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A adenine

ASO antisense oligonucleotide

ANOVA analysis of variance

C cytosine

CAVP crotalus adamanteus venom phopsphodiesterase
cDNA complementary DNA

DMEM Dulbecco’s modified eagle medium

DNA deoxyribonucleic acid

DNAzyme deoxyribozyme

EDTA ethylenediaminetetraacetic acid

FAM fluorescein

FANA 2'-fluoro-arabinonucleic acid

FBS fetal bovine serum

G guanine

GAPDH glyceraldehyde-3-phosphate dehydrogenase
Hepes 2-[4-(2-hydroxyethyl)piperazin-1-ylJethanesulfonic acid
HPLC high-performance liquid chromatography

I inosine

LNA locked nucleic acid

mC 5-methylcytosine

MALAT-1 metastasis-associated lung adenocarcinoma transcript 1
Me methyl

MOE methoxyethyl

mRNA messenger RNA

ncRNA non-coding RNA

2'-OMe 2'-O-methyl ribonucleic acid

PO phosphodiester

PS phosphorothioate

RT-gPCR reverse transcription quantitative polymerase chain reaction
PAGE polyacrylamide gel electrophoresis

PO phosphodiester

PS phosphorothioate



RT-gPCR
RNA
RNase H1
siRNA
SOD1
SRB1

T

TBE

TNA

u

uv

reverse transcription quantitative polymerase chain reaction
ribonucleic acid

ribonuclease H1

small-interfering RNA

superoxide dismutase 1

scavenger receptor B1

thymine

Tris-borate-EDTA

threose nucleic acid

uracil

ultraviolet
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BIEESE T KD FEIECTUAESE C IR REECH - 7o, BEMEEEC /D EEICK
LCT77u—FCELHIRABEEXY) 74 & L CEHEED T2, BKEEEEOMEL
. EH) RNA QY)W % 83 2 siRNA 7 v 7+ v 2E (ASO). ASO DB D1EH
WHFLELTRNADRT ZA Ly a2 2774 v ZilifliiiEE, S oicx vy
HEBENE T2 RNA T 72~ = EREFONE . 2ok ke REAETE2HE L7

BRI IC DWW T { DR TONTE D | Riw % MERE S C 20 5 H 2 E3E S

L TR X T 3 2, 2023 fEIC 3. HiE O ET (SODT) OZEE»1Ei & 3 2 ASO 75,

R ZERETEMI R B LE IC R 2 iRHER L L CREI N K E RiEH 280 72 3, KERESK

BI O BBIFEORBVIFRFINAEELXY T4 TH S,

AWFFETlx, siRNA 2 ASO LAl U < RNA YIKIR o# 7- iz B IESE & L CHiff a3,
FF %2 U EFA 4 (DNAzyme) 13 H L 7=, DNAzyme I3 1994 4. DNA 54 75 ) — %
HO7ZHBEL VTR 7 ) —= v It k> THID TRWZE S iz 4, & 512 1997 i
k. BRAED A S WHFED3 72 E b 10-23 DNAzyme & 8-17 DNAzyme O 2 fifiD %7 % 4 7
D3R X 7z 5, DNAzyme 13 30 35313 &2 H K5 DNA TH b, 1 RNA & RN % fH
A _EHEFTERT 555 T — 4 (binding arm) (Fig. 1a, shown in black) & . Pb?* Mg?*7x &
DEEA F v & EET 2l 2 7 (catalytic core) (Fig. 1a, shown in light blue) THERK
N5, N RNA & o ZEHERIC X > TRJEA 4 v 28 RNA YIIERALEF% (Fig.1a, shown
in red) ICHZES % C & T, @EA A4 v L OMEHAIFERS X Uil a7 oKEBERE & oK
FHEOEM L. RNA O THIKSERIG (2 'fﬁaﬂﬁ}ifﬂ) BSEFF L RNA 230I07 X 12
(Fig. 1b), 72 3. Fig. 1b Tlx 8-17 DNAzyme Zflic, MTAEHRE X L7z X fks i 0 o 48
EENDKIGHEEZ R L7- 8, DNAzyme 1301 %ﬁﬂ:é Tk, EEICHE A IC
HEDONTEL TS, 7 FFEOREA A VIFIET TZ @ﬁﬂﬁ%ﬁﬂiﬁ)ﬁ_a— 5RICERL 72,
EEAF vy —L LCOILHMIER, ¥izmR 7Y —=v 22X b, RNA UIKICiti
CRNA 7 47— a v RIGTs E4 R BARIR)G % fit#i 3~ 2 DNAzyme OHRZR D T AT
5 9—11O

