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Artificial molecules that exhibit specific recognition of duplex DNA have attracted great interest because of their
potential application in the manipulation of gene expression. Specific chemical reactions to the target base within the
predetermined site would secure selective inhibition at either translation or transcription reactions. A more interesting
application would be to alter the reacted base structure to induce a point mutation. In our study, we have focused our
efforts on: 1) development of new cross-linking molecules with high efficiency as well as high selectivity; 2) establishment
of a new molecular basis for the formation of nonnatural triplexes; and 3) synthetic approaches to the new minor groove
binders. This paper summarizes our recent results using two new functional molecules: 2-amino-6-vinylpurine deriva-
tives as new cross-linking agents; and W-shaped nucleic acid analogues as new recognition molecules for the formation

of nonnatural-type triplexes.
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Fig. 1. Genetic Processes of Diseases and New Therapeutic
Approaches
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2. DNA KU RNA (C% T 2 ZREZ KR EH]
DEIZ

BcxD1 D207 70—FTIIAVIXILAFR

WCRBEERERZEA L, EAIRE RN DI ER R
FJIZ DNA & 5 Wid RNA iIZfbZ Rz Id 2 &
ZREFL TW5a, JUEBIEMERAYR E1213 DNA
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Fig. 2. Application of Reactive Oligonucleotides
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Fig. 3. Design of 2-Amino-6-Vinylpurine for Selective Alky-
lation with Cytidine
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T TCE DR DR I N/ 1 T I3 ERE
HORISHEIZBE L TIEE o 2 < BB A R W E
FICAMIEZ MG L 7247, MOPAC I X % Ktk
THIOFiEEZNITX > TR S #1/ 2-amino-6-
melpurlne (1) ORISR O R I FE D %

TICRERMT LTz Tz,

2-3. EHEMITCOHAESVRIEEEZRE TS0
D yAFAE—2 3 DEEEBIRORE 2
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Fig. 4. Calculated Structure and Heat of Formation (MOPAC6, PM3) of the Ground State (A), the Transition State (B) and the Fi-

nal Product (C) of Cross-Linking with 1
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Fig. 5. Synchronous Activation of the Precursors within Duplex
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Scheme 1. Synthesis of 2-Amino-6-Vinylpurine Nucleoside
Derivatives
a) (i) TBDMSCI, (ii) TsCl, b) nBu;Sn (CH=CH-X), Pd (PPh;),.
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DFEREZIAREZZ7OoO0R)IVLAFEMBETSF2
>, U7 )y rERIBL, Fig. 6 IZaRT Ak EE
ABD T EMGIND T2 1718

2-5. 2-Amino-6-Vinylpurine & (1) 25
AVITAFLXILAFROERK
vinylpurine % #{k (1) 7% DNA &I LD
DNA IZHAAD =D, FTEZINHEZEZIN 7 1 R
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BXIR N EAHM L 72, T % DNA HEj &% EICE
AL, 27« RIKEEZEHA U I —DNA (9) %
G h U7 (Scheme 2). HEEMERIL 7= Z)L 7 1 Bk
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Fig. 6. Structure of the Adduct Formed between 2-Amino-6-
Vinylpurine and Cytidine (A) and Guanosine (B)
Selected chemical shift changes that indicate the above structure are in-
dicated.
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Scheme 2. Synthesis of Oligonucleotides Incorporating 6-
Substituted 2-Aminopurine Nucleoside
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Fig. 7. Comparison of the Cross-Linking Reactivity

The reaction was done using 7 uM ODNs (9, 10, 11, or 12), 3 uM target
oligomer including 13 labeled with 32P at 5" end as a tracer in 0.1 M NacCl, 50
mM MOPS, pH 5.0, 33 °C.

BEOENED RS Nz

EDIIWVEKROZIN T +F A REEDA U I —
DNA%mmTﬁ%ERﬁ%%Nt&’é PFY

WX LU TCHERHITERNTHDSZENghok
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O O RRERSLZEZ A, LIEERTNE
EMIZIZE EAERIGET, NS DTN LERE
REBMD TEWDIFTHDIENHSNITR ST
(Fig. 9). DLED L STV T x#F RIK, E:)I/
RIZEETESRME T, BN F 2 T L TR
BRI SONEZH TS 2 Ennho k.

