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The control of molecular properties using external stimuli is an attractive research area that offers the potential for
regulation of various biological phenomena. This review summarizes the concept, design, syntheses and properties of
nucleic acid switches in response to external stimuli, namely, ‘‘external-stimuli-responsive bridged nucleic acids
monomer’’. From 'H-NMR experiments, every external-stimuli-responsive bridged nucleic acid monomer was found to
have an N-conformation, while an S-conformation was predominantly observed after exposure to a proper stimulus.
Each bridged nucleic acid monomer was effectively introduced into oligodeoxynucleotides using an automated DNA
synthesizer. Moreover, oligonucleotides modified with these bridged nucleic acid monomer were changed in their
hybridization property and tolerance to enzymatic digestion in response to each stimulus. These results clearly showed
that external-stimuli-responsive bridged nucleic acids monomers should work as a nucleic acid switch, and have the

potential for regulation of various biological phenomena.
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T3 (Fig. 1).

— 4T, RNAFHOFHROEE b LAGHHE O
FE, 1D Z NI Ot B RN o 1A B £ o
T, HEEEEIEOERBILIERICEREELL, D
WITIRRRESR G E LT EER) NEE S
N5EH1IT7o7 UL, RKAROE#:EZZTDEE
ERICEHAT 5 2 EIFIERICEHL <, ZOHEMITEk
ZTHDM, BIATEERE T REER KD ECNR7
fRRERE(E T (mRNA 72 8) EOBEMERRZ,
EEFINEFEOEBNREND D720, Ths O E
R Z TR T & 2 Bk DAL AE A O B N BIAE D E
TRHRHRE SR> TS,

EFEOEET DM ETIE, IR IC GRS
BEAT DI ETEDNARELEZ B EL U 7= 4erE5
AN T#iHs (bridged nucleic acid, BNA) 7 ff % BH %
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Fig. 1. Concept of Nucleic Acid Switch in Response to Exter-
nal Stimulus

ZIR T % & ORERNARELE D S I S 1
%. BNA HHIIBEREIEICIE S E2 /-2 W2 &T
THERREOL Y hOoY—{EAkNBEEIND -
W, FEREBEANOEESEMEEZRL, £2285<
V37 DARKEREE DL IL S fRBE R E DR Z 1T 5 2
& TRAOKBEIZIZHA 6 NI N W LR /) il 5
it 2 & 7= 59" [Figs. 2(b) and 3 (left)]. ZEHIZ,
COKEEFEMEL THMMKL BNA OHEBE S 2D
ONOLEDY A I TON/OFF§5Z &ENTE
W, B, BIREd 2 5T O AR REVERLEE D
REERBIIEL LML D720, EHANDE
REEZ LT E LR WK EE OB E ST
RO A I 27 2 HERERELRT A1 Y FAD
ISR TE S EE A (Fig. 3).

AETIE, ZOEAREERT S 0ICNER
SRS ETEX 7 LAY REOREE AR, L
TZEDOREEAA v F &L TOHREAMIZEERENEIC DN
THRITT 5.

2. ANIBEERA v FADHEHF : XM v FERE
DBA T L 1B DB

EFESITINETIC, BEROESEREILLZHEEL T
Bea IsBEEREMX 7 LAY RERUA Y IX 7 LA F
RO ERREZEMESL L, 32 F 72 A RN EREE B
DA BB N BIZE & & Of A D B 78