RNA I 0 siRNA. ASO & Hili L C. DNAzyme i3 (1) 21K % FIV-3°1c RNA )
Wic& %, (2) RNA UIWEAr OIEEGEIREA G, &) 2 2 KRE LR e LTFo, %
NZNOHIC O WTEHIZ FEdicR L 7=,

(1) #EKD RNA UIWTRI DL EE RS 1L, FHAHEE & 72 2 KR RNA 2 A REER ICEkE ¢ 5 C
& T, FRICK 2 RNA oYz 5] 24 2 3 (siRNA; RNA-induced silencing complex,
ASO; ribonuclease H1 (RNase H1)), 7z & z1¥. ASO I35 RNA & DNA-RNA —HjH
ZIERLL . % @ % i8# L 72~ RNase H1 25421 RNA D YWt - 43f# %475 (Fig. 1¢).
—77C, DNAzyme 134 kR % A2 2 &7 RNAUIBIZ1T5 2 L 2 A[RETH % 7=
O, 72 ZIXHNE TRERERLRIL 2w, AR TR > Twb k5%



BREE (DSAMIBE., ST, 72 &) T aIEESR E L CAffa g,

(2) DNAzyme i X % RNA YIWiEAZ 13 2 @ 2~4 $FEEEFICH L CEvaEIRE2HE L Tw
%, 72& 213 10-23 DNAzyme &\ 5 47X 4 7 Cid, YINREO 2 A-U ¥ X7 LA F
FTh LEEICRWUINEEZ RS (Fig. 1b). 23— H%4 T (SNPs) &
AOERICE o TEBRORIMZRT X 5 7 RNA 1L L CIEFICHE I TH 5, ASO
SIRNA 22 RNA O—HEH72 R A2 d 0 (1 3 2= F) 0 2BIEIRE <L L
WELIE1T IRy FORNARYINI T 2472 =7 v FhRICKVBWEZ R TZLHH
% 7-%. SNPs #EiR 7 UIW %% 2 7- & %, DNAzyme (3670 R L 72 %,

ad  Deoxyribozyme (DNAzyme) b
«
) , G13 \* N H
5 LGTan ¥ e ay
e e 0,0 G Ho— N </ =
LI L ] oS N
3 G G 5’ - %jz ") R o 4
binding arm CTtC P 3% “o-H /
- 1OGG/CA5 HQ/S_} 9
catalytic core cG o/’P\gx H O=p_oH
@ o- é\/:—o“aopb% <Oj\ \
b 16) ; N4\N
P B
G T EONAG baps §
HO HN\/{N G6
G JCIR RNA dinucleotide z
ctC , catalytic core
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A
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Cleave specific dinucleotide
(“G-G” in the case of 8—17 DNAzyme)
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Fig. 1 Overview of DNAzyme. (a, b) An example of DNAzyme, 8-17 DNAzyme, which
cleaves target RNA by catalyzing intra molecular hydrolysis reaction. RNA cleavage is
catalyzed by its catalytic core with metal ion (Pb?* in this case). The cleavage is only occurred
at specific dinucleotide shown as green. The nucleotides in the catalytic core were numbered
from 5’ end, such as G6, which is sixth guanosine in the catalytic core shown in (a). There



are base pairings between A5 and G13, G6 and C12 (shown in blue bar). (c) Brief description
about ASO, which cleaves RNA via RNase H1 recruitment. (d) Suspected RNA-cleaving
mechanism of DNAzyme by recruiting RNase H1 as well as ASO.

