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A adenine

Ac acetyl

ACN acetonitrile

aq. aqueous

Ar argon

Bn benzyl

BNA bridged nucleic acid

BSA N,O-bis(trimethylsilyl)acetamide
Bu butyl

C cytosine

Calcd. calculated

CAVP Crotalus admanteus venom phosphodiesterase
Cbz benzyloxycarbonyl

CD circular dichroism

conc. concentrated

CPG controlled pore glass

d 2'-deoxyribonucleotide

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DCM dichloromethane

DEAD diethyl azodicarboxylate
DFT density functional theory
DIAD diisopropyl azodicarboxylate
DIPEA N, N-diisopropylethylamine
DMAP 4-(dimethylamino)pyridine
DMF N, N-dimethylformamide
DMSO dimethylsulfoxide

DMTr 4,4'-dimethoxytrityl
DMTrCI 4,4'-dimethoxytrityl chloride
DNA deoxyribonucleic acid

dR(s) deoxyribonucleotide(s)

ds double-stranded

Et ethyl

G guanine

HEG hexaethylene glycol

HMDS hexamethyldisilazane

HPLC high-performance liquid chromatography
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i

IR
LNA
MALDI-TOF
nC

Me
mRNA
MS
MW

n

NBS
NMR

ODN

Pd

Ph
PNA
Pr

PS

T

RNA
RNase H
Rt

ss

T
TBDPS
TBAF
TEA
TEAA
tert

Tf
TFA
TFAA
TFAc
TFO
THF
T

high-resolution
iso
infrared

locked nucleic acid

matrix assisted laser desorption/ionization-time of flight

5-methylcytosine

methyl

messenger RNA

mass spectroscopy
molecular weight

normal
N-bromosuccinimide
nuclear magnetic resonance
ortho
oligodeoxynucleotide
para-

palladium

phenyl

peptide nucleic acid
propyl

phosphorthioate
2'-ribonucleotide
ribonucleic acid
ribonuclease H

room temperature
single-stranded

thymine
tert-butyldiphenylsilyl
tetrabutylammonium fluoride
triethylamine
triethylammonium acetate
tertiary
trifluoromethanesulfonyl
trifluoroacetic acid
trifluoroacetic anhydride
trifluoroacetyl
triplex-forming oligonucleotide
tetrahydrofuran

melting temperature



TMS
Tol
Tris
Ts
TsCl

uv

trimethylsilyl

tolyl
tris(hydroxymethyl)aminomethane
p-toluenesulfonyl
p-toluenesulfonyl chloride

uracil

ultraviolet
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B TEERMPE CNE CORIBEMIELO P LINFEEEZH > CTE 7T, BlEZ -7 v F R0 TH
g L. #rEE oI A ESEEE L RS CTw 2 1ES, Ko FEEMICD 28722813 XY 7 4 DR
BERINT V2, ZD—Vi%H 5 b O3 JUREIECKIEERE & v o @ T. B FEELTH 5,
FRICHRE OMIEEZRIC B W TIE, REOER & & 28T ORIIERSHS 22 ic 2 hvhid, Zo8EET
@%ﬁ%%ﬁb\%%@ﬁﬁkt%ﬂyﬂﬁg®ﬁi%ﬁﬁm fHET 2 2 &8 Bk vaEE 72 5,

. BEREE T 2 R RAICEER & 2 BRIRERE OE B (X, FREMEMR R T RIS o /F It
k%&%tb\:nifm%%&ﬁ&#otﬁﬁﬁ%%«@ﬁﬁﬁL%&DﬁéaLf&ﬁ%%bfﬁ

h V. 2020 4F 1 HEE, HRC 11 BEAEERIC EHiEhTn s,

MEREESE, Z O THBA IS TORTWE T v T v BT, BERDRK X v o372k
72 HEEM A v & v ¥ % — RNA (mRNA) IR L€, tHENAREIN %G 2 —AKHOoA ) I 74 F v X7
LAF P (AT, 4V T, 5k ODN) 236 L —E#E %2 EH%. DNA/RNA —HH#HD RNA $#HoD
BRI E 3 5 I#3R CTdH % RNase H I X - THE mRNA 23U X 2 2 8645 % 1| 3 % (Figure 1),
¥ 72, RN D DNA “H#HAER & 327 v F 9 — Vi L IEN 3 “EREEEE Y TR T 2 T 7140
T35, “HEEKBIT, ZEEKBEKA Y X2 L4 F F (TFO: Triplex-forming oligonucleotide) & Ff(E
N5 —AREDOF Y ITHFED HIH DNA ICHEAT 2 2 LTI E NS, —EHEMKES HIH DNA O
M R T RS E TIPS 4. mRNA ~OFERZHE T2 2 LI X ), mRNA 2N L T T7 v F 2V R
EXODMEL CGEETHHZIHcE 22 FE 25T 5 (Figure 1),

LLT Y F ey REET Vv F YV —VEoRNTICE T, Hvd ) K% KIRD DNA O A THE
L7256, (1) L 722 mRNA ° HEiH DNA IR 2 &8 (T ESEEAEEN ONic = E#HE
FRAE) . (2) BEIIECH~ D AR, (3) BRI T ORI AR IO 3 2 LEM., (4) M RE
PEFICHR B DH 5720, b (1)~ @) OFEZ RS 2 N TKIES FORBBRBEARRR L 7> T
WE D FRICT VTRV RIEL T VF Y= VEOWGICE TR, (1) IZX > TEWIEZHERF L 2o,
(2) 1T X o TEEMESILISL D I 2= v FESI & OfG %8 T 2 C & ©, EEREEHOER% AL L 7
T 6,

INETIT, KBOMEI CH 2 HE, BIBEEE, WNic ) vigEy = X7 UEGER (Figure 2) 1€
LB/ 2 i L 7= N LR M4 B I T 0, BIERIEESE & LK I LT\ % Mipomersen <
Macugen IC . B Y VEEEEAMELZERT X L 7e N TEFR S REH I LT 5, HFFEE & Wengel 5 D
TN — TN X o THOLIICHIF S 7= HEE 2 A COMERE#H 3 5 2,4 -BNA/LNA 3 (2-0,4'-C-

___DNA g5 s U > E&ER
IZEMRNA BR . g s fE i NHz
. ¥ | SN IEEER
U:w@ R | P2
{3—{} o N~ 0
D e :
B Prnase FELDIEH
O R
3 T A IR o R=H (DNA)
OH (RNA)
Figure 1. Mechanism of action in antisense and antigene methods. Figure 2. Modification moieties

of nucleosides.



methylene bridged nucleic acid / locked nucleic acid) ¥, N & S A& w5 PRk EBIC B 2 B D 2 v & £
— ¥ =3V (Figure3) Z 79 RNA & [A UNBICEEL L 724883 FCTH 5 (Figure 4).2",4-BNA/LNA (%,
#Efﬁﬁ/ﬁkﬁ—r@l e —BRENGEIT 5 a2 v 7 TEREE T L, FERERICHAE RNA I L TER
AR EE T et E 7z, 7 24-BNA/LNA A I N7z 4 ) X 7 LA F FidfEn
f:iﬁfﬁ?%f/@fﬂﬁ?@ﬂ%%ﬁ?? CEBREHEINTEY Y, BEEREERICOAHINTH S 9, HBIIEE
Tl¥ 2",4'-BNA/LNA Dfthic, GuNA® (Guanidine bridged nucleic acid) ¥ AmNA? (Amido-bridged nucleic
acid). scpBNA $(2'-0,4'-C-spirocycloproplyene bridged nucleic acid) & V> 72#7 7= 7 B GR 2GR }\Iﬁﬁﬁo)
BFEICHTI L T\ % (F1gureS) GuUNA ZAF AV EFEITZI7T7T=V 7 RICKY, TvFevRiEics
54 Y It O MRERESEEER FICH S 32 LIFRFEI L5, AmNA ZEAL 724 ) TG TlE. FL@E/\
IR IO T 2R EX 2 DB RO F ., invive TOEBICE T, 4V TKIEH RO FEN%
KR EE2 L DHL2ICE>T S Y, H?%‘I‘i{fwﬁf ICBHL Tld. scpBNA EARF Y KK %0 & %
D% H o TH Y| A IIKRIEEE O 4 o HIICHE L 72 K AR o BEEE AR TAEE D FFS I
JEPI LT % 19,
— 77, BRI ORHEICE H L 256, Bl o " E G 12 FICEE I 2 SRR T rn X X
v ¥ v AR . BRI OKFRATERIC L o TLEEZIT T 5, o T, {LERli%

R= H (DNA) | T
T (RNA) 0 Base (0]
0 . (0] Base
N Base Base # Ava '
0 6 ° = o¢—0o°
| |
0=P-O0" R L 0=P-O°
O0=P-0
e o= i o |
N-type S-type 2'4'-BNA/LNA

Figure 3. Conformation of a sugar moiety in equilibrium state. Figure 4. Structure of 2',4'-BNA/LNA.

O fase o o Base 0 o Base
— =
0 >¢NH+ 0o NR o ©
O=F=0" (h, 0=P-0 0=P-0"
s . R:iH, Me A
GuNA AmNA scpBNA

4 %Mk EEEH. FFIC DNA/DNA “E#AFICH T, B
KYEDSE WERRIE R R 13, S e AENTe v F v
NN B & T3 rn A2y ¥ v AR (B
X, KRGS Tk o> TREEL. :éféffﬁﬁ%fﬁﬂ:
TRDFHEHEEEE T ABIEESERVAS C
ThEINBEZRZ Y v SHEEH DMK X L. Bm&ffiﬁ’i
R L DB FHER DMK DI Xk o> TENLT 3,
T, W T MR SR E R G L. Zhic
PES IR OKFRE AR ERTIRICD 2 &2 v ¥ v
THAEERIIEEREE#ZRZL T




MEL 7= NIREIERE 2 &0 A4 Y Ik & . fERRIR & o “EHETEKRER M L X2 2 561k, RAKEEE
RO KBEMATERE Z LoD, chd —mofttzmil s 2 NLKBERZA#E T L
DEB T 75, BARR e N TEBRIEE O RGHEIG & L Cld, (a) IBIEEOBRY 4 X2 AR
®25Z L TRXy ¥ v IHAEEMZRLT 27782, (b) BERPEE~OKERETREZEME ¢ 577
REEIC X o T KERATERE % 1EH 2 0 IRMIC@b 3 2 FiEBE T b 5, EFicy Fv Vi
R & L C =8 D 3-B-D-2'-deoxyribofuranosyl-1,3-diaza-2-oxophenoxazine (LA I, phenoxazine, 7 = / ¥ ¥
U v) NTALEEHIHEAS 1995 4F Matteucci © 12 X - THE I TH Y 1D, Koy IR HA B IEN O IR 27
7= IR L CE W EE A A H T 5 2 E ML T\W B (Figure 6), —HLEERLE TOLEN
Zla X ¢ 2L, KO FOKRE AV o 2 EHE=RAMGE: “EHEME T IcE VLT, BHET 2%
WG L RIS R 2w % v PHIBFR 2R S 2720 TH B, £z, 7=/ FH v D I
7/ b FUECEHiX L7z G-clamp'? (Figure 6) X, 7' v b v {L A2 X T 72 KiG 7 I 7 HoOKFEFET
DRI 7T = D 6 LD AR = VIS L CHi 72 ISR BREZTER L 200 A&y * v 7HHAEM%Z
WREE2720, 1 RECT7 2/ ¥V Vv EICTHBEPHKEZ LRI 25, X512 Gclamp ZEA L
7oA ) TKIEIC BT, m> EBPAEEIC X DR RNA LiE fEA 35 2 & <. fllapi %]\@é\
ENBETFRENHREZ R~ T LD #ﬁﬁb INTW 2% B, G-clamp FFERIZT v F & v XKLL IC

PCR 774 ~—%1ZLD L L72% AT 7YV r—v a v~DERPZINTEY 9, Gclamp 1F¥F ¥
VIRERD NI 2 REFT I o720 RRTF I v B L 238k —>2 & L Tl 2001 4F

phenoxazine G-clamp

o /\ H dR (deoxyribonucleotide) =
O Nt T
H H 0=p-0"
O N— H"""O < O N H'IIIO o
\ 1 >_§;7 >—< \ 0
NIIIIIIH N N\ NI N
—2 dR H=N p

N *N
/ 3 OuuuH N G /N_§ >_N (l)
R H uanine O""H N Guanine hiddd

H

L

d

Figure 6. Structures of phenoxazine (left) and G-clamp (right)

bR o — FH AR AE I MRS (Tw) % BI5ET 5 © & CEFA
INTwg, “HEEEKT LAY X7 L4 F FERENKIC
T RRHE X, 50% MRHEL 7R Tw i L ERT B, A Y TR
JULFAFFIIEHEHZEKT S 2 & OB L RGN X &
%y PR ZHRL. 2EOWRERETF5 (K6
), 7. PSR L AR B L (4 DB
FIPE 234 L . 44 ASIORIER 2R 72 0., 2 Rc o AR o
SR 5 RO, Zhik, BEEOBE T, —Eo
WEBICRE 2 7y b4 38, ARDX Sy 74 Vil
WAL N D, MEO — EPUREE L R 5 LT, COr T 7 >
BRI TofliR BT 5 TR 5 T 0 B, i (°C)
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Nielsen H1C X > T, X7 F N (PNA; peptide nucleic acid) DI IC =B D benzo[b]-1,8-
naphthyridin-2(1H)-one (Figure 7) Z & A L 725E238E T, 5 13 2 @ PNA 23R ICHAHEH DNA L @
CHEEEAEE RES LRI L ERHLPICLZY, TRRART T OFEEARE LT, 1999 4E
Buhr 5 1T X > TPUERF D quadracyclic adenine (qQA) 23RS X LTk Y 10, BRFEIE 2 LR L 72 X ERIE A E
e HBEWEDRLAICHS 2 ICEINODH B 1D, £z, 24-BNA/LNA IZh 2 X v ¥ v AR %K
TR BH D LHhL I FETEMEE 72 ) FF YUV G- clamp O BRLRI N TR HH
X, &b ICHIEBEEE L o “EHEERESZ A LS TRkECHALTWS, 2 LAEERO T, =
EEE e E A Y | BETREE S N USSR & L7z 2'-O-Me RNA & G-clamp % A& b8 7250 12
O-Me RNA G-clamp) 23 BEICHR TS X LT % 19 (Figure 8), AR 123510 T, 2'-O-Me RNA ( 2',4-BNA/LNA
DX D ICHARBAEIC X o TS Z 1 L T waiiiic, 2'-0-Me RNA G-clamp (€ 1% G-clamp % %
COEMIEREED I LA R SN d o7z, LA LAD S, ERERE & EE 2 R icfb2Esiie . AT
Bilg L L CokiEr 2k ol Rl 4 2 BT SRR E 2 PO IciiE S hoo b 0 | B IEAL R
Alﬁmﬁﬁ%%kﬁé EOFRBPHERENESRENTETNDS 20,

AR FIcB L C, BRTEAILEE T3 2/, 4-BNA/LNA %, HHSTHERIZEE © 1 G-clamp % i@
2B b DIFFEEFEL TR 9, fit-> T, 2/4-BNA/LNA Bi&ICEEgER L L < G-clarnp rHT BN
TR X, B, REERT 0 2 % v v ZHAER o\ Fictv, T EBEIEKRE % REERYIC ) X &
bNEZDOTEREPLERTZ, T LZBERO T EEIL 2,4-BNA/LNA GI&IC 7 = 7 3 ¥ Vil N,
G-clamp % & A L 7z > F ¥ v iFE{K BNAP2D (2',4'-BNA with a phenoxazine) ilff (F1C, BNAP-AEO (2',4-BNA

H
/
benzo[b]-1,8-naphthyridin-2(1H)-one 1
(6] phthyridin-2(1H) NSy
O H
; NH
mH— N N\ v o >N
N H"" N O
) \=N  DNAorRNA 0
PNA \\_ 5 or PNA
N
\\/{O _cl) _OMe
HN— O'Ff'o
PNA 2'-0-Me RNA G-clamp
Figure 7. Structures of benzo[b]-1,8-naphthyridin-2(1H)-one Figure 8. Structure of 2’-O-Me RNA G-clamp.

in PNA.

¢ BRNLEIRIA DGR OWEH 2 TIOR L (K 77 = VIFEMA qA. R ¥+ & VFFELE phenothiazine,

f: > b v VEEER pyrrole-cytosine D — ),

R = phenyl,
1,2,3-triazole, etc.

Thymine Guanine Guanine
> N—H""Q S N—Hrvm 0 N 7 SN— Hiroe
72 A / N N\ \l'\l j
N NrH=N N H—N sgp L N

dR N=" O%N\ /N—§ »=N

dR dr  Omw H‘N\H R O \H
gA phenothiazine pyrrolo-cytosine
derivative



with a 9-(aminoethoxy)phenoxazine) % #%sl'L 7z (Figure9), b % A4 U I~ —KILEA 32 Z &L T,
Wi N TR & iR L <, —EHEE e RIERICIA 375 2 3 fbAE N 5, BRIEESE~ DI IC
FLTiE, 205 ORRER FIctEViERFRBIHIMR M 32 D Tldk v & E 2 7-7-%, BNAP
¢ BNAP-AEO O —HE R KAE - — B SIIEE O WL LM IC O WvCT, %425 2/,4-BNA/LNA &
phenoxazine Ml V1T G-clamp DAIFR % & D X 5 1T L T % 5 % 5FA W—%ﬁ?— el GE1E)

N— H""O N\ O N— H""O N\
Ywwv vk \
| < N""H N>—g/ | / N""H NW
o] o N =N
O e
4 O““H N Guanine 4 S N Guanine
2 H 2' H
? BNAP Q BNAP-AEO
=p-0O" Oo=P-0O0" ., ., .
© F|, o (2',4'-BNA with a phenoxazine) | (2',4'-BNA with a
v S 9-(aminoethoxy)phenoxazine)

Figure 9. Structures of BNAP (left) and BNAP-AEO (right).

[FIRFICEH (X, BNAP £ BNAP-AEO & [AIERD mtRER 7 I & Va2 iR T % 2 &, BIRESR
LBV T, BREE ORCHIEGEHCINDb N wiERETE e A4 ) S ORIRAIREIC 5 L E 2 T2 2 2
T, BB D 7 7 7 — ABRIC ZBRAKBIER 28 AL 288 5 1 ¥ vEFEMR 1-B-[3-(1,2-dihydro-2-
oxobenzo[b][1,8]naphthyridine)]—2’—deoxy—D—ribofuranose (LAT. 2-oxobenzo[b][1,8]naphthyridine, OBN) % &%
Zt L 7z (Figure 10), OBN T3, &S ZEfi s ¢ 2 2 L Ick W 5 HEE 2 ES X e L L LT, 1
WL, 2 DDRFEFTF% OBN WICEA L CTWa R, 7=/ FP Vv e RAEZHE R L, KERT
X OBN &4 V) Ik %2 G fR. A4 Y TR OB —HEHEROBRIC S 2 5 528 2 5Hilc
A L 72, (B 2 B

HC/ \N8 H N/ NAdenine
NN _ 6 %,

OBN
L. (2-Oxobenzo[b]-1,8-naphthyridine)

Figure 10. Structures of OBN.



H18E BMERICT ) ¥ VERET 5 2, 4-BNA/LNA QAT & #AEHT
EH MMERICT =) ¥V VERET 3 2,4 -BNA/LNA (BNAP, BNAP-AEO) DR & #&Et

IBRIESE I r I iEE2 S I ¢ 210 H 72 o Tk, AV TN O N LIEICE\ —EEPKEE & 16
HBRIREZ AT 5225 b EHE L b, X T TEHEHIRE T, 2/4-BNA/LNA HIRICKERER L LCT7
x /) ¥% Y v %&EA L7 BNAP (2',4-bridged nucleic acid with a phenoxazine, Figure 11) % #%5l L 7z, 2'.4'"-
BNA/LNA & 7 =7 ¥ viddbticz 2y v ZHAERIC X o T EBPKAEZ M L3¢5 2 & 239,
HINT VDB b, MHZFKRHICEA L 72 NTEE BNAP (21X, 7 “HEEREED A F o3 LA
TNz, Ty 72 /7 F PV VERECT I DR UEEAT S Gelamp X, 72/ FH T VICLDE R
2y X v IHAEEROREL T I 2 b X RHICKXIEN T = v~ EREZ M EX ¥ 30T
Thd, £oT, 2,4-BNA/LNA HRICKEEEH & L C G-clamp %3 A L 7z BNAP-AEO (2',4'-bridged
nucleic acid with a 9-(aminoethoxy)phenoxazine, Figure 11) Z (3 “H#HEKEEL . 77 = vERICx 3 21
ez —2icm L3¢ 5 2 L8 PRI N7z, AFEERICEH W TIE BNAP LU BNAP-AEO D€/ < —
B % A1T o 72t%. BNAP LU BNAP-AEO ZE A L 724 V) I A L. % OYHEGH 2 1T 5 72,

. o \N_How
NH | <‘/ NtH-N "ODN

O - 0 N— =N
N 0 OnH-N .
\ /g H Guanine
NI} —
" (LR o:E_ BNAP
|

0]

o Base phenoxazine |~ (2/4-BNA with a phenoxazine)
"
— & + H /A

/ 0 N*—H
(0] _ .
[oNH Q H

|
0=P-0 00 H

| QO  N-H"OQ N\j
2',4-BNA/LNA T /NN N ooN
0

NH
I _
O Sy o) AN .
‘ /& OHHH_N\H Guanine
l\‘l (0]
dR

—

o
o BNAP-AEO

[
0=P-0" (2',4'-BNA with

G-clam
P - a 9-(aminogthoxy)phenoxazine)

dR : deoxyribonucleotides

Figure 11. Structures of BNAP (up side) and BNAP-AEO (down side).



E2ffi 7 XYY VEET S 2 ,4-BNA/LNA (BNAP) BARIA Y DAL

BNAP &AM ODN # AT 21CH72>T.BNAP X Z LAY FDOT I X4 + 2=y }(ODN & ARiHK
)y BhFEL 7%, BNAPDT I X4 b=y b THLEY T2, 1 XY EB¥E{T > 7-BER{L &) 22D
X0 5 TREERETRIGE 20%Tf372 (Scheme 1), Matteucci b D¥s Icko&, Y7 un X X v
)7z F 27 4 v EPEUIRBERZIEAS 2 TCy I D4k 7unfbLizg, v I v
4TI 72 /) —AEREBAL 3 %G, 20K, TYE=T7CUHT LT3 fiie 5 e bw
FUREEOT v FAREEREL 4 ~LB Wz, 551724 & DBU L DT X —VFREINEGETRT %
&, BBRKIGETTL, 72/ X3V VEREET 5 53O N7, fit\> T AgOTf & DMTICl X Y 35 1
7= DMTIOTf Z VT, 5 @ 5'fiie FuaF o AT 2 b X b Y Fafbdng 6 2f57-%ic, 7354
Fax=v b 7%f579, BNAPDOT I X4 b= I 713, DNA HEISHHKIC X v 4V & (ODN 1

4 RAHGAFE (Schemel) ICH VT, HFFER1 @ 5,3tk Fuo o A f#ET Iy OALEr—ERELZHR, TEF
NI X A RER TV, 2 287, 2RI, 5 2E 7910 12 OEMETE % Ei L 2B, 12 O 2/4-BNA/LNA DB
RN TLE 57720 THS (Scheme 2 a-f)e F72. LA 2 ZEGHT 2T, 5-7BEY IV ATRAELS Y T
NEEBATE L THREZERL T3 2, ZOBAI, v YAREEREL, T FAHIC X 2FMRELTT Y EETD
BALRICICE 5T, 5-7REY 7300 7 n B HKERFICELRIN, VIV A~NLRE->TLEIZHTHS (Scheme
2 2)

[e] (o] 0]
Bno— o Br\fLNH Br\fLNH H\fLNH
OAc a PN b A g A
TsO —— > BnO o N O — > Bno N O ——> BnoO N o]

(0]
OBn OAc
TsO
8 OBn OAc -

oBn © oBn ©
9 10 13

%
L g o
NH NH NH
(e} SN (e} SN Br SN
| LA LA
HO o} N0 eorf BnO O No d BrO (0] No
Eﬁ? - Eﬁ? — Eﬁ?
OH
5

0Bn © 0Bn ©
12 1

Scheme 2. Synthetic trials of BNAP nucleoside 5 (previous route).