27. ot AE—a iEREERTER
ER7ORY > 7E|IOKE?Y  Figure 7B D#5 R
MEREBRAINT 1 RIKS 2 KN TIEMEAL 2 21T
TWDZENGMOZDT, IHITED 2AHANT
EE LI NPT VWRERZAI T 1+ R ORRZT
Sz, ZOWEHICIIFER LOBEBRENEEE G
AHEDOTRED S, MAOBEBREZED 722
JWAIVT 1 Fﬁ"@?éﬁﬁbf:. INSDAINT 14 KK
EHOAVIR—2anR ERBEOHETZORY >
IR, 200X 2 NRE KL -
(Table 1). ZD#ER, BTWSIEEBEAT S EK
INNEME T L, EFHEGEOEBAICKD RN
MEETEHENpholz. £-MmatL ZiFE kD
56, 2 AIVIRF I IVEBIKRDIEFE ICEWINET
ik zE 522 2 Ennhotz. ZORBEST%
BEOAVITXILAF RIZ I ABETIIEFICTEET
HO, HHENREFZEDOF ) ITX 7 LAF REMN
A5 Z ETOMEMHAL X RIS HETT 5
ZEMNS, BRI ELHIOLNERETH L EFX
5.

A (Reaction with 12)

B (Reaction with 10)

time (hr’

adduct

ssDNA

13 (N=T,G,A,C) 3'GAAA-N-AAGAGGAAAGA 5
10, 12 5'CTTT-X-TTCTCCTTTCT 3

Fig. 8. Comparison of the Base Selectivity

A (Reaction with 12) B (Reaction with 10)

Target €O €1 C2 c3 co ct c2 c3
Time (hr) 51224 51224 51224 51224 51224 51224 51224 51224
Yield 53 13 5 3 74 9 5 s

- aam W - s Y

SECODBROERPP| | oW -SSP

10,12:CTTT- X~TTCTCCTTTCT

€0 :GAAA-C-AAGAGGAAAGA-32P
B CL:GAAA-T-CAGAGGAAAGA- 3P
2 €2:GAAA-T-ACGAGGAAAGA- 32P
“ C3:GAAA-T-AACAGGAAAGA-32p

Fig. 9. Comparison of the Site-Selectivity

Table 1. Relationship between the Substituent on the Aro-
matic Ring and the Cross- Linking Yield

N
N NHz N Hw DNA

“P Cross-Linking
X *yleld (%)
4-NO, 9 electron withdrawing
4-Br 14
o e i electron donating
4-NH, a4
2,4-Me, 28 *3 uM Target and 7 pM reactive
g :'g_‘lzo)ﬂ i; oligomer were used, and yield
asor ) a8 was determined by gel
- }'.‘68‘6[{ Y R electrophoresis at 24 hr.

28. TunFAE—2 a EEEEIEBOER
BRI 2T +F 2 RK, 2600V RF D IVER T
T2V T 4 REPWTNBIEELLZEZT, B
WERZEBEL T ORY) VI RKIEDEI > Tns &
ZEATVWD, ZOZEF, ZhsorzoRy o4
R % B R INK i U 1S S N AR 2 R aE e L
&2 A, 3FEEOAEYN S FE— D IERNES
NEFEBBERIIL>TOZREINTWS, 20
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RFIVEHRT £ =)V Z)V T 1 RIK 2 RN TS
AL N DR, Fig. 10 1IR3 & D72 2 A
DNA N TOSEERMEEICHBNT, HIILRF IV
LB FVRERFOTOMR—2a > EHEELTO
TR 7 2 JHO push-pull &= L >
TEDIIVMERDNBEAEIND Z EITL > TRIGWIETTL
72EEZTNVWS, 1 ARKBEORHZIZAIN T 1 REALDY
HHICHERTES20 0L RiGHbvik Z 59
BETCHDEEZEZTNS,

229, FUEHETOHEN 7 OR) > TRIED
=S53R TNV ZIVT 4 REOT 2 Z)V AT
AF T RFBERILETHD, RBLDONRL - 3
Ryryozx) > nEETELE. LMhLInsiE
St COARIBMEZRT EWVWD RENDH > 7.
%:f,$ﬁ HTHRIBT B0 FELTEZIVE

WEIETHD AN T+F REEHAL -
m%ﬁbm&mﬁtbfﬂﬁbt BFESIMED
N T +F T REZEALZEDIVKESFD &
D i DIE AL T %)V F — % MOPAC (PM3) I
KOG L72E 2 A, WEHODDOIZHAERT
FINF —DORERE TR FRENZ, 70X >0
RS @ pH AKGEMEN S FRIE N A RKIRICED 57
Oh%x—>3a i pKa6 THDZ M5, ik
RO ACDLEMNMETLTH, HONRK
INDHETT N EARF S /= (Table 2).

