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rA = adenosine 
dA = deoxyadenosine 

  rC = cytidine 
dC = deoxycytidine 
CPG = controlled pore glass 

  EDCl HCl = 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide HCl 
  DMAP = 4-dimethylaminopyridine 
  DMF = N,N-dimethylformamide 
  DMTr = 4,4′-dimethoxytrithyl 
  EDTA = ethylenediamine-N,N,N ′,N ′-tetraacetic acid 
  rG = guanosine 
  dG = deoxyguanosine 
  MALDI-TOFMS = matrix assisted laser desorption ionization - time of flight  
  MEM = minimum essential medium 
  NIS = N-iodosuccinimide 
  NMR = nuclear magnetic resonance 
  dT = thymidine 
  TBAF = tetrabutylammonium fluoride 
  TBDMS = tert-buthyldimethylsilyl  

TBDPS = tert-buthyldiphenylsilyl  
  THF = tetrahydrofuran 
  Tris = tris (hydroxymethyl) aminomethane 
  TMS = tetramethylsilane 
  rU = uridine 
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RNA siRNA 3′ 2
21-23mer RNA DNA/RNA

siRNA 2015 12 siRNA
ND-L02-s0201 ( /

/ ) TMD-812 ( /3DM) 
STNM01 ( /

) 3 10)  
  siRNA RNA
miRNA (micro RNA) RNA  (Figure 11) miRNA
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Figure 22.  
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Figure 33.  

PMO  2′-MOE RNA 



7 
 

2  
 

 
 

siRNA
RNA

siRNA

 (Figure 44) 19) 20)  
 
 
 

1-2-1.  
 

 (Figure  5) 
 (PS) 

PS 21) 22)

 (-BH3) 

siRNA BH3

PS Figure 55. 

PO  PS  BH3  

Figure 44.  
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Ago
siRNA

 

11-2-4.  
 

RNA GNA (1-2-2. ) 

GNA
GNA RNA

 (Figure 99)  

siRNA
 

  
 
 
 
 
 
 
 
 

(SS) --GNA

Figure 99.  

DNA

artificial DNA



11 
 

2  

 
1  ( )  

 
2-1-1. 

 
Meggers GNA 37)  (R)-(-)-glycidol

TBDPSCl TBDPS
1 69%

2 93% 2
TBDMS 3 85% TMS NaOCH3

4
99%  

  
 
 
 
 
 
 
 
 
 
 

 
2-1-2.  

 
 (HMDS) 

 (TMSCl) CH3I 1 N
5 68% 45) 5 NIS

6 67%  

Scheme 1. Reagents and conditions: (a) TBDPSCl, imidazole, DMF, 12 h, 0 °C, 69%;  
(b) trimethylsilylacetylene, n-butyllithium, BF3 O(C2H5)2, THF, 12 h, -78 °C, 
93%; (c) TBDMSCl, imidazole, DMF, 12 h, r.t., 85%; (d) 1 M NaOCH3 in MeOH, 
MeOH,  
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2-1-3.  

 
 ( 4)   ( 6)  

7 58% 46)

TBAF 7 8 86%
8 DMTr 9 92%

 
DNA/RNA

9
THF
 ( 10) 88% 9 THF DMAP

CPG
11  ( ; 39 mol/g)  

 
 
 
 
 
 

 
 
 
 
 
 
 

Scheme 22. Reagents and conditions: (a) 1. TMSCl, HMDS, 130 °C, 2 h, 2. CH3I, 60 °C, 
12 h, 68%; (b) NIS, CH3COOH, 100 °C, 5 h, 67%.  
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SScheme 33. Reagents and conditions: (a) CuI, Pd(PPh3)4, Et3N, DMF, 40 °C, 12 h, 58%; 
 (b) TBAF, THF, r.t., 24 h, 86%; (c) DMTrCl, pyridine, r.t., 4 h, 92%;  
(d) chloro(2-cyanoethoxy)(N, N-diisopropylamino)phosphine, i -Pr2NEt, THF, 
 r.t., 1 h, 88%; (e) 1. succinic anhydride, DMAP, pyridine, r.t., 72 h, 2. CPG resin, 
EDCl HCl, DMF, r.t., 72 h, 39 μmol/g loading amount.  
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2  ( )  
 

2-2-1.  
 

1 M NaOH
12 96% 47) 12

N,N-dimethylformamide dimethyl acetal (DMF-DMA) 
13 66%  

 
 
 
 
 
 

 
 

2-2-2.  
 

 ( 4)  ( 13) 
14 67% 46)

TBAF 14 15 45%
15 DMTr 16 69%

 
DNA/RNA

16
THF

 ( 17) 89%  
 
 
 
 
 
 
 

Scheme 4. Reagents and conditions: (a) I2, 1 M NaOH, 100 °C, 2 h, 96%;  
(b) DMF-DMA, DMF, 40 °C, 5 h, 66%.  
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SScheme 55. Reagents and conditions: (a) CuI, Pd(PPh3)4, Et3N, DMF, 40 °C, 12 h, 67%; 
 (b) TBAF, acetic acid, THF, r.t., 24 h, 45%; (c) DMTrCl, pyridine, r.t., 4 h, 69%; 
 (d) chloro(2-cyanoethoxy)(N, N-diisopropylamino)phosphine, i -Pr2NEt, THF,  
r.t., 1 h, 89%. 
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3 RNA  

 
1 siRNA/miRNA  

 
3-1-1.  

 
siRNA  

(off-target) siRNA
mRNA mRNA

mRNA
siRNA 19 11

48)

 
siRNA RISC

RISC
RISC

siRNA RISC RNA

 (Figure 
10) 49) 50)

RNA
RNA

Dicer-2/R2D2

5′
Dicer-2

RLC 
(RISC loading complex) 

Dicer-2
Ago2 siRNA

RISC
RISC Figure 110.  ( ) 
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 ( ) mRNA 51)

siRNA RISC
 

  
3-1-2. siRNA/miRNA 

 

siRNA miRNA Ta RNA
RNA RISC

RNA U C
Ta siRNA miRNA (Figure 111) RNA

Ta RNA RISC
 

 
 
 
 
 
 
 
 
 
 
 

Figure 111. siRNA/miRNA  

Taa 
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2 Ta  
 

3-2-1. Ta RNA  
 

Ta (Figure 112) siRNA Ta

RNA siRNA
RISC

Ta RNA (ON 33) RNA (ON 22) 
 (rU, rC, rG) RNA (ON 44-66) 50%  (Tm

) Ta RNA
Ta  (Table 22, Figure 112)  

 

Sample 
Abbreviation 

of ON 
Sequencea 

Duplex 11 
ON 11 5'-r (AGA GAU ACA UUG ACC UUC) -3' 
ON 22 3'-r (UCU CUA UGU AAC UGG AAG) -5'  

Duplex 22 
ON 33 5'-r (AGA GAU ACA TTaUG ACC UUC) -3' 
ON 22 3'-r (UCU CUA UGU AAC UGG AAG) -5'  

Duplex 33 
ON 33 
ON 44 

5'-r (AGA GAU ACA TTaUG ACC UUC) -3' 
3'-r (UCU CUA UGU UAC UGG AAG) -5'  

Duplex 44 
ON 33 5'-r (AGA GAU ACA TTaUG ACC UUC) -3' 
ON 55 3'-r (UCU CUA UGU CAC UGG AAG) -5'  

Duplex 55 
ON 33 5'-r (AGA GAU ACA TTaUG ACC UUC) -3' 
ON 66 3'-r (UCU CUA UGU GAC UGG AAG) -5'  

 
 
 
 
 

 

 

 

 

 

 

 

Table 22. Taa RNA  

aUnderlined letters indicate mismatched bases.  

Figure 112. Taa 
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; 20-100 °C  

; 260 nm  
; 3.0 μM 

buffer; 10 mM Na Phosphate and 100 mM NaCl (pH 7.0) 
 

 
 

 

 
 
 

Figure 113 Duplex 11-55
Duplex 22-55 50%

Duplex 11 (Tm = 67.9 °C ) 3.6~9.3 °C
Ta RNA

 
Ta  (Duplex 22, Tm = 64.3 °C, ΔTm = -3.6 °C) 

 (Duplex 55, Tm = 63.7 °C, ΔTm = -4.2 °C)  (Duplex 33, Tm = 
60.8 °C, ΔTm = -7.1 °C)  (Duplex 44, Tm = 58.6 °C, ΔTm = -9.3 °C) 

50% U:rA
Ta  

 
 
 
 
 
 

Sample Tm (°C) ΔTm (°C)a 

Duplex 11 67.9 - 
Duplex 22 64.3 -3.6 
Duplex 33 60.8 -7.1 
Duplex 44 58.6 -9.3 
Duplex 55 63.7 -4.2 

Figure 113. Taa RNA 50%  

aΔTm = Tm (each duplex) – Tm (Duplex 1). 
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33-2-2. Ta RNA  
 

RNA 3′ 3′-
3′-

 (Snake venom phosphodiesterase, SVPD) Ta

RNA SVPD 3′-OH 3′
5′ 5′-

 
5′ 21 ON 77 3′

Ta ON 88  (Table 33) SVPD
RNA  (Figure 114)  

 
 
 
 
 
 
 

 
; 37 °C  

; 3.0 μM 
buffer; 250 mM Tris-HCl and 50 mM MgCl2 (pH 8.0) 
SVPD; 0.5 unit 

 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Sequencea 
ON 77 F-5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3' 
ON 88 F-5'-r (CUU CUU CGU CGA GAC CAU G) TTaTTa-3' 

Table 33.   

aF; Fluorescein. 

