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Ac: acetyl HIV: human immunodeficiency virus

Ago 2: argonote 2 HPLC: high performance liquid chromatography

ApoB: apolipoprotein B

BNA: 2’ .4’-bridged nucleic acids

BTT: 5-(benzylthio)-1H-tetrazole

Bz: benzoyl

CEM: Ca?* enrichment of medium

DCI: 4,5-dicyanoimidazole

DCA: dichloroacetic acid

DIEA: N,N-diisopropylethylamine

DMEM: dulbecco's modified eagle's medium

DMF: dimethylformamide

DMTSF: dimethyl(methylthio)sulfonium
tetrafluoroborate

DNA: deoxyribo nucleic acid

dT: thymidine

DTT: dithiothreitol

i-Bu: isobutyryl

LNA: 2°,4’-locked nucleic acids

MALDI: matrix-assisted laser desorption ionization

MDTM: methyldithiomethyl
miRNA: micro RNA

MRNA: messenger RNA

MS: mass spectrometry

MTM: methylthiomethyl
NF-xB: nuclear factor-kappa B
ON: oligonculeotide

Pac: phenoxyacetyl

PBS: phosphate buffered saline
PDE: phosphodiester

PS: phosphorthioate

PTE: phosphotriester

ETT: 5-ethylthio-1H-tetrazole REDUCT-RNA: Reducing-Environment-Dependent

FBS: fetal bovine serum Uncatalyzed Chemical
GSH: glutathione Transforming-RNA

HCMV: human cytomegalovirus RNA: ribo nucleic acid



RNA.I: RNA interference

RISC: RNA-induced silencing complex
SATE: S-acylthioethyl

SiRNA: small interfering RNA

SMN: survival motor neuron

SVPDE: snake venom phosphodiesterase
TFA: trifluoroacetic acid

TIPDS: 1,1,3,3-tetraisopropyldisiloxanediyl
TLR: toll-like receptor

TMBTM: 2,4,6-trimethoxybenzylthiomethyl
TOF: time of flight

tRNA: transfer RNA

VEGF: vascular endothelial growth factor
2’-0-Me: 2’-0O-methyl

2’-F: 2’-fluoro

2’-0-MOE: 2’-O-methoxyethyl

5-Me C: 5-methylcytosine

5’-NMP: 5’-nucleoside monophosphate
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FRESRIT T AARN D Z v 2R 7 8 £ 721F messenger RNA (MRNA) 72 & DORGEESY A EH) & L TE DOk
HEZFHL T2 (Figure 1),
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Figure 1. Image of several type of oligonucleotide therapeutics.




T A RGN 70 A T 5 DNA SO B S % N LRI G L7 A D DNA Th 5,
T A BREMIRNICEAT S Z LT, BERF LS/ A DNA 1o~ mE— 2 —fHk s Ot 6 2
FL, BFREEAZMGETL LR REL 0D, 2 0TE, RIECEE LB FHEIC b 585 A
1 Td % NF-«xB (Nuclear Factor-kappa B) #HEHY & L7-T 2 A BEREOERARMSERENR T v — B3
WZRWTHED LI TWD,

T Tt ARBRITARR) mRNA (6 U TR 2B 2 A3 5 — AR Y TR T, fEEY mRNA
LKRFEREAZN L THAET 5 Z & T, transfer RNA (tRNA) @ mRNA ~D#E A THESS RNA 25 fl%#5 ¢
&% RNase H D& 241 L7 mRNA ORIC KD . Z o X7 BORBEET 5, 9 4T DNA
> BEREE G D pre-mRNA O XY VENICT VF B o AR ERESEH LT, AT TV
TS Ny EOREEERE L. B mRNA FIbER XY MY RS T2 Y o A%y B
T WK DIBREIR ERHEL STV D, 9 ZHNETIC B SN ERERILT v F & o AEmR
%<, 2018 FE TITHA kAT 1 7 A )L A RGVEREIE R TGHESE D Fomivirsen (P it Vitravene), Fi%
P =2 U AT v —) VIMETGREHE D Mipomersen (Pfdh44: Kynamro), k7 > 244 LF URIFHEET I 1
A K= ZADOIEHED inotersen (P L4 Tegsedi) , =% Y > A% » v 7 5% F|H L 7= Duchenne %fj
UA ha 7 4 —JEIREIEOD Eteplirsen (FGih44: Exondys 51) 35 S O BEM: A ZEMEE IR 3£ D Nusinersen
(FGih4: Spinraza) 72 EER I TV D,

Small interfering RNA (siRNA) (X B EBIIAFAET 2 B in TR BFHEIHAE TH 5 RNA T
(RNA interference: RNAI) % 5| &2 24 A8 RNA Th 5, %9 siRNA 247 HE A L, RNAI 2i%
ML S22 LT RFED mRNA ZFERIC 3R LIBIS T ORBLZMET 2 2 L3 ARETH 5, 2018
8 HIITHARHIDSIRNAEHE LT F T U AV A LFURIFHE T I A R—Y ZADRFEETH D
Patisiran (P$iih44 : Onpattro) 72378 47z,

Micro RNA (miRNA) [ZHEH) mRNA 1Zxt LT A~ v Tk % & A 72 NEEDOIEFIFR RNA
(non-cording RNA) T® %, ¥4, miRNA Lk % 2R & OBERH O NIT > THB Y, WIS

% MIRNA ZHEH & U CEDOERARBRZILET 2 anti-miRNA EFHL miRNA OFBNE T LTV 555



REIZ %t L C miRNA Z4ME L 0 fiFe 32 miRNA i FefiEz ENER S Tng, ™9

2O X ) ITHEBEIE SIS FIEIECHUAE R TIIERIC TE R o 1208 L ORI~ DGR &
LTHIfF SN TR Y, 20184 8 A £ TIHRITR LM b EO T, 3 8 OKREEREN L ST D
(Table 1), 19 #5(Z 2013 412 Mipomersen 23R8 S 4L CLAKE, 2018 4E % T 5 4EM O 6 T D H kL

MREIEAAR SN TERY . ZOEAEITRICEWZ ERFE A D,

Table 1. Approved oligonucleotide therapeutics.

Drug Type Approval Target Modification @

Fomivirsen antisense US1998 MRNA PS
EU1999 (HCMV IE2 protein)

US2004
Pegaptanib aptamer  EU2006 VEGF165 PS, 3°-3°dT cap, 2’-O-Me, 2’-F
JP2008
Mipomersen antisense  US2013 MRNA (ApoB) PS, 2’-O-MOE, 5-Me C
pre-mRNA
Eteplirsen antisense  US2016 (exon 51 of dystrophin PMO
protein)
EU2013 Polydisperse mixture of
Defibrotide ®  other fibroblast growth factor 2 yarsp . . .
US2016 phosphodiester oligonucleotides
Us2016
. . pre-mRNA
Nusinersen antisense EU2017 (intron7 of SMN2) PS, 2°’-O-MOE, 5-Me C
JP2017
Inotersen antisense EU2018 MRNA (transthyretin) PS, 2’-O-MOE, 5-Me C or U
.. . Us2018 .
Patisiran SIRNA MRNA (transthyretin) 2’-0O-Me, dT overhang
EU2018

a) PS: phosphorthioate, dT: deoxythymidine, 2°-O-Me: 2’-O-methyl, 2’-F: 2’-fluoro, 2°-O-MOE:
2’-O-methoxyethoxy, 5-Me C or U: 5-methylcytosine or uracil, PMO: phosphomorpholidate; b) the mechanism
and target of defibrotide is not completely understood.



2. RAMRIE SEPAE DIE S & = O 2 viflkd 5 Srikin (L)
AV TR A RGN 53T 1970 4ERE D ATDR TN b OO, FIO AT 1998 410K

RBENTT T AZEED Fomivirsen Th V. ZOBFOEEL I M6 20, 7 F & ZNRDH)
DT OFFEIL, 1974 4EIC TS0 HIZ LD RNA OF v F 2 RUESIZFT L) VR Y = A7 L0 3
mer EZ273 tRNA © mRNA ~DfE G ZET 52 LT, 2 o7 OFRILEEZSIERZT LI b0
Th D, 112 D% 1978 12 Zameenik HIZ L > T, 7V AREY A NV ADEEG Z K8 13 mer 4V =
BRI L0 BRIICBEFERIRE TH D & WV D RN e Sav, AV TG & AV AR 75 BUsI 2 B 5
DMZENRKRE HER SO T2, ¥ —HTH Y AERAMET THRO TRLETHDL Z &b, W
EFE~OIGHITEHL <, ZOWEEZLET L HIERI RO BTV, 1987 4T Matsukura & 13
Eckstein (IZ X V2B S/ A Y G O Y gy = X7 VS % phosphorthioate (PS) fii i ~& A H
L7 PS-AV IR ZHWT, 9 PS-A4 U SN E MMuE R4 A /LA (Human Immunodeficiency
Virus, HIV) O#$RIZ ) Vg = 27 0-A4 Y G L0 b ET 22 L 2R Lc, OPS-A Y T4
BRI MG CENCLEMNEZRT Z e b, 1) KBEREZBYIYIZ PS-A U TR & I - RIS ZE)
IR HED HILD & DI/ o 72, 1820 Z D% 1990 FRITIT PS-A U TR D kR 4 ZMERZIR DA

TN IND X Do T=,

3. REM 2R ERLR & T O iR A

Base modifications

Enhance affinity toward RNA
Modulate specificity

Phosphate backbone modifications
Enhance nuclease resistance

Suger modifications
Enhance affinity toward RNA

Enhance nuclease resistance

Improve cell membrane permeability

Figure 2. Modification sites of oligonucleotide analogs.



ZIVETIZ PS4 U IR D EMiIEER L LT, G T COREMER Fie & OMREN 5% H Y
& U ThkA I BMEIR S BITE STV D, A U TR O E2MERRENL & U TRIBRIEIEER. U D,
BEE ST DAL, £ OB U Thkx ZERE AT 535 Z L3 RETH S (Figure 2),

BB S OEHIIE I X — 7 > b & & 72D mRNA ~OBUFMER L OO E2 A E LT
Hnoinnd (Figure3), BV IV UERATH LT by D 54L& A F /L4 LTz 5-methyl cytosine (5-Me
C) 1F. AV TP ~EAT L 2 & THAEDHEAERIZL DA S v VR EHB S, “AEHD
Bzt EE&E S 2 ENHEKD, @ & 52 Toll-like receptor 9 (TLR9) (238 & MU S i &M D 5
L7225 CpG EF— 7 H Gt A ) TREEETIC 5-Me C ZE AT 5 Z & T, A U TRLHEE O fu s M A 6
5995 2 EDVAHE & 72 D 72 8 Mipomersen <> Nusinersen [ZBWTH HNHTND, P [FEEEOE Y
v 5 \EHiCd D 5-propynylcytosine 35 L TY 5-propynyluridine (L 5- 2 F/LIE L D iR AKX v X 75
REWRT 52 LT, ZARHOBRLENEZTIZED DL ZENARETH Y . 7T Ty A H~EA
T2 L CENCBEFREMBIREZRT 2 AR INTND, 22 3 BRI MEMZIE TH
% phenoxazine X7 kY > 7 U 7 BRI A TR L7203 6 BROBIMZ XL D A% v % Z RO K
(XD, TARHOBLENEZ S H LD TE HEMKRTH S, 2 Matteucci BTN HDOEY
VUHIHEMTA ) IR0 T VT U ARELI L TR Y . TP T, CG Mkt E 4 RDOKHE
WA TESICREEE D Z LA HIKRS 9-(aminoethoxy)phenoxazine (G-clamp) 7% 5-Me C <2 5-propynyl
C LV bEICHNERFRIMIFIIRZRT 2 E2W O L TWD, 2 £ ) R OB
BB L TRy X v 7R E2mOLZICk s —HEZEMEOHMREBEMNE L
7-propynyl-7-deaza- adenine or guanine 2 il 2 RDKGERE G CTHILX 2T 5 AT Ikt % 3 KD
KRFREA LT 5 2 & TLEMAREEZ K S 5 2,6-diaminopurine, 230 77 = > 2 (I FEMEIEE &
AHLZEHHTOY R L BB AEERC L > COAREEZZE(L S D N2-aiminopropylguanine 39

RENDH D,



Pyrimidine modifications O™,
NH, \\ NH, @\ NH ©:NH
@% T U oy “y
N No T’go Ko PN

lN re
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NH, W N, NH, 0
6
o o e, o
oN74 N/)2 N N/) N N" >N NH,
Adenine 7-Propynyl-7-deaza-adenine  2,6-Diaminopurine N?-Aminopropylguanine

Figure 3. Structures of various nucleobase-modified nucleic acids.

U > BEEMEARLIRIE I ME TS AFAE S D R BRI SR I3 2 LEME DR, 36 K VAT & B
£d 52 L TR R S EMIRNBITHE AR D Z L2 HINE LTRSS (Figure 4), U v
e L L CRBEAIND L ON, RIURLIEPS-A ) G TH 5, PS-A Y LT ME
TOREMNZZE LM ESELZ ERARETH 203, 10 WFEF TR 37 B L IER R AR
T2HZETHEENREBT DL ENBEIENTND, 29 U U BEDMBR 2R 7/ EKICEBR L
boranophosphate & E#&MfE%Z A L, RNase H DIEE &L 725 Z L RN TEY PSS 4V AL D b
BT o TF e AR, RNAT R &R T 2L, TUFRy ARG FE L TAMRT T r 7 LT
HEHINTWD, ¥ Uz 2T D 5 ) RN— 2D 3-RHE 4 E R FIEH L7
phosphoramidate |ZAZH) RNA & O & WBIFIMPER L OVEOEERMHEA A L, 3630 4V IR e ¥ 2oy
BOHRRABRFES LD EH SR s, KEEOBHIZIRL LTER SN TN D, 89 Jin
D U EREMEREZEE T % 5 methylphosphonate | PS-4" U %1% &[RRI i\ E IR /) fif i 35 i &
AT eI, MIBSEREE L AT D T LR TND, 092 U YT AT VEEAIT T L X U E
Z i U 7= e B EAEAfiRZ R C & % phosphotriester 1% methylphosphonate & [RI4E B 7= BRI & HliA

it 2 A4 5, 11249 20 & 51U CEREMEMRLIR T M T CORENEDE b L O THR I



ARTHLR, U UFEF ECAFROLEAT D720, —EOEEEE TIIER RNA & OBFPENME

TR ENMELESATND, 4
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Phosphodiester (PDE)  Phosphorthioate (PS) Boranophosphate Phosphoramidate ~ Methylphophonate ~ Phosphotriester (PTE)

Figure 4. Structures of various phosphate-backbone modified nucleic acids.

FEEMERIZER L EICZ — 7 > b RNA & OFRPER B X OV ikl om L& B e L TR
bbb (Figure5), RNA (XU R—R 20K EEZ A L, KBEENOL DY VY = 2T VfEH~DK
KRBT L 5 B HIE B G- TR 0 fif 2 5213 09 < DNA IZHARRZETH D, 9 £ 2T RNA D%
EMEEEOD Z L2 BE LTEICY B—20 2MIE#iZ i L B8 % < G ST b,
2’-O-Methyl (2°-O-Me) £ KD RNA S T H JL O A EIEZEE TH 0 | KW 7T RNA OEESE i
) LESEDZENARETH D, 9 F72 2-0-Me Effi 235 A L 72 siRNA I3 TLR OREE & L TiEak s
AT 7272, 48 SIRNA S K D50 RS 24425 2 LW ATRETh 5, AERIE 2018 4 8 H 1T
FDA [Z7&GE S 7= W) D siRNA EFE T 5 Patisiran (2B W) TH VBTV 5, 2°-0-Methoxyethyl
(2°-O-MOE) % MOE {3 /K 3 128 % 5 Z & TRIBHOKFI AL L, TfHIHFET DY VY= AT
HEDKRSTFIC L DBERAMETHZ LT, 2-0-Me LV bENT-BERMEZ G545 2 & AFREL
2%, %9 IHITEER RNA L OFEEHMMEZR EEE5Z LB AMEBETH DL Z Enn, 0% 2013 4
KGR E 7= Mipomersen (26 VWS TUW D, 2°-Fluoro (2°-F) 13U "AR— A D 2 /KR IE 2 /KR & 13T
FICKE SO7 v REICERR LI BB CH Y | BRI K RO B, BLoWRo =
R A—3 =3 % RNARRNA " ARSIERRIFCIT-SF 5 2 & TR RNA L OFAMEZ M LS5 2 &
AHET&H B, 5354 2 4°-Bridged or locked nucleic acids (BNA/LNA) (3D 2N fRE & A iRFEE AT

VERE LI b DT, BEH O a3 R A—2 g &2 T RNAIRNA ARSI R O B &4 5 =



& T, FAAHE & OFEAREASTRIBAVIC T B 5 Z LA BTN D, %) —JT 2°-0-Me X° 2°-0-MOE
ERICREIND VAR — A PALTEMEEZEA Lo A Y TR, 2 OBEBILRT T AR
T DBRICEE & 72 5 RNase H X° RNAI O F212351F 5 RNA-induced silencing complex (RISC) Dk
REICEE /o ¥ /X7 To % Argonote 2 (Ago 2) ITFBFR ST Kb Z 0 BIEEDIR T2 5 &2
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Figure 5. Structures of various ribose ring-modified nucleic acids.

4. 7u K7 v JREMA ) IR L 2 OMES

T D XD (KL Oy iR SR MM o0 1) Bzt o) B2 8 e B & LT AR x ZREREZ IR D3 B
FESNTEY, R U CEEE I K OWESMEAELIE | IR o0 Ml SR ME 2 A C M LS5 2 &3]
HBThLZEnb, 7rFtr A siRNA AIFRICBWTHZ S HnbhTng, — 5T, IR
L7z &k oz, U v EREMERiZRE CIL ) VR OARFIC L HHER) RNA & OBFIEDI T, BT EAikE
e CIHEMIIEIC K DTEMEDIR T2 &, Zh b OBl O 2 TIIME CERWIBER b HFET 5, €
ZTC. IO DOMBEERET 2 FEL UTH Y IR AEDRIEORELZ AL, RN TORIE

\ZX o TRAUA Y SR~ B EIND 70 KT v 78BIA ) SEEERPEH ShCTuwb (Figure 6),
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Figure 6. Structures of various prodrug-type oligonucleotides.

7' N7y JRA ) TERBIIERAREOS TH 2 MINICE N TRARBIAN LA IND Z LT, 8
HOEHIZIRE TR E R RF Y VIR ORI O BAPED TR, RNase H <° Ago 2 (258 S
WK 2 TAELLEMDIER T 40 & Z &7, BRI K OSMIaogE M 72 & ORERERT 523
WHETH D, Imbach 5% 1995 FFEH LV | MlANT A= AT 7 —BIZ L o TRABA Y TR~ L4
HEND U RSN U IREER A B G L, ORBERHI 21T > T\ %, 5064 Imbach & 134 FREE /
X7 LAF RT 0 KT v 7L L THE STz S-acylthioethyl (SATE) JLz 4V Sk%fE 1238 A4
52 & T, AV IARBOMIE T TORENE & MIBEEM LR ESED ZENAETH DL Z L awmE
LT\, % 7= SATE (&% fiti L 7= siRNA 723 in vivo [IZBW\CH BN -8 s i R 2R3 2 &
DA GMNIR>TEY O U UBER 7w KTy 7B ) ISR EERARK Y — XL LTER S
N6 Lol IWHFIZBWTIE, EKBRFREBICET 5= F e OB LMORc L0 KEREIA U I8

fig~ L 25 Ha S5 5-nitro-2-furylmethyl J&, 6 3-(2-nitrophenyl)propyl J£ ® &8 A L=~ 1 KT v 7RI



U I pH B W THRIEREZEOMBIZ L > TRAMA Y A~ LI D
(N-folmyl-N-methyl)-aminoethyl & 69 ZE A L7=7' 1 KT v 7RI ) SRR ERHE S Tnb, £
7= RNA OFEE 22 KBRIEZ R Lic 7' m BT v 7RA ) Gk e L TERNO N RF 22T T —
VI & o TRIAA Y RERE~ & A2 X4 2 pivaloyloxymethyl & 70 <>(amino acid) acetal J& ™) %3 A
L7=b O ME T 5, Debart &1 pivaloyloxymethyl 248 A L7712 K v 7771 siRNA [3AL
FIR 3~ CIEiFE 2 EA L7286 TH KARSIRNA & R OB - RBMGIER 2~ 2 LS LT
BY.O PESEM T T BTy JRA ) ARG RIS —XE L TAMRT T r 7 THD T LBMEAR D,
—H T2 AT T —BIIHIAANZ T TR ME 72 EAEENICB O TEBIICFET DA TH LT
D 72 BRI~ DR ERN RN A Y TR~ L B S v, PO BN ENE 2 e TE 220
AREMENR D D, HIZT AT 77— 82 AWIEEERMOSIIIEEREBR D R A i o 0 . £ OREEEYR

RO ODOFEALNREEL 705 Z ENRIEE 2D 9 5,

5. AN SCEREE TR~ LB S NS T 0 BT v 7 RIA Y S0%

EFZOPTBRT HWFRETIL L » FZHMZEN sSiRNA OB A B L, BERS 2RI EENIC
PBOVTRAE SIRNA ~ LB EN D T 0 BT » 7HIA Y SRROBFICIRY A TE o, ZVZ T4
¥ (GSH) IXEMMER R L2 RET 2R MEZAT L5 P ARTF R THY | P Tl 2 pM FLE T
FFAET 2 DIZx LC, M Cld 0.5-10 mM & 1000 f5FREE DIREE S CIEAET 5, 379 SEATHFE Cl,
Z OISO GSH DIREFEICHEH L, GSH IZ K Mg NE TR & ) R~ LB s D 7
7 K7 v 77 RNA “Reducing-Environment-Dependent Uncatalyzed Chemical Transforming
(REDUCT)-RNA” Z#7=72 7' K7 » JBIA ) Sk & LCBRYE L, T OAAMERHEZ1T > Tk,
AG3F1E. RNA OFEES (012 AV 7 4 Rt Z & T 2°-0-(S-alkyldithiomethyl) &z 8 A5 Z & T
TNEFA AL DEILBISIT LY . PALVT 4 FiFEOUIWRAGI S Z S, A LEFTHETH D
FANIT B —APERBINCTF ARV LT VT E RE UTHEBET S Z & TRAM RNA ~E X

% (Figure 7),
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Figure 7. Convertion of REDUCT-RNA into natural RNA.

SEATAZE Tld A VY 2EZEE T O uridine 2°471Z methyldithiomethyl (MDTM) #:% i A L 7= REDUCT-RNA
AN GSH & [FIFEEE D GSH I TR RNA ~L S5 Z &, ESIO—ICEAT S Z
ETH Y TEBO MG TOREMESREEANCH ET25 2 2B 60T LTS, ™ 5T siRNA
H OFEFINZ [FIEROER 2 i L 72 2°-0-MDTM-SiRNA (L in vitro (2351 TR siRNA & [A1%E 0L E ok
R RBEMHERZ R Z L2 oML TE R, ™

TIH O REEIZER L, A2 siRNA AlIEEICBW Tl TEERSFEEZ, £7T0
2’-0-MDTM ({&ffi & 2°-0-Me (&£ sSIRNA TG G- 2 2 BO IR EZ(TH Z & T, AN TORRHH
MMz R LTeth, OB E FESIERED =D O 4 FEX 7 VAT RO 2 (72 MDTM {&£fifi % s L 7= 4
U TR DA RIE DML ZAT o 1o, R XX TIEZEN O OMFOFEMICIN A, 26 OBFNHELI
7o g 2 FEC . @QREDUCT O A FIM U728 U ERMERT ' 0 BT > 784 ) SRR O BI%E ©1T

STOT, ZOFEMICE L THLiRRD,
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LN
B MRPETREICSET S PAEM T e BT v IR siRNA OB

F—3  2°-O-methyldithiomethyl (MDTM) {&ffi & 2°-O-methyl (Me) {Efifin siRNA {&ETEIZ

52 % 5B O R

—fZIZ SIRNA @ 2L DERHIT RNA FERZIBWT RISC DR ZRET L Z LMo Ty |
Z OBEANEFTIITHIRE2 & 5, H5IZ sSiRNA OT > T 2 ZHD 5 KR L O seed 8Kk & MEIZN D 5
Ko 2-8 FEHIE RISC Ok v /37 ThsH Ago2 LR HENERT LEICTHL Z &n
5. 79 Z OFEFTICERIL A E AT D & Ago2 & OFFIMEAME T L, RISC B DBELES RISC Hi~D
SIRNA & ZHORRIRV AL B AE T D, ZOREE, sIRNA TEMEDR T LR A 72 8 s 7 F8 BL R
T 5 offtarget R B5IE B INRT < RDLH72D, 2T O DNLESDOEMIEDENITEEHT 5 Z &

NEEND (Figure 8), 57

Scission position

sresrand 5 QOOO00000000000000000

Essential for formation of RISC
Figure 8. Structure of siRNA: siRNA is double-stranded 21-23mer RNA, with 3’-overhang. The 1-8 nucreotide
positions from 5°-end in the antisense strand are essential for formation of RISC.