Reagents and conditions: (a) 5-Bromouracil, TMSOT{, BSA, ACN, reflux, 6 h (93%); (b) K2CO3, MeOH, rt, 4 h (89%); (c) PPhs, CCla,
DCM, reflux, 1 h, then 2-aminophenol, DBU, rt, 18 h (94%); (d) CsF, EtOH, reflux, 26 h (54%); (e) palladium catalytic
hydrogenerations (various combination with Pd(OH)2/C, Pd/C, Hz, cyclohexene, ammonium citrate) (decomposition); (f) BCl3, DCM,
-78 °C, 30 h (trace); (g) cyclohexene, Pd(OH)./C, EtOH, reflux.
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oo r\’\)kNH Br\(gN Br\(gN
o 7 steps N/&o a /& b /&
Ho o A0 o — > A0 o N O . HO4 o N O
—_—
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Scheme 1. Synthesis of BNAP amidite 7.

Reagents and conditions: (a) PPhs, CCls, DCM, reflux, 2 h, then 2-aminophenol, DBU, rt, 12 h; (b) 7 M NH3 in MeOH,
rt, 2 h (81% in 2 steps); (¢) DBU, EtOH, reflux, 30 h (59%); (d) DMTrCl, AgOTHf, 2,6-lutidine, DCM, 0 °C, rt, 3 h (58%);
(e) iPr,NP(C1)OCHCH2CN, DIPEA, DCM, rt, 3 h (74%).

~ODN 8) WIZHEA L 728, 7 I3HEEED 2',4' -BNA/LNA fiti, HHEHO7 = 7 F 9V VERE L DERH I D
7eiT, AV TR AR O RGN, BB MEERIFE O T MEE S nfe, B, RARMT I X4 Mk

¢ DNA HEIEBIECOA ) THEIRARIZLAT DRkl & B CHlET S 5, 9. CPC HFOMEM LIcHF I h7zx 7L 4T
F D 56 DMTr H 2SS T el s, shiice Fe ¥ o BE2BHT 5, 2%, &7 344 MERT P 7V -1k
BRCEM b, B EoX 2 LA F Fosfiie Fexoikeohy 7Y v I7RKIGHERT 5, Z 0%k, KRIEDOX 27 L
AFFO e Fud  IRELBEDO Sy 7)) v I RIGICEE L av X5 SKFFREC XY v v v 73 b, fit
WTEM EC—RESHREINAZRX 7L AF FIConTiRI vERIC X MG 2Z T, ) VRTD 5 fli~e 2
o, BIC-RIEMREST 2HEICEIES A 721 VRT3, HNORERE COAMEZTET L2GAIE. 7VvE=TK
R ORI coMBZT V. EHD CPGCEH» L0 ) L & SRR LY VIR Lo RERLRET 5.
A% IR O DMTr 5% ORISR ChRE e, Wi HPLC FCoRRE A T, 4 ) IO AR L AT T3 2,
*PG: protecting group DMTIO— o Base™®

Activation
(Substitution of

DMTrO ° BaseP® iPr,N group DMTrO o Base ? oN
after protonation) P-0" >
p _ > p | PG
B
o ox. H 0 fo) o Base
N- k ﬂ
P CN <P CN
PrRNT 07T y\‘LN/} R o /NK S0 N )

- o=p-0 >N
. PG
O ° Base
3. Capping (ex. Ac,0)
n
Base"®

o . c: ;o 4. Oxidization (ex. I,)
o AcO o
_L ~~_CN
{ 0=p-0 DMTrO Base™
o
o
n

2. Coupling

o ° BaseP®
T/_ > O:F:LO/\/CN
o PG
o B:
0.0 L ~_ON oj**¢
1. Deblocking (ex. CCl;COOH) ° T °
. ex. 5 PG
Base n

o

0
. _J_~~_CN g
5. Cleavage and Deprotection 0=p-0
HO o Base (ex. NHz aq.) o ° Base"®
6. Detritylation
(ex. CF3COOH aq.) 0. _0 n
{ 0=P-OH ] g
n

Desired product 8




FRVLEA LY O ICKEIZIERS 2 2 & T, RIFAEOIETO T 2804 ) IO A % EK
L7z BNAP # &t A ) IR IC O, B2 BNAP @ “HEHERAE D M) FIic 5 2 2 522 % 5E
ICREM 9 2 ~ K BREEREAT IC R 4 eI 2 3 2 B 2 35T L7z 724 ) IO A RIS B W T
E. RIGOWEHEALH] & LT 5-[3,5-bis(trifluoromethyl)phenyl]-1H-tetrazole (Activator 42®), E{LAI & L <
0.02M 2V FKFERZ 7o AL 74 Y TRIRICO VT, 28%7 Vv E=TKIFIK & 40% A F LT 2
VIKIBIRDIREGKIBR (=1:1,vv) ZHWTH 7 LKL 725 CPG LU Y L 72%&. AV IKIEN
DEMIBIER L ) VI ORER A RE L, M HPLC A W3 2 & A Y B EZREELL 72 (Scheme
3)o M, WROIT 28%T ¥V E =T IKIRW Z IR T 1S KBS X % 2 & TCPG 2 b DA Y IR DY)
WHLEIT). 2D, TD28%T VE=TKIER%E 55°C TOKEMEAT 2 2 & TFH ) TKBHNOX
MRS ORERLZIREAT 2, L L BNAP EAMA ) IKIIc o2 #EAT 2L, AL
BNAP DL AT CREEESH I UINT & 7= TR SR & L CAE U7z % & C Rl DR AR % 65°C
T10 RIRIG X2 25 2@ L, e CHEKETO CPC 25 Y] Y i L & SRS O BifkiE
fTo7z0 eBWiMH HPLC THMTL 72 & 2 A, FED X 9 Rl ERYIIHR T E b 072728, 2|§7|<ffF7a‘:
RESEIEE LTz, 35, Sonz4 ) IK#ED /) T8 1%, MALDI-TOF-Mass I X > THEFEL 72 (Table
), A6 N7-4 ) T (ODN) Dk X UKLTEICEI L ¢, %/ ODN o F 5% 1, &hs|HiciE
AL Y a L 95 &, 2D ODN Z“ODN 1 a”¢ L T B X OKL L7z, b, HHE
FCREREAMT A o BCHIcBI L Cid, IR AR S X D7 ® I ODN 1_a (TaT) (fl) & L. EF 5-
d(GCGT@@@TTGCT)-3' HDHEEEDEAFEIT@ % & oh i =5RE N 2P L, fFeTERLL 72,

NH Automated DNA synthesizer NH

O\ 1) Coupling time : 70 s x 6 O N
| /g Activator : Activator42® ODN | /&
N 0O Oxidizer : 0.02 M iodine N 0
DMTIO— 4 07 _o
2)NH3 aq.: MeNH,aq. =1:1
~0 65 °C, 10 min O\o
(0] 3) 0.5 % TFA aq. T
I'L N 4) HPLC purification OzFl"O
iPer/ \O/\/ ODN

Scheme 3. Synthesis of BNAP-incorporated ODNSs.

f 272 DNA HB)AKEE (GeneDesign nS-8 Oligonucleotides Synthesizer) TKAM DNA % &K T 2 B KIGSAEIC
. 5X5% 4 270 (02umol R7 —A), 5 X6 %4 7 (1.0umol R7 —n) YRGS LTHEINT WS, 0.2
pmol A7 — A TD BNAP 7 I &4 b=y FORIGICEWTIIRIGHRZ 70 /% 4 2 VIIER L, F4 7 A8icon
THh1HA4 7AW L7z 6 54 7 VD&% BEAT % 2 & TRIFAMEGZI¥ T BNAP H AR ODN % &K L 72,
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Table 1. Sequences and MALDI-TOF-Mass data of BNAP (BM)-modified oligodeoxynucleotides (ODN 1-8_B").

MALDI-TOF-Mass
Sequence - - Yield (%)
[M-H] Calcd. [M-H] Found

5-d(GCGTTBHTTTGCT)-3' (ODN 1_BH (TBHT)) 37355 3736.2 41
5-d(GCGTCBHATTGCT)-3' (ODN 2_ B (CBHA)) 37295 3729.2 7%t
5-d(GCGTCBHCTTGCT)-3' (ODN 3_BH (CBHC)) 3705.4 3705.1 382
5-d(GCGTABHATTGCT)-3' (ODN 4_BH (ABHA)) 37535 37545 gl
5-d(GCGTGBHGTTGCT)-3' (ODN 5_BH (GBHG)) 37855 3786.5 gt
5-d(GCGTBHCBHTTGCT)-3' (ODN 6_BH (BHCBH)) 38235 3824.2 3%t
5-d(GCGTCBHBHTTGCT)-3' (ODN 7_BH (CB"BH)) 38235 3823.4 121
5-d(GCGTBHBYBHTTGCT)-3' (ODN 8_B" (B"BHB")) 3941.6 3941.9 17%

BH = BNAP; *! indicates the yield when deprotection was performed with 28% aqueous ammonia solution at 55 °C for 9
h; *2 indicates the yield when deprotection was performed with 40% aqueous methylamine and 28% aqueous ammonia
solution (=1 : 1) at 65 °C for 10 min.
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EIH 9 (TI/TbFN) 72 XYY RETS 2’ 4-BNA/LNA (BNAP-AEO) EARA ) THKEED
=y

BNAP-AEO D& KIx, PR DA HRREICHEV{T > 72 (Scheme 4), LAY 2 X 0. 8 TR % # T BNAP-
AEO OT I &4 MATH LAY 21 ZHRIGE 16% Tz, 6 2 fiTD BNAP £/ ~—& OB L A
.oy oonoafizyzaoa iz P 72k A7 4 v EPELRFBICK Y 7o afb L 7214,
22TIJVvIyNy ) —VEEBAL, 4 %Gz, ZDHK, 22T I/ LAy /) —LD—Jjoe FuF i
CRHLT, RYYANQR-EFBF S IZF NI ANRA— P EHIERISIC L > TEAL 15 L L7z, it T
AR =N TyvESTCUT 22 L TIE SO T v FAEEREL 16 21372, = D%, BNAP
TOHAELFEMKIC, 16 £ DBU O X/ — VIR AZMBVER L, 7=/ VY VEREBELZ 17 %15
720 155072 17 D Cbz H:% PAOH)/C L v 7 u~F v ZHV3EMETICL > THREL 18 & L7
B, vV v KN A a5 e, TIJREE M) It T e F AR CHREL
7219 2343 b 172, LAFE BNAP O & RFRES & [FIER, AgOTE & DMTrCl 2> & 38 L 7= DMTrOTf % F\» T,

HO~ ; ~OH HO/:;\O/\/NHCbZ

0 NH NH
B B B
r\f‘\NH "\ka T\(‘QN
A a A b A
AcO o N0 . A o.M O . AcO o N0
~— ~ ~—~
OAc © OAc © OAc ©
2 14 15

e
L. HO o N0 . HO N ¢ Ho—‘ o N O
~ ~ ~—
oH © oH © oH ©
16 17 18

Scheme 4. Synthesis of BNAP-AEO amidite 21.

Reagents and conditions: (a) PPhs, CCls, DCM, reflux, 2 h, then 2-aminoresorcinol, DBU, rt, 6 h (73%) (b) benzyl-N-(2-
hydroxyethyl)carbamate, DEAD, PPh;, DCM/THEF, 0 °C - rt, 5 h (95%); (c) 7 N NH;3 in MeOH, rt, 3 h; (d) DBU, EtOH,
reflux, 5 h (2 steps in 57%); (e) Pd(OH)./C, cyclohexene, MeOH, reflux 5 h (93%); (f) TFAA, pyridine, 0 °C - rt, 2 h;
(g) DMTtCl, AgOTf, 2,6-lutidine, 0 °C - rt, 2 h (2 steps, 47%); (h) iPr,NP(CI)OCH>CH>CN, DIPEA, DCM, rt, 2 h (77%).
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1905 fife Fed iHE2 Y A 3o bV FALL LA 20 ~E AL REICT 34 b=y
21 %1372, BNAP-AEO O 7 I £ 4 b= } 21 dHifii & [FEk. DNA HEEHEEIC X > C ODN HICE
A L7z, RIGOTEEALH & L Cldde & [AkE, 5-[3,5-bis(trifluoromethyl)phenyl]-1 H-tetrazole (Activator 42®)
ZUBEAI L LT 0.02M = 7 EKIFIRE 72, BNAP-AEO 307 1 7 = b ¥ L o E |
BNAP X 0 b AAMICE BV 729, BNAP & UKL THEAIR O TP I N2, ZD72®, BNAP
TIXA 2=y b T OEBEEL I KIGR ZERIL 72 & & A, BNAP L Ao E W iiasE co s
BRIC R L7z, &L 72 BNAP-AEO E A% ODN ® CPG 256 DY) b L., #iXEsER. ) v Lok
FERLDOBRFEITIE BNAP TOSMF X 0 b HICAM 2545 (50 mM KoCO;in MeOH, 1t, 24 h) Z IR L 72, <
DN CULIR % 1T > 7= 1%, ¥k HPLC IC X - T BNAP-AEO & A% ODN # K%L L 7= (Scheme 5), 1551
72 ODN D43 (% MALDI-TOF-Mass iC X Y {32 L 7z (Table 2),

[ NHTFAC (7 ONHg'
0 0

NH Automated DNA synthesizer NH
o NN 1) Coupling time : 120 s x 6 O~
| /& Activator : Activator42® ODN | /g
N No Oxidizer : 0.02 M iodine & N Yo

DMTrO o o
2) 50 mM K,COj in MeOH
— rt, 24 h —0
e

3) 0.5 % TFA agq. Q )
||: CN 4) HPLC purification o:}la_o
o ~N
PrNT Y07 ol

21

Scheme 5. Synthesis of BNAP-AEO-incorporated ODNSs.

& 0.2umol A7 —NT®D BNAP-AEO 7 I £ 4 b 2= v FORIGICE W TIE, KIGKMZ 120 /34 7 v TEL, 2
D6 H A 7N TORICEHEZEH T 5 & & ©RIFRMEARI¥ T BNAP-AEO A% ODN Z &K L 7=,
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Table 2. Sequences and MALDI-TOF-Mass data of BNAP-AEO (BAF°)-modified oligodeoxynucleotides (ODN 1 -
8_BAEO).

MALDI-TOF-Mass

Sequence - - Yield (%)
[M-H] Calcd. [M-H] Found
5'-d(GCGTTBAECTTTGCT)-3' (ODN 1_BAEC (TBAECT)) 3795.5 3796.6 58%*2
5'-d(GCGTCBAECATTGCT)-3' (ODN 2_BAEC (CBAECA)) 37895 3788.1 24%2
5'-d(GCGTCBAECCTTGCT)-3' (ODN 3_BAEC (CBAECC)) 3765.5 3766.1 492
5'-d(GCGTABAECATTGCT)-3' (ODN 4_BAEC (ABAECA)) 3813.6 3812.9 32%2
5'-d(GCGTGBAECGTTGCT)-3' (ODN 5_BAEC (GBAEOG)) 3845.6 3745.1 11
5'-d(GCGTBAECCBAECTTGCT)-3' (ODN 6_BAEO (BAEOCBAEQ)) 3943.7 3942.9 10%2
5'-d(GCGTCBAECBAECTTGCT)-3' (ODN 7_BAEC (CBAEOBAEC)) 3943.7 3942.8 13%2
5'-d(GCGTBAEOBAEOBAEOTTGCT)-3' (ODN 8_BAEC (BAEOBAEOBAEO)) 41219 41215 7%2
5-d(TTTTTTTTTBAEY)-3' (ODN 9_BAE©) 3141.1 3141.3 20%2

BAES= BNAP-AEO; *! indicates the yield when deprotection was performed with 40% aqueous methylamine and 28%
aqueous ammonia solution (= 1 : 1) at 65 °C for 10 min.; *?indicates the yield when deprotection was performed with 50
mM K,COs3 in MeOH solution at room temperature for 14 h.

%48 BNAP KU BNAO-AEO BARA Y BB 0 —E SR B REFHT

AHiTlZ BNAP XU BNAP-AEO E AR ODN OHH#li#H DNA 103~ 2 “H A RE % RS (Th)
HIEIC X - CTEHIi L 72 (Table3), 7 = / F 42 v N TGRS, e 2GRN s o= % v *
vIMAEEROm Eicfto T, ZEHEFEHAEZ M EX S 2 EAWEI N TV Lps 1122 HEHA
& T O BRI IR 4 AR R A A L 2B 2 W CoFHli 2 ik & 72, & 2 Tld. BNAP (BY &%
F0) % BNAP-AEO (BAEO & %50) o “EHHEKEED A L2 % SRilICHGES 2 C L ZHIIC, KR> F
Y V(C & KAL), 24-BNA/LNA-"C (L & Kid, HEMIE 5-2F e bovimC), 7=/ 342y (PHL
Kad, BEEBIX 2-7 A4 ¥ > U K —R), G-clamp (PAFC & KD, BEHIZ 2-7AF L VR —R) ZHALT 4
154D ODN 7% fif& CEHli L 7z,
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Table 3. T}, values (°C) of ODN 1-8 containing each nucleoside with complementary DNA strand.

Test ODN = 5'-d (GCGTYYYTTGCT) -3’
Target DNA = 3'-d (CGCAZGZAACGA) -5’

Tm value (ATw/mod.)? (°C)

Sequence (YYY)
X=C L pH BH pAEO BAEO
ODN 1_X (TXT) 40 44 (+4) 44 (+4) 46 (+6) 50 (+10) 53 (+13)
ODN 2_X (CXA) 44 48 (+4) 49 (+5) 50 (+6) 55 (+11) 53 (+9)
ODN 3_X (CXC) 45 51 (+6) 51 (+6) 54 (+9) 61 (+16) 64 (+19)
ODN 4_X (AXA) 41 45 (+4) 38 (-3) 40 (-1) 43 (+2) 42 (+1)
ODN5_X (GXG) 46 48 (+2) 46 (0) 48 (+2) 54 (+8) 51 (+5)
ODN 6_X (XCX) 45 55 (+5.0) 54 (+4.5) 59 (+7.0) 69 (+12.0) 75 (+15.0)
ODN 7_X (CXX) 45 53 (+4.0) 56 (+5.5) 57 (+6.0) 65 (+10.0) 63 (+9.0)
ODN 8_X (XXX) 45 58 (+4.3) 61 (+5.3) 60 (+5.0) 77 (+10.7) 70 (+8.3)
[ ONH* [ ONHg*
0] (0]
C: L: (;\ BH: (;\ PAEO, (;[ BAEO; (;[
NH, NH, NH NH NH
S o WD o T & TS & S 1
0 9 o 0o 0o

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NaCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 uM for each strand. The error in 7T}, values
was + 0.5 °C. Z indicated each match nucleotide corresponding with each nucleotide of Y. X = C: 2'-deoxycytidine; L:
2" 4'-BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BY: BNAP; PAEO: 2.
deoxyribonucleotide with G-clamp; BAEC: BNAP-AEO.

®Varidation of Ty, value per modification relative to C containing ODN.

B DNA & o —HEHFHEIC BT, BNAP-AEO %3 A L 72 ODN 1_BAEC ~ ODN 8 BAFO |3 fff L TK
Ry FY Vv ZEALZODN 1_C ~ODN 8 C D Tz EFl5 72, #loic, BEhidlic T I v 3 FEES
% ODN1_BAEO (TBAEOT) #tH5F M4 %, ODN1_BAEO (TBAEOT) (3 53°C @ T %/~ L. KK
FY v %&EL ODN1_C (TCT) ® Ty fli : 40 °C &K L 72 AT, fEHIZ +13 °C &7x o7z, 7z 2/4-
BNA/LNA-"C % & ODN 1_L (TLT) I3 44 °C, G-clamp % &% ODN 1_PAEOQ (TPAEOT) (3 50 °C @ Ty, fili
% 5-Z . BNAP-AEO It 2",4-BNA/LNA-"C % 9 °C, G-clamp % 3°C L[ 25 & 7z o7z, AKRESICH
T. BNAP-AEO % 2 4-BNA/LNA-"C & G-clamp DX 7% k[0l 2 & _EHHEKEEZES L2, £/
BNAP % & ODN 1_B" (TBUT) @ TfliZ46°C & 7%V, 7 =/ FH¥ ¥ v %ZET ODN 1_PH (TPHT) O
Twfl :44°C 225D 2°C D TofE LR R b7z, 7235 BNAP IZ, 2 ,4-BNA/LNA-"C O Tnfli :44°C %
D 2°C kY, BEEICF I v 2 ETEY] T Tld BNAP & 2/4-BNA/LNA & 7 = 7 %V v Oili#E % i
Z 5 _HFHU A %5% L7z
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BNAP-AEO % &% ODN 288 b =\ “HEEKEEZ /R L 72 BCoid, Biic o b o ViR % 57 ODN3
T»H Y. ODN 3 _BAEO (CBAEOC) TD AT, fH :+19°C X, KRHE THRAFP TR EORERE ko7, B
BT sfilicy by, 3Mlicy 7= v % 4T ODN2 I W TH, ODN2 BAEO (CBAEOA) |3 ODN
3 C(CCA) % Tpnfi LT 9°C k] 72725, ODN2 PAEO (CPAECA) O T, fli% 2°C TlEl- 7z, Z DfER
X0, 7V UIEEE & TR T BNAP-AEO % &1 ODN @ AT fEME T3 2 & LRI iz, O
R IC T 7= v, 77 = ViR % & T ODN 4_BAEC (ABAEOA) & ODN 5 BAEO (GBAEOG) CHFiCHH
FETHY, BAD ATLEIZ +1°C,+5°C L 72 o7z, LD LD 5, G-clamp % &1 ODN 4_PAEC (APAEOA)
& ODN 5 _PAEO (GPAEOG) TD AT, fED %4 +2°C,48°C L n o7z, TDT Eh b, BifEIC 7Y VIGEHMN
BT NBCH] T T BNAP-AEO (3 G-clamp D52 % Z 1 AT fED A LG X5 Z & 2350025 7z,
k., AV IKBOIHIPLHESGEFIIER R Z2bDD, 72/ FH Y v E Gclamp & T ODN O
HEFAFZAKAE X 2007 4F1C Pedroso, Robles © 233Kl L T %, ARFEERTHE S - fdlmaid, BEEIER (Ffic
S 7Y VIERPFEET 25, BHEIC Thf@2m ELav e WS oG il —HFT2b0
L7572, 72, ODN4_BAFO (ABAECA) O T, fH :42°C X ODN4_L(ALA) O Tl :45°C % 3°C
TREIZHHEE o7, T ODffIZ ODN 4 _PAEO (APAEOA) o T, : 43 °C % 1°C Flul-> Tk Y, AftH]
Tld BNAP-AEO N ® 2',4-BNA/LNA ‘BHH&2* Tnfllf] LICEH G L T2 L3S 2 Ik o7, —fiRIC
7Y VRO R 2y v JHEEREY ) IV VERL Y bW EFEZ b T Y  BNAP-AEO 13 7'V
VIBHL L BRIIIC A & v ¥ v 7% L 2R, BNAP-AEO D& 72 MIE & & &5 & 28 T HHE 2 AN LE
T 2X51C TnfERZEKTEEZXIIC) BATWBE I ERHERIND,

o\ THCHI I RRFE DB A % 1T 9 T & T, BNAP X Uf BNAP-AEO & A %! ODN N D Rh R 78 2 &
v X v ZHAERD Tnfllfn LICH 53 2 0% i L7z, £ OFER, v F Y v AL T A D BNAP-
AEO % A L 72 ODN 6_BAEO (BAEOCBAEQ) (AT,/mod. : + 15.0 °C) Tl¥, iH#ifE CE A L 72 ODN 7_BAEO
(CBAEOBAEO) (AT, /mod. : + 9.0 °C) % =jHifii TiE A L 72 ODN 8_BAEO (BAEOBAEOBAEO) (AT, /mod. : + 8.3 °C)
Iy —EREDZ YD ATwmod. HAKIEIC EF L7z, ZOfERIT 2,4-BNA/LNA *° G-clamp % &
ODN ¢k [AEEDfHEAITH b . BNAP-AEO 7% 2',4-BNA/LNA % G-clamp DR ZMEICKBRL TWB 2 &
IR X 7z,

LAE X Y. BNAP-AEO ¥ BNAP Z#& ¢ ODN (f, Bzice ) v vk (FIv, v by y) 2fFER
52k T, A DNA & T, HEEEEICH EIEo 5 LR E Nz, ODN WNIC ZFRED E
BNAP B AT 3, —REDIRAZ Y ZIMA 2 2 & TARKDOE W _EHHERAESHFF SN 5 2 & 23
LTI,
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o CEE X, AR RNA 1S3 2 B AAE R % -4l L 7= (Table 4),

Table 4. T, values (°C) of ODN 1-8 containing each nucleoside with complementary RNA strands.