BlLOBEEMEZBRFL T/ TOHEBETRVWHL
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EBSTZN DD ANTHEBOHEIIDONWT, 0
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2’-0,5-N bridged nucleic acid (2,5 -BNAON) (2)2D
& 2’-deoxy-trans-3",4-BNA (3)2}3, B %I DNA 1
WWIKELBRIND “SH” (RS ARED B 2 [E b
L7ZANTHETH S (Fig. 4). 27,5-BNAON (2)
WX LA REEE 2,5 (M ZEZMERT 1 DTHE
BLMEZLTHBD, T0 S BN AREL E
SEEEX 7 LA T REDORME (UM y) 1B
B DNA Z“HHICEFHENBRDBDOTH 2. T0RD
2/,5-BNAON (2) 250 AYIXT LA F RITIX
HH#H$H DNA & DO EWEFIES G I NS0, EB
ISR SR & O —HHLEERIIRE<ETFLE
(Table 1). HALLBEBHENT YV IX I L AT
R T OEEEE Z REYRERICEEL TLE>
PZENFORERRD1DEEZSND. 2D — KT,
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y-trans-3’ ,4'-BNA (3) 1%, PHEORKAD B A
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N-conformation S-conformation 2' 4'-BNA/LNA (1)
(2'-exo0-3'-endo) (2'-endo-3'-exo)
A-form duplex B-form duplex
Fig. 2. Sugar Puckering of Nucleosides (a) and an Example of Conformationally Pre-locked Nucleic Acid Analogue (b)
0 OH H .9
[ Base .- Base ° Base ... PH ! Base
i ‘._ ; . . Dy 'Y W
HO  ga- \ T Stimuli oF i e HO
bridge modification O]N /OF:F breaking bridged structure
< high duplex/riplex forming ability ) ‘ loss of duplex/triplex forming ability
nuclease resistance ( other changes in property >
Fig. 3. Conformational Sugar-fixing by Bridge Modifications (left) and the Concept of Molecular Switch in This Study
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Fig. 4. Examples of BNA Bearing an S-Conformation of Sug-
ar Puckering

Table 1.
ry DNA and RNA®

b, BRI, BEOY A XNKE<EDR
W 2°-0,4’-C-methylenoxymethylene bridged nucleic
acid (27,4-BNACOC) (4)2043) Ly | 7 Al 27 4'-BNA
(5)4N3F, ZEHEOMRITRE P KEM RN 2 < 2
25600, @ RNA ERNZHES ) &KL ) g
BRI 2 EERmMEIIEM L Tns (Fig. 5 and
Table 2).
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AL, o TilE (ERMR EOHE) KoL
> b oE—#BRE BT BN AREL R O E E AL,
TROBEBEOEAICHNKT S, 20O LT,

T Values (°C) of Oligonucleotides Modified with S-Type BNA toward Complementa-

Target: 3’-CGCAAAAAACGA-5

Oligonucleotides
DNA RNA
5'-d(GCGTTTTTTGCT) -3’ 51 46
5"-d(GCGTTXTTTGCT) -3" (X=2’,4"-BNA©ON) 17 18
5'-d(GCGTTXTTTGCT) -3’ (X=trans-3",4-BNA) 49 44

@ Conditions: 100 mm sodium chloride, 10 mm sodium phosphate (pH 7.2), 4 um each strand oligonucleotide.
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Fig. 5. Examples of BNA Bearing an N-Conformation of Sug-
ar Puckering

Table 2. Effects of 2°,4"-BNA Analogue, 2,4 -BNACOC and
Urea-type 2°,4-BNA, on the Thermal Stability of Oligonu-
cleotides toward Complementary DNA and RNA®

A Tmb>

Oligonucleotides
DNA complement RNA complement

2,4’ -BNACOC —2to —1°C/mod. +1 to +3°C/mod.
Urea-type 2°,4-BNA —4 to —1°C/mod. +1 to +2°C/mod.

2 Conditions: 100 mm sodium chloride, 10 mm sodium phosphate (pH
7.2), 4 um each strand oligonucleotide. ¥ AT,: T, (T, value of BNA
oligonucleotide) — TEN* (T,, value of natural DNA oligonucleotide) per
modification.

