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Development of modified nucleic acid possessing RNase H activity for antisense
oligonucleotides without phosphorothioate (PS) modification
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Phosphorothioate (PS) modifications are generally used for antisense
oligonucleotides (ASOs). In particular, the gap region of RNase H-dependent ASOs consists of natural
nucleosides to need to be recognized by RNase H; thus, PS modifications are necessary for the gap
region. In this study, development of a nucleic acid analog that works as a substrate of RNase H was

tried aiming to remove PS modification from the gap region in ASOs. Oligonucleotides containing
nucleic acid analogs possessing carboxylic acid equivalents at the 4° position, 4"-methylthio group,
and bridge structure between 1" and 4" positions were synthesized and their RNase H activity was
examined. Some analogs that can lead to partial removal of PS modifications could be found.



B X C—19,. F—19—1, Z—19 ({38)

1. WERAEE IO =
7T AKEEE (ASO) X RNase H #&/7 (mRNA 4312 L 0 FHIRRZ 10 3-5) & RNase
H HEMEGFR (mRNA 2403, MEICHEA LT YU AX vy 7EE2H ) ITKBITE, Wi
NOXATDASOICHHEAFaF Ao — |k (PS) EfinFIHENTWa, LarL, PSEfiTHE
ML IWEEHEOE COMEAZH 2 T\ 5, 1T RNase H K77 ASO 1XH 3512 RNase H D3
FRERAL & 72 B ARIEAT DNA (i (X » 7¥5) 2Fo728, PSHEARIC L D EERR o MR SR M D
(ERBRER->TVS (K1), Zhd R, .
RNase H {K 175 ASO O % v v FHmicAlf 2197

Frod AV
9% 72 @ RNase H {HME % FF O EAfi% IR D E‘PS. Ps‘ésopsoPSOPSOPSOPé.Ps‘PS.i

FAFEN ZHE THEI RSN TE D, +4 | fﬁAé’@ ; RNase H;Z ¢ ; fﬁAd’ﬂ) |
IR HSHE A Fr O BRI OIS IS IEE » T | BEIAL |  WELAL
59 BUR PS (&£ 4 fiti L 7= DNACGRIESHA) @ isthiE (O DNA PSRAROFAI— b
NRAH I LT3, 1. £REB>TLVBRNase HIRERIASOD Sy FE5 5
2. WO HB

RNase H {5 & B2E 5 fifl 32 MHPERE 2 e dafif 2 7o EAtL IR 2 B o6 T Z X, RNase H {&A7RY
ASO DF ¥ v TES DB PS LI DD L EABND, THWA, ABFFETIE, £ aFHT
& LEfitsiE ORI A BT,

3. WFED ik

e B B9 %2 9281 LIS DIEMRE & L C, 4-EHEEE (N0 VR BRI R 2 Fe D1 & 4-
TNFNTFAREER) & U A-ZREREERR 25t Lz, AETIR, Z#RooF Iy e 7ins %
AT D (K2), WIZ, ZNHEEAN LAY IEEE AL, 4V TR OEN)— A8 RNA
& OFEGHIFPE, RNase H 151, BEFR 0 fiElE R (ZxF T 2 HCPitE 2~ 5, 15 %@ L T, RNase
H 75 & RElR oy il SR MR BE 2 Wil 2 T IEfit iR DO BR%E & Ek 5,

HO HO HO

Base Base Base
& :O: & :O: 4 ;O; T
X "y
O OH X =0R, NRR' etc RSOH RR' OH R,R' = Me,H or H,Me

M2. REFLEMZEEROT/ Y&

4. WrIERLE

4-1. 4-BWF I VU2 E 04 TR

ARLNZ T VIR VB IR O F I P T a SN2 HonTE, BB OHE D ITiEWTF I P
225 4-0-COOMe 1K (4-A ¥ VR =)U{K) ~LFHFE L, DNA/RNA HEMG A VT2
NxEgied ) IRfE%E Ak L7z, RNase H {EMERHMED 70D A TEEREIX. VA T3 H 2-
A RRUEM, Fv v TEONKREIEE 4- A R DIVR=IUENS R D b D&V, %
D%, 4-A MX T AIVAR =T, AV TR A RIRERE E W2 BSOS 21T - 72, BRR
WU, R R OB HABIZ L | 2N ENRET 2 VAR RS IR~ A B LT (K 3),
A TIVENLFFF I ANATONTIEE, FIPUnH 4-0-SMe-F IV DRAFTT I XA B
i (F) IRBERDOTDDOENT 4 T Tay 7)) R LIz, 0%, AN IR RS
ik % FF>F I V7 ) u 7 LAk, DNA/RNA BEI& L2 W CcEtnzaiet ) IR 25
L7 (X3),

RNase HE 45Tl C AL VEA) T4 EEFR 51 (T #RIE 2-OMef& i)
5.GCACTTTTTCTTACC-3' & d

5.GCACTTTTTCTTACC-3 . _  ,]-0-] 4.T/_o:T
5-GCACTTTTTCTTACC-3 X MeS

00 X = OH, OMe, NHMe, O
5-GCACTTTTTCTTACC-3" 0=P-0 NHCH,CH,0H, 0=P-0_
H NHCH,CH,NH, g

3. &R LiAYIEOR KRB

n

2. VN ALRERF I DU Ete A ) TR
VABHERF IV DHRER 4R, RO 22-0-7 8 FRrS5-AF LT )20 100
7 TR TEE 2 ~ L8, FWT, 74 bV Ry 7 2 A2 AV 1,5-KEBBENC L B 4-