£ hkld Scheme 3 IZRT XD ICET AN T 1 R
KZER LAY I~ — DNA ICHAAA, TILAHY
WFE Bl EEEMLTHIETEZINN AN T +F3
REZEDAY I —DEK 2T, ThHs0F
) O~ — 2 AWt HELAICB W THIR & Fkk D 5%
TRIGHZFM L 2. ¥ 7 VIR LATERAE D 5155
NDEEARIKTH D 2V 7 4 F 2 EZ)UKRD Kt

% Fig. 1A IZRLTWS, ZORENSHS M
£21T, LT THEZ IR 7 +F 2 KK
(14) FIEFE RIS KIENETL TS 2 &N
B, BUERETRISEDOEN > AT +F
KR 10) 3R HEFETTRIFEAERIEL RN,
FREZNZIT +F T RIK 14 132 F 22Tk
TEHREREDIEFICEH N E20 o7z (Fig.
11B). BIfE, RMICEZIN AN T +F2 Rkz
FETEDY TIVIEELRTREZRERL THD, H
HEGTFTCTRER LSV EZFQMAZ 7 O A

Table 2. Estimated Heat of Formation (kcal/mol) *

HH

H
N R/ R/ N
- H
T e \P—\—’ J)VTV»—\

CH3 N_< \1, CH, N’(H g N H,
\IH Ha H
H GS Pr

R GS TS AG™ Pr

H 185.7 208.7 23.0 2054
SOMe 1592 1777 185 1745
SMe 1863 2104 24.1 1893
SO,Me  123.0 14170  18.7 1401

*MOPAC96(PM3). GS:ground state, TS: transition state, Pr:
product. Structures of ground state and product of the
complex are schematically shown.

SR SOR

RS ROS RS(O)n
MMPP pHIO
N N~ SN SN
N — ¢ ] ™ ¢
¢ T Y g\
NE NN N N

\ N”NH, ,
DNA DNA DNA

Scheme 3. In situ Activation to Sulfonylvinyl Derivative (14)

Duplex Structure
(calculated by MM3)
OH
ONAN—Z HNS ) DNA °H \ﬁ/\ 'N'>
O “Ho N
NoAgH — A H —"\—(
¢ A HA
N N¢kNH
DNA 2
Single Strand Double Strand
Highly Stable Synchronous Activation Cross-Linking

Fig. 10. Plausible Mechanism of the Synchronous Activation
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(A) Comparison of the Cross-linking Reactivity.

N \r"NH2
3 CTTT—l—TTCTCCTTTCT3
ARAR—X— AAGAGGAAAGAS' -32p

X=Cytidine

R
(i) Etos%

ElOzS\r
EtS\(

¢ 3 12 Tine@ 2 (’ SOPh

53

(B) Base Selectivity of Cross-Linking Reaction.

R: SOEt
X CGATCGATCGAT
Yield (%) 38 68 87
FRRpp——

1 5 24 Time (hr)

Fig. 11. Cross-Linking Reaction under the Neutral Condition

Electrophoresis: 19% denaturing polyacrylamide gel, Cross-Linking: 10
uM Reactive ODN, 1 uM target oligomer, Buffer: 100 mM NaCl, 50 mM
MES, pH 7.0, 37°C.

U200 TaiEl, FERNDOISHWTENDREHZ
Bt THh 5.

2-10. 3 AR$EME 7 ORY > 7 RIEANDRE?
ATTHE TIZ 1 A DNA 2 & L THREICT >
=)V U7 N R I F 2B TE

T, RIT2AH DNA 2 E L TRINT 550 F
DOHFICETF L. 2 A8 DNA Ti, HIEOKE
RO sE DNA EEQEICMNEL THBD, RKinTD
HOM2AHNTORIGE D BREETHD. £ T
T4 3 REHNIEDRREHT S 20, HENF OB
IEEICER Lz, D0, ISR iR
LT TW AR Z ROSEN &5 2 LTl
2-amino-6-vinylpurine ¥ X0 2 BN S 7L F )L X
R—Y—THEETLZEICLE HFEFTY I T
DERIZK D AXR—Y—ENKEFE 4 HOL5EITI135
WCHTETWE L M D EDRIBICHBELWHD &
BEIL 72, BT 5 LD, AR—P—KAHEHK 2
BOHZETINMCTTCELTY T ERRTAHIE
WMo 7z, T72bB, 2-amino-6-vinylpurine 4
WG 2 AR —H —TEfE L, RONERE 3 RN 5
EBLDOBVUID HIIHEIFIOCHIVETTFZ
ICERMIIRIETES 7 TELT23,24 DO T

et U (Fig. 12).