BNA OB EHAZHETZ I ENTEN
W, ERUTHES THENET 5 N TR AT
EBHZELEEWRLTNS (Fig. 3). HIEITERL
ek 21T, 20,4 -hrfE DEEREIT K 2 BEESTLAREL D
N BAOEFEIEIEEEEME L TOnREZM LS
VDR NIEHITKREL, TS ORIR S >
BV, FWZ S E, BRI KEMEE
{EDHIFRFTE S RIT, KEAREREENEES A
. EHESBZOFERELIC, NBOREL AR
JEZFFD N TR 2 Hi & U 72 AN RS L T
ZUREREE N AL T % 2 O N T &2 %G L 7=
(Fig. 6). 1DI%, &, B, BIcAIZICX DGR
JEINBET 2 AN EBHNEUEZE BNA TH D, EhHeEH
BRI DU F 2 8iEfE ST % 2 & T
s E DAL ZEHFETES [Fig. 6(@)]. 9 H5
1D, BEHICOAN T2 REEEZEAL R
BNA Th 0D, BEALEICERE DTN U TGRS
ENHALEZODERLEZD 2 0DKT [Fig.
6(b)]. 464D LI Z 5 2 FERH D S4B BN
TEERIZDWT, ALl Tn<ZELET 5,

e light "
0 Base acid 10 Base
—kO\/l redox change ;O_\(
O/\X [ - HX
DX X O XH
0-P=0 0-P=0
|
b
(a 0-% (b)

R = hydrogen, methoxy, nitro

Fig. 6. External-stimuli-responsive Nucleoside Analogues

4. ROZYFLBEIBNA XY LA ROEHRY
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WHIIZOWTH S, £/, )V b bOEHEKIT
BHBREBHICK O L, 7IIVa—=)LEXR)A I
IZXATIVEAEL S, T U bFENREZEYIZH
MAd22&ET, O B SRERENIHERD
Ay FZEZRBTEDEEZI NS,

KNP F 2R BNA AR, FORAT
H MR L 7= 27,4 -BNACOC (4) 20 DEFRZBEIT,
D-7 )L O — A BEETRE/RMEEY) 640 Z IR
&L TfF> 7z (Scheme 1). Scheme 1121, N>
U5 >7+®%—)L% BNA Ol EZRLTW
5. £9, RODUFURBEOUKNERINS
it R P ik 7K SR Ab & G PR EE H IR C E 7R W IR A
HdBZEMNS, RODVIHEIIRDS 3L E SO
RELERF Lz, AL tert- 7 FIV YT 2L
TUNEERERETDE, BERERKE (7t
& —)Uk) ITBNWT, FRTESNETET, £
oA T T VIV DR IMEINLT 5 2 &En
SHEMRREAYE S AT, MEORE, 36LE 5
ZRIFFICEETES 1,1,33- T ho1ry 70 Y
TOFH2-1,3-TUA1 )1 (TIPDS) ERXRZTUF
TR —IVBEBORRICIIETH O, EETH
{EHS DELE FICHEEDOINRTHR D BNA &%
ZEOILEY 8 DAMRICHKIN L 7z, TIPDS f£7# L
72X LAY RO RE ISR E LD N A
NAKECEIZIE W Z ENH SN TH 0D, ) R RRIC
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H b Fig. 7. Examples of Sulfur-modified Nucleic Acid in Nature
MeO OMe MeO OMe

9 5’&?%@ﬁﬁ%ﬁ%ﬁ%bfmé Bl Drisn
l ) MERFEICBMERETFAFEODN TS EITH 5N T
B0, DOV T T TIET /) LDNADY >~
DMTrO 0 g w) DMTrO e EHHO I RENRE TEMHINTNWEZD (KRR
—w —Q HOF 47— Mb), 0 RNA TR O 7))
HOCL O oy pOO O RN ESF AN RN IS TR TS
H M, EDEREEEHFTHEDICP AT 1 R
SO EFHAL TWAERIZEARNSIIRARINT
MeO  OMe Wiz (Fig. 7). 510, UXH—HFLOMH
10 1 AL E L TRHAL TWAHIZRS &, X7 LF TR