TR HRELTZ 74 P Ry 7 ALY I L2 2 A, HIO 1 428K 3 (S- A F LK)
ZANARRINEICHSE D Z LN TE -, TBS Bz Lzt WiEICiEwn., &) SEmEROELT
4T 7ay 7 4 ~LFHE LT7-, DNA/RNA BEIGAHEICE D 4 ZHWT, 4 BERFI U
EaleA ) IR E G LT,

O

N
y
HO A :/}"V'e HO o ___HO
O N 7 steps T i) oxime imidate formation T
O~ P o O
— = 4 1'
ii) photoredox reaction \;.3
OTBS N\ M

OH e OTBS
1 2 3
DMTrO T é
i) Desilylation o) o T
i) Dimethoxytritylation oligonucloeotide synthesis
iii) phosphitylation © o Me™" 5
| -
iPrZN/P\OCHZCHZCN O=I;—O
4

X4. 1" 4 -BIERKEBOE K

4-3. (EffiA Y TRLEE OFEREREAT

Gk LTS FUERR IR 2 G ie A4 ) TR & —ARS{RNA & OfEGHIFnZ @lAzEERIE I X 0 5HE
L7ce HBITRT 4-EBHRITNTIOSAE S, ST, B L 72 BRI OB E M
FREEBE B 20N EyhnoTn, — 0, A ZAERIT I O3 1 EfidH T2V 2—4°C DEE
LR S NTo, D OFERD B4 BIOEAEEE 2 L T HAZR RNA & ZE il & BlifntE
HEFFCEX D 2 EARENT,

WISy R R AT D IRPUE i~ T, fER. WTho7 e ZicBnTh, RROH O
X 0 R fREE SR Tt L TR S VD o T2, RIS, UV A-BRET T X U 3 O R oy iR SRR
it E s EHENE 7o T,

B2 RNase HiEMEZZEM L7, 5'K#E 7 F Lt A v TEM LT RNA & X v v 7545
EitZE 2 B A LA ) TR %2 W CRIGE B3O RNase HI PR A 1T > 7=, FTE ORI
WL7%, RY T 27 UAT I RYOVERUKENCHoNT Lz, ZOREHR, ARG CHW-ESIIZ W
T 4-EHIROEFLOFEIEIC X Y RNase HiEEN 25 Z LR SNz, K5I DFERD—
WMAERT, 2 WBERBIICEMBERAEEALZEA., 4-COOMe £, 4-CONHMe &, 4-
CONHCH,CH,OH f£1Z RNase H {E AN /L S 7= DI % LT, 4'-COOH &, 4’-CONHCH,CH,NH,
&, 4-SMe {&I% RNase H (2 & 5151 RNA O fRIZ R b 7e -T2, HTH, 4-COOMe K & 4~
CONHMe A% RNase H IEMEN @ o723, WITNOSEHEIZB W T 1 HEK & TOEM Tl
RNase H iEME 2R & o Tz, — ., I A-ZRER T I 20 CTlid. RNase H iEMEIT 2 R X D&
MiCTH RSN RS0 T,

ZHIRNA

3-GUACGUGAAAAAGAAUGGCAACUCUU- -5' E. coliRNase H1
— RNA cleavage products

A)I¥iE 5-GCACTTTTTCTTACC-3'

Time (min) 1 5 10 30 Time (min) 1 5 10 30 Time (min) 1 5 10 30

Full length RNA S s . —— - -
RNA cleavage
products
T =4'-COOMe T =4-COOH T = 4-CONHMe

Fulllength RNA . . . - - ;

T
= -0

RNA cleavage T= 4

products X

T = 4-CONHCH,CH,NH, T =4'-CONHCH,CH,OH
5. RNase H;E M EF DAL R (—EB)



AWFZEIT L0 R L7z EfiikgiR 2 5 2 & T, RNase H i M & fREF L 725 v~ 785y D)
7L FHERIA FTRETH o7z, £ DER. RNA & ORSEBMIEZHERF L TRV . S BITHMES R
BRI DB b B Lo, ARERIT, ¥ v v TS OESHI 22 PS L 2B TE 5 Al
P REd b0 THD,

<5 3R>

1) Y. Hari, T. Osawa, S. Obika, Synthesis and duplex-forming ability of oligonucleotides containing 4’-
carboxythymidine analogs, Org. Biomol. Chem. 2012, 10, 9639-9649.

2) Y. Ito, K. Mizuno, S. Sumise, A. Kimura, N. Noguchi, Y. Fuchi, Y. Hari, Generation of 4'-carbon

radicals via 1,5-hydrogen atom transfer for the synthesis of bridged nucleosides, Org. Lett. 2022, 24,
7696-7700.



2

17,4"-
143

2023

47 - RNase H
142

2022