FEATIFSEIZ ) TUT 2°-0-MDTM-uridine 23 A L 7= siRNA 73 KR siRNA & brilig L C L [RI%ELL B>
B FRBEIEERZE T2 2L 2SN LTS, ™ F(Z siRNA F17 > F & v A8 5 RKuilic
B D 2°-0-MDTM Effi & EA L7258 OIEMAR TN Z 6727722 Lvh . 2-0-MDTM {Efifi%
SIRNA FHOWT IO EFINTEA L2846 T b EN 78 s TR BUHIER 2 R 2 &Rl S i,

IO DOREREZRE A TEEIL, 2-0-MDTM Efi DEERALE s L OMEMIEDS sIRNA TEMEIC G- 2 5
WA LSBT 5 2 A B E LT, MRS T2 ek T 5 2°-0-Me

SiRNA & D&M 2 bl L7-,



i WA RNTUAT =73 kIS LD SiRNA TEPED Bk

WY T =F o MDESFTh D siRNA L, A BT 5 2 & NHBRRWTZ 0| il b DOFEIC
£V SiRNA ZHIAPNIZEAT D BER S D, —MKHIIZ SIRNA R EDA Y TRMRIT R T A7 =7 =
VR LCHRE _EEEEE AT 5 U AR Y — 2% Huis lipofection {512 K o THIFENIZEA S D,
FEATAFFEIZ IV T b lipofection 1£1C & V) siRNA Z B PNIZE A L, 2 -0-MDTM siRNA 723 KA sSiRNA
ERIFETU EOERZRTZEEZHLMNICLTE, Ll AFEIN T 2727 v a i3
KD ERA Y AR-V R Y — DS RO R OEIC L > TRIGHERSI SR Z Sh D 2 L2
L a5, 80 JTE, RERKFOYE, /N 51X lipofection I:ICfb D T A7 27 v a ik L
T Ca?*enrichment of medium (CEM) £ LT 5, 8 AKRTFIEIT@E O MLE %2 & Toiass i
FHRED Ca¥* ZWNT 22 LT, 4V IFMAIREEIC THIRAICEATE 25D TH D, CEMIE
TIEAY TR ARG VR CHINICGEARRETH D 2 &b, NIV AT =7 v a ViRkEEDE
PEROA Y ARERE- ) R Y — DA RN RICER T 2@t 2 s Sl Z Lic< v, £ ZTEFITLY
IEME7RIEVERIM 21T Z & 2 HAYE LT, 2-0O-MDTM SiRNA % CEMIEIC LD v T AT =7 v a v
LB R FRBME R AFME S 5 2 & & Lz,

FPIATHIE &[RRI lipofection £ %2 W56 COIEMRFHI HITV., N AT 27 2 a3 U ED
ERICEDEMEENRON DD ERF LI, Py 7 =T —F siRNA T O ZEB LT »F
AZHHIT 2°-0-MDTM- & 72 1% 2°-O-Me-uridine & #Z4A AU 72 SIRNA 2-7 A 8L L 7=(Table 2), 5564172 2
AAERR SIRNA(I0NM) & R T > A7 =7 2 a ik & LT lipofectamine 2000 % FHV 7z lipofection 1% &
72129 mM @ CaCl, N7 10 % (viv) O TR IMIE (fetal bovine serum, FBS) % & de & /L
ot ZEA — 7 VEEHE (Dulbecco's Modified Eagle's Medium, DMEM) % iV /= CEM EIZ L > Ty 7 =
T —EBBIEFELERI L MRS AMIE (A549-Luc) IZEA L-, ZD%, 24 h B Z OM
oy 7 =T —BREBELFEAIITCIVIE L, HiLe 7 =7 —BERDRWT & LELS
Z A3 % control SIRNA Z3E A L72fED/L o7 = 7 —EBRBLELZ 100%E LT, Hiry 7 =7 —BiEkE

AT 5 SIRNAL-7 ZE A DN 7 = 7 —BREEOHX R EZ RO 7= (Figure 9),
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Table 2. Sequences of siRNAs for anti-luciferase assay.
Sense (57 to 3”)

SIRNA Antisense (3’to 5°)
Control ACUUGUGGCCGUUUACGUCTT
TTUGAACACCGGCAAAUGCAG
SiRNA1L CUUACGCUGAGUACUUCGATT
(natural) TTGAAUGCGACUCAUGAAGCU
SIRNA2 CUUACGCUGAGUACUUCGATT
TTGAAUGCGACUCAUGAAGCU
SIRNA3 CUUACGCUGAGUACUUCGATT
TTGAAUGCGACUCAUGAAGCU
SIRNA4 CUUACGCUGAGUACUUCGATT
TTGAAUGCGACUCAUGAAGCU
SIRNAS CUUACGCUGAGUACUUCGATT
TTGAAUGCGACUCAUGAAGCU
SIRNA6 CUUACGCUGAGUACUUCGATT
TTGAAUGCGACUCAUGAAGCU
SIRNA7 CUUACGCUGAGUACUUCGATT

TTGAAUGCGACUCAUGAAGCU

U: 2’-0-MDTM or 2°-O-Me uridine. Seed region (2-8 positions from 5’-end of antisense strand) is indicated in
Italic letters.

=y
[
o

(A) 120 - (B)

B 2'-0-Me H 2’-0-Me

@100 |

=

o

o
-

2'-0-MDTM 2'-0-MDTM

=]
[=]

80 |

60 |

F-
o

40 | _ B B
20 -

L]
[=]

% of luciferase expression
[=2]
(=]

% of luciferase expression

(=]
(=]

Figure 9. Effect of transfection methods on anti-luciferase activities of 2’-O-modified siRNAs. 2’-O-Me (blue
bars) and 2’-O-MDTM (orange bars) siRNAs were transfected with lipofectamine 2000 (A) and by the CEM
method (B) for 24 h at the concentration of 10 nM. Luciferase expressions were normalized to intracellular
protein expression. Data are averages of at least three independent experiments and error bars mean +SD.
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Lipofection JEIZ LD N7 v A7 =7 v a v &EiTo 286, 2°-0-Me 3 L X 2-0-MDTM siRNA2-6 (&
& HITRA SIRNAL L [FAFEDHIN Y T = 7 —BiEEZ R L, ME—7 o F & 2 28O 5 RigI B
ZH % sIRNAT DF 2°-0-Me Efifi 2 EA L2 5EIZRB W THE T OFEMR TR S AL 72 23, B8
(2 L DHHEIRIEMEOBALITHER S22 > 7= (Figure 9A), — 5, CEMIEIC LD F TR 727 v g
YEATSTESE, ET v KT v 7O 2-0-Me siRNA TIHEEEL D MM AEWIEEOK T 3R S
7= (Figure 9B, blue bars), %Iz seed fEIIZMEAZ A3 % SIRNA46 (I seed FEIKIZIEAIZ A S 720
SIRNA2, 3 & bels L THEMEDME L L EBICT » F 1 v ZEHD 5 KIS b IERiFE 2B A L7- siRNAT 125
WTIEE S BB FREMIMGEWEN 2R E 20 o7z, Zhice L7 me RT y 7o 2°-0-MDTM SiRNA (2
BWTIE, CEM IE TR I U AT =27 v a U EITHT2AETH. REREHE TITMR SN R T
(Figure 9B, orange bars), 2 2°-O-Me i TITZE LUWEHEOIR TR I N T » F AR
il 2°-0-MDTM &£ %38 A L 7= SiRNA7 ([ZB W T H N -G 2 R LT,

2°-0-Me siRNA #% lipofection JAIZ K 0 HA L7846, EAEE N S T H B RGO LTI
LIRS ToDITKE L, CEM EZ2 AW o568 TIHMERREALIC K DIEMEOIR T 2 B IR+ 2 2 &8
Hokr=, ZORRNS CEM IEICL D T VAT =7 ¥ a VBB NEIEIC 5 2 D 8% L0
JEESFHET 272DICAMTH L LBEALNTZ, —T, v F7 v 78 2-0-MDTM siRNA (&L
IR LB A THIEEOIK FIZ R 59, lipofection 5B L O CEMED EBL LD T AT =27 v
a EERWESEETH, A UHEA Z MRS TE 72, 2°-0-Me siRNA &L LT, FT AT =7 g
EEER LG E CHEEREHEE TR RO N7 2 L2 h . 2-0-MDTM EfiIIIERDIET
0 RZ7y ZREME LT, T U AT =7 va VIEBENLE R L OB OEWIZ L D siRNA
TEYE~OEENBICVMERITH D Z R L E o7, BITEDOTEMEIZ R siRNA & [F%T
Hol=Z L0 b, HIBINICIB W TEBEUG N EIT L, KA SIRNA & L CEDIEEEZFRELL T D 2
EWNRBEEISNT, T TEHITT e RT v 78 siRNA OIEMERBORIEELZTHRD Z L T,
2>-0-MDTM SsiRNA OIEMENZE L ORI SIRNA IZ L > CHIE R SN TNAH Z L2 HEHTX 5 &

E 2. TNEID SiRNA TEPEDORRIFE(VIZEE L CRHME 21T - 72,
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TEDORFHNZT 2°-0-Me & 2°-0-MDTM siRNA DOIEMEZENTEE TdH - 7= siRNA7 % CEM &2 LD
A549-Luc FIfAIZE A L, 24-144 h ETOHNL Y 7 = F—BIEHERNESOITIC LV IE LT, FD%%,

JeD RS & RIERIZ BRI BLINH 2 R 2 37l L 72 (Figure 10),

120 120 120 -
(A) T (B) (C)
<100 | < 100 | I [ <100 |
] o T 9
r 7] 7]
¢ g 80 | g 80 |
g 80 5 5 = 10 nM
% ) )
@ L] ® 5nM
E 60 | T E 60 | E 60 |
K £ &
S 40 | 5 40 5 40 ¢
5 s s
2 90 L e T 20 | =20 | .
- ) .
0 C 0 0
R AP D R A PP LV N I N
incubation time (h) incubation time (h) incubation time (h)
e | |
o) Base 0 Base 0 Base
o OoMm
o & OH oL ¢ o 0 OSs”

0-P=0 0—||3=O 0-P=0
|

Figure 10. Time courses of anti-luciferase activities of natural and 2’-O-modified siRNAs. (A) 2’-OH (natural
siRNAL), (B) 2’-O-Me siRNA, and (C) 2’-O-MDTM siRNA (siRNA7) were transfected by CEM method at the
concentrations of 10 nM (blue bar) and 5 nM (orange bar). Luciferase expressions were normalized to
intracellular protein expression and control siRNA-transfected cells were set as 100% expression. Data are
averages of at least three independent experiments and error bars mean +SD.

RIESIRNAIZ R T AT =739 Uhnh 96 h BITIR KDIEMZ R L, Z DBELHITTEMESME T
LTV Z &2 S 7z (Figure 10A), [AEROME M 2°-O-Me 3 L TF 2°-0-MDTM siRNA (230 T
HRER S T2, TEMEOFREE L 2°-O-MDTM siRNA 78 2°-0-Me siRNA [ZHE~ZE L < &h- 7= (Figure
10B and C), X 512 2°-0-MDTM siRNA DIEMEIZRIA siRNA & 2 TORFICE W CUZIER%ETH -
72

F7m K7 » 7A 2-0-Me siRNA TIEE LWEEOIR TR RO Z L b 20 OEHIL NS FET

LTWBZ L THEMEDIE TNl EZ S22 EnTHRENS, —F. 2°-0-MDTM siRNA DiEM: I
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KT SIRNA & 2 TORFRIZBWTIZIERIZE TH o722 LD, MNICE A SNz 2-0-MDTM

SIRNA [TH0T KR SIRNA ~ & ZHa S 3 siRNA TEMEZ BB HL L TV D Z LRI I N7z,

i 2-0-MDTM siRNA O g b T 022 E Mk

FEATRRZEIC BT B i o COZEMFHEIT 2°-0O-MDTM-uridine Z 38 A L7-—AR$H4 U TKZE % AV
TIThTE Y, 2-0-MDTM Effid “ A TH 5 siRNA OLEMZ A ESE D Z ERAHETH 50
IXEMNTIE R o Tz, &2 TEFITRAA, 2°-0-MDTM $ LU 2°-0-Me siRNA D i FIz BT 5%
EMEICB U CREli 24T o 72,

FERAU SIRNAL, 2°-0-MDTM 3 L 18 2°-0-Me siRNA7 % 10 % @ FBS 1|2 T 37°C TA »F 23—k

L. —ERH I &IOS ZIRY . ROSKRZIFENR Y 7 27 VT I R VERUKENS THfr Lz

(Figure 11),
(A) Natural siRNA (B) 2’-O-Me siRNA (C) 2-O-MDTM siRNA
Incubation time (min) Incubation time (min) Incubation time (min)

NTLO»LS|10|15|30|45|60|7NT_. NT|o|5|1o|_15’30|45|60|NT
RCET delo L LT T

= 2 S SV LA S TR §.7 4L

Figure 11. Stabilities of 2’-O-modified siRNAs in 10 % FBS. Natural sSiRNA1 (A) and 2’-O-Me siRNA7 (B)
and 2’-O-MDTM siRNA7 (C) were incubated in 10 % FBS at 37 °C. NT,; no treatment.

10 % FBS HZI W\ T, KA SIRNA 1 5 min LAINIZ 0 iE/NE U, 15 min 2 1IZI3RZ(L O siRNA D
PNy RBITE A EHER SN o T-, —FT 2-0-Me 33 L1 2°-0-MDTM 1% 15 min %1238\ T RE
LD siRNA L b D RBFER SN2 0D, 2°-0-Me 1 X T} 2°-0- MDTM siRNA 73 K287

SiRNA & i U CTIyEF TEWEEME AT 5 Z & DR ST,
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PLEDOFERED G . 2°-O-MDTM siRNA 23 K4 siRNA |12, MEF CEaWELTEEEZHT 5 Z &0
BH O E 7o T2 i KO Hi Ofs R CHERR S 4172 siRNATEPEIZ KRR SIRNA &R TH 0 |
M FIC X D SIRNATEVED ] FITfER SN hoT- T ZTEHII N T VA7 27 v g ZHN

72 CEM R5i T4 siRNA ZE M B L TRl 24T - 72,

(A) Natural siRNA (B) 2-0-Me siRNA (C) 2-0-MDTM siRNA

Incubation time {min) Incubation time (min} Incubation time (min}

NT|D‘5|1D|15‘30‘45|60‘NT NT|U‘5|10‘15‘30|45|60‘NT NT|U‘5‘10|15|30‘45|60‘NT

N S St et St St et et o S S et St N S [l = TSPy S —

Figure 12. Stabilities of 2°-O-modified siRNAs in medium used in the CEM method. Natural siRNA1 (A) and
2’-0-Me siRNA7 (B) and 2’-O-MDTM siRNA7 (C) were incubated at 37 °C in medium used in the CEM
method. NT; no treatment.

9mM @ CaCl, Z ¥/ L 7= 10 % FBS/DMEM HHZ KR!, 2°-0-Me 35 L U 2-O-MDTM siRNA % %
NENIMZ, 37°CITTA U FaX— |k Uiz, —ERFME Z LR L 7 ONREIEEMERY 7 7 VLT
IR NVEKVKENZ T L. CEM 5t ToZE Mz 77l L 72 (Figure 12),

CEM iz W\ TIE4s siRNA & HIZ1h £ T, XL A ENMREZIT TWRWT LR ST,
AT RN SIRNA D 5 h F THROGKR ] & & L2 EMEA MRS L7275, SIRNA O34z ©Tureas
- 7= (Figure 13), &0 fEEHZ CTHH X 7 LT —RIL 2 &8 TH 5 Mg 2 iEMET LICE T 5 Z & o
O, D 2 DB EIC K DRELZITT U, FRIZ Ca2HTEMETLO Mg L B X5 Z & T, X7
LT —BIEM IO E RO TND Z L0 b 8 GHIRED Ca? & CEM Fiiiiz v T,
KRB SIRNA DI FEINSAE U IpinoT=Z L 3Bz b,

M) CEM E-iITIXMiE N EFEN D72, KT SiRNA 1L CEM H5ttih Cofig S 4u, TEMEAMETN
THZEEMFL TV, L, CEM Bt TIE R siRNA 132 Rz T Iino 7o 2 &
5. CEM i£% M7z invitro TORFHIFVY TRV SIRNA OIEMEIR T IZ R 6 Rho72b D L F %
bz,
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Incubation time (min)

NT | 0 [20|40|60 [120(180|300|NT

Figure 13. Stabilities of Natural sSiRNA1 in medium used in the CEM method. NT; no treatment.
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AN

EFHTET2EO T AT =7 a L EEZNT, 2-0-MDTM &/ & 2°-0-Me &4/ siRNA 1%
PRICE 2 28 % 3 i L7z, ZOfER. CEM HEIZLY SiRNA Z NI A7 =272 a03528T
2-0-Me Bl L 5 F LWEMDIR T 2R T 2 Z &N TE T2, FKFIZ 2-0-Me B2 EAT 5 Z &
TH LWIGPEO T 28 AL 5 U7z seed Sl L OV v F& o 2845 K2 2°-0-MDTM &£ %3 A LT
b EEDERTIE, FEAEALNRNZ E2MRET LI LNTE,

WA SIRNA T & R ICBIZ2 5 2 & T, 2°-O-MDTM siRNA 73 144 h & TR siRNA & [F]45
DIEME R Z L 2R LT, ZOREN S 2°-0-MDTM siRNA 23 fliBNIZ 350 T RIRE SiRNA ~ &
EINDHZ & T, ZOMEEEZRT Z LR R I,

& HIZMIFEHIZ T 2°-0-MDTM siRNA 23 KA SIRNA & bl U CENZZEEZ AT 5 2 & iR
L7z, BB 2°-0-MDTM Efifi 2 B A L T HIEMAR T2 R S 3178032 72 2 & D AEARE T A4 HE 0
FTLT, ERLRA 7 LT Rtk LA TE D,

LU E DR 2°-0-MDTM siRNA 73 sSiRNA BIZEIC B W TR THERSFTHDHZ ENEA LN
7o — T, ZHVE TOMGHT siRNA BlSH @ uridine o 2070 A % (& L 72 2>-0O-MDTM siRNA % f
WTAT 2 TRz, € 2 Thix 2B FECSINS KR ATEEZR 2°-0-MDTM siRNA Z B384 % 7212, uridine

FALLIAMT 2°-0-MDTM Effi 2 fii L 7= 4V IR OGS RMa 21T - 72,
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O B EYYEEDZ OO 4AFEX 7 LA F R o 24712 methyldithiomethyl &5 %
fiE L 7= AV TR D & ARIE DO ST

ZZETOMETL Y | siRNA ELFH o uridine 2° 4712 methyldithiomethyl (MDTM) RE2E A L7-7' 1 K
7 v 71 2-0-MDTM-siRNA [33E 7 1 B » 7D 2°-0-Me-siRNA & Flz L T siRNA TEME 2 475
LT LRGN LIz, £ TEHITSHICEL OBBEFESNKHE S E 572012, uridine LAAD
adenosine, guanosine I3 X U cytidine @ 2212 H MDTM 2£ % #1A0A A 72 2°-O-MDTM siRNA DA A2 B
DHTeZ & & LT,

AV TR OILFEA AL, 3V R %247 5 phosphoramidite %€/ ~v—=2=v h& LTHWD
RARBRT I XA MEICK DEMERN MK TH 5, AFIEIT 1981 42Z Caruthers H I K - THEIL
SN, TORUEPMA SN, BUEROVBEHN SN FEDO—DTH D, 88 RAAKmT IF A MEIC
X BEFEKTIE, (1) EAICHEELZXZ LAY RO SALofifk# (detritylation), (2) B—cyanoethyl
phosphoramidite & O#fE& (coupling), (3) AL D S ALKEEFD T 2 /WAL (capping), (4) 3D VU > JF+-
DOEE{L (oxidation) ® 4 THEZ 1¥A 7 & LTEMOHEIZ/R 5 E TR RS, 0%, FEHEEED
LU0 L, BRI KOV VBRAOBR#EZITWVAROA Y IR A2#F %5 (Figure 14),

W, B4 ) SRR OARRIT. DA AR TH S phosphoramidite [ ZIEffiFEZEA L TR X,
B A 7 NPT Y TR~ LA IAT 2 & TEREN D, TRDHARTFIEIZLY (2-0-MDTM 7
U IR ES D T2DICiE. FORIBRIE S LT 2-0O-MDTM phosphoramidite 230488 7225, — 5T
2’-O-MDTM phosphoramidite 1357 FPIZ 3fli U i1 & ANV T ¢ REEGDBIAFT DG L o> T
270, TN TOMILBIK SN EZ YV R LZETH D, FPHABFTIZTE WL TH
5’-DMTr-2’-O-MDTM-uridine 1 % phosphityl {t. 9% & H#J 2°-O-MDTM phosphoramidite 2 {315 54197,
3V VR VANT 4 RBRKIGT HZ T3 b DILAEMNEL D Z & anTREIEICL -

THEFE LTV % (Scheme 1),
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Figure 14. Solid-phase oligonucleotide synthesis by phosphoramidite chemistry.

NH NH N
| | fk/&
DMTrO vSo Phosphitylation DMTrOW v Intramolecular MO o 0
;O_\' o reaction

0 0

OH O_ S o~ o_s{> ol >

NG~ P\\—/ O—P—S

1 0" “N(i-Pry) — |
NC N(-Pr)2
2

Scheme 1. Proposed degradation mechanism of 2°-O-methyldithiomethyl phosphoramidite.

DT, FATHZETIL 2-0-MDTM ~ & B[R/ B RER Td 5 2,4,6-trimethoxybenzylthiomethyl
(TMBTM) Jk %3 A L 7= phosphoramidite % JfUEL & L CA U SE%ER & A ks . MDTM ~DZE 24T 5 [ 4
U SRR A AR ERTE) (28> T 2-0-MDTM # U =25/ L CT& 72 (Figure 15), ZH E TOM
FCiE. AV IR O uridine 2’07123V T TMBTM 725 MDTM ~hSE L S AHalfETH H Z &
EHROMNILTND, ™ ZHLOETIFRZEE X TEFIL. L0 Z < OBEB RSN ATRER
2>-0-MDTM-RNA % & %4 % 7212 uridine LIZ+ D adenosine, guanosine, cytidine @ 2°/7(Z MDTM #:%

A LAY RO SRR AT T
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O (0]

| NH | NH o fLNH
DMTrO N’go ' N/&O ~s” ' A

DNA/RNA o 57 5 NS0
{Oj MeO OMe synthesizer :O: MeO OMe _S BF, W o
Buffer (pH 4
?3 OVS\JQ/ @O '?,_OOVSV\Q/ (pH 4) @O '?,_OOVS\S/
NC o P NGipr), OMe o OMe .
2'-0-TMBTM amidite 2'.0-TMBTM oligonucleotide 2"-0-MDTM oligonucleotide

Figure 15. Post-synthetic approach for the synthesis of 2°-O-MDTM oligonucleotide modified at uridine

residue.