ON 77 

0 1 5 10 20 30 45 1 3 
[min] [h] 

0 1 5 10 20 30 45 1 3 
[min] [h] 

ON 88 
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Figure 114 ON 77 1 80%
3′ Ta ON 88 1 20%

ON 77 38 ON 
8 845 22.4

3′ Ta 3′-
 

 
3-2-3. Ta RNA  

 
RNA

HeLa HeLa D-MEM 10% BS 
( Bovine serum) 

BS 30% 5′
Duplex 6 3′ Ta

Duplex 7 (Table 44) D-MEM 30% BS
RNA  (Figure 115)  

 
 
 
 

Sample 
Abbreviation 

of ON 
Sequence 

Duplex 6 
ON 77 
ON 99 

F-5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3' 
3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'  

Duplex 7 
ON 88 F-5'-r (CUU CUU CGU CGA GAC CAU G) TTaTTa-3' 
ON 99 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

Figure 114. SVPD RNA  

Table 44. RNA  
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; 37 °C 

; 4.0 μM 
buffer;  (D-MEM ) 

 (Bovine serum, BS) 30% 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 115 Duplex 66 6
3′ Ta Duplex 77 24

10%
Ta RNA

 
 
 
 
 
 

Figure 115. BS30% RNA  

0 5 15 30 1 3 6 12 24 
[min] [h] 

0 5 15 30 1 30 6 12 24 
[min] [h] 

Duplex 66 Duplex 77 
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3 Ta siRNA  
 
 3-3-1. Ta siRNA  
 

Ta RNA
DNA/RNA

RNA Ta siRNA 22-77  
(Table  5)  
 

Sample 
Abbreviation 

of ON 
Sequence 

siRNA 11 
ON 110 5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3' 
ON 99 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 22 
ON 111 5'-r (CUU CUU CGU CGA GAC CAU G) TTaTTa-3' 
ON 112 3'-TTaTTa(GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 33 
ON 113 5'-r (TTaUU CUU CGU CGA GAC CAU G) dTdT-3' 
ON 99 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 44 
ON 114 5'-r (CTTaU CUU CGU CGA GAC CAU G) dTdT-3' 
ON 99 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 55 
ON 115 
ON 99 

5'-r (CUU CUU CGU CGA GAC CATTa G) dTdT-3' 
3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 66 
ON 110 
ON 116 

5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3' 
3'-dTdT (GAA GAA GCA GCU CUG GTTaA C) -5' 

siRNA 77 
ON 110 5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3' 
ON 117 3'-dTdT (GAA GAA GCA GCU CUG GUA TTa) -5' 

 
 
 

siRNA (Table 55) HeLa Dual-luciferase 
reporter assay  (Figure 116)

 
 
 
 
 
 

Table 55.  Taa siRNA  
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Figure 116 3′ Ta siRNA 22

siRNA 11 3′
Ta siRNA 22

 (3-2-3 3-2-4 )  
5′ Ta siRNA 33 siRNA 44

siRNA 11 Ta

5′
RISC

siRNA 33 5′ Ta 5′
5′ RISC

siRNA 33
Ta 5′

 
3′ Ta siRNA 55 siRNA 11

siRNA 55 3′
Ta 5′

RISC  
5′ Ta siRNA 66 siRNA 77 siRNA 11

5′

Figure 16.  siRNA (Table 5)  

control siRNA 1 siRNA 2 siRNA 5 siRNA 3 siRNA 4 siRNA 6 siRNA 7 

Figure 16 siRNA (Table 5)

control siRNA 1 siRNA 2 siRNA 5siRNA 3 siRNA 4 siRNA 6 siRNA 7
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TTa siRNA 55
3′ Ta 5′

RISC
RISC seed

5′  
 

3-3-2. Ta siRNA  
 

Ta siRNA
3-3-1. siRNA  (Table 66)

siRNA 5′ GC 5′
AU RISC

siRNA  
 

Sample 
Abbreviation 

of ON 
Sequence 

siRNA 88 
ON 118 5'-r (UAA GAU GUU CAU CGA GUC C) dTdT-3' 
ON 119 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5' 

siRNA 99 
ON 220 5'-r (TTaAA GAU GUU CAU CGA GUC C) dTdT-3' 
ON 119 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5' 

siRNA 110 
ON 221 5'-r (UAA GAU GUU CAU CGA GTTaC C) dTdT-3' 
ON 119 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5' 

siRNA 111 
ON 222 5'-r (TTaAA GAU GUU CAU CGA GTTaC C) dTdT-3' 
ON 119 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5' 

 
 

siRNA (Table 66) HeLa Dual-Luciferase 
reporter assay  (Figure 117)  

 
 
 
 
 
 

Table 66. TTa siRNA  
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Figure 117 siRNA 88 40%

siRNA
 

Ta siRNA 99-111 siRNA 
9 5′ Ta 5′

5′ RISC
siRNA 110

3′ Ta 5′
RISC

siRNA siRNA 111 siRNA 99
siRNA  10 siRNA Ta 2

RNA
 

3′ 5′ Ta

Ta

RNA
1  
 
 

control siRNA 8 siRNA 9 siRNA 10 siRNA 11 

Figure 117.  siRNA (Table 66)  

t l iRNA 8 iRNA 9 iRNA 10 iRNA 11
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33-3-3. Ta siRNA  
 

3-3-1. siRNA 55 3′
4 Ta

siRNA 112-114
 
siRNA 5 Ta Ta

siRNA  (Table 77)  
 

Sample 
Abbreviation 

of ON 
Sequencea 

siRNA 11 
ON 110 5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3' 
ON 99 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 55 
ON 115 
ON 99 

5'-r (CUU CUU CGU CGA GAC CATTa G) dTdT-3' 
3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 112 
ON 223 
ON 99 

5'-r (CUU CUU CGU CGA GAC CAA G) dTdT-3' 
3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 113 
ON 224 
ON 99 

5'-r (CUU CUU CGU CGA GAC CAGG) dTdT-3' 
3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

siRNA 114 
ON 225 5'-r (CUU CUU CGU CGA GAC CAC G) dTdT-3' 
ON 99 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5' 

 
 
 
 

3′ 4 Ta siRNA
50%  (Tm )  (Figure 118)  

 
  

; 20-100 °C  
; 260 nm  

; 3.0 μM 
buffer; 10 mM Na Phosphate and 100 mM NaCl (pH 7.0) 

 
 
 

aUnderlined letters indicate mismatched bases.  

Table 77. siRNA  
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Figure 118 siRNA 55 12-114 siRNA 11 Tm

3′ 4
Ta  
 

siRNA (Table 77) HeLa
Dual-Luciferase reporter assay  (Figure 119)  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Sample Tm (°C) ΔTm (°C)a 

siRNA 11 73.2 - 
siRNA 55 72.3 -0.9 
siRNA 112 72.6 -0.6 
siRNA 113 72.2 -1.0 
siRNA 114 72.1 -1.1 

control 

aΔTm = Tm (each duplex) – Tm (siRNA 11). 

Figure 118. siRNA 11, 55, 112-114 50%  

Figure 119.  siRNA (Table 77)  
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Figure 119 siRNA 55 12-114 siRNA 11
3′ 4

Ta RNA
 

siRNA 112-114 Ta siRNA 55
Ta

5′ 3′
4 Ta RNA SVPD

SVPD RNA RNA
 (Table 88, Figure 220)  

 
 
 
 

 
 
 

 
; 37 °C  

; 3.0 μM 
buffer; 250 mM Tris-HCl and 50 mM MgCl2 (pH 8.0) 
SVPD; 0.5 unit 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Sequencea 
ON 77 F-5'-r (CUU CUU CGU CGA GAC CAUU G) dTdT-3'  

ON 226 F-5'-r (CUU CUU CGU CGA GAC CATTaU G) dTdT-3' 

Figure 220.  SVPD RNA  

0 5 10 20 30 451 1 3

[min] [h]
ON 226 

0 1 5 10 20 30 45 1 3 

[min] [h] 
ON 77 

Table 88.  

aF; Fluorescein. 
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Figure 220 3′ 4 Ta ON 226
ON 77 SVPD ON 226 1

RNA 3′ Ta

ON 88 (3-2-3. ) 3′
4 Ta SVPD

 
 

3′ 4 Ta

Ta siRNA
siRNA
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4 Ta miRNA  
 
3-4-1. Ta miR-199a-3p  
 

Ta

miRNA  
mRNA miRNA C  (HCV) B

 (HBV) 
miR-199a-5p/3p (Figure 221) 52)  

RISC
miR-199a-5p

miR-199a-3p
Ta

miRNA 22-44 Table 99
 

 
 

Sample 
Abbreviation 

of ON 
Sequence 

miRNA 11 
ON 227 5'-r (CCC AGU GUU CAG ACU ACC UGU UC) -3' 
ON 228 3'-r (AUU GGU UAC ACG UCU GAU GAC A) -5' 

miRNA 22 
ON 227 5'-r (CCC AGU GUU CAG ACU ACC UGU UC) -3' 
ON 229 3'-r (AUU GGTTa UAC ACG UCU GAU GAC A) -5' 

miRNA 33 
ON 227 5'-r (CCC AGU GUU CAG ACU ACC UGU UC) -3' 
ON 330 3'-r (AUU GGU UAC ACG TTaCU GAU GAC A) -5' 

miRNA 44 
ON 227 5'-r (CCC AGU GUU CAG ACU ACC UGU UC) -3' 
ON 331 3'-r (AUU GGU UAC ACG UCU GATTa GAC A) -5' 

 
 

miRNA (Table 99) HeLa
Dual-Luciferase reporter assay  (Figure 223)
siRNA psiCHECKTM-2 vector Renila luciferase

psi199a-5p/3p vector  (Figure 222) 
53)  

Figure 221. miR-199a-5p/3p 

Table 99.  Taa miR-199a-5p/3p  
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Figure 223 miRNA 11 miR-199a-5p

miR-199a-3p RISC
miRNA 22-44 miR-199a-3p Ta

miR-199a-5p RISC
miR-199a-3p/5p

Ta

miR-199a-5p/3p
 

 

Figure 23.  miRNA (Table 9)  ( )

psi199a-5p vector transfected in HeLa cells. psi199a-3p vector transfected in HeLa cells. 

psi-5p reporter: 5′-GAA CAG GTA GTC TGA ACA CTG GG -3′ 
psi-3p reporter: 5′-TAA CCA ATG TGC AGA CTA CTG T -3′ Figure 222. psi199a5p/3p vector  
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33-4-2. Ta miR-199a-5p  
 