Test ODN = 5'-d (GCGTYYYTTGCT) -3’
Target RNA = 3'-r (CGCAZGZAACGA) -5’
Tm value (ATw/mod.)? (°C)

Sequence (YYY)

X=C L pH BH PAEO BAEO
ODN 1_X (TXT) 41 48 (+7) 45 (+4) 50 (+9) 52 (+11) 57 (+16)
ODN 2_X (CXA) 46 53 (+7) 49 (+3) 54 (+8) 59 (+13) 62 (+16)

54 61 (+7 56 (+2 62 (+8 67 (+13 72 (+18
ODN 3_X (CXC) (*7) (+2) (+8) (+13) (+18)

43* 56 (+13) 61 (+18)
ODN 4_X (AXA) 38 44 (+6) 36 (-2) 40 (+2) 45 (+7) 47 (+9)
ODN 5_X (GXG) 46 51 (+5) 45 (-1) 49 (+3) 48 (+2) 53 (+7)

54 67 (+6.5) 59 (+2.5) 69 (+7.5) 74 (+10.0) n.d.
ODN 6_X (XCX)

43* 62* (+9.5) 73* (+15.0)

54 65 (+5.5 64 (+5.0 67 (+6.5 76 (+11.0 80 (+13.0
ODN 7 X (XXC) (+5.5) (+5.0) (+6.5) (+11.0) (+13.0)

43* 66* (+11.5)  68* (+12.5)

54 71 (+5.7) 70 (+5.3) 73 (+6.3) n.d. n.d.
ODN 8_X (XXX)

43* 74* (+10.3)  76* (+11.0)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NaCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 uM for each strand. The error in T}, values
was + 0.5 °C. In the case of *, UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) without
NaCl aq. Z indicates each nucleotide corresponding with each nucleotide of Y. X = C: 2'-deoxycytidine; L: 2'4'-
BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BY: BNAP; PAEO: 2.
deoxyribonucleotide with G-clamp; BAE®: BNAP-AEO. n.d. means not detected.

2 Varidation of T, value per modification relative to C containing ODN.

ZZ T ERDE Tl X372 ODN 3_BAEC (CBAFOC) ICDWTE K3 5,0DN3 BAEC (CBAEO(Q)
13 72°C D TufiZ /R L, ODN3 C(CCC) TD 54°C D Tufi% 18°C LR 2R A21H72, TD 72°C &
V9 Tnfllx. ODN 3 L (CLC) ® Tufli : 61 °C 2513 11 °C i <. ODN 3_PAEC (CPAEOC) O T, {H :
67°C 251 5°C s 7> 72, £72. ODN3 B (CBHC) 237K L7z 62°C @ Ty fiZ. ODN3_L(CLC)
D Tnf:61°C 2> 5 1°C <. ODN3_PH(CPHC) O TnfH:56°C 2°5 6°C b DL 7noiz, AERT
X, 2B TBNAP 127 =/ 3 Y v D Tuflix L[E b . BNAP-AEO % 2',4-BNA/LNA-"C & G-clamp @
TofE% Bl 2458 %5 272, X o T, M RNA & o —E#EKICEWTIZ, MHEiE DNA &0 "H
FERK X 0 DGR O E R Z T I WHAICH o 72, $72, —EEDOEA%{T>7 ODN1~ODNS5
OHF TR, FFICEARBFOBEICT I v F Y VAFIET 5 ODN 1_BAEO (TBAEOT) QDN 2_BAEO
(CBAEOA), ODN 3 _BAEO (CBAFOC) T Z OHIAIAEEE TH - 72,

Ft\ T, BNAP-AEO % —F&FLLI A L 72 %] ODN 6_BAEC (BAEOCBAEO) Z:-¢ (M ERFLL LD Ty
ERBL X 2728 (nd &R, HaLEA & B REY I BT, kT PV v 22 E&T v (T
EEWEICEKTEE2) RCHE TWELZHE L 7z, FHHEDOHEIT Tabled FORT (4 2V v Z71K)+
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TARY AT (*)TmR Lz, ARESIIC BNAP-AEO % BRI FEA L2856, v F Y v 2 AL TEAL
72 ODN 6_BAEO (BAEOCBAEO) (AT, /mod. : +15.0 °C) (. .. —HKETEA L 72 ODN 7_BAEC (CBAEOBAEO)
(ATw/mod. : +12.5 °C) %> ODN 8 BAEC (BAEOBAEOBAEO) (AT, /mod. : +11.0 °C) £ Y b —~&EKH /= D
ATw/mod. fHIZ 5 L7z, BNAP % 2/4'-BNA/LNA-"C % &1 ODN T Ao ERFLNTEY, &
OfEF X, B DNA ICxf L CEEZER T 256 L HUT 2 D TH - 72,

A X b, BNAP-AEO AR ODN (Z, FEFIcm W EHEHVKEEZH T 2 A LKEECTH 5 2 & 23k
ANz, FRCEAFM OBEEFTICE Y IV VIR A H 95 ODN 1_BAFC (TBAFOT) % ODN 3_BAEO
(CBAEOC) (ZFH T, 2,4 -BNA/LNA-"C %, BT (3 G-clamp % b L[\ 2, HI#H L O 7z ZEHEHK
AE% J15 L 7. BNAP EHE AR ODN I DWW ThH, HEH T 24 -BNA/LNA DR ZHFFL, 7=/
¥4 V8 AR ODN o —HHPKAE % 2hcd < kRl 5 72, 723 BNAP-AEO (¥, 7 I/ = F ¥ o
R 52 L TBNAP M Lo —EHEKEEAER &5 2 L ICHII L 72,

TV Iy RAEEICRERINIBBIEREIC B NT, Fv b4 ) SKEEAERECY] & TERE DD
ICHEAT 52 LIIAARTH B, X o TEHIZ. BNAP KU BNAP-AEO i A% ODN DH##fi$4 DNA &
D "HBEPERICE T 5 I A=y FHEEERIRE Y T EHEIC X VEHEi L 72 (Table 5). 72d. AEERIC
W TliE, BNAP % BNAP-AEO E AR ODN CH B RED I d 1] £ L CT\»72 ODN 3_X (CXC) %
Wi L, RAT T v, 24-BNA/LNA-C ($EEFIE S-AF v by im0y £, 72/ 33V
VORI 2.7 A F 2 U R —R), G-clamp (B IZ 2-T 4 F > VR —R) ZEA L7 ODN D 4 fFHD
ODN 7% & Tl b fif¢ CTHEME L 7z, RBEHIFELICOWT, 28525 ODN3 X (CXC) TH h . Bz
HHOMELY B L2\ 7=, ODN X &1 3,

Table 5. T}, values (°C) of ODN_X containing each nucleoside shown below with DNA strands including mismatch base

pairs.
Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target DNA = 3'-d (CGCAGYGAACGA) -5’
Nucleobase T'm value (ATwm = Tm [mismatch] — Tm [match]) (°C)
Y X=C L pH BH PAEO BAEO
45 51 51 54 61 64

32(-13)  37(14)  39(-12)  39(-15)  38(-23)  38(-26)
29(-16)  33(-18)  39(-12)  39(-15)  34(-27)  35(-29)
24 (-21)  27(-24)  28(23)  26(-28)  24(-37)  28(-36)

O 4 >»

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 uM for each strand. The error in T, values
was 0.5 °C. Test ODN = 5'-d(GCGTCXCTTGCT)-3'; Target RNA = 3'-d(CGCAGNGAACGA)-5'

X = C: 2'-deoxycytidine; L: 2',4'-BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAFO: 2'_deoxyribonucleotide with G-clamp; BAF®: BNAP-AEO.

BNAP-AEO #E A L7 ODN_BAFO D A, T, C D% I A~y FRIEKICE T 5 TnfllZ 38 °C [Y = A,
35°C[Y=T],28°C[Y=C] &7 Y. FERAMMHL LK L 72FRD ATW I35 4. 26°C[Y=A],-29°C[Y
=T],-36°C[Y=C] &7ro7z, TNHD ATufHIZ. 2,4-BNA/LNA-"C #E A L 72 ODN_L D&% D ATy
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fli -14°C[Y=A]-18°C[Y=T],24°C[Y=C] # K& LR34 L K >72, 72 ODN_L O T, fliiZ
37°C[Y=A],33°C[Y=T],27°C[Y=C] Z/~ L. ODN_BAFO O T, fili & 7 EZAL N & B3 h 5,
ZDZ & D5 BNAO-AEO 1, 2'4-BNA/LNA-"C L FRIFEEE C ML iZ KT &8¢ 22 LTI A~y Fiff
ez L3472 F 2 5. b Omnv I A~y FHEILERAIGE X, G-clamp ZE A L 72 ODN_PAEO
D ATLEICHKT 2D TH LI L2300 %, BNAP ZEA L 72 ODN_ BED AT, flIZ% %, -15°C[Y=
Al,-15°C[Y=T],28°C[Y=C] ¢ 7o/, 7=/ FH YV VvEEATLILTHETLZ ODN PHO
ATnfE% . 2'4-BNA/LNA BHDOEAIC X > THEIHTWE T L8300 5 %),

X HICFEH L. FEEDJTiT BNAP X U BNAP-AEO & A% ODN DfH##H RNA & o “HE#HPKICH
V2 HERERANRE D T IE 1€ X Y FFfli L 72 (Table 6).

Table 6. T, values (°C) of ODN_X containing each nucleoside shown below with RNA strands including mismatch base

pairs.
Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target RNA = 3'-r (CGCAGYGAACGA) -5’
Nucleobase Tm value (AT = T [mismatch] — T [match]) (°C)
Y X=C L pH BH PAEO BAEO
54 61 56 62 67 72

39(-15)  45(-16)  43(-13)  48(-14)  44(23)  47(25)
31(-23)  40(21)  39(-17)  44(-18)  41(26)  45(27)
32(-22)  38(23)  35(21)  39(-23)  38(29)  42(-30)

O c » Q

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NaCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 uM for each strand. The error in 7}, values
was £ 0.5 °C. Test ODN = 5'-d(GCGTCXCTTGCT)-3"; Target RNA = 3'-r(CGCAGNGAACGA)-5’

X = C: 2'-deoxycytidine; L: 2',4-BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAEO: 2'_deoxyribonucleotide with G-clamp; BAFC: BNAP-AEO.

ODN_BAEO 0 T, 1% 47 °C[Y=A],45°C[Y=U],42°C[Y=C] &7 V. SEMAEHE] & oL
% ATnfElx -25°C[Y=A],-27°C[Y=U],-30°C[Y=C] &7/o7z, RFEERTIZ, &I 2~y FHEESE
JKIRFIC ODN_L 237" S T fll : 45°C [Y=A],40°C[Y=U],38°C[Y=C] #{E»PIC LHIEL T2 HD
D, ODN_L TDH& 4% D ATnfli -16°C[Y=A],-21°C[Y=U],-23°C[Y=C] % K& LM 2R %57,
BER RNA & o ZHEHHPRIC H T BNAP-AEO 1, G-clamp ICHRT 2N/ AT fHIC X 2 I 2~y
FIGFGRARE # MEFF 32 L Sk Tz, 72 BNAP 241 ODN_BH D AT, {135 %, -14 °C [Y =
A],-18°C[Y=T],23°C[Y=C] &%V, 7=/ FH L VICXoTET L7 ATafE2 2',4-BNA/LNA &
MDA CHEEAICHE I NS Hld, R DNA & o “HEIERIC BT 38548 L RETH - 72,

DLEX b, SRR LTl Tw iz 7R3 ODN_BAEO (I, 151 DNA & UF RNA N D I 2~
Yy FHEHICNLC ODN_L LFRREE C TLWEx T2 EBHL»ICR o7z, TD IR~y FHHGHE
AIEEI O BR & L Tid, BNAP-AEO 7% 2',4-BNA/LNA ‘H% & G-clamp DRIE % HEFFHISE T 2 s p3%s
FH5M2%,0DN_BHICD T 2,4-BNA/LNA HHEDEAIC X Y ODN_PY 0 I 2~ v FIEHERAIRE % L
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[\l 2GR BTSN,

7 X¥P Y VBREED ANTEBIIBEEREME 022 v ¥ v CHEERIC X Y EBEFE Y LE
L& ¢ 2%,% 2 THEHIL BNAP-AEO O 5% 3l D BHESEE N 23 I A= v FHHN & oo T 25564
THEEPREEIC & D X 5 IS 2 % M L 72 (Figure 12), AZEERIC 31Tk BNAP-AEO ZEA L
7= R o MiRHa A v (S 0 — Ry 57 NG 37 flofriE) 122 2=y FHEEA2HE T2 6 lED
DNA BcHl % B, TofE#IEIC X - T I R~ v FHEFRAIRE % §EAfi L 7z (Table 7). 72, TD X 5 7l
REMAL 720137, 727 F 9V Gelamp ZEA L 724 V) IKED A b 3, RAKBERC
24-BNA/LNA ZEA LAY IKEICENTH, LD X5 B rG 206N 250 %2 FRFICHIEST 5 C
e L7,

sommiy) 398885888888 ik xv v 7ty $9888539988S

—ESHE R RE DR 2 [m) | " EHRED R ELET ?
@: AR : BNAP-AEO @: I 27y FiREY

Figure 12. Designed concept of duplex-BAEO with flanking mismatch base pairs.

BNAP-AEO % A L 72 ODN_BARC (CD T, 151 DNA $H® 5'Ilic C-A, C-T, C-C Dz I 2~ v F
BRSNS BEET 256D Tnflix 40°C[C-A],29°C[C-T],25°C[C-C] & 7& Y. SEEMEEY] & D LiRIC
B DK% D AT fEIZ 24 °C [C-A], -35 °C [C-T], -39 °C [C-C] ¢ 7o Tz, AFERIZ, KA F Vv 2E
A L72 ODN C @D ATnf# :-16 °C [C-A], -24 °C [C-T], 25 °C [C-C] Z K& L 2R L b, A El
TE % Efi L 7z 6 fHEH D ODN 1T, ODN_BARC ICiR b Bz ATLEA R S 7z, 2,4 -BNA/LNA-"C % &
A L7 ODN L O¥H D, ATufEiiZ -20°C[C-A], -26 °C [C-T],-34°C[C-C] %/~ L. ODN_C D AT, fE%
YETERER A2, 2D L5 ODN T 2,4-BNA/LNA B %2 A4 2 N TAAER X, BEEETALIC 2
A~y FHIENDPEET 256, KROFEO ThWlZRI BT LR o7, TOFEERICOWT, ODN
H D2 4-BNA/LNA ICIZA X v F v ZHHAFRA Z M X € 2008535 5 2 & THIH I NG5 19, G-clamp
%E A L7z ODN_PAEO O AT, {13 -22°C[C-A],-34°C[C-T],-37°C[C-C] &7 Y. T Z T BNAP-AEO
1 G-clamp D& %2 K& ZIF 5 2 & CTREE I X~ v FIEESIIREZ 7 L2 Tni,

BNAP %3E A L7z ODN_ BHICDW T3, ODN_C & L T ATWfE (-19 °C [C-A], -32 °C [C-T], -37 °C
[C-C]) DEERR LNz, 7=/ FH Y v EEALZ ODN_PHOD AT, flIX. -16 °C [C-A], -32 °C [C-T],
32°C[C-C] &7 Y. FFICT C-T, C-C Dt I A~ v FIEFENE K OKRIC ODN_C OfEHE % ElRl» 72, &
DRERIZ, 7=/ FHIVvERIBEYICRAZy Xy kAWt CRET DL EbNE, &E
ODN_BH 73 ODN_PH D AT, fli% El > 72K %, 2/4-BNA/LNA BHOEANICH 2 L #fERT 2,

¥ 72 ODN_PARO D AT, fHIZ, 2T I A~ v FHEENOEEIC ODN_PH D AT, fli% LEl> T3 T
b, INBT I FVHEOMPICIZDDOTHEEFT XD, BEICIE T =/ ¥V UEIKICE
LENRM A Xy v FHEFRABMERAL T 2R TToR, 7 I/ 2 b F 5077 = ViR
L CERNICOKERBE 2T 2L 0w5 2 & Th 5,
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Table 7. T, values (°C) of ODN_X with ssDNA with flanking mismatch nucleobases.

Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target DNA = 3'-d (CGCAYGYAACGA) -5’
Sequence Tm value (ATwm = Ty [mismatch] - T [match]) (°C)
CXC
= H H AEO AEO
YGY X=C L P B P B

S CXC
S GGG 45 51 51 54 61 64

CXC 29 (-16) 31 (-20) 35 (-16) 35(-19) 39 (-22) 40 (-24)
S  AGG ) ) ) ) ) )
£ CXC
% TGG 21 (-24) 25 (-26) 19 (-32) 22 (-32) 27 (-34) 29 (-35)
=
kg gé(c} 20 (-25) 17 (-34) 19 (-32) 17 (-37) 24 (-37) 25 (-39)

CXC
S GGA 31 (-14) 35 (-16) 34 (-17) 35(-19) 39 (-22) 42 (-22)
g oxc
% GGT 32 (-13) 34 (-17) 36 (-15) 36 (-18) 37 (-24) 39 (-25)
=
e gég 29 (-16) 34 (-17) 31 (-20) 35(-19) 37 (-24) 39 (-25)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NaCl aq. at a scan rate
0f 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 pM for each strand. The error in T, value was
+ 0.5 °C. Test ODN = 5'-d(GCGTCxCTTGCT)-3"; Target DNA = 3'-d(CGCAY GYAACGA)-5'

X = C: 2'-deoxycytidine; L: 2',4-BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAEO: 2'_deoxyribonucleotide with G-clamp; BAFC: BNAP-AEO.

ANLEED 3l I 2~y FHEENSFEEST 2560, SN I 2~y FHEENBHFET 2 56 L [H
MoMEABRoN2, ZD7-oBHEERIC I 2~y FIERENITET 2 B1L. BNAP-AEO #HEd 3
2’4 -BNA/LNA B, 7=/ X9 VvB 72/ F P VB EDOT I )Xo 0K LD, EEL
Emmﬁﬁﬁ%ﬁm&%i6n5 T =R ARAaIIC —EEBKEED M E2HE S5 2 & T,
ODN_BAEO DISAITIE AT EZFHCKEC WA T2 2 BRI N, ABAKREICOWT, 3l X
DB 5l xvz%ﬁﬁﬂﬁff?%% DI Amﬁ®ﬁ9@ﬁk§<ﬁoko:®’k#6
AKRLH % 72 DNA & o “EHHBR O, B A& OBEEN SHlic I 2= v FIEEN B E T 285
IC. BNAP %° BNAP-AEO 3¢ V) D IF KR E GALENNNREER B LGS Z L2005, mm@ﬁi
X3 &, WD DNA/DNA —EH#HICE W T, SHoKBIERES A % v v ZHEFH O KIC
CB5T 2 2 eBHbNT S P, T2 TIHEAREFRO SMIC I A<y FHRENPFEST 2L TR
v ¥ Vv ZHAEERBEN TV S & FE 2 b, KfEFRIT Kool DMEICKFFINDE DO TH S 2 L RKE
AN,
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Table 8. 71, values (°C) of ODN_X with ssRNA with flanking mismatch nucleobases.

Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target RNA = 3'-r (CGCAYGYAACGA) -5’
Sequence T value (ATwm = Tm [mismatch] - T [match]) (°C)
CXC
YGY X=C L pH BH pAEO BAEO
=
o CXC
g GGG 54 61 56 62 67 72
CXC
S AGG 39 (-15) 44 (-17) 42 (-14) 46 (-16) 50 (-17) 53 (-19)
g oxc
g UGG 31(-23) 39 (-22) 34 (-22) 39 (-23) 42 (-25) 47 (-25)
kg gég 30 (-24) 36 (-25) 32 (-24) 38 (-24) 41 (-26) 46 (-26)
CXC
S GGA 37 (-17) 45 (-16) 40 (-16) 45 (-17) 49 (-18) 53 (-19)
g cxc
g GGU 33 (-21) 39 (-22) 33 (-23) 40 (-22) 42 (-25) 47 (-25)
e (C}ég 33 (-21) 39 (-22) 34 (-22) 40 (-22) 42 (-25) 46 (-26)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl aq. at a scan rate
0f 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 pM for each strand. The error in T, value was
+ 0.5 °C. Test ODN = 5'-d(GCGTCxCTTGCT)-3"; Target RNA = 3'-r(CGCAY GYAACGA)-5'

X = C: 2'-deoxycytidine; L: 2',4-BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAEO: 2'_deoxyribonucleotide with G-clamp; BAFC: BNAP-AEO.

Fe s CEF L RN RNA & o ZEEEEKICE T 2 BHE I X~ v Fi0IRE % [FAR I §Fffi L 72 (Table 8)
B RNA N, EAERTO SN I 2~ v FHEENBEET 28546 ODN_BAR o T, {HIZ 53 °C
[C-A], 47 °C [C-U], 46 °C [C-C] &7z b, TEAHAHEH & o —HEHEAKIK & B L 2B D AT. I -19 °C
[C-A],-25°C[C-U],-26°C[C-C] &7ro7z, 2T TH L 6 FEHDOILIEZE A L 72 ODN O H1 T, ODN_BAEO
BLENT AT, E% 5 272, ODN_BAEO D#E IOV T, 2 4 -BNA/LNA B OFE Nz, 7=/ *
FOVEREDOT I )T b FOEUIEELE 2 Cnwd, ZOJFKE LT, ODN_PAEO @ AT, fliiZ -17°C
[C-A], 25 °C [C-U], 26 °C[C-C] & 72 Y. ODN_PH D AT, i & H#E4 % & 3 °C[C-A], 3 °C [C-U], 2 °C [C-
Cl DWENRRONT-07EeEZLLNS, 72 ODN_BED AT, fHIZ -16 °C [C-A], -23 °C [C-U], -24 °C
[C-C] TH 572, ODN_C D ATnfEIZ -15°C[C-A],-23 °C [C-U], -24°C [C-C]. ODN_L @ AT fHIZ -17°C
[C-A], -22 °C [C-U], -25 °C [C-C]. £ 7= ODN_P @ ATwnfii(Z -14 °C [C-A], -22 °C [C-U], -24 °C [C-C] T»

D, INHDOEZHELT 5 & 2/,4-BNA/LNA BHEEATC-A I AR Y FD AT 2 CRE T B2 &
DIy 77,

7% ODN 1 & A& T 3N @R I A~ v FIEENAEET 2 56, S0 I 2~y FHEENE
YET 5BED ATy fi% ODN_BAEO & ODN_BH D[ THLE T % &, ODN_BAEO D412 2°C [C-A], 3 °C [C-
U],4°C[C-C] T fi23¢K3E L. ODN_PAEO & ODN_PH[E CLLEL L 72FR1Z. ODN_PAEO D I541C 2°C [C-A],
2°C[C-U],3°C[C-C] TufEDLE Lz, 2D 2o, 7=/ FHY v T I /72303 (G-
clamp) OFEDR ATy D LICBIE 35 2 L 235 2 b7z, DNA/DNA —HEHIHICE W CiE, BEEEER
D SMNC I 2~y FHEENBSFET 285610 X 0 KERRREHEL LA X N7-—), DNA/RNA
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THEICEW T, L 3o &L Hic I 2wy FHEEN2FEE L TH . BNAP £ BNAP-AEO 28[Af#
i —EHEEARENT D 2 &G0 o7z, Jedd & FEE, Kool 134D RNA —HHHICHE W TiX 3o
MRERE S 2 2 v % v JHEEH DR FICEHE5 T 5 2 LIS kL Tw3 3, A#llE Tld DNA/RNA —H
HERWAC XY, BAGETO 3O HL LT, Sl I R~y FIEFESAEET 2 5410 D ZHH
HOERAREINT VWS T EBRBE Lz,

KGR 2 5. DNA/DNA “HEHHHICH T, BNAP-AEO I3 24 -BNA/LNA B, 7 =/ ¥4 VB,
7/ FHPTVEEOT I 2 ¥ U EOE Y THBEEMER LICHFS I T2, ZoMRITEE
BEHRIC I R~y FIEANAHFET 258 CHBINE DD TH S5 L B3 0h o7z, BEMICIZ, A £
v ¥ v ZHEMERICE D 3 274 -BNA/LNA Bi& & 7 = 2 392 VBRI ORBEEHEE 2350 X M7= 41T i3,
NHIC 7T = VIERPEFEL TH, IELAKEREGH KR wS I 2 e, HIcZDRE v v kb
NTWBIRETIZ, AT = vIiERLEST2T7 37 2 b F UL RIRMICIE L < KERE 2R
kpnlnwd L THD, b, DNARNA “HEFICEWTR, 7=/ FF P VEBREOT I/ b+
> 5 (G-clamp) DFEDWE I 2~ v FHEEFAIRED M E I I3 FHCEE 2 &EH 2 723 2 L 3L 5
7to72, BLEX Y. BNAP ¥ BNAP-AEO 25§ 2 & v ¥ v ZHE/ER SR RIITERLTLE 585
Bid, B I 2~y FHHEGRAIREZ KT S CL E 5 2 e 3E 2 b d, EaEicyhicn 3 2856
R H DRI N TS 2 DRI N,

358 BNAP XU BNAP-AEO EAE A Y IZEED CD 2= 7 + VHIE

T E TICEH 1. BNAP-AEO E A ODN 7% 2',4'-BNA/LNA-"C E A ODN % G-clamp & A% ODN
R 3 HEEREER AT L 2L IC LT, £ 20, AERA ZEHMIEIC X 25N b fF
BH9 < { . BNAP-AEO E A% ODN DOfH#fi# DNA 3 X ' RNA & o “HEH#HifE % CD A2 b Lic X
Y 3l L 7= (Figure 13), HLEW R & LT, KRS F v, 2,4 -BNA /LNA-"C & AT ODN (MEHEAR 1T 5-
AFNy byvinC) R, 7o/ FHYVEETIE2-TA XYY R —R), G-clamp (FEHIL 2-7 A F >V
A —R) %A L 72 ODN Dl b & TT o 72,
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() DNA/DNA duplex (b) DNA/RNA duplex
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Figure 13. CD spectra of the DNA/DNA (panel a) and DNA/RNA (panel b) duplexes.