COXIICAFEEZYV T4 LTl e, 22— T AAN=RLEHBELTWwE—
77 . DNAzyme ZAllAZ-CEIIC 35> T RNA VWG A BHIEICR T Dldiz L A TR &
NTHELT, HEPIA T THLEVIMERD L, ZD7-o, DNAzyme (2= 7 & &
JEA A v ic X % RNA YT & v» 5 DNAzyme DO#HETI372 <. ASO LA L & 9 i RNase H1
I X > TRNADBERMNICYIBI X 2720 Tldhwvd & IR b HE TN T3 (Fig. 1d,
FEE T — 208 ASO & [FIERICHERE L 7= AT RENE) 12, ERIRERBRDHE®D & 117 DNAzyme b i
INTWB, T5HD DNAzyme IfFEIC 5T H, RNase H1 Tid7: < DNAzyme I X %
RNAYIBITH 3 2 L 23AREICR S Tld e o 72 181

AR, 2 2D 7 —7 X0, DNAzyme DN T D RNA YIWHEM: % BAfEICR L 720158
PR CTHE SN, 1213 7D 7+ V=T R¥ET =34 YD John Chaput & D 7' v
—7TH DB, WHRIESHERINTEZY T 24 7 THD 10-23 DNAzyme TR L, 2-
fluoro-arabinonucleic acid (FANA) & threose nucleic acid (TNA) Z#EbY)ICEAT 2 2 & T
DNAzyme ® RNA UJWmEN:. 3 X CBERME (B fligsE el coLErE) Zim k
8, AN TH EOIEEE R T I L B8, EmEAC L & LT, S I3l 7
DOFHNH % [ ¥5d 5 2 & T DNAzyme iEWEZIHA S 724 AT 4 73 v bu—) (3-5-
inverted) Z M\ 2% 2 &, Ml TD RNA YJWiiEH:2S RNase H1 1C X 23R Cld /e <
DNAzyme Ofiiliff)7z RNA YIBTIC X 2 LR L 2mBZBIT o5, 51207 — 7%
MRC 5> T-EP2E0 %2 FT @ Philipp Holliger & Alexander Taylor 5D 7V —7CH %, 5 1%
YR Y R T —XE G, TLTIERARD FANA THERL X 1172 DNAZyme % 22 ) —= v
ZJICEoTRIE L, b i3AH T4 7avrr—1E LT, 3-5-inverted Il 2, iM%
HES 2 LR LIE 2 T ICEAL 72D D EHE L 72, —HEDLDOERD 720 | ffi
3% DNAzyme 7% & DIFEFEHIDZACIZ/NE K, K VEERANTT 4 7a v br—r
ErzoNl, ok 2MED AN T 4 Tav bu—n L, RH L 72 DNAzyme
DN CHARE I RNA YIS 2 2 & 2R L 72 7718, Wi h oW b (EMikEEOEAIC X -
C DNAzyme Dtk - BRI % M) F X2, #ildN T RNA UIBHEHEO BT ICE > Tw 5
b, B DY) 78 A I DNAzyme DRIZEICHICEE TH 5 2 L 2300 5%,

DX 5 IEHiEIEDOEAIC X o THIEL ~ v Tt % 7R3 DNAzyme (R oD
H 505, bt = 7ot U CERIKIER 2 SIRANICE A T 5 7RI H o I T T e v, i
R Chaput b (2fil#it 2 7 O EALEIC FANABEAL7Z2d 0% 5|26 3l cFXCHE
L. FANA ZEBAL CTHFEMMME T LA 2 v BT 227 Y —= v 27k E -
Tw3 M Yy ITNRTGETIE® 20, BA0EIC FANA 28 AL 724 ) oA HET 5
MEDRH Y, T 5T FANA DUANDEHiLIEZH 2 72 5E 10T S IR EHET 5 C
Lild, o MRE L T2 7 TIC LB ZEATE oo, BERMMEZ T



W ERBEIND, b, a7 % &% TT T FANA TIERK & 1172 DNAzyme %
3% Holliger b7 7' v —F % ik L 7223, 158 RNA BCHI 328D 5 7z NiciERIR 7 ) — =
VIBRETH B L b, @iETERS 2 EEEG T E 3 0B AEYTH B,

