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rA = adenosine

dA = deoxyadenosine

rC = cytidine

dC = deoxycytidine

CPG = controlled pore glass

EDCI - HC1 = 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide HC1
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 = Miodosuccinimide

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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B HREXR

UT4E, siRNA R°7 o F 1 v AR &1L U &+ DR ERK T 1) K55+ E 508t
IRESESCIIEN L TE R o7 RNA XS DNA 7R AR Z — 7 MZTE 58, 2)
BB EMENE W ORIERAN D20, 3) RS OMRBALNHURESR 2 & & ik LT
K Th DR EDHBMND ﬁﬁﬁ[% ELTHEBEZEDTEBY, ZNETITHEL
IRRFZERHED 5T % (Table 1)

— x4
- 49K L i FY St B 55 718
(PE 5 44)
Fomivirsen 1998 (k) A v AT A A (CMV) CMV s B
TrFR A B RN IEEI)
(Vitravene) 1999 (EU) {5+ IE2 mRNA (AIDS H#)
Pegaptanib 2004 Cf) Vascular endothelial growth B
8P 7 h  srow MBPEEBEEIE WP R
(Macugen) 2006 (EU)  factor (VEGF) 165 ¥ > /X7 '&
Mipomersen REEABFHRIER
Pe FrFErA 2013 CK) ApoB 100 mRNA o " s
(Kynamro) a L AT v —)VIE

Table 1. LI S 7-ERERK T (~2013 4)

ZOPTERTANEE, TR E TOBRERLDRFREG TH L0126 L, 2013 4
\Z Kynamro W EHFEGOBBERL L L IO TCETsnZZETHDH, 20
Kynamro (X DDS 73 72 L COE RGN AEETH U | FIRIZHBLT %5 ApoB mRNA
DBIGTHRBEIGET D2 & THRERT T T2 AT, 2L 20 HE» D
&5DNAT%D Txfn?mx%»#A1ﬁb0$2$m%ﬁi~bﬁé%%wé
Z & TR E A B LR R A2 AR LTV D 2,

ZOMIZ, 2016 £ 9 AT av oz XM YA e T o —1REHKLE LT
awaﬁ\mﬂ_iﬁ%éwiﬁﬁ(%M)ﬁ%%kbeHMﬂﬂﬂ?V*wt
>) 7 FDA (Food and Drug Administration, K[E®LEHKYF) (KBS, =
NoF EfsnE T HIDORT T A 0 ZHERO T o Fr o ABTH Y . FHMIE
1-1-2. 7o F v RAEICHE LT,

LU, BERRIE S AL PRI TR RS RIE RN E 2L HFEL, RBILTLFO
BRMNFTHNTVND 9,
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TEHX I LT —BILR VBSOS NDT2DIFFRIALZETH D,

2. TUNY —NNEETH 5
BBgIL Y U liEY — AT VEERICH KT 5 A E M D TGS IE MRV, 72
IREEMEIIMRD T < . BRIILE 2> SR L, SRERIKR A8 288 CHECNTR IS PR &
nod,

3. A F—Txu I X ARIER
HARNITA Z DW= ATRIC LA ONE TH 203, ERRE K SLBRZR I & > CTEEZH
TEROFERE B 720 95,

IhHORMBERT D FERDOO L DL LT B~ DI AHERIR DEADRE AT
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1-1-1. RNA T

I, T o T AEP RNA 7 72 < —1Sfe BT IR IE K Tk & LT RNA F
# (RNA interference, RNA1) {E23#IfF ST %, 1998 4ED Fire & Mello HiZ2 X 5
MEHUZ X DR T RNA T 0 (IRE RIER 2RO, TNETOWIEN D, 2D RNA
THIIRBEEZII LD, Yavyau s WAMHE, MY THLIRES A TWD Z ERHS
NTW5, £ LT, 2001 Fi21X Elbashir H2MbFE Rk L7z 21-22 HEH o siRNA 230
FLEMRICBNTA V¥ —7 = v VICH ZFHEE T RS R R 28 s B 2 R
FTIEEWE L,
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Figure 1. RNA +

RNA FHOERABEEIILLFOEY Th 5 (Figure 1), RNA T ITEH ifﬁ RNA
DEIEELRoTHEEIIN, B MZIFIUD LT HHIAEDICIBN T, MlaNIzE
SN EH EH{RNA X Dicer RNasell # > /X7 E 7 7 X U—) 12XV 25-21 iﬁ%%’a
& @ siRNA (small interfering RNA) (Z8Ir &5, % LT, siRNA X ATP FEKAFH
WEIRLEZT TRy Uy —#H Y RO —EHE{ L 72V | Argonaute % > /N7
'E (Ago) 73 & L 32 RISC (RNA-induced silencing complex) Zkd 5, D,
RISC 137 A REHIZHAMA 2 Bis 2 3 TR mRNA Z383#% L. Ago2 @ Slicer i&MEIZ &
0 A REPRESTUIBI SN D Z LIC X D ERTFRAMGIZ5 &R 32 08 mb
TG 89



Z®» RNA T#48| & 24 siRNA 1% 3R 2 HIEZeH L& 2o 8E
21-23mer ® " #H# RNA T&H V. DNA/RNA HEWZER AR L W A ICERTRET
b b, TDI BEEEEORIER RIS D20 DL FEMOBEAN L RS TH Y  FEx
AL FHERf sIRNA OB D BT %, 2015 4F 12 ARFR T, Bl LTV 5 siRNA
EIIT2NH OO, BARENT S IFEA TR IED ND-L02-s0201 (H 3 E T/ALIRER X
[ALHRER) | LA EIER L L7z TMD-812 (ESZASAMFZEL v % —/3DM) &7 o—
WOGHHE & LCTA LD IGERAE 2 %4 & Lz STNMO01 GHriER/IAT U v 7 FAERE
BHAWFEAT @ 3 - OERRRBRED HiIL TS 10,

F72, siRNA [CX-oTHIEEZ S5 RNA Tz LT, WEMIK S+ Th b
miRNA (micro RNA) (2L - T#% RNA FE5I & Z &b (Figure 1), miRNA (%
9 DNA O EW—KRIEGEY (pri-miRNA) & LTEEBE S, £0 9 bAT E LR
DETMEEZ &> TODETAEID H S (prermiRNA), Z 4728 Dicer (X 57 vt
27 %% T miRNA &72%, £ LT, siRNA EHEBIOREK A Y mRNA LfEA L
Yl 2%\ i mRNA © 3-UTR IZFA L CRIRZBLET 5,

miRNA |3 KRS OBEREN R SN TWARWD, AEMOTACTEE A, Ml
FHCREAL 7R & IEHICHEE R A FEROMRE AU ICHBE L T b Z bR TW D,
FRIZUTAE, L miRNA OREMERER I T\ 5 W12, ZD 7=, a2 R 2L
%6819 %5 miRNA ZFH L7=2WrChAl3E % — 7y & LT miRNA OBt bt Hi
TV,



1-1-2. 7oFE A

1998 £, AT DOMREK M E L THIVBEDY A AT 0 A VA 2RI XD
MR 2 1RIE T 57 T AEH Vitraven 28 FDA |2 X D &GRS u7z, % LT, 2012
FICEFEREm 2 VAT 0 — VILE 2GR T 2 &2F TG AERT »F v AEHK
Kynamro 237&GR S 4L, BEEEXKBEOF THL T o F & o AEIITEERMIE b tEA
TWDHFIETHD, 7T AR EEIZ, DNASRNA—-X XV ED® NIV KT
~DOWNET F AR (ASO) (2 X VW T 58 R - RIAGIEETH D
(Figure 2), ZO7 v F U AZGRIZ—EHOAY IX 7 LAF FTHY | £/ mRNA
EBCAMEATINC —EHAZ TR L, ) RNA OMEE 2 HilfHI9- 2 19149, Z FUI/EREFIC
X0, gapmer ML 27T A 2 FHIEBIC KB S D 19,
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Figure 2. 7 > F k& Rk

Gapmer %7 > F & o AL, W AMGD wing region ([ RNA & OFEE 3@l
FAERAEZE AL, FY0 gap region (Z DNA &4 W= TH D, £ LT, EIZ
FEWIZH1ET 5 DNA/RNA “HE#HZRH# L CRNASHO A 2G5 X7 L7 —BTh
% RNase H 78 ASO/RNA —HEH#HZ58F% L. RNA 8{0 A%l 5 Z & TEOEIEET
RHAZMEIT 5, bl L7z Kynamro 73 gapmer #7 > T & AR OREFH TH Y |
RNA & OfEE & =D 572912 wing region |2 2-MOE RNA #& A L. gap region
(2 DNA 82 MW % 2 & TRRISEIFFI M LT\ 5 19,



WIZ, AT TA 2 THIEBNIA T T A v o 7 %2 S, mRNA OFEYIZEIETSH 2
L CHEMEERET S, ZOFIEIL, RNA $H2 0 2 0303 e < | 7RE ICHER) RNA &
fEad 52 & TEMT 5720, RNA & OFFEBIRAMEDD T < . RNase H OFEEIZ7e 6
RMEFERENER S D, BIE, AT 74 THIBRLY T U AR TIET 2 v
= UG A S v T 4 —ITRT DRI ORBEE N EL TS, ZhEF Y XX
Y BT OEFIZ L > TER L TE Y | (L FEMIRIT RNase H OIEIZ/R H720E/LVT +
U/ AYaxs 45K (PMO) X 2-MOE RNA

PON B
(Figure 3) 2N T\\% 1018, Z LT, 2016 4F \( j/Base o ase
9H.PMO ZEALIAT T A v ZHIEIT v F

N cl) On"ocH,
Y U AKEETH D eteplirsen 73 FDA (ZAGR X 17z O=P—N o= Z 0

o)
DT LD, 12 Hi2iE SMA 5% D SPINRAZA “‘%""‘ e
(X Fty) DNEBINT, PMO 2'-MOE RNA

Figure 3. {bHERfA



F2H BER~DILFEER
LSRR D BEZE
RREFRORE R 2 R T 2720, #Ha EPEMENERSN TV D, 2R,

siRNA °7 v Tt v AL EMKREZEANT H Z LT, X7 L7 —YittEn KiE
Wi bEL, KN TOREMRIIRELSKE LT, £7-. i) RNA & OF M~

DELY AL ZRE KIRAL & Lol Tk B E T O BEH
LT, 25D EIC L - T, siRNA , 1
o,
RT v Ty AR LY IR A A o HEHES
(o]

RS T LAEREL 720 | AR
PEDRIRE I L > %, ZDTD. |y ogpwre 2rn {0\ o oH

KRR E I G & - TURRERR IR OE A i & DR o o Base
IO THEHTHLEEZXOND, & \w}yrﬁ‘—xﬁ»%@&g
WAL EIENE, Y RS, MRS, A
FEERIC T E 5 (Figure 4) 1920, t
2IKERE ~ D& ffi

Figure 4. Bl ~D b FEH
1-2-1. U VERER~D{EHR

U VY = AT VRS AL~ DR 72 &1L (Figure 5) 1%, R AR Y = AT LG
B OIREEHERBIR T2 MR FICE XA ARAFaF4=— K (PS) EffiTh b,
Bl L A2 O ) VBV T AT VRGN OBEM TH D Z L b X7 LT — i
PEOEIFIZRKE S FEH L, BUKESHET Z L BN ~OIR Y AL b UE LTz, Lo
L. KRB L e U CIERF R 722

57 ‘//\07%/5\7§§i9§j][] L/\ %H}H@%‘lﬁ J\’(‘\’)v Base Mg Base .,Jg Base
BHFEEND LD 2 L RRES i°j i°j i°j
NTEY, EREEROFEAIZE o OH o OH o OH

¥ 3 e O=P—-0- O=P-—§" O=P—BH;"

%IO) PS {%ﬁﬂi@%]\@i%ﬁ L 2 22)0 6 Base CI) Base 6 Base
F O OEEIC, FEREEMERESR o o o
LHETORT L (BH) (& o‘/W—f\OH 9\ 1, Qq 1
Wz RT ) UM B D, - ~ ~
siRNA |2 BH; B2 A5 & | PO it PS firfs BH: 4
BeANC k> Tl PS (Effik 0 b E Figure 5. U > FEEBIEAG{A
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b, Fleo Nyt Uy =8I B UA FEHA~OEADT HNEAR - IEBAMHIRE D7) L
(ZD7RIND VD | OAES &I R 2 A LT D 29,

1-2-2. HEEH~DEMH

siRNA 7% RNAi ?f?ﬁﬁ@’%ﬁ@”é 720, 7 T AKEE D RNase H UIWEE %
BT L0, —HEPN AL AMELZRF L TVWDLIZENEETHDH 29 25,
L, 2'7@&% TN BTHEMEICHATIERNZ 0D, 2NA~DILHER OB AN L
<HEENTWD (Figure 6), TDOHTH 2'-O-methyl (2-OMe) RNA [X, A E D
EABMAOBLOX 7 LT —PlittEzm L &E 570 20, ﬁ?ﬁ?‘i#@z@ﬂgﬁﬁiﬁ‘:k LT
HEhTns, LanL, mWEEFfilRe R4 2729121, 2-OMe RNA OE A
OB AGNAICHIRR B D EME I TnD 20, £/, A hF T =F /L (2-O-MOE)
L7 V=L (2-0Oallyl) EDOBAL X7 L7 —Viito m Lo B G T3 EIH RE
5425 29, Z o 2-O-MOE &L 2-O-Me Effi L 0 HEWX 7 L7 —VittE % £
> 29)O

iz, 20E~D 7 v RIFFDOBEBN G HNREMETH D, 2NATE WS IMED EHL
HHEEANTDHEXT LAT ROPESAREED C2-endo ! (N ) | xﬁ%ﬁ?é Zem
5, ZOEHZEAN L RNAIZZEEERICAR TH L, £z, 2-F RNA © siRNA
~OENFIX 7 LT —RlEO W B2 T, @B FRBIHEZ R LT, S 512
Z DEMEIITA R, Ny ¥y —8HIHC A TER LT H 2 OBE T REIHEEN
REF SN EHE SN TND 303D, KIZ, UR—RABROBEER 2 i I E#R L
7= 4'S-RNA 1%, fAffi RNA L ZE7R AR OEAMEED “HEHEZFEKR L, B0 X7 LT
—BMitEEZH L TCNDZ ERMESN TS, RNyt Yy—#H~0 4S-RNA DEA
AR TG TEIC R E 5 2 720, B A RE{~E AT 5 &, 4S-RNA O AERAL
RSB L » THEBFIMETEEOIR TG X 2 Sh b 3233939,

W Base W Base j Base W Base W Base
I

OCH OCH
3 | \/\OCH3 : 3

2'-0-Me RNA 2'-O-MOE RNA 2'- Orallyl RNA 2'-F RNA 4'-S RNA

Figure 6. HEEHEARA

— )7 C, BEER O SLAKELEE & HE L7-2 iz me . LNA (locked nucleic acid) 39
(Figure 7) 1 LAARLE D EE(LIZ . CHEHOAWZEN A KIEIZm ESES Z &R
WEIN TV, LNA iZEW— Efﬁ EMEX 7 LT —YiEE G922 05 Hix



72 sSiRNA R°7 U F & AEA~OEADTON TN\ D, ZAREREAIZE LT, PNA
(polyamide nucleic acid) 3¢ <> GNA (glycerol nucleic acid) 37 @ K 9 73 BHERBUEL R
(Figure 7) MBIz, PNA XV VBV = AT UFES 2723, BRI RWVEET
b DT dHMET ZHEBPERICE F IR LD DNA & &V L EMEE R~ T,
ZEDOKIE, BATNDIRNTZOKREMEDMET L, B#HE R D EKIZBETROREDH D,
F72. GNA [ZTRBBILL ORI ZZEMEZ FF> GNA “HEHSHZ T 52 LN T,

RNA I3 "&EHAE T 525 DNA L IX “HEHEZ K L 39, —iiic, BB
RIS O BHENEWZO, “EHEERA T b a E—IC AR 72 D 09 i\ A3
H53, LoL, GNAF—HETHLEKRBEL L > TWHTod, ZHEHPMRFREOT
Fe =R hE < GNA ZEHHHEM Base