Conditions: 2 mM sodium phosphate buffer (pH 7.2), 20 mM NacCl aq., each strand 2 pM, at 10 °C. Test ODN = 5'-
d(GCGTCXCTTGCT)-3"; Target DNA = 3'-d(GCCAGGGAACGA)-5'; Target RNA = 3'-r(GCCAGGGAACGA)-5'.

X = C: 2'-deoxycytidine (ODN_C, black); L: 2"4-BNA/LNA with 5-methylcytosine (ODN_L, green); PH: 2'-
deoxyribonucleotide with phenoxazine (ODN_PH, light blue, dashed); BY: BNAP (ODN_BY, deep blue); PAEO: 2'-
deoxyribonucleotide with G-clamp (ODN_PAEO _ dark red, dashed); BAE°: BNAP-AEO (ODN_BAF©, red).

HAHIEE DNA & o —H#H (DNA/DNA —HHH) JEAIC 351> C(Figure 13 a), ODN_BAEO/DNA EEHH I
ODN_C/DNA —HE#H & I L, 280 nm fHEDIED 2 v b v oN v FOMEKSL 250 nm fFiEOED 2 v b v
NYFOHERBEONSE S DD, ODN_C/DNA & [AEkD BRS¢ AME %R L7z, 7 ODN_B"/DNA
“HHDO A 5T, ODN_L, ODN_PH, ODN_PAEO/DNA “HFHD KL I1C, HiLo7z 227 P v oZ{bit
Rond BRI ARGEZMERFL Tz, (b, 240nm fHED A7 FABIZT7 = 7 92V EIK
DWBIRKT 25D THDLLEZLIL, Ortega bdD 7 =/ FH ¥ V8 AR ODN KU G-clamp EH AR
ODN & AH#i#H DNA & @ “HFHD CD A2 PR Z2 G L 2F8. FfkoEm 2R3 2~ P rzfs
TWw3 2, )

BT, FEH I RNA & o —EH# (DNA/RNA —HE#H) IICH T 5 CD 2~<7 v &3l L 7-
(Figure 13 b), —f#%IC DNA/RNA 5 & & A4 13 RNA/RNA “HE D X 9 2 Uiy A 6 @ AR ic
MOEEZE T2 2 LA 5N THE D, ODN_C/RNA HHHT270nm fHEDIED 2 v + o3y F% 230
nm fHEDED 2y b vy FRERE S N7z, 72 ODN_BYRNA —HFHS°, ODN_BAFO/RNA —HiH%
12U ®. ODN_L, ODN_PHY, ODN_PAPO/RNA —HIHO L TOFRICE VT, Mo THEUL Z2~<7 b
2157,

P EX Y., ODN_BAEC > ODN_BM |3 BHE G b il 2B 3 2 L 72 <. fHHi$H DNA L U
fHi#H RNA & o “EEHEE 2 e &, “HEPREZM LI ¢T3 EBHL IR 572,
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F 681 BNAP KU BNAP-AEO HEAR T ) ZEED B E T A — 2 DEH

FHH 13 ¥ 7. BNAP-AEO # AR ODN 2345 L 7= —E S E LRI % Y L A0 Bk 2 & BN it
TR, B2 8T A — 2 % EH L7- (Table 9, 10), & Z TITHIEE (045, 0.74, 1.26, 2.00, 3.26, 6.80
uM) ICH 3 TufE2> 5 van’t Hoff plot 179 Z & T AH®, AS°, AG%E X 2 [EHNIEF 7 XL
F—AGe L FEATER K, & DRI T % BItR AG° = -RTInK,, (R : [ARER. T RE, 22 Tld37°C
(=310.15K) %i#f) kv, SMEZEEZEA L 72 ODN & H#f#E DNA £ RNA & @ K, %8\ 7zh,

Table 9. Thermodynamic parameters of duplexes between ODN_X and complementary ssDNA.

Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target DNA = 3'-d (CGCAGGGAACGA) -5’

Modification AH®@37cy  AS°@recy  AG°grecy AAH®@37°c) AAS®@37°c) AAG® (37°0) Ka (M)

kcal/mol  cal/molsK  kcal/mol kcal/mol cal/mol-K kcal/mol

X

C -93.3 -265 -11.0 - - - 5.65x107
L -78.2 -213 -12.1 +15.1 +52 -1.1 3.37x108
pH -94.2 -263 -12.6 -0.9 +2 -1.6 7.58x108
BH -91.1 -251 -13.4 +2.2 +14 -2.4 2.77x10°
PAEO -79.8 2211 -14.2 +13.5 +54 -3.2 1.02x10%°
BAEO -719.2 -208 -14.8 +14.1 +57 -3.8 2.69x10%0

Conditions: 2 mM sodium phosphate buffer (pH 7.2), 20 mM NaCl aq., and 0.45—6.8 pM each oligonucleotide (six data
points). The T, values reflect the average of at least three measurements. These values are calculated by van’t Hoff plots
with six data points.

X = C: 2'-deoxycytidine; L: 2',4-BNA/LNA with 5-methylcytosine; PH: 2'-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAEO: 2'_deoxyribonucleotide with G-clamp; BAE? = BNAP-AEO.

H#H$E DNA & o “HHPICE T, ODN_BAEC |3 ODN C ¢ It L = v b v v — iR EM 2 #
% (AAS® = +57 cal/mol*K, AAH® = +14.1 kcal/mol) L 7z, 2',4-BNA/LNA-"C % & ODN_L (AAS°® = +52
cal/mol*K, AAH® = +15.1 kcal/mol) < G-clamp % &% ODN_PAEO (AAS® = +54 cal/molK, AAH® = +13.5
kcal/mol) . 3ico v br v —FFE A2 X5 I AGEE [ E X872 &2 5, BNAP-AEO (%, G-clamp
& 2, 4-BNA/LNA X5 o _BEHHEKEER LR A = v b e v —1flilis o AHENICER L L S X %,
ODN BHIZHEWTH ODN C &t d 2 & = v b v v — R EMEE RS (AAS® = +14 cal/molsK, AAH°
=+2.2kcal/mol) L CT\>7z, 7272 L ODN_BM (C¥1F 5 AASCRAAH DAL E |3, ODN _BAEC & LY+ 23 &
/NE <, ODN_BY, ODN_PH ODN C O =FZH DAH LA DIHIZIEH ICTE WD DTH 572, 2D L9 b,
FIfHSH DNA & o —EH#HEKICHE T ODN_BH (X, 2/4-BNA/LNA B L Vb 7 = /7 9 v OsE%

Ny aAY—TH (AHY) KEMATERO LT &, BENHEMER, ZEHEEEO 2 2 v ¥ v SHEERZ
ELTHY, —Hox v e —IH (AS°) DFLGIT—AHEHDIKRIED pre-organization ° ~HFHZIRF D WK DR RICEH
HLTwaZePHONTWSE Y, $-HHEIALF— (AG?) DESEKVIZY., ZO_EHARELTFHETE LI L%
HHRLTw3,
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RELZIC_EHBEEKREEZ M EX® TV 2 L0300 57,

T K OBEBEMHEE XD, ODN_BAEC DA ERIZ 2.69X 1010 ML & 72 ) . ODN_PAEC (1.02 X 100 M)
DIEFAFEIC 264 5 Ll 2% 5 272, 2% ODN_C & Kk L 723554013 476 £5 0 ~ESHEEED 1A |k
720, To fHHEOREREZ KM T 2IEHICECATER LTS Z L0 o7, 7 ODN_BH s
EBUE 2.77X10°MT & 72 b, ODN_L (3.37 X108 M) <>, ODN_PH (7.58 X 10’ MY) DfEH % % % 8.22 %,
36.5 ff5 LA 2 B WMEZE 5 2 72 AAERICIE, TofEHIE OREE & OB R S 1L, fEEBRITED M 1% 4
Wi 2 ICHIG L WEER & 7o 72,

FHFE. MM RNA & o ZHBEEKIC BT 2122187 X — 2 2 BH L 72 (Table 10), % DfGH.
ODN_BAEO |3 RNA & © “HEHEMOBICIZ T v 2 v v — 172 %@ M % 15 (AAH® = -5.6 kcal/mol, AAS®
=+1cal/molK) L T\>7z, BNAP-AEO %3 % ODN_PAEO (AAH® = -4.0 kcal/mol, AAS® = +1 cal/mol+K)
% ODN_L (AAH° = -7.2 kcal/mol, AAS® = -15 cal/mol+K) T b [k DS B b7z, T 72AHC R ASC DfE
ICEHLTH ZOEZFEDWRTHEITT L . FRHICAS DEIC B W TIFFA L EL D v, fE > THIMHEE RNA
& o HFHEAIC BV TDH . BNAP-AEO 1%, G-clamp & 2/,4-BNA/LNA © —HEFHEKEED b E3IR % &
BIRICHER L, = v 2 e —mlHED 5 AGEDIK M ICEIT Tz, £72 ODN_BH ic2W\T, ODN_C
CHERL Tz v 2 v — iR RENE RS (AAH® = -12.4 keal/mol, AAS® =-29 cal/mol*K) LTk Y., ZD
fi# A1 ODN_L (AAH® = -7.2 kcal/mol, AAS® = -15 cal/mol+K) & [FIf§TH 72, hiZ T, ODN_BH D AH°%
AS°, AG°DIEICEH T2 &, ODN L 2R3 fHICIEVD DTH o7z, T HIIEN DNA & O “HHPKD
BRE3ER Y, R RNA & O “HERICE TS BNAP X, 7=/ ¥9 v X0 b 2/4-BNA/LNA #
BOMBPERELSZIT, TV AALE—NICHRE 725 X ICZEHEPRORM LICEHFS L Tz mdivR &
nz,

Table 10. Thermodynamic parameters of duplexes between ODN_X and complementary ssSRNA.

Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target RNA = 3'-r (CGCAGGGAACGA) -5’

AH°@7°c)  AS°srecy  AG°@recy AAH®37°c) AAS°@7°c) AAG® 37 °¢)

Modification Ks (M)
X kcal/mol  cal/mol-K  kcal/mol kcal/mol  cal/molsK  kcal/mol
C -97.4 =271 -13.4 - - - 2.77x10°
L -104.6 -286 -16.0 -7.2 -15 -2.6 1.89x10%
pH -96.0 -264 -14.1 +1.4 +7 -0.7 8.64x10°
BH -109.8 -300 -16.7 -12.4 -29 -3.3 5.87x101
PAEO -101.4 =270 -17.6 -4.0 +1 -4.2 2.53x10%?
BAEO -103.0 -270 -19.1 -5.6 +1 -5.7 2.88x10%3

Conditions: 2 mM phosphate buffer (pH 7.2), 20 mM NacCl aq., and 0.45-6.8 uM each oligonucleotide (six data points).
The Ti, values reflect the average of at least three measurements. These values are calculated by van’t Hoff plots with six
data points.

X = C: 2'-deoxycytidine; L: 2",4'-BNA/LNA with 5-methylcytosine; PH: 2’-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAEO; 2'-deoxyribonucleotide with G-clamp; BAE?: BNAP-AEO.
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Kz R L72& 25, ODN_BAEC |3 288 X108 M1 & 7n o7z, ODN_C &4 2 &, Zhid 1.04X
10450 “HBEPRRED I F & 72 ) (o Tid MR G BIEZ R 2 L83 F 2 b5, 735, ODN_BH
DAEA TR K 12 5.87X10L ML & 72 ), ODN_C (2.77X10° MY & Il L 72354, —HEHEREEE 212 15
) X7z,

DLk X b BNAP-AEO (ZHH#i#8 DNA.RNA OX )5 & o ~HEFHIFALIC 5T G-clamp & 2',4-BNA/LNA
DN GIRICER L, ZHEBEPARER EICB Cn/ & L SMEEE 117z, BNAP ICBAL T, FHAHH
DNA & O —HEHEHERICEWTIE Y = /7 3V v orhE % MHEH RNA & o ZHEHHEHPEIC S W T 2,4
BNA/LNA 5o %% K& { 21 C _HBEEKEER LICEH G 34 5 & v ) BIREE O 21572, 7T BNAP-
AEO 122\ T, T HEIE OFERZ K 250 TEWHATEEPEB S h, YWoXGHED N
7o ZHEBHAIVRE R S S 5 2 LI L 7

B 78 BNAP-AEO EARIL U 2KKBE o BE SR RE FFifi

Bilg 5y ¥ % in vitro B0\ 1% in vivo TRV 2 BRICITHIIEAN AN TOREEL AR ER D720, &
F X BNAP-AEO E AR ODN DL/ il FR 1o o0t 3 5 i PERE % 514 L 72, B¥3R1Cid. ODN Ho 31flK
UICHEET 2 ) VIEY T AT AREA ZNAICHIK D EST 5 3-2F% Y X 7 LT —¥ (Crotalus admanteus
venom phosphodiesterase; CAVP) % F\> 7z, #Fiifi] ODN i3, KIAF I ¥ v 10 B H» S X 7z ODN
D 3K D 1 I % BNAP-AEO ICEHE L 72 ODN9_BAEO %\ /2, 72 Z DS & L T, BNAP-
AEO DEAEFTIC G-clamp ZE A L 72 ODN 9_PAEC_ 274" BNA/LNA-"C %ZE A L7- ODN 9_L., KA
FY v EEALZ ODNI L, HiCid 3 Ko V v EHIC ks Ak 1 F4 T — T (Phosphorthioate; PS) & fifi
#HT3F IV CiEffaL 72 ODN 11, ODN 12 % fif8 CTFEli L 7z (Figure 14),

100 &

g 80 x [ § - NH
| SN
8 §1P=0
= A : * ODN g B i |
o A - N ~O
o 60 (0} o
S B ODN 9_PA
3 i
X A ODN 11
S 40 on
° A ODN 12 PS (Rp)
g X ODN9 L NH,
£ 20 A X T N
® ODN9_C s—p=0 | N
. NS0
0 ® ® ‘ 7 o
0 20 40 60
Time (min) OH
PS (Sp)

Figure 14. Enzymatic stability of 5'-(TTTTTTTTT"X)-3" to 3’-exonuclease (Crotalus Admanteus Venom
Phosphodiesterase; CAVP). * means phosphorthioate linkage only applied for PS (Rp) (ODN 11) and PS (Sp) (ODN 12).
BAEO = BNAP-AEO (red diamond, ODN 9 BAEQ) 2'_deoxyribonucleotide with G-clamp (blue square, ODN 9 PAFO),
phosphorthioate((R)-optical isomer)-modified 2'-deoxycytidine (orange opened triangle, ODN 11), phosphorthioate((.S)-
optical isomer)-modified 2'-deoxycytidine (orange closed triangle, ODN 12), 2',4-BNA/LNA with 5-methylcytosine
(green cross mark, ODN 9 L) and 2'-deoxycytidine (black circle, ODN 9_C).

Conditions: 0.13 pg/mL of CAVP, 10 mM MgCl,, 50 mM Tris-HCI (pH 8.0), and 2 uM each oligonucleotide at 37 °C.
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ARFEERTIZ, % ODN DIRIEHFIC CAVP Mz 724 ¥ 7% 37°C T60 /04 v ¥ 2 ~—F L, —&EA
V¥ 2 x— PRI T 2 B2 R D% ODN ORAFHE (%) %ZWifH HPLC CTE&R L 7z, RARF IV v v
FLVORTHEREINS ODN9_C I1E, 10 47LANICA ODN 2300 fif S u7- & L 1Tk L, BNAP-AEO % &
A L7 ODN9 BARO (3 60 73fHlD A4 v F 2= 1+ETDH 73%U LD DFELE ODN BEET L L0 H B
WHAER 25 272, $72. 60 Dt2ICE T % G-clamp #E A L7z ODN 9 PAEO OILTERK T 67%. 2'4-
BNA/LNA-"C %3 A L 72 ODN 9 L OFKFHE I 20%. R, S AD B MA% &L PS BAiAF I ¥ v CER
L7z ODN 11, ODN 12 OEFRIZZNEN 52%, 5% TH>72Z &5 6. BNAP-AEO #3E A L 72 ODN
9 BARO (3 S22 ToO AT X Y BN KIESEERMEEHE T2 2 20O 2 Ik o 7,
G-clamp E A ODN DR MERE % e L 72 Manoharan H OF5HRICD H 2 X H 1T 20, Z OERENICITFF
ISR OMERN nEm S BT o N5, Mlb. KBS EEFEREIMERN ) vIEY T AT AKEG 2 VIR 5
B%. BNAP-AEO D& X AMEOREZHEL T3 L Ebh 3, k. T D BNAP-AEO DIHEEH
1% G-clamp & AL EDO D DTH Y, T G-clamp L E DAL EYI OREER 70 & X 2524 % C
BRI NI,

AREFOFERL 0, FEFICE OB L I 2~ v FHIEGRAIRE % 15 L 72 BNAP-AEO 3, 3L
MENTLEKBERICH LN TS PS EHiLLEDEN - IR RRERTNIERE 2 H 32 2 L 2HD
DT TR o 7z, FRIT, BETEEILIE C 1R RRERTNIERE O ] HICIREE A3 S 0 | B & DfH AR A
bk oT, L@ L AHERiZ S < & 0EEEIRB I NI,

LA I BNAP-AEO & AR ODN Idm\ “EHBEEKEE, I A~ v FHEGIAIRE 2 1S L T 72, FFIC RNA
EO_EHPEERICE L CRBEAER AN A Ecm b e, ZofAaERA LoFRICIE 2.4-
BNA/LNA it & G-clamp DWT D# 2% . BNAO-AEO 2 GHICER L CwWi- 2 L A% T o s, 2
A= v FHEGNAEIC DOV T BNAP-AEO (X, BHERFTZ &0 I A~y FHENZ DAL, 7%
SRHHBCY] & O “HEIERAED A 2 EIRICH EX ¢ 2 2 EaMF S5, cRICk Y T v F v =ik
L B O A & FIRICEER L 2 T id e b W CoOKBEEED 7 7)) 7 —v a VICEELRER
L7 2 IGHGRAIRE DO & % BNAP-AEO 2159 2 2 & 2R & L7z, F/2FIFFIC BNAP-AEO (3 24"
BNA/LNA it & | FRICHRERICE R\ G-clamp OR§E % —281CH#S 35 C L ©, KBRS o T
BMHEREIC DWW T h M EX 2 Z LICHKYIL 72,
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F2E 775 -2BREZRABREZET ST IV yHEAEOE & HERETH

W 75 2B EZBRABHREE T2 F IV VvHEAE (OBN) 0BR LR

EHFFHTAEREZEROT., ZRAF 1Y VBB 1-B-[3-(1,2-Dihydro-2-oxobenzo[b][ 1, 8]naph-
thyridine)]-2'-deoxy-D-ribofuranose (LA . 2-oxobenzo[h][1, 8]naphthyridine , OBN) % &%t L 7z (Figure 15).
Pt Tb S /& L7200 . 2001 4F Nielsen 5 i€ X o TAEEIE%%H T % PNA (3454 DNA & © &
IR REZ M EX 22 2 L HHLIC L2 D, 72 2018 4F Grotli HIC X - T, ZBHAF I ¥ ViFEHK
bT (bicyclic thimidine, Figure 16) 23#& T CTH H . bT ZEA L 72 ODN [3HHAHEH DNA & @ “H P
BEZET IR L AICINA 2D, ZOMREE 1 EBTO7 2/ FH L VvEOTERPLEH
X, BEICHEETORME R AT b, THBEBKEZN LIE5NE0TERV e E X T,
B EmoMREERZ T, MEREEMO X £y X v AR Ex B L < HESIC EEAEKEEA
L7, T, OBN Ofil#l 8 fiicERETZH V2 LT, RAF IL VD 4 (EHEFET (sp> IR
HE) 23H 5 T I E NI X 2KER-ETEREZ OBN WTHIEIL 2, FAEERICK > TF@E
M2 RS 2B T, B OB LR cRoNns N-7) av FiiG»S C-7') a v Fikde
CEET B0 E L5772, OBN I T EZ ALz, 2R EO A % v v 7HEEH D
BKIC X 2 ZHEEPEREED A EAARIA T 72 OBN OEBROEKICHL L, BEBKGHEE{TH LT
OBN Dkt %2 2 7 7 = VIEH L DKER AR & Z OFEOFHMESHiF S 2 2 L 2R L
7= (Figure 17), 723, OBN FHHIC7 7/ —RBEZETIANILEETH L, TV F RV REDRLD
T, SiRNA 7 a4 KR, 7 72~ —% hOKBEERICE N CTHRAER 7 77 — 2B H T 5 K%%
DRENNCHW OGN D 2L %F 2 5 L. OBN OHRECHIEZ RIS 5 2 L IIBBEEORELH 2 /-
Bia, BEEAMEE RSL, 20, $THEDIC OBN 25804 ) SO —EEEKEEL I A~y F
HEF e S 2 SRl 5 2 & L 72,

Thymine
0 Size
s }/_« 4 expansion
0=P-0O N-H ——
|
N
e/
(0] . . -
o A (2-Oxobenzo[b][1,8]naphthyridine) (|) b'Cyc"C(;'%m'd'”e
Figure 15. Structure of 2-oxobenzo[b][1,8|naphthrydine (OBN). Figure 16. Structure of bicyclic
thymidine (bT).
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BICEH L. 7 = 7 9L VFERPEBRIC TFO & L C=EHHEREZ A L2 Tw 3RO T M),
Bzl F I vikEAkL 2% OBN b TFO & LCHIEEL ., 7T v F Y — ViETORARARIEL 22 =
Eﬁﬁﬁéﬁkﬁ%%rﬁjié&f‘oﬂf;w#}:%;’ct (Figure 18)¢, & » T, AFETOFEERICT B Tlx OBN & AR
ODN @ T fEHMIE I & 2 “HEEMAE. ZEHBEPKEEZ RIRFHICHHE L 7z, —HEEEKREICEWTE, 3
2= %ﬁ%é&%ﬂab P L 7%, CD A7 FUVHE 21TV, “EEEG & “EHBEPRER LD X9
ICBE T 2 20 2 REE L7z, £ 2RI, OBN & ODN ICD W T, KIBREESR I3 2 it ERE % 5F
fili L 7=,

DNA sequences 5’ -d (GCGTTXTTTGCT) -3
RNA sequences 3’ -d (CGCAAAAAACGA) -5’

O

ol T Y
)

Figure 17. Molecular dynamics calculation was conducted by Figure 18. Binding style for A:T base pair of OBN
MacroModel software [Schrodinger, LLC]; OPLS3 in TFO.
force field (in water at 300 K for 30 ns). Overview
(left), top view (right, up side) and side view (right,

down side).
STFO W4 0 — TR iR X | =
(a) parallel motif Watson-Crick N° N
3 Watson-Crick BU/KFEAE G A ce s /:ézo hydrogen bond o . N)\:Ng: o
T. Hoogsteen M. Wi 'IT reverse- I OT‘)\N N “///,O\\\\\~H’Nm "N “mo\wH’Nm
Hoogsteen B DIK R FEATE R 34208 & oogsieen ¢ \/)N \\\\\ " jo( N </: B lH o N </: ‘N/N,N\'H \\\\\\ o v
N N N
nTwa, ZHEH#EKEICEIT 5 TFO 3 3 5 T CHé'c GGC‘
TFO dsDNA a
OfEAERERITZ, @7 LB ()T
vIFNSLARCRRIE NS (B, (a) anti-parallel motif WN/ . o (;‘/%
e N2 N i N H
SEBE. AW ETo7 OBN oW o S oﬁ& % ok O
S o ‘H,” A NN o ‘H,r’ g m
< j:\ (a)/\ 7 I/}]/g: TFO @7— S / v reverseHoogsleen<Nf\ \\\\ </N SN H m/ ¥ <,N ‘ N'H\ Y ¥
rogen bon 4 ‘ o A e 0
PR 5 TeATHIER e Rkt 1D LT e s s
SHTER S ATHEIC 72 2 &5 % 72, TFO dsDNA ToAT e
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2l FIVVEEAOBNBARA Y TRBMOAK

OBN £/ ~—DHMIETE M7=V FeEHFERE LT, 12 THEZ T DNA HB& R ICE -
AJHE7R OBN 7 2 X4 b= I 30 ZHRINEK 9% T/ (Scheme 6),

0 0
Q4 2 Q0L - QL™
N N7 N o z
H H
23

22

)
0 , 7 NH -
| ", — \ —
NN o o
H HO5 o
25 TBDPSO 0
26 27
SN
Y Y '/
7 NH 7 NH NH
X N X (0]
o o DMTIO— 4
HOS o . DMTOq g
0
OH OH . N
28 29 PN 07
30

O o}

\f‘\NH \fLNH
N’go N’&o
HO—l 0 m-o HO—l 0 P, q HO o
—_— —_ k Va
—_— —_—
OH
- 31

OTBDPS OTBDPS
32 33

Scheme 6. Synthetic scheme of OBN amidite 30.