H—fi  2°-0-TMBTM phosphoramidite unit O &%

— o BasePro \’/Si'/o o Basepro S<./o Basepm
Si” . i
o i 0 (iiy i), (iv) or (v % MeO OMe
H Base” @ \ { j w (i), (v) o (v) ! { j
0. o o W/ o - 0, \( o JiJ/

\S_/O OH ™ T N\, -0 0
I
OH OH \( 7/

\<S T \(S T OMe

o0—2

4a (Base™ =A%) 5a (Base™ = A% 85 %) 6a (Base™ = A 73 %) 7a (BaseP™ = A% 65 %)
4b (Base™® = G™BY) 5b (Base™ = G2 82 %) 6b (Base”® = G™Y; 78 %) 7b (Base™ = G'BY; 62 %)
4c (Base”® =C) 5c (Base™ = CPZ 63 %) 6c (Base™ = C**; 80 %) 7c (Base = C' 58 %)
4d (Base = U) 5d (Base = U; 87 %) 6d (Base = U; 87 %) 7d (Base = U; 65 %)
HO R Base™™ DMTIO Base™™ DMTrO Base™™
(vi) k J MeO OMe (vii) <O> MeO OMe (vii) k o ﬁ MeO OMe
OH O.__S - R
~~ OH O__ 8§ g O\/S\;Q/
OMe OMe NC~ o PoNipr, OMe
8a (BaseP™® = AP quant) 9a (Base™™® = A% 95 %) 10a (Base™ = A% 79 %)
8b (Base™™ = G"®: 96 %) 9b (BaseP®= G"; 90 %) 10b (Base”™ = G"8"; 79 %)
8c (Base = CZ; quant) 9c (Base = CP% 97 %) 10c (Base = C™%; 83 %)
8d (Base = U; quant) 9d (Base = U; 98 %) 10d (Base = U; 88 %)

Scheme 2. Syntheses of phosphoramidite units bearing 2’-O-TMBTM group. (i) TIPDS-Cly, pyridine; (ii)
DMSO, Ac20, AcOH; (iii) SO.Cl,, CH,Cly; (iv) 2,4,6-trimethoxybenzylmercaptan, DIEA, CHCl, (for 7a—c);
(v) 2,4,6-trimethoxybenzylmercaptan, NaH, DMF (for 7d); (vi) 3HF-EtsN, THF; (vii) DMTr-ClI, pyridine; (viii)
2-cyanoethyl-N,N-diisopropylchlorophosphoramidite, DIEA, DMAP, CH.Cl,.
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F9°2°-0-TMBTM # U T4 DA L HTHRAR T % 2°-O-TMBTM phosphoramidite & A IZHL Y FLA
72 (Scheme 2), RAFR BT I XA MEIZK D4V TEBRAROKE TR TIE, SRR T7T =7
KICTHUEEG 5 Z & T, AU IEBROBEFHEAENS O Y L, IS X OV VIO BifkiE %

179, EMIZERIC K> TIARFMZBNT, AU TGS D Z LR ENMBEL 5%, L0k

N

FR78 5 TRl rTRE 7o IR L 2 BN T D BN B D, — 57 CHATHIZEIZIS VT 2-0-TMBTM AU =
BRBIIASGEICB W TRE ThoT Z b, BB O T I 7 FEOLR#ER & L T adenosine, cytidine
(213 benzoyl (Bz) J:% . guanosine {213 isobutyryl (i-Bu) &38R L7,

N-fR#EX 7 LA R da—d D 3°,5°-KEEH% 1,1,3,3-tetraisopropyldisiloxanediyl (TIPDS) &2 TR L .
S5a-d & L7=%% Pummerer #5(i7.|Z T 2°-O-methylthiomethyl (2°-O-MTM) {A 6a-d Z137-, 2’-O-TMBTM &
Ta—d DERUTIENL D, EFHATHIFEIC TR L 72 FHEIC T uridine #FEAK TH 5 6d 2 VT TMBTM
{b&1T-72, ™ 2’-O-methylthiomethyl-uridine 6d (2 CH.Cl, #C SO.Cl, Z {EF &+, 2’-O-chloromethyl
AR & L=tk i@REIED SOLCl, 8L CH.Cl Z I ERE £ Lz, S b7-5%i&% dimethylformamide
(DMF) ([Z1Af#EH . NaH f#1£ F 2,4,6-trimethoxybenzylmercaptane [(MeO)sBnSH] Z{Efl &# % Z & CTH
&3 % 2-0-TMBTM {£ 7d 2L 65 % TR/, IRIC uridine FFEMR 7d DA & [RIERO FEIZ T,
2°-O-TMBTM adenosine 7a D& k& ik 7x 7=, 6a (& CHoClz 1T SO2Cle & {FFH & H-7-1% ., I &= D SOLCl,
B CH.LCL #JERE £+ % &, TLC L2 T 2°-O-chloromethyl F1fE LIS 2°-OH {472 & D43 fili)
EROND ARy NONEEREGR S iz, T D% LT % DMF IZFAfE% NaH 35 L UV (Me0)sBnSH
FERSETHOSTETE T, JKGREO TLCIZTHMH L Bbh b AR vy MIUZE A EHER I N2
Molz, FEITRHTH D0, BUSTREIIAR TS 5 2°-O-chloromethyl adenosine 73 uridine D54 X 0 1
RLEETHYH, WERBERIZIMES 22T, HMBAELTVLZEREZLNE, £2T
2’-O-chloromethyl HfEAD 73 fig 2 B9~ 5 HAY T, SONREE A 0°C & LT CHoCl, H1°C SO.Cl, % 1EH
ST, WIEREEITD T, HOI UG diisopropylethylamine (DIEA) £ KT (MeO)sBnSH %
Mz %Z & THMET % 2-0-TMBTM adenosine 7a # X3 65 % THH Z L IZpHI L7z, Adenosine

FHER Ta L [FIREOFIEIZ T guanosine 38 X WX eytidine #5384k 7b, 7¢ AR BIT-T-& 2 A, ThEh
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55 % DU TTb %, 58 % DUETT7c 155 Z LTI Lz, —J7. [REROFIEIC T uridine 7535
K 7d DGR E AT, KRR SO.Clp 12 uridine 2388 S35 Z &2 X Y uracil 35 5 A oL
HEAT L, mIZA# & LT 5-chlorouridine 3538 A2 U, HIBIOIEME T L7,

HBoiiz 2-0-TMBTM {K 7a—d @ 3,5°-TIPDS {ri#% 3HF-EtN ([ THiRFEL 8a—d & L7214,
4,4'-dimethoxytrityl chloride Z{Ef X% Z & C 5-DMTr 1k 9a—d #1547, =Dk 3N &SR T
(2T 2-cyanoethyl-N,N-diisopropylchlorophosphoramidite & S &H¥5 2 & T, HWE T 5 2°-0-TMBTM
phosphoramidite unit 10a—d % N-fRF#EX 7 L A Fv5 6 TRRIS TRINE 24—42 %I2THR5H 2 & ISR

L7,

¥ 2-0-MDTM # U SO Ak

WIZ 2°-O-TMBTM AV IR DA RLE L VB R IERiTEIZ XL D 2°-0-MDTM A4 U TREER ~D A i %
A7z, £ DNARNA Atz T, mifi T 547z 2°-O-TMBTM phosphoramidite unit 10a—d % >
T, 2-0O-TMBTM AV SO AR ZAT - 72, FATHIEIZ TARL L TUWN 2 12 mer 4V FREEE D ELSI D

—H#Z 2°-O-TMBTM-adenosine, guanosine, cytidine 35 X OF uridine Z #17%1A A 72 (Scheme 3),

1) DNA/RNA synthesizer !

DMTrO Base™ Activator: 0.25 M ETT o Base
0 MeO OMe Oxidizer: 0.02 M lodine/py/water 6} MeO OMe
Deblock: 3 % DCA in CH,Cl, X:
(.) 0_S Coupling time (X) :10 min " Q o._ S
/P\ . - — —
NCo~o P NP, OMe > 0-P=0 I
2) 28 % NH3 aqg., 55 °C, 8 h '
3) HPLC purification sequence: 5'-d(GCG TTX TTT GCT)-3'
10a (BaseP™ = A™) 4) 2 % TFA aq.
10b (BaseP™® = G"BY) 5) Desalt ON 1a (Base = A)

_ bz ON 1b (Base = G)
10¢(Base=C™) ON 1c (Base = C)
10d (Base = U) ON 1d (Base = U)

Scheme 3. Syntheses of 2’-O-TMBTM oligonucleotides.
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DNA/RNA H B4 i Tid coupling A% & LT RNA BICBWTEH &5 5-ethylthio-
1H-tetrazole (ETT)® acetonitrile 7% % . oxdation 33K & L C 0.02 M iodine @ pyridine/water ¥&#K % .
detritylation 3£ & L C 3 % dichloroacetic acid (DCA) @ CH.Cl, ik &% TN TN H W=, F7=
2’-O-TMBTM phosphoramidite unit @ coupling Fi[i]iZ RNA G kE O TH 5 10 min & L, HEMKG
Z1ToTc. HEVEMBRICK D AV TR E Galitk, BilEZ 28% 7 &=7 /KHICTB5°CIZT8hAL
Y52 ET, AV IKBOBIEN S OUY L L ORI OT 2 ) OBR#EEIT> T2, 1%
LAY IR % HPLC |2 CRiUs , FRlg o4 ) IRk %2 i 5 C18 1 7 4 (Waters Sep-Pak plus)

F42T 2 % trifluoroacetic acid (TFA) ALEE4 2 Z & T 5 KD DMTr ZLOMifE# L, T O% Bt %

(2 & 0 EEH . matrix-assisted laser desorption ionization time of flow (MALDI-TOF) MS (2 T4 &%
L

E L, HiEMREZ{To 72 (Table 3),

Table 3. Sequences and characterization of synthesized 2°-O-TMBTM oligonucleotides (ONs).

Isolated MALDI-TOF Mass
ONs  Sequence (5’ to 3°)® Formula
yield (%) Calcd. (M-H)"  Found

ONla d(GCGTTATTT GCT) 31 C120H165N38079P11S 3883.7 3884.2
ON1lb d(GCGTTGTTT GCT) 25 C120H165N38080P11S 3899.7 3899.0
ON1lc d(GCGTTCTTTGCT) 68 C128H165N36080P11S 3859.7 3859.2

ON1ld d(GCGTTUTTTGCT) 61 C128H164N35081P11S2 3860.6 3859.1

a) 2’-O-TMBTM-modified positions are underlined.
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WA HATHFZE T D uridine 2 W =fat ERIBRD FHEIZ T DO X 7 LAY R ED Y R—R 200128
W TERZRERTEIZ L D 2-0-MDTM 4 VU FEEEEDS B R ATRE R G L=, JElc&E oz 2-0-TMBTM

VU T4 (ON la—d) Z AW T, SRR EMTEIZ LD 2°-0-MDTM 1t %17 > 72 (Scheme 4),

o) Base \%/ 0 Base
0 MeO OMe S %F o
X Q - 4 Y: Q
o L/ ] O 0.__S
o gfoovs = o-p-o T S
: = OMe 200 mM Acetate buffer (pH 4) |
sequence: 5-d(GCG TTX TTT GCT)-3' sequence: 5-d(GCG TTY TTT GCT)-3'
ON 1a (Base = A) ON 2a (Base = A)
ON 1b (Base = G) ON 2b (Base = G)
ON 1c (Base = C) ON 2c (Base = C)
ON 1d (Base = U) ON 2d (Base = U)

Scheme 4. Syntheses of 2’-O-MDTM oligonucleotides by post-synthetic modifications.

FEFRRARMANR Y (pH 4.0) (12T 100 mM (ZFAHL L 7= 2°-O-TMBTM A U SRERERIRIRHIC, AV TRERRIC
s L TR 300 X4 45 @ dimethyl(methylthio)sulfonium tetrafluoroborate (DMTSF) D 7K PERRHENE 2 I 2
I DHEFT A HPLC |2 CTHEFR L 7= (Figure 17), Z L% T uridine % W72 M5 Tid, MDTM fbaksk &
L T DMTSF Z/KIZERICEM S -k, RISZEIT> Tz, —J57 T DMTSF (30K TES SRSy
REND Z EBRMBINTEY, 8 AREREMIEIC X 2D MDTM {LIZERF IR O SOSRER 2 2 LTV
Too £ T T. FH1T DMTSF ZKIZIl S 7o, e O e LTHWS 2 & T DMTSF @
TR 53 it % 31 Z RSO B E D EATT 5 DO TR W E B 2 ROSE AN HREFR R U 72K
DMTSF Sk 2 W CRUG Z T2 T2, T OFER, 2°-0-TMBTM A4 U 42 (ON la—d) i 1 min LIN
[ZECZIHAR L, HPLC T 2°-0-MDTM A VU T#4fig & b s B — 7 M8 S vz (Figure 16),
BoNTERMOE—27 %255 L, MALDI-TOF MS I T 21T -7 & 2 A, B D 2°-0-MDTM
4V I (ON 2a—d) O — 27 Rl S, MDTMALBUSAZIR LS #IT L TWAH Z EDNBH LM E

7o 72 (Table 4),
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Figure 16. HPLC charts of the conversions of 2’-O-TMBTM (ON 1la-d) into 2’-O-MDTM (ON 2a-d)

oligonucleotides by treatment with DMTSF in 200 mM sodium acetate buffer (pH 4.0) at 37 °C.

Table 4. Sequences and characterization of synthesized 2°-O-MDTM oligonucleotides (ONSs).

Isolated MALDI-TOF Mass
ONs  Sequence (5’ to 3°) Formula
yield (%) Calcd. (M-H)"  Found
ON2a d(GCGTTATTTGCT) 38 Ci120H155N38076P11S2 3749.6 3750.5
ON2b d(GCGTTGTTTGCT) 43  CiaoHissNagO7PuS: 3765.6 3765.6
ON2¢c d(GCGTTCTTTGCT) 41 C110H155N36077P11S2 3725.5 3726.1
ON2d d(GCGTTUTTTGCT) 45 C119H154N35078P11S2 3726.5 3727.9

a) 2’-O-MDTM-modified positions are underlined.
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B 2-0-MDTM AV IO IV X F A N2 K 5 KERFRIA ) SRR~ DR

ZZETOMmELY, RAERREIC & D 2°-0-MDTM AV FRZIEA~ DSOS, uridine D FEHT
(LD A7 53, adenosine, guanosine 33 X O eytidine O FEE 2B W TH IR L EITT D52 03
HERY | BFIFOLEE DX 7 VAT REEHEIC 2-0-MDTM Effi & i g 2 & A ARE L 72 o 72, RIC 4
ORI LAY R ED2-0-MDTM &3 uridine | & [FIARIZIR LA CTRIVELA U IRERRI 25 n]

HE T D OFHli 21T > 72 (Scheme 5),

o) Base 0 Base
L o
X 10 mM Glutathione 2
o Q O Sig- - o 9 OH
0-P=0 50 mM Phosphate buffer (pH 7) 0-P=0
sequence: 5-d(GCG TTY TTT GCT)-3' sequence: 5-d(GCG TTZ TTT GCT)-3'
ON 2a (Base = A) ON 3a (Base = A)
ON 2b (Base = G) ON 3b (Base = G)
ON 2c (Base = C) ON 3c (Base =C)
ON 2d (Base = U) ON 3d (Base = U)

Scheme 5. Conversions of 2’-O-MDTM oligonucleotides into natural oligonucleotides.

50 mM U > ERFETERR (pH 7.0) (27C 50 uM OFREEICHHIL L7 2-0-MDTM 4 U =842 (ON 2a-d) |
TR 10mM & 725 X 91C GSH AR & %, 37 °C IS TRUGEITV, RIS DOH#EFT A HPLC 12 THERR
L7= (Figure 17), HHIOAN Z4flk L 72% T 4F (10 mM GSH, 50 mM phosphate buffer, pH 7.0) (23T
2-0O-MDTM K42 (ON2a—d) O — 27X 1h H%ITITF L A EHAL TRV (6 h RIZITRARIA U T84
e L b s v — 7 B S v (Figure 17), BOGKR & X% MALDI-TOF MS (2 Tt 211> 72 &
A, RO 2-0H A4 U 4l (ON 3a—d) OB — 7 BNEiR &, 2°-0-MDTM % uridine LAAt D

PATEA LG E THRIER LSRR A Y TR~ E B INS Z & 2 L7- (Table5),
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Figure 17. HPLC charts of the conversions of 2°-O-MDTM (ON 2a-d) into 2°-OH (ON 3a-d) oligonucleotides
under the cytosol-mimetic reducing environment (10 mM GSH, 50 mM phosphate buffer, pH 7.0) at 37 °C.

Table 5. Sequences and characterization of synthesized 2’-OH oligonucleotides (ONs).

MALDI-TOF Mass

ONs  Sequence (5’ to 3°) @ Formula
Calcd. (M-H)" Found
ON3a d(GCGTTATTTGCT) CisH151N35076P11 3657.4 3658.0
ON3b d(GCGTTGTTTGCT) CisHi151N3gO77P11 3673.4 3672.5
ON3c d(GCGTTCTTTGCT) Ciu7H151N36077P11 3633.4 3632.6
ON3d d(GCGTTUTTTGCT) CusHisoNsOwPu 36344  3633.7

a) 2°-OH positions are underlined.
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pasy
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FEZIT 2-0-MDTM-A U SR Wi EEOBREZ HIEL T, 4 OX 7 LAY R EIZ
2’-0-MDTM {Effi & fiti L /=AU TR DG IRES 21T > 72, FATHIIETIZE T 2-0-MDTM-uridine %
BT o4 ) I EET LS E LT TEMBREMIE) (C X 0Bk, Mk 2 L7 o sk
TORBBEIE~OEEFONZBE LTI 217> T& 72, ™ — T uridine LIS DI A2 AERT L 7=
2'-O-MDTM-A U BN [AER D [H Rtz EfMiE] 12X VG LNTENTIER L, S HICHlan %
Rl U 72 40412 C uridine BAAF OIRNL % (&£ L 72 2'-O-MDTM-4 U TGRS RIRFURS e~ L B S D
MHWAENE o TR o T,

KRENZIBIT 2R R LV FATHIEIC B W TR S e TERREMTE] (I2XD 2°-0-MDTM-4Y

IR DA, uriding FALOHR R HTHDOX 7 LAY R EICBWTH RIS OB HEIT L, IUH
PEDOENERIETH D Z & AR ST, FIERIZ 2-0O-MDTM-A U T 4%1E O RIRLN 2 i U 7 S0
TOEHIE S uridine HALLISNC & ZhERANITHEELT L, B EE OB WS R AU TRLE ~ DA
ISR RIF S 702 LR S T,

INDDRR L FATHIZE POB LUK —#H —H TOMREHEEZ, 2-0-MDTM siRNA |3
2-0-MDTM {Efifi = siRNA DELH| EOEEDOFMAIEALI2HE T, MW TORICEEICE > T
RIR SIRNA ~ & 28 S v+ 00 78 AR TR BTN 27”4 2 L 2VR S iviz, BI(E, uridine LSO
HATIC 2°-O-MDTM &R 238 A L 7= miRNA, siRNA ZA L, & DOAKRNZEENER & OVEIERERL % 5

B L TWD,

31



B MRPAETRREICSETS Y CVBREESH T e FT v SR Y IO

H—% REDUCT Ot&ZFIH LY VEMERi 7 0 K7 v JHRIBEEORB D LD Y 1%

N AT A-F ) TR AL I v arya— FOER L BRI

FHITH—EBIZIBVTRNA D U R — 2 2OLIER 2 fit L 72 e S ST BREE T R RNA ~ & 2424
Ens 7 K7 v 77 RNA (REDUCT-RNA) (2B L CTZDOfEMEE LB RN 217> TRz, Zhbd
DiE R HANEPE TTER B & » TR A Y TR~ L B S5 REDUCT-A U SRS 7o B
Z v 7RgRE L L CHARATRETH D Z LRI B ol & 2 TRICER 1L, A REDUCT O
e URREMBRRASLICHT D 28T, N EREE AT R T 0 Ty SRR TE D
LEZ, TOERMMEEITO 2L L L,
INETIZHESNTWD U VIBIMEMR 7 m N7 v JHERIT Fim 4 R Le) g b Y =27
J (phosphotriester, PTE) ##i& %A L T\ %, PTE ££E&IL 1970 A1 Miller, Ts'o HIZ X » TIRB S
TEHIZIE TH Y . U CERIMERC MR OB MR R AT S &L A ) T DA T
ZREH LRI A =0 5 2 LI Ko TR E @M M B35 Z ERmbhTng, 29 —5 T, 2
O DORFHT 3mer FREDFSEA Y T AHWTRINTEBY, 4V I PTE K1 AT LI
FERMITE, M E MR X O o F & o AR 2 EREICEEL L7203, & 2 TERELY SERE
ZAEHT REDUCT-A Y SIBE OB OFIEE L LT, £94 U 3 PTE O A HIEDMEILE L OWEE
AMliAATS 2L & Lz, —Ji, AU =2 PTE KBEIZ A B OMIEIZ LY . KEENE LK T T 2729
EHA Y J PTE B OMERM AT > Z LT TH 5, 2 Z TEFITA ) 2 PTE B OB %
1T 9 72O, PTE BERAROME 272 o3 KO RIE Z FEE v RE 72 0 F 2 o IG5 2 & &
L7,

APV IV RANNL I VITREBEENDHRY 7 I 0E, MOS0 &L RN Ok 2 72

JZBE L TWD & SN D ERNGFTH D, 8 I Behr HIIARV T IV THDH A~V I Z2A ]
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TGO BRIRICHE S SE 5 2 LT, U Y x5 L (phosphodiester, PDE) #34y & O #aa AgAH A.1E
FIZ K= THERD RNA L oftEnsm L35 2 & 80 3 LONEBM 51 fF - THilBEE E M 23 m k-
TOHILEHRELTND,8 ZhL0HREZSEICEEITA Y I PTE BILO 5 RIRICIC AL v &
a5 2 LT ZHEHEAEER L OB REMEO M LA TE . EICIEBM OGS K
ErEom ERRIAEND Z & THOKEMEO A Y I PTERBEOMEERHMEZ1T 5 Z E N AlRE L 2D EB X,

4V I PTEEE— A~V v ar Yo — bk (Figure 18) ZHi7-IZ5%5t L. T OEAICER Y FA T,

________________________________________________

Phosphotrlester ollgonucleotlde

! Spermine §
H; Ha O
o~ NN AP G0 r
i Hz Hz!
Increased duplex stability EtO

i Increased cellular permeability

Nuclease resistance
Cell membrane permeability

Figure 18. Structure and design of spermine-conjugated PTE oligonucleotide.

—Hi RRAFET IFA MEICE DAY = PTE B2 DA RURET & B2 oy i 4 i1 o FTAM

1970 XD Miller b ORFHIC L 2 PTE Bk D G kikiT PDE i e A4 24 U TR
p-toluenesulfonyl chloride (TsCl) Z/FH &, U UEBRZ2EH L LT, A%/ — b LT /—
NEERSHE, VUL 7 VX 6T 5 IR TThIL TV e (Figure 19), —75, AIETIEFEED
U U9 5 R Y A PTE ZERRA T OMEEOEFTIEANT 5 Z 138 L <. U6

TV a— )L MERR T L 32— VIR B D T O FZAMN R ERIETIZ/R, 2 CTEFITE _=EEFilc

/+

IRLTEARARET I XA MEZL > TAEKEITY Z & T AEOHETIC PTEMEZEA LAY I8

BEDSNRANZAFHND LB X T,

33



(o] 0 1 T Q
7 -0-p= —— » R-O-P=
eO-l[’:O _ > gogo ROZO
o} Base o Base o Base
(e}
; j ;

Figure 19. Synthesis of PTE oligonucleotide by post-synthetic modification used in 1970s.

AAKET IZA MEZE DAY TRME R OKRE TR TIL 55 °C T7 & =T KL ELTH Z &
T, AV TRERBROERHAEN S OG0 H L, RS L O VREOHREZIT 5. —MIZ PTEHE
MR FTARLETH D LBEALNTND I EMb, KOEMARRMETHY HL, BiiRiEL
TORERDDETRENT, £I T, BRARBT I XA MEIZE 2 PTE REE AITLE L 72 2 Bfk

TR CTOMSRH#ESMZEE T D Z L2 HE LT, thymidine 2 E{&KD PTE dimer O& K& %E1T- 7=

(Scheme 6),
o) o o)
NH NH
NH | \fk
\f{g i DMTrO N’go i | N/&O
DMTrO N” 0 (i) r (ii) DMTrO
T:O: - . Koj . ;03
OH Q 0
) Pl _P.
(i-Pr)oN N(i-Pr), (i-Pr),N OR
1 12
13a (R = Me; 57 % from 11)
0 (0] 13b (R = Et; 56 % from 11)
NH NH
\ A |
DMTrO N" ~O HO. N~ 0
(i), (iv) 0o v) o)
RO-P=0 || NH RO_T:O ‘ /’1"
N™ ~O o) N~ ~O
i o
ODMTr OH
14a (R = Me; quant) 15a (R = Me; 70 %)
14b (R = Et; quant) 15b (R = Et; 58 %)

Scheme 6. Synthesis of PTE dimer 15 [Tp(OR)T] : (i) [(i-Pr):N].PCI, DIEA, CH.CIy; (ii) ROH, 1H-tetrazole,
CHCly; (iii) 3°-O-DMTr thymidine, 1H-tetrazole, CH2Cly; (iv) 6.7 % 2-butanone peroxide in toluene; (v) 80 %
AcOH in water.
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5’-0-DMTr-thymidine 11 (2 ¥ PS4 7 . Bis(N,N-diisopropylamino)chlorophosphine Z/Ef &2 = &
C phosphordiamidite {4 12 Z4537=, % ®%. 12 IZ 1H-tetrazole 774£ F T MeOH % 721% EtOH & 1/Ef & &
% Z & T, methyl- K Orethyl-phosphoramidiete 13a 33 & OV 13b & % 412741 2 TR TULHE 57 %35 L 1UV56 %
THH7-, &5 7= phosphoramidite 13a, b % F\ T 1H-tetrazole f77E F 3°-O-DMTr-thymidine & i & S
phosphite triester & L 7214 .6.7 % 2-butanone peroxide ¢ toluene ¥&iZ % Nz k{3 2% = & T.3°,5-DMTr
Fr7 methyl-J5 X O ethyl-PTE dimer 14a, b #1537, % D14 80 % HilA/KIEHE A HVC, i DMTr{b %9
5 Z & T 5-Tp(OR)T-3’ 55 72 5 methyl-33 I O ethyl-PTE dimer 15a, b #1525 Z & KT~

517z PTE dimer 153, b Z FIVWC, RARB T I XA MEZ L 24 Y TREEG O R LR TH

WD MG C DR TENE & I L 72,

O
Pac APac o CAC

HN O
o ol ol O

Deprotection condition (mild): 28 % NH3; aq. or 50 mM K,CO3; in MeOH, rt, 2 h

\

J

Figure 20. Typical protective groups for nucleobases used in oligonucleotide synthesis. (A) Classical and (B)
labile protective groups.
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RARBT IFA MEICK DAY IREEEG BRI B S 2 RiEEE % Figure 20 (R L7z, @i O A Y
= PDE B4 & R I3 et F O3 3L & L C adenosine 35 X Ot eytidine (213 Bz 573 . guanosine (21 i-Bu
HERHWBILS (Figure 20A), ZAU 6 OIRELDOMSREIT, IRT E=7 K& HOTEIRFEMHIZTT
DD, HEMERMETIZR W TRLEREMZIRIZITEN T 5 2 L2 HRRW, —J7, IEHETIE
MM T T A 2 LT WEMRRR 2 B AT D BRIC. K0 BRI T OREE AT RE 72 P
H: & LT adenosine 35 & OF guanosine (213 phenoxyacetyl (Pac) #&% cytidine (21X acetyl (Ac) ZENH WS
L% (Figure 20B), 8 i bDZ & aEiE X TEFIZIETNENORELZBIRET D&M TTO
PTE #iEDLEMEZ 7 L. PTE BAFR& A IS LB 2R R SE DR 21T o 72,

PTE dimer 15a, b % Figure 20 (27~ L7222 E OS5 TR | R % HPLC 2 TofT L PTE
dimer 15a, b OEFHRERD = (Figure 21), WEHEOA Y TEBRO GRS E L CBEH SN &0
(28 %NHs ag., 55 °C, 8 h) | CALEEZ 3~ % & methyl PTE dimer 15a (%, |%iZ PDE dimer (TpT) (257 L
TEY . ethyl PTE dimer 15b % 50 % LA LD fRMNA L TD 2 & 23R X7z (Figure 21B and F),
W, T o= T KEROTEM 2 BR#ESIE (28 %NHs aq., rt, 2 h) ([ TLEEZ1T 5 &, methyl PTE
dimer 15a 13747325 30 % FRETH o 7= DITxt L, ethyl PTE dimer 15b (&, 1T & A E0fE L TR0
Z &Ny otz (Figure 21C and G), AT =T KIS L E UL CTREED U w7 A% -4
(50 mM K2COs in MeOH, t, 4 h) |2 T ZIT 572 & 2 A, methyl 358 ethyl PTE dimer 15a,b 3%
IZIZ & A LR L Ty~ 7= (Figure 21D and H), 235 OFERN S KRR S50 Tl FTEE
72 Pac Hi, Ac FEZ W, BREE Y U A& AW S M THR#ELZIT) 2L T LT, RAFRT IFA
MEIZL DAY I PTE PG AIRETH D LEZ B,

FIT E =T KE T RER 2 RGESRAFIZ I T, ethyl PTE £41%(3 methyl PTE #4120 $ 1k
PR ZEMEN BN LR TE 12, ZOREMDZET ethyl £ & methyl FED U U HF~DEHEE
PEDOZEITEK T 5 60 &# 2 i, methyl PTE #IE TIIREMEDOEWT »E=T7 01U VR 2 BE%

& U 7= phosphoramidate 237K 53 fif S 405 2 & C RV PDE R AE U2 &35 2 Hiu7z (Figure 22),
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Methyl PTE dimer Ethyl PTE dimer

(A) 15a (E) 15b
(B) (F)
TpT
(45 %) 15b
(38 %)
(C) TpT (G) 15b
(64 %) (97 %)
15a
(31 %)
(D) 15a (H) 15b
(97 %) (98 %)
L

0 5 10 156 20 0 5 10 15 20
min min

Figure 21. HPLC analysis of the degradation of methyl (15a) and ethyl (15b) PTE dimers under alkaline
conditions. Dimers were treated under deprotection conditions. (A and E) untreated; (B and F) 28% NH;s aq.,
55 °C, 8 h; (C and G) 28% NHs aq., r.t., 2 h; (D and H) 50 mM K,CO3 in MeOH, rt, 4 h.