Scheme 1. DR E LTI AT 1« REEEZEAL 26
onditions: a) (i) H,, Pd(OH),-C, AcOEt; (ii) ,, imidazole, .
DME, 72% over 2 steps i) 405 MeNH, s THE, 0C, 3555; 0y 6. CHETRABNTESY, VAT 1 KoM

nitroveratraldehyde, ZnCl,, HFIP, 54%; (c) TBAF, THF, 89%; (d)
DMTrCl, pyridine, 89%; (¢) (iPr,N),PO (CH,),CN, 4,5-dicyanoimidazole,
MeCN, 55%. Ac=acetyl, Bn=benzyl, DMTr=4,4"-dimethoxytrityl, HFIP
=1,1,1,3,3,3-hexafluoroisopropanol, Thy=thymin-1-yl, TBAF=tetra-n-
butylammonium fluoride, TIPDS=1,1,3,3-tetraisopropyldisiloxane-1,3-diyl.

BHZBNZbDEEZEND, ROVUF - 2-
—haXRIPUF - 6-= AT RNY YT o
KO 4-Z bR 2 F HENIZE FE O Kk
ST TES. %5nt§@&y9U?y%ﬁ
X7 LI RO TIPDS {##& KL 7 v FBUHEIC
%ﬁ%b,ﬁm@«/yu¥y£BNAﬂﬁVﬁy
RODEMERER L2, aP, ERFENZEIZ, 7
& —IIVHLRFEDOVAREEIZTT T (R)-FET
HoTe.

5. AT 4 FEERBNA XYL AL RDAE
]5&46,47)

DAV T 4 REEGIXABE Y E O @RS H
FIAHEERBHEZLTHED, MEOBE TR
BRI CEDOREEGZRAE L OB LD T

BNA A OHITH 5.

EF ST, A RNA 1T T 23274
BN ERBE T REER IR T 5 mWIRPIE 2R TH L
WATEMBY L 7E 2 4-BNA (5) ZHFEL, *
DERBET, EX (MU T7I—K) 1K 14 2 f&H0
BREBETICSTY P RIKISANELHUEETHDH &
ZRWHLTWS (Scheme 2).4Y P2 )7 1 RiE
HHEIBNA X7 LA R E-MEEREHZE 2 n T
ICEATHIHENHDZENG, TOERITITLY
R 2", 4-BNA D& RS 2 2E 125 L7z (Scheme
2).44 ZDHER, {LEW 13 NS 3 TR T LK
ML THELEZEAN) 79— MR I4IZHLUE
m?DMF¢T?ﬁM&ﬁUﬁA%¢méﬁé’&
T, EX (7EFIFA) K16 NEIF/RNET
S5N5TENGNoR. "mHhkEX (7*!2?)1/5‘
F) K161, 7OEZTUHICEB Y AN T 1 R
K17 ~OFE L, bR DL
BLIZEDEHMO Y AV T 1+ RESETIBNA X7 L F
T R18 DERRITHEIIL =,
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6. AIX7 LA FEEDOIERRIHIEE S

BHLENLIX I VAL REZ T AL v FEL
THERES B 21213, SMERRIEICIRE L TAEL 1L
WGz L TB<LENH L. AHITIE, N

BnO o_ ™My (@ BnO o 1y
- oTf
BnO OH BnO
13 14
l(b)
C
BnO o Thy ©  Bno o Thy
X
BnO“s—S§ BnO X
17 15: X = Ng
16: X = SAc

LevO 0 y
Th ()
W 0 Y — Pgs

HO

)\ Q SPg
HOs—s NN
18 ;
Pg = nitrobenzyl group
19
Scheme 2.