Reagents and conditions: (a) POCls;, DMF, 75 °C, 18 h (81%); (b) NaN3, DMF, 55-70 °C (98%); (c) PPhs, chlorobenzene,
reflux, 10 h; (d) MeOH/HCI aq. reflux, 2 h; (e) diethyl malonate, piperidine, EtOH, reflux, 2 h (76%, 3 steps); (f) LiOH,
THF/H,0, 70 °C, 2 h (85%); (g) Br,, pyridine/DMF, 105°C, 1 h (81%); (h) 32, Pd,(dba)s, P(o-tol);, nBusN, 1,4-dioxane,
reflux 18 h; (i) TBAF, AcOH, THF, 0 °C, 20 min; (j) NaBH(OAc)3, AcOH, ACN, -20 °C, 20 min, (23%, 3 steps); (k)
DMTtCl, pyridine, rt, 4 h (87%); (1) iPru,NP(CI)OC,H4CN, DIPEA, DCM, rt, 3 h, (98%); (m) DMTrCl, pyridine, 1t, 2 h;
(n) TBDPSCI, imidazole, DMF, rt, 12 h; (o) TsOH, MeOH, DCM, 0 °C, 30 min (80%, 3 steps); (p) (NH4)>SO4, HMDS,
reflux, 4 h (q) K2COs, MeOH, rt, 30 min (74%, 2 steps)
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KT OERICE W TIE, FIEEEEEE 25 24 L. &R O #Y 1 THERILEY) 32201003
%270 av MELRIGEITS T & T26 %1577, 1L ®IT Jachak H DIREF I, T T =V F (22)
b5 TRERT, 224F VRV YDI8]1F 7TV Y VEMERMEL 23 ~E\n/, 23D F LT R
TAERIKBIL) F7 LTHARVEE~ENKDFEL, 24 215372, DMF/Y' ) ¥ v ORAREE S, B3R
R CHURBRR BB L2 1T, 25 2157 (ROCHREL LC, BRIBZ R CRAEL 724 7'V AL Lokt
AETHPRESTFERET L, L0IBENIEZOND), T O CHKIERERES 25 & IR 32 L o
Heck IBIC X 227 ) a v M AfLRIE W%EfTH LTI NVT ) — VI —T UK 26 21372, ZDkIT
TBDPS % TBAF IC X o CRREL., 7 b vk 27~ &Mk, PV TP FOKRFUFVHEF I VL
IC X o CURERN e FrF o EA~DBEITLZITV. OBN DX 7 LAy MK 28 21572, mikliTHiEIC
e, Sk Fu ¥ oAk DMTr B CEFIICREL 29 ~ LB Wtk 3fie PeF o Horx7 45
ML %R T DNA HEHS B ICEATTREZ: OBN O 7 I X4 b=y b 30 ~ L &L 7z, 30 i3 DNA H
FEEEIC X D OBN 28T A4 U I (ODN 1-17_N) O&KEiRA 72, ODN GIKICE W T, KIGKE
MZLERET 22 LT, RIFRHEAZE T ODN FICEA L7, A L7 ODN 137 vE=T/KAK L A
FNAT I VKRR DIBEIKE (1:1,vv) 12X % CPG /1 7 28K L0010 L, ERIEHE & ) v
Pl oo i A5 3# % 17 - 72 (65°C, 10 43[8) . 3 HPLC 12 X - THHEL L 72 (Scheme 7). F5HL% D ODN @
518 1% MALDI-TOF-Mass i X Y fiff32 L 7z (Table 11),

~N : ~N
| Automated DNA synthesizer I
= NH 1) Coupling time : 25 s x 6 ZSNH
Activator : Activator42® ODN -
X Oxidizer : 0.02 M iodine
DMTIO— o o o4 o ©
2)NHz aq. : MeNH, aq.=1:1
65 °C, 10 min
3) 0.5 % TFA aq. o
| 4) HPLC purification O=P-0
] P ~_CN |
iProN 0 ODN

Scheme 7. Synthesis, deprotection and purification conditions of OBN-incorporated ODNs.

102 pmol 27 —ATD OBN 7 2 £4 b=y FDRIGICE T, RKIGKRE%Z 20 /94 2 L iciER L, %4 7 A 8Ic
BILTd., RAR DNA OAKEEDS 1 FA4A 2P L7z 6 44 7 A D&h2 @M 2 2 & ©. BRIFLEME D
OBN & AR ODN DA% ZEM L 7=,
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Table 11. Sequence and MALDI-TOF-Mass data of OBN (N)-modified oligodeoxynucleotides (ODN 1-17_N).

MALDI-TOF-Mass
Sequence - - Yield (%)
[M-H] Calcd. [M-H] Found

5-d(GCGTTNTTTGCT)-3' (ODN 1_N) 37025 3703.8 22
5"-d(GCGTCNATTGCT)-3' (ODN 2_N) 3696.5 3697.3 32
5"-d(GCGTCNCTTGCT)-3' (ODN 3_N) 3672.5 3673.5 18
5"-d(GCGTANATTGCT)-3' (ODN 4_N) 37205 3722.4 37
5"-d(GCGTGNGTTGCT)-3' (ODN 5_N) 37525 3753.2 37
5"-d(GCGTNTNTTGCT)-3' (ODN 6_N) 3772.6 3772.7 22
5"-d(GCGTTNNTTGCT)-3’' (ODN 7_N) 3772.6 3772.4 21
5"-d(GCGNTNTNTGCT)-3' (ODN 10_N) 3842.7 3843.4 19
5"-d(GCGTNNNTTGCT)-3' (ODN 8_N) 3842.7 3843.8 11
5-d(TTTTTCTNTCTCTCT)-3' (ODN 13_N) 4566.1 4567.3 7
5-d(TTTTNCTTTCTCTCT)-3' (ODN 14 _N) 4566.1 4565.0 20
5-d(TTTTTCNTTCTCTCT)-3' (ODN 15_N) 4566.1 4565.6 40
5"-d(TTTTNCNTTCTCTCT)-3' (ODN 16_N) 4636.2 4638.8 32
5"-d(TTTTNCTTNCTCTCT)-3' (ODN 17_N) 4636.2 4636.6 30
5-d(TTTTTCNNTCTCTCT)-3' (ODN 18_N) 4636.2 4637.0 28
5"-d(TTTTTCNNNCTCTCT)-3' (ODN 19 _N) 4706.3 4706.8 28
5-d(TTTTTTTTTN)-3' (ODN 9 _N) 3049.1 3049.0 17

N = OBN, C = 2'-deoxy-5-mehtylcytidine

HIE T IV VEEEA OBN EARLE Y IRIR O — ESHE AL RH

OBN [FERFEEOILRICIE S A & v ¥ v ZHHEMEHIC X o CHBEBKREEO M F %2 B L 72 N L%
ST CTh D, “HEHHPKEEDOFHIIC B W, BEEROE L L0 X 5 1K T b 2l E TR
OBN & Utk4 a4 ) I Cc oz KL 72, £ 3 #FE L OBN ZEA L7 ODN 1_B ~ ODN 8_B,
ODN 10_B & HHffi#{ DNA & © “EHEHEKEEL TnEHIE IC X 0 §Ffi L 72 (Table 12), Z DEE, HEITE
ELT, RKRF IV v %2EBALZODNI T~ODNS T,ODN 10 T Db ¢ TiT- 77,
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Table 12. T}, values (°C) of duplexes formed between ODNs containing OBN and DNA complement.

Test ODN = 5'-d (GCGYYYYYTGCT) -3’
Target DNA = 3'-d (CGCAZAZAACGA) -5’
Tm value (ATm /mod.) (°C)
Sequence
X=T N

5-d(GCGTTXTTTGCT)-3' (ODN 1_X (TTXTT)) 40 40 (+0)
5'-d(GCGTCXATTGCT)-3' (ODN 2_X (TCXAT)) 40 40 (+0)
5'-d(GCGTCXCTTGCT)-3' (ODN 3_X (TCXCT)) 44 41 (-3)
5'-d(GCGTAXATTGCT)-3' (ODN 4_X (TAXAT)) 36 34 (-2)
5'-d(GCGTGXGTTGCT)-3' (ODN 5_X (TGXGT)) 46 44 (-2)
5'-d(GCGTXTXTTGCT)-3' (ODN 6_X (TXTXT)) 40 35 (-2.5)
5-d(GCGTTXXTTGCT)-3' (ODN 7_X (TTXXT)) 40 41 (+0.5)
5'-d(GCGXTXTXTGCT)-3' (ODN 10_X (XTXTX)) 40 27 (-4.3)
5-d(GCGTXXXTTGCT)-3' (ODN 8_X (TXXXT)) 40 44 (+1.3)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 pM for each strand. The T}, values reflect the
average of three measurements and the error in 7, values was = 0.5 °C. The sequences of each ssDNA is 5'-
d(AGCAAZZZACGC)-3' and Z indicated each match nucleotide corresponding with each nucleotide of A, G, C and T.
T = thymidine; N = OBN. n.d. indicates not detected.

AT / mod.: the change in T}, value (A7) per modification relative to the unmodified standard strand (ODN 1-9_T).

HIf#$4 DNA & © —EFHTAEESE IC 31T, OBN OBSEMEfTic e ) IV VIR (FI v v by v)
23E E 4% ODN 1_N (TTNTT), ODN 2_N (TCNAT), ODN 3_N (TCNCT)® T fl 1375 %4 40 °C, 40 °C, 41 °C
7Y RAFIVVREALLGA LKL ThiEZHEFF (ODN 1_N, ODN 2_N T®D ATy : +0 °C) X
WIETFIF2% (ODN3 N TD AT f:-3°C) #RE o7, ZD ThEDE T IZ OBN D#fEIc 7 ) v
BHDPHEIET 5 ODN4,5 N Z 0728510 b4, ODN4 N (TANAT)E ODN5 N (TGNGT) DX 5
THIT T 28 2 °C KT L7z,

KIZOBN %, ¥ 7213 =FRFEA L 2lLY] ODN 6,7,8,10 N # =4, —REoF IV v a0
LCEAL7Z ODN 6 N (TNTNT) % ODN 10 N (NTNTN) &, #fiCTEA L7 ODN 7_N (TTNNT) <
ODN 8 N(TNNNT) Tld, TufHICHEREVR 5172, ODN6_N(TNTNT) < ODN 10_N (NTNTN)T
WFEAR R CTICoN, —EEDH D D ATw/mod. fED -2.5°C,-4.3°C KT LZZ LI L, ODN
7 N(TTNNT) <° ODN8 N (TNNNT) TIZEAFDOIIICfE, —EED 72 Y D ATw/mod. fEDS +0.5°C,
+1.3 °C & TofHIZHMERF, MOMED 1T ER L 72, [FIBCHTIC OBN 2 —JRHBE A L 72 ODN 1_N (TTNTT) @
FER L EEEAZ{T 572 ODN 7 N (TTNNNT) % ODN 8 N (TNNNT) O#EH X v, OBN & A% ODN
D3HEMHEA DNA & o “HSERE % ) | X ¢ 2B i%, B, W ONicEfE 3 % OBN [H-L3 AT A £ v
* v B OR MBS EE X E 2 R 2 L ARBI T,
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KiT. OBN ZE AL 724 Y T4k & M RNA & o “EEHERREETT % 1T - 72 (Table 13),

Table 13. T}, values (°C) of duplexes formed between ODNs containing OBN and RNA complement.

Test ODN = 5'-d (GCGYYYYYTGCT) -3’
Target RNA = 3'-d (CGCAZAZAACGA) -5’

Tm value (ATm /mod.) (°C)

Sequence (YYYYY)

X=T N
5-d(GCGTTXTTTGCT)-3' (ODN 1_X (TTXTT)) 37 41 (+4)
5-d(GCGTCXATTGCT)-3' (ODN 2_X (TCXAT)) 40 41 (+1)
5-d(GCGTCXCTTGCT)-3' (ODN 3_X (TCXCT)) 47 48 (+1)
5"-d(GCGTAXATTGCT)-3' (ODN 4_X (TAXAT)) 33 30 (-3)
5-d(GCGTGXGTTGCT)-3' (ODN 5_X (TGXGT)) 44 40 (-4)
5"-d(GCGTXTXTTGCT)-3' (ODN 6_X (TXTXT)) 37 41 (+2.0)
5-d(GCGTTXXTTGCT)-3' (ODN 7_X (TTXXT)) 37 46 (+4.5)
5-d(GCGXTXTXTGCT)-3' (ODN 10_X (XTXTX)) 37 35 (-0.7)
5-d(GCGTXXXTTGCT)-3' (ODN 8_X (TXXXT)) 37 51 (+4.7)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 pM for each strand. The T}, values reflect the
average of three measurements and the error in 7T values was = 0.5 °C. The sequences of each ssRNA is 5'-
r(AGCAAZZZACGC)-3' and Z indicated each match nucleotide corresponding with each nucleotide of A, G, C and T.
T = thymidine; N = OBN. n.d. indicates not detected.

AT / mod.: the change in T}, value (A7) per modification relative to the unmodified standard strand (ODN 1-9_T).

OBN AR ODN & Ml RNA & @ “HHZKICH5 T, OBN OBfficv ) IV Vil (573 v,
Py v)%ET ODN1 N(TTNTT), ODN 2 N (TCNAT), ODN 3 N (TCNCT) ®Z N Z D TufiEiZ 41 °C,
41°C,48°C L7 o7z RIRF IV VEEALLFMERL ORBICEH T 5 AT fHIZE 4 +4°C,+1°C,+1°C
TH o7z, —J/ T, OBN OBHEZICT 7 = v 2M1EF % ODN 4 N (TANAT)E 77 =V 2 E{ES 5 ODN
5 N (TGNGT)T TnfHIZfE T L. ODN 4 N (TANAT) TIiZAT.fE :-3°C. ODN5 N (TGNGT) TiZ ATy
i :-4°C &) FER %572, HEHHE RNA 85 & 0 “HEEERICEWTD OBNEARI ODN 12, v V) I
VIR, FRC T I vIBR AR S R 2 RGT T 5 & T, BEEIC ZEBIEKRES W B35 T L AR
Iz,

OBN Z#EH0E A L 7-fic%] ODN 6, 7, 8, 10 N Z W\ 7=54. —iKkKio OBN #EA L7 ODN 1N
(TTNTT) DR (ATw:+4°C) &HiEF 2L, —EREOF IV vENL T, ZRHEDOBN ZHAL
72 ODN 6_N (TNTNT) “° ODN 10_ N (NTNTN) Ti, —5&KH 720 D ATw/mod. fHAZNZ I +2.0 °C.
07°C Lho7, ZD—JT, . KU =5HD OBN % Hfi CEA L7z ODN 7_N (TCNNT) < ODN
8 N (TNNNT) TIHEARZ LT ICON T, ATwmod. fl2S +4.5°C,+4.7°C & LH L 7=, 215 ODN
7,8 N DEHCH AR T ATw/mod. il (%, FHHHi$4 DNA & O “EFHEK DERIC/R T ATw/mod. fH% 5 i _E[A]
2HDTH o7, 6> T OBN [FHEHEA L 72FFic B\ T, HELE (K RNA) & © “EHHE
Rez I X452 ek, CoRRIT OBN iICHkT 2 2%y % v 7HAEFRHOBLICX 2D TH
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LRI ND,

v TEF X, OBN E AR ODN DEf) DNA & @ “H#HEEIFICE T 2 3 2~ v FIHSAEES T
EHIE I X 0 FFli L 72 (Table 14), 7xdb. AREERTIZ, RARF I Y vEAM ODN & <, OBN & A
ODN T EHHERAED D M L L Tz ODN 1 X (TTXTT) # W 25HliZ Eii L 72, e, KRTF
IV Vv kB AL ODN $ OBN EAR ODN D B R & L Cife CHFifi L 72, 72 B5AREERLARE O ELSI
KOV TIid, BHEEROME L ERT 2 0E )72\ 72% ODN 1_X (TTXTT) 7*5 ODN_X ~ & £it
D7z,

Table 14. T}, values (°C) of duplexes of ODN_T and N formed with ssDNA including one base mismatch or not.
Test ODN = 5'-d (GCGTTXTTTGCT) -3’ (ODN_X)
Target DNA = 3'-d (CGCAAYAAACGA) -5’

Tm value (ATm = Tm [mismatch] — Tm [match]) (°C)

Sequence
Y=A G T C
5-d(GCGTTTTTTGCT)-3' (ODN_T) 40 25 (-15) 24 (-16) 23 (-17)
5'-d(GCGTTNTTTGCT)-3' (ODN_N) 40 30 (-10) 27 (-13) 23 (-17)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 pM for each strand. The T}, values reflect the
average of three measurements and the error in 7, values was £ 0.5 °C. The sequences of each ssDNA is 5'-
d(AGCAAAYAACGC)-3'. T = thymidine; N = OBN.

AT / mod.: the change in T}, value (ATy) per modification relative to the unmodified standard strand (ODN 1-9_T).

ODN N 284 2 2~ v FHEEN 263 2 1) DNA & “HE#HZ T 3 B Twfi% 30 °C [Y = G], 30 °C
[Y=T],30°C[Y=Cl& 7Y, SERMMEH] & IR L 728D AT fllE -10°C [Y =G],-13°C[Y=T], -
17°C[Y=C] THo7ze TNEHD ATnfEE% ODN_T D ATpfli :-15°C[Y=G],-16°C[Y=T],-17°C[Y
=C] LT 2L, ODN N D I 2~y FHEIEHANGEIX 7T =vicxLTs5oC, FIVIERLT3°C
KT L7, —/7C, YIboyveoIxwy FHEEMEKDOERIEATEICEIZ B o7, 2D Lh
b, OBN 137 7= v i & ORKERHE L BRI T 5 —77 T, RAF IV v~z eftio IR
~ v FHENER 2 ZE S &5 Z L 2RB I N7,
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XIZ, OBN E AR ODN & 151 RNA & o ZHFHTEAKIC 3517 2 HEILERAGE % FH4ff L 72 (Table 15).

Table 15. T}, values (°C) of duplexes of ODN 1_T and N formed with ssSRNA including one base mismatch or not.

Test ODN = 5'-d (GCGTTXTTTGCT) -3’ (ODN_X)
Target RNA = 3'-r (CGCAAYAAACGA) -5’

Tm value (ATm = Tm [mismatch] — Tm [match]) (°C)

Sequence
Y=A G U C
5'-d(GCGTTTTTTGCT)-3' (ODN_T) 37 31 (-6) 21 (-16) 18 (-19)
5'-d(GCGTTNTTTGCT)-3' (ODN_N) 41 36 (-5) 26 (-15) 25 (-16)

UV melting profiles were measured in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NaCl aq. at a scan rate
of 0.5 °C/min at 260 nm. The concentration of oligonucleotides used was 2 pM for each strand. The T}, values reflect the
average of three measurements and the error in 7, values was £ 0.5 °C. The sequences of each ssDNA is 5'-
d(AGCAAAYAACGC)-3'. T = thymidine; N = OBN.

AT / mod.: the change in T}, value (A7) per modification relative to the unmodified standard strand (ODN 1-9_T).