RISC miR-199a-3p
miR-199a-5p Ta miRNA  5-88

Table 110  
 

Sample 
Abbreviation 

of ON 
Sequence 

miRNA 1 
ON 227 5'-r (CCC AGU GUU CAG ACU ACC UGU UC) -3' 
ON 228 3'-r (AUU GGU UAC ACG UCU GAU GAC A) -5' 

miRNA 55 
ON 332 5'-r (CCC AGTTa GUU CAG ACU ACC UGU UC) -3' 
ON 228 3'-r (AUU GGU UAC ACG UCU GAU GAC A) -5' 

miRNA 66 
ON 333 5'-r (CCC AGU GUTTa CAG ACU ACC UGU UC) -3' 
ON 228 3'-r (AUU GGU UAC ACG UCU GAU GAC A) -5' 

miRNA 77 
ON 334 5'-r (CCC AGU GUU CAG ACTTa ACC UGU UC) -3' 
ON 228 3'-r (AUU GGU UAC ACG UCU GAU GAC A) -5' 

miRNA 88 
ON 335 5'-r (CCC AGU GUU CAG ACU ACC UGTTa UC) -3' 
ON 228 3'-r (AUU GGU UAC ACG UCU GAU GAC A) -5' 

 
 

miRNA (Table 110) HeLa
Dual-Luciferase reporter assay  (Figure 224)

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 110. TTa miR-199a-5p/3p  



34 
 

 
miRNA 55-88 miR-199a-5p Ta miR-199a-3p RISC

Figure 224 miRNA 
5-88 miRNA 22-44  (Figure 223) 

 
miR-199a-5p 5' Ta miRNA 55 miR-199a-5p

5' RISC
miR-199a-3p RISC

miR-199a-5p seed Ta

miR-199a-5p  
miR-199a-5p Ta miRNA 66 miRNA 

1
miRNA RISC 54)

miR-199a-5p Ta Ta

miRNA 1
 

miR-199a-5p 3' Ta miRNA 77-88 miR-199a-3p
miR-199a-5p

miRNA 7

Figure 224.  Taa miRNA  

psi199a-5p vector transfected in HeLa cells. psi199a-3p vector transfected in HeLa cells. 
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3′ 9
TTa miRNA

siRNA 3' Ta

5' RISC
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4  

 
1  

 
4-1-1.  

 
mRNA RNase H mRNA

DNA
DNase

 (PS) 
 (Figure 225) 18) 19) PS

mRNA RNase H mRNA

PS mRNA

PS Toll-like receptor

 
 

mRNA
2′ 2′-O-methyl (2′-OMe) 

RNA 2′-O-methoxyethyl (2′-MOE) RNA (Figure 226) 22) 

23) RNA

RNA RNase H

gapmer  (Figure 227) 
 

 
 
 
 
 

Figure  255.  
PS  PPO  

Figure 226. 2′  

2′′-OOMe RRNA 2′′-MMOE RRNA 

5′ 3′

 wing region 
3-5 mer 22′-OMe/2′-MOE 

wing region 
3-5 mer 2′′-OOMe/2′--MOE 

 gap region 
7-11 mer DNA 

Figure 227. gapmer  

RNase H  
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gapmer wing region
DNA gap region Gapmer

wing region RNA
DNA gap region RNase H

DNA/RNA RNA
2013 Isis 2′-MOE RNA wing region gapmer

Kynamro
 

 
RNA peptide 

nucleic acid (PNA) 36) locked nucleic acid (LNA) 35) phosphoroamidate morpholino 
oligomer (PMO) 55)  (Figure 228)

RNA RNase H RNA
 

 
 
 
 
 
 
 
 

4-1-2.  
 

4-1-1. RNA
gapmer

wing region
 (Figure 229)  

(Figure 330)  
 
 
 
 
 
  

Figure 228.   
PNA LNA PMO  

Figure 229.  

Ca Ta 

5′ 3′

 wing region 
3-5 mer TTa/CCa 

 wing region 
3-5 mer Ta/Ca 

 gap region 
7-11 mer DNA 

Figure 330.  

17 mer  
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2  
 

4-2-1.  
 

 (Figure 331) 
17 ON RNA

DNA/RNA

 
(Table 111)  
 
 
 

Sample Abbreviation 
of ON Sequence 

Duplex 8 ON 336 
ON 337 

5′-d (TTT CACTACTCCTA TTT) -3′ 
3′-r (AAA GUGAUGAGGAU AAA) -5′ 

Duplex 99 ON 338 
ON 337 

5′-d (TTaTTaTTa  CACTACTCCTA TTaTTaTTa) -3′ 
3′-r (AAA GUGAUGAGGAU AAA) -5′ 

Duplex 110 ON 339 
ON 440 

5′-d (TTTTT CTACTCC TTTTT) -3′ 
3′-r (AAAAA GAUGAGG AAAAA) -5′ 

Duplex 111 ON 441 
ON 440 

5′-d (TTaTTaTTaTTaTTa  CTACTCC TTaTTaTTaTTaTTa) -3′ 
3′-r (AAAAA GAUGAGG AAAAA) -5′ 

Duplex 112 ON  42 
ON 443 

5′-d (TCT CACTACTCCTA TCT) -3′ 
3′-r (AGA GUGAUGAGGAU AGA) -5′ 

Duplex 13 ON 444 
ON 443 

5′-d (TTaCCaTTa  CACTACTCCTA TTaCCaTTa) -3′ 
3′-r (AGA GUGAUGAGGAU AGA) -5′ 

Duplex 114 ON  45 
ON 446 

5′-d (TTT CACCGACGGCG TTT) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 

Duplex 115 ON 447 
ON 446 

5′-d (TTaTTaTTa  CACCGACGGCG TTaTTaTTa) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 

Duplex 16 ON 448 
ON 449 

5′-d (TTTTT CCGACGG TTTTT) -3′ 
3′-r (AAAAA GGCUGCC AAAAA) -5′ 

Duplex 117 ON 550 
ON 449 

5′-d (TTaTTaTTaTTaTTa  CCGACGG TTaTTaTTaTTaTTa) -3′ 
3′-r (AAAAA GGCUGCC AAAAA) -5′ 

Duplex 118 ON 551 
ON 552 

5′-d (TCT CACCGACGGCG TCT) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 

Duplex 119 ON 553 
ON 552 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 

 
 
  

Figure 331.  

Ca Ta 

Table  11.  Taa Caa  
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44-2-2. ON/RNA  
 

ON RNA 50% Tm

 (Table 112 13)  
 

  
; 20-100 °C 

; 260 nm 
; 3.0 μM 

buffer; 10 mM Na Phosphate and 100 mM NaCl (pH 7.0) 
 

 
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 

Table 112 13 Duplex 88 (Tm = 56.5 °C) Duplex 114 (Tm = 
66.1 °C) Ta ON/RNA Duplex 99 (Tm = 52.0 °C, 
ΔTm = -4.5 °C) Duplex 115 (Tm = 63.8 °C, ΔTm = -2.3 °C) 

Ca ON/RNA Duplex 113 (Tm = 53.1 °C, ΔTm = -7.2 °C) 
Duplex 119 (Tm = 61.9 °C, ΔTm = -7.4 °C) 

Sample Tm (°C) ΔTm (°C) a 
Duplex 88 56.5 - 
Duplex 99 52.0 -4.5 

Duplex 110 56.3 - 
Duplex 111 47.1 -9.2 
Duplex 112 60.4 - 
Duplex 113 53.1 -7.2 

Sample Tm (°C) ΔTm (°C) a 
Duplex 114 66.1 - 
Duplex 115 63.8 -2.3 
Duplex 116 57.6 - 
Duplex 117 44.2 -13.4 
Duplex 118 69.3 - 
Duplex 119 61.9 -7.4 

Table 112. 50%  (Duplex 88-113)  

Table 113. 50%  (Duplex 114-119)  

aΔTm = Tm (DNA/RNA duplex) – Tm (corresponding ON/RNA duplex). 

aΔTm = Tm (DNA/RNA duplex) – Tm (corresponding ON/RNA duplex). 
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CCa Ta

Ca Duplex 13 (ΔTm 
= -7.2 °C ) Duplex 19 (ΔTm = -7.4 °C ) ΔTm 
Ta Duplex 99 (ΔTm = -4.5 °C) Duplex 115 (ΔTm = -2.3 °C) 

Ca ON/RNA 3
Watson-Crick Schlegel

GNA/RNA  (A:T 10 mer) G:C 
 26) Ta Ca

 
 

4-2-3.  
 

Ta Ca ON/RNA
ON/RNA 50% Tm

 (Table 114)  
 

  
; 20-100 °C 

; 260 nm 
; 3.0 μM 

buffer; 10 mM Na Phosphate (pH 7.0) and 100 mM NaCl 
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aUnderlined letters indicate mismatched bases. 
bΔTm = Tm (DNA/RNA duplex) – Tm (corresponding ON/RNA duplex). 