23 d

(Z_)_\\%xty] spacer Wyl spacer
() -
‘ M

Qe

= o/ N P 3

qd M N |3 A N A E

Joa 5 o)t TR o w1
TFO 2| %7 ) A -H SNy | @
N~ __ NH TFO N_| €

Hg SFENH, C\ £ 8 /N_T'§° Ay2

Fig. 12. Design of 23 and 24 to Achieve Selective Reaction to
the Flipping Bases within the Triplex

TrO COOEt Tr0 CHz)n
i U
-D-ribose — >

OMOM
~ SMe
N SN N. N
¢« ] ¢ |
N N"SNH, N“NZSNHR
TrO o) (CHZ)n DMTrO (CHZ)n
& — X
\ /' R_cocH,0Ph
OMOM )
X iPr;N-P~o~~CN
«Nf”
N NH
(CHz)n
S CTTT——TTCTCCTTTCT®
26:n=2 X=CH,CH,SM
26:n=4 j

27:n=2 X=CH=CH
28:n=4 2

Scheme 4. Synthesis of the Spacer-Linked Cross-Linking
Agents

TNTND IG5 F % E L E T Scheme 4 127R
THETIT o7, 2-FFF 2 UR—=ZX%&2 M) FIL
HETHRELEZDSE, FRAMMEICHEELZ B1ER
AY7z Wittig—-Honor—-Emmons &2 12X D T2 5))
Kzl l, RFEMERD2-Y/7007Y
SEDHY T T, IsICEZIVE, RiE, Btk
EISICEEICKDTY IF A MREARRL, DNA
HEISMEEICLD DNA AU IXY —ITHAA A
2. BlIEREE, Bk, BRBERSICIDEDIEKRES
AV IY—0FkET>Z. 70X 2T Kk
X, FETY -FEEY IV UESIEEST 2 A
IZHRHLTEY I P VNS5 3AKEHD DNA &O
f1Z parallel 3 A8 (3-1 BHR) 2R S B Tiro
77, 2AHZMERRLT S DNASHE L THIXIZT?P T
EHLUERA) IO —2 L —3—ITHWnS 2 &
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RO TG LB TESLDICLE. 2D
FEH, Fig. BAIZRLTWB XS, 7FILA
NR—=Y—ZbDEZI)LE (28) TliF, 8FMHEDIEL
DHABHLEDOIBEYUYI D VHIZEENS O F
T U TORERMITKIEL TWD Z ENGno
. —J, TFNAR=PF—2HDOEZ)UE (27)
T, BUIVVHIIEENSTYTZICHLTO
BIMEDF SN TH O, BIRENKRES AL LT
WaZENHSMMERS 2 (Fig. 13B). AKIGIE
WH 3 ARBEBRPALEIND T-A JA MKt
LTHEITLTHBD I ATy FHA MTBWT 3 AH
ORENMDHAREICT D EHFEIND. Z0LDITY
IWFIIBEDEI 202 5720 THILITW T 28R
MBIMICELT 2 2 &3, ERAEETH S Z Ok
MITVETLTWELF I HEINET T
I U TR TR SRR IE 2 Bk L 72 & ST DA
THIEEZRBTEZHDOTHD, I5ICHER#EL
KR RINEDm EZEBTELEEZ26N5. B
18, ¥ 7IVIEHEEEEEZHWT, " HERETTOY
ORY > 7RI DNWTRHATTH 5.