ODN 1 N 3% I A~ v FHHEICH L TR Tuflild 36 °C[Y=G],26°C[Y=U],25°C[Y=C]& /&
D, SEEMHEY] E ORI E W TR EINZ AT EIX -5°C[Y=G],-15°C[Y=U],-16°C[Y=C] &7
5726 ODN1_T 27K L7z ATnfll :-6°C[Y=G],-16°C[Y=U],-19°C[Y=C]lE L T, 7/'T=v,
7Y, v hYYRTO I A~y FHEERED EEEKOEEIC A TLEIC X 2 IERGRARE & 4
1°C,1°C,3°CHE N L7z, TR DNA 04 & [FBk. OBN 23RN R &2 v ¥ v ZHENEH %
AT ek, IRy FHENEREZZENTE LBRBINnd, 777 = lREE
Z~= v FEH L L CTEDIER RNA & O “HEHEFERICE VT, ODN1 N O AT, fHiZ-5°C &7 b, FFic
ZOENRNE Ko TWwd, TNEFF IV (VI ) — 77 = vl cRENI NG L HBHS
N3 wobble (FE5 ¥) HEWOHETHY, F I VFHEMARTH 2 OBN DIAIC D wobble ML
BRI 25Rick 2 EEZD D,

ODN 1_NCOOH > T filIC X 2 I A~ v FHEHRAIEE L, %434 °C[Y =G],23°C[Y=U],20°C[Y=C]
&b, FERMAREYIEL L 72BRD ATnfEIX £0°C[Y=G],-11°C[Y=U],-14°C[Y=C] &7 o7z,
ODN N 2R T AT & L T, 5°C[Y=G],4°C[Y=U],2°C[Y=C] @ I &~ v FHEIEHIEE DK
THARLN, Z O TERA IZER DNA $E © I 2~ v FEHERINFEDLE & FHEOMHA & & - 72,

PLEX D, OBN IZRARTF I ¥ v L UGB MK T2 b0, 7 IV viFEke LT, KA
F IV ERROMERD I A~y FHBELES ST L2 LI L7z, £72 OBN @ 8 ii~DH LR
FURAPFUHDOEBAIZI R~y FIEEHNEZK T2 2L 2HL 2L,

(6]
I 7= vEHEIC oWl RNA 84D Guanine H Guanine >—\>Uracil
....... -N ) wmnnH—N
v b v v HEHE & @ Watson-Click TG FENT r/N P HINC Cytosine r/N P }—N
S N — 7
ek () iz <, v 7ot d /N\g/__/(N—H ------- N ':> /N\g/N_:iN—H ------- 9 bN
Wobble (5 ¥) Miitr e sz 0N N N ODN N
BREILNTW S, H ODN H

Canonical G-C base pair G-U Wobble base pair
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48 OBNEARA Y IHKEED CD AR7 F LVHIE

Aiffio OBN H AR ODN @ T, EHIEFE R 2 5. OBN 2358 L 72 ALy % %513 % & &L THEIC Twil
i L7, —/7T OBN OIc—BEDF I Vv REET 2 BAICBWTIE, % ORERET T 5 (8
FICd o7z, 22T, RFEKZ EEMESEICX 28582 532 ~<<, OBN &A% ODN (ODN 1 N,
ODN 6 N~ ODN 8 N, ODN 10 N) DOffffifi DNA & X U8 RNA & o “H#HfFiE% CD 2227 Fic X b
M L 72 (Figure 19), ARFEMIC B W TIIIEBOTR E LT, KARAF IV v 2EALZ ODN 1T b ¢ T
AT L 720

(a) DNA/DNA duplexes (b) DNA/RNA duplexes
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Figure 19. CD spectra of the ODN/DNA (panel a, left) and ODN/RNA (panel b, right) duplexes containing 5'-
d(GCGTTTTTTGCT)-3" (black line, ODN 1_T), 5-d(GCGTTNTTTGCT)-3' (green line, ODN 1_N), 5'-
d(GCGTNTNTTGCT)-3’ (light blue line, dashed, ODN 6_N), 5'-d(GCGTTNNTTGCT)-3' (blue line, ODN 7_N), 5'-
d(GCGNTNTNTGCT)-3' (dark red line, dashed, ODN 8_N), 5'-d(GCGTNNNTTGCT)-3’ (red line, ODN 9_N) in the
ODN. Conditions: 2 mM sodium phosphate buffer (pH 7.2), 20 mM NaCl, each strand 2uM at 10 °C.

T = thymidine; N = OBN.

HHAHEE DNA & o “EBEPRICE W T, FHICBHE R AR 7 PR o 7z b Did, =EE D OBN
%K E A L 72 ODN 8 N (TNNNT)/DNA —H#EHTH o7z, 280nm fHEDED T Y b v Ny FOE—7
25, BHIS 2 AME %R L 72 ODN1_T(TTTTT)/DNA —EH#HD Z~<27 b & B L, EiRRANCEE I
7 b L7z, 72, [A#D OBN ZE A L7z ODN 10 N (NTNTN)/DNA —EH§H & k42 &, [Eoay
PNV FOBADSR L7z, 260 ~280 nm fHEDIED 2 v + v o3 v FOBA & MIBER O 2 & v *
v ZHEAEH ORI 3B 2 S % Z £ 25 39, ODN8 N(TNNNT) & ODN 10 N (NTNTN) O H#IC
BT, M DNA & o “HEICE 1 % ODN 8 N (TNNNT) 3##i4 % OBN OFETZ X v ¥
VIHAEFHZERI LI LREZOND,— )7 T, ZHBEPKEELKT L 72 ODN 6_N (TNTNT)/DNA
—E§H & ODN10 N (NTNTN)/DNA —EFHICDWT, BRI LB ADEMIIAR A~ P A b DELDR
S5N78\, OBN (F “HEEREER KT 2 2F0Ic s wTdh, “EHEEo KE a2 iR oNnmd -
Too TTHH AZyF v A R X ) —AREIKHE T D pre-organization 23, #H & (357 5
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BT R INTE D, “ARBEIREL D & —ARBEREBOTHBLENICHET 5 X 512> T 5 AR
MR I NS,

¥ 72 EE RNA icxf 9 23 ZEEA (Figure 18 b) 12T i, L&, BV 3L EL DD 1B Db
AR PAEITREB I N d 572, L2 L Figure 18a TOEEH b, WEMFE LK E v ODN1_N
(TTNTT), ODN 7_N (TTNNT), ODN 8 N (TNNNT) T (& pre-organization % - EESHIE A1 Bl 7 5 1A CHZK
IND—J7T. REMMEDVETT L 72 ODN 6_N (TNTNT), ODN 10_N (NTNTN) T3 ~HE K I A F] 7n
J716]C pre-organization 2SI LT w3 Z e PRI N5,

F5HE OBNEHARIA Y IEE D = EHP A REFEM

FHH X, OBN 28 TFO ~ & )JGHHK 2 e E%# MREES 2~ <, OBN &AM ODN & M#Hiy 7 EH
DNA & O =HFHPREE % T EHIE T X 0 FF-li L 72 (Table 16).

Table 16. T}, values of triplexes (°C) formed between TFO and hairpin-double strand (ds) DNA.

Hairpin dsSDNA=  5'-d (GGCAAAAAGAAAGAGAGACGC) — C18 spacer (HEG)
3'- (CGCTTTTTCTTTCTCTCTGCG) ——

Tm values (ATm /mod.) (°C)

Sequence

pH 7.0 pH 6.0
5-d(TTTTTCTTTCTCTCT)-3' (ODN 20) 39 60
5-d(TTTTTCTNTCTCTCT)-3' (ODN 13_N (TTCTNTC)) 42 (+3) 61 (+1)
5-d(TTTTNCTTTCTCTCT)-3' (ODN 14_N (TNCTTTC)) 36 (-3) 57 (-3)
5-d(TTTTTCNTTCTCTCT)-3' (ODN 15_N (TTCNTTC)) 38 (-1) 59 (-1)
5-d(TTTTNCNTTCTCTCT)-3' (ODN 16_N (TNCNTTC)) 36 (-1.5) 56 (-2.0)
5-d(TTTTNCTTNCTCTCT)-3' (ODN 17_N (TNCTTNC)) 32 (-3.5) 53 (-3.5)
5-d(TTTTTCNNTCTCTCT)-3' (ODN 18 N (TTCNNTC)) 44 (+2.5) 68 (+4.0)
5-d(TTTTTCNNNCTCTCT)-3' (ODN 19_N (TTCNNNC)) 42 (+1.0) 68 (+2.7)

Condition: 7 mM sodium phosphate buffer (pH 7.0 or 6.0) containing 140 mM KCI and 10 mM MgCl,, 1.5 uM of each
oligonucleotide at a scan rate of 0.5 °C/min at 260 nm. C: 2'-deoxy-5-mehtylcytidine; N: OBN.
TFO forms triplex structure at the bold sequences in ds DNA.

AREERIT I TIE ODN 20 % ILER & L, OBN D A& &8 AR ¥ 7: 2 OBN #E AR ODN %
7 fE%H (ODN13~19 N) #{E8® L 7=, pH7.0 DY Vg Ny 7 7 — % H W HE SR ICE T ODN 20 O
TufBiX 39 °C £72 b, OBN % —J&JEE A L 72 ODN 13 N (TTCTNTC), ODN 14 N (TNTCTTTC), ODN
13 N (TTCNTTC) iZ2W T, ODN 20 & DEICEH T 5 AT fEHIZH % +3°C,-3°C,-1°C Loz, &
D 3 FEFHDOESNIC I 1T 5 OBN DEARIIE DL LT &5, OBN 2GR O E L K& 2T 3
TeBnhbH, 3 OBN DS il 3 flloMFFICT 1Y v HAFEFET S ODN 13 N (TTCTNTC) icHW»

TlE, TufliAi3°C FRLZZ L5, OBNEF IV VDR v F v ZHEFERIZIEMIER LT
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WBZEBDH,DB, —HTOBN DS fllicF Iy, 3 fllic 5-2AF A F2 v 37T % ODN 14 N
(TNCTTTC) Tlid, TufliZ 3°CK T L7z, KIC, OBN D 5 filic 5-AF Ao F v, 3 filicF I v
£S5 ODN15_N(TTCNTTC) iICDW T, ODN20 & i L T fild I°CIE TN T 245RICEE -7, &
Db, 5O 5-XF v F v iE OBN EAR ODN o =Z&EEHEKEER FICBIS L s & 29K
ENTz, FFFCARER2 S, ZHEEEICE T % ODN 1) OBN 13 3’ oG ORI X 5 T Tn
EHIZKRELSEHL, ZNIZOBN =B 2% v x v ZHHEERICERNT 2 2 LRI N,

fE\» T, OBN #4035 A L 72 ODN 16_N (TNCNTTC), ODN 17_N (TNCTTNC), ODN 18 N (TTCNNTC),
ODN 19 N (TTCNNNC) iZ3 T3 ODN13 N~ODN 15 N & [FfROMHA AR 5 vz, —FF D OBN O
i —3RIED 5-2F 1> F Y %4 L7 ODN 16 N (TNCNTTC) Tlx OBN —EIEH 720 D AT,
(ATw/mod.) {725 -1.5°C &7 o7z, THIE—FD OBN @ 3 fllic 5-AF Lo F¥ v, b H—J7D OBN
D3 NCTF IV VBT 5720, TnlHDOERBHZINDE LFEZOND, “JKED OBN ORI D 3
flC 5-2AF o F ¥V DFELET %S ODN 17_N (TNCTTNC) Tid, —5EEH 72 Y D AT, (ATw/mod.) fiEiA
35°C FTKTF LT3, XICOBN % —#ft CE A L 7z ODN 18_N (TTCNNTC) Tl OBN o —&kH
729 D ATy (ATw/mod.) fEAS +25°C &7 b, ZHEPKEEFMICH 2B o CTRD @ TnZm L
Tzo TOERELTIE, OBND Y I 5-AFALF PV TR FIVYDBHEEL TS HBET S
N3, mEIC=H%5T OBN #EA L7 ODN19 N (TTCNNNC) Tid ATy:+1.0°C & 72> 7-, ODN18 N
(TTCNNTC) & I L C T fE2ME T L2 E&JRIKIC X OBN @ 3" fllic 5-XAF Lo F YV v REET S T
ERFEZLND,

LA XY, OBNEAR ODN Ix TFO & L CTHHREL . FFIC OBN @ 3llicy 7 v % & i WELH %
Hitd 2 L CEEBEEREER N EX o N D Z EBHL IR 5 2,
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FCA I #RE CHEES %5 OBN Rl 2V FPEZMERFL . A4 v ¥ v 7HAEFRZHEK I ¢ 5 2 &L 8 ER
ThrLEbNnG,

Figure 20. Binding style of OBN for A:T
base pair in TFO.

Calculation method: Density functional,

B3LYP, 6-31G* in vacuum, Spartan'06

(Wavefunction, Inc.).
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R DRI (%) % Wik HPLC Tl L 72 (Figure 21),
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Figure 21. Enzymatic stability of S5-(TTTTTTTTT~X)-3' to 3’-exonuclease (Crotalus Admanteus Venom
Phosphodiesterase; CAVP). ~ means phosphorthioate linkage only applied for PS_Rp (ODN 21) and PS_Sp (ODN 22).
X = OBN (red diamond, ODN 9 N), phosphorthioate((R)-optical isomer)-modified thymidine (orange opened triangle,
ODN 21), phosphorthioate((S)-optical isomer)-modified thymidine (orange closed triangle, ODN 22), and natural
thymidine (black circle, ODN 9_T).

Conditions: 0.4 ug/mL of CAVP, 10 mM MgCl,, 50 mM Tris-HCI (pH 8.0), and 4 uM each oligonucleotide at 37 °C.

KIRF IV vDRPOLREE IS ODNI T i 10 7 LANICETH I L7z 2 itk L, OBN %3E A
L 72 ODN 9_N (3 40 73512 T d 95%MU LD ER DAV ITKEEHERfF L Tz, £720 R SHEDE
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HoleT h b, OBN I PSEEHIL Y b mWKIESRERETNIEZ A L T2 2 3L 2078 o 7,
DR E L TiE, BNAP-AEO & [AfRDEEGROMEN Ridm I AFE XA 615, OBNICEWTH, 1F
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EBRDOT (Experimental)
General
Dehydrated acetone, acetonitrile, ethanol, dichloromethane, N,N-dimethylformamide (DMF), methanol, pyridine,
tetrahydrofran (THF) were used as purchased. 2,6-Lutidine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), N,N-
diisopropylethylamine (DIPEA), n-tributylamine, and tetrachloromethane were used for reaction after distilled from
mixture of calcium hydride. '"H-NMR, *C-NMR, 3'P-NMR were recorded on JEOL JNM-AL300, INM-ECS400,
and JNM-ECAS500 spectrometers. Chemical shift values are reported in part per million (ppm) relative to internal
tetramethylsilane (0.00 ppm), residual CHD>OD (3.31 ppm), CHD2>CN (1.94 ppm) or CHD,S(=0)D3 (2.50 ppm)
for 'TH-NMR. For '3C-NMR, chemical shift values are reported in ppm relative to chloroform-d; (77.2 ppm),
methanol-ds (49.0 ppm), acetonitrile-d3 (1.32 ppm) or DMSO-ds (39.5 ppm). Moreover, chemical shift values are
reported in ppm relative to 5% H3PO4 (0.00pm) and trifluoroacetic acid (-78.5 ppm) as external standard for 3'P-
NMR and '"F-NMR, respectively. Gene Design nS-8 Oligonucleotides Synthesizer was used as an automated DNA
synthesizer (for 0.2 and 1.0 pmol scale). UV melting experiments were carried out on a SHIMADZU UV-1650PC
and UV-1800 spectrometers equipped with a Ty, analysis accessory quartz cuvettes of 1 cm optical path length. IR
spectra were recorded on a JASCO FT/IR-4200 spectrometers. CD spectra were measured using a
spectrophotometer, JASCO J-720W. Optical rotations were recorded on a JASCO DIP-370 instrument. MALDI-
TOF mass of all new compounds were recorded on JEOL SpiralTOF JMS-S3000. MALDI-TOF mass of all
oligonucleotides were recorded on a Bruker Daltonics Autoflex II TOF/TOF mass spectrometer. For column
chromatography, Fuji Silysia PSQ-100B, PSQ-60B, or FL-100D slica gel were utilized. For high performance liquid
chromatography (HPLC), SHIMADZU CBM-20A, DGU-20A3, LC-20AT, CTO-20A, SPD-20A, and FRC-10A
were utilized. For UV absorbance measurement, SHIMADZU UV-1800 spectrometers was utilized.
All complementary DNA or RNA sequences used for UV melting experiments (containing ODN 1~9_C, ODN
1~9 L, ODN 1~5_T, ODN 9_T, and ODN 20) were purchased from GeneDesign, Inc. ODN 1~8_PH and ODN
1~9 PAEO were synthesized following reported papers'!-1?),
1=
55 2 fiio9EER (Chapter 1, Section 2)
3',5'-Di-0-acetyl-5-bromo-2'-0,4'-C-methyleneuridine (2)
To an ice-cold solution of compound 3,5-di-O-Acetyl-2'-0,4"-C-methyleneuridine?? (6.69 g, 19.7 mmol) in
anhydrous dimethylformamide (DMF) (190 ml) was added N-bromosuccineimide (NBS) (5.20 g, 29.0 mmol), and
the resultant mixture was stirred at 0°C for 1.5 h under an Ar atmosphere. Then, the mixture was stirred at room
temperature for 1 h. After removal of DMF in vacuo with some heat, the residue was purified by silica gel column
chromatography (CH3Cl / MeOH = 97 / 3) to give compound 2 (6.45 g, 81%) as a white solid; Mp: 122-125 °C.
[a]37 +3.5 (c 0.4, CHCl3); IR vimax (KBr): 1056, 1094, 1133, 1232, 1370, 1438, 1619, 1697, 1749, 2343, 2359, 2376,
2823, 3084, 3190 cm™!; 'TH NMR (500 MHz, CDCl3): 8 2.15 (3 H, s), 2.24 (3 H, s), 3.95, 4.03 (2 H, ABq, J = 8.5
Hz), 4.40, 4.46 (2 H, ABq, J= 12.8 Hz), 4.68 (1 H, s), 4.86 (1 H, s), 5.68 (1 H, s), 7.99 (1 H, s), 8.56 (1 H, s); '3C
NMR (125.8 MHz, CD3S(=0)CD3): 4 20.5, 20.6, 58.7, 70.7, 71.2,77.4, 85.4, 86.7, 95.8, 138.2, 149.3, 159.3, 169.6,
169.8; HR-MS (MALDI-TOF-Mass) Calcd. for Ci4sHsN2OgNaBr [M+Na]*: 440.9904, Found: 440.9903.
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5-Bromo-N*-(2""-hydroxyphenyl)-2'-0,4'-C-methylenecytidine (4)

To a solution of compound 2 (850 mg, 2.00 mmol) in CH>Cl, (90 ml) was added triphenyl phosphine (PhsP, 1.23 g,
4.70 mmol), then CCls (20 ml) was added to the mixture. The resultant mixture was refluxed for 2 h under Ar
atmosphere. After that, the reaction mixture was cooled to room temperature. Then, 2-aminophenol (533 mg, 4.88
mmol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (0.60 ml, 4.0 mmol) were added to reaction mixture, and it
was stirred at room temperature for 12 h. The reaction mixture was concentrated to remove the reaction solution
under reduced pressure, and the residue was dissolved in CHCl3 again. This organic solution was washed with 5%
citric acid aqueous solution, dried over Na;SO4, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (n-hexane / AcOEt=1/1 to 1/2) to give compound 3 contaminated with
triphenyl phosphineoxide (Ph;P=0) (1.93 g). Compound 3 comtaminated with PhsP=0 (1.93 g) was dissolved in 7
M NH;3 in MeOH (12 ml) and the reaction mixture was stirred at room temperature for 2 h. It was concentrated to
remove MeOH under reduced pressure, and the residue was purified by silica gel column chromatography (n-hexane
/AcOEt=1/3t0 0/ 1) to give compound 4 (693 mg, 81% in 2 steps), as a white solid; [a]3®> +84.6 (c 0.1, 1,4-
dioxane); IR vmax (KBr): 1051, 1083, 1117, 1232, 1290, 1460, 1494, 1558, 1618, 1646, 1716, 2956, 3355 cm™'; 'H
NMR (500 MHz, CDsOD): & 3.76, 3.96 (2 H, ABq, J = 7.5 Hz), 3.89, 3.92 (2 H, ABq, J = 12.8 Hz) 4.06 (1 H, s),
436 (1 H,s),559(1H,s),6.85(1H,t,J=7.8Hz),6.87 (1 H,d,/J=8Hz), 6.99 (1 H,t,J="7Hz), 8.28 (1 H, s),
8.40 (1 H, d, J= 7.5 Hz); *C NMR (125.8 MHz, CD30D): § 55.5, 68.1, 70.5, 78.7, 87.3, 88.7, 88.7, 113.9, 118.7,
121.2, 124.6, 125.4, 139.9, 147.5, 154.7, 157.2; HR-MS (MALDI-TOF-Mass) Calcd. for CisH1sN3O¢NaBr
[M+Na]*: 448.0115, Found: 448.0113.

3-(2'-0,4'-C-Methylene-p-D-ribofuranosyl)-1,3-diaza-2-oxophenoxazine (5)

To a solution of compound 4 (1.20 g, 2.80 mmol) in EtOH (300 ml) was added DBU (0.46 ml, 3.1 mmol), and the
resultant mixture was refluxed for 30 h. The reaction mixture was concentrated to remove the reaction solution
under reduced pressure, and the residue was purified by trituration with MeOH to give compound 5. Furthermore,
after this trituration, the residue containing compound 5 was purified by silica gel column chromatography (AcOEt
/MeOH =1/0to 9/ 1) to obtain another crop of compound 5 (569 mg, 59%) as an orange solid; [a]3°® -76.7 (c
0.1, EtOH); IR vmax (KBr): 1049, 1085, 1231, 1260, 1337, 1421, 1472, 1508, 1577, 1636, 1677, 2328, 2338, 2362,
2961, 3299, 3392 cm’'; 'H NMR (500 MHz, CD3S(=0)CDs): § 3.53, 3.73 (2 H, ABq, J = 7.8 Hz), 3.66 (2 H, s),
3.86 (1 H, s),4.04 (1 H, s), 520 (1 H, s), 5.27 (1 H, s), 5.61 (1 H, 8), 6.71-6.82 (4 H, m), 7.39 (1 H, s), 10.5 (1 H,
s); *C NMR (100.5 MHz, CD3S(=0)CD3): § 55.7, 68.3, 70.9, 78.8, 86.6, 88.8, 115.2, 116.6, 121.4, 123.7, 123.8,
126.9, 142.2, 152.6, 154.0; HR-MS (MALDI-TOF-Mass) Calcd. for CicHi16N3Os [M+H]": 346.1034, Found:
346.1027.

3-(5’-O-Dimethoxytrityl-2'-O,4'-C-methylene-B-D-ribofuranosyl)-1,3-diaza-2-oxophenoxazine (6)

To a solution of silver trifluoromethanesulfonate (AgOTf) (364 mg, 1.42 mmol) in CH,Cl, (5 mL) was added 4,4’-
dimethoxy chloride (DMTrCI) (515 mg, 1.52 mmol) in CH,Cl> (5 mL), and the resultant mixture was stirred for 1
h at room temperature under Ar atmosphere to give DMTrOTf in CH»Cl,. Then, to the solution of compound 5 (99
mg, 0.28 mmol) in anhydrous 2,6-lutidine (8 mL) was added DMTrOTf solution of CH>Cl, (4.8 ml) at 0 °C, and

the mixture was stirred for 3 h. After addition of aqueous NaHCO3 at 0°C, the mixture was extracted with AcOEt.
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The organic extracts were washed with saturated aqueous NaHCOj3 solution and aqueous solution of copper (II)
sulfate (3.0 g in 20 ml H»>O), and dried over Na,SOj4, and then concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (0.5% triethylamine in n-hexane / AcOEt=1/9to 0/ 1) to give
compound 6 (105 mg, 58%) as a yellow amorphous solid; [a]3’ -81.9 (c 0.3, CHCl3); IR vinax (KBr): 1048, 1082,
1178, 1254, 1282, 1331, 1389, 1419, 1472, 1499, 1576, 1607, 1640, 1677, 2334, 2357, 2838, 2852, 3086, 3413 cn
I; TH NMR (500 MHz, CDCl3): 6 3.44 (2 H, ABq, J=4.5 Hz), 3.73, 3.88 (2 H, ABq, J= 7.5 Hz), 3.78 (3 H, s), 3.79
(3H,s),4.40 (1 H,s),4.78 (1 H, s), 5.63 (1 H, s), 6.60-6.70 (3 H, m), 6.87 (4 H, dd, /= 8.8, 3.2 Hz), 7.20 (1 H, t,
J=72Hz),733 (2H,t,J=7.7Hz),7.37 (4H, dd,J=9.0,2.5Hz), 747 (2H, d,J=7.5Hz), 7.73 (1 H,s), 11.2 (1
H, s); *C NMR (125.8 Hz, CDCls): § 55.2, 58.6, 70.3, 72.1,79.9, 86.5, 87.2, 87.8, 113.3, 114.7, 118.0, 120.2, 123.3,
124.2,126.4, 126.8, 127.5, 127.9, 128.0, 130.1, 130.2, 135.2, 135.4, 142.5, 144.9, 153.3, 155.3, 158.5, 158.5; HR-
MS (MALDI-TOF-Mass) Calcd. for C37H33N30gNa [M+Na]*: 670.2160, Found: 670.2162.