M P
5ii\/]‘UEO“—E/‘ﬂ:7ﬁ%UT§)E)o Fnichn o Base 1 L e Base
| :o: | o o;i
—O

% C. DNA H LM oo fhpfE & GNA HEER o

FMEHIEERA L Ch 5/, GNAIXDNA 9 m; e
CIXIEFFEOKFEREREEAL TNDEE )

2 5580 GNA “EHoBwREk i INA PNA GNA
FELTWD EHE SN TN D 1040, Figure 7. ¥tk Zs Gk

1-2-3. BEH~DIEH

MMM & OFEAICHRCEETH D Z LD, FEHE A IR TH D RNA
R ORRIEZR LB THE DI D BT D 720, Bl & L CH4 e Effiik (Figure 8)
T, 22F ATV RV F U AR AN T 52— R VU ThHhDH 9, 2-F 4
DIV R 2= Ry Y DALY A= ARDO VKR E L 3'-endo HUZEEL S D
T ZEEHOBS L EN R LSS ZEARESNATEBY ., ZOR®ERM L.
siRNA (ZE AT 5 Z & TR FMHENEHESC Y — 7y NMERMEZ R EXE 25 2 L I2kh

L7z,
o) o o o
PR A
| NH HN NH | NH | NH
AN A A
R R R R

2FF TN a—RUuT)L 5Tubt’= LTy 5B AFLTT 0

Figure 8. HiJLHEARIA

Fo, FE, CHOLIC T v E =V A TFILEEZ S DT T Vb % siRNA ~E AT 5 &
RIS ST 949, 5- XA FIL D T UL HE A S LTz siRNA [T KRR L [FZE DB R
TREMMBIGE LR LA, 5-7n =10 T A RnEASTz siRNA OBsF4iil6e
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TR E Y HIKTF L7, ZOFKE LT, Ago ¥ X7 EF L7 a = /LD TODL
IKFENEZ BND, LinL, 7 u =L EA ST siRNA (B MR A/ER I
Loz b E—BAFNCINZ T, a-afEGREERORAZ X V2 RT 52 &
WLz 2 —ARIPRRE <@ “HEHPREZAFICL TWD Z ERHEIN
TW5,

1-2-4. AEHB

A, RNA & BRI “EHEHATERT 5 GNA (1-2-2. &/) (2, KO A X v %
Y MEEROREBRA > CoF = V2N L CHEEZ &S S RmBRE A T
feZe %t Ui, HHENE < TEHEERA T b o B —aIC R R 22 BB 7 )1 7
DIEMTH, = br E—fICAEFNC ZEHZTEMT 5 GNA ICRIE R E 2 FfHo>TF
=VIEEEATSH Z LT, GNA LLEIC RNA & BWICLE e “EMA TR 2 BB
BRI N T AR DRI Z HIFF L 7= (Figure 9),

AHFFE T, B LB N TR O AR & ZNHEEA LAY IX 7 LA
?b®%@m%m$ TOMEE, siRNA 07 Tt o AL L o 72 815 B
— L A~DIS I OWTHRET LT,

jd ”°/:;/—/N_\<° 4 A

OH
‘ A
DNA (9 -GNA / Y
_ 7
] - HO—"%,
X ; -
TN ) . MBS
N |
° v o \__ T
HO || HO
o o
hw OH
artificial DNA

Figure 9. A [AIEkaF L 720 BABR AN TAZ 1
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B2E FEMBAREALBMRO G

F1E EERBERAER FIVr7ru’l) oK
2-1-1. FEEARR

Meggers 512 X5 GNA DAL & [RIERIC (B)-(-)-glycidol & HIFEFENE L KR R,
K% TBDPSCI &GS/ 5 Z 280, BB—#okigiZ TBDPS £ CHRig L 721k
B 1 ZIER 69% THITZ, BT, A ABIFET, 7TV RA A ORI
LB TREF VOB &L > TULEW 2 IR 93% T T-, 1b&Y 2 D5 kg
5% TBDMS ZEI L 0 75 L7 (LE&W) 8 % I 85% CTfF7-%. TMS %% NaOCHs T
PRS2 2 L T UHRERE DD v 7V U ZICHWA T L F UK TH DA 4 &L
#99% TH LT,

™S
HO\/<(|) R TBDPSO\/<(|) —n TBDPSO‘\_/
HO
1 2
™S
— = TBDPSO‘\_/ d TBDPSO_\_//
TBOMSO TeoMSS
3 4

Scheme 1. Reagents and conditions: (a) TBDPSCI, imidazole, DMF, 12 h, 0 °C, 69%;
(b) trimethylsilylacetylene, n-butyllithium, BFs- O(C2Hs)2, THF, 12 h, -78 °C,
93%; (c) TBDMSC], imidazole, DMF, 12 h, r.t., 85%; (d) 1 M NaOCHs in MeOH,
MeOH,

2-1-2. HWEEEEK

U7V EHEERE LT, AR AF ALY nxY (HMDS) i, Z7uno KU A
FvZr (TMSCD ([ZL YD U b L7ztk, CHsl LGS EH 2L TLIALON & 2
F AL LTALEY B IR 68% TEK L= 9, W\ T, LAY b ZHieT . NISIZX
D =3 — NMEL72ba¥ 6 2 I 67% T3,

11



I i NS
HN/U\NH —2 \NJ\NH b _ ONTTNH
P A, N A
[
5 6

Scheme 2. Reagents and conditions: (a) 1. TMSCI1, HMDS, 130 °C, 2 h, 2. CHsI, 60 °C,
12 h, 68%; (b) NIS, CHsCOOH, 100 °C, 5 h, 67%.

2-1-3. FIVLTFRIDAR

TR CFHEE (A4 LI — NME (L&YW 6) 23T 20 AR T,
IS v 7 ) > Z R L0 RS D L C{LAW T 2 IUE 58% TAR LTz 9, #
WT. TBAFIZ L > TILAM T D& U VI IRET D 2 & T, LA 8 ZILK 86%
TR, TO%, LAY 8 D kR E DMTr 5 TR L7 (kA% 9 % IR 92%
THK LT,

DNA/RNA HEWE#E A B2 AW C EMA AR 7 I 4 ( MECEIDV T Ia s a2s
LAV AXT VAT REERT D720, TIXA ba=y bOGKETo72, LEW 9
% THF i, 7 I 44 PRIELIEREEZMAH Y UMb T 22 LT, mAFRT IHFA b
(et 100 2R 88% THp LTc, —J5. L& 9 2 THF 1, DMAP Z fillit &
LTI B L UG S® 5 2 L0 KD 27 =k e Lisic, CPG #IfE& A
TG SE2 2 LT 7 OEEETH DA 11 21537 @IFIETE 39 pmol/g),

12



0
H H
TBDPso~\_// \N/U\NH a b
+ —_— —_—
3 \
TBDMSO '\(‘%0 TBDPSO V4 HO V4
I B .
TBDMSO HO
4 6 7 8
N

\N_<O N NH

\ NH
c d gy °
—_— o) — DMTrO
DMTrO // 0:.

> |
N : P. CN
HO N” \o/\/

©
-
o

e \N _{O

\ NH
DMTrO // °

o S
o

HN
O” o

11

Scheme 3. Reagents and conditions: (a) Cul, Pd(PPhs)s, EtsN, 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)(/V, N-diisopropylamino)phosphine, 7 -PraNEt, THF,
r.t., 1 h, 88%; (e) 1. succinic anhydride, DMAP, pyridine, r.t., 72 h, 2. CPG resin,
EDCI1-HCI, DMF, r.t., 72 h, 39 pmol/g loading amount.
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28 PHBIRAEBER CFUUTIed) O&KR
2-2-1. WHEIBERK

AV v ratFEERE LT, IMNaOH 1, S UHREESEHZ LICLY 39—
RIETH2LEW 12 UK 96% TERM L7240, fW\ T, {bEWw 12 %
N, N-dimethylformamide dimethyl acetal (DMF-DMA) TLEET 5= & T, 7 /&
BUAFNANT I AT LR LTALE Y 18 Z I 66% THK L1z,

NH iz NZ N
2 |
N NP
A X
o
K/&O K’/g k(go
! I
12 13

Scheme 4. Reagents and conditions: (a) Iz, 1 M NaOH, 100 °C, 2 h, 96%:;
(b) DMF-DMA, DMF, 40 °C, 5 h, 66%.

2-9-2. VFVUTFu S DER

TR CHER (kA4 EHEEE S — RE (AW 18) 28T VU ARMEAFE T
REED v 7V RIS L D EFES TS Z L TILAEW 14 Z IR 6T% THRL LT- 4, i
WT, TBAF I L > TILAW 14 OF L U AV EARET S 2 L THEW 156 IR 45%
T1872, T D% ALEW 15 O —#hK e %2 DMTr JE THR# L 72LEW 16 21K 69%
THRK LT,

DNA/RNA A EEEL & iz VT, BfAR AR T I 44 MECLY T a7 a2E
AV IXT VAT REGRT HTOT XA b=y NOFKEITo72, {LEY 16
ZTHF WP, 7I XA MRELHEEZMATHRY VB35 T, AAFRT IXA

ME ((bEW 17) ZIUE 89% THA LT,
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TBDMSO K(go TBDPSO / / HO / /
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Scheme 5. Reagents and conditions: (a) Cul, Pd(PPhs)s, EtsN, 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)(sV, N-diisopropylamino)phosphine, 7 -ProNEt, THF,
r.t., 1 h, 89%.
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# 3% RNAFHE~DGH

% 18 siRNA/miRNA O &t
3-1-1. 7 ¥ —4 v MR o[a8E

siRNA DBl EIESLIZ T THRRTXEFFEOO LD, 7% —5 v B
(off-target) ZhRDERENH D, A7 X —4 v FHEEIE, MIANIZE A L7z siRNA 28
) mRNA LSO mRNA OB FRBLAZ T 2850 2 LT, ARN TR X723
A, BEREWERICORR I BZNR S D, 204 72— MAFIE, ) mRNA

AR 72 siIRNA @ 193550 5 B 11 HHENFE U ThiiE, T OBs RIS
FIEL 2 5720 MMOEE T EFEEEZ R S RWVERAER & L GRAZ EVHEETH
% 9, BIE, &t N AOfGRENKRTLTREY, arvBa—Xitick 47 % —
7 NENR AT A ESI O TR ATRE L 72> TNV D,

— 5. siRNA " HE#HD 9 HA%, RISCIZWMVIAEN D& HA RS TIE2e < WD
Nyt —#5 RISC | ’E&DLihé LliZL-oTsl&ERISNDGAFT7H—T v
NORPH D, ZNEERETD7-0121E, RISC O A FE&ERMEOm EZBfE L7
siRNA OF%EF 0 EE L 72 %, RISC _iéﬁa@&%m'r X, EHH T HE RNA O30
HFREICEA SN D Z &

HIRE (2B A Z 1 72siIRNA

WG E T s (Figure N 5'*%]? ;fﬁméh K

10) 950, 35w gmAx  yp I ,

G RNA ORI e

Fitk 2 BT 5 a3 TS

Dicer-2/R2D2 ~7 u XA~ - j

—BEEL, XY RIIFINS l WOET 6MH0 ., RLCEFRT 5
REERBID 5 RIBITIC Mmff s
Dicer2 647 5, LT, SIS

ftx o B F 25 M b » RLC ,}

(RISC loading complex) | opmesnanes aocun s

JEEE L. Dicer-2 MK I g
go:
Ago2 [ZEH S, siRNA
go2 (LR S, SIRRA —  p LI | |G
EH O EH~OBEREL

NEEZ 5, £ LT, RISC %
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7288 (A R AN Z2ECY %2 & ) mRNA OB Z2ME3 5 & ST ey,
D72, siRNA —EEHOES 122 EVEITL, RISC O A REIRIRM:IC L > TEE,R
HRLED,

3-1-2. S EIBH 5 siRNA/miRNA

LlEl, RtV —HIZ L DA T X —F v "R EENEE L, RRBILL EOBEE T3
BLNHIAE 2 7~ d siRNA X ' miRNA Oz A & Lz, A L7 7 F 17 27 T2 13X RNA
THMHPICEAT S Z LT, RNA TEEOAMZEENZL L RISC DA A REER
PEICHEB A 52 5 Z LNTHEENT-, TOD, A7 TIE RNA & T U C
Z Te |[ZE#2 L 7= siRNA &Y miRNA (Figure 11) Z&R L. <+ ® _#EH# RNA OE
e TENEROIEAG T- R BLINHIRE 2 B AE L 7=, T2 © RNA “EH~DIH AN RISC DA A N4
BRMEZ R LS, mWEGFREBMGIREIC R D 2 L2 HIfF LT,

(o}

siRNA
sense strand 5'-(CUUCUUCGUCGAGACCAUG)dTdT-38' \
antisense strand 3 - dTdTr (GAAGAAGCAGCU CUG GUACQC) -5’ {l_(NH
miRNA / o
| 5O U c___uc-g " 2
miR-199a-5p CCAGUGU CAGACUAC UGU 5 Ta

HO

GGUUACA GUCUGAUG ACA-5'

miR'199a'3p 3f_ AUU C

Figure 11. 4 FIfFTT % siRNA/miRNA O 7 A >
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oI TIul TeRBA LAY IX7 VATF FOERRE MBI LFEAME
3-2-1. 7 uJ Ta %A L7z RNA " E#HDOERIZEM DREE

7 F 2 Ta (Figure 12) % siRNA OEffifk s L THAT 2561, Te2EHALE
RNA “HENZER “EHHEZ KT 20 ENH D, £72, siRNA “HHOEW), #)
FHIZEMED RISC O DBIIEICEEL G2 52 L blESN TS, 22T, #Ho
Lz Ta 238 A L7 RNA(ON 8) L AHAfi#E RNA(ON2) & “HHHIT NI A~ v T
I U, rC, rG) ZE A L7 RNA(ON 4-6) & ® “EHHIZOWT, 50%REFRIEE (Th
i) ZHE Lz, ZORERI D SEERK L7z Te 238 A L7z RNA EH OB L E M
& Te O R RO IOV CTHET L 72 (Table 2, Figure 12),

Abbreviation
Sample Sequence?
of ON

ON1 5r (AGA GAU ACA UUG ACC UUC) -3'

Duplex 1
ON 2 3'-r (UCU CUA UGU AAC UGG AAG) -5'
Dulex 2 ON 3 5'r (AGA GAU ACA T=UG ACC UUC) -3'
P ON 2 3'-r (UCU CUA UGU AAC UGG AAG) -5'
Duolex 3 ON 3 5'r (AGA GAU ACA T=UG ACC UUC) -3'

uplex

P ON4  3-r(UCU CUA UGU UAC UGG AAG) -5'
ON 3 5-r (AGA GAU ACA TaUG ACC UUC) -3'

Duplex 4
ON 5 3'-r (UCU CUA UGU CAC UGG AAG) -5'
ON 3 5-r (AGA GAU ACA TaUG ACC UUC) -3'

Duplex 5

ON 6 3'r (UCU CUA UGU GAC UGG AAG) -5'

aUnderlined letters indicate mismatched bases.

Table 2. $4H14L(Z Ta 23 A L7= RNA —HEEHOBS

Figure 12. FEHBHERAX 7 LAY K7 F a2 2/ Ta
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Absorbance at 260 nm

B E Sk
I E L 4 PH; 20-100 °C
HE P K 260 nm
W T IVIRE; 3.0 uM
buffer; 10 mM Na Phosphate and 100 mM NaCl (pH 7.0)

12

- / /__4;’:-—;’_-»—;—'.—-—'*—"‘“
/ / Sample  Tw Q) AT (O
10 Duplex 1 67.9 -
J// —Duplex 1 Duplex 2 64.3 -3.6

09 —Duplex 2 Duplex 3 60.8 -7.1

—— Duplex 3

b —Duplex 4 Duplex 4 58.6 -9.3
08 | , —Duplex 5 Duplex 5 63.7 -4.2

2 0 60 % 19 AT, = T (each duplex) — T (Duplex 1).