2-11. 2ASHR U I AR 7 ORY > 7 RIED
B2  DEFEAT2ARBEKLO 3 REFREREHL
RN DRI SIS T 250 FDORFEITEII L
. 2RO U TFIRT T AEOH
T, ENBHEESE L TORAZBRFNFTHS.
F3ABEKR I O > KINE, EFIIVERR
IS RN RICRRICHARZFETH I L2 A
HUZ2OREN TSRO ORY >0 IR

W ®)
28 (Z=23) : Butyl Spacer 27 (Z=24) : Ethyl Spacer

lane 12345678
X GCATCGT A
Y CGTAGCAT
labeted 999 9101010 10

oo |adduct

;" ssDNA

27,28: 5'CTTT-Z-TTCTCCTTTCT 3!
29: 5'TTGAAA-X-AAGAGGAAAGACCC 3!
30: 31'AACTTT-Y-TTCTCCTTTCTGGG 5'

Fig. 13. Cross-Linking Selectivity with the TFO 27 and 28
A with 28 (Z=23), B with 27 (Z=24) . The reaction was done using 10
uM of TFO), 1 uM of target duplex 29-30 in a buffer including 10 mM
cacodylate, 0.25 mM spermine, 100 mM NaCl, pH 4.5+0.3 at 30°C. The
reaction mixture contained either 5'—**P—labeled 29 or 30 as a tracer. The
reaction was stopped by the addition of formamide after 20 hrs, and ana-
lyzed by gel electrophoresis with 15% denaturing polyacrylamide gel.

DNA KU RNA # ) I —%2 AL T DE 4 Ia
T~ O FREM N H D BIEME 2 FtlT Tn 5.
ZDEDIZ, Fig. 2 CRLZTRLZDYHDOHBD /=
DDAV ISHERES T 2ANET 2 2 &M TEL.

RN TIIRINIBICHE 2 O ONEEENTFEET S
7290, ALFRIE 2 BIRANC M DR RNIZITD 2 &1
—RMICIIR#ETH S, Lizni>T, RFFEORE
WEEKRD LD ICEEHEO KSEINTFET 251H
AL ZEREDOFIE E WD ST, AELZEOH LN
FHZEHS bDIRD EEZEZTND, RIFFEOHE
2o 2 TR DE Z 51X, BN R R D%
B9 5720 ORHROIER RO RENZ # S E
OO raFrA -3 EMEOETH
%, BECOMaERIESET, EERNTHEDE
HE 223822 EDTE DHAED T ORFIC
MOATNDS.,

3. 2 A% DNA AIRHB D 7=HD A LRH S F
DEIZ

AR R EBETFITE D <HKADIEARIC
i, TNETNOBEETZREMICHETE 5 HE,
I SIZHZITH S NI I N5 BEBETICH I
MINTEDHIENHBNEEZSND,. 20X
BEIEICIR VIG5 A MEmi & U C, 2 484 DNA i
FIZDHDEEMIZTSE (7o F =ik OEHM
NN TWD (Fig. 1), BE, 7>F¥—>
FEDROIZ (DEERS G TERWDHIE, (2)3 AH
DNA Rk Z A &9 2 55D 2 ENHA SN T
W5, ZNH6OFERIENETNBERZRAZATH
D, BRLIZING DOMFD7=DITHEZHIT TV
%, fill 3 A8 DNA BRI B W TH M 723855
NTERFETHIENTELZOTUTOETIEZOD
FREBIZDWTHNT 5.

3-1. 3 A$H DNA R DORBIRER ERERDERY
H 3K DNA L, 2 A8 DNA OEHFHICBWN
T 3AH® DNA & 5% W\id RNA S S L TR
IN5B. DA 113 Watson—Crick ¥ HITH L
T3IHZBHOEENEAR T HAFHENEAY vF >
THEERAMNS b3 NDEEZLNTNS. BE
122 < DEBRIT K > TELHIR: LAY 7285 5 BH F o 16 1
LW aIEEIR 2 EAVRE N, B L Wil E T F Bl
ELTORENEENTVS. 3 A8 DNA TS
DEMWTT )22 (G) &7F /2> (A) (KE
TV ) Mok, 5 1 HOENCTFT L (O
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EFIV2 (T) GREEYU IV V) THRIN
%2 A DNAIZKH L TOAERIND ENIARY
HZSHIRR2Y D O, ZORED IR RA DO E &7
STW3. 2
3AHDNA I 2FEEHDO A A NY —0H 5.
(1)AT8Y (parallel) 3 A EIFIN DS HDTIE, 3
AH®D DNA $HIZE U 2 DA THKR S N, #E
LT3 2RO T &3 CEEREADH U
BTHD. QWE{TH (antiparallel) 3 A$H & T
N5H50OTIX, 3AHDODNAEIZGDENWTY >
HETHRIN, HET524KHOTY #EIXY
CBREENH LB EROTNS, EB5DTUA A B
U~f%3$ﬁ@DNA@ﬁﬁﬁ2$ﬁ@7Uyﬁ
B E MR 72 Hoogsteen /K HE A & GF TR TIX
¥ Hoogsteen /KEHRES) 752 c‘:ﬁfﬁﬁft@ﬁg
BRERESZS>TWS (Fig. 14). —JF, 2 KOS
UUHEENEY I DU TWBEE, KR
HETIE G¥) Hoogsteen KEFE S ZHRTET,
3ABOLREWENNS N, Lo TT Y VPO
VYD B 3 R & 15T %5 5o
(interrupting site) &725. Z#1E T, interrupting
site ZZELT DDA DY 70— FARE S
NTEN, P78 3 A8 DNA @ CG 7 %
ZENTE D NTHENFAFE S N2 DI TRl
DZETHA. 79 LnLans, TAELHH)T
ODEENZEED, WEEZOREIXZERITIEfRR S
TR,
32. FFNBAEBEICLDHFEKE s 3L
BT8R 3 A8 DNA fiE I i D&, CG it &