3-(3"-0O-p-Cyanoethyl-N,N-diisopropylphosphoramidyl-5’-O-dimethoxytrityl-2'-0,4’-C-methylene-p-D-
ribofuranosyl)-1,3-diaza-2-oxophenoxazine (7)

To a solution of compound 6 (107 mg, 0.16 mmol) in CH>Cl, (1.1 mL) were added N,N-diisopropylethylamine
(DIPEA) (0.085 mL, 0.48 mmol) and N,N-diisopropylamino-2-cyanoethylphosphino chloridite (0.080 mL, 0.36
mmol) at 0 °C and the resultant mixture was stirred for 3 h at room temperature under an Ar atmosphere. After
addition of saturated aqueous NaHCOj3 solution at 0 °C, the mixture was extracted with AcOEt. The organic extracts
were washed with saturated aqueous NaHCOj3 solution, water and brine, dried over Na>SOy4, and then concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (0.5% triethylamine in n-
hexane / AcOEt=1/1to 3/ 7) to give compound 7 (100 mg, 74%) as a yellow amorphous solid;'H NMR (300
MHz, CDCl3): 6 0.99-1.29 (12 H, m), 2.38 (13/20 H, t, J = 6.5 Hz), 2.55 (7/20 H, t, /= 6.3 Hz), 3.35-3.85 (14 H,
m), 4.28 (7/20 H, d, J =11.5Hz), 4.39 (13/20 H, d, J = 15 Hz), 4.65 (13/20 H, s), 4.72(7/10 H, 5),5.72 (1 H, s), 6.55-
6.60 (1 H, m), 6.80-6.92 (6 H, m), 7.26-7.41 (7 H, m), 7.47-7.65 (4 H, m); 3'P NMR (202.5 MHz, CDCIl3): & 149.7,
149.8; HR-MS (MALDI-TOF-Mass) Calcd. for C46HsoNsO9NaP [M+Na]*: 870.3238, Found: 870.3240.

Synthesis and identification of the BNAP-incorporated oligonucleotides

Synthesis of the BNAP-incorporated oligonucleotides was performed on an automated DNA synthesizer
(GeneDesign nS-8 Oligonucleotides Synthesizer) Nucleic Acid Synthesis System at 0.2 or 1.0 pmole scale. Then,
5-[3,5-bis(trifluoromethyl)phenyl]-1H-tetrazole was used for all coupling steps as the activator. The coupling time
of standard phosphoramidite coupling protocol was increased from 25 s to 7 min. The BNAP phosphoramidite 7
was prepared with 0.10 M in ACN solution, and other unmodified phosporamidites were also prepared with 0.10 M
in ACN and their coupling times were 25 s (as a standard protocol). The oligonucleotides synthesis was performed
on DMTr-on mode. Solid (CPG) - supported oligonucleotides were cleavaged and their protected groups of each
nucleobase and phosphordiester linkages were removed with mixed solution; aqueous methylamine (40%) and
aqueous ammonia (28%) solution (the ratio was 1:1 for v/v) at 65 °C for 10 min. The crude oligonucleotides bearing
a DMTr group were detritylated and purified with a Sep-Pak® Plus C18 Cartridge and Sep-Pak® Plus C18
Environmental Cartridge (Waters); washed with 10% ACN aqueous solution, detritylated with 0.5% aqueous

trifluoro acetic acid solution, and eluted with 35% aqueous MeOH solution, followed by reverse-phase HPLC on a
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Waters XBridge™ OST C18 2.5 um (10 x 50 mm) using 0.1 M triethylammonium acetate (TEAA) buffer (pH =
7.0) as buffer A, and 50% ACN in 0.1 M TEAA buffer (pH = 7.0) as buffer B. The compositive confirmation of
purified oligonucleotides was performed by reverse-phase HPLC on a Waters XBridge™ OST C18 2.5 um (4.6 x
50 mm) and by MALDI-TOF mass spectrometry. The overall yields were shown in Table 1 calculated from the UV

absorbance at 260 nm. Measurement method and conditions in reverse-phase HPLC are shown below.

General conditions;
For preparative chromatography: Waters XBridge™ OST C18 2.5 pm (10 x 50 mm)
For analytical chromatography: Waters XBridge™ OST C18 2.5 pm (4.6 x 50 mm)
Flow rate for preparative conditions: 4.0 mL/min
Flow rate for analytical conditions: 1.0 mL/min
Wavelength of UV for oligonucleotides detections: 260 nm

Temperature of column oven: 50 °C

Gradient of ACN in both preparative and analytical conditions (30 min) and Retention time (Rt) (min)

4-8%; ODN 5_BH (Rt : 17.3 min)

6-9%; ODN 2_BH (Rt : 9.7 min)

6-12%; ODN 1_BH (Rt : 10.4 min), ODN 3_BH (Rt : 12.5 min), ODN 4_BH (Rt : 7.0 min), ODN 6_BY (Rt : 13.2
min), ODN 7_BH (Rt : 11.4 min), ODN 8 BH (Rt : 13.6 min)

55 3 fio 2Bk (Section 3)

3',5'-Di-0-acetyl-5-bromo-N*-(2"",6'-dihydroxyphenyl)- 2'-0,4'-C-methylenecytidine (14)

To a solution of compound 2 (3.40 g, 8.11 mmol) in CH2Cl; (90 ml) was added triphenyl phosphine (PhsP, 4.30 g,
16.4 mmol), then CCls (80 ml) was added to it. The resultant mixture was refluxed for 2 h under Ar atmosphere.
After that, the reaction mixture was cooled to room temperature. Then, 2-aminoresorcinol (2.08 g, 16.7 mmol) and
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (2.4 ml, 16 mmol) were added to reaction mixture, and the mixture was
stirred at room temperature for 6 h. The reaction mixture was concentrated to remove the reaction solution under
reduced pressure, and the residue was dissolved in CHCIl3 again. This organic solution was washed with 5% citric
acid aqueous solution, dried with Na>SOs, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (CHCl3 / MeOH =97 /3 to 95/ 5) to give compound 14 as a yellow amourphous
solid (3.10 g, 73%); [a]3® +14.4 (c 1.0, CH3CN); IR vimax (KBr): 1025, 1057, 1092, 1129, 1232, 1292, 1346, 1372,
1422, 1447, 1500, 1586, 1650, 1758, 1853, 2359, 2569, 2763, 2895, 2955, 3020, 3088, 3299 cm™'; 'H NMR (400
MHz, CD3CN): 6 2.06 (3 H,s),2.14 (3 H, s),3.93,3.99 (2 H, ABq, /= 8.0 Hz), 4.37,4.47 2 H, ABq, /= 12.0 Hz),
4.57 (1 H,s),494 (1H,s),559(1H,s),6.48 (2H,d,J=8.0Hz),6.97 (1 H,t,J=8.0 Hz), 8.01 (1 H, s), 8.05 (1
H, s),9.28 (1 H, s); *C NMR (101 MHz, CDsCN): § 20.9, 21.0, 59.7,71.7,72.5,78.5, 86.8, 88.6, 89.2, 109.7, 115.5,
118.3 128.4, 141.8, 151.1, 153.2, 158.3, 170.7, 171.0; HR-MS (MALDI-TOF-Mass) Calcd. for CH2i1N309Br
[M+H]*": 526.0456, Found: 526.0450.
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3',5'-Di-0-acetyl-N*-{2''-(2-N-benzylcarbamyl-ethoxy)-6'"-hydroxyphenyl}-5-bromo-2'-0,4'-C-
methylenecytidine (15)

To a solution of compound 14 (3.10 g, 5.89 mmol) in CH,CIl/THF (130/65 ml) were added triphenyl phosphine
(PhsP, 1.72 g, 6.54 mmol) and benzyl-N-(2-hydroxyethyl)carbamate (1.28 g, 6.57 mmol), then diethyl
azodicarboxylate (DEAD, 3.0 ml, 16 mmol) was added slowly. The resultant mixture was refluxed for 5 h under Ar
atmosphere. After addition of saturated aqueous NaHCOs3 at 0°C, the mixture was extracted with CHCls. The organic
extracts were washed with saturated aqueous NaHCOs solution and H>O, and dried over Na;SOs, and then
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (CHCI3 /
AcOEt = 8 /2 to 6 / 4). Afterwards, obtained mixture conining coumpoud 15 was purified by silica gel column
chromatography again (CHCl3 / MeOH =95 /5 to 93/ 7) to give compound 15 (3.94 g, 95%) as a yellow amorphous
solid; [a]3® +5.5 (¢ 1.0, CHCls); IR vimax (KBr): 1058, 1094, 1129, 1238, 1281, 1331, 1369, 1391, 1419, 1508,
1570, 1622, 1677, 1716, 1749, 2359, 2570, 2765, 2890, 2954, 3011, 3086, 3329 cm'; 'H NMR (400 MHz, CDCl3):
02.12(3H,s),2.20 (3 H, 5), 3.66-3.70 (2 H, m), 3.96, 4.01 (2 H, ABq, /= 8.0 Hz), 4.10-4.16 (2 H, m), 4.39, 4.46
(2H,ABq,/=12.0Hz),4.73 (1 H, s),4.85 (1 H, s), 5.12 (2 H, s), 5.48-5.51 (1 H, m), 5.70 (1 H, s), 6.40 (1 H, d, J
=8.0 Hz), 6.67 (1 H, dd, /= 8.4, 0.9 Hz), 7.00 (1 H, t, J= 8.0 Hz), 7.30-7.35 (§ H, m),7.92 (1 H, s), 8.09 (1 H, s),
11.05 (1 H, s); *C NMR (100.5 MHz, CDCl3): 8 20.9, 20.9, 40.8, 58.5, 67.0. 67.7, 70.6, 71.7, 77.4, 77.6, 85.8, 85.8,
87.8, 89.0, 102.6, 114.2, 115.6, 127.3, 128.2, 128.3, 128.6, 136.4, 140.1, 150.1, 150.2, 151.8, 156.3, 156.5, 169.7,
170.1; HR-MS (MALDI-TOF-Mass) Calcd. for C30H31N4O11NaBr [M+Na]*: 725.1065, Found: 725.1085.

3-(2'-0,4'-C-Methylene-p-D-ribofuranosyl)-9-(2-N-benzylcarbamyl-ethoxy)-1,3-diaza-2-oxophenoxazine
a7

To a compound 15 (3.50 g, 4.98 mmol) was added 7 N NH3z in MeOH (30 mL). The resultant mixture was stirred
for 3 h at room temperature under Ar atmosphere. After that, the reaction mixture was concentrated to remove the
reaction solution under reduced pressure, and the residue was utilized for next reaction directly (3.00 g). To a
solution of compound 16 (3.00 g) in EtOH (300 ml) was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (0.80 ml,
5.4 mmol), and the mixture was refluxed for 5 h. The reaction mixture was concentrated to remove the reaction
solution under reduced pressure, and the residue was dissolved in CHCl3 again. This organic solution was washed
with saturated aqueous NaHCOj3, dried with Na>SOy4, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (CHCl3 / MeOH = 97/ 3 to 90 / 10) to give compound 17 (1.53 g,
57 % in 2 steps) as an orange amorphous solid; Mp: Decomposition or carbonization near 210-220 °C. [a]3® -7.3
(c 1.0, CHCIs); IR vmax (KBr): 1015, 1055, 1075, 1098, 1147, 1233, 1254, 1280, 1333, 1363, 1382, 1418, 1476,
1510, 1559, 1611, 1671, 1699, 2359, 2884, 2947, 3091, 3275 cm’!; "TH NMR (400 MHz, CD3;0D): 8 3.48-3.59 (2 H,
m), 3.75,3.95 (2 H, ABq, J=6.0 Hz), 3.90 (2 H, s), 4.02 2 H, t, /J=4.0 Hz), 4.08 (1 H, s), 4.31 (1 H, 5), 5.10, 5.14
(2 H, ABq, J=12.0 Hz), 5.49 (1 H, s), 6.38 (1 H, d, /= 8.0 Hz), 6.54 (1 H, d, /= 8.0 Hz), 6.79 (1 H, t, J = 10.0
Hz), 7.23-7.33 (5 H, m), 7.51 (1 H, s); 3C NMR (100.5 MHz, CDsOD):  41.2, 57.6, 67.5, 69.6, 70.2, 72.4, 80.7,
88.7,90.4, 108.2, 109.3, 116.8, 123.1, 124.9, 128.6, 128.9, 129.4, 129.6, 138.4, 144.3, 147.8, 155.8, 156.2, 159.1;
HR-MS (MALDI-TOF-Mass) Calcd. for CosH26N4OoNa [M+Na]*: 561.1592, Found: 561.1595.
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3-(2'-0,4'-C-Methylene-p-D-ribofuranosyl)-9-(2-aminoethoxy)-1,3-diaza-2-oxophenoxazine (18)

To a solution of compound 17 (45 mg, 0.084 mmol) in MeOH (10 ml) were added Pd(OH),/C (20 mg) and
cyclohexene (8 ml), and the mixture was refluxed for 3 h. After the reaction mixture was cooled to room temperature,
the reaction mixture was filtrated to remove Pd(OH),/C. The residue was concentrated under reduced pressure to
give compound 18 (31.6 mg, 93 %) as a yellow solid; Mp: Decomposition or carbonization near 230-250 °C. [a]3’
-3.7 (¢ 1.0, DMSO); IR vmax (KBr): 1009, 1052, 1075, 1094, 1120, 1130, 1202, 1237, 1261, 1282, 1316, 1335, 1368,
1411, 1435, 1475, 1512, 1562, 1608, 1634, 1666, 2343, 2954, 3302 cm™'; '"H NMR (500 MHz, DMSO-ds): & 2.85-
2.88 (2 H, m), 3.61, 3.80 (2 H, ABq, J= 6.0 Hz), 3.73 (2 H, s), 3.87-3.89 (2/10 H, m), 3.91 (8/10 H, s), 3.92 (2/10
H, s),4.03-4.06 (8/10 H, m), 4.11 (8/10 H, s), 4.12 (2/10 H, s), 5.32 (8/10 H, s), 5.35 (2/10 H, s), 6.38 (8/10 H, d, J
=4.0 Hz), 6.45 (2/10 H, d, /= 8.0 Hz), 6.56 (8/10 H, d, J = 8.0 Hz), 6.61 (2/10 H, d, /= 8.0 Hz), 6.70 (8/10 H, t, J
= 8.0 Hz), 6.80 (2/10 H, t, /= 6.0 Hz), 7.36 (8/10 H, s), 7.47 (2/10 H, s); 3C NMR (100.5 MHz, DMSO-ds): § 51.1,
55.7, 68.3, 70.9, 73.6, 78.8, 86.6, 88.8, 108.1, 109.3, 117.3, 123.1, 123.2, 126.7, 142.6, 146.9, 152.5, 153.4; HR-
MS (MALDI-TOF-Mass) Calcd. for CisH20N4O7Na [M+Na]*: 427.1224, Found: 427.1226.

3-(5'-O-Dimethoxytrityl-2'-O,4'-C-methylene-p-D-ribofuranosyl)-9-(2-trifluoroacetamidoethoxy)-1,3-diaza-
2-oxophenoxazine (20)

To a solution of compound 18 (64 mg, 1.6 mmol) in anhydrous pyridine (60 ml) was added trifluoroaceticacid
anhydride (TFAA, 12 ml, 3.8 mmol) at 0 °C. The resultant mixture was stirred for 2 h under Ar atmosphere at room
temperature. After that, the reaction mixture was concentrated with toluene to remove pyridine and to give crude
mixture of compound 19 (702 mg). To a solution of silver trifluoromethanesulfonate (AgOTf) (936 mg, 3.64 mmol)
in CH2Cl, (25 mL) was added 4,4’-dimethoxy chloride (DMTrCl) (1.25 g, 3.68 mmol) in CH>Cl, (5 mL), and the
resultant mixture was stirred for 1 h at room temperature under Ar atmosphere to give DMTrOTf in CH>Cl,. Then,
to a solution of crude mixture of 19 (702 mg) in anhydrous 2,6-lutidine (35 mL) was added DMTrOTf solution of
CH:Cl, (17 ml) at 0 °C, and the mixture was stirred for 2 h. After addition of H,O at 0°C, the mixture was extracted
with AcOEt. The organic extracts were washed with saturated aqueous NaHCO3 solution and copper (I) sulfate
aqueous solution (3.0 g in 20 ml H>O) to remove 2,6-lutidine, and dried over Na>SOj4, and then concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (0.5% triethylamine in n-hexane /
AcOEt=2/81t00/ 1) to give compound 20 (597 mg, 47% in 2 steps) as a yellow amorphous solid; [a]3® -8.1 (c
1.0, CH3CN); IR vmax (KBr): 1017, 1057, 1081, 1104, 1155, 1190, 1228, 1261, 1287, 1329, 1363, 1383, 1418, 1446,
1480, 1517, 1566, 1612, 1676, 1726, 1969, 2048, 2177, 2300, 2359, 2428, 2548, 2601, 2837, 2949, 3091, 3275 cm"
!; 'TH NMR (400 MHz, CD3CN): 8 3.39 (2 H, s), 3.66, 3.77 (2 H, ABq, J = 8.0 Hz), 3.68-3.72 (2 H, m) 3.74 (6 H,
s), 4.03-4.11 (2H, m), 4.18 (1 H, d, /J=4.0 Hz), 4.30 (1 H, d, /= 4.0 Hz), 4.39 (1 H, 5), 5.40 (1 H, s), 6.21 (1 H, dd,
J=28.3,0.8Hz), 6.49 (1 H, dd, J= 8.4, 0.7 Hz), 6.75 (1 H, t, J = 8.0 Hz), 6.88 (4 H, m), 7.23-7.27 (1 H, m), 7.31-
7.38 (6 H, m), 7.47-7.50 (3H, m), 8.00 (1 H, s), 8.24 (1 H, t, J = 6.0 Hz); '*C NMR (100.5 MHz, CD3CN): § 39.9,
55.9,59.1,68.1,70.4,72.4, 80.0, 87.2, 87.2, 88.4, 88.6, 88.6, 107.6, 109.1, 114.1, 115.7, 116.4, 123.1, 124.4, 127.9,
128.7, 129.0, 131.0, 136.6, 136.6, 136.6, 143.6, 143.6, 145.8, 146.9, 154.8, 155.0, 158.0, 158.4, 159.7; '°F NMR
(376.2 MHz, CD3CN): § -77.2; HR-MS (MALDI-TOF-Mass) Calcd. for C41H37N4O10F3Na [M+Na]*: 825.2354,
Found: 825.2364.
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3-(3'-0-p-Cyanoethyl-N,N-diisopropylphosphoramidyl-5'-O-dimethoxytrityl-2'-0,4’-C-methylene-p-D-
ribofuranosyl)-9-(2-trifluoroacetamidoethoxy)-1,3-diaza-2-oxophenoxazine (21)

To a solution of compound 20 (97 mg, 0.12 mmol) in CH>Cl, (2 mL) were added N,N-diisopropylethylamine
(DIPEA) (0.042 mL, 0.24 mmol) and N,N-diisopropylamino-2-cyanoethylphosphino chloridite (0.032 mL, 0.14
mmol) at 0 °C and the resultant mixture was stirred for 2 h at room temperature under an Ar atmosphere. After
addition of H>O at 0°C, the mixture was extracted with AcOEt / n-hexane. The organic extracts were washed with
saturated aqueous NaHCOs3 solution, water and brine, dried over Na,SO4, and then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (0.5% triethylamine in n-hexane / AcOEt
=3/7to2/8)to give compound 21 (93 mg, 77%) as a yellow amorphous solid; '"H NMR (400 MHz, CDCls): &
0.97-1.29 (12 H, m), 2.38 (7/8 H, t,J= 6.0 Hz), 2.55 (1/8 H, t,J= 6.0 Hz), 3.36 (8/10 H, d, /= 12.0 Hz), 3.40 (2/10
H, d, J=12.0 Hz), 3.46-3.57 (5§ H, m), 3.76-3.82 (10 H, m), 4.13-4.17 (2 H, m), 4.25 (2/10 H, d, J = 8.0 Hz), 4.33
(8/10 H, d, J= 8.0 Hz), 4.60 (17/20 H, s), 4.64 (3/20 H, s), 5.59 (3/20 H, s), 5.61 (17/20 H, s), 6.28 (1 H, d, J=8.0
Hz), 6.45 (1 H,d,J=8.0Hz), 6.79 (1 H, t,J=12.0 Hz), 6.83-6.87 (4 H, m), 7.22 (1 H, t, J=8.0 Hz), 7.31 2 H, t,
J=8.0Hz),7.36 (4 H,d,J=8.0 Hz), 7.47 2 H, d, /= 8.0 Hz), 7.54 (1 H, s), 8.29 (1 H, s), 8.40 (1 H, s); '°F NMR
(376.2 MHz, CDCls): § -76.8, -76.7; 3'P NMR (161.8 MHz, CDCl3):  149.1, 149.4; HR-MS (MALDI-TOF-Mass)
Calcd. for CsoHs4N¢O1:F3sNaP [M+Na]*: 1025.3433, Found: 1025.3440.

Synthesis and identification of the BNAP-AEO-incorporated oligonucleotides

Synthesis of the BNAP-AEO-incorporated oligonucleotides was performed on an automated DNA synthesizer
(GeneDesign nS-8 Oligonucleotides Synthesizer) Nucleic Acid Synthesis System at 0.2 pmole scale. Then, 5-[3,5-
bis(trifluoromethyl)phenyl]-1H-tetrazole were used for all coupling steps as the activator. The coupling time of
standard phosphoramidite coupling protocol was increased from 25 s - 12 min. The BNAP-AEO phosphoramidite
21 was prepared with 0.10 M in ACN/THF (3:1, v/v) , and other unmodified phosphoramidites were also prepared
with 0.10 M in ACN solution and their coupling times were 25 s (as a standard protocol). The oligonucleotides
synthesis was performed on DMTr-on mode. Solid (CPG) - supported oligonucleotides were cleavaged and their
protected groups of each nucleobase were removed with 50 mM K>CO; of MeOH solution at rt for 24 h. The crude
oligonucleotides bearing a DMTr group were detritylated and purified with a Sep-Pak® Plus C18 Cartridge and Sep-
Pak® Plus C18 Environmental Cartridge (Waters); washed with 10% ACN aqueous solution, detritylated with 0.5%
aqueous trifluoro acetic acid solution, and eluted with 35% aqueous MeOH solution, followed by reverse-phase
HPLC on a Waters XBridge™ OST C18 2.5 um (10 x 50 mm) using 0.1 M triethylammonium acetate (TEAA)
buffer (pH = 7.0) as buffer A, and 100% ACN as buffer B. The compositive confirmation of purified
oligonucleotides was performed by reverse-phase HPLC on a Waters XBridge™ OST C18 2.5 pm (4.6 x 50 mm)
and by MALDI-TOF-MS. The overall yields were shown in Table 2 calculated from the UV absorbance at 260 nm.

General conditions;
For preparative chromatography: Waters XBridge™ OST C18 2.5 um (10 x 50 mm)
For analytical chromatography: Waters XBridge™ OST C18 2.5 um (4.6 x 50 mm)
Flow rate for preparative conditions: 4.0 mL/min

Flow rate for analytical conditions: 1.0 mL/min
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Wavelength of UV for oligonucleotides detections: 260 nm

Temperature of column oven: 50 °C

Gradient of ACN in both preparative and analytical conditions (30 min) and Retention time (Rt) (min)

5-9%; ODN 8 BAEO (Rt : 12.1 min)

5-10%; ODN 5_BAEO (Rt : 9.9 min), ODN 6_BAEO (Rt : 17.5 min), ODN 7_BAEO (Rt : 20.0 min)

6-12%; ODN 1_BAEO (Rt : 14.4 min), ODN 2_ BAEO (Rt : 9.5 min), ODN 3_ BAEO (Rt : 11.8 min), ODN 4_BAEO
(Rt : 8.8 min), ODN 9 _BAEO (Rt : 19.8 min)

55 4 Fii D FEER (Section 4)

Thermal denaturation experiments

The UV melting profiles were recorded in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl to give
final concentration of each oligonucleotide in 2 M. The samples were annealed by heating at 100 °C followed by
slow cooling to room temperature. The melting profile was recorded at 260 nm from 5 to 90 °C at a scan rate of
0.5 °C /min. The T, values were calculated as the temperature of the half dissociation of the formed duplex based

on the first derivative of the melting curve.

55 5 fio 925k (Section 5)

CD spectrum measurement

These spectra were recorded at 10 °C in the quartz cuvette of 1cm optical path length. The samples were prepared
in the same manner as described in the UV melting experiments. The molar ellipticity was calculated from the
equation [0] = 6/c/, where 0 indicates the relative intensity, ¢ is the sample concentration, and / means the cell path

length in centimeters.