0
O ? Hydrolysis ?
NHs  co ;, \6\ T HN— P=0 /l% > Ho—P=0 /g

O

Ol
O
- J o =
OH OH
Methyl PTE dimer Phosphoramidate PDE dimer

Figure 22. Proposed degradation mechanism of methyl PTE dimer by NHs.
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SIZEH T PTE B2 O REIR 3 R SR TR O REAM 24T - 7o MK T 72 & O B (R BRI Tl R o fiRIE SR
ELT F-=X YR LT —EREEHALTWD, F-2F VX7 L7 =B34 Y RO 3 RKhmD
PDE #h & & mfi L, —HiEFE < 7o -7 3-OH # U G4l & 5°-€ / U 8 (5°-nucleoside monophosphate,
5-NMP) Z4ApkT 25, ZD7® TpT OESIN G725 dimer ZHNT 3-=F VY X7 LT —BIZ K D%
FBOREOGEAT S T235A . ofEY & LT thymidine B L ONS-TMP B4 L B EEZBND, — T
fEEERN 725 Z LT 5-TMP LUMC b 3 -TMP 03 U736, i & BRI XA 2 2 & 13 IR
ThoHIENTRIND, £ I TEEILPTE MR OBEE D RE O REN HHEE T 2 BT, CpT @
Be A5 72 % methyl PTE X 0 HALSFEHIZ L E T - 7= ethyl PTE dimer & ek U 7= 051k & RIRED FiEIZ
THRR L, BERMTERMICHND Z & & LT,

FPRETH KD 3-=F VX7 L7 —8 Th 5 snake venom phosphodiesterase (SVPDE) (2%} 3 5 FER
MRl 24T > 7=, CpT OEFIN 5725 PDE 3 L W ethyl PTE dimer % Tris-HCI #&&i% (pH 8.0) .

37°CIZTSVPDE & i &t, S Z HPLC IZTo#r L7z (Figure 22),

PDE dimer PTE dimer
0 min PDE IS
dimer PTE
dimer
IS
360 min IS s ETE
dimer
5-TMP
dC PDE
l I dimer |
0 5 10 15 20 0 5 10 15 20
min min

Figure 22. HPLC charts of the digestion reaction of PDE and ethyl PTE dimers with 3’-exonuclease (SVPDE).
The dimers were treated with SVPDE (0.4 pg) in 200 mM sodium acetate buffer (pH 4.0) at 37 °C. IS; internal
standard (deoxyadenosine, dA)

38



SVPDE (Z X 2 4LER A 1T 5 & 360 min #%(Z1% PDE dimer | % deoxycytidine (dC) & 5°-TMP {243 fi# S 31 C
v PDE dimer DFEAFRIZ 10 % LA N Th o7z B 20 min), —J5, PTE dimer |7 A7 LA~
—HRD 2 K =7 22 ITR ONT, BRI AT 5 2 LR TE T,

WIZ X0 AERIZEWSAFE LT 10 % o fREMmE (FBS) H ToOREMFAMNA1T > 7= (Figure

23),
PDE dimer PTE dimer
PDE 0 min
dimer
1S
—— L A A__ I.._-_
360 min 360 min
PTE
dimer
A A “
0 5 10 15 20 0 5 10 15 20
min min

Figure 23. HPLC charts of the digestion reaction of PDE and ethyl PTE dimers in 10 % FBS. The dimers were
treated in 10 % FBS at 37 °C. IS; internal standard (deoxyadenosine, dA)

AREAFIZIWT S, PDE dimer (3 360 min 21 IX58 RT3 L T D O3 L (£ 60 min), PTE
dimer 7 A7 LA~ —HKD 2 K — 7 \[ZEMIZR T BN G COREMEZRT Z &3
bk oz,

U EDFERPERAFTRT I 44 MEZL 24U T PTEBOGHN AR TH D LB b, &
72 PTE dimer [XMLIE BN T, 1T & A E0RESZ T TEN B MBERIEEZ AT 5 2 & bk
TEREZENS, 4V I PTEHRICB W T RO MEERIMEEZ AT 5 b0 L EZ bz, RICE

FHIA Y = PTE RO MG IEIEIZ B L TR 21T o 72,
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B -HOERMEA Y I PTERR — AUV v a v Yo — F OGRS fia S e S

CZETOMEND ARAFR0T I LA MEZLDA Y IPTERMBOEKNITTRETH VD, & HIZPTE
REEN MG T CENIZZEEEZ AT 5 2 LR SNz, RICEFIT, A4V = PTE RO M RZ%
PEZ I 5 7212, 3 - R dOEM b L7e A U S PTERE — A~ VI v aryar— MO E
1T 7= (Scheme 7),

DNA HEh& A TH 5 coupling 338 & LT RNA ARUICE W TE M &5 5-ethylthio-1H-tetrazole
(ETT) O acetonitrile %% % . oxdation 33& & L T 0.02 M iodine @ pyridine/water %% % . detritylation &
FE L LT 3 % dichloroacetic acid (DCA) @ CHCl, &k = CVEAVH Wz, F 74 TF T coupling ¥
ML 10 min & U #Mg& SO 217 > 72, DNA H B & o Tt 3 T d % carboxytetramethylrhodamine
(TAMRA) M54 L2 BRI (3°-TAMRA CPG) (2. £ KD DNA &IV S5 thymidine
cyanoethylphosohramidite 16 % fjit: &47-%#%. thymidine ethylphosphoramidite 13b ##i& S5 2 & T
Thymidine 10 mer OEFIH 5725 3°-TAMRA-labeled PTE T1o—CPG 17 Z &k L7z, b7z 171285
(TR spermine phosphoramidite 18 % it & 1 3-8 YAak{k 5°-O-spermine-conjugated PTE T10-CPG
19 & L7z, BoiRfEEZ 28% 7 E=7 KIS TERIRT2h LT 52 & T, AV AZBORHE
MHOYIY L& TV, Wi HPLC (2 TR, BER o 0 R4 Z &L TRIEZ1TWEN LT
3>-TAMRA-labeled 5’-O-spermine-conjugated PTE Tio ON4 % 4537-, %4#] 3*-TAMRA & SRS &
ethylphosphoramidite 13b % i #]D TRIZTHIA T 5 Z & T, 4 VU 2 PTE R & 3*-TAMRA OfEA %
PTEfG &35 Z &l Bion, Zo%G, 10 H LRFOMILH 21T - 72112 TAMRA 75 i L 7=
4V =2 PTE BN H A7z, Z AU Figure 23 1R L7 ObEREIC kv . 5 BEREEEZ A7 5 PTE %
RTINS Z ETAELTL D EEZ LI,

ELFBROGIEIC THER BT OA Y Gk L& LT 3-TAMRA £t PTE Tio ON5 (PTE
—spermine unconjugate f£), 3’-TAMRA f&ak{t. 5°-O-spermine-conjugated PDE Tio ON6 (PDE-spermine

cojugate &) 35 L U3’ -TAMRA #£3%/t. PDE T10 ON7 (PDE-spermine uncojugate {£) % &% L 7= (Table 6),
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S 5 A7- spermine-conjugated PTE Tio (ON4) [I/KIZEEME L THILEWITIAE T 20> - D% L.
spermine-unconjugated PTE T1o (ON5) 1Z/KIZ %9 2 Tt MK < PR3 4 U Tz, % Z T ON5 DA

10 % DMSO/ water |Z CIEfiE S, IROMBFHIHWD Z & & LT,

[o Controlled pore glass (CPG)]

ODMTr

3-TAMRA CPG

i) DNA synthesizer*
Sequence extension

o
h#s
DMTrO o N O
o

[
(i Pr)zN’P‘OR 16 (R = EtCN, 1st step)

*Conditions of DNA synthesizer 13b (R = Et, 2nd to 10th steps)

Activator: 0.25 M ETT
Oxidizer: 0.02 M lodine

Deblock: 3 % TCA in DCM
Capping : Ac,0 HO 10— P 0 o— P 0

Coupling time :10 min 0‘/\CN
DMTr-off
TFA TFA N(i-Pr);
DMT OMNANNNVN*\/\,O—P
ii) DNA synthesizer* ' tea | o~-CN
. - . TFA
Polyamine conjugation 18
TFA TFA o T o
Ho’\/\’N/\"‘“/“/‘IlJ’\/“llv"‘/‘“’o P-Q 0-P—Q 10— P 0..
TFA TFA OE 9 0\/\
O_~cN CN
19
iii) 28 % NH; aq, r.t., 2 h
iv) Purification by HPLC (ODS)
(Mobile: 50 mM TEAA (pH 4.3) /ACN)
v) Desalt
Hz  Ha @ @ P T ? T 9
@ ® H, Ha o OEt 9 0@
©

3'-TAMRA-labeled 5'-O-spermine-conjugated PTE T1g (ON4)

Scheme 7. Synthesis of 3°-TAMRA-labeled-5’-O-spermine-conjugated PTE T10 (ON4).
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H
0 vawvwvo [o Controlled pore glass (CPG}J

o9 0H
—o[-& P o._L_
OEt g OFt

H H‘ EtO\ P/
—QT-OH
OEt .

Figure 23. Proposed mechanism of cleavage of PTE T10-3’-TAMRA linker under alkaline conditions.

Table 6. Characterization of synthesized 3’-TAMRA-labeled-5’-O-spermine-conjugated and unconjugated ONs.

MALDI-TOF Mass”

ON Structure? Yield (%) Formula

Calcd. (M+H)* Found
ON4 Sp-T1o(PTE)-TAMRA 35 C167H244N27081P11 4265.3 4266.0
ON5  Tio(PTE)-TAMRA 58 C149H203N23077P10 3857.0 3857.4

ONG6 Sp-T1(PDE)-TAMRA 19 C149H208N27081P11 4013.1 4013.6

ON7  Tio(PDE)-TAMRA 61 C131H167N23077P10 3604.7 3605.3

a) Sp: spermine, T1o: 5>-TTTTTTTTTT-3’ €=84000 (L/mol - cm), PTE: phsohotriester, PDE: phosphodiester. b)
Matrix: A mixture of 3-hydroxypicolinic acid (3-HPA)/diammonium hydrogen citrate = 9/1.
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5 5 OB AL ONA-7 % W CHIBBSE B ME O MRF 21T o 72, 10 uM O 3-HOEIEA Y 1%
it ON4—7 % & Teksi (Opti-MEM) HC, bt Mi2SAHSEHIIE (A549 cell) % 37 °C IZC8hisE L,
AV AR OMPNEANEZIT o7, AV TS A% OMALZ Y o ERREE A B K (phosphate
buffered saline, PBS) | CT¥eitc, HHEA L —F —BAMEE (confocal laser scanning microscope, CLSM)

2T, AN oEE A #8l52 L7c (Figure 24),

ON4.(PTE-spsrmine) ONS5 (PTE) -

Figure 24. CLSM images of A549 cells. Cells were incubated with 3’-TAMRA-labeled ONs (ON4-7) at the
concentration of 10 uM in Opti-MEM for 8 h at 37 °C. After the washing steps, fluorescence intensities of cells
were analyzed by CLSM.
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FMAE PN Dt & 13 spermine-conjugated PTE (ON4) ThcH %< . £ D> ON5-7 (2 & » TULFR %17 >
TR CIXBAE 2 2 MR T D 2 LN TE Aeh o7, F 72 ONA ALERSL DML Tl #E03—H
BIZHRITTWD Z ennh, AU TEMAMIREREIZRAE LT DO TiEe <, MREIZE LEOE
PHICEBL TS b D LEZ BT,

RICZN SO Y TR OMIBNE IR D EREZIT > 72, JBlR LTe HIE L RO HIEIC T 3-a0t
FRaA Y T4 ONA-7 % AB49 cell A L7z, BAKOMIIIZ PBS (2 Tyt L. Milaia i a2 n
2% 2 LTl A RS, MlREfR P oA [E Lz, £0%, MilaNORE 37 19 4
72 OHEOGE A A ) I OMIPE AR L U CRIIi L7 (Figure 25),

6 -

5 4
4 - Relative
ON PDE or PTE Spermine Fluorescence
Intensity
PTE Conjugated 331
2 7 PTE Unconjugated 16.0
1 - PDE Conjugated 5.45
- PDE Unconjugated 1.00
0 = T T T -_I

ON4 ONS5 ON6 ON7

Figure 25. Comparison of intracellular fluorescence of ON4-7. A549 cells were incubated with each 10 uM ON
in Opti-MEM for 8 h at 37 °C. After the washing steps, fluorescence intensities of cell lysates were analyzed
(n=4).

Fluorescence intensity / g protein
w

~N o g A~

AR PN S S Bl E ON4>ON5>0N6>0N7 DJIE & 72 1) | spermine-conjugated PTE (ON4) (3 K#X PDE ON
(ON7) @ 30 f&LA . FfPNEA SILTWD Z ENhr -T2, Seprmine Zf5A S5 Z LIz L5400
HKIZA Y = PDE 2 D%55 (ON6 & ON7 O Iifk) TRI5 5, A4 U 2 PTE D55 (ON4 & ON5
DHE) TR 2 [ THo7=DIizxt L, PDE % PTE & 925 Z LI X D9 EOB KT spermine-conjugated
i (ON4 & ONG6 DLLER) THI 6 fi%. spermine-unconjugated & (ON5 & ON7 D LHER) TKI 16 T -
72, Spermine ZfEA SH-HA LV b PDE % PTE fiE & 925 528, Ml RS K& <BER

LieZ b, REAY 2 PTE AENT-MIAREIEIEZ A5 2 L SR S v,
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AN

FEHIIAY T PTE B OMERHMEO 7= DIZ, ETHAKRE T I XA MEIZE D PTE RO G R
AT o 7=, AV 2 PTE KW & ik H @ thymidine methylphosphoramidite 35 X (% thymidine
ethylphosphoramidite KD & AT > 72, ET /MLEHE LT TpT OESINHLD methyl- I L
ethyl-PTE dimer D& AEIT o7, D%, AU TREBERIZE T 2 5& LR TH H8IEN L 080 H
L3 KO IE O BARGEIZ W D IENESME R T PTE dimer DAL AL EMEA R L 7=, & O
R\ PTE BZBRIE KoCOs DA X ) — VISR A TR AL I RFER ISR W TRIETH D | ARMFICE
W TR FTRE e I L DR R A WD Z & T, AU I PTE BN GRATRETH D 2 & HVRIB X
niz,

WA R VL PTE BN T 2 e Sy R AL IZBE U C b Ml 24T > 72, £ DOfER. PDE 5842
iR STLDERMICE VT S PTE BRRORIIMERE TS . PTE MMAENTZ 3-2F Y X7 LT —F
Mtz A L, fEH T+ ZENE R/ T 5 2 & MR ST,

BIZEHIIA Y 2 PTE O MRABE @B L CHaMli 1T o 72, A4 Y =2 PTE ZRRIZB W TR,
KIS DIEMED T 21T 5 ETORBE L2252, AU 7 I Th % spermine & 5 Rl & S
7oAV 2 PTE Bl 2 AW CRHMli 21T - 7o, % OfE R spermine Zf5 & S5 2 & 1T L - THIIRNE A&
A3 2-5 FERREE LN L 72 n > 72 DICK L, PDE 3% PTE f& &5 2 & THIIZPE A &S 6-16
EHWINT 5 2 &R S 4L, A4 Y =2 PTE B 0MEN 7o MIaBOEIRE A 692 2 &L B3R ST,

INDHORMRNG, AU A PTE A IEESISMA 2 ECHEL 2D, MiFT TOREMEL X
ORISR i 2 A9 % 2 & MRl T & 72, IRICEH 1L, REDUCT OREEZ A L7z A4 ) = PTE K4k

DiRFIR LOEREITV, TOKREEE 21T Z & & LT,
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% REDUCT O#i&4 R L7z UEM Y v KT v J R OB 3

RIZHEFA L REDUCT Ol&ZiE M Lol NE TR BB W TR~ L sh 5 7 e K
7w JHIA U 2 PTE K& (REDUCT-PTE #48) O &M ER ATz, "AKRB T I XA MEIZED
REDUCT-PTE 2D G RIZIZ, AN T ¢ NG & & T HREAE 23 A L 7= phosphoramidite unit % & A%
THVLENRG D, —H T, VALT 4 NG %3 % phosphoramidite unit 1%, 431N TORLIEITLK
GBI ERZ SNDTDARLETHDL Z ENTRIND, £ 2 TEHIXLE: phosphoramidite unit %
Do, BEHRCANLVT ¢ REEA L0 LR BREEDEWERIR S AV T ¢ REEE O 2467
L'HRERAE A L7z REDUCT-PTE DRI 27725 Z & & LTz,

Butora & 9 (XU U EEERIZERIR Y AL T ¢ R CTH H (LAY dithiotreitol (DTT) FEREZEA L7 1
RZ v 7RE ) X7 VAT RS GSH ICK DETIGZ TR 7 LATF FICE|SND Z L&
W LT D (Figure 26), Z Ot 2 KICEF L, FRROBRIR S ALV T ¢ MG EA T 2 HREE L A
U AKEED ) CEEIEAT H 2 LT, MIRNOR IR T RREA ) IS~ AR S D BT

REDUCT-PTE #B2 A BA3E AlRE Tld oW B 2. DA A 7= (Figure 27),

o) Base (o] Base fo) Base
S \ —

RO 0P 5 % — -~ Rg Co Py " — Ho_‘P\o\\\\» o
(0] 0 (“)
S (
S-S ls SH
> GS
GSH

Figure 26. GSH-activation of the mononucleotide prodrug bearing trans-5-alkyloxy -1, 2-dithiane-4-yl moiety.
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0 Base Intracellular O Base o Base
o reducing o &
environment
—_—  » e
0] S 0] O SH 0
o:é—o—C/‘s o:l:b—o—Q/SH 0=p-0°

Bnd Bnd\

Figure 27. Design and conversion of REDUCT-PTE oligonucleotide containing cyclic disulfide moiety into
natural oligonucleotide.

—fi AAFa T I XA MNEICE A REDUCT-PTE EFE DA RE

OH : HO,  OH BnO BnO
sH (@ N (n) 2 g
HS/\‘)\/ _—
OH -
Dithiothreitol 20 (96 %) (£)-21 (54 %)
NH NH
NH
\EAA 94 IA N IA g
DMTrO N"~0 (i) DMTrO <|v DMTrO r
e e g o k_ﬂ
OH .S
(i-Pr)aN”" “N(i-Pr), (i-Pr),N” —Qs (- Pf)zN S
1 12 A
BnO BnO

22 (45 % from 11)

Scheme 8. Synthesis of phosphoramidite unit 22. (i) DMSO, 120 °C, (ii) benzyl bromide, tetrabutylammonium
hydrogen sulfate (TBAHS), THF/5 M KOH aq (1/1 v/v), r.t., (iii) [(i-Pr)2N]2PCI, DIEA, CHyClIy, r.t., 2 h; (iv)
(¥)-21, 5-ethylthio-1H-tetrazole (ETT), CH2Cly, r.t..

% 9" REDUCT-PTE £ZE& A 1k D 2 ® phosphoramidite DAk & 584 7= (Scheme 8), i&#tH! DTT % 7k}
& LT DMSO H{ZT 120 °C (TR 5 Z & T, Wb DTT 20 #4537, 20 % benzyl bromide & Jx
JREED ZE T, AMIOKEEILE benzyl (18 L= (¥)-21 2472, T OHE HBE—3= L [FEED TIEIC
TAR L7z diamidite 12 & (2)-21 % 5-ethylthio-1H-tetrazole (ETT) 1F4E F CRIGSEH Z & T HAE T
% phosphoramidite 22 Z 4D 7 27 LA ~—iEAH & L T5-DMTr {4 thymidine 11 7> 5 UK 45 %

T,
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WIS 3D Y VR & VAT o RiiE % & e phosphoramidite 22 D22 EMEZ 71 L7,
H 7k 1L acetonitrile (CDsCN) HC 0.1 M O/ D X DT 22 I Z 5tk . 3P NMR % B0
EL, WIRERD 22 O —7 % 100% L L7-BEO v —27 OFfFRE KD 7= (Figure 28), % DiEF 22
127 BRRICEBWVWTS CDICN IR T 95 % LI ERFL TR, RAKRBT I XA MEIZXDEIZ

T CEH AR R LB A LTS Z e gmoT,

100  quuessss .

80 |

60 |

40 |

% of intact amidite

20 |

0 1 1 1
0 50 100 150
hour
Figure 28. Stability of phosphoramidite 22 in acetonitrile-ds (0.1 M) at 25 °C. 3P NMR spectra of the amidite
were periodically measured at 25 °C and the ratio of the intact amidite was plotted.

WA ) TRERRA RRIZE T D coupling oD activator Zimt4 25 2 &2 HBY & L C REDUCT-PTE
dimer DAL EIT>72, 22 % 3-O-DMTr thymidine & f& % ¢ activator 7#7E F TG SH, 6.7 %
2-butanone peroxide @ toluene &K Z M Z {925 Z & T, 3°,5°-DMTr £%:# dimer 23 =&k L7-, &
DOFEFL. tetrazole & D activator Td 5 ETT <° 5-(benzylthio)-1H-tetrazole (BTT) % W 7234 Tid, &
e S 21T > T HIFBIO RN B SN2 v > 7= D%t L, 4,5-dicyanoimidazole (DCI) % Fv 7=
AT 3h R CRBL O L2 ERE S 41, REDUCT-PTE dimer 23 23U T H417= (Table 7), DCI
I3 tetrazole 2@ activator £V & REEMED & <\ DS EWEHLEL 2 A3 % phosphoramidite % 231 Z#fE
AARETHDL ZENMBENTWD, 9 Phosphoramidite 22 & S EWERERLZ AT DHZ &b, 220
coupling |Zi% activator & L TDClI Z W2 2 EMNRETH D & BER b, LEORREZRE 2, K’

(ZA Y TARIRE R ORET AT > T,

48



Table 7. Screening of the activator for the synthesis of REDUCT-PTE dimer.