AFETIE, REDOA ) IRBERDBUBELE R IWERDOR 7 ) —= v 7 LR Y,
DNAzyme D BREI) 72 (B8 77 1% % #7172 \CHEEE L B8 L 72 DNAzyme THfifid L~ T D RNA
UWrE 2R 2 L2 HIEL TS 21T o 72, BRiTIEDORESICH - Y . 10-23 DNAzyme
R U WIS S =N R 7 2 4 7o, FEEEZYINT 2 ERTOEELIREE (pre-
catalytic) &% 2 b T3 X HifldbiiE 03—y X 7z 8-17 DNAzyme ICiEH L 72 &
6, Z d pre-catalytic 7z X fifhfmiEEh D% X 7 LA F F o FEEERICE S T T,
INE CTFRY CEMIRET S N T X il = 7o U, BEiLIE O 8 8 ANLE % Bl
MICERETS 2 ATRETE Z WRAE L 72 o 72 AEHY RNA & “HHZ TP T 2 /667 — 413, ASO
ICRD DN BFFE L Ul o T 5 & F 2, BIFFE=ED ASO I3 2 &AL iEH L T
i DNAzyme Z BT % 2 2 RELL 72\, FECEIZIC X > T 8-17 DNAzyme % BilERfY (C
fEffi L . 8-17 DNAzyme T3R5 D 722 o 72A4lilE L <~ vTD RNA VIKEEZ 7R3 2 L 23T
& 111X, DNAzyme O¥i7- & M7 70 —F & L CEIEICHICA 2R ICHcE 3 & &
Z 7

FwE ik, Mo 7 icowT X M EEE IO BT e —F 24T o 7o
BAEIRT, 817 DNAzyme DK X 7 LA F F O AREEERICE S &, = OFH (FREd
JiE 7 &) 1T L 7 B it 2 IR L CEATE 2 D WREEZ 1T o 720 2 TICEE < DfEH
MEAME I NTHE Y K7 7o —F I JHRED s e Hiff S s, B _/MiClIflEe 7 — 4

IZXf LT ASO DEffiAI R 2 2 2 L il B BETIC oW TE LD 5, BT — LTk
D H AL FHEL ASO LAk, BB RRES 7 LT T 2 LEM L . 151 RNA & o) 7
THEHPKAETH b LB R T, £ DEE EERICERILAY) O ASO ICEHE X LT\ % locked
nucleic acid (LNA). 2'-O-methyl ribonucleic acid (2'-OMe). phosphorothioate (PS) bond 7*
HH I EMiklE & # 2 7= (Fig. 2). =M<l EHMi%E A L 7= 8—17 DNAzyme D H & FmH
RIEHRHEIC X D 2 Offiiil e L Co R —v A —"—%MET 2 L L I, FPUE TR
SRR N 3 2 LEMEDFHEi Z /T o 72D TINOFMEREZR T,

BoETIR, = TRE L 72&6 8-17 DNAzyme % F\» CTHIEN T D RNA YIlEH:

NS ZHIEL 72, FH—Hic, MIENICEET 28B4 4 VICEEL 7 L &0 RNA UIWEHE:

DB 8 fEE L7z BT, BB TIIMIEICNTES % RNA X L T 8-17 DNAzyme
DOReH % FaxEt L2 NE 23, B=ficld, SEEICEMN ICEEi 8-17 DNAzyme % AL
B2l T, fFNRNA ZYINT T2 2 LT 2 2MGEEL 72, 21T, ZBPUET i3 RNase
H1 Z /L 72 b ©Tld7e . DNAzyme DHERE CTHIAEIAN RNA Z YW L 7= 2 & ZWREE L 72 /5%
RN
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Fig.2 Various modified nucleic acids used in previous work and ASO design.



—# 8-17 DNAzyme DfEfizaT & if HAT il

— B X Brh S I E H L i = 7 o A
2m7$*ﬁiéht847mmmmyaxﬁ#%%ﬁi|%M%%%?5E%@%%
(precatalytic KH&) % mR AL IC L b X 72w D P TH % (Fig. 3a, Protein Data Bank
accession: 5XM8)%, 7ti. 10-23 DNAzyme ¥ X #ifs S 138 o Tw 3 28, WMk
HEZ IR L 7= 535 Cl3 70 L IRMQE0ME D > 72729 (3.0 A), BEFDE AN E 2% 2 51013
WL TWinp o7z 9,

8-17 DNAzyme @ X il fiihi ic 3£ < &, 8-17 DNAzyme (351 DNA & [ifil ofs &
7 — LT HEHAEEM L (Fig. 3a, shown in orange). &7 — L O Cfiliia 7 (15
) #FEL T3 Z 295 % (Fig. 3a, shownin light blue), ¥ 7= fillif = 7 13 NEE C G
SER % L s b EM RS REEZ L > TwB 2005, &9 Lo 7ot (i)
North U1 & 2\~ (3 East 1 RSEE 2 HLS X 2 LA F F (BEERMAE (P) : 0°—
108°, position: G2, G6, G9, C10, T11) B X U (i) HENEHEZ L <53, —EHLEA%R
b X5 ARk AEEL 138 %2 X 27 LA4F F (position: C7, T11) I<iEH L 7= (Fig.