55 6 fiDFEER (Section 6)
Thermodynamic analysis
The UV melting profiles for thermodynamic analysis were recorded in 2 mM sodium phosphate buffer (pH7.2)
containing 20 mM NaCl to give final concentration of each oligonucleotide in 0.45, 0.74, 1.22, 2.00 uM for 130 pL,
and 3.26 and 6.80 uM for 50 pL. These samples were annealed by heating at 100 °C followed by slow cooling to
room temperature. The melting profile was recorded as same method as thermal denaturing experiments. van’t Hoff
plots were recorded by T values in each concentration, and each value of AH, AS and AG were calculated according
to equation below.

1/Tm = (R/AH®) * In(Cy/4) +AS° /AH®

AG°=AH°-TAS®
In these equations, R indicates gas constant, and C; indicates total concentration of oligonucleotides.

The results of van’t Hoff plot and 7, measurements were shown below.

50



Table S1. 71, values of ODN_X containing each nucleotide with complementary DNA in ordered concentration.

Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target DNA = 3'-d (CGCAGGGAACGA) -5’
Modification Concentration of oligonucleotides (M)

X 0.45 0.74 1.22 2.00 3.26 6.80
C 42.3°C 43.5°C 44.1 °C 45.5°C 46.2 °C 48.4 °C
L 48.1 °C 49.2 °C 50.5°C 51.1°C 53.3°C 55.4°C
PH 473 °C 49.1 °C 50.0 °C 51.2°C 52.0°C 53.5°C
BH 51.0°C 52.5°C 53.1°C 54.3°C 55.6 °C 57.5°C
PAEO 56.7 °C 58.0 °C 59.4°C 60.8 °C 62.5°C 64.1 °C
BAEO 59.2°C 60.8 °C 62.3 °C 63.9 °C 65.6 °C 66.6 °C

Conditions: 2 mM phosphate buffer (pH 7.2), 20 mM NaCl aq., at a scan rate of 0.5 °C/min at 260 nm. The concentration
of oligonucleotides used was 0.45-6.80 uM each oligonucleotide. The Ty, values reflect the average of at least three

measurements. The error in T, values was + 0.5 °C.
X = C: 2'-deoxycytidine; L: 2',4'-BNA/LNA with 5-methylcytosine; PH: 2’-deoxyribonucleotide with phenoxazine; BH:

BNAP; PAEO: 2'_deoxyribonucleotide with G-clamp; BAE? = BNAP-AEO.
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Figure S1. Van’t Hoff plot of duplex of ODN_X containing each nucleoside and complementary single-stranded (ss)
DNA.

Table S2. 71, values of ODN_X containing each nucleotide with complementary RNA in ordered concentration.

Test ODN = 5'-d (GCGTCXCTTGCT) -3’ (ODN_X)
Target RNA = 3'-r (CGCAGGGAACGA) -5’
Modification Concentration of oligonucleotides (uM)

X 0.45 0.74 1.22 2.00 3.26 6.80
C 50.1°C 51.3°C 52.5°C 54.0 °C 54.5°C 56.0 °C
L 58.1°C 58.6 °C 59.6 °C 61.0 °C 61.9 °C 63.7 °C
pH 52.7°C 54.1°C 55.4°C 56.4 °C 57.5°C 58.9 °C
BH 58.9 °C 60.2 °C 60.5 °C 61.7 °C 63.2 °C 64.4 °C
PAEO 64.4 °C 65.6 °C 66.5 °C 67.4°C 69.0 °C 70.6 °C
BAEO 69.5 °C 70.2 °C 71.3°C 72.1°C 73.9 °C 75.7°C

Conditions: 2 mM phosphate buffer (pH 7.2), 20 mM NacCl aq., at a scan rate of 0.5 °C/min at 260 nm. The concentration
of oligonucleotides used was 0.45-6.80 uM each oligonucleotide. The Ty, values reflect the average of at least three
measurements. The error in T}, values was + 0.5 °C.

X = C: 2'-deoxycytidine; L: 2',4'-BNA/LNA with 5-methylcytosine; PH: 2’-deoxyribonucleotide with phenoxazine; BH:
BNAP; PAEO: 2'_deoxyribonucleotide with G-clamp; BAEC = BNAP-AEO.
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Figure S2. Van’t Hoff plot of duplex of ODN_X containing each nucleoside and complementary single-stranded (ss)

RNA.
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% 7 HiDSEER (Section 7)

Assessment of enzymatic stability of BNAP-AEO-incorporated oligonucleotides

After sample solutions (300 uL) containing ODN 9 _C, ODN 9 L, ODN 11, ODN 12, ODN 9_PAE0 and ODN
9_BAEO (final concentration of each ODN was 2 uM) were prepared with MgCl, ag. (final concentration was 10
uM), Tris-HCI buffer (final concentration was 50 uM), and 3’-exonuclease (CAVP; 0.13 pg/mL), these solutions
were standed at 37 °C. Since the reaction was started, solutions of 50 pL from each same were picked up and 3'-
exonuclease was inactivated to heat under 90 °C for 5 min at each time points (10, 30, 60 min). The remained
amounts of each intact (full length) oligonucleotides was analyzed and quantified by reverse-phase HPLC.

Moblile phase: 0.1 M TEAA buffer (pH 7.0) as buffer A
100% ACN as buffer B
For analytical chromatography: Waters XBridge™ OST C18 2.5 pm (4.6 x 50 mm)
Flow rate for analytical conditions: 1.0 mL/min
Wavelength of UV for oligonucleotides detections: 260 nm

Temperature of column oven: 50 °C

ODN9 C,ODNY9 L
Gradient of ACN in analytical conditions: 4-12% (20 min)

ODN 11, 12
Gradient of ACN in analytical conditions: 5-12% (20 min)

ODN 9 PAEO ODN 9 BAEO
Gradient of ACN in analytical conditions: 6-12% (20 min)
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55 1 Hio EER (Section 1)

Snapshots of molecular dynamics

In Figure 17, calculation of molecular dynamics was performed by MacroModel software [Maestro 11.2, Schrodinger,

LLC]; OPLS3 force field (in water at 300 K for 30 ns, Time steps: 1.5 fs, Equilibration time: 1.0 ps, Simulation time 2000

ps)

55 2 i FEE (Section 2)

1,2-Dihydro-2-oxobenzo[b][1, 8]naphthyridine-3-calboxylic acid (24)

To a suspended solution of ethyl-1,2-dihydro-2-oxobenzo[b][1,8]naphthyridine-3-carboxylate (23) (2.69 g, 10.0 mmol)
in THF/H>O (15 ml each) was added lithium hydroxide monohydrate (2.02 g, 48.1 mmol), and the resultant mixture
was stirred at 70 °C for 2 h. Afterwards, this mixture was cooled to room temperature. After addition of saturated
aqueous NH4Cl solution following aqueous HCI1 (1N, 40 mL) solution to neutralize pH, the yellow precipitate was
filtrated under reduced pressure. The precipitate was wash well by H-O and THF, then dried up in vacuo to afford
compound 24 as a yellow solid (2.05 g, 8.53 mmol, 85%); Mp: >300 °C. [a]3* +1.78 (c 0.1, DMSO); IR Viax
(KBr): 3161, 1662, 1624, 1564, 1506, 1479, 1400, 1313, 1279, 1246, 1223, 1184, 967 cm™'; 'H NMR (400 MHz,
DMSO-ds): 6 7.24 (1H, t, J= 8.0 Hz), 7.57 (1H, t, J= 6.0 Hz), 7.74 (1H, d, J = 8.0 Hz), 7.84 (1H, d, /= 8.0 Hz),
8.29 (1H, s), 8.42 (1H, s); *C NMR (125.8 MHz, DMSO-ds): 8 115.5, 125.1, 127.1, 129.0, 132.1, 139.0, 142.0,
148.1, 149.0, 165.1, 165.3; HRMS (MALDI) Calcd. for C13HoN2O3; [M+H]*: 241.0608, Found: 241.0608.

3-Bromo-1,2-dihydro-2-oxobenzo[b][1, 8]naphthyridine (25)

Br; (0.035 mL, 6.8 mmol) was mixed in DMF/pyridine (5 mL/2.5mL) at 0 °C in advance, which was prepared as a
Br; solution for the reaction. To the Br; solution was added compound 24, and the reaction mixture was stirred at
105 °C for 1 h under Ar atmosphere. After the resultant mixture was cooled to room temperature, which was poured
into crushed ice. Then, brown precipitate was filtrated under reduced pressure, and wash well by MeOH following
by H20. The filtrate at the time of a wash by MeOH was concentrated to obtain brown solid, and the brown solid
was washed well by MeOH following by H,O again. These procedure was needed several times to afford compound
25 as a brown solid (136 mg, 0.494 mmol, 81 %); Mp: Decomposition or carbonization near 200 °C. [a]3* -16.6
(c 1.0, DMSO); IR vmax (KBr): 3617, 3518, 3114, 3061, 1964, 1672, 1614, 1588, 1504, 1471, 1452, 1389, 1304,
1273,1237, 1177, 1011 em’'; "TH NMR (500 MHz, DMSO-dy): 6 7.55 (1H, td, J= 7.5, 1.3 Hz), 7.83 (1H, td, J= 7.5,
1.5 Hz), 7.90(1H, bd, J = 8.0 Hz), 8.06 (1H, bd, J = 8.0 Hz), 8.66 (1H, s), 8.73 (1H, s); 3C NMR (100.5 MHz,
DMSO-de): 6 115.7,118.7,124.7,125.2,127.1,128.9, 131.8, 136.6, 140.3, 147 .4, 148.3, 158.9; HRMS (MALDI) Calcd.
for C1oHsN2O7Br [M+H]*: 274.9819, Found: 274.9815.

1'-p-[3-(1,2-Dihydro-2-oxobenzo[b][1, 8]naphthyridine)]-2’-deoxy-D-ribofuranose (28)

Pd»(dba); (190 mg, 0.208 mmol) and P(o-tol)s (196 mg, 0.645 mmol) was weighed and transferred to flask in a
glove box. Then 1,4-dioxane (after freeze-pump-thaw cycling) was poured into the flask, and stirred for 30 min at
room temperature under Ar atmosphere. To a compound 25 (403 mg, 1.46 mmol) and 32 (1,4-anhydro-3-O-(tert-

butyldiphenylsilyl)-2-deoxy-D-erythro-pent-1-enitol)?® (500 mg, 1.41 mmol) were added the solution above and
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distilled BusN (0.070 pL, 2.9 mmol), and stirred at 75 °C for 18 h under Ar atmosphere. After the reaction mixture
was filtrated with Celite, the filtrate was concentrated under reduce pressure and purified roughly by silica gel
column chromatography (CHCI3 : MeOH = 95:5). After drying up of contaminated compounds containing 26 (855
mg), which were dissolved in AcOH/THF (1.5 mL/10 mL) for next reaction. To this solution of AcOH/THF was
added TBAF (1 M in THE, 1.5 mL, 1.5 mmol) at 0 °C, and resultant solution was stirred at 0 °C for 20 min under
Ar atmosphere. After addition of saturated aqueous NH4Cl solution at 0 °C, the resultant mixture was extracted with
AcOEt. The organic extracts were dried over Na;SOs, then contaminated compounds containing 27 were
concentrated under reduced pressure. The residue was purified roughly again by silica gel column chromatography
(n-hexane : AcOEt = 1:3) to afford contaminated compound 27 (145 mg). Afterwards, obtained compounds
containing 27 (145 mg) were dissolved AcOH/ACN (2 mL/10 mL) for the next reaction. To this solution of
AcOH/ACN was added NaBH(OAc)3 (305 mg, 1.44 mmol) at -20 °C, and the reaction mixture was stirred for 20
min at -20 °C under Ar atmosphere. After addition of MeOH at -20 °C, the resultant mixture was concentrated with
toluene to remove all solvents under reduced pressure. The residue was purified by silica gel column
chromatography (AcOEt : MeOH = 95:5) to afford compound 28 as a yellow solid (103 mg, 0.328 mmol, 23% over
3 steps); Mp: 122-126 °C. [a]3* +62.5 (¢ 0.2, MeOH); IR vmax (KBr): 3354, 3056, 2925, 2338, 2073, 1653, 1618,
1584, 1569, 1505, 1463, 1398, 1325, 1245, 1177, 1053 cm’!; '"H NMR (300 MHz, MeOH-dy): & 1.88-1.98 (1H, m),
2.46-2.54 (1H, m), 3.69-3.79 (2H, m), 3.99-4.03 (1H, m), 4.32-4.36 (1H, m), 5.25-5.30 (1H, m), 7.49-7.55 (1H,m),
7.75-7.81 (1H, m), 7.95 (1H, d, J= 9.0 Hz), 7.99 (1H, d, J = 6.0 Hz), 8.22 (1H, bs), 8.62 (1H,bs); 3C NMR (125.8
MHz, MeOH-d,): 6 42.7, 64.0, 74.2,77.0, 88.8, 117.1, 126.2, 126.9, 128.5, 129.6, 132.5, 134.8, 136.9, 138.1, 149.1,
149.4, 164.8; HRMS (MALDI) Calcd. for C17H17N204 [M+H]": 313.1184, Found: 313.1183.

1'-p-[3-(1,2-Dihydro-2-oxobenzo[b][1,8]naphthyridine)]-5’-0-(4,4'-dimethoxytrityl)-2'-deoxy-D-
ribofuranose (29)

To a solution of compound of 28 (144 mg, 0.462 mmol) in pyridine (5 mL) was added 4,4'-dimethoxytrityl chloride
(DMTCI) (204 mg, 0.601 mmol) at 0 °C and the reaction mixture was stirred for 4 h at room temperature under Ar
atmosphere. After addition of saturated aqueous NaHCOs3 solution at 0 °C, the resultant mixture was extracted with
AcOEt. The organic extracts were washed with H>O and dried over Na>SOs, then they were concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (n-hexane : AcOEt = 1:3) to give
compound 29 (248 mg, 0.402 mmol, 87%) as a yellow amorphous solid; Mp: 122-126 °C. [a]3* -20.5 (c 1.0,
CHCl); IR vmax (KBr): 3412, 3121, 3060, 3007, 2930, 2836, 2046, 1903, 1660, 1619, 1572, 1508, 1463, 1443, 1395,
1301, 1249, 1176, 1152, 1085, 1038 cm™'; '"H NMR (400 MHz, CDCls): 8 1.85 (1H, d, J = 4.2 Hz), 2.03-2.10 (1H,
m), 2.60-2.66 (2H, m), 3.38-3.45 (2H, m), 3.75 (3H, s), 3.75 (3H, s), 4.11-4.15 (1H, m), 4.45-4.49 (1H, m), 5.39
(1H, t,J="17.5 Hz), 6.83 (4H, d, J = 8.8 Hz), 7.21-7.24 (1H, m), 7.27-7.31 (2H, m), 7.38 (4H, d, J = 8.9Hz), 7.47-
7.52 (3H, m), 7.74-7.81 (2H, m), 8.00 (2H, t, J=4.1 Hz), 8.12 (1H, d, J= 1.4 Hz), 9.36 (1H, bs); 3C NMR (125.8
MHz, CDCl3): & 41.8, 55.0, 55.3, 64.0, 73.6, 75.2, 77.4, 85.6, 86.4, 113.3, 115.9, 125.2, 125.5, 127.0, 127.8, 128.0,
128.4, 128.4, 130.3, 131.4, 132.9, 136.1, 136.2, 136.8, 136.8, 145.0, 147.6, 148.2, 158.6, 163.1; HRMS (MALDI)
Calcd. for C3sH34N>0O¢Na [M+Na]*: 637.2309, Found: 637.2305.
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1'-p-[3-(1,2-Dihydro-2-oxobenzo[b][1,8]naphthyridine)]-5'-0-(4,4'-dimethoxytrityl)-2'-deoxy-D-
ribofuranose-3'-(2-cyanoethyl tetraisopropylphosphoramidite) (30)

To a solution of compound of 29 (171 mg, 0.277 mmol) in CH>Cl, (8 mL) were added N-ethyldiisopropylamine
(DIPEA) (0.012 pL, 0.69 mmol) and 2-cyanoethyl diisopropyl chlorophosphoramidite (0.080 pL, 0.36 mmol) at
0 °C and the reaction mixture was stirred for 3 h at room temperature under Ar atmosphere. After addition of H,O
at 0 °C, the resultant mixture was extracted with AcOEt. The organic extracts were washed with H>O and dried over
Na,S0s4, then they were concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane : AcOEt = 1:1 to 1:2) to obtain compound 30 (220 mg, 0.270 mmol, 98%) as a yellow
amorphous solid; "H NMR (300 MHz, CDCls):  0.83-1.39 (12H, m), 2.00-2.12 (1H, m), 2.44 (6/10 2H, t,J=7.5
Hz), 2.64 (4/10 2H, t, J= 6.0 Hz), 2.68-2.81 (1H, m), 3.30-3.38 (1H, m), 3.43-3.64 (4H, m), 3.74 (3H, s), 3.75 (3H,
s), 3.77-3.91 (1H, m), 4.20-4.26 (1H, m), 4.50-4.65 (1H, m), 5.40 (1H, t, J = 7.5 Hz), 6.80-6.86 (4H, m), 7.19-7.26
(1H, m), 7.27-7.33 (2H, m), 7.36-7.43 (4H, m), 7.45-7.54 (3H, m), 7.74-7.80 (2H, m), 7.84 (6/10H, s), 7.83(4/10H,
s), 8.04-8.05 (6/10H, m), 8.07-8.07 (4/10H, m), 8.17 (4/10H, d, /= 1.3 Hz), 8.23 (6/10H, d, J=1.3Hz), 9.77 (6/10H,
bs), 9.85 (4/10H, bs); 3'P NMR (121.7 MHz, CDCl3): 8 147.8, 148.6; HRMS (MALDI) Calcd. for C47HsiN4O7NaP
[M+Na]*: 837.3388, Found: 837.3405.

Synthesis and identification of the OBN-incorporated oligonucleotides

Synthesis of the OBN-incorporated oligonucleotides was performed on an automated DNA synthesizer
(GeneDesign nS-8 Oligonucleotides Synthesizer) Nucleic Acid Synthesis System at 0.2 pmol scale. Then, 5-[3,5-
bis(trifluoromethyl)phenyl]-1H-tetrazole was used for all coupling steps as the activator. The coupling time of
standard phosphoramidite coupling protocol was increased from 25 s to 2.5 min. The OBN phosphoramidite 30 was
prepared with 0.10 M in ACN solution, and other unmodified phosporamidites were also prepared with 0.10 M in
ACN and their coupling times were 25 s (as a standard protocol). The oligonucleotides synthesis was performed on
DMTr-on mode. Solid (CPG) - supported oligonucleotides were cleavaged and their protected groups of each
nucleobase and phosphordiester linkages were removed with mixed solution; aqueous methylamine (40%) and
aqueous ammonia (28%) solution (the ratio was 1:1 for v/v) at 65°C for 10 min. The crude oligonucleotides bearing
a DMTr group were detritylated and purified with a Sep-Pak® Plus C18 Cartridge and Sep-Pak® Plus C18
Environmental Cartridge (Waters); washed with 10% ACN aqueous solution, detritylated with 0.5% aqueous
trifluoro acetic acid solution, and eluted with 35% aqueous MeOH solution, followed by reverse-phase HPLC on a
Waters XBridge™ OST C18 2.5 um (10 x 50 mm) using 0.1 M triethylammonium acetate (TEAA) buffer (pH =
7.0) as buffer A, 100% ACN as buffer B. The compositive confirmation of purified oligonucleotides was performed
by reverse-phase HPLC on a Waters XBridge™ OST CI18 2.5 um (4.6 x 50 mm) and by MALDI-TOF mass

spectrometry. The overall yields were shown in Table 11 calculated from the UV absorbance at 260 nm.

General conditions;
For preparative chromatography: Waters XBridge™ OST C18 2.5 um (10 x 50 mm)
For analytical chromatography: Waters XBridge™ OST C18 2.5 um (4.6 x 50 mm)
Flow rate for preparative conditions: 4.0 mL/min

Flow rate for analytical conditions: 1.0 mL/min
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Wavelength of UV for oligonucleotides detections: 260 nm

Temperature of column oven: 50 °C

Gradient of ACN in both preparative and analytical conditions (20 min) and retention time (Rt) (min)
6-12%; ODN 2_N (Rt : 12.9 min), ODN 3_N (Rt: 13.1 min), ODN 4_N (Rt: 13.2 min) , ODN 5_N (Rt : 11.6 min)
7-13%; ODN 1_N (Rt : 11.6 min)
9-14%; ODN 13_N (Rt : 9.4 min)
9-15%; ODN 6_N (Rt : 10.0 min), ODN 7_N (Rt : 10.3 min)
9-18%; ODN 9_N (Rt : 10.4 min), ODN 14_N (Rt : 8.1 min), ODN 15_N (Rt : 8.2 min), ODN 16_N
(Rt : 12.5 min), ODN 17_N (Rt : 11.5 min), ODN 18_N (Rt :12.2 min), ODN 19_N (Rt : 15.8 min)
10-15%; ODN 10_N (Rt : 11.8 min)
11-16%; ODN 8 N (Rt : 11.0 min)

55 3 fii> FER (Section 3)

Thermal denaturation experiments

The UV melting profiles were recorded in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl to give
final concentration of each oligonucleotide in 2 M. The samples were annealed by heating at 100 °C followed by
slow cooling to room temperature. The melting profile was recorded at 260 nm from 5 to 90 °C at a scan rate of
0.5 °C /min. The T, values were calculated as the temperature of the half dissociation of the formed duplex based

on the first derivative of the melting curve.

%5 4 HiD EER (Section 4)

CD spectrum measurement

These spectra were recorded at 10 °C in the quartz cuvette of 1cm optical path length. The samples were prepared
in the same manner as described in the UV melting experiments. The molar ellipticity was calculated from the
equation [0] = 6/c/, where 0 indicates the relative intensity, ¢ is the sample concentration, and / means the cell path

length in centimeters.

55 5 fifioo EEf (Section 5)

Thermal denaturation experiments

The UV melting profiles were recorded in 2 mM sodium phosphate buffer (pH7.2) containing 20 mM NacCl to give
final concentration of each oligonucleotide in 2 pM. The samples were annealed by heating at 100 °C followed by
slow cooling to room temperature. The melting profile was recorded at 260 nm from 5 to 90 °C at a scan rate of
0.5 °C /min. The T values were calculated as the temperature of the half dissociation of the formed duplex based

on the first derivative of the melting curve.

58



Quantum mechanics
Quantum mechanics were performed by Spartan'06 for Windows. In Figure 20, after the structure was minimized,
this structure was opitimized by calculation of Equilibrium Geometry at Ground state with Density Functional

Theory (started from initial geometry, B3LYP, 6-31G*).

£ 6 fifio FE (Section 6)

Assessment of enzymatic stability of OBN-incorporated oligonucleotides

After sample solutions (250 uL) containing ODN 9_T, ODN 21, ODN 22, ODN 9_N (final concentration of each
ODN was 4 uM) were prepared with MgCl, ag. (final concentration was 10 uM), Tris-HCI buffer (final
concentration was 50 uM), and 3’-exonuclease (CAVP; 0.40 ug/mL), these solutions were standed at 37 °C. Since
the reaction was started, solutions of 50 puL from each same were picked up and 3'-exonuclease was inactivated to
heat under 90 °C for 5 min at each time points (5, 10, 20, 40 min). The remained amounts of each intact (full length)
oligonucleotides was analyzed and quantified by reverse-phase HPLC.

Moblile phase: 0.1 M TEAA buffer (pH 7.0) as buffer A
100% ACN as buffer B
For analytical chromatography: Waters XBridge™ OST C18 2.5 pm (4.6 x 50 mm)
Flow rate for analytical conditions: 1.0 mL/min
Wavelength of UV for oligonucleotides detections: 260 nm

Temperature of column oven: 50 °C

ODN9 T
Gradient of ACN in analytical conditions: 5-12% (20 min)

ODN 21, 22
Gradient of ACN in analytical conditions: 5-13% (20 min)

ODN9 N
Gradient of ACN in analytical conditions: 8-13% (20 min)
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