Figure 13. #9192 Ta 238 A L7= RNA " HH{0D 50%mi i B 1 & s 5

Figure 18 &£ ¥ | Duplex 1-5 ®4 “HHH{ILT 7 EA FlifR & i < BAIC L E 7o EiH
R L TWAZ LR Sz, £72. Duplex 2-5 D% —HEHD 50%@MEIRE LK
ST 5 Duplex 1 (T =67.9°C) & H#E LT 3.6~9.3°CIK T 5 Z LRSIz,
ZORERND, ARG LT Te 28O RITEA L7e RNA ZHEITRARMIZE D G
D ORI “HEHE TR T 5 Z L RB S,

L, T2 &R 583137 5 = (Duplex 2, T =64.3°C, ATw=-3.6 °C) D}
&, 77 =2 (Duplex 5, Tm=63.7°C,ATh=-4.2°C) 7 7L (Duplex 3, Tm =
60.8°C,ATn=-7.1°C), > F< > (Duplex 4, Th =58.6 °C, ATw=-9.3°C) DAL L
Helge U C 50% @R DA IEA /NS, 2D Z Enh | R TH 5 UrA Motz
BHHOD, Teb 7T =2 EHERNERE L TNDZ EBRHLMNE ST,
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3-2-2. 7 Ta%Zi#A L7z RNA DXk Y X7 L7 —EiEDRKEE

RNA Xt MiEHIZEBW T, EIZ 3KMENSMAKDIET H8EHETHD 8-=F% Y X7
LT —RBilko s, 2T, 32X VX7 LT —ETHIHMER AR T A
7 7 —% (Snake venom phosphodiesterase, SVPD) % T, T2 ZE A L7-—HEHH
RNA OxF VX7 L7 —BIZx3 2P 2 ik L7z, SVPD I% 3'-OH Ko 3
=5 DN IZBEFERNC R AR = AT VG Z Ul L, 5-F/ X7 LAF REERT 5
R Th D,

5' A v 2 YRR L L7z 21 8550 572 5 ON 7 & Z1UZ 3R IRD A — " — U 7
AriZ Te 23 A L7 ON 8 &k L (Table 8), —EHHRAEIZF\ T SVPD TRLEE L |
KHEM TG 215 1R, BRIKENC X - TE D RNA 70 figin % fiighr L= (Figure 14),

Sample Sequencea
ON 7 F-5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3'
ON 8 F-5'-r (CUU CUU CGU CGA GAC CAU G) TaTa-3'

alf; Fluorescein.

Table 3. =%V X7 L7 —EMMERIEH AV X7 L AT FOEH

eSS
BOGIREE; 37 °C
T VPREE; 3.0 M
buffer; 250 mM Tris-HCI and 50 mM MgCl: (pH 8.0)
SVPD:; 0.5 unit

ON 7 ON 8
[min] [h] [min] [h]
0 1 5 10 20 30 45 1 3 0 1 5 10 20 30 45 1 3
-. P.nn--
- s
as ‘ial;..
&% s h L]
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degradation rate (%)

122 ‘\\ ——0ON7

w0 N\ ——ONS8

I W

o\ N

™ \ S

0 \ S

o \ T~

" \ ™~

10 \\u\*‘_i \\\FQMMAswmkiéRNAﬁﬁﬁﬁﬁﬁ
0

T T T T T T T T
Omin 1min 5min 10min 20min 30 min 45min  1h 3h

Figure 14 725, R TH D ON 7 3 1 557821218 80% D3 ffE S LTV = DITxF L
SERAGD A — /3= THALIZ Te A L7= ON 8 (X 1 0% TH 20%Hiit: L )i <
NTWRNZ ERALNE T2, £72, ONT O 38 B Th HdIcxf L, ON
8IX84EHTHY, D EMBbTX Y X7 LT —BHPIMEIL 224 fFHETR LTZ L% %
BILD, HE- T, KD A — /"= TEHALA~D Te DEANT -=F VX7 LT —F
MO EIZHEH THH Z LRSIz,

3-2-3. 7)rul TeZi¥A L~ RNA D KX 7 L7 —ETi:DOREE

RNA “HEERETO= Y FX 7 L7 —BiifEE, B FIEEIMHEIREDOMEETHW S
HeLa #5851 T CRGT L7z, AMFZEICEEH 3% HeLa fifidiL, D-MEM, 10% BS
(7 >1fiE. Bovine serum) TH;E L TWAH72®, £9. ZOS5MF T @mEHE2 ML
TN ZHEHSUXIZE A ENRI N2 o T, 2T, BSIEEZ 30%IC LT T, 5Kz
WAL U 72 RIVAC o % Duplex 6 & 3 RKIiD A —/N— 2 TEIIZ Te 28 A LT
Duplex 7 (Table 4) % D-MEM, 30% BS TP L, &FEE CSEIER, ERKENC
X > T RNA 5 e % fght L7z (Figure 15),

Abbreviation
Sample Sequence

of ON

Dunlex 6 ON 7 F-5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3'

uplex
P ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'

ON 8 F-5'-r (CUU CUU CGU CGA GAC CAU G) TaT=-3'

Duplex 7

ON9 3-dTdT (GAA GAA GCA GCU CUG GUA ©) -5'

Table 4. = KX 7 L7 —RMPERGEEH RNA —EHEH ORI
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NS S
FOSHREE; 37 °C
BT IVIRE; 4.0 uM
buffer; flilati#E (D-MEM &2 /L 21— &)
7 1Ml (Bovine serum, BS) #&IEE 30%

Duplex 6 Duplex 7
[min] [h] [min] [h]
0 5 15 30 1 3 6 12 24 0 5 15 30 1 30 6 12 24
. .
y
“abe

FLIIL “‘

Figure 15. BS30%!(Z £ % RNA /) fi#RE DG

Figure 15 O L0 . KT 5 Duplex 6 28 6 FFEI#% I TIT 52 ZHEHN Y
fif SILTUWD DIZXF L3RG D A — 73— TN Te 23 A L7 Duplex 7 TiL 24
BREfEI: TH 10% 32 2R CEHEHNEF L TCWDL I ERNHLNE o7, ZDZ D
5. MG ESE T T Te A8 A L2 RNA “HHITX 7 L7 —BI6 L TLEITHTE
LTWDZENRBINT,
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3 7T Frul Tek¥A L% siRNA OBEFRBEIMNEIREDKREE

3-3-1. 7 u s TaZEA L7 siRNA OBEFREMGIREDOREE

AEERR LT F a7 Te ke x 720 A L= RNA %, BEfFAre 7 I XA
EIZHE> T DNA/RNA H 8k A s AW CARR L7z, & LT, M5 %
Fi> RNA & “HEZ MR S, KA REA0IZ T 28 A L7z siRNA 2-7 23R8 L 7=
(Table 5).

Abbreviation
Sample Sequence
of ON

ON 10 5'r (CUU CUU CGU CGA GAC CAU G) dTdT-3'

siRNA 1
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
<iRNA 2 ON11 5'-r (CUU CUU CGU CGA GAC CAU G) TaTa-3'
ON 12 3"-T=Ta(GAA GAA GCA GCU CUG GUA C) -5'
CRNA 3 ON 13 5'-r (TeUU CUU CGU CGA GAC CAU G) dTdT-3'
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
CRNA 4 ON 14 5'-r (CT=U CUU CGU CGA GAC CAU G) dTdT-3'
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
CRNA 5 ON 15 5'r (CUU CUU CGU CGA GAC CAT= G) dTdT-3'
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
CRNA 6 ON 10 5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3'
ON 16 3'-dTdT (GAA GAA GCA GCU CUG GT=A C) -5'
GRNA 7 ON 10 5'-r (CUU CUU CGU CGA GAC CAU G) dTdT-3'

ON 17 3'-dTdT (GAA GAA GCA GCU CUG GUA T9) -5'

Table 5. T2 2 & A L 7= siRNA D4

siRNA (Table 5) % b k14 Hfliia Cd 5 HeLa fifid % v C, Dual-luciferase
reporter assay (= & o TR T BLMEIRE A MEE L7 (Figure 16), #Efl7e SE8 k1%
FERIEIZFRE L7,
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120

0.1 nM
m1.0nM
. 100 — T m oM
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G
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= i
£
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o
20 - @  Hem M- | @
uE N B e .

control siRNA1 siRNA2 siRNA3 siRNA4 siRNA5 siRNA6 siRNA7

Figure 16. siRNA (Table 5) D& {s 7R HAMNHIHE O FRGE

Figure 16 OfER LV | 3 KigA—/S— 0 ZEML~ T2 238 A L 7= siRNA 2 L K5
HTH 5 siRNA1 & ik U TR FRBMBIRE M L L7z, ZOJRKE LT, 3KGA
— N N TN Te 2 A L7722 & TsiIRNA2 DX 7 U7 —EiitEnm E L2728
EEZLND (3-2-3, 3-2-4 B),

Fo. B RH BRI T2 28 A L7z siRNA 8 & siRNA 4 (I RAHTH D
siRNA 1 &l L C, FFICREEICB W GRIE FRBMHIRENME T L, 24Uk, Te
FEMANLTZ & TR A S RBHENBWIICRLEL L, B A T A R E LT
WOIAENST b7 E, RISC OE#OBIRENME T LI EB X HN5H, FFIC
siRNA 8 (X 5" RKimlZ Te 2 A L7 & T, B AEHKmD U VLN HES N, 2
FUC LD BREN Y Vs Sz 7 v Tt v 28D RISC ~DE D EL Y SALMEHE X 41
L ENHIfE Sz, L L, siRNA 8 IR % F Bl 2 s - RBIHIREZ R LT- 2
En, Te OEAIC LD “BHHOBWIRLEITHD 5RKImHO U Vb L v bk
PRIEICRE A BE 52 5 Z L 0VRB S LTz,

WIT, B AEH 3RIEAHITIC T2 238 A L7z siRNAB 1 siRNA 1 & il L ¢, Efn 1
FEBLIMHIREN L < M L L 7=, siRNA & O s FHBNHIRE D M Fidt o A 85 3K bnfT
WIZ Te A HA LT Z & T, 7T orF v A0 5 R EBWICRLZElL L, T F
£ A RISC ~DOE D AHZMEE SN TZTod EEZHND,

Bz, 7 v T A8 BRAHTIZ T2 238 A L7- siRNA6 & siRNA 7 13 siRNA 1
L LT, EOBBTRBEMEBIRENMET Lz, ZOEND, 7Ty A#HD 5
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RIGfEIZ Te 28 AL T EEHZBWICALZENTHED b, siRNAS DL HITkE
AP SR Te 28 A L CRHEIC 7 o F & v A D 5K 2 B R L E(L L
T, RISC ~D#HORM Y IAAERE LT TNEHTHDL Z ENRBINTZ, ZOHHB L
LT, RISC IZHVIAEND T Tt AHD seed FHIR~DILFERGRDE A % [A]58E
LoD, TrFur A 8RO L ENZ G EEZEDLADRBEZBILD,

3-3-2. 7 u s TaeZ¥A L7 siRNA OBLEFREMEIREDOKIE D

77 TezH A LTz siRNAZ & 2 B85 -3 BT BRI b3 2 2h SR 0 — ek & 1t
T 570, 33 1. THWES L X872 550 siRNA # 4 5k L7= (Table 6), Z®
siRNA OEFIZ, 7o F & A8 5 RN GC AN Z 2 < G, & A 5K
fllc AU st & % < &Eeiz ., & A8 RISC IZH Y IAE N WEE 2 FFo, £
D7z, Z O siRNA 13 F 0 B FHBUNGIRELZ RS20 & W D Fia =T,

Abbreviation

Sample of ON Sequence

SRNA 8 ON 18 5'r (UAA GAU GUU CAU CGA GUC C) dTdT-3'
ON 19 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5'

SRNA 9 ON 20 5'-r (T2AA GAU GUU CAU CGA GUC C) dTdT-3'
ON 19 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5'

SRNA 10 ON 21 5'r (UAA GAU GUU CAU CGA GT=C C) dTdT-3'
ON 19 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5'

GRNA 11 ON 22 5'r (T2PAA GAU GUU CAU CGA GT=C C) dTdT-3'

ON 19 3'-dTdT (AUU CUA CAA GUA GCU CAG G) -5'

Table 6. T2 Z 38 A L 7= siRNA O I

siRNA (Table 6) % t 1= H kAL CH 5 HeLa #fi & V> C,Dual-Luciferase
reporter assay (= & > CTlfs I BLUMGIRE & MEE L 7= (Figure 17),
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0.1 nM
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Figure 17. siRNA (Table 6) i (s 7-FBLINHIHE DML

Figure 17 OFER LV R TH 5 siRNA 8 T 40%HI1% LB s I BL & Jl
9, ERERTN B G RIS B SN 0T, ZORERND | ARELS
@ siRNA (349D AR D $AOBPPEDMK < | BB THRBNHEIMRNZ & AREB I
77

— 75 C.Te 23 A L7z siRNA 9-11 |3 EHEAFRY 0B AR T R BUM A RE 2 7k L 7=, siRNA
9 Xt A BRGSO TeDHAIZL Y, B A 5ROV Vb EAFES, 7
VI A S ARmESAEIERIIC Y v bI D T & T, 7 T AEHO RISC ~DIR
VIABDMERE S N7 BB FRBIHIEES M L L2 & B 2 bivd, £72, siRNA 10
T o A IREMTUTIZ Te A L2 2 & T, 7o F o A8 5 R T 2 WO R
ZE L, T T AHHD RISC ~DEY IAZDMELE S 1172 72 O BARF-FBLHNHIEE S
M EL7ZEEZLND, L L, 25D siRNA #FlA 5 7- siRNA 11 (X siRNA 9,
siRNA 10 & bl U GBS TR BHIEEIME T Lz, Z4ud, siRNAZ Te % 2 {#3E A
L7zZ &2k, RNA “HEHEHOBNBRARLEANET LT D TIERnnhEE z
bivd,

PLEDFER S, o A8 3R o A8 5 REE~D Te DB AL, EBlE %
BHREZ M LS 57 DICHHAREMTIETH DL Z LRl s vz, £, T 0¥
AIZRNA “EHZAWICALZENLSEE20 BESEATLHZ LICIEIARMETHY,
1 {HFEE OB AN K & B2 HiLd,
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3-3-3.7 )71 J Ta 2i¥ A L7z siRNA OEBGFREEMHIEEDRKREEI

3-3-1. Tk 7= L BV | siRNAS [XEWBE T REMHIELZ R LT, 2O AH S
Kb 4 HZHOMNE~OT a7 TeOEAOHEHAMEZ, FIAYy THEHELZEAL
7= siRNA 12-14 % W C HEEHO B L EMN & Bia FRBIGIRE 2 ik 5 2 & T
FEL 72,

F9°, siRNAS5 @ T AL & [ UEALIZ, Te D X 9 ICEHOBM R ZEIL &5 & i
T EEZ BI ATy THIELAE A LT siRNA 24k L7z (Table 7).

Abbreviation
Sample Sequence?
of ON

ON 10 5'r (CUU CUU CGU CGA GAC CAU G) dTdT-3'

siRNA 1
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
SRNA 5 ON 15 5'r (CUU CUU CGU CGA GAC CAT=2 G) dTdT-3'
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
SRNA 12 ON 23 5'r (CUU CUU CGU CGA GAC CAA G) dTdT-3'
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
SRNA 13 ON 24 5'r (CUU CUU CGU CGA GAC CAGG) dTdT-3'
ON9 3'-dTdT (GAA GAA GCA GCU CUG GUA C) -5'
SRNA 14 ON 25 5'r (CUU CUU CGU CGA GAC CAC G) dTdT-3'

ON9 3-dTdT (GAA GAA GCA GCU CUG GUA ©) -5'

aUnderlined letters indicate mismatched bases.