Parallel Triplex

Antiparallel Triplex

Fig. 14. Schematic Drawing of the Parallel and Antiparallel
Triplexes

IKFERES ZR T E 2O T 25L& (Fig.
15). 204 FIEAEEES TIZHB DK Z K
TED, 3K DNA FORENEERT DI &
MTERMOIZ.303) Z DR ZBE AT, HT&
SORASHEEFT LI LT L. BRBREHRH
WZEEE T % 3 ARSHME &2 AT 3 RN 5 WETT
BINCAEBE LA TdHS. Figure 14 12T RL
THDHEDIT3ARHD DNA L, 78 3 AR TIE
iz 7Y IR, W T EE O R
FHEICMEL TWS, iﬁ”3$%mfﬁﬁw®
DNA S8 D7) I Z GRS 2 013G FEL
é%%ﬂmtt%%ﬁ%ﬁm#%émiﬁmx&—
B —DEANBEER > TW e, RibHE INEFE
T8 3 ARPHT CG AN #3839 5 N THHIL, =
WHID T ) IFEFTIE <, FaioEY I D
E1EOKFZEEZERT HEIDICHEITNTNS
(Fig. 16A). 22 —7F, WA TRI 3 REEDHEITIE,
3 A H DNA N EHEDOHRAEITMET 579D, 3L
M2 KRR EFREICT D I ETEVWIIOT Y >
WREEKFR-EOEENATREE THEINS (Fig.
16B).

B2 T WOEAT R 3 RO MG 2 AR, RARMEHE
WD o VKL FETHIES r2EATHIEE
L7z, SSITKRERGEZENEIOT ) 3R E Bk
IR DO N AR —Y —TH I SRR %
kT D2 &1Lz (Fig. 17A) 3239 ZR—H —
Woarnar T r—A—a >OHMEZEFIRT S/
WIZS5 BRBEEZEEL (Fig. 17B), T 5I1TN
Y 2R E RREE M Uik b0 a1 %lb3
REDZY v F 2 AR OEEE &R 5 2

R L (Fig. 170). K FEH%¥sHE TIEAN
Y VR 3 A DNA O RICHEENASY v F >
THEERICHS LGS Z ENRBIN- (Fig.

OH
h \’YN\/‘L ,L—Q
HO— )
QEHNW R
ar OHN, G

Fig. 15. Speculative Structure of the BIG-CG Base Triplet
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Parallel Triplex

Antiparallel Triplex

Fig. 16. Comparison of Hydrogen Bondings in the Hypotheti-
cal Structure of Parallel and Antiparallel Triplex

A TFO B TFO
0 o O o
~N t ~N
al o Nf\N A O‘ Nf\N
o N A, | = oA
O"NNH, 97NN,
O""H"\rl%l 0"'H'I\YIEl
s N-HN § 0 ¢ N-HN$
o= | e Y
3 3
C , TFO
jo 0" WNA7BG
o] 7~N
3 o B ka"‘l
O™NANH,
=R

Fig. 17. Design of the New Base Analog (WNA-78G) and
the Plausible Base Triplet Structure with a TA Base Pair
A: Base connected with a short spacer. B: Five membered ring to fix the
spacer conformation. C: Addition of benzen ring to maintain stacking inter-
action.