 
 
 
 

Table 114 Duplex 115m (Tm = 61.8 °C) Duplex 115 (Tm = 63.8 °C) Tm

Duplex 111m (Tm = 44.7 °C) Duplex 111 (Tm = 47.1 °C) 
Tm Ta RNA
A  

 
Duplex 119m (Tm = 63.0 °C) Duplex 119 (Tm = 61.9 °C) Tm

Ca G Watson-Crick
Ca ON/RNA

ON 555-556 ON 553
50% Tm  (Table 115)  

 
 
 

Sample Abbreviation 
of ON Sequencea Tm (°C) ΔTm (°C)b 

Duplex 14 ON  45 
ON 446 

5′-d (TTT CACCGACGGCG TTT) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 66.1 - 

Duplex 14mm ON  455 
ON 552 

5′-d (TTT CACCGACGGCG TTT) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 65.0 -1.1 

Duplex 15 ON 447 
ON 446 

5′-d (TTaTTaTTa  CACCGACGGCG TTaTTaTTa) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 63.8 - 

Duplex 15mm ON 447 
ON 552 

5′-d (TTaTTaTTa  CACCGACGGCG TTaTTaTTa) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 61.8 -2.0 

Duplex 10 ON 339 
ON 440 

5′-d (TTTTT CTACTCC TTTTT) -3′ 
3′-r (AAAAA GAUGAGG AAAAA) -5′ 56.3 - 

Duplex 110m ON 339 
ON 554 

5′-d (TTTTT CTACTCC TTTTT) -3′ 
3′-r (AAGAA GAUGAGG AAGAA) -5′ 51.1 -5.2 

Duplex 111 ON 441 
ON 440 

5′-d (TTaTTaTTaTTaTTa  CTACTCC TTaTTaTTaTTaTTa) -3′ 
3′-r (AAAAA GAUGAGG AAAAA) -5′ 47.1 - 

Duplex 111m ON 441 
ON 554 

5′-d (TTaTTaTTaTTaTTa  CTACTCC TTaTTaTTaTTaTTa) -3′ 
3′-r (AAGAA GAUGAGG AAGAA) -5′ 44.7 -2.4 

Duplex 18 ON 551 
ON 552 

5′-d (TCT CACCGACGGCG TCT) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 69.3 - 

Duplex 18mm ON 551 
ON 446 

5′-d (TCT CACCGACGGCG TCT) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 63.2 -6.1 

Duplex 19 ON 553 
ON 552 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 61.9 - 

Duplex 199m ON 553 
ON 446 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 63.0 +1.1 

Table 114. ON/RNA 50%  
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aUnderlined letters indicate mismatched bases. 
bΔTm = Tm (DNA/RNA duplex) – Tm (corresponding ON/RNA duplex). 

 

 
 
 
 

Table 115 Duplex 119m-221m
Duplex 119 Tm Ca

Ca

ON/RNA
 

  

Sample Abbreviation 
of ON Sequencea Tm (°C) ΔTm (°C)b 

Duplex 19 ON 553 
ON 552 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5 61.9 - 

Duplex 199m ON 553 
ON 446 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5 63.0 +1.1 

Duplex 20m ON 553 
ON 555 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (ACA GUGGCUGCCGC ACA) -5 62.1 +0.2 

Duplex 21m  ON 553 
ON 446 

5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
3′-r (AUA GUGGCUGCCGC AUA) -5 62.6 +0.7 

Table 115. CCa  (50% ) 
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44-2-4. ON/RNA  
 

ON/RNA 3 6 9 12 15 18 21 μM
7 50% Tm  (2) ln 

(CT/4) 1/Tm van’t Hoff plot (Figure 332) 
 (H°)  (S°)  (1) ΔG°  

(Table 116)  
 

  
; 20-100 °C 

; 260 nm  
; 3.0, 6.0, 9.0, 12, 15, 18, 21 μM 

buffer; 10 mM Na Phosphate (pH 7.0) and 100 mM NaCl 
 

ΔG° =ΔH°  TΔS°  (1) 
ln (CT/4) = -ΔH°/ (RT) + ΔS°/R  (2) 

CT;  
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Figure 3322. van’t Hoff plot (Duplex 88-111 114-119) 
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Table 116 Ta ON/RNA ΔG°310

Duplex

RNA  

π-π
 

Ca ON/RNA Duplex 119 Ta Duplex 
15 gap region

Sample Sequence ΔG°310 
[kcal/mol] 

ΔH° 
[kcal/mol] 

ΔS° 
[cal/K mol] 

Duplex 88 
5′-d (TTT CACTACTCCTA TTT) -3′ 

-13.6  -100.3  -279.8  
3′-r (AAA GUGAUGAGGAU AAA) -5′ 

Duplex 99 
5′-d (TTaTTaTTa  CACTACTCCTA TTaTTaTTa) -3′ 

3′-r (AAA GUGAUGAGGAU AAA) -5′ 
-13.5  -118.8  -339.5  

Duplex  10 
5′-d (TTTTT CTACTCC TTTTT) -3′ 

3′-r (AAAAA GAUGAGG AAAAA) -5′ 
-14.5  -106.8 -297.4  

Duplex 11 
5′-d (TTaTTaTTaTTaTTa  CTACTCC TTaTTaTTaTTaTTa) -3′ 

-10.9  -73.3  -236.2  
3′-r (AAAAA GAUGAGG AAAAA) -5′ 

Duplex 14 
5′-d (TTT CACCGACGGCG TTT) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′ 

-15.4  -83.8  -220.5  

Duplex 15 
5′-d (TTaTTaTTa  CACCGACGGCG TTaTTaTTa) -3′ 

3′-r (AAA GUGGCUGCCGC AAA) -5′ 
-13.7  -71.2  -185.2  

Duplex 16 
5′-d (TTTTT CCGACGG TTTTT) -3′ 
3′-r (AAAAA GGCUGCC AAAAA) -5′ 

-15.1  -103.0  -283.3  

Duplex 117 
5′-d (TTaTTaTTaTTaTTa  CCGACGG TTaTTaTTaTTaTTa) -3′ 

3′-r (AAAAA GGCUGCC AAAAA) -5′ 
-11.0  -71.6 -195.5  

Duplex 118 
5′-d (TCT CACCGACGGCG TCT) -3′ 
3′-r (AGA GUGGCUGCCGC AGA) -5′ 

-19.1  -111.4  -297.7  

Duplex 119 
5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 

3′-r (AGA GUGGCUGCCGC AGA) -5 
-14.0  -75.6  -198.5  

Table 116. ON/RNA  
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Duplex 118 (ΔH° = -111.4 kcal/mol) Duplex 
14 (ΔH° = -83.8 kcal/mol) 27.6 kcal/mol

27.6 kcal/mol 1/2 13.8 kcal/mol A:T G:C
Duplex 19 (ΔH° = -75.6 

kcal/mol) Duplex 115 (ΔH° = -71.2kcal/mol) 4.4 
kcal/mol A: Ta G:Ca 2.2 kcal/mol

A: Ta G:Ca

 (Figure 333) Ca Watoson-Crick
 

 
 
 
 
 

 
 
 

4-2-5. ON/RNA  
 

RNase H ON/RNA RNA
ON/RNA RNase H A

44) Ta ON/RNA CD
 (Figure 334)  

 
  

;  (25 °C) 
; 260 nm 

; 6.0 μM 
buffer; 100 mM Na Phosphate (pH 7.0), 100 mM NaCl and 10 mM MgCl2 

 
 
 
 
 
 

 
22.2 kcal/mol 

Figure 333. A: TTa G:CCa    
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Figure 3344. CD  (Duplex 
14 19

14 19
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Figure 334 Duplex114-119 260 nm CD 210 nm
CD A

ON/RNA RNase H
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3  
 

4-3-1. Ta  
 

5′ 10 DNA ON 557
3′ Ta ON 558  (Table 117)  
 
 
 
 
 
 
 
 

4-3-2.  
 

3′- 1 SVPD (3-2-2. ) Ta

SVPD DNA
  (Figure 335)  

 
  

; 37 °C 
; 1200 pmol 

SVPD; 0.006 unit 
buffer; 250 mM Tris-HCl and 50 mM MgCl2 (150 μL)  
 
 
 
 
 
 
 
 

Abbreviation of ON Sequence 

ON 557 F-5′-d (TTTTTTTTTT) -3′ 

ON 558 F-5′-d (TTTTTTTTTTTa) -3′ 

Table 117.  
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Figure 335 ON 557 SVPD 1
3′ Ta ON 558 SVPD 3

DNA 3′ Ta

 
 
  

Figure 335. SVPD RNA  

F-5'-d (TTTTTTTTTT) -3' ON 557 F-5'-d (TTTTTTTTTTTa) - 3' ON 558 
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4 ON/RNA RNase H  
 

4-4-1.  
 

RNase H RNA 5′ RNA
Ta Ca ON (Table 111) ON/RNA  (Table 

18)  

 
 

Sample 
Abbreviation 

of ON 
Sequence 

Duplex 88f 
ON  36 5′-d (TTT CACTACTCCTA TTT) -3′ 
ON 559 3′-r (AAA GUGAUGAGGAU AAA) -5′-F 

Duplex 99f 
ON 338 5′-d (TTaTTaTTa  CACTACTCCTA TTaTTaTTa) -3′ 
ON  59 3′-r (AAA GUGAUGAGGAU AAA) -5′-F 

Duplex 110f 
ON 339 5′-d (TTTTT CTACTCC TTTTT) -3′ 
ON 660 3′-r (AAAAA GAUGAGG AAAAA) -5′-F 

Duplex 111f 
ON 441 5′-d (TTaTTaTTaTTaTTa  CTACTCC TTaTTaTTaTTaTTa)-3′ 
ON 660 3′-r (AAAAA GAUGAGG AAAAA) -5′-F 

Duplex 112f 
ON  42 5′-d (TCT CACTACTCCTA TCT) -3′ 

3′-r (AGA GUGAUGAGGAU AGA) -5′-F ON 661 

Duplex 113f 
ON 444 
ON  61 

5′-d (TTaCCaTTa  CACTACTCCTA TTaCCaTTa) -3′ 
3′-r (AGA GUGAUGAGGAU AGA) -5′-F 

Duplex 114f 
ON 445 
ON 662 

5′-d (TTT CACCGACGGCG TTT) -3′ 
3′-r (AAA GUGGCUGCCGC AAA) -5′-F 

Duplex 115f 
ON 447 5′-d (TTaTTaTTa  CACCGACGGCG TTaTTaTTa) -3′ 
ON 662 3′-r (AAA GUGGCUGCCGC AAA) -5′-F 

Duplex 116f 
ON  48 5′-d (TTTTT CCGACGG TTTTT) -3′ 
ON 663 3′-r (AAAAA GGCUGCC AAAAA) -5′-F 

Duplex 117f 
ON 550 5′-d (TTaTTaTTaTTaTTa  CCGACGG TTaTTaTTaTTaTTa) -3′ 
ON 663 3′-r (AAAAA GGCUGCC AAAAA) -5′-F 