Table 7. X A~ v FHEEA T A L7z siRNA Z“EHH DR

T AE IR D 4 H OALET2 04 I A~ » FHILZEA L7 siRNA " H#H
DB LZEMEZ LT 2728, 50%mHRE (Th i) ZME L7 (Figure 18),

HE S
HE IR HIFE; 20-100 °C
HE W& 260 nm
VIR 3.0 nM
buffer; 10 mM Na Phosphate and 100 mM NaCl (pH 7.0)
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1.6

P

1.5
E 14 // Sample Tw °C) AT (°C)a
o
©
D o1s _._.-——-————-"// /’ siRNA 1 73.2
©
8 12 /” SRNA5  72.3 0.9
8 ]/ —siRNA 1 siRNA 12 72.6 -0.6
g 1 e —siRNA 5 : ]
£ =  RNA 12 siRNA 13 72.2 1.0

e —siRNA 13 siRNA 14 72.1 ‘1.1
o —siRNA 14
20 40 60 80 100 aATh, = T (each duplex) — T (siRNA 1).
T[C]

Figure 18. siRNA 1, 5, 12-14 @ 50% il 1l &k 5

Figure 18 X ¥ | siRNA5, 12-14 [T R TH 5 siRNA1 & i LT, 1ZUZFRFEE T
EPMET T2 Z RSN, ZOM-ENS, B A 3KmND 4 FHOAE~D
Te DEANITI A~ vy FHE L FAREOBMALZEEZISEZ T Z LBRRBI NI,

&Iz, siRNA (Table 7) % b b1 B fia CdH 5 HeLa Mz v,
Dual-Luciferase reporter assay (& & - CEIn -2 BLIHIRE & ML L7z (Figure 19),

120
m1.0nM

m10nM

100

80

60 -
40 -

TIW&LLW fffffffffffffff ________ ffffffff eeeeeee

o) A2 4D Ah
$$b Q\$P’ gﬁ?’

Renilla/Firefly luciferase (%)

control «&$P’\/ $P’

Figure 19. siRNA (Table 7) Oi&f{5 7 BLINHIRE O MRFE
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Figure 19 £ Y. siRNA5, 12-14 3\ 7 KR TH 5 siRNA 1 DL ED B 136
B Tt = LA DN E Ao o Tr, Z ORETM D, Lo AR SREA S 4 F H O
o To %03 Av o FHIED L 57 RNA —Efia BIc RERE S5 7070
A, R TRBINHEED M EIc I Th 5 = L ATIE S,

Fo I AV FHEILAEA LT siRNA12-14 (2%F L C Te ZE A L7~ siRNA5 (%

NTED D, m VO EIs RS e

KLz, ZHE, TeoBE ALY X LT —

BERm E L7272 Th D B2 b AT, 5K 2 a et Lt o A8 3K
Mo 4FHOME~D Te 28 A L7 RNA 2455 L, —ESREIZIB VT SVPD I2xf
T HIPIEE REE L 72, SVPD THLEE L7= RNA % & W COSE IR, RNA 73R
W) % B RUKENC L o CTRFFT L 72 (Table 8, Figure 20),

Sample

Sequence?

ON7 F-5"r (CUU CUU CGU CGA GAC CAUU G) dTdT-3'

ON 26

F-5'-r (CUU CUU CGU CGA GAC CAT=U G) dTdT-3'

al; Fluorescein.

Table 8. =%V X7 L7 —ViMEREEHAA Y I X7 L AF ROES

B St
FOSIREE; 87 °C
VIR 3.0 nM

buffer; 250 mM Tris-HCI and 50 mM MgCl: (pH 8.0)

SVPD; 0.5 unit

ONT7

[min]

0 1 5 10 20 30 45 1

"TYE

ON 26
[min] [h]

0O 1 5 10 20 30 45 1 3

P 0 e
-

Figure 20. SVPD |Z & % RNA J3fi#He DAk
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Figure 20 LY. 3K 6 4 FHOLE~ T ZHA L7 ON 26 (X, KRR TH S
ON 7 &Lb#z LT, SVPD (k9 2 HEHutEA Kigizm £ L7z, ON 26 (35645 1 e
BRIZH T ENTIZH DI NELEHED RNA PEAFALTED ., 3Km~ T ZE A L7
ON 8 (3-2-3.2) LIZFFRBEDOX 7 L7 — P2 o2 L AVRIB S, 3K
2B 47 H ONE~ T2 OEF AL SVPD (IZxt 3 2HEom RICEHTH L Z LA L
mEiroil,

U EDFEREID B A 3K 4 FHOME~D Te DFEANIL, I A~y T
FEA L RREO —HEOBMAZEEZ EEI L, WTiLh KRB EOBE T3
BIHIREZ R Z ERHL N E 2oz, £, Tez2E A L7z siRNA XX 7 L7 —Eit
PR LT 57D, I A~y FIEIEAEA LT siRNA LD HENTIEIH D0 E0OER
THBIHGEE =~ LT,

30



FAE 7ol Tak#EA L7 miRNA OB RBIMEREDOREE
3-4-1. 771 Z Te ¥ A L7z miR-199a-3p DA & BisFRBRIMFIBE DT

7 u 7 Te AT KD ZEHHOBWIALZEMIZ L DEHOBRED M B2y, Bin 13
BHRE DM RICHEE G272 W ) RAREET 5720, M IZIEMELS] & Ko
miRNA % AW THEEZTT - 72,

M8 IR mRNA 2 £72 miRNA & LT, CHFX YA /12 (HCV) X BAJF& Y
AN A (HBV) DEHRL-EARICBOWTRARE LT Z EnmiEahTtnsd
miR-199a-5p/3p (Figure 21) % Fu 7= 52,

9. RISC OH ORI f FI K miR-199a-5p
‘. LR A O H (15 5-C U c ucs
9% miR-199a-5p $HDIE LB ANHIHE CCAGUGU  CAGAGUAC UGU
D EZEBERE LT, miR-199a-3p #{D y AUUGGUUACACGUCUGAUG ACA-5'

BRx IREALICT e s Ta 28 A LT

miRNA 2-4 % A&7 L7z, Eilit Table 9 k19923
R LT, Figure 21. miR-199a-5p/3p
Sample Abbreviation Sequence
of ON
LRNA 1 ON 27 5'r (CCC AGU GUU CAG ACU ACC UGU UC) -3'
ON 28 3"r (AUU GGU UAC ACG UCU GAU GAC A) -5'
LiRNA 9 ON 27 5'r (CCC AGU GUU CAG ACU ACC UGU UC) -3'
ON 29 3"r (AUU GGT= UAC ACG UCU GAU GAC A) -5'
LiRNA 3 ON 27 5'r (CCC AGU GUU CAG ACU ACC UGU UC) -3'
ON 30 3"r (AUU GGU UAC ACG T=CU GAU GAC A) -5'
LURNA 4 ON 27 5'-r (CCC AGU GUU CAG ACU ACC UGU UC) -3'
ON 31 3'r (AUU GGU UAC ACG UCU GAT= GAC A) -5'

Table 9. T2 Zi& A L 7= miR-199a-5p/3p DES]

miRNA (Table 9) % t s 7-E¥EH KL CTH 5 HeLa iz FHvC,
Dual-Luciferase reporter assay (& & - CEin T2 HIHIRE &2 MGE L7z (Figure 23),
siRNA & [FIERIZEHI 3 5 728, psiCHECK™-2 vector N® Renila luciferase Fc5 D
TREBALZ Z NN ORERIEC S 2 ff A L 7= psil99a-5p/3p vector % f# il L 7= (Figure 22)
53, FRMEZR FEBR VAT BRI Rk LT,
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BamHI 4451

SVag Late
paly(A)

psiCHECK™-2

HSW-TK v Balll 1
ector

romater

P’ Symheﬂc (6273bp) Kpnl 58
1674 | Notl polyiA) SV40 early
1663 ﬁmel enhancer/
1643 § Xhol - promoter
1840 | %_‘ hRiug Promoter

hal 684
psi-5p reporter: 5-GAA CAG GTA GTC TGAACA CTG GG -3'

psi-3p reporter: 5" TAA CCAATG TGC AGA CTA CTG T -3 Figure 22. psi199a5p/3p vector DA
psil99a-3p vector transfected in HeLa cells. psil99a-5p vector transfected in HeLa cells.
140
110.1 nM
R 120 M 1.0 nM
o I
(]
E }
.g 100 -
E |
= s @ ! - 1+r!/® o0
[«}]
_
i
=
@ eo+--—1F 1 1011
o
2
S 40 e ] B =
|
3
S 2011 H-18B1BIB-—18EB1H8EB1B-
o
0 i 1 1

1 > B o < 2 % (8
> > > « > > > >
. \qﬁ ("‘&G\ ((“8&\ 00(\ {(\@5Q . \QS\ ((\\q\\i d\@ﬁ

» A
&© >
o 6’\‘@\ & &

Figure 23. miRNA (Table 9) ®if{x 1-FBLNHIGE D FRFE

Figure 28 OfER LV, KAMTH S miRNA 1 1 miR-199a-5p #H & i LT
miR-199a-3p 3 O T MITEWER FRBEMGIRE L~ L, RISC ITIVIAE AT W T
ENTRIEEN S RER A, £7-. miRNA 2-4 (% miR-199a-3p #4iC Te ZE A L7=7-
® miR-199a-5p $472% L ¥ RISC IZHV iAE, mWEaFREMGREL ~T 2 & 28
FFL72, L22L. miR-199a-3p/bp O jH{H: I RKINA & [RIFEFE OB AR TR BN L)vR
ol Z b, Ta OEANI L LEOBIRME~DOFBELBIET DL LN TE RN
S, ZOEFERKE LT, miR-199a-5p/3p 283NV T 7 MEMEe S A~ FHE 72 &
CHESBHEBNCARZENT AEEE R DB EDE TN D ARET b,
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3-4-2. 7)1 J TeZEA L7z miR-199a-5p DA & B FRHBRIMFIBE DT

Iz, RISC OFHOERMED ] EIZEK T 5 miR-199a-3p #H D& s - FEBLINHIEE D
M EZHE LT, miR-199a-5p $HDOKE % 2L T F v 7 Ta %238 A 7= miRNA 5-8
AR LUT-, BECAE Table 10 (23 L=,

Abbreviation

Sample of ON Sequence

iRNA 1 ON 27 5r (CCCAGU GUU CAG ACU ACC UGU UC) -3
ON 28 3'r (AUU GGU UACACG UCU GAU GACA) -5'

LRNA 5 ON 32 5-r (CCC AGT2 GUU CAG ACU ACC UGU UC) -3
ON 28 3"r (AUU GGU UAC ACG UCU GAU GAC A) -5'

iRNA 6 ON 33 5-r (CCC AGU GUT2 CAG ACU ACC UGU UC) -3'
ON 28 3'r (AUU GGU UAC ACG UCU GAU GAC A) -5'

LiRNA 7 ON 34 5'r (CCC AGU GUU CAG ACT= ACC UGU UC) -3'
ON 28 3"r (AUU GGU UAC ACG UCU GAU GAC A) -5'

iRNA & ON 35 5'r (CCC AGU GUU CAG ACU ACC UGT=UC) -3'

ON 28 3"r (AUU GGU UAC ACG UCU GAU GAC A) -5'

Table 10. T2 %3 A L 7= miR-199a-5p/3p DOELH

miRNA (Table 10) % b b= H#Hlld TH 5 HeLa Mifid & VT,
Dual-Luciferase reporter assay (& & - CEIn T2 ILIHIRE 2 MGk L7z (Figure 24),
RN 7R 2R T TR I X SRR I FE L L7,
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psil99a-3p vector transfected in HeLa cells. psil99a-5p vector transfected in Hela cells.

160 1101 nM
1o m1.0nM
120 T L

100 |-

80 |-

—

60 |-

—

40 |

20 |-

Renilla Luciferase/Firefly Luciferase (%)

) ) © A ) N N ) © A )
© ™ > B ™ > @ e > B ™ >
OSSN 6-\\@“ :-@!\* ((-\gx\“ o ‘6@!\“ ((-\38\ (&ql\“ &\@ o

Figure 24. Ta 2 A L 72 miRNA O i&E{s 78 BN HIGE O # aF

miRNA 5-8 | miR-199a-5p $HIZ Te 3 A L7272 %, miR-199a-3p #4728 L ¥ RISC
WCHL A FE v OB FRBMGREE R T Z & ##FF L7=, Figure 24 X Y. miRNA
5-8 1< miRNA 2-4 OFER (Figure 23) & #7200 | SHOBIRMED M L& RET 245 R %
57,

9. miR-199a-5p ${D 5 KGRI Te 235 A L 72 miRNA 5 /%, miR-199a-5p 47
B A BT AR T D Z & TRISC IV IAENRTWE HFEF L=, FDIH
WY, miR-199a-3p #I%IEE A L RISC ICH W IAEN T, B FRIEMH 2R S 2
o7, L)L, A F#EE72 5D miR-199a-5p S50 seed fEIKIZ T2 ZE A L7=72%,
miR-199a-5p $H b & F U Bln F-REMNHIGEZ R~ S 2o T2,

F 72, miR-199a-5p SO HEALIZ Te 2 A L7 miRNA 6 13K TH %5 miRNA
1 L LT, $HoBERMEDO M RIZ X2 8EFRBEMGIREO M LA #ENIR L,
miRNA O FIFAL D I A~ » FIXRISC ~DEHO IV AL ZATHE S 25 &) FHL 59
WD, D72, miR-199a-5p SO 1 RAAL~0D Ta DI AT Ta 23 BLRF 5% 2 5o
ZEbdY, IRy FEELLBI SN, #ETIEH S50 miRNA 1 % L[R5 EE 15
BHEEE R LIz EEZLND,

—5C, miR-199a-5p $4D 3'KIuffliZ Ta 2 E A L 7= miRNA 7-8 % miR-199a-3p #
TRIRBILL EOEE T RBIHIREZ R L, miR-199a-5p 31T & A E 5 7B
REZ RS o Tz, FRZ, miRNA 7 THHIZ L2 BIn FHBMHIREDOZEN RE W &
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MNH Ryt Yy—HE R DO 3K MmN G 9 M H 2 R b S OERED M R R
W% T E AT T D &R Sz, BLEDORER IV | miRNA (T3 T HAiH Tk
R7ZsiRNA ERI UL Nyt Vy —8HO 3 KIGANZ Te 2B AT 5 2 L CHEHTH DA
A RO 5Kz A AR ZEE(L L. RISC ~DOEHDOE Y AAZRtET 5 2 L 235 5 0»
Lol
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WAE T UoFBYRE~DONARR

EB1E TroFEUAER
4-1-1. 7 F & v AR ~DLFHEH

7T AR TN CTHER mRNA & f5ES L. RNase H 12 2 5 mRNA O3 f#
ZHlEEZTZ L TR FHRBLAIH TS, UL, DNA 2 ERFKETL2T7 0T E
¥ ARZFRITAMIRN O DNase (2 K - THEIKH THOM SN D720, BEREIKITICHT 5
2iE AEFEMROBEANIZ L 2 X7 LT —BItEOMEANE L 78D, £ 2T, RN
WESNTALFEMNAATe T F=— K~ (PS) BEHETLHA ) IXI LAF KT
H% (Figure 25) 1919, PS'HHAZEA LT VT ABRIIX 7 LT —BIZH LT
fHERH YV . £72, mRNA & “HEHZFE L. RNase H {54 % &k L/“CFH;E’J mRNA
EOORETAHZ ENHMLITWS, LML, 7Tl A Base Base
FerR I8 AT 25 PSHE A O A2 T FIC mRNA & OB ]q ]q

PEME 95, BID “HEOBWZEENMET 5 &0 D

O H (o]
RN H D, Fio, PS BHOEH AL Toll-like receptor °=’:’_S' 0= F:’
LR 5 2 b CREISAASIX R, bLE O
By LR AT Ao RERRIEN 2 oy PSER PO Hs
THEMEA R ST B, Figure 25. U > Wil sk

IS ORES Z MRS D720, B SN TALHEMRIER) mRNA & OBLFPEH
R FRW L 7HEES 26~ D ERRAR, ZommmHZOMa

RNA <° 2'-O-methoxyethyl (2-MOE) RNA (Figure 26) 22 o0 F2se o0 Fase
2 Thod, TNHEEANLTT T AKLEEIL RNA &