(o)
NH
(o] | /&
\fJ\NH DMTrO N "0
(o)
e} 1) Activator, 3'-O-DMTr thymidine I ¢
2) 6.7 % 2-butanone peroxide |
BnQ o—p=0 /"J‘\\H
/,':\ S CH,Cl, o N" ~0
(i-Pr),N" SO S s—g o)
BnO oDMTr
22 23

Entry Activator pKa Time (h) Yield (%)

1 ETT 4.3 45 26
2 BTT 4.1 21 54
3 DClI 5.2 3 80

DNA H &4 5% TH 5 coupling i & L TR a Tl b BUGEIER D& 7> 72 DCI O acetonitrile
R % . oxdation I L LT 0.02 M iodine @ pyridine/water ¥ % . detritylation 3 & LT 3 %
dichloroacetic acid (DCA) @ CHCl, ik &% ZZH W, BRI ALV T 4 A E T
phosphoramidite @ coupling F¢fi]iX 10 min & L CHEA L ZITo 72, bR % 50 mM K,COs ™
MeOH i P C=IRIC T 4 h B9 2 Z LT, AU FREMOBNED D OU Y H L 21TV, k0 HPLC
(ORI 55 70 Al 7 2 (NAP-25, GE Healthcare) (2 CHitE L, 4 U = T 10 mer $1i2 1-3 H AT
EffE 238 AN L7 REDUCT-PTE 4 (ON8-11) & hk L7z, F-[RAED HIEIZ T 3 - Rl a AR
fEZAT>72 ON12-15 B LT > F 2 AEHFHEO 12 o OF IV > 7 = 7 —RiEEE2 A D851 9 T
&% ON16, 17 DERL BT > 72 (Table 8),

INEDORERINERAFR 0T I LA MEIZ L > TR L REDUCT-PTE IS EATRETH 5

LB Ao Tt KIS DOF Y TR AV T, ORI & T - 7,
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Table 8. Sequences and characterization of REDUCT-PTE ONs.

Fluorescence

MALDI-TOF Mass

ON Sequence (5’ t0 3°) @
labeling Calcd. (M-H)" Found
ON8 d(TTTTTTTTTT) None 2978.9 2979.7
ON9 d(TTTTTT TTTpssT) None 3203.3 3204.3
ON10 d(TTTTTT TpssTTpss T) None 3427.6 3428.7
ONLL d (TTT TTpesT TpssTTpss T) None 36520 36529
ON12 d(TTTTTTTTTT) 3’-TAMRA 3602.6 3604.1
ON13 d(TTTTTT TTTyss T) 3’-TAMRA 3826.9 3827.4
ON14 d(TTTTTT TpssTTpss T) 3’-TAMRA 4051.2 4051.6
ON15 d(TTT TTpssT TpssTTpss T) 3’-TAMRA 4275.6 4275.7
ON16 d(AACCGCT pssTpssCCCCGACT pssTpssCC) None 6555.1 6556.0
ON17  d(AACCossGCossTTpssCCossCCosGACTsTCoC)  None 72151 72150

a) Tpss, Cpss: trans-5-benzyloxy-1,2-dithiane-4-yl modified thymidine and cytidine.

5 fi REDUCT-PTE &£ DS $F4l

WIZ AR L 7= REDUCT-PTE £4# (ON8-15) % IV C MR N & ik L 72 5 F C O MG DR
135 HC D2 E MR 6 K OB @ M DR 41T - 72,

F—HORFHIIB T B I72 T 10 mer 1T 1 4 FTEAfiFE 238 A L 72 ON9 % v\ C . REDUCT-PTE

K2 DN e N 72 A L 7238

iR (pH 7.0) 12T 0.1 mM OFEFEEIZ/2 5 L 51 ON9 % s . FMIEE 10 mM & 725 X 512 GSH

Wiz Nz, 37 °CIZ TR ZITV, S OHETT%Z HPLC |2 CHERR L 7= (Figure 29),
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ZDOFRERTENZIZBVTONIDE—7 1T 1T L A EHA L TR Y REAA Y 4R CH % thymidine
10 mer (To) 23, IFFH—OE—7 L L THERINZ, ZOENS, K REDUCT-PTE ) Ml N

AR L TE TR T, R ) IR~ B SN D Z LRGN E o T,

0h
75h
A A
0 5 10 15 20
(min)

Figure 29. RP-HPLC chromatograms of the conversion of ON9 under cytosol-mimetic reductive condition (10
mM glutathione, 50 mM phosphate buffer, pH 7.0, 37 °C).

I REDUCT-PTE D i COLRZEMFHMN A4 1T 5 72, KA Ty (ON8) 3 LV 1 A pnicf&fii %
Jite L 7= ON9 OIEHRIZIALIREEN 10% (VIv) £ 725 L 9IZFBS M, 37°C I TR E T T2, —iE
RFfR & & DGR Z HPLC IZ Tt L, DA Y S OKR T2 ©— 7 mfEN bR, 4V
TRERE D 10 % (VIV) FBS H T2 e M & 34t L 7= (Figure 30),

ZOFEF, KIRAD ON 8 (X 4 hFEEET 80 % LU EA/ME L TE Y, 023 90 min K TH
72, —75 T 10 mer D Kbl — I FHEMiZ i L7z ON 9 1L 8 h#ZITHBWTH 20 % LLT L
WAL TELT, A28 1400 min LIERE LT\, 2O Z &b, MR COREEN DT IH—D

OBz it 47210 Th, I5EU ER ET 5 Z &R LML RTZ,
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Figure 30. Comparison of nuclease resistance of REDUCT PTE ON (ON9: ) and natural ON Tio (ONS: A).
ONs were incubated in 10 % FBS and the reactions were analyzed by RP-HPLC.

WA oA A Y TEER ON12-15 % I\ C REDUCT-PTE £%F O Ml a2 B3~ 2 Mt 24T
STy FTUAT 2 arREEEER 5 UM O P-HOEEREA U TR ON12-15 % & dehsih
(DMEM) HC, A549 ffiffs 37°C IZT4hE5ET 52 & C, AV TEBOMBNEAZIT> T2, 4V
TRERRE A ORI Z PBS (2 CHE4 . CLSM IZ T, MmN EE 28152 L 7= (Figure 31),

T10 mer H1Z 1 AT DA% &AL 72 ON13 36 X VR ON12 (128 Tld CLSM 2B\ T, 1F &
A EE R T & A2y 7= (Figure 31A and B), — 75T 2 BT EoERiZ i L7- ON14 F L
ON15 ([ZBWTITHmWHOEN MRS SN2 2 &b 2415 O REDUCT-PTE R A A 7= Al a2 it
ZHLTWAHZENHG) L7257 (Figure 31C and D), Z#U 5 O 05 AV TRERR DR VEME ) 1Y
KT % Z & Tl gt m B35 2 &R S L, Hor RIEEmEE 2 T 54 27201213, 9 o
U VBRI R A BB L TR L b 2L EOPTE BiZ B AT H2LENRHH Z ENBEX O
72

LU ED#ER7 5 REDUCT-PTE B4R 2MEAL 72 iiE o C 22 ENE &l it 24 L | Al & e iR
BB W TR~ B SN D Z &b, BNT TR AEERZ AT 52 LM ST

7=, IZE AL L7~ REDUCT-PTE K2 W CT7 v F & o ATEMICEET 2 a2 1T -7,
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Figure 31. CLSM analysis of A549 cells incubated with 3°-TAMRA labeled ONs 12-15 at the concentration of
5 UM in serum-free DMEM for 4 hours at 37 °C. (A) ON12 (unmodified T10), (B) ON13 (one modification),
(C) ON14 (two modifications), and (D) ON15 (three modifications).

o VY7 27— T v A 22 REDUCT-PTE EFED T v F & v ATEME

B4\ REDUCT-PTE ey 7 v Fk v ATEMZ AT 20Ol 21T > 72, 1 pM OHIL S 7 =T —
VIEME %235 19 mer OFESIH5 72 5 PDE £ phosphorothioate (PS) 35 & OF 19 mer 251112 4 1
{&fifi % fi L7~ REDUCT-PTE #4#: (ON 16) %, /o7 = 7 —VBBETELERIL LIt hHERMR A
HIMY (A549-Luc) 12 CEM iE&E W TEA Lz, T2 h Es % oMt oL s 7 = 5 —P IR 2
FRHCEVPE L Py 7 = 7 —BIEED RN T v & LS Z AT % control AU TR %238 A U 72
DN 7 =7 —BREAELZ 100 %E LT, 4 IRBEANZRDONL YT =T —BRBEEOHEX LR EZ

B RBIHRh R & UCEEMi L7= (Figure 32A),
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Figure 32. Anti-luciferase activities of phosphodiester AON (PDE AON), phosphorothioate AON (PS AON)
and REDUCT PTE AON at the concentration of 1 uM AONSs for 72 h (A and B) and 96 h (C) incubation (n = 3).
(A) AONs were transfected with CEM method, (B) and (C) without any transfecting regents. Control; 5’-TGC
TCA ACA GTATGA-3’, AONs; 5°-AAC CGC TTC CCC GAC TTC C-3°. All the phosphates are modified in
PS AON. Modified sites of REDUCT-PTE AONSs were shown in Table 8.

CEMIEIZLD N T AT =7 v a VEIT-THE TIERAREL O PDE B CTIEmiliL 10 % KT
HoT=DITKR LT, PSEERETIX 70 % FRE OISR /-, —J7 REDUCT-PTE £ (ON 16) T
IEAMHIZh DY 20 % FREE SRV H O R PDE EEELL_EOIIFIIRZ /R LTV D Z LNy inoTz

(Figure 32A),
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WIZhTZ o A7z var@EZAVTICERENOF ) IEEZ & 0E#MT (DMEM) T
A549-Luc M 2 LER L, 72 h DLy 7 = 7 —BRE B4 M L7- (Figure 32B), * OfEH PDE 55
L O PS B DMfiZRIT 5% FRETH Y PSEMROT T o AEENRITIKT LI Z &v6 ., PS
DN ~NSEAIILTWRNWZ ERBL b, —F, MlEEZEEEZGT2EEZ2 061D
REDUCT-PTE #4/# (ON 16) O#i|Zh=e ¢ 10 % FRE LK< | Mlabag i 24 & 720 PDE 38 L OVPS
Bl & B LU CHE 2 7 o F e AR O RITHER SN2 o Te, 84V IRBROREZ 10
UM (2 E T RIFFEEROBRF 21T o 7223, RIRRORE R O AV IR IR 2T S R o 72 (data
not shown), %447, MIEEEERIEDORFI LD 9D U U ERELICH LT 2 AHTLL Lo PTE #i% # A4
LUMENRDDEEZ LN O 18D Y VR A AT D 19 mer A U TRERIZ ISV TIE 4 I T D Ef
ZHTDHONIL ZiRil L. — o7 v F v AEEOR ERRIAD R -T2 L 36 19 mer
AV TRERE T~ OB R T APTICHEC L2 ON 17 285721/ L, ZOiEME% ON 16 & L7z
(Figure 32C), L22L 72236, H54&8Kf[E] %A 96 h & THER LEEMIBMA RSB 5E6TH, B oGk
ZEITMER ST MRS RIC X D Mg D BIZE S IEEORIZA b ho Tz,

BB E TORER DS REDUCT-PTE #HE23 W MILTE T C O ENER L O W lla S rE 24 L,
AR PN 2 A5l U 758 e BRERIC W TR Y IR~ LB SN D Z LR CTE T2y, +7 7
TR VATEWIIR S o Te, TORKO—2E LT, R TOMBENEICERE FIZB1T 5 KR
) TR~ DIEHOREE 35D TV Z & N 2 B AT, 5 i T GSH % Vo B SOG DTS
BONTH, 1 VFNMEMIIEZ TN U256 TRIMEASO LSS D73 30 h &L ARed TEWZ L 73
R S AL TWN D, —RICIERA R MBS DSEEHAIZHE < SIRNA L LT, 7 o5& v AT
MRNA ([ZEZEEHT 2 Z &L TIEEEZRT I LT v F R AZEEA S D mRNA & OBFIE D 5D
THHETHY ., TOHEKRMFEELRY, F72 PTE BEIXY UIEEEMIZ LY mRNA & OFFIHEDME
TT2ZEbHMBNTNDZ b, ¥ A REDUCT-PTE B0 U VU EEERER A #7247 L TRV |
MRNA & OFFIEMET L, +0RiEE RS Rholc 2 ERB L b, BUEZDORREAZH e

THZEEHME LT, KRB LHC)ITEH S D H7-72 REDUCT-PTE il Ok 217> T 5,
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T BTV T REDUCT OEER & FIH L7 8kl U o BRMERTEZ IR DBRFE 2 B L, £ DAk
EORENLE J OB % 1T > 72,

INETIZT e Ry 7RO U EiERE & LT phosphotriester (PTE) #§iE4 H 3 54 Y I
BREGRINTEL, ZnoD7 e K7 v 7RI PTE RRIIFR AR T I 44 MEZEZ D WL 200H
B & D6 OO I ORFENSARE 7 thymidine 4V I~ —Z AW atnsiz & A L ¢, R
AFEOHEIEAF T 54 Y I PTE O GBI E A Ele\, F 72 PTE B2 Ia g i 1 3
KO R M B9 2 Z EDNH B TS OO, WEORE CITHS] PTE 24 W T
T THY, AV 2 PTE B OME 2 35/ FHM L 72611372 2o 72,

Z I TEHITHE -FEICBWTA Y F PTE OB RIEDHENL &L £ OWEFHN 21T o 7o, AEIZLD
i R B PTE M | IAL IR L DN 72 AR S F (50 mM KoCOzin MeOH, 1t, 4h) TLETH Y . A
S CHRGE FTRE AR RGE R A RIE L O RGEIL & U T2 2 & TA Y I PTERERIZ 3B R AT
BThDIENHLMNERoT, £7oA4Y I PTE KO KEMZ M LS D T2OIERNRY 7 I
ThHDHANI U EfEE ST Y APTERME — A~V v a Yo — MIMEN Mg 4
AL, E6ZxoMiEZEEDR 1% PDE #iE % PTE ME~LLHF 45 2 & THEICH ETDHZ
xR U,

WICEFITE _BICBWTERIRY AL T 4 G2 8B ZH A L7 REDUCT-PTE Bl DR
FHEAREIT T, H—RICTPTEMENLE TH D Z LN &R oTefE e iR SE 2 A
T. REDUCT-PTE B4R A4 B Ak L. A5 73l PN A A5l U 72 B Se SR HIC B W TRV A Y SRR~ L
EHIN5Z & ERZMET COREER LOMBEEREZ G925 2 EARLNE Ro Tz, R
BN, ByTOT T AEEOZE L E TGRS e o 72, Gon7ofR e E x Tl

1E. #7-72 REDUCT-PTE EEEDBHFE 217> T\ 5,
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o o

ARIOHFEST, EHIIEREE~DICH 2R LT, Mg OETERTEIZ W\ TRV~ & 4
Brxhbd7a N7y 7R (Reducing-Environment-Dependent Uncatalyzed Chemical Transforming

(REDUCT)-E41%) DBRFEZAT -7,

BB TIERNAR O 7 v N7 v VR CTh % 2°-0O-methyldithiomethyl (MDTM)-RNA %%
HOFTET DHFFEE THMEA PR Sz 2-0-TMBTM-RNA ZHiBR(EA & L T4 U SRR A R 1S A
B 2KV ERL, 2O siRNATEVEICBE L TR 21T o 72, & OfRA D F0MEN 7o BAR T-F8 BLM )
R ZAT L, 72 siRNA FOWNTNOEFTIEM 25 L THIFHEOIER TR A LNRNWZ ENRF S E
ol ZOWEITIERNOENINDIET v RT v 7RO 2B TIER 6 N2 o To g T
H Y. SIRNA EZEDBAFIZIN T, FROMEmTER LR EATIC 2-0-MDTM EEZEA$ 52 LT
SIRNA JEME A HERF L7278 O B2 0 IR SR E 2 181532 2 L N ATRE L 72 D,

BRI OILRE HEE L T4 Y IEERE REAE] (XY uridine LS 2°A2IZ MDTM {Efifi
A LT RNA 3 F DA AEZ ESL Uz, BUE, WRBRIAEAR 71263 % 2°-0-MDTM-siRNA Dk

MOEGHZET> TR, ABREEEERZR EAZFML TS Z & ZFE LTV 5D,

IR WTIET T o AROMBREE~DISH 2 Bis L7 1 K7 » 77 phosphotriester (PTE)
B DG HE L OBRETHE 21T > 7, AWMFIEIC LV R LEEBIR AL T ¢ REEG 2R T 5 ERei%
B L7- REDUCT-PTE 13, AV Il & IG5 L CTEE L 22 272 I T COLEMS
F OGS E2 AT 2 Z BN L RoTe, BERB D, +0RT T ATEEO M I3
RINBZPSTbOO, 5t ARICE VGNP O+072 7 v F & AEEEET 55

REDUCT R DBR# #1795 TETH 5,
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Effective gene silencing activity of prodrug-type 2’-O-methyldithiomethyl siRNA compared with
non-prodrug-type 2’-O-methyl siRNA.
J. Hayashi, M. Nishigaki, Y. Ochi, S. Wada, F. Wada, O. Nakagawa, S. Obika, M. Harada-Shiba and H. Urata,

Bioorg. Med. Chem. Lett. 2018, 28, 2171-2174.

2. il W OFEONEK

Syntheses of prodrug-type 2'-O-methyldithiomethyl oligonucleotides modified at natural four nucleoside
residues and their conversions into natural 2'-hydroxy oligonucleotides under reducing condition.

J. Hayashi, Y. Ochi, Y. Morita, K. Soubou, Y. Ohtomo, M. Nishigaki, Y. Tochiyama, O. Nakagawa, S. Wada and
H. Urata, Bioorg. Med. Chem., 2018, 26, 5838-5844.
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3. FH EH FH-EOAR

Synthesis of novel cationic spermine-conjugated phosphotriester oligonucleotide for improvement of cell
membrane permeability.

J. Hayashi, T. Hamada, I. Sasaki, O. Nakagawa, S. Wada and H. Urata, Bioorg. Med. Chem. Lett. 2015, 25,
3610-3615.

Jofs —

4. FH FH OEONR

Syntheses of prodrug-type phosphotriester oligonucleotides responsive to intracellular reducing environment for
improvement of cell membrane permeability and nuclease resistance.

J. Hayashi, Y. Samezawa, Y. Ochi, S. Wada and H. Urata, Bioorg. Med. Chem. Lett. 2017, 27, 3135-3138.
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AIFFEDBATIE N SERIC 72 b | EEHEEA 1B £ Lo KBCER RS HE B Zdzic st
HLET,

ARIFFEICEE L, SAREFEEIE T S F LA RBCRRIRY: fime— WEEs L oh)is BT
EURPIRFRFBIE TR FHTRRAT) (2R < BHE L £,

NMR HIE L TV & & LI RBCER RS il MR, MS A7 L2 JIE L TWere
T F Lo BRREREA SRATI RGNS L £,

CEMIEIZL D M T AT =27 2 a B L TIHRE, ZHEWEEE £ L ENERRIIIEE
2 —JRRERH T RS X OFEMA LI L £,

BRI, AWFFEICHBI . ZTBIE TS WE L B L7 & ONTHERE Sy FRIEY b A gEE

BRSO K VLR L BT ET,
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KRR

HERRMSOSE, TNT AL T KIS T D IA T A7 HEREL X2 T —2—T 2 4A
1/6 THEESETRliait a2 Ui, 7 I 44 MRS L7z ) B bAL. EE7 114
ot M E T ¥ @ 2-cyanoethyl-N,N,N',N'-tetraisopropylphosphordiamidite & 7= % 2-cyanoethyl
-N,N-diisopropylchlorophosphoramidite Z {5/ L7, g~ m~ k277 7 ¢ —I%, Merck silica gel 60 Fass
AL, WL~ 777 0—HYVATNME, BT 0 L AFOGHEE T2 Wakosil C-200
(64-210 um), & 5\ E, Wakogel C-400HG (20-40 um) Z{EH L7z, NMR A7 kL, Agilent NMR
System 600-DD2 (600 MHz), Varian UNITY INOVA-500 (500 MHz), Agilent 400-MR (400 MHz), Varian
Mercury-300 (300 MHz), Varian Gemini-200 (200 MHz) O W77 % v, I @R BEIC  Merck
chloroform-di, Merck DMSO-dg, ISOTEC methanol-ds, Sigma Ardrich acetonitrile-d; i f§ L. 'H-NMR
AT MVRIETIXT b7 AF 2T 2 NEERE (0 ppm), 3PP-NMR A7 LTl 85% U R
ZANVERIERE (0 ppm) & L. 7 I A7 ML § (ppm) fECRLTZ, VY7 FTIVDEZEMROERIT s =
singlet, d = doublet, t = triplet, q = quartet, dd = double doublet, sep = septet, m = multiplet, br = broad % H >
770 MS A7 FoLiE, HARE 48 JOEL IMS-700 Z it L. & JF 7@ (FAB) JEIC X v HIE L,
FAB 0~ FU v 7 AZiE m-= b7 /ba—/L (NBA) £/ bV X /) —L7 I
(TEOA) %=, AV TG ORIRIT GLEN RESEARCH 8¢, L < |% Chemgenes DO LI T
DOFRF A H =, Coupling £ activator 213 0.25 M 5-ethylthio-1H-tetrazole (ETT)/acetonitrile ¥&i & L
< 1% 0.25 M 4,5-dicyanoimidazole (DCl)/acetonitrile ¥ & 7= 1% 0.45 M 1H-tetrazole/acetonitrile 5% % |
capping A A3 (21 Ac,O/THF/pyridine %% . capping B 54321213 10 % methylimidazole/ THF/pyridine 1% ..
detritylation ¥ (21X 3 % dichloroacetic acid (DCA)/CH.Cl, &% . oxidation X ¥ 21X 0.02 M
iodine/THF/pyridine/water, FE{E£fi RNA phosphoramidite (% 2°-O-TBDMS & cyanoethoxy AB?, GA¢, CBz, U
Z . FEERG DNA phosphoramidite 1% dABZz dGI™ dCBz dT Z V>, 7 I & A MEOAEMANTIZEEK

acetonitrile i L7z, 4V X7 LAF FOEEIEL, Applied Biosystems f1:%¢ Model 392 DNA/RNA
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synthesizer (Z X V4T o7z, MRS v~ b7 7 ¢ —i%, BEEYEFT LC-20A, LC-10, LC-6A D
NnZEHH L AT 7 5T 5 Waters  uBondasphere 5C18 ¢ 3.9x250 mm & 7= 1 Nacalai COSMOSIL
5C18-MS-Il ¢ 4.6x250 mm T/3#7. Nacalai COSMOSIL 5C18-MS-1l ¢ 10.0x250 mm TorHUER L7, K
SR A T ERE DI X Waters Sep-Pak Plus (C18). % 72 1% GE Healthcare NAP-25 (gel-filtration column)
%z 7=, MALDI-TOF MS 1%, Perkin-Elmer Applied Biosystem #1:# Voyager-DE STR & L < 1% Bruker
1% microflex 2 UV A X7 F L id & AR AEFT BioSpec-mini & L < |& Eppendorf #i: i
BioSpectrometer basic THIE L7z, F7-BERMMEFMEICIZ FBS & LT Biosera 144 FBS (Dominican

Republic Origin) % Hv 7z,

A SEBR

t MR AB49 [IHIAE R FIMEE PR 6 05 LWl & v T = T —BLEFREL
AB49 HifL (A549-Luc) [FAMSTATENE N ESRILEIFFEAT JCRB Ml N 7 IZTHEA L=, ZHLEHL Dl
feld 10 % (viv) FBS/ DMEM % V>, 37 °C,5% CO, 5o F T 21T o 72, S L —Y—AF v
PAMEEREIZIL Carl Zeiss #E8E LSM510 £ 7213 LSM700 # FivN iz, ~A 7 n 7 L— kU —& —(ZI35 K5
HriZiZ Berthold technologies f1:4d Tristar LB941 %, Wt EEHIE 11X BIO-RAD Model 680 % v 7z, #
/X7 FEIZIE Thermo scientific #1:% BCA protein assay kit &, L < & micro BCA protein assay kit z >
oo V727 —ET vEABIEITIL Promega 115 Luciferase assay kit 2 H\V >, & DOFEE DM fiEs

HIZ1T Repoter lysis buffer % FH\WHIE 21T - 72,
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BB —EOER

Preparations of sSiRNAs

—ZREH D antisense, sense RNA (50 uM) % #1241 30 uL ¥ & UF 5xannealing buffer (500 mM potassium
acetate, 150 mM HEPES-KOH pH 7.4, 10 mM magnesium acetate) 15 uL # {84 L (2& 75 uL), 90 °C (2T
1 min JiZE%, 37 °C 12T 60 min FFE L7z (A&REE 20 pM siRNA), F8 L7z siRNA 137 1 /L &2 —