18). ZOFBANTHEKEZZDORMNS WNA  (w-
shape nucleic acid) &4 L7=7, Fig. 171Z;RL T
HBWNA-TBG L, V7= 71L& p-Z7UaT R
MATHMEL TWDZL2RL TS, ZOHED
& EORMIIE > 7 O EK 2 EARITHEE KR 2D
VAR, NOE VR A S E S I EITE
TERBIEEZHRENESNDZETHD, HED
REICHEL TW5,

Fig. 18. MM Simulation of Antiparallel Triplex Containing
WNA-78G

It is shown that the benzene ring may play a role for stacking interac-

tion.
HO o \QQ
HO
D-ribose
TBDPSO
0 TBDPSO
o‘°><"'o
2
NHCOPr 4 R'=TBDPS, R%=Ac
J—NH (9a: 15%, 7a: 10%,
RO H N)_8=O 9P: 38%, 7P: 25%)
CIHI H =
© N__N 1
7H v
9 \H/ 7 5: R'=DMTT,

R2=P(N/Prp)OC,H4CN

A OR? QvH
NP AY,

Scheme 5. Synthesis of the WNA Derivatives

3-3. ALEEHEDFDAEKE DNA ANDEA
FEL T D E BRI D-ribose p B HRYD, NV B
KMOZAR—H—E5rDHA, 5 BIROMEZ K TR
il J 0 By RS S U, sl AR T RE
BRIXTOERMEROEEGHEL THELNZZDTN
THEEL, 2K7CNMR AR MLZk> THER
g L7z (Scheme 5). 5[&Z#iE DNA GHMH DR
ZHR0O7 251 MRIBRIKICHEEL, 77 =2 %2%<
BORETY O 3IABEEEAY TX T LAF R
WEA LT HiOE S 7 o RIME A R 255
L, INETHRxOFLEERZEGHRLFETY >

DNA [T AT DI ENMTEL.
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WNA-7BG WNA-9BG WNA-70G WNA-90G
NH 7~NH
0 N 2
0~_0 \m o) xﬁﬁo 0~_0 H 0~_0
o ‘o==N_n o ‘o==NuN o O .O N, NH, EHZ
B % 70 NN O 0= N”nH
\=N N N o
A 7BG-CG wl C 9|3G/-CGI 9BG-TA =N
"] A 70G6-CG = 7aG-TA C 9%GCG  9aG-TA
12345678 9101112 123456789101112 ] —]
T [ eer ekemwes 12345678 9101112 123456789101112
e ta e fte e = 2R
e s e ey L o g P A
W ey s SR
B 7BG-GC w‘ D 9BG-GC_  9BG-AT
== B 70G.GC_ 70G-AT p 9G-GC_ 9aG-AT
1234567 89101112 12 3456789101112 Py
g b 1234567809101112 123456 789101112
T HBHBE PR - ooy  wEg? JRP——
TFO 3' GGAAGG AXG GAGGAGGGA 5'
5' GGGAGGGAGGGAAGG AYG GAGGAGGGAAGC 3 . . o .
target duplex 3' CCCTCCCTCCCTTCC TZC CTCCTCCTCTCG 5 Flg.. 20. . Gel Shift Assay for Determination of Triplex Forma-
tion with WNA-7aG or WNA-9aG
Fig. 19. Gel Shift Assay for Determination of Triplex Forma- See notes of Fig. 19.
tion

Triplex formation was done for 12 hrs at 22°C in the buffer containing 20
mwm Tris—=HCI, 20 mm MgCl,, 2.5 mm spermidine and 10% sucrose at pH 7.5.
Electrophoresis was done at 10°C with 15% non-denatured polyacrylamide
gel. A-D: 10 nM TFO containing the 32P-labeled one as the tracer was used.
The concentration of duplex was increased from lane 1 to 12 (nM); 10, 20,
40, 60, 80, 100, 10, 20, 40, 60, 80, 100. The combination of X-Y-Z is shown
such as 786G-CG.

3-4. 3ABHERIE 3 ARBEERINIT 30 1
ERORET) -REE Y I VU 2R ZEN &
LT, NIEZEHAAALEFRETY 28 (TFO)
EHWTITo 2. 3 RBEBRITEK D *P- E5 TFO
N —H—=REWT I ETOBEEDENN S R
HZ5H5DT, ZONYREEREL 3ABEOLREN
34l L 7=. Figure 19 1213 WNA-78G X WNA-
98G DHEREE LD TH 5D, WNA-ISG % AT
BRAM TR LT 3 R ZERT 5 DIk L T WNA-
TG ITEIRMIC TA H 2R EHML THWD DN HH
S5MITRENTWS, Figure 20 I3 AR O B
MR ZRWRRZ2EEDTH DN, IEHEITHEE
W EIT WNA-9aG 1E TA HHESHITH L TE D &
WM Z R L, WNA-7oG 13 ER I EEZE T3/
WHDD CG HEMITH L TrWnWEIfEZ /R L /.