Duplex 118f 
ON 551 5′-d (TCT CACCGACGGCG TCT) -3′ 
ON 664 3′-r (AGA GUGGCUGCCGC AGA) -5′-F 

Duplex 119f 
ON 553 5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
ON 664 3′-r (AGA GUGGCUGCCGC AGA) -5′-F 

Table 118. RNase H ON/RNA  
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44-4-2. RNase H RNA  
 

Ta Ca gapmer RNase H
RNase H ON/RNA RNA

E. coli  
Ta Ca ON RNA (Table 118) ON:RNA = 1:5

RNase H Duplex 88f-119f
 (Figure 336) Table 119

 
 

  
; 37 °C 

; ON:RNA = 300:1500 pmol 
E. coli RNase H; 3.0 unit 
buffer; 50 mM Tris-HCl (pH 8.0), 75 mM KCl, 3 mM MgCl2 and 

 10 mM dithiothreitol (150 μL)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Duplex  8ff Duplex  9ff 

Duplex  11ff Duplex  10ff 
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Duplex  112ff  Duplex  113ff  

Duplex  115ff  Duplex  114ff  

Duplex  116ff  Duplex  117ff  

Duplex  119ff  Duplex  118ff  

Figure 3366. RNase H RNA  (Duplex 88f-119f) 
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Figure 336 Ta ON/RNA
RNA Duplex 99f (70 pmol/min) Duplex 111f 

(86 pmol/min) Duplex 117f (245 pmol/min) Duplex  
8f (42 pmol/min) Duplex 110f (71 pmol/min) Duplex 116f (192 pmol/min)  
(Table 119) gap region

wing region Ta E. coli RNase H RNA
Ta ON/RNA

 (Table 113-114 17) RNase H RNA ON RNA
 

Ca ON/RNA RNA
Duplex 113f (2 pmol/min) Duplex 119f (31 

pmol/min) Duplex  12f (39 pmol/min) Duplex 118f (56 
pmol/min) gap region wing region Ta

Duplex 99f (42 pmol/min) Duplex 115f (45 pmol/min) 
Ca ON/RNA Ca Ta

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

Sample 
initial late 

[pmol/min] 

Duplex 8f 42 

Duplex 9f 70 

Duplex 10f 71 

Duplex 11f 86 

Duplex 12f 39  

Duplex 13f 2 

Duplex 14f 57 

Duplex 15f 45 

Duplex 16f 192 

Duplex 17f 245 

Duplex 18f 56 

Duplex 19f 31 

Table 119. RNase H RNA  
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aUnderlined letters indicate mismatched bases. 

44-4-3. RNase H RNA  
 

wing region RNase H
wing region RNA Ta Ca

gapmer RNase H  (Table 220 Figure 337)
4-4-2.  

 

 
 

 
 

  
; 37 °C 

; ON:RNA = 300:1500 pmol 
E. coli RNase H; 3.0 unit 
buffer; 50 mM Tris-HCl (pH 8.0), 75 mM KCl, 3 mM MgCl2 and 

 10 mM dithiothreitol (150 μL) 

Sample 
Abbreviation 

of ON 
Sequencea 

Duplex 118f 
ON 551 5′-d (TCT CACCGACGGCG TCT) -3′ 
ON 664 3′-r (AGA GUGGCUGCCGC AGA) -5′-F 

Duplex 118mf 
ON 551 5′-d (TCT CACCGACGGCG TCT) -3′ 
ON 662 3′-r (AAA GUGGCUGCCGC AAA) -5′-F 

Duplex 222mf 
ON 551 5′-d (TCT CACCGACGGCG TCT) -3′ 
ON 665 3′-r (ACA GUGAUGAGGAU ACA) -5′-F 

Duplex 223mf 
ON 551 5′-d (TCT CACCGACGGCG TCT) -3′ 
ON 666 3′-r (AUA GUGAUGAGGAU AUA) -5′-F 

Duplex 119f 
ON 553 5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
ON 664 3′-r (AGA GUGGCUGCCGC AGA) -5′-F 

Duplex 119mf 
ON 553 5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
ON 662 3′-r (AAA GUGGCUGCCGC AAA) -5′-F 

Duplex 220mf 
ON 553 5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
ON 665 3′-r (ACA GUGAUGAGGAU ACA) -5′-F 

Duplex 221mf 
ON 553 5′-d (TTaCCaTTa  CACCGACGGCG TTaCCaTTa) -3′ 
ON 666 3′-r (AUA GUGAUGAGGAU AUA) -5′-F 

Table 220. RNase H ON/RNA  
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Duplex 18mf 

Duplex  222mff  Duplex  223mff  

Duplppp ex 18mf

Duplex  118ff  Duplex  118mff  

Duplex  119ff  Duplex  119mff  

Duplex  220mff  Duplex  221mff  

Figure 3377. RNase H RNA  (Table 2200) 
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Figure 337 Duplex 118f
Duplex 118mf Duplex 222mf Duplex 223mf RNA

 (Table 221) Wing region
RNase H RNA Ca

Duplex 119f Duplex 119mf Duplex 220mf
Duplex 221mf RNA  (Table 221)

Ca Watson-Crick
RNase H RNA

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Sample 
initial late 

[pmol/min] 

Duplex 18f 56 

Duplex 18mf 32 

Duplex 22mf 36 

Duplex 23mf 36 

Duplex 19f 31  

Duplex 19mf 33 

Duplex 20mf 39 

Duplex 21mf 32 

Table 221. RNase H RNA  
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Ta ( ) Ca ( ) 

 (Figure 338) siRNA
 

 
 
 
 
 
 

GNA
ON GNA

Ta RNA 50%

Ta 3′ ON
SVPD

 
 

Ta siRNA/miRNA RNA
Ta RNA RISC

siRNA
siRNA Ta siRNA

3′ Ta siRNA 22 3′
4 Ta siRNA 55  

(3-3-1. Figure 116 ) siRNA  2 3′ Ta

siRNA 55 3′ Ta 5′
RISC

 
miR-199a-5p/3p Ta

miR-199a-3p 3′ 9 Ta

miRNA 77 miR-199a-5p RISC
miR-199a-3p

Figure 338.  

Ca Ta 
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TTa

RNA
 (3-3-3. Figure 

18-119 ) siRNA 3′ 4
 

 
wing region Ta Ca gapmer

gapmer wing region
RNA CD

DNA/RNA A
 

gapmer RNA 50%  
(Tm ) 2.3 13.4 °C Ta Ca ON/RNA

 (4-2-2. Table 112-113 )
RNA Tm Ta

A Ca

Tm van’t Hoff plot
ΔG°310 RNA

RNA

-
GNA

A:Ta G: Ca

Ca G Watson-Crick
 (4-2-4. Table 116 Figure 333 )  

ON RNA E. coli RNase H
Ta ON RNase H RNA

Ta ON/RNA
RNase H RNA ON RNA

 (4-4-2. Figure 336) Ca ON/RNA
RNA Ca

Ca

wing region RNase H
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 (4-4-3. Figure 337 )  
 

Ta Ca ON
RNA

Ta ON
siRNA/miRNA

Ta

gapmer wing region Ta

RNaseH ON RNase 
H gapmer

RNase H gapmer
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1. Experimental Section 
 

1-1. General remarks 
 
CDCl3-d (CIL), CD3OH-d3 (CIL) or DMSO-d6 (CIL) was used as a solvent for 

obtaining NMR spectra. Chemical shifts (δ) are given in parts per million (ppm) 
downfield from a solvent (for 13C NMR and 1H NMR in CDCl3-d, CD3OH-d3 and 
DMSO-d6) as an internal reference with coupling constants (J) in Hz. The 
abbreviations s, d, dd, ddd and m signify singlet, doublet, double doublet, double 
double doublet and multiplet, respectively. 
 
1-2. Synthesis of the acyclic thymidine analog 

 

1-2-1. (S)-2-(tert-butyldiphenylsilyloxy)-oxirane (1).   
(R)-glycidol (1.5 mL, 22.6 mmol) was dissolved in DMF (50 mL). 

The reaction solution was added imidazole (3.69 g, 54.2 mmol) 
and tert-butylchlorodiphenylsilane (6.9 mL, 26.5 mmol) and stirred at 0 °C for 12 h. 
The mixture was partitioned between EtOAc and H2O. The organic layer was 
washed with brine, dried (Na2SO4), and concentrated. The residue was purified by 
column chromatography (a neutralized SiO2, 5% EtOAc in hexane) to give 11 (4.84 g, 
69%). 1H NMR (400 MHz, CDCl3-d)  7.71-7.68 (m, 4H), 7.46-7.38 (m, 6H), 3.86 (dd, 
1H, J = 12 and 2.8), 3.72 (dd, 1H, J = 12 and 4.8), 3.15-3.12 (m, 1H), 2.75 (dd, 1H, J = 
5.2 and 4.0), 2.62 (dd, 1H, J = 5.2 and 2.8), 1.07 (s, 9H) ; 13C NMR(400 MHz, CDCl3) 
 135.7, 133.4, 129.9, 127.9, 64.5, 52.4, 44.6, 26.9 (3C), 19.4; C19H24O2Si, calcd. C 

73.03, H 7.74, N 0; found C 72.87, H 7.69, N 0. 
 

1-2-2. (S)-1-(tert-butyldiphenylsilyloxy)- 2-hydroxy-5-trimethylsilyl-4-pentyne (2). 
Compound 11 (3.41 g, 10.9 mmol) was dissolved in THF at 

-78 °C, added n-butyllithium solution in hexane (9.14 mL, 
14.2 mmol), trimethylsilylacetylene (2.27 mL, 16.4 mmol) 
and BF3 O(C2H5)2 (2.04 mL, 16.4 mmol). The reaction 

solution was stirred at -78 °C for 12 h under Ar. The reaction solution was 
neutralized with aqueous NH4Cl (saturated, 15 mL) and partitioned between EtOAc 
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and H2O. The organic layer was washed with brine, dried (Na2SO4), and 
concentrated. The residue was purified by column chromatography (a neutralized 
SiO2, 4% EtOAc in hexane) to give 22 (4.15 g, 93%). 1H NMR (400 MHz, CDCl3-d)  
7.70-7.67 (m, 4H), 7.43-7.37 (m, 6H), 3.85 (dd, 1H, J = 12 and 3.2), 3.71 (dd, 1H, J = 
12 and 4.8), 3.15-3.13 (m, 1H), 2.75 (dd, 1H, J = 5.2 and 4.0), 2.61 (dd, 1H, J = 5.2 
and 2.8), 1.06 (s, 9H), 0.00 (s, 9H); 13C NMR (400 MHz, CDCl3)  135.7, 133.3, 130.0, 
127.9, 102.8, 87.3, 70.4, 66.6, 44.6, 27.0 (3C), 19.5, 0.20 (3C); C24H34O2Si2, calcd. C 
70.19, H 8.34, N 0; found C 70.38, H 8.19, N 0.  