(Millex-GV, 0.22 pm, Millipore) % VT, Ai@EIEE#% 10 -15 pL 24371 L-80 °C (& THRAF L 72,

Preparations of the medium used in the CEM method

FBS10mL & DMEM 189 mL #{E&7%%. 1800 mM DIEFE (ZFHEL L 7= CaCl i®iE 1 mL Z Nz 7~ (B

HIREE 9 mM CaCl, in 10 % FBS/DMEM),

Procedure for Luciferase assay

N7 =7 —BREL A549 (A549-Luc) il 8.0x10% cells/mL ARk 2 96 well ffuLi#~ 1L — MiZ
100 pL 9" >0+ 1 Biks2E L 7= (8000 cells/well), Lipofection 32 X % siRNA O #lfiiE AT lipofectamine
2000 (Thermo fisher) % M\, #E#ED 7' 1 b 2 /WIZHEVWT > 72 (10 nM siRNAs/ 3 g lipofectamine 2000),
CEM J£1Z & 2% SiRNA Ol AT O#L 4 CEM BiHiZ T 3 [H1Pei 1% . CEM B2 T 10 nM
DOPEFE B L 7= siRNAs 1A % 100 uL T2 T CO A > F 2 _—H —N|Z T 37 °C THEE AT 72,
24 h B384 O#MIE % PBS |2 C 3 [mI¥eit4 . 7% - 7= PBS % B4 & . Promega 115 Reporter lysis buffer % 1well
H72V 50 pL ol A, XS HEHRE, -80 °C TBRmERAF L7, 155z Mg fifiE 2= 0k S ul
X2 % 96 well BT~ A 7 v~ L — MMZd+H, Berthold technologies #1:#! Tristar LB 941 % FHu T
WIS EAT o T2, FONTRATREN O BALY 37 BN 720 OFREZ RO, MaNTDOL v
72T —BREREL LA, ULy 7 =T —BiEEE A S0 ar b e —/ L siRNA ZE A L7125
BOMIENL YT =T —ERBEL 100 %& LT, BIinFsIREZFHM Lz, ZO#EL 17

T2V 3ELLEATV, P L TUNSD 23k 7 7 7 L,
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Target MRNA sequence; 5’-CUU ACG CUG AGU ACU UCG-3’ (luciferase pGL3)
Control siRNA sequence; 5’-GAC GUA AAC GGC CAC AAG UdTdT-3’, 5’-ACU UGU GGC CGU UUA

CGU CdTdT-3’

Luminescence conditions

FE oM IZPromegatt B Luciferase assay system % JW\NTIT o7z, MAEHZEEEHAON Y 7 =T —ET
v A HEEIIVY 7 2T —8T vl A EEKR (10 mL) Zh1x . Ziu% Berthold technologiestt: il
Tristar LB 941123575 L, 3o &24T o 7=, (RIE: 25 pl/sample, delay: 2 sec, J&GHL Y IA IR 10

sec),

Quantification of intracellular proteins

A 96well ~ A 7 1 7' L— hZ 80 uL 92 PBS &I %, & AIRIAREIL 10 uL % 3 well/H > 7" /L3>
Nz 7=, Micro BCA assy kit (Thermo scientific) ¢ BCA % 90 uL/well iz, ~A4 7 a7 1L — k% 37°C
T2hiE#%, FRIZELThrb~Y A7 r 7 L— Y —&—"T560 nm (T3 W2 HIE Lz, Hl

BEEE S X7 B e O TRERR Z AER L. MR oo 2 o "7 e R T,

Assay for time-course of siRNA activity

KR OIS —E & 72 A X 91T, 24 h TiZ 8000/well, 48 h Tik 4000/ well, 72 h TiZ
2000/well, 96 h Ti% 1000/well, 120 h Ti% 1000/well, 144 h Ti% 500/well & U CHEf A2 #6FE L. CEM i
LD RT AT 27 v a k) —EREEEZOMIBAL Y 7 = 7 —ER8 &% EFLo FIEICT

HIE L7,
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Assay for nuclease resistance of sSiRNA

7 =—1 7% siRNA A# (10 uM) 10 pL & milliQ 80 uL 2R A L. FBS 10 uL 2z 7=#%. 37 °C
TG EAT -T2 (iR 1 uM siRNA, 10 % FBS), — &R Z & 12 SHE 10 ub ZH Y | loading dye
(50 % (v/v) glycerol, 0.02 % (w/v) bromophenol blue, 1 % (w/v) sodium dodecyl sulfate) 2 uL % iz, fii#fiz
D% <IZ-30 °C I THREIRAT LTze 15 DY o T VB A 251 PAGE ([ Totr L. ikEE D 5
V%1 ugimk O=F Ty AT r~vA K (EtBr) KEHKIZ 30 min 21T siRNA Z Jetath . #HiAKiZT 30
min 21} 7L & et . Amersham Imager 600 (GE healthcare) (2 CHOEDIRE 21T 72 (B Y 3A HHE ]
1sec), £7- CEM Es i COLEMIZT =— VU > 7% D siRNATEHK (10 uM) 10 uL & CEM £ 90 pL

ZiRE L. ARG KO 217 - 72,

IR O KR

Synthesis of N-protected-3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-nucleosides (5a—d)

N-protected nucleoside (4a—d) % dry pyridine |ZC 3 [RI3L9 L 7-% . dry pyridine |Z TR S K& T
TIPDS-Cly 2/ 2 724, SIRIZ T 0.5-3 h )t S 72, RINRICEIFNEE K &2 N2 hfntk., Heig—F v
(ZTHIH U, ARE 2K, &k T L7z, B oo AiE 2 K S Tl S fie Sl
%, WIEAZBERE LTI, JBOoNTBEEZ S VDTN AT L7 u< N7 7 0 —|ZCTRHRL, Bilis

BERE 2 L ba—d 2157,

N®-Benzoyl-3' 5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)adenosine (5a)

Bk R, =R 85 %; 'H NMR (600 MHz, CDCls) &: 9.08 (1H, br s), 8.76 (1H, s), 8.16 (1H, s), 8.03 (2H, d,
J = 7.7 Hz), 7.63-7.60 (1H, m), 7.54-7.52 (2H, m), 6.05 (1H, s), 5.14-5.12 (1H, m), 4.63 (1H, d, J = 5.6 Hz),
4.16-4.05 (3H, m), 3.22 (1H, br s), 1.15-1.08 (28H, m). HRMS (FAB): m/z calculated for C2sH4sN5O6Siy

614.2829 [M+H]"*, found 614.2833.
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N2- Isobutyryl -3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)guanosine (5b)

H R, =R 82 %; 'H NMR (300 MHz, CDCls) &: 12.17 (1H, s), 8.57 (1H, br s), 7.90 (1H, s), 5.89 (1H,
s), 4.59-4.55 (1H, m), 4.30-4.03 (3H, m), 3.16 (1H, br s), 2.68-2.59 (1H, m), 1.28 (6H, d, J = 6.6 Hz), 1.09-1.02

(28H, m). MS (FAB): m/z calculated for C2sH4sN507Si2 596.2935 [M+H]*, found 596.

N*-Benzoyl-3' 5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)cytidine (5c)

HEA, X 63 %; 'H NMR (600 MHz, CDCls) 8: 8.74 (1H, br s), 8.24 (1H, d, J = 6.6 Hz), 7.90 (2H, d,
J=6.6 Hz), 7.6 (1H, t, J = 7.8 Hz), 7.52 (2H, t, J = 7.8 Hz), 5.86 (1H, s), 4.33 (1H, dd, J = 9.0, 4.8 Hz), 4.29
(1H, d, J = 13.8 Hz), 4.26 (1H, d, J = 4.2 Hz), 4.23-4.21 (1H, m), 4.03 (1H, dd, J = 13.2, 2.4 Hz), 2.95 (1H, brs),

1.12-0.99 (28H, m). HRMS (FAB): m/z calculated for C2sH44N307Si» 590.2717 [M+H]*, found 590.2723.

3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyluridine (5d)

B, I 87 %; 'H NMR (300 MHz, CDCls) &: 8.24 (1H, br s), 7.65 (1H, d, J = 8.1 Hz), 5.73 (1H, s),
5.68 (1H, dd, J = 8.1, 3.2 Hz), 4.40 (1H, dd, J = 8.4, 4.8 Hz), 4.22-4.17 (2H, m), 4.11-3.98 (2H, m), 2.95 (1H, br

s), 1.09-1.00 (28H, m). HRMS (FAB): m/z calculated for C,1H39N207Si» 487.2295 [M+H]*, found 487.2295.

Synthesis of N-protected-3',5'-O-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2’-O-[(methylthio)methyl]

nucleosides (6a—d)

N-protected-3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-nucleosides (5a-d) (Z DMSO (45 eq),
Fefe (52eq) 35 KUY MEKEE (24 eq) ZMAHEIRIC T 18-24h SUS STz, SUGIR & fafn B # K I E
HICIA g, BT STt L. AR 2K, BBk Clleif Lz, G o7 Aik)E 4
KE TR S, Ml A%, WIAZRIERE L., JBon B2 VTN AT u~x N7

774 —ITTFRL, WA BER % L 6a-d 21572,
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N®-Benzoyl-3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2 ~O-[(methylthio)methyl]adenosine (6a)

B R, =R 73%; 1H NMR (600 MHz, CDCls) 8: 9.12 (1H, brs), 8.78 (1H, s), 8.34 (1H, s), 8.04 (2H, d,
J=7.7 Hz), 7.63-7.60 (1H, m), 7.55-7.52 (2H, m), 6.12 (1H, s), 5.07 (1H, d, J = 11.5 Hz), 5.01 (1H, d, J = 11.7
Hz), 4.73-4.68 (2H, m), 4.26 (1H, br. d, J = 13.2 Hz), 4.20-4.18 (1H, m), 4.04 (1H, dd, J = 13.4, 2.4 Hz), 2.21
(3H, s), 1.18-1.02 (28H, m). 3C NMR (151 MHz, CDCl): 164.6, 152.5, 150.8, 149.4, 140.9, 133.6, 132.8,
128.9, 127.9, 123.3, 88.7, 81.9, 77.6, 74.8, 68.9, 59.6, 17.44, 17.38, 17.33, 17.29, 17.1, 17.03, 17.01, 16.9, 13.45,

13.42,12.9,12.8, 12.6. HRMS (FAB): m/z calculated for C31HsNs0¢SSi» 674.2863 [M+H]*, found 674.2868.

N2-1sobutyryl-3' 5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2 -O-[(methylthio)methyl]guanosine (6b)

AR, I 78%; 'H NMR (600 MHz, CDCls) §: 12.0 (1H, s), 8.51 (1H, s), 8.00 (1H, s), 5.86 (1H, s),
5.02 (1H, d, J = 11.4 Hz), 4.96 (1H, d, J = 11.4 Hz), 4.50-4.47 (2H, m), 4.24 (1H, br d, J = 3.2 Hz), 4.15-4.13
(1H, m), 4.01 (1H, dd, J = 14.4, 2.5 Hz), 2.67 (1H, sep, J = 6.9 Hz), 2.17 (3H, s), 1.29-1.24 (6H, m), 1.14-0.97
(28H, m). 13C NMR (151 MHz, CDCls) &: 178.2, 155.5, 147.4, 146.9, 136.3, 121.9, 87.6, 81.9, 77.8, 74.3, 68.4,
59.6, 36.5, 19.0, 18.9, 17.4, 17.28, 17.23, 17.1, 16.99, 16.97, 16.84, 16.76, 16.71, 13.45, 13.43, 12.9, 12.5.

HRMS (FAB): m/z calculated for C2sHs0N507SSi2 656.2969 [M+H]*, found 656.29609.

N*-Benzoyl-3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2 ~O-[(methylthio)methyl] cytidine (6c)

Bk R, IR 80%; 'H NMR (600 MHz, CDCls) §: 8.80 (1H, brs), 8.37 (1H, br d, J = 7.1 Hz), 7.90 (1H,
brs), 7.63-7.51 (4H, m), 5.85 (1H, s), 5.14 (1H. d, J = 11.4 Hz), 5.01 (1H, d, J = 11.4 Hz), 4.40 (1H, brs), 4.31
(1H, d, J= 13.2 Hz), 4.22 (2H, dd, J = 11.8, 9.9 Hz), 4.01 (1H, d, J = 13.5 Hz), 2.21 (3H, ), 1.13-0.92 (28H, m).
13C NMR (151 MHz, CDCls) &: 167.7, 162.2, 161.6, 144.8, 133.4, 129.1, 127.6, 98.6, 95.8, 89.9, 82.2, 77.6,
74.4,67.5, 66.1, 59.3, 17.5, 17.4, 17.3, 17.00, 16.97, 16.9, 16.8, 13.5, 13.3, 13.1, 12.9, 12.5. HRMS (FAB): m/z

calculated for C3oHasN307SSi» 650.2751 [M+H]*, found 650.2748.

66



3',5'-0-(1,1,3,3-Tetraisopropyldisiloxane-1,3-diyl)-2 -O-[(methylthio)methyl]uridine (6d)

HR, IR 87%; 'H NMR (600 MHz, CDCls) §: 9.02 (1H, s), 7.90 (1H, d, J = 8.2 Hz), 5.73 (1H, s),
5.69 (1H, dd, J = 8.2, 2.0 Hz), 4.99 (1H, d, J = 11.4 Hz), 4.97 (1H, d, J = 11.4 Hz), 4.36 (1H, d, J = 4.7 Hz),
4.28-4.23 (1H, m), 4.22 (1H, d, J = 4.7 Hz), 4.15-4.13 (1H, m), 3.98 (1H, dd, J = 13.5, 2.4 Hz), 2.19 (1H, 9),
1.14-0.94 (28H, m). 3C NMR (151 MHz, CDCl3) &: 163.3, 149.8, 139.3, 101.6. 88.8, 82.0, 77.5, 74.2, 67.8,
59.3, 17.5, 17.4, 17.29, 17.25, 17.24, 17.21, 17.00, 16.97, 16.93, 16.8, 13.4, 13.1, 13.0, 12.8, 12.5. HRMS

(FAB): m/z calculated for C23sH43N207SSi> 547.2329 [M+H]*, found 547.2325.

Syntheses of N-protected-3',5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diy)-2’-0O-(2,4,6-trimethoxy

benzylthiomethylnucleosides (7a—d)

N-protected-3',5'-O-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2’-O-[(methylthio)methyl]adenosine,guanosine
B X Weytidine (6a—c) @ CHyCly ¥HEIZ SO.Cl, D CHLCly ¥A# (1.3 eq, £ 1 mL) Z2K% FiZ<T 1 min
DT R U SOSHK Z S|IRICRE L7, 30 min fi#R L7z, 2,4,6-Trimethoxybenzylmercaptan (2.5 eq) &
N,N-diisopropylethylamine (5.0 eq) @ CHCl, 1A % K5 FIZ T - < W nz, BIRIZE L7=1% 1.5-3.0h
FHR U7, BUSKZ 0.5 M KH2POs KEEHRICEEITIN A Pfnte, HEfe = /Ui CThitd U, AHIE 2K,
IR RHK THeE Lz, 15O A e 2 HK Em TR S, fife Atk W2 BIER £ LT,
BONIIREZ VATV T L rn< 87T 7 4 —ICTRR L, BEEZRIEREEL Ta—c 2572, £

7= uridine FEHE(K 7d IZEEF D HFIEITHEN T Ak L7=,
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N®-Benzoyl-3' 5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2 ~O-(2,4,6-trimethoxybenzylthiomethyl)adenosin

e (7a)

[, I 65% ; *H NMR (600 MHz, CDCls) 8: 9.17 (1H, br s), 8.74 (1H, s), 8.17 (1H, s), 8.04 (2H, d,
J=7.1Hz), 7.63-7.60 (1H, m, 1H), 7.53 (2H, t, J = 7.9 Hz), 6.10 (2H, s), 6.01 (1H, s), 5.21 (1H, d, J = 11.8 Hz),
4.97-4.95 (1H, m), 4.95 (1H, d, J = 11.8 Hz), 4.78 (1H, d, J = 5.0 Hz), 4.19 (1H, dd, J = 13.1, 1.9 Hz), 4.16-4.14
(1H, m), 4.03 (1H, dd, J = 13.2, 2.8 Hz), 3.95 (1H, d, J = 12.7 Hz), 3.81 (1H, d, J = 12.7 Hz), 3.80 (3H, s), 3.77
(6H, s), 1.11-1.05 (28H, m). 3C NMR (151 MHz, CDCls) &: 164.5, 160.3, 158.8, 152.3, 150.9, 149.3, 142.0,
133.6, 132.8, 130.1, 128.9, 127.9, 108.1, 90.6, 89.2, 81.8, 74.7, 69.7, 60.0, 55.8, 55.3, 22.9, 17.5, 17.4, 17.33,
17.30, 17.2,17.1, 17.0, 16.9, 13.4, 13.0, 12.8, 12.7. HRMS (FAB): m/z calculated for CaoHssNsOsSSi, 840.3493

[M+H]"*, found 840.3505.

N2-1sobutyryl-3' 5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2 -O-(2,4,6-trimethoxybenzylthiomethyl)guano

sine (7b)

F R, I 62 %; *H NMR (600 MHz, CDCls) §: 11.9 (1H, s), 8.22 (1H, s), 7.95 (1H,s), 6.11 (2H, s),
5.83 (1H, s), 5.15 (1H, d, J = 11.7 Hz), 5.01 (1H, d, J = 11.5 Hz), 4.59 (1H, d, J = 4.7 Hz), 4.51 (1H, dd, J = 9.4,
4.7 Hz), 4.21 (1H, br d, J = 13.2 Hz), 4.16-4.13 (1H, m), 4.01 (1H, dd, J = 13.2, 2.7 Hz), 3.93 (1H, d, J = 12.3
Hz), 3.87 (1H, d, J = 12.3 Hz), 3.80 (3H, s), 3.78 (6H, s), 2.41 (1H, sep, J = 7.0 Hz), 1.19 (3H, d, J = 7.0 Hz),
1.15 (3H, d, J = 7.0 Hz), 1.12-0.95 (28H, m). 3C NMR (151 MHz, CDCl5) &: 178.0, 160.5, 158.8, 155.4, 147.2,
147.0, 136.3, 121.9, 107.8, 91.0, 88.1, 81.8, 77.9, 74.1, 69.3, 59.7, 56.0, 55.4, 36.5, 22.9, 18.8, 17.4, 17.29,
17.25,17.2, 17.05, 16.99, 16.87, 13.4, 12.94, 12.90, 12.6. HRMS (FAB): m/z calculated for Ca7HsoN5O10SSizNa

844.3418 [M+Na]*, found 844.3422.
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N*-Benzoyl-3' 5'-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2 -O-(2,4,6-trimethoxybenzyl-thiomethylcytidine

(70)

A, IS 58 %; 'H NMR (600 MHz, CDCls) 5: 8.69 (1H, brs), 8.35 (1H, br d, J = 5.0 Hz), 7.89 (2H,
brs), 7.62-7.50 (4H, m), 6.13 (2H,s), 5.90 (1H, s), 5.10 (1H, d, J = 11.5 Hz), 5.06 (1H, d, J = 11.4 Hz), 4.44 (1H,
d, J = 3.6 Hz), 4.32-4.23 (3H, m), 4.04 (1H, d, J = 12.9 Hz), 4.04-4.02 (1H, m), 3.81 (6H, s), 3.80 (3H, s), 3.76
(1H, d, J = 12.9 Hz), 1.14-0.94 (28H, m). 3C NMR (151 MHz, CDCls) &: 166.1, 162.3, 160.1, 158.9, 144.6,
133.1, 129.0, 127.5, 108.9, 95.7, 92.3, 90.7, 90.0, 82.1, 78.1, 73.3, 70.2, 67.8, 59.5, 55.8, 55.3, 30.3, 22.0, 17.5,
17.4,17.33, 17.30, 17.1, 16.99, 16.98, 16.87, 13.5, 13.3, 13.1, 12.9, 12.8, 12.6. HRMS (FAB): m/z calculated for

C39H57N3010SSi2Na 838.3200 [M+Na]*, found 838.3199.

3',5'-0-(1,1,3,3-Tetraisopropyldisiloxane-1,3-diyl)-2 -O-(2,4,6-trimethoxybenzylthiomethyl)-uridine (7d)

B R, IR 65% ; 'H NMR (600 MHz, CDCl3) &: 8.31 (1H, s), 7.85 (1H, d), 6.12 (2H, s), 5.76 (1H,s),
5.66 (1H, d, J = 8.2 Hz), 4.99 (2H, s), 4.44 (1H, d, J = 4.6 Hz), 4.29-4.24 (2H, m), 4.15 (1H, dd, J = 9.7, 1.8 Hz),
3.99 (1H, dd, J = 13.5, 2.4 Hz), 3.95 (1H, d, J = 13.2 Hz), 3.81 (6H, s), 3.80, (3H, ), 3.77 (1H, d, J = 12.9 Hz),
1.11-0.96 (28H, m). 13C NMR (151 MHz, CDCls) &: 163.0, 160.2, 158.9, 149.5, 139.7, 108.4, 101.4, 90.6, 89.2,
82.0, 77.6, 73.3, 68.3, 59.5, 55.8, 55.3, 22.0, 17.5, 17.4, 17.3, 17.2, 17.1, 16.99, 16.95, 16.8, 13.5, 13.0, 12.9,

12.6. HRMS (FAB): m/z calculated for C3gHs7N3010SSizNa 735.2778 [M+Na]*, found 735.2772.
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Syntheses of N-protected-2’-0-(2,4,6-trimethoxybenzylthiomethyl)-5’-O-(4,4’-dimethoxytrityl) nucleo-

sides (9a—d)
N-protected-3°,5’-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2’-O-(2,4,6-trimethoxybenzylthiomethyl)
nucleosides (7a—d) @ THF ¥A{&IZ EtN-3HF (3 eq) 35X Y EtN (3eq) #MMx =R T, 1.5-3.0h L
Too BOSHRIZESFNEE KA M A 72, 7 v o RV AT TH L, A8 2K, fafn 8K THed Lz,
RONTAREE 2 BOK S TR S, Ak, WIKABIERE L, RG2S V5N T M
sma~ 777 0 —ICTRER L, W2 JEE % L 3,5 -hydroxy-N-protected-2°-0-(2,4,6-trimethoxy-
benzylthiomethyl)nucleosides 8a-d % 1% 7=, #fF H 417z 8ad XN T i, VU UV ICEM%E
4,4’-dimethoxytrityl chloride (1.5eq) Z/Nx. =R T 153.0h f{# L7z, SONKREfFIEE KIZNZ -
%, R F VTR U, ARE 2K, SRk Tl Lic, DAIVoAIEE 2 oK i TR S
. sk, WEABIERE LD, REEZ VATV T Ara~ NI T 7 0 —ICTRERL, 8

A BIERE L 9a-d 21572,

N®-Benzoyl-2 -O-(2,4,6-trimethoxybenzylthiomethyl)-5 *-O (4,4 -dimethoxytrityl)adenosine (9a)

B, 7a 2> 5 DU 95%: 1H NMR (600 MHz, CDCls) &: 9.00 (1H, br s), 8.71 (1H, s), 8.18 (1H, s),
8.02 (2H, d, J = 8.2 Hz), 7.63-7.60 (1H, m), 7.55-7.51 (2H, m), 7.44-7.16 (9H, m), 6.84-6.79 (4H, m), 6.21 (1H,
d,J =5.3 Hz), 6.12 (2H, 5), 4.94 (1H, d, J = 12.0 Hz), 4.91 (1H, t, J = 5.2 Hz), 4.73 (1H, d, J = 12.0 Hz), 4.57
(1H, dd, J = 9.1, 4.4 Hz), 4.27 (1H, dd, J = 7.3, 3.8 Hz), 3.85 (2H, d, J = 4.1 Hz), 3.81 (6H, s), 3.80 (3H, s), 3.78
(6H, s), 3.50 (1H, dd, J = 10.6, 3.2 Hz), 3.41 (1H, dd, J = 9.6, 4.1 Hz), 3.02 (1H, d, J = 4.7 Hz). *C NMR (151
MHz, CDCls) §: 160.8, 158.8, 158.6, 152.1, 150.6, 150.2, 147.3, 143.3, 139.4, 133.4, 133.0, 130.1, 129.1, 129.0,
128.2, 127.9, 127.8, 127.6, 127.1, 124.6, 113.2, 106.2, 90.7, 89.6, 88.0, 82.3, 81.4, 75.7, 71.0, 63.3, 55.8, 55.4,

55.2, 24.1. HRMS (FAB): m/z calculated for CagHsoN5O10S 900.3277 [M+H]*, found 900.3282.
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N2-1sobutyryl-2 -0-(2,4,6-trimethoxybenzylthiomethyl)-5 -0 -(4,4 -dimethoxytrityl)quanosine (9b)

HE R, 7b 75 DU 86 %; 'H NMR (600 MHz, CDCl3) &: 11.9 (1H, s), 7.78 (1H, s), 7.56-7.53 (3H, m),
7.41-7.16 (7H, m), 6.84-6.77 (4H, m), 6.11 (2H, s), 5.83 (1H, d, J = 7.1 Hz), 5.20 (1H, dd, J = 7.0, 5.0 Hz), 4.95
(1H, d, J=12.0 Hz), 4.63 (1H, d, J = 12.0 Hz), 4.52-4.50 (1H, m), 4.19 (1H, dd, J = 5.3, 2.9 Hz), 3.86 (1H, d, J
= 12.3 Hz), 3.84 (1H, d, J = 12.4 Hz), 3.80 (3H,s), 3.78 (6H, s), 3.77 (3H, s), 3.76 (3H, s), 3.51 (1H, dd, J = 10.7,
1.9 Hz), 3.12 (1H, dd, J = 10.7, 3.4 Hz), 2.95 (1H, d, J = 2.9 Hz), 1.59 (1H, sep, J = 6.8 Hz), 0.92 (3H,d, J = 6.8
Hz), 0.70 (3H, d, J = 6.7 Hz). 3C NMR (151 MHz, CDCls) &: 178.1, 160.7, 158.8, 158.7, 155.4, 148.1, 147.0,
144.9,139.4, 139.1, 136.1, 135.7, 130.04, 130.02, 129.1, 128.1, 128.0, 127.8, 127.7, 127.1, 127.0, 122.6, 113.24,
113.22, 113.1, 106.6, 90.6, 86.4, 86.2, 84.4, 78.7, 74.9, 69.9, 63.7, 55.8, 55.4, 55.2, 36.0, 23.7, 18.5, 18.5.