Conditions: a) (i) TfCl, DMAP, Et;N, CH,Cl,, —78°C, (ii) 1 m NaOH
aq. 1,4-dioxane, (iii) Tf,0, DMAP, pyridine, CH,Cl,, 0°C; b) NaN;, DMF,
quant. (for 15), KSAc, DMF, 40% from 13 (for 16); ¢) 28% NH; aq.,
MeOH, quant.; d) BCL, CH,Cl,, —60°C, 71%; ¢) (i) TBDPSCI, DMAP,
DMF, 100°C, 70%, (ii) BusP, H,O, DMF, then 4,5-dimethoxy-2-nitrobenzyl
bromide, 54%, (iii) TBAF, THF, 0°C, 86%, (iv) levulinic acid, DCC, pyri-
dine, 1,4-dioxane, (v) (iPr,N),PO(CH,),CN, diisopropylammonium
tetrazolide, acetonitrile, 5% over 2 steps. Ac=acetyl, Bn=benzyl, Lev=
levulinyl, Thy=thymin-1-yl, TBAF=tetra-n-butylammonium fluoride,
TIPDS=1,1,3,3-tetraisopropyldisiloxane-1,3-diyl, Tf=trifluoromethanesul-
fonyl.

SUUFURBNA XU LAY RODS BRIRENE
RIZRONS MY YSF 4Kk (Scheme 3) &3P %
V7 4 REIBNA X7 LA R (Scheme 4) ZDW
T OHRRBIRENE DAL FRIREMI DWW TR S 2.

ZhOXRINJUFXT LA TR 9DHIREE
BNA & L TORHEIL, TDEKAY ) —IVIRHRIC
365nm @ LED Ytz M4 L, HPLC IZ TG % &
952 & Tiro /= [Figs. 8(a)-(c)]. ZDfEE,
DTN 2R OREFTZROXRT FYYF X
LA RIOMBEL, XA )UK 20 N EZ L
T5Z ENMFESNT [Fig. 8(c)]. N2 1)Lk
20 DS IX NMR TICKDI_REL TWW 2B
(Scheme 3). T DRI TIEN A IUE 20 KT 21
D2 EECDAEEEND D0, X1 IUEK 20
DRRANCAER U2, ZORSENT, Btk &
LTHIENT WD 2/-/KEEH? OITEEN @B L /=7
HEEZDIENTES.

AT 4 REIBNA X7 LA RIZDNWTIZ,
EICHIR LA 2 SRS & U TS T 2 2 &
EREELZ. NBECEHESNTWS )N 74 R
B BNA X7 LA K18 OBEER 1k Eix—EH &
LTZDREENNMR ZAX7 MUVICEZEIN 5N
[Fig. 9(a)], PFF LA F—IVOEETIZIZZ
DEFSMITMHEL, HILZEBELTHREIN

OH OH H 2'
< Thy  reductant Thy
2' ’
HO H =———=HS SH
. oxidant
S’S hl 1 OH H 1'
18 22
Scheme 4. Redox-reaction of Disulfide Type BNA Nucleoside

HO o_ Y 365nm HO o [y HO oV
(LED)
s —> 0._.0 HO
HO O_ o HO OH HO O_0O
NO, ON
H NO
OMe
OM MeO
MeG  OMe © OMe
9 20 21
Scheme 3. Photo-reaction of Light Responsive BNA Nucleoside
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a) Before irradiation

1©©

8 10 12 14 16 18 20

b) 1 sec

3 10 12 14 16 18 20

c) 2 sec

20

N
8 10 12

14 16 18 20
Time (min)

Fig. 8. HPLC Analyses of Light Responsivity
(a) Benzylidene acetal type BNA nucleoside 9 before irradiation, (b) at
1 s irradiation, and (c) at 2 s irradiation.