 
1-2-3. (S)-2-(tert-butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)-5- 

trimethylsilyl-4-pentyne (3).   
Compound 22 (4.15 g, 10.1 mmol) dissolved in DMF (20 

mL). The reaction solution was added imidazole (1.65 g, 
24.2 mmol) and tert-butylchlorodiphenylsilane (1.83 g, 
26.5 mmol) and stirred for 12 h. The mixture was 

partitioned between EtOAc and H2O. The organic layer was washed with brine, 
dried (Na2SO4), and concentrated. The residue was purified by column 
chromatography (a neutralized SiO2, 33% EtOAc in hexane) to give 33 (4.50 g, 85%). 
1H NMR (400 MHz, CDCl3-d)  7.56-7.53 (m, 4H), 7.31-7.22 (m, 6H), 3.76-3.70 (m, 
1H), 3.51 (dd, 1H, J = 10 and 4.8), 3.42 (dd, 1H, J = 10 and 6.0), 2.54 (dd, 1H, J = 17 
and 5.2), 2.25 (dd, 1H, J = 17 and 7.2), 0.92 (s, 9H), 0.72 (s, 9H), 0.00 (s, 9H), -0.06 (s, 
3H), -0.15 (s, 3H); 13C NMR (400 MHz, CDCl3-d)  135.7, 133.7, 129.9, 129.8, 127.9, 
127.8, 104.8, 85.9, 72.0, 67.3, 46.8, 27.0 (3C), 26.0 (3C), 19.4, 18.2, 0.24 (3C), -4.43 
(2C); C30H48O2Si3 0.2H2O, calcd. C 68.17, H 9.23, N 0; found C 68.09, H 9.23, N 0.  
 

1-2-4. (S)-2-(tert-butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)-4- 
pentyne (4).  

Compound 33 (4.55 g, 8.67 mmol) was dissolved in MeOH 
(100 mL). Then, the reaction solution was added 1 M NaOCH3 
in MeOH (11.3 mL, 11.3 mmol) and stirred at 40 °C for 20 min. 

The reaction solution was neutralized with aqueous NH4Cl (saturated, 15 mL) and 
partitioned between EtOAc and H2O. The organic layer was washed with brine, 
dried (Na2SO4), and concentrated to give 44 (3.88 g, 99%). H NMR (400 MHz, 
CDCl3-d)  7.64-7.61 (m, 4H), 7.36-7.32 (m, 6H), 3.83-3.78 (m, 1H), 3.59 (dd, 1H, J = 
10 and 4.8), 3.54 (dd, 1H, J = 10 and 6.4), 2.55 (ddd, 1H, J = 17, 6.4 and 2.8), 2.31 
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(ddd, 1H, J = 17, 5.6 and 2.8), 0.99 (s, 9H), 0.80 (s, 9H), -0.08 (s, 3H), 0.00 (s, 3H); 
C27H40O2Si2 H2O, calcd. C 68.88, H 8.99, N 0; found C 68.96, H 8.91, N 0.  
 

1-2-5. 1-methyluracil (5).  
Uracil (2.24 g, 20.0 mmol) was dissolved in hexamethyldisilazane (40 

mL, 0.5 M), added trimethylchlorosilane (7.0 ml, 55.3 mmol) and 
stirred at 130 °C for 2.0 h. The reaction solution was added CH3I (5.0 
mL, 80.0 mmol) at 60 °C for 12 h. The mixture was neutralized with 

36% CH3COOH at 0 °C and filtered with 2-propanol. The residue was recrystallized 
to give 55 (1.70 g, 68%). 1H NMR (400 MHz, DMSO-ɗ6)  11.22 (s, 1H), 7.62 (d, 1H, J = 
8.1), 5.52 (d, 1H, J = 8.1), 3.23 (s, 3H). 
 

1-2-6. 5-iodo-1-methyluracil (6). 
 Compound 55 (1.12 g, 8.88 mmol) was dissolved in CH3COOH (17.8 
mL) and stirred at 70 °C for 20 min. The reaction solution was 
added N-iodosuccinimide (2.40 g, 10.7 mmol) and stirred at 100 °C 
for 5.0 h. Then, the reaction solution was added H2O at 0 °C and 
filtered to give 66 (1.50 g, 67%). 1H NMR (400 MHz, DMSO-d6)  

11.60 (s, 1H), 8.19 (s, 1H), 3.24 (s, 3H). 
 
1-2-7. (S)-2-(tert-butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)-5- 

(1-methylpyrimidine-2,4-dion-5-yl)-4-pentyne (7).   
A mixture of compound 44 (0.81 g, 3.21 mmol), 

compound 66 (2.01 g, 4.44 mmol), CuI (0.12 g, 0.63 
mmol), Pd(PPh3)4 (0.37 g, 0.32 mmol) and Et3N (1.12 
mL, 8.06 mmol) in DMF (35 mL) was stirred at 40 °C 
for 24 h. The mixture was partitioned between EtOAc 

and aqueous NaHCO3 (saturated). The organic layer was washed with brine, dried 
(Na2SO4), and concentrated. The residue was purified by column chromatography (a 
neutralized SiO2, 1% MeOH in CHCl3) to give 77 (0.38g, 58%). 1H NMR (400 MHz, 
CDCl3-d)  8.93 (s, 1H), 8.64 (s, 1H), 7.69-7.67 (m, 4H), 7.44-7.36 (m, 6H), 3.94-3.92 
(m, 1H), 3.67 (dd, 1H, J = 10 and 4.6), 3.59 (dd, 1H, J = 10 and 6.4), 2.83 (dd, 1H, J = 
17 and 5.5), 2.58 (dd, 1H, J = 17 and 6.4), 1.55 (s, 3H), 1.05 (s, 9H), 0.86 (s, 9H), 0.06 
(s, 3H), -0.01 (s, 3H); 13C NMR (98.5 MHz, CDCl3-d)  162.0, 150.1, 147.0, 135.8, 
135.6, 132.3, 132.2, 132.0, 132.0, 128.7, 128.7, 128.5, 127.8, 100.8, 92.8, 77.4, 71.9, 
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67.3, 36.3, 26.9 (3C), 25.9 (3C), 25.5, 19.3, 18.2, -4.5, -4.6; C32H44N2O4Si2 0.5H2O, 
calcd. C 65.60, H 7.74, N 4.78; found C 65.78, H 7.61, N 4.78.  
 

1-2-8. (S)-1,2-dihydroxy-5-(1-methylpyrimidine-2,4-dion-5-yl)-4-pentyne (8). 
 Compound  7 (0.36g, 0.63 mmol) was dissolved in THF (13.3 
mL).  1 M tetrabutylammonium floride in THF (1.33 mL) 
was added to the solution, and the mixture was stirred at 
room temperature for 24 h. The mixture concentrated, and 
the residue was purified by column chromatography (a 
neutralized SiO2, 1% MeOH in CHCl3) to give 88 (0.12 g, 

86%). 1H NMR (400 MHz, CD3OH-d3)  7.82 (s, 1H), 3.82-3.76 (m, 1H), 3.62 (dd, 1H, 
J = 11 and 5.0), 3.56 (dd, 1H, J = 11 and 6.0), 3.34 (s, 3H), 2.63 (dd, 1H, J = 11 and 
6.0), 2.54 (dd, 1H, J = 11 and 6.4); 13C NMR (98.5 MHz, CD3OH-d3)  165.6, 152.1, 
150.3, 100.2, 91.7, 73.9, 71.8, 65.9, 36.4, 25.3. 

 
1-2-9. (S)-1-(4,4′-dimethoxytriryloxy)-2-hydroxy-5-(1-methylpyrimidine-2,4-dion-5-yl) 

-4-pentyne (9). 
 A mixture of compound 88 (0.19 g, 0.85 mmol) and 
4,4′-dimethoxytrityl chloride (0.30 g, 0.89 mmol) in 
pyridine (8.5 mL) was stirred at room temperature for 4.0 h. 
The mixture was partitioned between EtOAc and aqueous 
NaHCO3 (saturated). The organic layer was washed with 
brine, dried (Na2SO4), and concentrated. The residue was 

purified by column chromatography (a neutralized SiO2, 1-10% MeOH in CHCl3) to give 
9 (0.41 g, 92%). 1H NMR (400 MHz, CDCl3-d)  8.81 (s, 1H), 7.43-7.17 (m, 9H), 6.82-6.80 
(m, 4H), 3.98-3.95 (m, 1H), 3.77 (s, 6H), 3.34 (s, 3H), 3.28-3.22 (m, 2H), 2.73-2.62 (m, 
2H); 13C NMR (98.5 MHz, CDCl3-d)  162.2, 158.6, 150.1, 147.3, 144.9, 136.0, 130.3, 
128.2, 128.0, 126.9, 113.2 (4C), 100.1, 91.6, 86.3, 69.5, 66.0, 55.3 (2C), 36.3, 25.3. 
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11-2-10. (S)-2-[(2-cyanoethoxy)(N,N-diisopropylamino)phosphanyloxy]-1-(4,4′- 
dimethoxytriryloxy)-5-(1-methylpyrimidine-2,4-dion-5-yl)-4-pentyne (10). 