BN LZER _EHEAER L, WX 7 LT —EitE 2R 00 AN o °\/\0_
0=P— 0=P-0"
39— 5T, RNA & ® ) RNase H OFHIZ 72 5720 (') &

M\' AN

TEMHEINTWDB, FOD ., b {LRERMA A '
FIM L7= gapmer M7 v F & o 2He (Figure 27) 7 Z-OMe RNA  2“MOE ENA

i . HEE 2
AT, Figure 26. ¥EHS 2 (ZEfHA
wing region gap region wing region
3-5 mer 2'-OMe/2-MOE 7-11 mer DNA 3-5 mer 2'-OMe/2"-MOE

C, RNase H

Figure 27. gapmer M7 > F & v ARRED TV A
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Z O gapmer BT U F 1 U AL, ALFERIARZ BN L2 WSRO wing region &
DNA 75 Al 5 HRE D gap region THERL S 41TV 5, Gapmer M7 o F& o A FEIE
Z DAL FAEAIR & E N LT wing region (2 XD @EWX 7 LT —HiitE & &V RNA & D
BFIMEIZINZ ., DNA 72> 55 gap region 23FfE4 5 Z & T, RNase H (2L Y
DNA/RNA “HEE#HAEE L RNA $HonfEsihd 2 & T, B 32T 5,
2013 12 Isis f: & W . 2-MOE RNA % wing region (23 A L 7= gapmer 7 > F&
AREEDY Kynamro & W) 2H G AEEREEERKML E LT ETEN TS AN,
ZOWETAMTHLLEEZXLND,

Z LT, ®B72% RNA L ogifttom Ea#ifF LTz S b HERMiRDY peptide
nucleic acid (PNA) 36 locked nucleic acid (LNA) 35 <> phosphoroamidate morpholino
oligomer (PMO) 59 7¢ & OFELARTH D (Figure 28), Z L5 OIEffiRZE A L 7=
T T AR & ARl RNA o T ##HT RNase H OFFE 21372 &7 - 7248, RNA
& DOFFE, B EME A2 1A B ST,

G B
oy Ie

o= g o= P N
(o) 0
R 0 R
PNA LNA PMO

Figure 28. FHE{ERf{A
4-1-2. SERFT 27 v F & AE#B

4-1-1.X v . RNA & ogifntkom Eox 7

\ \ NH;
N N
) R ¢
. N NH LN
L7 — B8R 230 > 7= gapmer 7T
e}
F v AED wing region (HFEIBRE X | ) ° . /
Hd Ta Hd Ca

JvAy R7 7 (Figure 29) ZEH A L7-

(Figure 30).
Figure 29. BEABHERMX 7 LAY K7 a
wing region gap region wing region
3-5 mer T#/C2 7-11 mer DNA 3-5 mer T?/C?

\ J
T

17 mer 7 > F & ARLR

Figure 30. 4 EMRFT 27 > F & v AKIEOT F A
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28 TIuZEEALLAY IXT VEAF FROEK L WELERHE

4-2-1. 7Fa 2B ALFY IX 7 VAF FOERK

mRuEZ 7 e 7 (Figure 81) ZE AL
7o 17 ¥ 5D ON & AHAfEH RNA Z [E4H A8 2
AuT 22 A MECHE > T, DNA/RNA H#)
EEA I X > TH LTz, LTICER L
AV IAX 7 A F RO ZRL T
(Table 11),

(0] NH,
\N—< \N \N
\ N \
o) o)
wo 7 wo W
HO HO
Ta Ca

Figure 31. BEHPHERA X 7 VAL K7 Fa s

Sample Abbreviation Sequence
of ON
Duplex 8 ON 36 5-d (TTT CACTACTCCTA TTT) -3
ON 37 3'-r (AAA GUGAUGAGGAU AAA) -5
Duplex 9 ON 38 5'-d (T2T2Ta CACTACTCCTA T=TaT=) -3'
ON 37 3"-r (AAA GUGAUGAGGAU AAA) -5’
Duplex 10 ON 39 5-d (TTTTT CTACTCC TTTTT) -3'
ON 40 3'-r (AAAAA GAUGAGG AAAAA) -5'
Duplex 11 ON 41 5'-d (TeT2TaTaTa CTACTCC TaTaT=TaT=) -3'
ON 40 3-r (AAAAA GAUGAGG AAAAA) -5'
Duplex 12 ON 42 5'-d (TCT CACTACTCCTA TCT) -3’
ON 43 3'-r (AGA GUGAUGAGGAU AGA) -5’
Duplex 13 ON 44 5'-d (TaCaT2 CACTACTCCTA TaC=Ta) -3’
ON 43 3'-r (AGA GUGAUGAGGAU AGA) -5’
Duplex 14 ON 45 5-d (TTT CACCGACGGCG TTT) -3'
ON 46 3-r (AAA GUGGCUGCCGC AAA) -5’
Duplex 15 ON 47 5'-d (TaT2Ta CACCGACGGCG TaTaT=) -3'
ON 46 3r (AAA GUGGCUGCCGC AAA) -5’
Duplex 16 ON 48 5-d (TTTTT CCGACGG TTTTT) -3’
ON 49 3'-r (AAAAA GGCUGCC AAAAA) -5'
Duplex 17 ON 50 5'-d (TaT=TaT2Ta CCGACGG TaT=TaT=Ta) -3'
ON 49 3'-r (AAAAA GGCUGCC AAAAA) -5'
Duplex 18 ON 51 5-d (TCT CACCGACGGCG TCT) -3’
ON 52 3"r (AGA GUGGCUGCCGC AGA) -5'
Duplex 19 ON 53 5'-d (TaCaTa CACCGACGGCG TaCaTe) -3'
ON 52 3"r (AGA GUGGCUGCCGC AGA) -5'

Table 11. Ta, CaZEA LAY AX 7 LAF N
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4-2-2. 7 ua S %EA L7 ON/RNA —ES OB LEM DRBEE

B L7z ON LA RNA O “HEHOBWLZENEZ ., 50%MMHEE, Tn iz HIE
% Z & TG L7z (Table 12, 13),

HIE SAF
HIE IR EE#EPE; 20-100 °C
HE P K 260 nm
W T IVIRE; 3.0 uM
buffer; 10 mM Na Phosphate and 100 mM NaCl (pH 7.0)

Sample T (°C)  ATw (°C) 2

Duplex 8 56.5

Duplex 9 52.0 -4.5
Duplex 10 56.3
Duplex 11 47.1 -9.2
Duplex 12 60.4
Duplex 13 53.1 -7.2

aA T = T (DNA/RNA duplex) — 7 (corresponding ON/RNA duplex).
Table 12. 50%flf#IEE (Duplex 8-13)

Sample Twm (°C)  ATw (°C) a

Duplex 14 66.1

Duplex 15 63.8 -2.3
Duplex 16 57.6
Duplex 17 44.2 -13.4
Duplex 18 69.3
Duplex 19 61.9 -7.4

aA T = T (DNA/RNA duplex) — T (corresponding ON/RNA duplex).
Table 13. 50%Flf#EE (Duplex 14-19)

Table 12, 138 L V. KM TdH 5 Duplex 8 (7m = 56.5 °C) =° Duplex 14 (Th =
66.1 °C) &Mz LT, Te &2 A L7 ON/RNA —&E#H{Téb % Duplex 9 (Tm = 52.0 °C,
AT =-4.5°C) < Duplex 15 (7T = 63.8 °C, ATm = -2.3 °C) 1FBVI L EVENME T L 7=,
Mz T, Co %z A L7~ ON/RNA “H#{ T 5 Duplex 13 (71 =53.1°C, ATh =-7.2 °C)
<° Duplex 19 (7i = 61.9 °C, ATh = -7.4 °C) OEZEME S F 72xhiid 5 RN & Ll
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LTIERFLE, CHITVTF VU ZBLTEBY, FIVUZELTWD Te L) b “HHO
B2 ErEDm EIcEHE T 5 EHEHI L T2, LasL, Ce 3 A L7 Duplex 13 (ATh
=-7.2°C) <° Duplex 19 (ATh =-7.4°C) OXfInT 2 KK & il U72BED ATw 13,
Ta %3 A L7- Duplex 9 (ATw =-4.5°C) <°Duplex 15 (AT =-2.3°C) EL#g L TR
Mmolz, ZOREENSG, Caid ON/RNA —HEEN THMIER L 3 ROKFBHEAIZL D
Watson-Crick B DO IKF 2k L T2 LB 2 b, ZHUCEI LT, Schlegel
5t GNA/RNA & (AT 10 mer) H1IZ G:C HEHAT 20 LT < & BB OB
BEMEDPARLENNT DI EEWMEL TS 20, TDH, SEIGHK LI Te & C: D
FERFRMEIZOWTHEET D 2 & & LT,

4-2-3. T m 7 BN LAY AR 7 LA TF RORERRIEORGE

7w/ Ta, CoziEA L7 ON/RNA “EHHFICBT DRI A REET 57290,
S A~y FHIE A G T ON/RNA —EH O 50%@RIRE . TolEZ2H1E Lz, HIER
HIT TFERIZR L7z (Table 14),

W E S
HE TR FE#EDH; 20-100 °C

HIE R 260 nm

T VPREE; 8.0 nM

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

Sample of ON Sequences T (°C) AT (CC)P
Duplex 14 ON 45 5-d (TTT CACCGACGGCG TTT) -3 66.1
ON 46 3-r (AAA GUGGCUGCCGC AAA) -5' ’
Duplex 14m ON 45 5-d (TTT CACCGACGGCG TTT) -3’ 65.0 11
ON 52 3-r (AGA GUGGCUGCCGC AGA) -5' ’ )
Duplex 15 ON 47 5'-d (TaT=2Ta CACCGACGGCG TeTaTe) -3' 63.8
ON 46 3-r (AAA GUGGCUGCCGC AAA) -5' ’
Duplex 15m ON 47 5'-d (T2aT2T2 CACCGACGGCG T2TaTe) -3’ 61.8 2.0
ON 52 3-r (AGA GUGGCUGCCGC AGA) -5' ’ ’
Duplex 10 ON 39 5-d (TTTTT CTACTCC TTTTT) -3’ 56.3
ON 40 3-r (AAAAA GAUGAGG AAAAA) -5 ’
Duplex 10m ON 39 5-d (TTTTT CTACTCC TTTTT) -3’ 511 59
ON 54 3-r (AAGAA GAUGAGG AAGAA) -5' ’ )
Duplex 11 ON 41 5'-d (TeTaTaTaTa CTACTCC TaTaTaTaTe) -3 471
ON 40 3-r (AAAAA GAUGAGG AAAAA) -5 ’
Duplex 11m ON 41 5'-d (TaTaT2TaTa CTACTCC TaTaTaTaTs) -3’ 447 9.4
ON 54 3-r (AAGAA GAUGAGG AAGAA) -5' ’ )
Duplex 18 ON 51 5-d (TCT CACCGACGGCG TCT) -3 69.3
ON 52 3-r (AGA GUGGCUGCCGC AGA) -5' ’
Duplex 18m ON 51 5-d (TCT CACCGACGGCG TCT) -3’ 63.9 6.1
ON 46 3"-r (AAA GUGGCUGCCGC AAA) -5 ’ )
Duplex 19 ON 53 5'-d (TeCeT2a CACCGACGGCG TaCaTe) -3’ 61.9
ON 52 3-r (AGA GUGGCUGCCGC AGA) -5' ’
Duplex 19m ON 53 5'-d (TaC2T2 CACCGACGGCG TaCaTe) -3' 63.0 411
ON 46 3"-r (AAA GUGGCUGCCGC AAA) -5 ’ )

aUnderlined letters indicate mismatched bases.
bATm = T (DNA/RNA duplex) — 7i (corresponding ON/RNA duplex).

Table 14. I A~ v FHiJEx 25T ON/RNA —EEH D 50%mlfiin %

Table 14 £ ¥ . Duplex 156m (7, = 61.8 °C) (% Duplex 15 (71, =63.8°C) LV & T
EAMEFLTEHEY, 23>, Duplex 11m (7m =44.7°C) & Duplex 11 (7 =47.1°C) k
D ThfENMETFTLTWAHZ &G, Ta & RNA TR LD QIR R NS0 D
DA LIRS EFR L TWD Z ERRBINT,

—J57C, Duplex 19m (7h = 63.0 °C) % Duplex 19 (7. =61.9°C) L ¥ & T fED L5
L7=Z&mb, Colz RN D L 912 G & Watson-Crick st # T L CT\ZgunZ &
PRSI, £, Co&EA L7 ON/RNA “EHPICI 1 2 A Bk 2 BT
THI, Mo I A~y FHiHst 28T ON 5556 41k L. ON 53 & “H#H &M S
. B0%MMEIRLE, TwfEZ HE L7z (Table 15),
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Abbreviation

Sample of ON Sequences Twn CC)  ATwm (PO
Duolox 19 ON 53 5-d (T+C+T» CACCGACGGOG T-CT) -3 o
P ON 52 3-r (AGA GUGGCUGCCGC AGA) -5 :
Duolox 19m ON 53 5-d (T:C+T» CACCGACGGOG T=C°T9) -3 o a
P ON 46 3+ (AAA GUGGCUGCCGC AAA) -5 : :
ON 53 5-d (TaC<Ts CACCGACGGCG TCeT%) -3
Duplex 20m ON 55 3+ (ACA GUGGCUGCCGC ACA) 5 62.1 +0.2
ON 53 5-d (T=C<T2 CACCGACGGCG TaCT%) -3
Duplex 21m ON 46 3+ (AUA GUGGCUGCCGC AUA) -5 62.6 +0.7

aUnderlined letters indicate mismatched bases.
AT = T (DNA/RNA duplex) — 7i (corresponding ON/RNA duplex).

Table 15. Ca O FARFEIEDMREE (50%EfRIEE)

Table 16 OFfER LV, I A~ v FHIK %25 T Duplex 19m-21m (£ 340 6 KA
Tod % Duplex 19 &l UC Thfl2S EH L2 Z &b Co i3 RS B2 R S0 2
EWRR I Tz, EDT=8, Co EAMEEM OKE-EEOFBEMR T 2HLERH D |

ON/RNA “HBHDOES ) NT A =2 25+ 5 2 L TL Y 3R

L7,

MEITH Z &I
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In (Crp/4)

In (Cp/4)

4-2-4. 7 7% EA Lz ON/RNA ZEH OB ZHEEMDORITE

ON/RNA “EHHOB ) FHLEMEEZHGET 572D, 3, 6, 9, 12, 15, 18, 21 pM
D T KMEDYRET 50%MFAFRIE, TnfHARE Lz, £ LT, X (2) 1TEDEf{t#h In
(Cr/4), i 1/ Tk T van’t Hoff plot (Figure 82) #{7\), ZOMHE LY b H L
E—IH (P)=r bt —H (O)zHEH L, X (1) 6 ACEZRDLUTIZE LD

(Table 16).