HEEENER L [Fig. 9(b)]. S5ICFZICHEmE
fbAKRFEZMA D E, EONTZHBEMNHRLTHE
O—ERZEAEUR [Fig. 9(0)]. ZTNETOATLE:
FR & BTSN 5, BEEBIAREC FEAY N B D13 NMR
THRI NS 17KkHEE 277KFEM O RS EBMN
WEE 0Hz 1T, SHOKIZIHZ it &7 % T EHHE
BAICHIS N TNV S, 7@t Ofs R, AFEEBT
HLULAECEZERICIOHE 1IUKEDREET
HolzZEMS, EVFIN2KELDORERES
ERD O BEENIAKBLEES SB &85> T D Z &N
MR INSZ, AT, PFARLA M=ILOTE
FERICELCAbamicEL 3L haoX T L —
AT MLEESIEICE > Tm/z 321 RS
n, INNTAINT 4 REBNA X LF T RO
m/z 319 IZHRT2EF2NWT Enbs, PN T4

(a) disulfide type BNA

1’-H of Disulfide 18
€ (N-form)

6.75 ' 6.25 ' 5.75
(b) reductive conditions

1'-H of Dithiol 22
(S-form) =

6.75 | 6.25 ' 5.75
(c) oxidative conditions

J -
6.75 6.25 5.75
5 (ppm)

Fig. 9. H-1’ Signals of Redox-responsive BNA Nucleoside on
NMR
(a) Disulfide type BNA 18 in absence of redox agents, (b) under reduc-
tive conditions, and (c) under oxidative conditions.

REEEMNHEEL TNWD I EARI N TS O
FI, BEESARBEES NBMICEEINTVRS DR
VT 4 REIBNA X7 LA Ry, B ThH2 Y
FARLA F=IVOHETIZIIZ AV T 1 RiEaEMN
B CSABIEEERD, ZIIXBREAITH 28
ALK FBDIRIMEI NG EHUO P RV T 1 REEE B
REINT N B & /25722 E&2mHMIZRL TW
% (Scheme 4). 78, ZOBLZBEITIGEL, ®IE
e EiFEAEEL DI ERL, Dir<Eb 4EIOD
BOBRLUITHEIIL TNV,

INSDEDIT, EHFSMEEE ARk L 2/MEH
BOSEMATX 7 LAY REIR, winb s TAA
v FELUTHRET I EEEzRE LTS Z
EMHSEMNEES .

7. HEHRBICERAIX 7 LA FOA 1) TR
JLAF RADEA

HESFIBRERAT X 7 LA RS04 T
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X7 LAF REZ, DNA HEE R Z T WK
FO7 YA MEMHGRIEICEDER L. AU T
X LVAF REACHWEZY I b=y I,
NP UF VB BNABEIZIE S -O-P A RFT MY
FIAR 11 %, P Z)V 7 1 REIBNA 21 5°-0-1
T U Z)UR 1940 Z 5 H U 7= (Schemes 1 and 2) .
BMARZIE, 7B 7KUBIZEZDA Y TS
LA F ROEMEERNS Y0 L EREIERE &
U U ERERERDORREZITY, HPLCITX D K #
L7z, fB5N=4 ) IX LA F REE23-26 OflifE
JORE & #3213, HPLC & MALDI-TOF-MS 7% H
WTfroz, GlLzAU IX T LAF REORS
3 Fig. 10 IZ/R L 7=,

8. AHRHMCERAIX VL AL FOA) IR
JLAF RPTORA v FHEREM

—fRic, — A EHEERR T EH D —
EDRFZF> TRIBRIEENZAY v F 27T 57
W, 2@ UV RIGEEIZ =AD& D UV ik
REOHE D /NS L</md REHE). L=,
o THIT, ZHEHEMBRERZERZITMEAL NS
UV IR E 289 5 &, —EEEEN — A8k
2\ RS 2 DITHES T UV RIGRED LR T 5.
ZTHIBE ST RTHS. ZOTTEA R
RO ST T HEEE O S0% BRIRE (T, &IF

(@ " T

0 o Thy 356 nm o
(LED)
0, oo
% OMe
XTI MeO

(benzylidene form)

¢}

OPO

|
wans

~| Thy redox change O]
|
YI

YII
(disulfide form)

