848
METZHESH—BAFEARAL MBAUZMES A FoMEEEDA
AaERE 2 EARASILE RNA A 2-OH  DNA Bl A& 844 (2'H) - &
A% 4k 45 4 37 58 DNA Fo 4 8738 RNA 69451 R 48 € £ R B &4 45 DNA #« RNA
AL EMNERACARAMELR - REBVAR HE25AHZTEAAHRAEL
& khpEoL Clendo 9B E » X AHT 8 HEBKRARAFEG C2-endo #94k
Foo BB BA RIS BRI bEELELAMOTREE A4 ERHE
% B homotriplex $2 heterotriplex #4548 € £ &1 % » AR LML AT H R
BAHFBMAIRAGHFHEATARYELBRE T S0 B 202 EHz o=
BHGZTFEH AN ER e B ARRH LT KBV HEBR B RRE
BHEERAME AT & &F T EAS -

H TS AR T Ak H 47 A 40 2'-O-methyluridine (M 5 keh #8124 C3'-endo 4%
MhE) SRARTHEENE — » 314 phosphoramidite chemistry &5 F &, » &
FI DNA 8§16 B2 B ARBREAA BB ZRREHZIELRE Y (0F
SR e ARz AR E T o RIMA 2'-O-methyluridine 2 48 B4 & £ ¢
£, 2'-deoxyuridine (D ; kehsE Ll C2-endo &9 & X ) #v thymidine (T) # 4%,
Z o AR EMBMA P AL RETINE— -



B — k#4744 2'-O-methyluridine derivative 2.4 S A B

0
0 o}
NI NH
| /j§ ; | /& @-@® DMTrQ ON’go
' - €) -
HO— N o @-@ HO— N7 o g Ak_z
0 OMe
HO OH HO OMe r CN
PN j\/ NN

(a)TIPDSC]l;, Py, -15 °C (b)TolCl, Et;N, DMA (c)CH;I, Ag;O, Benzene (d)NH4,OH,
1,4-dioxane (e}-BusNF, THF ()DMTrCl, Py (g)i-PryNP(C1YO(CH;),CN, i-Pr;NEt

Z BAAHB I EREHBTEER

Hoogsteen domain 3'—(TC),
5 —(AG);—
Watson-Crick domain (AG) Ty
—(TC);
SI_(XC)Jﬁ 5'—(TC)3 51_(XC)3
S—(AG);— T, 5 —(AG); — T, 5'—(AG)3— T

_(TC)J-—‘/ —“(XC)3_J —(XC)h

Hoogsteen domain 3 —(CT),
Y—(GAl— T,

—(CT);

Watson-Crick domain

5'—(CX); 5'—(CT) 5'—(CX)
S—(GAs— T, S—(GAx— T S—(GA— T

4
— 1)y — X —(CX)
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- WHASRGELELB LS A LAE

K% FAiEE LR B ) 5 3

XC3T4CY3 5-d-(XC)sTa(CY)s X,Y=T ~ 2-deoxyuridine (D) ~
CX3T4YC3 5%-d-(CX)3Ta(YCO)s 2'-O-methyluridine (M)
AG3 5'-d-AGAGAG

GA3 5'-d-GAGAGA

LEHBHERES & APERESATRAASAABREBITESAELE
T AR R IR B B AR A R R R R i AL LR EIERE
BPHARBETHLBBEAR  ETaBBEEATHSARHE - Tika
XC3TACY3 ( B EE 43 4E 4T XCITACY3 + B2AE AG3 ) &£ K% a CX3T4YC3

(CX3T4YC3 + GA3 ) » @%b A BT %A $1540 > —Aab2IF6t0f B F
BRABEFRBRES T THEORFERAN ARG A A MBL = B 58 -

AT RESF - TREE (A2) RATRERTRHYPENT -

e Fohhkmaligk 260nm: BRb&EEHE R lom
BB THRME S 2uM ~ 11l s B4

4 Bk s+ 0 150 mM NaCl ~ 20 mM MgCl; ~ 20 mM acetate buffer (pH 4.5)
150 mM NaCl + 20 mM MgCl, » 20 mM phosphate buffer (pH 6.0)