HE S
HIE IR EHFE; 20-100 °C
JIE B &5 260 nm
W TIVIRIES 8.0, 6.0, 9.0, 12, 15, 18, 21 pM
buffer; 10 mM Na Phosphate (pH 7.0) and 100 mM NaCl

AG=AH° -TAS - - - (1)
In (Cr/4) = -AKP/ RT) +AS/R + + - (2
Cr, AV IXT7 LATF ROKIERE

T, VT,
0.00302 0.00304 0.00306 0.00308 0.00305 0.00307 0.00309 0.00311
-11.5 T 1 -11.5 T 1
-12.0 -12.0
B Duplex 8 H Duplex 9
-12.5 93 -12.5
E
-13.0 O -13.0
pa—
o
-13.5 — -13.5
y —-50520x + 140.87 y = -59805x + 170.92
140 ~ R2=0.9933 140 R? = 0.9975
-14.5 -14.5
T, VT,
0.00300 0.00302 0.00304 0.00306 0.00309 0.00311 0.00313 0.00315
-11.5 T 1 -11.5 T T 1
-12.0 -12.0
l.. ® Duplex 10 ®m Duplex 11
-12.5 ~ 125
=
E
=
v =-53749x + 149.74 y —-42359x + 118.9
; _R®=0.9926 . R’ =0.9928
14.0 @ 14.0 N |
-14.5 -14.5
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In (Cp/4)

In (Cp/4)

T, T,
0.00291 0.00293 0.00295 0.00297 0.00292  0.00294 0.00296 0.00298  0.00300
‘115 . . | -11.5 | | | |
-12.0 -12.0
-\ B Duplex 14 E Duplex 15
-12.5 l.\. — 125
=
E‘
-13.0 U -13.0
v =-42195x + 111.03 = y = -35831x + 93.234
135 R?=0.9961 £ a5 R? = 0.9985
-14.0 W -14.0 -
-14.5 -14.5
ur, VT,
0.00293 0.00300 0.00302 0.00304 0.00305 0.00307 0.00309 0.00311 0.00513
-11.5 -11.5 T T T
-12.0 -12.0
.\.\ ® Duplex 16 .\= B Duplex 17
-12.5 = -125
=
E
-13.0 D 30
- y = "36045x + 98.421
-13.5 —~ 135 R’ = 0.995
v =-51841x + 142.66
. R’ = 0.9904
14.0 ] -14.0 -
-14.5 -14.5
17T, 17T,
0.00288 0.00290 0.00292 0.00294 0.00293  0.00295 0.00297 0.00299  0.00301
-11.5 T T 1 -11.5 T T T 1
-12.0 -12.0
B Duplex 18 ‘- ® Duplex 19
-12.5 3 -12.5 \.\
&1
-13.0 D -13.0
¥ = -56076x + 149.87 = \l v = -38055x + 99.959
135 R® =0.9936 £ 135 R? = 0.9941
-14.0 B -14.0 ]
-14.5 -14.5

Figure 32. van’t Hoff plot (Duplex 8-11, 14-19)
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AG°310 AHP AS°

Sample Sequence [keal/mol] [keal/mol]l [cal/K+moll

5'-d (TTT CACTACTCCTA TTT) -3’
Duplex 8 -13.6 -100.3 -279.8
3'r (AAA GUGAUGAGGAU AAA) -5/

5'-d (TaT2T2a CACTACTCCTA TaT2T?) -3’
Duplex 9 -13.5 -118.8 -339.5
3"r (AAA GUGAUGAGGAU AAA) -5’

5'-d (TTTTT CTACTCC TTTTT) -3'
Duplex 10 -14.5 -106.8 -297.4
3'r (AAAAA GAUGAGG AAAAA) -5/

5'-d (TaT2TaT2T2a CTACTCC T2T2TaTaT2) -3’
Duplex 11 -10.9 -73.3 -236.2
3" r (AAAAA GAUGAGG AAAAA) -5'

5"-d (TTT CACCGACGGCG TTT) -3'
Duplex 14 -15.4 -83.8 -220.5
3'r (AAA GUGGCUGCCGC AAA) -5'

5'-d (TaT2T2 CACCGACGGCG TaTaT?) -3'
Duplex 15 -13.7 -71.2 -185.2
3'r (AAA GUGGCUGCCGC AAA) -5’

5"-d (TTTTT CCGACGG TTTTT) -3
Duplex 16 -15.1 -103.0 -283.3
3"-r (AAAAA GGCUGCC AAAAA) -5'

5'-d (TaT2T2TaTa CCGACGG T2TaTaTaT2) -3’
Duplex 17 -11.0 -71.6 -195.5
31 (AAAAA GGCUGCC AAAAA) -5’

5'-d (TCT CACCGACGGCG TCT) -3’
Duplex 18 -19.1 -111.4 -297.7
3-r (AGA GUGGCUGCCGC AGA) -5'

5'-d (TaCaT2a CACCGACGGCG T2CaT?) -3'
Duplex 19 -14.0 -75.6 -198.5
3"r (AGA GUGGCUGCCGC AGA) -5

Table 16. ON/RNA —&EHIHDOENI ) FH)/NT A — X

Table 16 L ¥, Ta 238 A L 7= ON/RNA —EFHB T RAT & thilis LT, AG®s10 D
KA LT D Z e BB AFNC /2D Z L PRIB ST, &ERO[ER L L
T, 77 %EA LT Duplex (TG T 5 RBEH LD & 2 & /L B —THDHERHE 236
HLTWDZ Enn, “EHEFEMEDOK TIE= o X L E—ARFNER LT 5 EoRIE
SNTc, o, THue 7 OEALHELTR, T2V E—HRENT 52 8006, 7F
07 ~OTF =)VEEOBE AL RNA &L OKFER-EAZILEL WD EEZ LN,

—F T, THa s OEANEEOTR, =2 o E—EOMRHMEIXED U, EHE AL
T e E—IZITARNC e D Z e E N, 2, T e~ F =K
DBENZE D an AZ % 7K DBKMEMAEAEHOEINTER S 5D Tidenind
EZ bbb,

F7o,CoxE AL ON/RNA “HIH TH 5 Duplex 19 & Te DA% E A L7 Duplex
15 # b4 5 & gap region OFEFINE L THHIZH DL L TEEAT)FHHI/RT A —H
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WZIZE A EZENRR -T2, ZHUZxF L, Duplex 18 (AH° =-111.4 kcal/mol) & Duplex
14 (AH° =-83.8 kcal/mol) (T > & L & —IHODHxt xHE D 773 27.6 keal/mol Td 5 D
BIXL O, FENFZNRT A—RIZENELT, £, 2O NVE—THOETH D
27.6 keal/mol ® 1/2 T % 13.8 keal/mol 73 Ziuid, AT HHkkt & G:C Mkt ok Fifk
BNOFETHLEZEZBND, LML, 7Fr7%EALK Duplex 19 (AH° = -75.6
kcal/mol) & Duplex 15 (AHP = -71.2kcal/mol) 1T ™ % )L B —THDHRHEDZEN 4.4
kcal/mol TH Y, A: Teghxt & G:CeHiExt OKRFERE A TI DT 2.2 keal/mol Th 5
EEZDND, DT, A Ta st & GiCa M RHIKFRE AL DR U7z D TiEian
mEZEz 5 (Figure 38), LLEND, C2ix Watoson-Crick HakExh & (387 2 5L
SR Z L CWD Z EDRIEBE I T,

H

N_H.0  cH 02. H_N

Y
1’1‘/ 7 ., H_N>_N \?_(N H2.N
h N=/ / SE :/ & }l/ ]:o_‘@% >_<
Adenosine © T 2.2 kcal/mol _H 2.0 s
2% \\r’{" Guanosine | 1% AN

Figure 33. A: Ta MLt & GiCa MLt

4-2-5. 7 u 7 %ZEA L7 ON/RNA “EHDOBKEE

RNase H (2 &> T ON/RNA “HHA 7%, RNA SOz 5| &L 3729
ON/RNA —H#H7 RNase H ORHIC D oF e and AR LEAMEL & %)M\g
WD W, Zolo, SEIEGH L T2 23 A L7z ON/RNA “HE#HO&EKMEES CD
ARy M LD RREEL 72 (Figure 34),

HE St
HIEIREE; =ik (25 °C)
M E PR 260 nm
VIR EE; 6.0 nM
buffer; 100 mM Na Phosphate (pH 7.0), 100 mM NaCl and 10 mM MgCls
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1.5

,"':\ = duplex 14

==-=duplex 15

mdeg (X 10°6)

e
(€]

'
[}

205 225 245 265 285 305 325 345

[nm]

=—duplex 16

/\ ===duplex 17

mdeg (X 106)

205 225 245 265 285 305 325 345

[nm]

=—=duplex 18

===duplex 19

'
[ary

05 w

mdeg (X 10°6)

e
n

]
%]

205 225 245 265 285 305 325 345

[nm]

Figure 34. CD A -~<7 kL (Duplex
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Figure 34 Of55 L 0 | Duplex14-19 W94 % 260 nm [Z1ED CD /32 K| 210 nm (28
D CD Ny RRBIREINT-Z L AMLEAMEEEZ L TWD I ENREBI N, Lo T,
AEERR LIZ7Fn 7 %8 A L7z ON/RNA —#E#H/E RNase H OFEE(CR0 95525
ns,
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E3EH X7 L7 —EittEOREE
4-3-1. 7 TaZBALZY IX 7 VAEF FOBRK
T UF s ABRITHIEN DO X 7 LT =Bk LT 0 ENR W ENEETH D,

DT, BRI A s L7z 10 5025722 DNA AU F~—TH % ON BT &
JARIGIZ Te AEA L7- ON 58 &k L7 (Table 17),

Abbreviation of ON Sequence
ON 57 F-5'-d (TTTTTTTTTT) -3'
ON 58 F-5'-d (TTTTTTTTTT) -3'

Table 17. =% Y X7 L7 —RiPEREEN A Y 2 X 7 LA F RiEgsl

4-3-2. =%V X7 V7 —EMEDRREE

3-TXY X7 LT —ED1>5THs SVPD (3-2-2. &) ZHNWT, TeaEA LA
UIX7 LAF ROTX Y X7 L7 —BICkHT 2L GE Lo, —EmEUIREIC B W
T, SVPD T L, KW TG ZE L%, BEXVKENZ X > TZ D DNA S fEEYD %
fight L7=  (Figure 85),

RS G:1
MRE; 37 °C
7715 1200 pmol
SVPD; 0.006 unit
buffer; 250 mM Tris-HCl and 50 mM MgClz (150 pL)
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ON57  F-5'-d (TTTTTTTTTT) -3' ON58 F-5-d (TTTTTTTTTT?) - 3'

[trin] [1] [tnin] [h]
15 30 1 3 0 | 5 15 a0 1 3

;i;’. P
T

Figure 35. SVPD (Z & % RNA J3fi#He Ok

Figure 85 LV . KM TH %5 ON 57 1% SVPD ALHL 1 IS DEE D DITH L,
AR Ta A A L7= ON 58 £ SVPD Witk 3 Wil - CH N E 2o le, 2
DOFERI D, DNA O 3K Te #BATHI LTI Y X7 L7 —EMHENE L < HEiR
ENDHZ ENRE ST,
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A 7 Fru%¥A L~ ONRNA —ES D RNase H {EMH(LBEDKREE

4-4-1. 7Fa T 2BALFY IX7 VAF FOERK

RNase H |Z 1% RNA 73 RE A IRGET S 76D, 5K & ARkl L 72 RNA &5k
L., TaX C2ZE A L7z ON (Table 11) & LU T ON/RNA “HEH#HZ R L7z (Table

18) .
Abbreviation
Sample Sequence

of ON

ON 36 5'-d (TTT CACTACTCCTA TTT) -3'
Duplex 8f

ON 59 3'r (AAA GUGAUGAGGAU AAA) -5'-F

ON 38 5'-d (T2T2T2 CACTACTCCTA TaT2T=) -3'
Duplex 9f

ON 59 3'r (AAA GUGAUGAGGAU AAA) -5'-F

ON 39 5-d (TTTTT CTACTCC TTTTT) -3'
Duplex 10f

ON 60 3'r (AAAAA GAUGAGG AAAAA) -5'-F

ON 41 5'-d (T2T2T2TaT2a CTACTCC TaT2T2TaT2)-3'
Duplex 11f

ON 60 3'r (AAAAA GAUGAGG AAAAA) -5'-F

ON 42 5'-d (TCT CACTACTCCTA TCT) -3’
Duplex 12f

ON 61 3'r (AGA GUGAUGAGGAU AGA) -5'-F

ON 44 5'-d (TaC2Ta CACTACTCCTA TaCaT2) -3'
Duplex 13f

ON 61 3"r (AGA GUGAUGAGGAU AGA) -5'-F

ON 45 5-d (TTT CACCGACGGCG TTT) -3’
Duplex 14f

ON 62 3'r (AAA GUGGCUGCCGC AAA) -5'-F

ON 47 5'-d (T2T2Ta CACCGACGGCG T2T=T?) -3’
Duplex 15f

ON 62 3'r (AAA GUGGCUGCCGC AAA) -5'-F

ON 48 5-d (TTTTT CCGACGG TTTTT) -3'
Duplex 16f

ON 63 3" r (AAAAA GGCUGCC AAAAA) -5'-F

ON 50 5'-d (TaT2T2T2T2a CCGACGG TaTaTaTaTa) -3'
Duplex 17f

ON 63 3" r (AAAAA GGCUGCC AAAAA) -5'-F

ON 51 5'-d (TCT CACCGACGGCG TCT) -3’
Duplex 18f

ON 64 3'r (AGA GUGGCUGCCGC AGA) -5"-F

ON 53 5'-d (T2C2Ta CACCGACGGCG TaC2T=) -3’
Duplex 19f

ON 64 3"r (AGA GUGGCUGCCGC AGA) -5"-F

Table 18. RNase H {EVEALREMGGENT ON/RNA " EH{DFELS
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4-4-2. RNase H 12 X % RNA 5 fRREDRREE

7 u s Ta, C2%¥E AL gapmer BT T+ o AR D RNase H JEVE(LAEZ R
fliL 7=, RNase H i% ON/RNA " EH # 5%k L. RNA 87217 25 202 O3~ 5 %55
ToHY ., AEIOFHIZIT E. coli HRD b D% Az,

Ta, Ca%E A L7- ON &8 RNA (Table 18) % ON:RNA = 1:5 OE|A& D —HEH
AEIZ T, RNase H ALEEZ IC A HEE] CROS & 45 1E#% . Duplex 8f-19f (Z351F 5 17K
I FRFEY) & TBRIKENT K > THAT L 7= (Figure 86), F7-#EEIZ >\ ik, Table 19
IR LT,

_“

PSStk
RS 37 °C
771 ON'RNA = 300:1500 pmol
FE. coli RNase H; 3.0 unit
buffer; 50 mM Tris-HCI (pH 8.0), 75 mM KCl, 3 mM MgClz and
10 mM dithiothreitol (150 uL)

Duplex 8f Duplex 9f
[min] [min]
0 1 3 5 10 15 30 60 0 1 3 5 10 15 30 60
-——.eo e e e . |e e ..
- -, - - - -, .
- - - -
Duplex 10f Duplex 11f
[min] [min]
0 1 3 5 10 15 30 60 0 1 3 5 10 15 30 60
- - R B
- -
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Duplex 12f

Duplex 13f

[min]

60

[min]

0 1 3 5 10 15 30 60

I SRS —

—
Duplex 14f Duplex 15f
[min] [min]
0 1 3 5 10 15 30 60 0 1 3 5 10 15 30 60

&S e e e s s

- -_— E
L
Duplex 16f Duplex 17f
[min] [min]
0 1 3 5 10 15 30 60 0 1 3 5 10 15 30 60
EE e LI
- - O W W W e e
- - - e e
D B
Duplex 18f Duplex 19f
[min] [min]
0 1 3 5 10 15 30 60 0 1 3 5 10 15 30 60

Figure 36. RNase H (= X 5 RNA /e DO#sE (Duplex 8f-19)
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Figure 86 L V. T2 Z#E A L7- ON/RNA “HEHOW OMERGTHRAMED &
< RNA DI S iz, WIEEIZ DWW T Duplex 9f (70 pmol/min). Duplex 11f
(86 pmol/min), Duplex 17f (245 pmol/min) T& 5 DIZxf L, xfiind D KM L Duplex
8f (42 pmol/min), Duplex 10f (71 pmol/min), Duplex 16f (192 pmol/min) T& - 7=
(Table 19), Z OFEREMNS ., gap region DESINIC L > TCEFH DL LOD, ToF A
Fif% wing region ~0 Ta O AL E. coli RNase H 12 L 5 RNA /i ik S w722 &
DERMBEENT, ZORKE LT, TezE A Lz ON/RNA “HHIF R & bl LT
B EVEDMEN 72 (Table 18-14, 17), RNase H (2 & 5 RNA 73fi##4 ® ON @ RNA
DO DORRBEN R L D N2 ENEX BD,