A mixture of compound 99 (0.48 g, 0.91 mmol), N, 
N-diisopropylethylamine (0.80 mL, 4.58 mmol), and choro 
(2-cyanoethoxy)(N, N -diisopropylamino)phosphane (0.41 
mL, 1.84 mmol) in THF (4.6 mL) was stirred at room 
temperature for 0.75 h. The mixture was partitioned 
between CHCl3 and aqueous NaHCO3 (saturated). The 
organic layer was washed with brine, dried (Na2SO4), and 
concentrated. The residue was purified by column 
chromatography (a neutralized SiO2, 33% EtOAc in hexane) 
to give 110 (0.58 g, 88%). 31P NMR (158.6 MHz, CDCl3-d)  

149.4, 149.2. 
 

1-2-11. Solid support synthesis (11).  
A mixture of compound 99 (90 mg, 0.17 mmol), succinic anhydride (50 mg, 0.51 

mmol) and DMAP (0.42 mg, 3.40 μmol) in pyridine (1.7 mL) was stirred at room 
temperature. After 72 h, the solution was partitioned between CHCl3 and H2O, and 
the organic layer was washed with H2O and brine. The separated organic layer was 

dried (Na2SO4) and concentrated to give a 
succinate. Aminopropyl controlled pore glass 
(0.38 g, 0.17 mmol) was added to a solution of 
the succinate and WSC (34.6 mg, 0.18 mmol) 
in DMF (4.5 mL), and the mixture was kept 
for 72 h at room temperature. After the resin 
was washed with pyridine, a capping solution 
(15 mL, 0.1 M 4-dimethylamoinopyridine in 
pyridine/Ac2O = 9:1, v/v) was added and the 

whole mixture was kept for 24 h at room temperature. The resin was washed with 
pyridine, EtOH and MeCN, and dried in vacuo. The amount of loaded compound 111 
to solid support was 38.9 μmol/g from calculation of released dimethoxytrityl cation 
by a solution of 70% HClO4/EtOH (3:2, v/v). 
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11-3. Synthesis of the acyclic cytidine analog 
 
1-3-1. 2-amino-5-iodo-4-pyrimidinone (12).  

Isocytosine (1.0 g, 9.00 mmol) was dissolved in 1 M NaOH (9.0 mL), 
added I2 (2.29 g, 9.00 mmol) and stirred at 100 °C for 2.0 h. The 
mixture was filtered with dH2O and MeOH to give 112 (2.04 g, 96%). 1H 
NMR (400 MHz, DMSO-d6)  11.21 (s, 1H), 7.90 (s, 1H), 6.66 (s, 2H).  
 

 
1-3-2. 2-[(N,N-dimethylamino)methylene]amino-5-iodo-N1-methyl-4- 

pyrimidinone (13).  
compound 112 (1.30 g, 5.49 mmol) was dissolved in DMF (5.5 mL), 

added N,N-dimethylformamid dimethylacetal (3.64 mL, 27.4 
mmol) and stirred at 40 °C for 5.0 h. The mixture was concentrated, 
the residue was purified by column chromatography (SiO2, 10% 

MeOH in CHCl3) to give 113 (1.11 g, 66%). 1H NMR (400 MHz, DMSO-d6)  8.64 (s, 
1H), 8.08 (s, 1H), 3.47 (s, 3H), 3.19 (s, 3H), 3.09 (s, 3H); 13C NMR (100.5 MHz, 
DMSO-d6)  160.0, 159.8, 158.5, 158.3, 76.3, 40.9, 35.0, 30.3; HRMS (ESI) m/z; calcd. 
for C8H12IN4O [M + H]+ 307.0056, found 307.0043.  
 

1-3-3. (S)-5-[5-(tert-butyldiphenylsilyloxy)-4- (tert-butyldimethylsilyloxy)-1- 
pentynyl]-2-[(N,N-dimethylamino)methylene]amino-
N1-methyl-4-pyrimidinone (14). 
 A mixture of compound 44 (0.73 g, 1.61 mmol), 
compound 113 (0.41 g, 1.34 mmol), CuI (27 mg, 0.14 
mmol), Pd (PPh3)4 (162 mg, 0.14 mmol) and Et3N 
(0.98 mL, 7.05 mmol) in DMF (7.0 mL) was stirred at 
40 °C for 12 h. The mixture was partitioned between 

EtOAc and aqueous NaHCO3 (saturated). The residue was purified by column 
chromatography (SiO2, 50% EtOAc in hexane) to give 114 (0.56 g, 67%). 1H NMR (400 
MHz, CDCl3-d)  8.56 (s, 1H), 7.79 (s, 1H), 7.69-7.68 (m, 4H), 7.40-7.34 (m, 6H), 
3.98-3.95 (m, 1H), 3.70 (dd, 1H, J = 10 and 4.6), 3.62 (dd, 1H, J = 10 and 6.0), 3.57 (s, 
3H), 3.18 (s, 3H), 3.14 (s, 3H), 2.90 (dd, 1H, J = 17 and 5.5), 2.59 (dd, 1H, J = 17 and 
6.9), 1.05 (s, 9H), 0.86 (s, 9H), 0.08 (s, 3H), 0.00 (s, 3H); 13C NMR (100.5 MHz, 
CDCl3-d)  163.4, 158.8, 158.1, 155.5, 135.8, 135.7, 134.0, 133.9, 133.8, 133.7, 129.7 
(2C), 128.8, 128.7, 127.8 (2C), 104.9, 92.4, 75.6, 72.3, 67.4, 41.5,35.4, 29.9, 27.0 (3C), 
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26.0 (4C), 19.4, 18.2, -4.5 (2C); HRMS (ESI) m/z; calcd. for C35H50KN4O3Si2 [M + K]+ 
669.3059, found 669.3030. 
 

11-3-4. (S)-5-(4,5-dihydroxy-1-pentyntl)-2-[(N,N-dimethylamino)methylene]amino 
-N1-methyl-4-pyrimidinone (15).  

 Compound 114 (0.52 g, 0.83 mmol) was dissolved in 
THF (4.2 mL). 1 M tetrabutylammonium floride in 
THF (1.78 mL) and a few drops of acetic acid were 
added to the solution, and the mixture was stirred at 
room temperature for 24 h. The mixture was 
concentrated, and the residue was purified by column 

chromatography (SiO2, 20% MeOH in CHCl3) to give 115 (0.10 g, 45%). 1H NMR ( 500 
MHz, DMSO-d6)  8.67 (s, 1H), 7.82 (s, 1H), 4.83 (d, 1H, J = 4.6), 4.59 (t, 1H, J = 5.7 
and 5.2), 3.62-3.59 (m, 1H), 3.44-3.36 (m, 2H), 3.42 (s, 3H), 3.20 (s, 3H), 3.09 (s, 3H), 
2.54 (dd, 1H, J = 17 and 6.3), 2.41 (dd, 1H, J = 17 and 6.3); 13C NMR (100.5 MHz, 
DMSO-d6)  162.2, 158.7, 158.7, 155.5, 102.6, 91.4, 76.0, 70.4, 64.7, 41.0, 35.0, 29.2, 
24.6; HRMS (ESI) m/z; calcd. for C13H18N4NaO3 [M + Na]+ 301.1277, found 
301.1291.  
 

1-3-5. (S)-5-[4-(4,4′-dimethoxytriryloxy)-5-hydroxy-1-pentynyl]-2-[(N,N-dimethyl 
amino)methylene]amino-N1-methyl-4-pyrimidinone (16).  

  A mixture of compound 115 (37.6 mg, 0.14 mmol) 
and 4,4′-dimethoxytrityl chloride (53.0 mg, 0.16 
mmol) in pyridine (1.40 mL) was stirred at room 
temperature for 4.0 h. The mixture was 
partitioned between EtOAc and aqueous NaHCO3 
(saturated). The organic layer was washed with 

brine, dried (Na2SO4), and concentrated. The residue was purified by column 
chromatography (a neutralized SiO2, 2% MeOH in CHCl3) to give 116 (54.2 mg, 69%). 
1H NMR (500 MHz, CDCl3-d)  8.56 (s, 1H), 7.77 (s, 1H), 7.45-7.43 (m, 2H), 7.34-7.25 
(m, 6H), 7.21-7.17 (m, 1H), 6.83-6.80 (m, 4H), 4.02-3.99 (m, 1H), 3.77 (s, 6H), 3.55 (s, 
3H), 3.28 (dd, 1H, J = 9.2 and 5.7), 3.24 (dd, 1H, J = 9.8 and 5.2), 3.17 (s, 3H), 3.13 (s, 
1H), 2.77 (dd, 1H, J = 17 and 5.7), 2.70 (dd, 1H, J = 17 and 6.9); 13C NMR (125 MHz, 
CDCl3-d)  163.5, 158.9, 158.5, 158.2, 155.4, 145.0 (3C), 136.2, 130.2 (4C), 128.3 (2C), 
127.9 (2C), 126.8, 113.2 (4C), 104.2, 91.1, 86.2, 69.7, 66.1, 55.3 (2C), 41.5, 35.4, 29.8, 
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25.8; HRMS (ESI) m/z; calcd. for C34H36N4NaO5 [M + Na]+ 603.2583, found 
603.2572.  
 

1-3-6. (S)-5-{5-[(2-cyanoethoxy)(N,N-diisopropylamino)phosphanyloxy]-4- (4,4′- 
dimethoxytriryloxy)-1-pentynyl}-2-[(N,N-dimethylamino)methylene]amino-N1-me

thyl-4-pyrimidinone (17).  
 A mixture of compound 116 (0.10 g, 0.17 mmol), N, 
N-diisopropylethylamine (0.11 mL, 0.63 mmol), and 
choro (2-cyanoethoxy)(N, N-diisopropylamino) 
phosphane (80 μL, 0.36 mmol) in THF (1.0 mL) was 
stirred at room temperature for 1.0 h. The mixture 
was partitioned between CHCl3 and aqueous 
NaHCO3 (saturated). The organic layer was washed 
with brine, dried (Na2SO4), and concentrated. The 

residue was purified by column chromatography (a neutralized SiO2, 33% EtOAc in 
hexane) to give 117 (0.12g, 89%). 31P NMR (158.6 MHz, CDCl3-d)  149.57, 149.19. 
 