3b) ZNENICH L, TatlnTEMXIRICE 21z 2 Z itk 5T, KADDNA LV D
pre-catalytic tRAE (X #if& & o PGE) 2 LEfld 2 ik aiEEom B, 726
i X 2RO R EAFCE 3 L& 2 72,

(i) 2-OMe, LNA: BEEBECHE % North B 585 2 (/T H 2 72, X Sk SHEE T & 2212
7z o 7z pre-catalytic JRHE DFEGRECEE~ L 3FE 2 HIIC#EY)cbh 5 L& z 7=,

(i) unlocked nucleic acid (UNA), C3 spacer: AKD{AHHE & 135725 X 7 LA F FIidtE
EELTOTADRHLEEZ, VA—RREZAEIRVWINOEMICL Y DT ADOMNE, 2 L
T pre-catalytic IREED L ELICH R < L& 27z, C3 spacer (X 3fivH 5 E TOJH
THIFE#EEZ Y v —CEERZ DD TH D,

1 LR O L AREC PR | J I R AR A P TR T &
BTEDL, PIZEN 5200 CNA (w~wEHWT
AETzctickhkwong (RBIESE) P2 0°
WEORCEE % North B, 90°Lf5 % East %, 180 iLf#
% South Bl & X 5, KIKD DNA D37 KECEE 12 North B

288°

& South I CTW L ¥ % Fro 7 IRRETH 2, 252°
HO O1’ Base C. C3' Base
O 5
) , C4 Cy'
Cs C,
OH C;' endo (North)



C10
North/East sugar conformation Flexible to avoid strain
Base i Base é Base é
WF - WF ; Lol
3 = é . 0
IIIIIIAA I1|||||| UNA  C3spacer
3 GC ,G C 5
CORBe” a8
@G

Fig. 3  X-ray crystal structure-based chemical modification. (a) X-ray crystal structure
of the 8-17 DNAzyme. Orange: binding arm, blue: catalytic core, grey: DNA substrate,
black ball: Pb?*. (b) Scheme of 8-17 DNAzyme. Nucleotides which form North/East
conformation among the catalytic core were shown in green (G2, G6, G9, C10, and T11)
and strained nucleotides without base-pairing were surrounded in a circle (C7 and T11).
(c) Crystal structure-based chemical modification on the catalytic core; North/East
conformation nucleotide (left, C10 shown in light green) and strained nucleoside without
base-pairing (right, T11 shown in blue).

W N OB D KRR IO T AMEE RO 2 2 LItk Y, MR L ToR

EWEREO B EPHEINLZDDOTH B 0B, k., A Xk naaﬁiﬁ IS 2 RNA T

1272 < DNA (UIHiERr D4 RNA) TH h . F.LBE A4 4 v (Pb?) 0720, EENIC
FET 2 8E % VT RNA 22U+ 2813 e LTOHME BB R ->T w3, Aficid, X
FE G I RO B Y A MR A B A L2 Bic, SR E sk bcE B L
FRT 0, 93 XSS ST &S W2 (S DNA, &84 4+ v: Pb?*) |
TR 2D 72, 7k, AISRE L CoMETe LTI Z RNA, &8 A 4 v % Mg?He Zn?*
ICEE S 2RI & iR g,

X A IS IC DO W BRI T 7 e — F O H IR R T 720 1. DNAzyme O UIiE 4T
filize LT, 5Kiic 7 vt w 4 v A2 EHi L, Uiz cd s G-G © 5'fllo G oh %
RNA (& L 72125 DNA ZE (Dz-Ds) % E#I L 7= (Fig. 4a), Dz-Ds D HIFEELHI| 13 X #ii
IEE 2 ST 2 Db NS & R U T %, FRIC, &G imihE cH W & 72 RIEA 8—
17 DNAzyme % Dz36 L E# L 7 (36 k), 9. DNAzyme OifFHii & L T~ T
TN R — v F—,3— (Dz36 : Dz-Ds=1: 10)D £:A T Dz36 3] 50% D FEE Dz-Ds % L3
% Kﬁ:% L L 7=, BRI 13, Hepes buffer (pH 7.3) 1 0.25 mM Pb(OAc). 777E I C 37°C