(- B THuabfho LB uThs R

“ﬁ—“ﬁ;.@ﬂ B4 A I HBEBE T (°C)
CE pH 4.5 pH 6.0
1 TC3T4CT3 + AG3 30 22
2 CT3T4TC3 + GA3 29 21
3 TC3T4CD3 + AG3 31 23
4 DC3T4CT3 + AG3 33 23
5 DC3T4CD3 + AG3 30 23
6 CT3T4DC3 + GA3 28 24
7 CD3T4TC3 + GA3 31 21
8 CD3T4DC3 + GA3 29 21
9 MC3T4CM3 + AG3 38 31
10 MC3T4CT3 + AG3 38 32
11 TC3T4CM3 + AG3 37 28




HERXHR]

WEZZRREETIHG  ErA st dnsiiamP XCIT4CY3 &
CX3T4YC3 ' EAa#taek B A AT AT e bHIDEFHEHZRE
BEEAM s THEAIET 26 B LMEHE N kAR RER S
KPERFRK -

£ fipH 450 pH 6.0 EHER T B R A = XCIT4CY3 Ho
CX3T4YC3 Z 13 28 th i

T 5 4 T By 4. T8 4n KExia K
(a) vs (b) (Mvs(2) | B)vs(6) | W vs(7) | (5)vs(8)
KEBE £ AT, (°C) | PHAS l 3 2 1
(Tn@ = Tmw) | pH 6.0 1 -1 2 2
FERHR2

& A KRR T w45 4o
()4 # 2-O-methyluridine 2 ¥ & K 4% 8 = 8% 7% 4 #58 4 2'-deoxyuridine 2 % &
KAnlE Z A bl AR BN AB BB S £2EHA5~9°C . Btk
A C3-endo % C2endo BAR R AN B B A AMBMZ BB A& -
()F % (MC3T4CM3 + AG3) Z#isg 4 5% + & Hoogsteen domain 3
2-O-methyluridine 8% » % £ X AGB = ER LSBT A REHETE -

£ 4% 474 H 2'-O-methyluridine #o 2'-deoxyuridine # % & X\ Hi#t =
WHREMETENBE

g o T K%a
(a) vs (b) (1) vs(3) | (10)vs(4) | (9) vs(3)
BER R E AT, (°C) | pH 4.5 6 5 8
(Tm@ — Tm ™) pH 6.0 5 9 8
#EXTH3

REMTHREIETH R0
(1) 2-O-methyluridine # thymine A48 & % & SR8 Z o &4l TR BP Kb 4B 48
MH SR AR Er S RE TR Bt BAROURAMIRK R
AoRAKEER A 0 B R R AR EREM A& -
(2)45 44 3 8% fb % 4545 £ 2'-deoxyuridine $ thymidine 2 £ £ % © thymidine A E
-5 4 2-deoxyuridine % — 18 F AP A H - s TRERBT  AMHR D0 E
BBy o LA P A RGRANIER S HE XM



ERREBRB ARG RREFT LB -

£ A FRH#TE 4 2'-O-methyluridine v 2'-deoxyuridine £ 4 # thymidine

HELAAMBZBEREBBEEENEE

ok K B !

(a) vs (b) Ows(1) | B)vs(l) | B)vs(2)
YaEkiEm £ AT, (°C) | pH4.S 8 0 0
(Tm@ — Tm®) | pH6.0 9 1 0

2. BRAARAFHBRAFEHHER —BSAH T QHARE
BAFUMITHIFA - GERERRLEETRLED T AR RAER
RoCAEMTRZEAANPIRRES THEROEHN - LA BREHRT
# M Hoogsteen strand &) # é) 1 ( BPAR$T 0 ER R 2 2o AR — F O R K\ ) »
AXBE—BEAAEMGTRESR - AT A R AL TEE (fluorescence
resonance energy transfer » FRET) #5938 % - 4% % Hoogsteen strand 48 $1 74 $84%
2 ot gb (FpAYdE = 8B MR 4% b 2 Watson strand ) &948$ F & it - Ak edayt
FEEH R T o T8kt A8 8 XA TRt ey S 3B LA LR
1% (fluorescein ~ F) » #& Hoogsteen strand & 3'-s3%3& LR B ki Eahindldh
(dabeyl ~ Q) - A AR AL THEHR LMD B AR A48 » &
SMILe R E B TEAMNEERER SR TR TR EF R
it — o hhag A% -

BEART AR SR Aok & 485 nm R LA 10 nm 5 A SR A4 10 nm
W E g4 150 mM NaCl ~ 20 mM MgCl; ~ 20 mM acetate buffer (pH 4.5)