, _HEMR OB ZEEDOIREE L TA<H
méhé.mﬁ@k%mi&ﬁﬁmgiﬁ%ﬁm
LTWBEEZDZENTES., EESIEID Ty
fEiZmA, FUITXT LFF ROEMFNREED
fEERD 1 D &2 DR )RR R TN D R EME & 7T
igdadZ&T, BALLZATXI LA ROAA v
FHEREMEIC DO W TRRETL /=,

£9, ROPUFUBMBNAAYIXZ L FFR
DAA » FHEREMZ, — hOXT MY UF AR ZH
IZikim U721y [Figs. 10(a), 11 and Table 3], 13U
WIZ, ZhaNI ~J U5 4k [Fig. 10(a), X!]
MAVIAXTVAF RPIIBWTHRIRETHZ &
%, HPLC U MALDI-TOF-MS iZ &> THE L
. TOKE, FUIXT LAF KRR TIIEHEHICK
DAL ST ATIVE [Fig. 10(a), XU] 287 )L % F
FoRT IR EDKEREIIIDERLNITRES
N, YA —IUK [Fig. 10(a), XW] ANELHBIND
ZEEHOSMNELE 2O &, HIEEMN BNA
MAVIXT LA F ROMNEZ B ALIE5 2
CEMEEES. EBEOEZA, AUIXILTF
REEFIOHFR T pFric=hOXRS MY Y528
BNA ZEALZAUIXTZ L AF K2313, UV
FIZR D DT NITZ DM RNA & DEENEZ K
TEH, IHRTIVYFF L HEORERITK DN

Thy  Nucleophiles
(thiol, amine)

(dithiol form)

xIII

(diol form)

(benzoyl form)

X benzylldene type BNA
d (GCGTTXTTTGCT) -3 (23I-IIT)
d (GCGTTXXXTGCT) -37 (24I-I1T)
d (GCGXTXTXTGCT) -3" (251711I)
Y: disufide-type BNA

5’ -d (GCGTTYTTTGCT) -3’ (261°1I)

Fig. 10. Sequences and Changes in Structure of External-stimuli-responsive BNAs
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a) three consecutive BNA units
light nucleophiles

A @ @

yby

MO|
Y

time

b) three alternating BNA units
light nucleophiles

Z A
g 4 ¢
binding ability
TTTTTTTTTTY tolerance to .
1 emzymatic digestion
> Cmmmeeeee
= -

time

Fig. 11. Changes in Properties of Oligonucleotides Modified with (a) Three Consecutive Light-responsive BNA Units and (b) Three

Alternating Light-responsive BNA Units

Table 3. T, Values (°C) of Oligonucleotides Modified with
Light-responsive BNA toward Complementary RNA®

UV (+),

uv (=) Nucleophiles

UV (+)
Oligonucleotides

acetal form benzoly form  diol form

23 40 38 44
24 33 N.D.? 36
25 N.D.» N.D.? 38

2 Conditions: 100 mm sodium chloride, 10 mm sodium phosphate (pH
7.2), 4 um each strand oligonucleotide. ® Not detectable.

AL ETT S EFOREMEIE i L TH Lk
Lz, FUIXTVLAF K% 3 »FEfiL 728581
132 ORI R E <RI N, HIAE, HEFEL T=
KONS MY USF B BNA Bl TX7 L
FF R 241F, BRRL Tz EHHEE DR 2
ZOoMTFICZHEHEZRMRLELSRBRD, T, EIXEL
T&<7so7 [Fig. 11(a)]. £/, 1 nFIEEIZ
3L =AY TX T LATF R 253G
BRa<AVIXIZ LAF ROBHEEEIZET
L, ZE#EEBR LN > = [Fig. 11(b)]. —4,
INS3HAEMLEZAY IXV LAF Ridndhn
b, REFICKDHN T AIALDETT 2 ERE
mMOEEEFERLE (Fig. 11). N> y5 U
BNA X7 L F > ROKIR 7 RIEFRIIHT 228
W, BgE NSRRI DEHERARSTAT
F—RICk2nREEE R L . TOME, RE
fifi DNA 75 5 23 LANIC 100% RS D5k T, N>
PUFEIBNAX EMiL AU IRV LA TFR