BE, W77 Z U OE A AL -
EEMKR ORI E R 22 SE b DR EFfE

2 DFHEEEREGRL, TOHIZ WNA-78G & 5 W
1< WNA-90G X 0 & @& W BRI L UG58 IR M T TA-
interrupting site # ZFELTES T2 RAMHT Z &
WHIIL Tn5. 3% 2D X512 WNA 513, #id
DHELIZE D —JE ORMEEDLEN L E X
THY, ZOHFEHLOVHEIEE L T—Bm7aE
FITOD 3 RO FEBITANT =81 2k L T
2.

4. BHYIC

7 LY A T ARBERRICHEEL TWD,
DX D38 L WA BISE R IBHEE /2 EIT BRI
IHEOND ITIE, TN ETERBEICHIE RS Dk
BNV ETH A EICRBEDLONRN, T oF >
A, ToFTO=BHBNERIEFIFEEHINTWS
siRNA 72 &4 1) IR = R AT 5 Fiki, HEKY
LB R TR 2 EHEENICTE 5720, T, 3
Wi B R T2 E I B DRI W FEE A émfm

5. WA OMAETITEET ZIENICT 2 FEOR
BaiEhd ), AR ZMEIRITT 2R 2L
FROMIEH L TE 2, R RAFERETITAB T

IRVEAR TR OEREIT Bk L, MROR D2 R
DIFLHTENTE .
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AU AMBBIRA NT ) Ly —2 T2 AR O A
(7 LAEE) OFNIBHTHLIBOD, KE/3
FEED = DIV RN T ORI R D TR &
WO RBEMRREMND S, i, TOXDRIHEN
fkZ B L THEOWRIIEN THONTHD, FUd
Bl DESM & U TORAMRIE—KUTET 5 &
IBRT L= 2N —mMbb63N5 I ENliFEan
%, T, AU IREEITLEN &R 2 5
U, BZERNOBELEFRBEEEICGL TEAL, M
£ JEML, WEHLIVREBEREEZERLEID L
LTHO, FVU I OF RGO THE /7% %
BELBZHDEEZTNDS.

AFE TR TERN >N, BIETFESOANL
5P FIZ K %8513 DNA Bl S0 TI2& > TH A
RECTdHSH. DNARIERE G TIIFVIX I LA T
REDBHESTE, EBEEEWTHD, XU
V=L DNA NOEENES ThH DR EDH RER
LTV, BEFEENETSZ00H 72
HWD1DTHD. FHxlIT DL S DNA Bl S
FBTOREZEENLZH L WY > F V= kOB
I Hkf L T,

BE AHRIINMNRKZREGE LR K
SELMSERE (RCRH R SR b e e, AR A TE 150 g
ST RHALESE) ITBWT, T2 10 FERICER
INEHDT, KBNS BASF> CTHHEE L 281H
REBIFBFICHESEHHNZLET. £/, HIEZE0OFEH
EREEBNF (BREN), WWASERFO i
WLSEHH L ET

W2 IHOWER, AkEELEEY -4 —&L T,
JER DK ERe# AR (BA, W, FIE, #EH,
Monsur Md Ali, falll (&), &I, KK OLHD
WRTHD, ZZTHOTHESEHLET. H3H
DT, BEDOKRZEREE (LN, = &
0, BE, JIE) Z3TiaRs<, R#Exrr—<icdt
PR U 7= o248 G (R &, fl, B0 I
BIR<SEH LU TWET. £, AT EIC/HE
BELEINTOREHRKEOHAEEROREEE X
THED, OB TEHNZLET.

ZOMZEESCES (B2 BRVETLE, RBHEsil
1 AL = S [SH s Y SRR T HEEE SR 2R 7 E DBk 2 52
FTITo2bDTHhDZTOELEMICHE BB L
El

R, SRR 14 EEN S HER OFEE (JUNKEE
REEBE A TE e LA S BRALF 0 B) (52
EZ, AR THRRZMIED S 5782 FEITIANTE
ZHkfE L7 s, EMICY T O0—F 9 2 a8k FR
ez ET L, HLWKROAREANOEMZHiEL
TWET. SBREDIV-EFHOITIZEmZRV T X
2, LERVBEVWHL ETFET.
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