0 MG 25 Th 5 (EBRESR), b, XGRS P> 28&EA v e L

%IJFFJ LT3 720 Pb(OAc) Zflif L 7z, %72, AHi<flif L 7z DNAzyme ¥ X U E D
FEIIC DWW T Table 2 1T F & » TARFIKEICEEH L 7=,

RO R & RV i 2 T~ DS EIALIE O B ARG % 1T o 72, HifFL 72 Y . North/East



B o W ERECEE D {5 P (G2, G6, G9, C10, T11) 12 2-OMe % EAL7-& 25, 557D 5 b 4
T CYIBEE 2 a4 2 2 LSS 20 o 7= (Fig. 4b), filt= 7 o 555 6 HFH D
G (G6)IC 2-OMe #%#E A L 7z Dz36-omG6 I5e TG &I L7228, JefTiFge ofids &
. Fig. 1b IZ/R L 72 X 5 12 G6 1 Pb?* & OFEMAER % H\>, DNAzyme 25 RNA % Y]k
TEIARY PO CEERZD, DI PRV EDEALRTEINGE»roT2EZD
nz 6 BEfRIyICi, Tablel IZ/R L7 G6 O#EERIERNAHMA P 1k 18.8°TH 2 DITHf L, 2-
OMe (3 24.8°F1UTic 72 % Z & AMEE & N % 72 038 V) 7 ARG 8 12 5558 © & 7> - 72 ATBENE
&L BAMGET L 72 BRI XA SIS TR ZE DT B L HEE L T 7z 28, 2"~ D 2
b UHEDEANIC X 2V REENE U RS EZ oS, £72. C10 iC 2-OMe ZEA
L 7z Dz36-C10 [ FHfi G IC 51T 53% DHE 2 VI L Tk Y . Dz36 DYIKiE 47%%
WL T2 &, B XX 13%IEER A L7z, — . [ UALiE~ LNA B2 EA Lz L & 5,
G9 DfifiE (Dz36-InGY) %R EFEMAHAT 2 2 L BHL D & 7o 72, T DFERIZ, LNA 28
North TLic 58 & [EE§ 21EMiTH 5720, %X 7 LA F N OFEIRECRE % X fiks S o pre-
catalytic 7= iEPE(LIRFE L 1372 2T (£ D 58\ North &) ICEEL CTL E o 7272®1C, RNA
U5 g T e A TE T, IEERHRLZEEZON G, AERICOW TR AR D%
Je R RET T B,

RICHIFER Z R L T WX 7 L4 F F (C7,T11) 1K LT UNA ¥ X U C3 spacer %
BALZEZA, T OEICEBHL D0 3EEEHRT 2 2 L 8L I - 72 (Fig.
4c, Dz36-unT11 [UNA], Dz36-spT11 [C3 spacer]), C3 spacer bifATH 7= Lo b, Fi

a Dz-Ds

DNA trat
B0 s ( substrate)

G
Lt v Pl
3 10 5

- 5

Base pairing between A5 and G13,
G6 and C12 (shown in blue bar)

NN A A
b dFE o FE eSO c S &L
&S NSRS o & & & &
W© o LI LG D S O OO AR
PR IR R R MR R VR VI SRRV ER RS
QY OV Q& Q¥ QO Q QV Q" QY QY O Q _— =
- - - - - - 4 @ &5 @ @ | D:Ds(23) Wi W9 W W W D7 Ds (23nt)
- - - - - - W Cleaved (12 nt) - - #»  Cleaved (12 nt)
cleavage cleavage
efficacy [%] 47 48 0 43 53 32 52 0 0 35 3 24 efficacy [%] 47 23 43 13 37

Fig.4 Cleavage assay of 8-17 DNAzymes modified at the catalytic core. (a) Scheme
of the cleavage assay of 8—17 DNAzyme. The DNA substrate was modified with FITC at
the 5' end, and only its cleavage site comprised RNA (guanine, shown in red). Urea-PAGE
analysis revealed the substrate-cleavage activity under multiple-turnover conditions. The
results were shown for (b) North/East conformation-induced modification and (c)
modification to induce nucleoside flexibility. The cleavage reactions were performed in
buffer containing 0.25 mM Pb(OAc)2 at 37 °C for 10 min with 100 nM substrate and 10 nM
DNAzymes.