W1 EERA DL BT HE 5 T 90% LA B 0 iR 4TI AR iy
SN, MNBBERMIEEZRT I ENGNoTZ. —
F, KA RBEIN XN LD LS55 TED 80
BMTRINDMHEENEZELL, ETHITT IVEN
FREINT XM 725 & RIFFFNICZED 90% LA E
NI N2HEENESSICA L7 (Fig. 11).
PEORRIRKELTELEDBEFND F W,
BNA E#iDIEHIT K> TEDOHRENEZ2E XD &
MTEDENMS (Fig. 11).

DAV T4 REIBNA XV LA RY 24T
X7 VLAF REFIOFR 1 nFTICEAL LAY IX
7 LA F R 26 SAHME RNA 2@/ —HEZ P
Bk U7z [Fig. 10(b)]. T DR LEMNITH X 2%
B3 7RI 4-BNA SEPLTWS. % —F
T, ZOFVIXY LAF R_HEHOBMWLE %
I THD MU A Q-IINVARFIIFI) KA 7
1 BB OGFEETNICHET S E, I ATy FHAE
ft OKEREZHRL TORWEEY) 2880848
IZILERd % 10°C PA LD Ty il O R I N /-
(Table 4 and Fig. 12).

UEo&51z, BRI EMATX 7 LA B
ERAVIX I LA F ROBEEENIEDLAA v
FELUTHRET S L2HRETES., £E51EF
7z, HHAfi$H DNA < —H§#H DNA & O - HHIE kAL
L EHBEREEIC DWW T H A TEEET 5 2 & T,
BRI K> TENTFNELD AL v FINY — 25
LNDHZEEZHENILTNDS,
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Table 4. An Effect of Disulfide-type BNA on the Thermal
Stability of Oligonucleotide®

A Tmb)
Normal conditions +1°C
Reductive conditions® —12°C

2 Conditions: 100 mm sodium chloride, 10 mm sodium phosphate (pH
7.2), 4 um each strand oligonucleotide; 5-d (GCGTTYTTTGCT)-3"/3"-r
(AGCAAAAAACGC) -5’ (Y =disulfide-type 2’,4-BNA) . ® ATp: Ty (T
value of BNA oligonucleotide) — ToN* (T, value of natural DNA oligonu-
cleotide) . © Containing 8 mm of Tris (2-carboxyethyl) phosphine hydro-
chloride as a reductant.

redox agent

U

>

Aunge Buipuiq

oxidative =———— » reductive

Fig. 12. Changes in Property of Oligonucleotides Modified
with a Disulfide-type BNA Unit

9. HEHYIC

EESIT, O B, BETREOEMLIINUT
ZTOWEEENI DALV LAY REEZ#E
L, TOEMICERIN Lz, £z, FUIX I LA F
RICEALEZZINSDOX 7 LA Razy M, 4t
RTINS L T O _HEBREEE A LI ® D A
THEBAA v FEL THEET S ZEE2m<IRIET S
ERERLUE 2O LAy FHKICE-T, &l
VBRI R IR O 7 AR A, JOE S B
W78 n T FHEME ks EQIL#ils s ) LT /0
D= ININAF O YNBSS T S T
LEHFHELTVS,

BEE AWML, RIRRFARZFEBE AR E
MERILESTFICBWTITTONZBDOTHD, #
M, THREIHEZHO X UAERERKRE - 58 K
POEHIR, WTIEEHTER - NEE BB
KO L BT EY. £/, AFEEZHET DI
HOHATRENES KA, RERSEZKDL
T D RIRARFRFGH A FEREM AR A0 B O
A RICTR < BGHBLL £ 9

D
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