1-4. Oligonucleotide synthesis 
 
Synthesis of RNA was carried out with a DNA/RNA synthesizer by phosphoramidite 

method. Deprotection of bases and phosphates was performed in concentrated 
NH4OH:EtOH (3:1, v/v) at 55 °C for 4.0 h. 2′-TBDMS groups were removed by Et3N·3HF 
(125 μL) in DMSO (100 μL) at 65 °C for 90 min. The reaction was quenched with 0.1 M 
triethylammonium acetate (TEAA) buffer (pH 7.0) and desalted on Sep-Pak C18 
cartridge. Deprotected RNA wes purified by 20% PAGE containing 7 M urea to give the 
purified ON 33 (15), ON 88 (1), ON 111 (11), ON 112 (2), ON 113 (2), ON 114 (4), ON 115 (19) , 
ON 116 (8), ON 117 (3), ON 220 (3), ON 221 (3), ON 222 (2) , ON 226 (3), ON 229 (6) , ON 330 (28), 
ON 331 (13) , ON 332 (21), ON 333 (12), ON 334 (8) and ON 335 (12). The yields are indicated 
in parentheses as OD units at 260 nm starting from 0.2 μmol scale or 1.0 μmol scale.  
On the other hand, synthesis of DNA was carried out with a DNA/RNA synthesizer by 

phosphoramidite method. Deprotection of bases and phosphates was performed in 
concentrated NH4OH:EtOH (3:1, v/v) at 55 °C for 12 h. Deprotected ONs were purified 
by 20% PAGE containing 7 M urea to give the purified ON 338 (2), ON 441 (2), ON 444 (0.1), 
ON 447 (3), ON 550 (2), ON 553 (5) and ON 556 (7). The yields are indicated in parentheses 
as OD units at 260 nm starting from 0.2 μmol scale. 
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11-5. MALDI-TOF/MS analysis oligonucleotides 
 

The spectra were obtained with a time-of-flight mass spectrometer equipped with a 
nitrogen laser (337 nm, 3 ns pulase). A solution of 3-hydroxypicolinic acid (3-HPA) and 
diammonium hydrogen citrate in H2O was used as the matrix. Data of synthetic ONs: 
ON 33 m/z = 5672.3 ([M-H] –, calcd 5680.5; C172H212N67O121P17); ON 88 m/z = 7086.5 ([M-H] 

–, calcd 7084.4; C225H269N70O155P21); ON 111 m/z = 6539.9 ([M-H] –, calcd 6546.9; 
C198H245N69O146P20); ON 112 m/z = 6696.6 ([M-H] –, calcd 6696.1; C203H248N82O140P20); ON 
13 m/z = 6561.6 ([M-H] –, calcd 6563.9; C199H248N68O147P20); ON 114 m/z = 6564.9 ([M-H] –, 
calcd 6563.0; C199H249N69O146P20); ON 115 m/z = 6556.5 ([M-H] –, calcd 6563.0; 
C199H249N69O146P20); ON 116 m/z = 6556.5 ([M-H] –, calcd 6712.1; C204H251N82O140P20); ON 
17 m/z = 6711.5 ([M-H] –, calcd 6713.1; C204H251N81O141P20); ON 226 m/z = 7094.2 ([M-H] –, 
calcd 7100.5; C226H273N70O155P21); ON 220 m/z = 6607.5 ([M-H] –, calcd 6607.9; 
C201H249N73O144P20); ON 221 m/z = 6603.8 ([M-H] –, calcd 6607.9; C201H249N73O144P20); ON 
22 m/z = 6589.5 ([M-H] –, calcd 6587.9; C202H249N73O142P20); ON 229 m/z = 6982.1 ([M-H] –, 
calcd 6979.9; C210H258N81O151P21); ON 330 m/z = 6982.8 ([M-H] –, calcd 6979.9; 
C210H258N81O151P21); ON 331 m/z = 6982.7 ([M-H] –, calcd 6979.9; C210H258N81O151P21); ON 
32 m/z = 7198.9 ([M-H] –, calcd 7197.0; C216H270N78O160P22); ON 333 m/z = 7198.9 ([M-H] –, 
calcd 7197.0; C216H270N78O160P22); ON 334 m/z = 7198.9 ([M-H] –, calcd calcd 7197.0; 
C216H270N78O160P22); ON 335 m/z = 7198.9 ([M-H] –, calcd 7197.0; C216H270N78O160P22); ON 
38 m/z = 4953.6 ([M-H]–, calcd 4950.8; C165H202N48O100P16); ON 441 m/z = 4876.9 ([M-H]–, 
calcd 4875.7; C166H197N41O101P16); ON 444 m/z = 4950.7 ([M-H]–, calcd 4948.8; 
C165H204N50O98P16); ON 447 m/z = 4880.3 ([M-H]–, calcd 4873.8; C166H199N43O99P16); ON 
50 m/z = 5044.7 ([M-H]–, calcd 5041.8; C165H199N57O98P16); ON 553 m/z = 4959.5 ([M-H]–, 
calcd 4965.8; C167H165N49O99P16); and ON 558 m/z = 3499.2 ([M-H]–, calcd 3497.6; 
C127H153N21O76P10). 
 

1-6. Thermal denaturation study 
 
The solution containing the duplex in a buffer comprising 10 mM sodium phosphate 

(pH 7.0) and 100 mM NaCl was heated at 100 °C for 5 min, cooled gradually to an 
appropriate temperature, and then used for the thermal denaturation study. The 
thermally induced transition of each mixture was monitored at 260 nm on UV-Vis 
spectrophotometer fitted with a temperature controller in quartz cuvettes with a path 
length of 1.0 cm and a 3.0 μM duplex concentration in a buffer of 10 mM sodium 
phosphate (pH 7.0) and 100 mM NaCl. The sample temperature was increased by 
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0.5 °C/min. The thermodynamic parameters of the duplexes on duplex formation were 
determined by calculations based on the slope of a 1/Tm vs. ln (CT/4) plot, where CT (3, 6, 
9, 12, 15, 18 and 21 μM) is the total concentration of single strands. 
 

11-7. Circular dichroism (CD) spectroscopy 
 
The solution containing the duplex in a buffer comprising 100 mM sodium phosphate 

(pH 7.0), 100 mM NaCl and 10 mM MgCl2 was heated at 100 °C for 5 min. The reaction 
mixture (6.0 μM) were cooled gradually to an appropriate temperature, and then used 
for the measurement of CD spectra by a spectropolarimeter. 
 

1-8. Dual-Luciferase reporter assay 
 
HeLa cells were grown at 37 °C in a humidified atmosphere of 5% CO2 in air in 

Minimum Essential Medium (MEM) (Invitrogen) supplemented with 10% bovine serum 
(BS). 24 h before transfection, HeLa cells (4 × 104/mL) were transferred to a 96-well 
plate (100 μL/well). They were transfected using TransFast (Promega). Cells in each 
well were transfected with a solution (35 μL) of psiCHECK-2 vector (20 ng), the 
indicated amounts of siRNA, and TransFast (0.3 μg) in Opti-MEM I Reduced-Serum 
Medium (Invitrogen), and incubated at 37 °C. Transfection without siRNA was used as 
a control. After 1.0 h, MEM (100 μL) containing 10% BS was added to each well, and the 
whole was further incubated at 37 °C. After 24 h, solution in each well was removed and 
the plate was left unattended at -80 °C. After 24 h, activities of firefly and Renilla 
luciferases in cell were determined with a dual-luciferase assay system (Promega) 
according to a manufacturer’s protocol. The results were confirmed by at least three 
independent transfection experiments with two cultures each and are expressed as the 
average from four experiments as mean ±SD. 
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11-9. Partial Hydrolysis of ONs with Snake Venom Phosphodiesterase (SVPD) 
 
Each ON (1200 pmol) labeled with fluorescein at the 5′-end was incubated with SVPD 

(0.006 unit) in a buffer (150 μl) comprised of 250 mM Tris-HCl and 50 mM MgCl2 at 
37 °C. At appropriate periods, aliquots (5.0 μL) of the reaction mixture were separated 
and added to the loading buffer (15 μL), comprising Tris-borate-EDTA (TBE) buffer and 
20% glycerol, on ice. The mixture were analyzed by electrophoresis on 20% 
polyacrylamide gel containig 7 M urea. The labeled ON in the gel was visualized by use 
of a Luminescent Image analyzer LAS-4000 (Fujifilm). 
 

1-10. Stability of duplexes in DMEM containing bovine serum 
 

Each duplex (1200 pmol, 50 μL) labeled with fluorescein at 5′-end was incubated in 
D-MEM (250 μL) containing 36% bovine serum at 37 °C. At appropriate periods, 
aliquots (5.0 μL) of the reaction mixture were separated and added to the loading buffer 
(15 μL), comprising Tris-borate-EDTA (TBE) buffer and 20% glycerol, on ice. The 
mixture were analyzed by electrophoresis on 20% polyacrylamide gel. The labeled 
duplex in the gel was visualized by use of a Luminescent Image analyzer LAS-4000 
(Fujifilm).  
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11-11. Hydrolysis of RNA with Escherichia coli RNase H 
 
The solution containing ON (300 pmol) and RNA (1500 pmol) labeled with fluorescein 

at the 5′-labeled in a buffer comprised of 50 mM Tris-HCl (pH 8.0), 75 mM KCl, 3 mM 
MgCl2 and 10 mM dithiothreitol was heated at 100 °C for 5 min. The reaction mixture 
were then cooled gradually to an appropriate temperture. Then E. coli RNase H (3.0 
unit) was added to the solution, and the mixture was incubated at 37 °C. Aliquots (5 μL) 
were taken at 0, 1, 3, 5, 10, 15, 30 and 60 min, and mixed with a solution comprised of 
formamide (14 μL) and 0.1M EDTA (1 μL) on ice. Each sample was analyzed by 20% 
denaturing PAGE at room temperature at 5 mA for 5 h. The gel was visualized by use of 
a Luminescent Image analyzer LAS-4000 (Fujifilm). 
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