s X BRGSO E R W RO e o7z, — /7Ty BITIETIE TN X7 L
FF P ERFTRICRII LS LEESK 20 (K P LAz WG S LTwd Z b 8, RET
37 EMIRERR IC X - TEWR L 72 AWFFE D #i% 13, DNAzyme i& 1 %2 #iFi 4 2 ECHRHITH
YRR NN 4 W

E Gk L 72, North/East T O BEEIELEEIC D W T, X Sifs g% b L IC/ X 7 LA F F
O WA % SRS RRET L 72 (Table 1), 7ed, & X 2 LA F FICIEHREA L 72 7613 o
fEF (Fig. 4b) % RIEHH Dz36 1At 3" 2 HHNHE L L C Table 1 DAMNCI/R L 7z, HEEHERATAH
fPEZEHLAZEZA, WIFRD 0°-108°TH bV | North/East H1CTH 3 2 & HER E 7=,
Z ZTLNA & 2-OMe ORE I N T 5 X fAG G ICE ST P 2RI L. LNA I 2-
OMe XY 5 < North B! (0°ICiEVZ LV ZFER L TWwb 2 & 2 L 72 (Table 1
bottom), 72 b LNA IZfillia 7 DR X 7 LA F Fa. X KikkiaiEE s BUS & 1u7- pre-
catalytic JREE & 13 H 72 5. X V58 North BUICHEE L C L ¥ 572 72% . DNAzyme i1 %
KIxdiztEz2bhb5,

Table 1 Calculation of sugar puckering for each nucleotide in the catalytic core of the 8-17
DNAzyme. Five nucleotides (G2, G6, G9, C10 and T11) with the North/East type
conformation were selected and their conformations were confirmed using the respective
pseudorotation phase angle (P) and puckering amplitude (vmax) based on the X-ray crystal
structure (PDB ID: 5XM8). Relative activity was calculated using the result in Fig. 4b and c.
The activity of the unmodified 8—17 DNAzyme (Dz36) was set as 1.0. For LNA and 2'-OMe
sugar puckering calculations, one representative was selected from the X-ray structure in
each case (PDB ID: 1HHW, an LNA—-RNA hybrid; PDB ID: 117J, the dsRNA of 2'-OMe).

Position in o . Prefered Relative Activity

Catalytic Core P[] Vmax [l Conformation 2.OMe LNA
G2 24.5 13.3 C3' endo 1.0 <0.1
G6 18.8 42.3 C3' endo <0.1 <0.1
G9 79.3 39.8 0O4' endo 0.9 0.7
c10 59.4 18.4 C4' exo 1.1 <0.1
T11 46.9 39.5 C4' exo 0.7 <0.1
LNA 16.3 57.5 C3' endo 1HHW 24
2'-OMe 24.8 49.8 C3' endo 117J ?°




S ETOMBI OB TS 2 B A B2 R L TE 7, 2T, 2-OMe f&ffiic
DWT, [ U 2B ARR - EFHI R EE 235 7% 5 2-methoxyethyl (MOE). 2'-fluoro
(F) %72 & % © DNAzyme iitkic 5 2 2 B %I L 7= (Fig. 5 left), Ch b 2EHiD
MR RBiTch v, BEME2ED. 222 North BIiLHEA & ) 23w &AM LT
%, FHliF5EE % Fig. 5 @ lanes 2—4 IR L7225, D7 &b C10 DALETIIAE 137
CVFNRLIEHIZEZETH Y | AMERIGLE I B\ TIHEHILEE DE T X 3 32K - 11
R BIIR o d o7z, RICT, Fig. 4 TRIFAFER%ZR L 72 UNA, C3spacer H &® TfE
fi% 2 > AN B HETS i L 72, 2-OMe % 2 O, £ 7- 1% 2-OMe & 2'-F (Fig. 5, lanes 5, 6).
X HIT 2-OMe & UNA Z 7zl C3 spacer # #lA &b 725¢ (Fig. 5, lanes 7,8) . Wi
b 1 DEAL G AICH A TIEMEIZIE L7225, 30~38%DYIWHETE AR L Tws Z &
DA 2T 7 o 72,