HRMS (FAB): m/z calculated for CgHs2N501:S 882.3383 [M+H]*, found 882.3389.

N*-Benzoyl-2 -O-(2,4,6-trimethoxybenzylthiomethyl)-5 -0 (4,4 -dimethoxytrityl)cytidine (9c)

FIa R, 7 72 B OULEE 97 %; *H NMR (600 MHz, CDCls) &: 8.59 (1H, br s), 8.51 (1H, br s), 7.87 (2H, br
s), 7.61 (1H, t, J = 7.6 Hz), 7.52 (2H, t, J = 7.6 Hz), 7.45-7.43 (2H, m), 7.35-7.26 (7H, m), 6.90-6.87 (4H, m),
6.12 (2H, s), 5.97 (1H, s), 5.09-5.02 (2H, m), 4.47-4.43 (1H, m), 4.29 (1H, d, J = 5.3 Hz ), 4.05-4.02 (1H, m),
3.91 (1H, d, J = 12.7 Hz), 3.832 (3H, s), 3.830 (3H, ), 3.82 (6H, ), 3.81 (1H, d, J = 12.9 Hz), 3.79 (3H, ),
3.59-3.54 (2H, m), 2.99 (1H, d, J = 8.8 Hz). 13C NMR (151 MHz, CDCls) 5: 160.6, 160.5, 158.85, 158.82, 158.7,
158.6, 147.3, 144.1, 139.4, 135.7, 135.3, 133.4, 133.2, 130.2, 130.1, 129.1, 128.3, 128.0, 127.84, 127.75, 127.5,
127.2, 127.1, 113.3, 113.2, 106.9, 106.8, 90.7, 89.2, 87.0, 85.6, 83.6, 81.4, 80.2, 80.0, 74.6, 73.8, 68.4, 67.7,
61.4, 61.2, 55.9, 55.38, 55.37, 55.2, 23.5, 22.9. HRMS (FAB): m/z calculated for CssHsoNsO1:S 876.3165

[M+H]"*, found 876.3160.
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2°-0-(2,4,6-Trimethoxybenzylthio-methyl)-5’-O (4,4 -dimethoxytrityuridine (9d)

HEEAR, 7d 725 DI 98 %; 'H NMR (600 MHz, CDCls) 6: 8.24 (1H, brd, J=1.8 Hz), 7.91 (1H,d,J =
8.2 Hz), 7.39-7.38 (2H, m), 7.32-7.23 (7H, m), 6.87-6.82 (4H, m), 6.13 (2H, s), 5.95 (1H, d, J = 3.3 Hz), 5.26
(1H, dd, J = 8.3, 2.4 Hz), 4.98 (1H, d, J = 12.1 Hz), 4.80 (1H, d, J = 12.0 Hz), 4.47 (1H, dd, J = 11.9, 6.3 Hz),
4.37 (1H, dd, J = 5.3, 3.2 Hz), 4.05-4.03 (1H, m), 3.89 (1H, d, J = 12.6 Hz), 3.83 (1H, d, J = 12.6 Hz), 3.809
(6H, s), 3.801 (3H, s), 3.798 (6H, ), 3.50 (2H, d, J = 2.4 Hz), 2.95 (1H, d, J = 6.8 Hz). 3C NMR (75.5 MHz,
CDCI3) &: 163.3, 160.5, 158.8, 158.6, 150.1, 144.3, 140.1, 135.3, 135.0, 130.2, 130.1, 128.1, 128.0, 127.1,
113.2, 106.7, 102.0, 90.6, 87.2, 87.0, 83.7, 79.6, 73.8, 68.8, 61.9, 55.8, 55.3, 55.2, 23.0. HRMS (FAB): m/z

calculated for C41H44N2011S 772.2665 [M]*, found 772.2670.

Syntheses of N-protected-2°-O-(2,4,6-trimethoxybenzylthiomethyl)-3’-O-[(2-cyanoethyl)-(N,N- diisopropyl

amino)phosphoramidyl]-5’-0O—(4.4’-dimethoxytrityl)nucleosides (10a—d)

N-protected-2’-0-(2,4,6-trimethoxybenzylthiomethyl)-5’-O—(4,4’-dimethoxytrityl)nucleosides (9a-d) @
CH.Cl, %= 2-cyanoethyl-N,N-diisopropylchlorophosphoramidite (1.5 eq), N,N-diisopropylethylamine (2.0
eq), 3L 4-dimethylaminopyridine (0.5 eq) Z 1z K& FTHMA, KIGHK ZFEIRIZRE L7, 1.5-3.0h
FEe U7, ROSRZ fafnEEKITNZ 72, BFg—F UIC T L, AR 42K, fafniiiK Creld
L7z, b oAHEZEKEM TR S, Mk sk, WA ERE Lz, REL ) V7L

HILTua~ T T7 40— THRRL, WIEA2REZZEL 10a-d 257,

NS8-Benzoyl-2-0-(2,4,6-trimethoxybenzylthio-methyl)- 3 -O-[(2-cyanoethyl)-(N,N-diisopropylamino)phosphora

midyl]-5’-O-(4,4 -dimethoxytrityl)adenosine (10a)

HEf R, IR 79%,; 3'P NMR (243 MHz, CDCls) &: 151.4, 150.7. HRMS (FAB): m/z calculated for

CsgHs7N7011PS 1100.4356 [M+H]+, found 1100.4360.
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N2-1sobutyryl-2 -0-(2,4,6-trimethoxybenzylthio-methyl)-3 ~O-[ (2-cyanoethyl)-(N,N-diisopropylamino)phosphor

amidyl]-5’-O-(4,4 ’-dimethoxytrityl)guanosine (10b)

HER R, I 79%,; 3P NMR (243 MHz, CDCls) &: 150.8, 150.4. HRMS (FAB): m/z calculated for

Cs5HegN7012PS 1082.4461 [M+H]*, found 1082.4459.

N*-Benzoyl-2 -O-(2,4,6-trimethoxybenzylthio-methyl)-3 -O-[(2-cyanoethyl)-(N,N-diisopropylamino)phosphora

midyl]-5-O-(4,4 -dimethoxytrityl)cytidine (10c)

HEf R, IR 83%; 3P NMR (243 MHz, CDCls) &: 150.9, 150.7. HRMS (FAB): m/z calculated for

Cs7He7NsO12PS 1076.4244 [M+H]*, found 1076.4241.

2°-0-(2,4,6-Trimethoxybenzylthiomethyl)-3 -O-[(2-cyanoethyl)-(N,N-diisopropylamino)phosphoramidyl]-5 -O-(

4,4 -dimethoxytrityuridine (10d)

FEEAR, LR 88%; 3P NMR (161.9 MHz, CDCls) &: 150.6, 150.3. HRMS (FAB): m/z alculated for

Cs0He2N4012SP 973.3822 [M+H]+, found 973.3828.

Syntheses of 2°-O-TMBTM oligonucleotides (ON la—d)

B4 TEEBEOERKIT 1 umol A4 —/11ZC ABI Model 392 DNA/RNA synthesizer % T
Trityl-on & — RIZ CTAk L 7=, 2°-O-TMBTM-phosphoramidites 10a—d ¢ coupling i~ activator & L C
5-ethylthio-1H-tetrazole (ETT) % AW CRUGHERTZ 600 sec (ZHER LAHL L7-, Oxidation 33K E LT
0.02 M iodine/THF/Py/H,O % V>, Z D> phosphoramidites ¢ coupling 135 i FFfE % 55 sec & L7=&
YA 7 M TEHERR LTz, BRBEDOBIIRZ A TMTED | 28% T2 E=7T K%&M% 55°C 12T 8.0
h KinZz T2, ZZROREMFICE D T ore=T 2 BEH MIEEZT ) Y7 4 L% — (Millex-LG
0.20 um, Millipore) (2T Ailtk. 155 N7T-ATE % RP-HPLC IZ THOMT K O 21T~ 7=, AV SRk %

Grte AL O LT /N L — & —|Z T 500 pL FREE F CREAME.2.0 M TEAA % 100 pL FE2EEIN X 7=,
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5 5 N1 % Sep-Pak C18 plus (Waters) (ZfF L., 100 mM TEAA |2 T, 2 % TFA KIEIE = %
%2 & T DMTr AL S 21T - 1o, BRI TR+ 2 2 & THE®R ., 4V T#EE 50 %
acetonitrile/water (Z CIAH SH, B ONTARZ 3 LT /3R L— X —(27T 500 uL 2 & CEMi,
TR AT o T2, 30T A Y TRMIE, HPLC THIEZMER L. UV A7 h/LZ T, 260nm (23
FOBNENDRET RO T, £7oA4 Y T ORE X, MALDI-TOF-MS % IV THERR L 72 (Matrix;

2,4,6-Trihydroxyacetophenone (THAP) /ammonium citrate (AC) = 2/1),

HPLC conditions (ON1a-d)

Analytical condition:

B R UV 260 nm, ¥i: 1.0 mL/min, BEh#E (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, 75 A)fc:
B conc.: 10-50 % (0-20 min), 77 7 2: Nacalai COSMOSIL 5C18-MS-I1 (4.6 x 250 mm), i/ : 40 °C.

Purification condition:

FrHE R UV 260 nm, Jiti: 3.0 mL/min, B EFH (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, 2 AJAC:

B conc.: 10-50 % (0-20 min), # 7 A: Nacalai COSMOSIL 5C18-MS-11 (10 x 250 mm), & 40 °C.

Syntheses of 2°-O-MDTM oligonucleotides by post-synthetic modifications (ON 2a—d)

2>-O-TMBTM oligonucleotides (ON la-d) % Hif&IREEDS 0.1 mM 272 % X 5 ICHERRREEE  (pH 4,
FOEIREE 200 mM) IZ¥f#ET: . DMTSF DK MERRER (ca. 300 eq) Z 1% 37 °C 12T 1min Kbk 7,
B D T % RP-HPLC (& TR s, IO DMTSF & Bk & 5 7 /v Al 71 7 2 (GE Healthcare
NAP-25) % TRV =, 5 5 57- 2°-0-MDTM Oligonucleotides (ON 2a—d) % RP-HPLC (& THsHi% .,
Wik &85 7 v A7 7 2 (GE Healthcare, NAP-25) |2 Tl L 7=, & D7 IRIR 2w O /R L —#
—CIRME L. BRI AT 572, fFHN7oA ) TEEEIL. RP-HPLC CHIEA MR L. UV A7 L
(27T 260 nm (23T DWIEMN BT 2Rz, 724V TEEEOREE L, MALDI-TOF-MS % VW T

78 L7z (Matrix; 2,4,6-Trihydroxyacetophenone (THAP) /ammonium citrate (AC) = 2/1),
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HPLC conditions (ON 2a-d)

Analytical condition:

K IR UV 260 nm, ¥i: 1.0 mL/min, BEhiFE (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, 5 A)fc:
B conc.: 5-25 % (0-20 min), % 7 2: Nacalai COSMOSIL 5C18-MS-11 (4.6 x 250 mm), i/ : 40 °C.

Purification condition:

R R UV 260 nm, #iE3: 3.0 mL/min, B E1fH (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, 72/ AJfc:

B conc.: 5-25 % (0-20 min), # < A: Nacalai COSMOSIL 5C18-MS-11 (10 x 250 mm), J&J£: 40 °C.

Conversions of 2°-0O-MDTM oligonucleotides into natural oligonucleotides (ON 3a—d)

2’-0-MDTM oligonucleotides (ON 2a-d) ZiLZ41 2 nmol % 36 uL @ U »EEFEMENR (pH 7, Fcf&IRaE
50 mM) (Z¥EfRM. 4 ul 0 100 mM GSH /K¥EIK Z N2 37 °CIZ CTRUGEAT o 72 (A& 50 uM 4V
TEZRE, 10 MM GSH), SO OHEFTIX RP-HPLC IZ THERR L. SRS D —FE % ZipTip Cue (Millipore) (2T
fitets . 4 U IR O E %2 MALDI-TOF-MS % AW CHER L 7= (Matrix; 2,4,6-Trihydroxyacetophenone

(THAP) /ammonium citrate (AC) = 2/1), .

HPLC conditions (ON 3a-d)

Analytical condition:

B s UV 260 nm, iE: 1.0 mL/min, B & (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, 2 A)fc:

B conc.: 5-25 % (0-20 min), % 7 2: Nacalai COSMOSIL 5C18-MS-11 (4.6 x 250 mm), & : 40 °C.
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Synthesis of 5°-O-dimethoxytrityl thymidine (11)

Thymidine (1.2 g, 5 mmol) @ pyridine (50 ml) #&##4(Z . triethylamine (0.54 ml, 3.9 mmol, 0.7 eq), DMAP
(36 mg, 0.25 mmol, 0.05 eq) A (}4,4’-dimethoxytrityl chloride (2.5 g, 7.5 mmol, 1.5eq) /% =iE T25h
FOS ST, JFREOTHR 2 MERRHRKIC TS ZAF I S8, Bi=F VIS TR M Lo, ArkE
KR CHR S SR AWIER E L, BonkiEs 17 570~ 777 4 — (Wakogel
C-400HG, 112 g) IZfF L., 1% A ¥ /—/uZ7 v a k)L A THEH L 11 (3.1g, quant) Z457-,

'H NMR (200 MHz, CDCls) &: 8.49 (1H, br), 7.58 (1H, s), 7.42-7.32 (9H, m), 6.80 (4H, m), 6.41 (1H, t, J=6.2
Hz), 4.58-4.55 (1H, m), 4.06-4.04 (1H, m), 3.79 (6H, s), 3.47 (2H, dd, J = 12.0, 3.2 Hz), 2.45-2.21 (1H, m) 1.47

(3H, s). HRMS (FAB): m/z alculated for 544 Cs1H32N207 [M*] found 544.

Syntheses  of  5'-0O-(4.4’-dimethoxytrityl)-3'-O-alkyloxy-(N,N-diisopropylamino)phosphinylthymidine

(13a,b)

5-DMTr thymidine 11 % CHxCl, (8 ml) Z & f# % . N,N-diisopropylethylamine (10 eq) .
bis(N,N-diisopropylamino) chlorophosphine (1.4 eq) %/l %, il T 2 h 5t S 72, JREF OV K % fERE 1%
BRI E KIS TARUG 27 1k S, CHLR IC TR Z A Lo, AH)E 2 ik T L,
KR CHEMR S8 R 2 8 B4 25 & H phosphordiamidite (& 12 24572, 15 5 U 7= 71 % pyridine. toluene
DIEIZIBH% . CHCl  IZIEfiE S+, 1H-tetrazole (0.5 eq) X OME/K methanol (1.4 eq) F7-13 8K
ethanol (1.2 eq) A Mz .2 T 3h i S 72, P NMR ICTHPIR AR STV D 2 & 2 b4,
MU x=F LTI 8ml) 2z, WA BIEEE L, GonEikas Vv h o arsa~< b7

57 40— TR 13a BL OV 13b 2B~

5'-0-(4,4 -dimethoxytrityl)-3'-O-methoxy-(N, N-diisopropylamino)phosphinylthymidine (13a)

FEKYR, ISR 57 %:; 3P NMR (121 MHz CDCls) §: 149.71, 149.06
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5'-0-(4,4 -dimethoxytrityl)-3'-O-ethoxy-(N, N-diisopropylamino)phosphinylthymidine (13b)

HER, I 56 %; 3P NMR (121 MHz CDCls) §: 148.23, 147.35.

Syntheses of P-alkyl-thymidylyl-(3°—5"-thymidines (15a, b)

3>-DMTr thymidine @ CH,Cl, ¥&ZIZ. B3R MS 3A ANz 7%, 13a £721% 13b (1.2 eq) BL W
1H-tetrazole (40 mg, 0.45 mmol, 1.5 ¥ &) Z#/MX TEIRT 3 h [E Sz, 0%, KISHKRIZ 6.7%
2-butanone peroxide/toluene A & MMz . & 512 15 min i EH72, BIRMS 3A 27 A F Aillc T
PrE. CHLLL THIMZHhH L. SaFnE K, K, BOFEHEK CTUef Uiz, AHE 2 K &R Trok
S, W AZBIERE L, BN miEZ s V5N AT 8u~ NTT 7 4 —IZCTHEL, 14a,b
BT, So7- 14a, b IZFE 1 80% CHsCOOH ag. (6 mL) ZNx, =|IET2h s SEtk, K

JSRZWER E LT BN REEL Y YV BTN T A u~ N7 T 74— ([ZTTRI L 15a, b 21572,

P-Methyl-thymidylyl-(3’—5")-thymidine (15a)

HEB AR, I 70 %,; 3P NMR (121 MHz, CD3;0D) &: 0.33, 0.18. HRMS (FAB): m/z calculated for 560

C21H29N4012P [M*] found 560.

P-Ethyl-thymidylyl-(3’—5"-thymidine (15b)

HEf R, IR 48 %;3P NMR (121 MHz, CD30D) &: -1.54, -1.37. HRMS (FAB): m/z calculated for 575

C22H32N4012P [M*] found 575.
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Stability of PTE dimers under basic conditions.

PTE dimer 15a,b 2 1 OD "> 4 7 AHSA T /LI AZUEHFS L . Fatlon 3412 CTALEE L HPLC
THMT 5 Z & TLEMZFN L=, Dimer FE{ERIT RT 23 5-20 min £ TO B — 7 Eifg ORI 4
5 15a,b O — 7 mENGROT-, FAKITERK, methanol iXF 7 7 A 7 A7 #:88 HPLC A%kt

AW,

&Mt (A), (E); dimer ik 1mL Z/1%, HPLCIC5pL A > =27 a v Lz,

Mt (B), (F); dimer (2 28 % NHsaq. % 2mL iz, 55°C, 8 h /L%, wWiEA#®E L, KimL &2z
HPLC 25l A > ¥ =2 v a v L,

At (C), (G); dimer (2 28 % NHsaq. % 2mL Az, =& 2 h JLBERf . IRt seaicl =L, KimL %
MMZHPLCIZ5ul A > ¥=r var i,

24 (D), (H); dimer {2 50 mM K,CO3/MeOH &% % 1 mL Nz, =R 4 h JLEEt% . WElZ 5.7uL 20z

fite, WIEZERICEEL, KImLZMX HPLCIZ5uL A Y =7 v a v Liz,

HPLC conditions

B s UV 260 nm, iE: 0.8 mL/min, &I (A): 50 mM TEAA (pH 7.0), (B): acetonitrile 52 A fic:

B conc.: 5-25 % (0-20 min), % 7 Z: Waters uBondasphere 5C18 (3.9 x 250 mm), {&JE: 25 °C.

Nuclease resistance of PDE and PTE dimers toward SVPDE digestion

CpT dimer (5 nmol, &=7600 (L/mol - cm)) % #%f&Hi% (50 mM Tris-HCI (pH 8.0), 10 mM MgCl,) (Z¥&fiF X
. WNEBEEHEY)E & L C 1 OD/mL IZFFHL L 7= 2°-deoxyadenosine (dA) &% 50 uL &z 7-%. @R L
72 SVPDE A% (0.08 pg/uL) % 5 pL (0.4 pg, 96 Unit) Wiz, ©E% 400uL & L C 37 °C IZ TGS
i, BEFEE AN % Omin & L, —EFFR (0, 1,5, 10, 20, 40, 90, 180, 360 min) = & | 5k 40 L

ZHD, 90°C T2min BT 5 2 & C, BERARIEI VT, TOBRENENOYF 7L 8uL A ¥
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=73 3> L HPLC THOMZEIT-> 72, 0min S TO dA O ¥ — 7 mHEICKHT 54 A4 ~— D v — 7 [mfs

Z100% L LT, TNENDORIERH TO X A ~—DIRAFRERDIZ,

Nuclease resistance of PDE and PTE dimers in 10 % FBS

CpT dimer (5 nmol) Z #BHMIKICEEME S H, WEMEHEYE & LT 1 0D/mL (ZFH %L L 7= 2°-deoxyadenosine
(dA) ¥ 50 UL # Nz 7%, FBS # 40 yL 2Nz, &% 400uL & L T37°C I T SH 72, BE
F& AN Z 0min & L, —ERER (0, 1, 5, 10, 20, 40, 90, 180, 360 min) = & |2 SR 40 pL 2 v |
BVAT I REA0UL Nz, BERERERIGSETZ, TO®RENETNOY TV R2uL A >y = vay
L HPLC TH#TZ1T>72, 0min BEi COX A ~—D ' — 7 [Hifti% 100 % & LT, 21D i FREH

TOXA <~ —DERAFRERD T,

HPLC conditions

R R UV 260 nm, §i553: 0.8 mL/min, B#EiFH (A): 50 mM TEAA (pH 7.0), (B): acetonitrile 2 & A)f¢:
B conc.: 0-15 % (0-20 min) PDE, 5-25 % (0-20 min) PTE, 77 7 Z\: Waters pBondasphere 5C18 (3.9 x250

mm), &S 25°C.

Synthesis of 3’-TAMRA-labeled-5’-O-spermine-conjugated PTE oligonucleotide (ON 4)

Ak L7z thymidine ethylphosphoramidite 13b 35 X TY spermine phospharamidite 18 (Glen research) %
acetonitrile T 0.1 M (2725 & 9 12 L 7 4 /L% — (Whatman 13 mm GD/X Syringe Filters fL£% 0.45
um PVDF) TI8i#% . DNA A B I1C33 L=, Couping Kt Tl activator & L T 025 M
ETT/acetonitrile 7% % fi [l L. oxidation 73 & LT 0.02 M iodine/THF/Py/H,0, detritylation 73 & L
T 3% DCA/DCM, capping #&3& & L T Ac,O/THF/pyridine ¥4 % i\ TR SOt 24T - 72, £ 7= capping
ARIEDOTEMEALANT X 10 % 1-methylimidazole/THF ZfEH L7=, & HklE 3>-TAMRA-CPG % f\>, 1 umol

R A —)LC DMTr-off 12 CTHE A BFIZA2 T 600sec & L CTAK L=, IS TH ., CPG Z /3 TILICH
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L. 28% 7oE=77/K (15mL) Mz, =iE, 2hFHEL. CPG 226080 L. BLUWiR#%
1ToTe TDH%, EXDOREMTNCESTT VE=TERHEL AT T 7 4 VX —(Whatman 13 mm
GD/X Syringe Filters fL#% 0.45 um PVDF) < CPG %% L7-, b7 % . RP-HPLC T 2-3[A]iC
SN TCTHBRERI L=, £ TO4MIZ 100yl 3> 2M  TEAA (pH 7.0) 2Nz HfaL7=%. BHo A4V
IR A G I A DTN R L — F — TR Z R L. 1 DICE & o7z, bl A U TR,

HPLC THIEZFMER L., 4V IREROINEIL, UV A2 hLIZT, 260 nm (28 DWW SEEEN SR
7mo £724 Y TEEME O, MALDI-TOF-MS % VW CTHESR L 7= (Matrix; 3-Hydroxypicolinic acid/ 5 %

(w/v %) Diammonium hydrogen citrate = 9/1),

HPLC conditions (ON 4)

Analytical condition:

R UV 260 nm, ¥iE: 1.0 mL/min, EHE (A): 0.5 % (vIv %) EEERASII 50 mM TEAA (pH 4.3),
(B): acetnitrile, & AE: B conc.: 20-70 % (0-20 min), 77 < 2 Nacalai COSMOSIL 5C18-MS-II (4.6 x
250 mm), V@ 25 °C.

Purification condition:

R UV 260 nm, Jicil: 3.0 mL/min, Z8iFH (A): 0.5 % (viv %) EEEEVRIN 50 mM TEAA (pH 4.3),
(B):acetonitrile, % AEL: B conc.: 20-70 % (0-20 min), % 7 2 Nacalai COSMOSIL 5C18-MS-II (10 x

250 mm), & 25°C.