—J T, Co&EA LT ONRNA “EHH{IXHR 2 KEAL L il L T#% D RNA 45/
DN KIEIAR T L7z, WIEEIZ DWW T Duplex 13f (2 pmol/min), Duplex 19f (31
pmol/min) T& 5 DIZxt L, KIAIL Duplex 12f (39 pmol/min), Duplex 18f (56
pmol/min) T&H->7=, MMz T, gap region 7 4< [ UES|TH Y wing region (Z Ta D
%8 N\ L7z Duplex 9f (42 pmol/min) <> Duplex 15f (45 pmol/min) & #z LT,
Cez3E A L7 ON/RNA “HHOYEE T/ IV, T HOFERIE, Cold Te &bkl L
T, FAMESE & ORISR AN Z EIZERNT 20 TlidenwnheE2 615,

initial late

Sample
[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 19. RNase H (Z X 5 RNA /K53 fif 41 FE
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4-4-3. HEEXTER ) RNase H IZ & 5 RNA 53 fREE~5 2 BB OREE

wing region OYiExf AL 7Y RNase H {EMALREIZ E D L 5 B % 5.2 5 O & i
AET 572, wing region (2 A~ FHILZEA L RNA ZH W T Te, C22HAL

7o gapmer B 7 o F & o XKL HE D RNase HiE (LR

4-4-2. & [FARE ORI 7 5% AT,

Abbreviation
Sample Sequence?
of ON
ON 51 5'-d (TCT CACCGACGGCG TCT) -3'
Duplex 18f

ON 64 3"r (AGA GUGGCUGCCGC AGA) -5'-F

ON 51 5'-d (TCT CACCGACGGCG TCT) -3’
Duplex 18mf

ON 62 3'r (AAA GUGGCUGCCGC AAA) -5'-F

ON 51 5'-d (TCT CACCGACGGCG TCT) -3’
Duplex 22mf

ON 65 3'r (ACA GUGAUGAGGAU ACA) -5'-F

ON 51 5'-d (TCT CACCGACGGCG TCT) -3’
Duplex 23mf

ON 66 3'r (AUA GUGAUGAGGAU AUA) -5'-F

ON 53 5'-d (TaC2Ta CACCGACGGCG TaC2Ts) -3’

Duplex 19f

ON 64 3"r (AGA GUGGCUGCCGC AGA) -5'-F

ON 53 5'-d (TaC2Ta CACCGACGGCG TaC2Ts) -3’
Duplex 19mf

ON 62 3'r (AAA GUGGCUGCCGC AAA) -5'-F

ON 53 5'-d (TaC2Ta CACCGACGGCG TaC=T=) -3’
Duplex 20mf

ON 65 3'r (ACA GUGAUGAGGAU ACA) -5'-F

ON 53 5'-d (TaC2Ta CACCGACGGCG TaC=T=) -3’
Duplex 21mf

ON 66 3"r (AUA GUGAUGAGGAU AUA) -5"-F

aUnderlined letters indicate mismatched bases.

Table 20. RNase H /&b iEfRAEH ON/RNA —EHOELSI

B2ttt
IREE; 37 °C

771 ON'RNA = 300:1500 pmol

FE. coli RNase H; 3.0 unit

buffer; 50 mM Tris-HCI (pH 8.0), 75 mM KCl, 3 mM MgClz and
10 mM dithiothreitol (150 nL)

i L7 (Table 20, Figure 37),
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Duplex 18f

Duplex 18mf

0 1 3 5 10

- e aes

[min]

[min]
0 1 3 5 10 15 30 &0

Duplex 22mf

e R ——

[min]
15 30 60

[min]
0 1 3 5 10 15 30 G0

| —
- - .- . .
Duplex 19f Duplex 19mf
[min] [min]
0 1 3 5 10 15 0 60 0 1 3 5 10 15 30 60
E - - e T e e e | W e e a O e
& o LB B
: - : - - - - -
Duplex 20mf Duplex 21mf
[min] [min]
0 1 3 5 10 15 00 60 0 1 3 5 0 13 30 60

-
-

- - — -
- - . - e

Figure 37. RNase H (Z . 5 RNA 73 f#BEDIFE (Table 20)
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Figure 37 LV, R&E DO~ v FES| TS5 Duplex 18f L LT, S A~ v T %
& 1e Duplex 18mf. Duplex 22mf, Duplex 28mf |3 RNA 73N T L7z, £z,
PR S RIFEE(S N L7z (Table 21), Wing region ~0 I A~ v FH Ikt D& AT,
RNase H (2L % RNA UIBNEMEIC REREEL 52 5 Z LR s, —h T, Ce
Z3 A L7 Duplex 19f & i LT, I A~ v F %5 T Duplex 19mf, Duplex 20mf,
Duplex 21mf |3 RNA /i FE I K & 7203 78 < W E G RIFEE CTH - 7= (Table 21),
Ay FHEER Co D &) 7 R L [AkD Watson-Crick HiE
KON EHE LT a7 OE AL, RNase H (2L %5 RNA UIEHEMEIC K& g%

D DFERNS

b2 5 Z RIS,

initial late

Sample
[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 21. RNase H | & 5 RNA /K55 fif 4035 B
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KTE

AR TIL, BrHbESEEER RN TR Te (F X U U 3F8A), C (U F Y U FER) ©
&% (Figure 38) & ZiL 5D siRNA T T ARG Z X U6 &3 Didls R EM

> — L ~DIG IOV TRE L7z, \ 0 \ NH:
] &
\ NH \ N
o) o
HO // HO //
Hd Ta HO:. Ca

Figure 38. FEMHERAIX 7 LAY KT S s

AEFREF LT T ZEGNAIC T VR = a2 U TR A A SE-iE4s2 LT
BV, ONIZHEAT D Z & TGNA DL EOE, B R EME 2 R B2 Bk
LA L, L, $iomduic Te 23 A L7- RNA — &S0 50%ERIRE 1T
RFMEIE L TR T L2 Z &Enn, ARG LT T a 71X " HmEHOBN, #0750
BEMZIR T ST ENRB I, £z, TeZx IRMIEA L —EH ON O X
7 V7 —EiitE%E SVPD Talfli L& 2 A, KIAILL Lo X7 L7 —B Ik E2 /R L
7= O, SEIGHK LT e 2 1ExX 7 vy —EhittEomn FICE R TH D 2 L RS
e X7,

NHOMEEFIA LT, Te® siRNA/miRNA ~D A& L7z, RNA @~
TezE A5 &, RNA “EHEHOMWLENEEZZIL IS Z E2FH LT, RISC ™
DOFEFEZ M L TH T2 =7y "R AT 5 2 &2 BfE L T siRNA Zi%G L
72 FF. siRNA Ok 7L Te A3 A L7- siRNA OBAE 75BN GE 2 Gk L
720 FORER. 3EIA— NN I Te A3 A L7 siRNA 2 & o A8 35
P 4FBIC T2 2B A LT siRNAS T, RULL EOBARTIEBUNHIRE 2 7R L7z
(3-3-1. Figure 16 &), siRNA 2 [T 3'KiiiA— /= TENL~Te ZEA L7=Z &IZ
Lo EWX 7 L7 —BiHEICER T 2 BB FRBMGREOm EEE X O D, —,
SIRNA B (38 > 2 BL3RIHHT~D Te DFAMR, T 2 T > AU ARSI 2RI
RLEEL S RISC ~DT T ABDW Y A A ZRES T2 LICRRT 2 &5
Z bz,

Z OB T B, WHICEEE b > miR-199a-5p/3p (T Te &AL, s
FHEBUINHIRE ZMFE LTz, £ OfEHE, miR-199a-3p #{D 3K/ DH 9 FHIZ Te 2 E A
L7- miRNA 7 123\ T, miR-199a-5p S{A LAY RISC IZHL Y iA ENKRFLL o
BAFRBUNHIEZ 7~ L, miR-199a-3p $HILix & A EBInFREMGIREL R I o
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oo AEDZ EMG | T3 A 7 & —5 v MR % BN LB R RBIHEL M LS
LIeOICHARRT I s Thn Z eRSit, AU < RNA ZHEZBWICALE S
HHIARVyFHELV XV L7 —BittEE BT 58088 A TH 5 (3-3-3. Figure
18-19 &), 7=, TORIMERMEMENLIL siRNA D& > A8 3K 5 4 FEH OALE
ERE STz,

KIZ, wing region |Z Te, C2 % & A L7z gapmer M7 > F & AEERE~D G % 1R
L7, AEEREF L7- gapmer 7 o F ¥ o 221 wing region ~D 7 )11 7 DA
kv mnwx s L7 —RiittkEafH L, 7Tt AR E RNA © “E#HT CD A7

ML DOFERING . RO DNA/RNA “HH LR U< ARG EAMEEZ L >TnDH 2
ENTRENT,

F72. 2D gapmer BT T v AR & RNA " HE OB ENEE 50% R fEEE
(T i) CRFAR L 72 A 5L, RRAL L bl L€ 2.3~18.4°C K F L, Te, C=3tiZ ON/RNA
THHOBMLZER AR T S5 Z EaVURIB S (4-2-2. Table 12-13 ), Iz T,
I Ay FHHAEET RNA & OB EME % Tn B CREM L7 fER, Te X RRAIZIX
BHHLOD A EEERER L TWDZ ED0RENTz, — 5T, Coldg e it 2R
o toiod, I L OKBREAOFIIONT I FEHARF 2T 570,
T D> 5 van’t Hoff plot 7> BB )T A —Z 2B LTz, TORER, KRR L
LT AGPs10 DAEHEN B/ Lic Z D, 7 7o AlX RNA & o " EHEEN
FAFNZI2 D Z ERH DT olz, Eio, BEOEEME LT, 2O _EHEREDIKT
X XV E—ARFNCER LTS, ZHUET e 7 OEAZEOTR, =21y
—IENBIM L2 2D, ThaZ~0xF = VOB AR RNA & OKE-BS %
AFNZLTNWDZENB2LND, £l2, 7HuZ0EANTT 2 b ©—fIE " EH
HIZEFITHY, ZORKELTiEn-n A¥ v X2 7 X DKM AEVER O
RLGNAN—EHETHERBEE LR L TV AT “EHERE O b o B —HEAR
DI ENRB 2 HND, £ LT, ATetfixt & G Cofg x> X )L & —IZ[F]
BETHLZ END, CE G EAERKEZ LT D 0NEDOFRIEL Watson-Crick Hi
KT D EEZBND (4-2-4. Table 16, Figure 338 1),

HWNT, 7 e &8 AL ON LHfii RNA “HE#HD E coli RNase H {EME(LEEIC
DWTHGEELTZE Z A, Tad ON ~D¥E AX RNase H |2 X 5 RNA 73 & Il & 5
ZENRBENT, ZORKE LT, TeZH A L7z ON/RNA “HHIIRRA & b L
TR EPEDMEW 728, RNase H (2 L 5 RNA 73f#t: D ON 2> 5 > RNA iRt 2350
ZENRBZBND (4-4-2. Figure 836), — 5T, C2 & A L7 ON/RNA —EHH{IZKIK
WLl LC, & O RNA MK T Uiz, Ziud, Ce & ARHHE I & oI
FRAMM KRR L H72 5 Z LICERT 2D TIE RN E B X B, CR0I A~y T
% wing region |ZH# A L7271 T, % ® RNase H {EMALRBIC K& g BA 5252 L
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DR STz (4-4-3. Figure 87 2R),

P EORFFRTHONTZIAELY , ARG Lz7 e Ta, C2 & A L7z ON I3AH4
RNA & REA L0 B LZEMEIXE T2 b 0O0RER " HEHEZEHR T Z ERH LN E
o7, Fiz, TeZEA L7 ON IENTX 7 LT —BilittEE A L, £ Om ki RRE
MHRE FEBEL 722 E2VRS LTz, M2 T, siRNA/miRNA ~O)& G Cii4d 7 #
=7y RN L, BRREBNHIEE 2 M) &2 Ta 0 e 22 E /AL O [F E I D)
L7, 72, gapmer B 7 T & AEEE~OISHRFTIE, wing region ~0 Ta DE AT
£ 0 REA % ElAl D RNaseH S0 fiF i 2 7r L7= ON 3MF/ET 5 Z L AR &7z, RNase
H IEMEALRED EiV -y gapmer B 7 F & o AR D%  TmW BRI ZEMZ R T8, AlElo
FERND, BWIZENEEZRTSE 57 e 7 ZH0THEV RNase H IEME 4779 gapmer
W7 T AR AERGTEDLZ LN oot LLEXY | ARG L 7B EE
BRI TR IREIRO Y — L E LTERATHL EE 26D,
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1. Experimental Section
1-1. General remarks

CDCls-d (CIL), CDsOH-ds (CIL) or DMSO-ds (CIL) was used as a solvent for
obtaining NMR spectra. Chemical shifts (§) are given in parts per million (ppm)
downfield from a solvent (for 3C NMR and 'H NMR in CDCls-d, CDsOH-ds and
DMSO-ds) 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. (9-2-(tert-butyldiphenylsilyloxy)-oxirane (1).
TBDPSO \/<? (R)'glyc?dol (1.5 I.nL, 22.6 mmol) 'Wa's 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 H:20. 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 1 (4.84 g,
69%). "H NMR (400 MHz, CDCls-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, CDCls)
& 135.7, 133.4, 129.9, 127.9, 64.5, 52.4, 44.6, 26.9 (3C), 19.4; C19H24028Si, caled. C
73.03, H 7.74, N 0; found C 72.87, H 7.69, N 0.

1-2-2. (9)-1-(tert-butyldiphenylsilyloxy)- 2-hydroxy-5-trimethylsilyl-4-pentyne (2).
™™ms Compound 1 (3.41 g, 10.9 mmol) was dissolved in THF at
// -78 °C, added m-butyllithium solution in hexane (9.14 mL,

TBDPSO . .
14.2 mmol), trimethylsilylacetylene (2.27 mL, 16.4 mmol)
HO and BF3-O(CzHs)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 H:0. The organic layer was washed with brine, dried (Na:SO4), and
concentrated. The residue was purified by column chromatography (a neutralized
Si0z, 4% EtOAc in hexane) to give 2 (4.15 g, 93%). 'H NMR (400 MHz, CDCls-d) §
7.70-7.67 (m, 4H), 7.43-7.37 (m, 6H), 3.85 (dd, 1H, /= 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, CDCls) § 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); CasH3402Sis, caled. C
70.19, H 8.34, N 0; found C 70.38, H 8.19, N 0.

1-2-3. (9-2-(tert-butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)-5-

trimethylsilyl-4-pentyne (3).
TMS

Compound 2 (4.15 g, 10.1 mmol) dissolved in DMF (20
TBDPSO‘\/ mL). The reaction solution was added imidazole (1.65 g,
R 24.2 mmol) and tert-butylchlorodiphenylsilane (1.83 g,
TBDMSO 26.5 mmol) and stirred for 12 h. The mixture was
partitioned between EtOAc and H:20. The organic layer was washed with brine,
dried (Na2SOs), and concentrated. The residue was purified by column
chromatography (a neutralized SiO2, 33% EtOAc in hexane) to give 3 (4.50 g, 85%).
'H NMR (400 MHz, CDCls-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, CDCls-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 (30), 26.0 (3C), 19.4, 18.2, 0.24 (3C), -4.43
(2C); C30H4s02813 - 0.2H20, caled. C 68.17, H 9.23, N 0; found C 68.09, H 9.23, N 0.

1-2-4. (9)-2-(tert-butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)-4-
pentyne (4).
TBDPSO_\_// Compound 3 (4.55 g, 8.67 mmol) was dissolved in MeOH
(100 mL). Then, the reaction solution was added 1 M NaOCH3s
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

TBDMSC§

partitioned between EtOAc and H20. The organic layer was washed with brine,
dried (Na2SO4), and concentrated to give 4 (3.88 g, 99%). H NMR (400 MHz,
CDCls-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);
C27H4002S12- H20, caled. C 68.88, H 8.99, N 0; found C 68.96, H 8.91, N 0.