W LAk 6 AL S AR AR AR 5 Fldo T AT A

% F sk ak X A7
GAF  5-d-TCTCTCTCTTTTGAGAGAGA-F
FAG 5'-F-d-AGAGAGAGTTTTCTCTCTCT
CTD 5-d-CTCTCTCT-D
TCD 5'-d-TCTCTCTC-D
FHMaz Thas !
% 4— ° GAF » GAF+CTD » GAF + TCD
e = . FAG-FAG+TCD



TRARELBMFHE AN BEMM ST — A4 fluorescein Ht
dabeyl sk 8 B @ H R AR R LB AFHBBFHA B Rih b0
A i A LR R AR e A A BRBRA L EE KD
dabeyl Bl > ke H XAES  BARBARALB KR - *E 4\ — (GAF » GAF +
CTD » GAF + TCD) A 6i3eA »r LR AR R4 8 BT HE L2
Hoogsteen strand 8 t F @A~ B P (4o B ZA77 ) A8 & X 8 A F B E
4 (GAF) 18 X BN AL bz R » R M) (GAF + CTD) W& %
Y% 8A BE A 55 0 B &5 Hoogsteen strand A5 AR 2 Ebid i @ B F 417
@ 2 4&#(0b) (GAF+TCD) ¢y 8 A3k A n ¥ A X B AR D gaifstad
Bl AR TF4T6  #&EMH@FEAMITARAH  MEHBONHELRRLEZIR
AR RZME —ERRERLE - IR —aE it (Thae)
fe B $ B 4 AR B AR 35 » £ 4 A%(c) (FAG+TCD) ¢ B AMBER AR L AKX B LE
MRS AL Bl —SRT AR RZA AR FITE -

Bl = BAEEIFA 2 Bobsp @ik A & i Hldh 2 Hoogsteen strand =48

¥ G A E
5 —(TC)y— 5 ——(TO)i™
T4 T4
3'-Fluorophore—(AG),—’ 3'-Fluorophore—(AG),—’
3'-Quencher—(TC),—5' 5'—(TC),—Quencher

(a) (b)

5'—(TC),—Quencher

5'—Flnoroph0re——-(AG)nﬁ
T,
3 —(TC)—

(c)

HFARMEATEI B EEGRT ATE R SR TR AR

STRAR BB EABELEARE > BitE B @A R T2 CEAEH
ﬂmmwmiﬁmWKKQW%& A LA TR L L VR R
T8t ROAT () Ao (b)) B R NIR3 E 2 A I & 50%Fe 40% » @ & 4E(C)
o B SR UIE 0 L R R B L F A EA RSt E BSR4k py - pupy M
A 645 B = $E3% 454 ¥+ Hoogsteen strand A8 74 8Bk 2 R o4k 69 &) B A
FATH eI 5 -



stEARR AT

EAPHETPAMNBEREAKABBZERES  HHABRPFERGAF
5'-d-(AG)n #o 5-d-(TC), » 2% 3t # 4 B F i 8 &2 4K 4 5-d-(TC),Ta(CT), v
5-d-(AGHT4(CT) » KH M BRFFIBBAE R AR ZEREHRAETTTH
WX EMEMA AR B—5 KA hEERNIBRBAER Y
BB =R BE L AR T ARH ST A4 2-O-methyluridine ( # X b #%
#ae C3-endo L AEARM ) B Z AT T F2Z HRA R K XL B R
# 4% + 2 Watson-Crick domain #v Hoogsteen domain« B] 85 & b7t ZsRE 48 ¥
2'-O-methyluridine 2 4% & - #4 2'-deoxyuridine ( & % sh#& 4 & C2'-endo LA )
fo thymidine BEK - R EBHTEHOFRESATHE  RESABBANER
B RN T ET R P IR 3 2 o TR — R AR AR Aol R KR A =
HAWEB N 2R R AMBE RSB TENPE CHFHSOTRAR
BRig—FHTH - 39 BN RMBETEARLBRBEHATR KRR
4y fluorescein S 45 15 BAn BG40 4 300 & S8  ER S LEENBRRLEHA MY
FRzxa kR £ EHHEF > KMARIGHARAEE A 4 py - pupy
# ¢4 45 B = 8 4% 545 P > Hoogsteen strand A3 #1 % Watson strand & ¥ sy MR & -
FEEEEA L R E T R A THE R 31T T Hoogsteen strand 48 ##> Watson
strand BAT-4T 89 F @ BLoR oS A0 HATAR S MR AME AR o AMEZNERR
EsmE e aaR e
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