Synthesis of 3’-TAMRA labeled PTE oligonucleotide (ON 5)

A% L 7-thymidine ethylphosphoramidite 13b % f/Kacetonitrile 0.1 MIZ72 % X S IZWEfRE L. 7 4 /v
4 —(Whatman 13 mm GD/X Syringe Filters FL£¢ 0.45 um PVDF) TlEifat%. =% DNA Akl s
L7, CoupingSits Clactivator & L C 0.25 M ETT/acetonitrilelsi % {1 L. oxidationfA#£ & LT 0.02

M iodine/THF/Py/H,0. detritylationf{ZK & L C 3 % DCA/DCM, cappingit3& & L TACcO/THF/pyridineis

80



R AW THERMISZIT> T2, F 7-cappingil E DOIEME(LAIIZ 1310 % 1-methylimidazole/THF % L
7=. BIE3-TAMRA-CPGZ MV, 1 pmol A 47—/ L CDMTr-offl THiE A FE#IZ 4 T600 sec & LTH
L7z, BEOA U TR % SR, CPG 234 7WZE L, 50 MM K,COs/MeOHIANTR (2 mL) %
Mz, =i, 4h HEL, CPG oDV L, BIOY VBBEOHIRE LT > 72, Y10 ) LA
T#H 2MTEAA (pH7.0) 15 mL ZMxFfIL, A7 F > 7 4 /L%—(Whatman 13 mm GD/X Syringe
Filters L% 0.45 um PVDF) TCPG#%FrE L7z, b7k %z, Wil 7 & HPLCT 2-3[RNZ4531F T
SEUER LT, BHOA Y IR E & Teir % | OIRMREIC CIRBEAIRIE L. 122 E & o7, 55
=AY TREMEIL, HPLC THIE ZEsd L7z, A U AROIEIX, UV A7 Uz T, 260 nm (2
BT OIWRNENORD T, oAU AR OMEEIL, MALDI-TOF-MS % H\WCHERR L 72 (Matrix;

3-Hydroxypicolinic acid/ 5 % (w/v %) Diammonium hydrogen citrate = 9/1),

HPLC conditions (ON 5)

Analytical condition:

R UV 260 nm, #5&: 1.0 mL/min, BEHE (A): 50 mM TEAA (pH 7.0), (B): acetonitrile, 7%
Ac: B conc.: 20-70 %, 7 7 A Nacalai COSMOSIL 5C18-MS-11 (4.6 x 250 mm), % 25°C.

Purification condition:

FrH & UV 260 nm, JiEi#: 3.0 mL/min, B E)FH (A): 50 mM TEAA (pH 7.0), (B): acetonitrile, 7%

Bc: B conc.: 20-70 %, 77 7 A Nacalai COSMOSIL 5C18-MS-I1 (10 x 250 mm), {&JE: 25°C.

Synthesis of 3’-TAMRA-labeled-5’-O-spermine-conjugated PDE oligonucleotide (ON 6)

Spermine phospharamidite 18 (Glen research) % 0.1 MO EEIZ 72 5 L 9 HEoKacetonitrile | ¥ figte, —7 1 /L
4 —(Whatman 13 mm GD/X Syringe Filters fL£% 0.45 ym PVDF) Ti§i# L. DNA & akic % L=,
F 7= il Dcyanoethyl phosphoramidite 16 $,0.1 MO E (272 5 KL 9 12 M Kacetonitrilel 2 {Af#ET% . DNA &

R ICHE S L 72, Couping/KJis Clactivator & L C 0.25 M ETT/acetonitrilel&i# % f# 1 L. oxidationi{z
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& LT 0.02 M iodine/THF/Py/H,0O . detritylationiX 3£ & L T 3 % DCA/DCM. cappingit3k & L T
ACO/THF/pyridine?sik 2 W TR ERIG 21T - 72, fi A RF# 55 sec & LT (spermine amidite & 7
600 sec) DMTr-oniZ CERL L7=#., CPG Z /A T/LIZE L, 28% 7 E=7/K (1.5mL) 2z, =
i, 2h #E L. CPG 22608V L, BLWiki#EZIT o7, £D%, EROREFTICE->TT
VE=TEEEL, AT T 7 40 Z —(Whatman 13 mm GD/X Syringe Filters L% 0.45 um PVDF)
TCPGERRELT, BNk E, WitlH 7 A HPLCT 23N CHoltE L=, B4 Y
AR A T Loy 2 | DTN L — 2= T AR L 1D E LT, o L a2 S R
J1— KV v ¥HZ 2 Waters Sep-Pak Plus (C18) % AV T, £ 100 mM TEAA (5 mL) T L, ¥
VINETTTA LT, 2% U 7 VA afiEE (TFA) (10 mL) T DMTr XORift#EEIT- 7, %
DO, 100 mM TEAA (5 mL) TyEH L. MilliQ/K (10 mL) TKIEMEDOHE ZrE LTZ, &#%ZIZ, 50 %
acetnitlire/ /K DIRAHKTA U IR AR L, A T2 ST syl Z2 im0 T/ R L—Z — | Tz
MELE, fohiAY) IikIE, HPLC THUEZHMGE L7z, AV IO EL, UV 27 by
(2T, 260 nm (2B T DEHEENSRD -, o4 IO EIZ. MALDI-TOF-MS (Matrix:

3-Hydroxypicolinic acid/ 5 % (w/v %) Diammonium hydrogen citrate = 9/1) % AW CTHER L 7=,

HPLC conditions (ON 6)

Analytical condition:

R R UV 260 nm, #E3: 1.0 mL/min, BE1fH (A): 50 mM TEAA (pH 7.0), (B): acetnitlire, &% A)fic:
B conc.: 0-30 % (0-20 min), # < A: Nacalai COSMOSIL 5C18-MS-11 (4.6 x 250 mm), J&JE: 25 °C.

Purification condition:

FR A s UV 260 nm, 3t 3.0 mL/min, & EifH (A): 50 mM TEAA (pH 7.0), (B): acetnitlire, i/ A)f:

B conc.: 0-30 % (0-20 min), # < A: Nacalai COSMOSIL 5C18-MS-11 (10 x 250 mm), J&JE: 25 °C.

82



Synthesis of 3’-TAMRA-labeled PDE oligonucleotide (ON 7)

il @ cyanoethyl phosphoramidite 16 % 0.1 M OJREEIZ72 5 K 5 1T MK acetonitrile |2 fi#% . DNA &
FF% 235535 7=, Couping SUW Tl activator & LT 0.45 M 1H-tetrazole/acetonitrile &% 2 i L .

oxidation 33 & LT 0.02 M iodine/THF/Py/H,0. detritylation i3 & LT 3 % DCA/DCM, capping 7k
FE L LT AcO/THF/pyridine %% 2 TR S 21T > 72, Coupling IRff#] 55 sec & L C DMTr-on
\CCAR L%, CPG XA T L,.28% 7o E=7/K (1.5mL) Nz, =ik, 2h & L.

CPG "L OB L, BLUOWMR#EEZIToT-, ZDOH%, BROREFFICL - TT vE=T 2] E
L., A7 F 74L& —(Whatman 13 mm GD/X Syringe Filters fL£% 0.45 um PVDF) T CPG %[z Z:
L7z, N7k %E, W5 7 5 HPLC T 2-3 EIZ/ Tl L, BOA Y I E &
Tyl %, LT AR L — 2 —ICTEIEARME L, 1 DICE L ore, YU NEfS0HET— Y
> V717 I Waters Sep-Pak Plus (C18) # VT, £ 100 mM TEAA (5 mL) T¥fifkL, 7L
BT TTA LTtk 2% NU 7 A vl (TFA) (10 mL) © DMTr KEOBR#EEZ T 72, £ D%,
100 mM TEAA (5 mL) T L. MilliQ /&K (10 mL) T/KIEMEDH 2 B3s Lz, 5112, 50 % acetnitlire/
KOIREGRTAY TR A R L, 4V SEBE ST E A2 LT NR L — 2 — ORI A EE L
7o BB A Y TREREIT, HPLC THIE A fER L7z, A4V IEMBOINEIL, UV AT hUZT,

260 nm (BT DIWNENLRDZ, T4V I OHEE X, MALDI-TOF-MS (Matrix:

3-Hydroxypicolinic acid/ 5 % (w/v %) Diammonium hydrogen citrate = 9/1) % H\ CTHER L 7=,

HPLC conditions (ON 7)

Analytical condition:

FR A s UV 260 nm, it 1.0 mL/min, & EifH (A): 50 mM TEAA (pH 7.0), (B): acetnitlire, i/ A)fd:

B conc.: 0-30 % (0-20 min), # 7 A: Nacalai COSMOSIL 5C18-MS-11 (4.6 x 250 mm), J&JE: 25 °C.
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Purification condition:

R H I UV 260 nm, iiE: 3.0 mL/min, BEFE (A): 50 mM TEAA (pH 7.0), (B): acetonirile, i A5

B conc.: 0-30 %, 77 7 2 Nacalai COSMOSIL 5C18-MS-I1 (10 x 250 mm), i E: 25 °C.

CLSM analysis of internalized 3°’-TAMRA-labaled ONs

TEAE®EZ (10 mM Tris-HCI, ImM EDTA pH 8) (ZT100 pMIZ#7 R L 72=ON% Opti-MEM T10fF 7 L . 10
UM ONs in Opti-MEM (200 uL) Z=1ERE L7, BEKMTHEAARA T A K77 A2, 8.0 x10*cells/mL D JE
(AR L 72 AB4954 il 2200 pl/well 3™ > D E 18k 2 L 7= %, Opti-MEMIZ C3[EIVEE#% . /EL L 7= 10 uM
ODNs in Opti-MEM (200 uL) % @+, 37°C IZC—EREfElA v FaX—v a3 Lz, £ v Fa—T3
REOMIAE T = /=Ly RAGEDMEM TIEIVER L, B A= 7 Aa2JEHALLLE, ThEth
DI Z7 A7 L— b & CLSM (ZEISS LSM510) (Jihi#d) &: 543 nm (OLi HeNel), w1t~ 1 /L% —: LP-560)

W THIER LT,

Quantification of internalized 3’>-TAMRA-labaled ONs

24 well = /L F 7 L — RZ 8.0 x10* cells/mL DI EEIZ A L 7= ASA9 i 2 1 mL Ot L Bubs 38 L 7= 1%,
Opti-MEM (2T 3 [m¥&i4 L7-, % D% 10 uM ODNSs in Opti-MEM (800 pL) %Nz, 37°C 2T 8h A >
FaX—va iz, £ rFaXx—Ta UEOMIaE Y CEEEER (PBS) (27T 3 [EEE%, 0.25% k
Y7 -1 mMEDTA (200 L) %1% 37°C 12T 10 min AR L7=, 56 N7 lasiliin 2 £, 4 °C,
3000 rpm (2T 5 min O L, MlREZ LB S E%, EEAZET, 05 % vUiET LT I v
(BSA)-PBS |2 THEIfd 2 /E4 3IHl#k 0 iR U7z, 21T LA 2 BRu 23 SR ik 3K T d 5 RIPA
TR (25 mM Tris-HCI (pH7.6), 150 mM NaCl, 0.1 %(v/v) SDS, 1 %(v/v) NP-40, 1 %(v/v) sodium
deoxycholate, 5 mM EDTA) 150 uL # /1 x 1 h K& L, -80 ‘C T MM Lz, 15 O AL iais i
% 4°C, 8400 rpm, 10 min .09 % Z & T, MBLOEFIERT A 2 L S E 7%, RS 140 uL % 96 well

HHH~A 7 v T L— MO, dOLBEDOWHEATT -7, (Thermo Varioskan Flash, Ex: 543 nm,
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Em: 580 nm, HX V) iAZ K] 1 sec) HIEILIF UH > 7 st LT 5 BTV, SERMEZ B LTz,

D IIZAOEHREE DAL Z /37 B T2 ) OFOEHRAE 25K AEP ODN E A& & L TRk L7z,

Quantification of intracellular proteins

PBS 72 pL 73 A - 7= E 96 well < /L F 7 L— MMZE O EHRE 21 L= 71 28 pL 20
ZTme 2 ZITH 7 EEMIGH (Thermo scientific ‘Pierce® BCA protein assay kit’ A #Z:B #%=50:1) %
200 UL TNz 72, AEE I Z TH BT <IC 37 °C T30 min KR &S+, SIEICHK L7412 560 nm O
We S A2 RIE LTz, BRSO 2B 515 5 722 Aseo=0.0675xc (ug/mL) +0.0172 % T & X

JEEEToTZ, ZOBMEIX L ISR LT, S EHTWVESEEZ T —2 & L TR L,

BB O ER

Synthesis of (4S,55)-1,2-dithiane-4,5-diol (20)

fiz (kR dithiothreitol (1.09 g, 7.1 mmol) ZDMSO (505 pL) (2% L, 120°CIlcC3h i L7z, £ U7
Ve 2 AHL L, CHCl3 I[ZCTHfEdAZITH> 2 & T, 20(1.03 9,96 %) % ARG & L THET-,
IH NMR (400 MHz, DMSO-ds) &: 5.29 (2H, d, J = 3.5 Hz), 3.46-3.32 (2H, m), 3.04 (2H, m), 2.73 (2H, m).

MS (EI): m/z alculated for 152 C4HgO,S, [M*] found 152.

Synthesis of (4S,55)-5-(benzyloxy)-1,2-dithian-4-ol (21)

20 (0.78 g, 5.0 mmol) % THF (10 mL) (Z¥&fi#f% . benzyl bromide (0.78 mL, 6.6 mmol, 1.3 eq), 5 M KOH agq.
(10 mL), tetrabutylammonium hydrogen sulfate (0.5 g, 1.5 mmol, 0.3 eq) DJEIZINZ ., EIRT18h K L <
U, FROMEAZMHZRE., AR AR F /LI THIH U, AiE 2 8K IS Tl s it
BELEBoNEEEV YV ATV T A a~x N7 T 7 0 —|ZTHRR L 21 (0.67 g, 2.8 mmol, 54 %)

rHEHMRE LTHE,
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'H NMR (300 MHz, CD3CN) &: 7.41-7.26 (5H, m), 4.74-4.71 (1H, m), 4.54-4.50 (1H, m), 3.80-3.72 (1H, m),
3.54-3.46 (1H, m), 3.19-3.10 (2H, m), 3.02-2.89 (2H, m). MS (El): m/z alculated for 242 C11H140,S, [M"]

found 242.

Synthesis of 5'-0O-(4.4’-dimethoxytrityl)-3'-0-(4S,5S)-5-(benzyloxy)-1,2-dithian-4-oxy-(N,N-diisopropyl

amino)phosphinylthymidine (22)

5°-DMTr thymidine 11 (0.8 g, 1.5 mmol) % CH,Cl, (15 mL) (23 f##% . N,N-diisopropylethylamine (9 eq).
bis(N,N-diisopropylamino) chlorophosphine (1.3 eq) %/l %, %R T 2 h 5t 72, JFEE O K % ferdt%
IR EE AKIC TS 2 S, CHCL IZ TH Z Al L7cte, AHsfE 2 fafn ik e L, 2
KR CREMR S H, 1AM 2 380 B8 25 & & phosphordiamidite & 12 #4572, %5 725 % toluene T 3
[El %, CH.Cl, ICIAfiE S, ETT (0.17 g, 1.3 mmol,0.85 eq) 3 L1821 (0.4 g, 1.7 mmol, 1.1 eq) % /N
Z. BIRT2h UGS HET2, . SPNMR ICTHRIMIDER SNV TWD Z & 2 fEad %, AafE#E /KIS TK
J& A5k S CHC (12T HAU 2l U 72 4% . A S 4 S fn ek Ui L K EEnH TR S,
WA WIER E L, BEEZ VANV T L7~ 87T 7 40— TRER L, phosphoramidite 22
(0.62 g, 0.68 mmol, 45 %) % 157-,

31p NMR (161 MHz, CDCls) &: 149.5, 148.6, 140.8, 138.4. MS (FAB): m/z calculated for 916 C4gHsgN3OgPS;

[M+H]* found 916.

Stability of phosphoramidite 22 in acetonitrile

Phosphoramidite 22 % CDsCN [Z¥fi#f% 25 °C 12 THfiE L, — &R (0.16, 1, 2, 3, 4,5, 6, 8, 10, 12, 186,
20, 24, 28, 32, 36, 42, 48, 54, 60, 72, 96, 168 h) %(Z 3'P NMR Z & L7- IEfEEHZR DT I XA O E—

JEI & 100% & LT, —EREIEDOE =7 mINDT IXA MORFEREZRDT,
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Synthesis of REDUCT-PTE oligonucleotides (ON 9-11, 13-17)

Ak L 7= phosphoroamidite 227% 0.1 MODIEEEIZ 72 5 X 5 4 /Kacetonitrilel iR fi##% . 7 « /L% —(Whatman
13 mm GD/X Syringe Filters #L£% 0.45 pm PVDF) Ty L. DNA ARBICEES Lz, £2flo
cyanoethyl phosphoramidite $,0.1 MOJEE 272 % K 95 12 KacetonitrilelZ 1A fi#T% . DNA A RAICHES L
7. Couping/its Clactivator & LT 0.25 M DCl/acetonitrile?ziZ - {# F L . oxidationi&3£ & LT 0.02M
iodine/THF/Py/H,0. detritylationiA3k & LT 3 % DCA/DCM. capping #t3& & L CACcO/THF/pyridinei&
a AW ERIGETT > 70, fEARRE 600sec (2T DMTr-oniZ CTEK L7=1%, CPG % /31 7 /LI
L. 50 MM KoCOs/MeOHIER 2 mL) Z %, =R, 4h #EL, CPG LUV H L, BLOW
UV URIEOBIREEIT T2, U0 LB T 2MTEAA (pH7.0) 1.5 mL ZMxhfiL, A7 F
7 4 V& —(Whatman 13 mm GD/X Syringe Filters fL£¢ 0.45 um PVDF) TCPG#%FrE L7z, &bz
i %z, WA 7 2 HPLCT 2-3mIZ3 T THluER L7z, AROA Y IMEZ G iem iz, 1500
MRS TR ARG L, 1oIlcE o7, Vo7 Va5 — Y v h F A Waters Sep-Pak
Plus (C18) # M\ T, £ 100mM TEAA (5 mL) Tk L, YT NaET7 7T 4 Liztk, 2% LV
7 A i (TFA) (10 mL) T DMTr EOWifR#E %17 > 72, % D% .,100 mM TEAA (5 mL) THeL .
MilliQ7K (10 mL) TKEEMDHE A FRE L1z, &K&IZ. 50 % acetnitlire/ /K DIRGHK TA U T4 % ¥
L. AV I EGhaE A2 m O /R L — 2 — TR A E Uiz, 5o /-4 IEEIX, HPLC
THIE 2GR Lz, AU IEBRONEILX, UV A7 MU T, 260 nm (ZBIF W NENHRD =,

F 724 IREEE O X, MALDI-TOF-MS (Matrix: THAP/AC = 9/1) % W THER LT-,

HPLC conditions (ON 9-11, 13-17)

Analytical condition:

FR A s UV 260 nm, JiEl: 1.0 mL/min, & EifH (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, i/ A)fd:

B conc.: 10-70 % (0-20 min), # 7 A: Nacalai COSMOSIL 5C18-MS-11 (4.6 x 250 mm), &% : 40 °C.
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Purification condition:

R R UV 260 nm, #iE3: 3.0 mL/min, B E1fH (A): 50 mM TEAA (pH 7.0), (B): acetnitrile, 72/ A)fc:

B conc.: 10-70 % (0-20 min), 77 7 2: Nacalai COSMOSIL 5C18-MS-11 (10 x 250 mm), {&JE: 40 °C.

Conversions of REDUCT-PTE oligonucleotides into natural oligonucleotides

REDUCT-PTE oligonucleotides (ON 9) % U F&iEiEi#k (pH 7, Fcf&lRfE 50 mM) (CEfiET%. 25 b @
40 mM GSH KIE &Nz 37 °CIC CRUGEIT o 72 (RFEIRAE 100 uM AV 2R%EE, 10 mM GSH, 50
mM buffer), SOSOHETTIL RP-HPLC I THERS L, Z248% 0 RN A Y 1 T 10 mer O v'— 27 (351

J/%/El\ﬂz L7z T10 mer (ON 8) & Hiijij‘%) s fﬁi Lfio

HPLC conditions

R R UV 260 nm, Jitid: 1.0 mL/min, & (A): 50 mM TEAA (pH 7.0), (B): acetonitrile 2 & AJfL:

B conc.: 10-70 % (0-20 min), 77 7 2: Nacalai COSMOSIL 5C18-MS-I1 (4.6 x 250 mm), i/ : 40 °C.

Nuclease resistance of REDUCT-PTE oligonucleotides

KERAIEZRE (ON 8) 36 LU REDUCT-PTE £4f2 (ON 9) ZNEA&HEEE 125 mM L 725 X 5 ICHEftKIC
THAMRL., FBS /M2 T 37 °C IZTHIGHEIT- T2 (RAKIREE 125 mM A U %2, 10 % (viv) FBS,
JIEE 400 pL), FBS Z ¥R L7-E#% % 0min & LC—ERR (0, 10, 20, 40, 60, 90, 120, 180, 240, 360,
480 min) Z L ICKNRAE 20 uL T Y 7 L, FiuE R formamide & 20 pL A RS A 45 IR
STz, RP-HPLC IZTENZENDISHE 12 uL 25347 L, 0 min FEATOA Y IO ©— 7 [l

Z100% & L CENETNDOA Y IR OEFRE KD,
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CLSM analysis of internalized 3°-TAMRA-labaled ONs

100 uMIZ AR L 723 -TAMRAFE #% REDUCT-PTE£Z 1 (ON 13-15) 8 L OVKARBIEERE (ON 11) %
DMEM G207 R L. 5 uM ONs in DMEM (200 pL) #{ERK L7z, KM THERA T A K7 Z A2, 8.0
x104 cells/ml D78 L 72 ABA9 iR % 200 pl/well 3> D 18553 L 72 % . DMEMIZ C3[Eei %
{ER% L7= 5 uM ODNs in Opti-MEM (200 puL) Z# D, 37°C 2 T4hAf v FaX—va Lz, £ UF
2= g VEOHIE T = ) —/L Ly RAEDMEM TIEEH L. B AN—H T 2 & F e, HALE
%, FTNENDH T A7 L— k%CLSM (ZEISS LSM510) (b £: 543 nm (LI HeNel), #3567 4 L

% —: LP-560)(= THIZ 7=,

Procedure for Luciferase assay

N7 = 7 —BFEEL A549 (A549-Luc) HifE D 8.0x10% cells/mL A HRik % 96 well Ffuts#~ 1 — ~C
100 pL F"o 8 1 BikE#E L 7= (8000 cells/well), CEM 412 & 5 AON Ol A I 5 % D i 2 CEM
BEHIIZ C 3 [EIYEH 4. CEM K5iH 2T 1 uM DR EEICHREE L 72 AON ¥k % 100 uL iz T, CO A
¥ 2 _X— & —NIZT 37 °C THE 1T -7, CEM EZ AV 54 Tk 1 uM AON % &1 DMEM %
100 L MMz T, CO2 A > F 2_X—H —NIZT 37 °C CTIE#E AT o7z, —ERREIREEEZ DML % PBS (2
T 3 [AlfeiEth, F& - 7= PBS ZBrE . Promega tL:% Repoter lysis buffer 2 1well &7- 9 50 uL 9201 %,
L Bifbth. -80 °C TR AT LTz, 15 DAV MIRIAMIE & 13 0k . 5 UL X2 % 96 well J&YEo4T
fl~A 27 a~ L — KNZdH, Berthold technologies #L:% Tristar LB 941 % W TR T 21T - 72, 55
AT FNTRE DN DB X7 BT ) OFNREZ KD, HNTONLY 7 =T —EBRIIFEEL LT
Wi, iy 7 =7 —BiEas A S a ha— AON ZEA L7548 O/MIANLY 7 =T —
PRBIEL 100 % & LT, @5 MR EZFE Lz, SOREZ LY 7720 3 ELLEITV,

SEBERB L OYSD 2sRd 7T 74k Lz,
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Sequences of oligonucleotides

Control; 5>-TGC TCAACA GTATGA-3’

AONs; 5°-AACCGC TTCCCCGACTTCC-3

Luminescence conditions

F& oM IZPromegatt e Luciferase assay system % JW\NTIT o7z, MAEHZBEEHADONL Y 7 =T —ET
vl A ARGV 7 =T —8T v A fEEK (10 mL) Zh1x. %1% Berthold technologiestl:fl
Tristar LB 94112475 L, I a1T-7-, (GRZE: 25 ul/sample, delay: 2 sec, F&EHL Y JA A FREf:

10 sec),

Quantification of intracellular proteins

i 96well ~ A 7 17 L — 2 80uL 72 PBS # Mz, SHIIARAR 10 uL % 3 well/¥-> 7 14>
Mz 72, Micro BCA assy kit (thermos fisher)?® BCA %% 0uL/well Iz, ~A 7 a7 L— % 37°C T
2h %, |BEICER L Thrb~wA 7 a7 b— U —&—T560 nm 28T DWW EZRIE L, Bli&

FRYE S 7 i O TR 2 R L. MRS h o & o 87 Bia SR Tz,
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