1-2-5. 1-methyluracil (5).

o Uracil (2.24 g, 20.0 mmol) was dissolved in hexamethyldisilazane (40
\NJ]\NH 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 CHsI (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 5 (1.70 g, 68%). 'H NMR (400 MHz, DMSO-d¢) § 11.22 (s, 1H), 7.62 (d, 1H, J=
8.1), 5.52 (d, 1H, J=8.1), 3.23 (s, 3H).

N0

1-2-6. 5-iodo-1-methyluracil (6).
o Compound 5 (1.12 g, 8.88 mmol) was dissolved in CH;COOH (17.8
/u\ mL) and stirred at 70 °C for 20 min. The reaction solution was
\N NH . .o .

added MNiodosuccinimide (2.40 g, 10.7 mmol) and stirred at 100 °C

N
k(go for 5.0 h. Then, the reaction solution was added H20 at 0 °C and
| filtered to give 6 (1.50 g, 67%). 'H NMR (400 MHz, DMSO-ds) &

11.60 (s, 1H), 8.19 (s, 1H), 3.24 (s, 3H).

1-2-7. (9)-2-(tert-butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)-5-
\ O (1-methylpyrimidine-2,4-dion-5-yl)-4-pentyne (7).
N NH A mixture of compound 4 (0.81 g, 3.21 mmol),
\ compound 6 (2.01 g, 4.44 mmol), Cul (0.12 g, 0.63
// O mmol), Pd(PPhs)s (0.37 g, 0.32 mmol) and EtsN (1.12
mL, 8.06 mmol) in DMF (35 mL) was stirred at 40 °C
TBDMSO\: for 24 h. The mixture was partitioned between EtOAc

TBDPSO

and aqueous NaHCOs (saturated). The organic layer was washed with brine, dried
(Na2S04), and concentrated. The residue was purified by column chromatography (a
neutralized SiO2, 1% MeOH in CHCIls) to give 7 (0.38g, 58%). 'H NMR (400 MHz,
CDCls-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); 3C NMR (98.5 MHz, CDCls-a) § 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; C32H44N204Siz-0.5H20,
caled. C 65.60, H 7.74, N 4.78; found C 65.78, H 7.61, N 4.78.

1-2-8. (9)-1,2-dihydroxy-5-(1-methylpyrimidine-2,4-dion-5-yl)-4-pentyne (8).
\ Q0 Compound 7 (0.36g, 0.63 mmol) was dissolved in THF (13.3

N . . .
NH mL). 1 M tetrabutylammonium floride in THF (1.33 mL)
\ was added to the solution, and the mixture was stirred at
// O room temperature for 24 h. The mixture concentrated, and
HO

the residue was purified by column chromatography (a
HO:. neutralized SiO2, 1% MeOH in CHCls) to give 8 (0.12 g,
86%). 'H NMR (400 MHz, CDsOH-ds) § 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, /= 11 and
6.0), 2.54 (dd, 1H, J= 11 and 6.4); 3C NMR (98.5 MHz, CDsOH-ds) § 165.6, 152.1,
150.3, 100.2, 91.7, 73.9, 71.8, 65.9, 36.4, 25.3.

1-2-9. (9-1-(4,4'-dimethoxytriryloxy)-2-hydroxy-5-(1-methylpyrimidine-2,4-dion-5-yl)
\ o -4-pentyne (9).

N—{ A mixture of compound 8 (0.19 g, 0.85 mmol) and

\ NH 4 4'-dimethoxytrityl chloride (0.30 g, 0.89 mmol) in

o pyridine (8.5 mL) was stirred at room temperature for 4.0 h.

DMTrO / / The mixture was partitioned between EtOAc and aqueous

R NaHCOs; (saturated). The organic layer was washed with

HO brine, dried (NazSO4), and concentrated. The residue was

purified by column chromatography (a neutralized SiO2, 1-10% MeOH in CHCls) to give

9 (0.41 g, 92%). 'H NMR (400 MHz, CDCls-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, CDCls-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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1-2-10. (9-2-[(2-cyanoethoxy)(N, N-diisopropylamino)phosphanyloxy]-1-(4,4'-
dimethoxytriryloxy)-5-(1-methylpyrimidine-2,4-dion-5-y1)-4-pentyne (10).

\N_/<

\
DMTrO V4

149.4, 149.2.

(0)

NH

o

A mixture of compound 9 (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 CHCls and aqueous NaHCOs; (saturated). The
organic layer was washed with brine, dried (Na2SOs4), and
concentrated. The residue was purified by column
chromatography (a neutralized SiOz, 33% EtOAc in hexane)
to give 10 (0.58 g, 88%). 31P NMR (158.6 MHz, CDCls-a) §

1-2-11. Solid support synthesis (11).
A mixture of compound 9 (90 mg, 0.17 mmol), succinic anhydride (50 mg, 0.51
mmol) and DMAP (0.42 mg, 3.40 pmol) in pyridine (1.7 mL) was stirred at room
temperature. After 72 h, the solution was partitioned between CHCls and H20, and

the organic layer was washed with H20 and brine. The separated organic layer was

DMTrO

o
o

\ O dried (Na2S04) and concentrated to give a
N NH succinate. Aminopropyl controlled pore glass

\ (0.38 g, 0.17 mmol) was added to a solution of
// O  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/Ac20 = 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 11

to solid support was 38.9 pmol/g from calculation of released dimethoxytrityl cation
by a solution of 70% HCIO«+/EtOH (3:2, v/v).
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1-3. Synthesis of the acyclic cytidine analog

1-3-1. 2-amino-5-iodo-4-pyrimidinone (12).
NH, Isocytosine (1.0 g, 9.00 mmol) was dissolved in 1 M NaOH (9.0 mL),
/‘%N added I (2.29 g, 9.00 mmol) and stirred at 100 °C for 2.0 h. The
mixture was filtered with dH20 and MeOH to give 12 (2.04 g, 96%). 'H
O NMR (400 MHz, DMSO-ds) & 11.21 (s, 1H), 7.90 (s, 1H), 6.66 (s, 2H).

HN

1-3-2. 2-[(V, N-dimethylamino)methylene]amino-5-iodo- M-methyl-4-
NN pyrimidinone (13).

- )\ \  compound 12 (1.30 g, 5.49 mmol) was dissolved in DMF (5.5 mL),
N” SN added N, N-dimethylformamid dimethylacetal (3.64 mL, 27.4
S/go mmol) and stirred at 40 °C for 5.0 h. The mixture was concentrated,

I the residue was purified by column chromatography (SiOs, 10%

MeOH in CHCls) to give 13 (1.11 g, 66%). 'H NMR (400 MHz, DMSO-ds) & 8.64 (s,

1H), 8.08 (s, 1H), 3.47 (s, 3H), 3.19 (s, 3H), 3.09 (s, 3H); 3C NMR (100.5 MHz,

DMSO-ds) § 160.0, 159.8, 158.5, 158.3, 76.3, 40.9, 35.0, 30.3; HRMS (ESI) m/z calcd.

for CsH12IN4O [M + H]* 307.0056, found 307.0043.

1-3-3. (9)-5-[5-(tert-butyldiphenylsilyloxy)-4- (tert-butyldimethylsilyloxy)-1-
\ N= pentynyl]-2-[(V, Fdimethylamino)methylenelamino-
N—\< N— M-methyl-4-pyrimidinone (14).

\ N A mixture of compound 4 (0.73 g, 1.61 mmol),
5 compound 13 (0.41 g, 1.34 mmol), Cul (27 mg, 0.14
TBDPSO // mmol), Pd (PPhs)s (162 mg, 0.14 mmol) and EtsN

R (0.98 mL, 7.05 mmol) in DMF (7.0 mL) was stirred at
TBDMSO 40 °C for 12 h. The mixture was partitioned between
EtOAc and aqueous NaHCOs (saturated). The residue was purified by column
chromatography (SiOz, 50% EtOAc in hexane) to give 14 (0.56 g, 67%). 'H NMR (400
MHz, CDCls-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, /= 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); 3C NMR (100.5 MHz,
CDCls-d) § 163.4, 158.8, 158.1, 155.5, 135.8, 135.7, 134.0, 133.9, 133.8, 133.7, 129.7

(20), 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 (30),
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26.0 (4C), 19.4, 18.2, -4.5 (2C); HRMS (ESI) m/z caled. for C3sHs0KN403Siz [M + K]+
669.3059, found 669.3030.

1-3-4. (9)-5-(4,5-dihydroxy-1-pentyntl)-2-[(V, N-dimethylamino)methylene]amino

N - M-methyl-4-pyrimidinone (15).
AN =\ . .
N—\< N— Compound 14 (0.52 g, 0.83 mmol) was dissolved in
\ N THF (4.2 mL). 1 M tetrabutylammonium floride in
S THF (1.78 mL) and a few drops of acetic acid were
HO / / added to the solution, and the mixture was stirred at

o room temperature for 24 h. The mixture was
HO concentrated, and the residue was purified by column
chromatography (SiO2, 20% MeOH in CHCIs) to give 15 (0.10 g, 45%). 'H NMR ( 500
MHz, DMSO-ds) § 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-ds) § 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 caled. for CisHisNsNaOs [M + Nal* 301.1277, found

301.1291.

1-3-5. (9)-5-[4-(4,4"-dimethoxytriryloxy)-5-hydroxy-1-pentynyll-2-[(V, A dimethyl
amino)methylene]lamino- M-methyl-4-pyrimidinone (16).

\ N=\ A mixture of compound 15 (37.6 mg, 0.14 mmol)

N_\<N T_ and 4,4'-dimethoxytrityl chloride (53.0 mg, 0.16

\ mmol) in pyridine (1.40 mL) was stirred at room

/ / o temperature for 4.0 h. The mixture was

DMTro partitioned between EtOAc and aqueous NaHCOs3
HO (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 CHCls) to give 16 (54.2 mg, 69%).
'H NMR (500 MHz, CDCls-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, /=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, /= 17 and 6.9); 13C NMR (125 MHz,
CDCls-d) 8 163.5, 158.9, 158.5, 158.2, 155.4, 145.0 (3C), 136.2, 130.2 (4C), 128.3 (20),
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 caled. for CsaH3sNisNaOs [M + Nal* 603.2583, found
603.2572.

1-3-6. (.9)-5-15-[(2-cyanoethoxy) (N, N-diisopropylamino)phosphanyloxyl-4- (4,4’
dimethoxytriryloxy)-1-pentynyl}-2-[(V, N-dimethylamino)methylene]lamino- M-me
\ N=\ thyl-4-pyrimidinone (17).
N—\< N— A mixture of compound 16 (0.10 g, 0.17 mmol), N,

N N | N-diisopropylethylamine (0.11 mL, 0.63 mmol), and

o choro (2-cyanoethoxy)(V, N-diisopropylamino)
DMTrO // phosphane (80 nL, 0.36 mmol) in THF (1.0 mL) was
O‘: stirred at room temperature for 1.0 h. The mixture

[ was partitioned between CHCl3 and aqueous

N~ O NaHCOs; (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 17 (0.12g, 89%). 31P NMR (158.6 MHz, CDCls-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 EtsN -3HF
(125 L) in DMSO (100 pL) 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 3 (15), ON 8 (1), ON 11 (11), ON 12 (2), ON 13 (2), ON 14 (4), ON 15 (19) ,
ON 16 (8), ON 17 (3), ON 20 (3), ON 21 (3), ON 22 (2) , ON 26 (3), ON 29 (6) , ON 30 (28),
ON 31 (13) , ON 32 (21), ON 33 (12), ON 34 (8) and ON 35 (12). The yields are indicated
in parentheses as OD units at 260 nm starting from 0.2 pmol scale or 1.0 umol 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 NH:OH: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 38 (2), ON 41 (2), ON 44 (0.1),
ON 47 (3), ON 50 (2), ON 53 (5) and ON 56 (7). The yields are indicated in parentheses

as OD units at 260 nm starting from 0.2 umol scale.
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1-5. 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 8 m/z=5672.3 ((M-H] -, caled 5680.5; C172H212N670121P17); ON 8 m/z= 7086.5 ((M-H]
-, caled 7084.4; Ca25H2690N700155P21); ON 11 mi/z = 6539.9 (IM-H] -, caled 6546.9;
C198H245N690146P20); ON 12 m/z = 6696.6 ([M-H] -, caled 6696.1; C203H248Ns20140P20); ON
18 m/z=6561.6 ([M-H] -, calcd 6563.9; C1990H248N680147P20); ON 14 m/z= 6564.9 ((M-H] -,
caled 6563.0; Ci99H2490N69O146P20); ON 15 m/z = 6556.5 (IM-H] -, caled 6563.0;
C199H249N690146P20); ON 16 m/z= 6556.5 (IM-H] -, caled 6712.1; C204H251Ns20140P20); ON
17 m/z=6711.5 ((M-H] -, caled 6713.1; C204H251Ns10141P20); ON 26 m/z=7094.2 ((M-H] -,
caled 7100.5; C226H273N700155P21); ON 20 m/z = 6607.5 (M-H] -, caled 6607.9;
C201H249N730144P20); ON 21 m/z= 6603.8 ((M-H] -, calcd 6607.9; C201H249N730144P20); ON
22 m/z=6589.5 ((M-H] -, caled 6587.9; C202H249N730142P20); ON 29 m/z= 6982.1 ([M-H] -,
caled 6979.9; C210H258Ns10151P21); ON 30 m/z = 6982.8 (IM-H] -, caled 6979.9;
C210H258N810151P21); ON 31 m/z= 6982.7 (IM-H] -, caled 6979.9; C210H258Ns10151P21); ON
32 m/z="7198.9 (IM-H] -, calcd 7197.0; C216H270N730160P22); ON 33 m/z=7198.9 (IM-H] -,
caled 7197.0; C216H270N780160P22); ON 34 m/z = 7198.9 (IM-H] -, calcd caled 7197.0;
C216H270N780160P22); ON 35 m/z= 7198.9 (IM-H] -, caled 7197.0; C216H270N780160P22); ON
38 m/z= 4953.6 (IM-HI-, calcd 4950.8; C165H202N4s0100P16); ON 41 m/z= 4876.9 ((M-H]-,
caled 4875.7; Ci66H197N410101P16); ON 44 m/z = 4950.7 ([M-H]-, calcd 4948.8;
C165H204N50098P16); ON 47 m/z = 4880.3 ([M-HI-, calcd 4873.8; Ci66H199N43099P16); ON
50 m/z= 5044.7 (IM-H]-, caled 5041.8; C165H199N5709sP16); ON 53 m/z = 4959.5 ([M-HI-,
calcd 4965.8; Ci67H165N49099P16); and ON 58 m/z = 3499.2 ([M-H]-, calcd 3497.6;
C127H153N21076P10).

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 uM 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/ 7w vs. In (C1/4) plot, where Cr (3, 6,
9, 12, 15, 18 and 21 nM) is the total concentration of single strands.

1-7. 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 MgCl: was heated at 100 °C for 5 min. The reaction
mixture (6.0 pM) 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% COz in air in
Minimum Essential Medium (MEM) (Invitrogen) supplemented with 10% bovine serum
(BS). 24 h before transfection, HeLa cells (4 x 104/mL) were transferred to a 96-well
plate (100 pL/well). They were transfected using TransFast (Promega). Cells in each
well were transfected with a solution (35 pL) of psiCHECK-2 vector (20 ng), the
indicated amounts of siRNA, and TransFast (0.3 ug) 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 uL) 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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1-9. 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 pl) comprised of 250 mM Tris-HCl and 50 mM MgClz at
37 °C. At appropriate periods, aliquots (5.0 pL) of the reaction mixture were separated
and added to the loading buffer (15 pL), 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 uL) labeled with fluorescein at 5-end was incubated in
D-MEM (250 pL) containing 36% bovine serum at 37 °C. At appropriate periods,
aliquots (5.0 nL) of the reaction mixture were separated and added to the loading buffer
(15 pL), 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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1-11. Hydrolysis of RNA with Kscherichia 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-HCI (pH 8.0), 75 mM KCl, 3 mM
MgClz 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 pL)
were taken at 0, 1, 3, 5, 10, 15, 30 and 60 min, and mixed with a solution comprised of
formamide (14 pL) and 0.1M EDTA (1 pL) 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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