AWFFECTlx, KIERTD Dz36 IC X THE D YIWIEMHED 5 X 2 13%[A L L 72, 2-OMe %
—DE A L7 Dz36-omC10 % filtfit = 7 DIEfi & L TR L 72,

Q N N
ISP
Q Q s &O Q'%Q Q’§
O\r\QoO\ éz’q,"’o'\ N
H Base $ Base H Base o{Q & N C)(Q %O § 06\
0 0 ngo ngo’ (go’ ngo’ ,b‘o' (,go' ,,So’ (b"o'
0 0 (e} Q'\/Q'\/Q'\/_’\/Q’\/Q’\/_’\/Q’\/
0 o O 0
: S G W e e e e e W DZz-Ds (23 nt)
2-MOE 2-F

W e e e e e e Cleaved (12 nt)

cleavage

efficacy [%] 47 49 44 55 30 38 35 36
Fig. 5 Differences between 2'-modifications and two-point modifications in the catalytic
core. The modifications at C10, using 2'-fluoro (Dz36-flC10) and 2'-O-methoxyethoxy (Dz36-
moC10), had comparable effects on activity as those observed in Dz36-omC10. For the two-
point modifications (lanes 5-8), while cleavage activity was retained, it was slightly less than
that of the unmodified 8-17 DNAzyme (Dz36). Cleavage reaction conditions were same as
Fig. 4.
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Table 2. DNAzymes and substrates (oligonucleotides) used in this section (1-1).

Oligonucleotide
Sequence (5'-3")
Name
tgtaacgcac—tge-cag-cgg-cte-gaa—atctetctegt
(Numbering) 1-3 13-15
10-12

Reported 8-17 DNAzyme X-ray crystal structure sequence' (Dz)

Dz36

tgtaacgcac—tgccageggcetcgaa—atctetctegt

Dz-Ds

(5'-FITC) acgagagagatGggtgcgttaca

Catalytic core modification

Dz36-omG2 tgtaacgcac—t(. ' c-cag-cgg-ctc-gaa—atctctctegt
Dz36-omG6 tgtaacgcac—tgc-cals  -cgg-ctc-gaa—atctctetegt
Dz36-omG9 tgtaacgcac—tgc-cag-cgl. ' -ctc-gaa—atctctctegt
Dz36-omC10 tgtaacgcac—tgc-cag-cgg-(  tc-gaa—atctctctegt
Dz36-omT11 tgtaacgcac—tgc-cag-cgg-c’l ' c-gaa—atctctctegt
Dz36-1nG2 tgtaacgcac—tG"c-cag-cgg-cte-gaa—atctetetegt
Dz36-1nG6 tgtaacgcac—tge-caG-cgg-cte-gaa—atctetetegt
Dz36-1nG9 tgtaacgcac—tge-cag-cgGl-cte-gaa—atctetetegt
Dz36-InC10 tgtaacgcac—tgce-cag-cgg-5"tc-gaa—atctetetegt
Dz36-InT11 tgtaacgcac—tge-cag-cgg-c T c-gaa—atctetetegt
Dz36-unC7 tgtaacgcac—tge-cag-C gg-cte-gaa—atctetetegt
Dz36-unTl11 tgtaacgcac—tge-cag-cgg-c T c-gaa—atctctctegt
Dz36-spC7 tgtaacgcac—tgc-cag-(sp)gg-cte-gaa—atetetetegt
Dz36-spT11 tgtaacgcac—tgc-cag-cgg-c(sp)c-gaa—atctetetegt
Dz36-f1C10 tgtaacgcac—tgc-cag-cgg-C" te-gaa—atctctetegt
Dz36-moC10 tgtaacgcac—tgc-cag-cgg-5"tc-gaa—atctctctegt
Dz36-omG9-omC10 | tgtaacgcac—tgc-cag-cg(: - tc-gaa—atctctetegt
Dz36-1G9-omC10 tgtaacgcac—tgc-cag-cgls - tc-gaa—atctctctegt

Dz36-omC10-unT11

tgtaacgcac—tgc-cag-cgg- Tlc—gaafatctctctcgt

Dz36-omC10-spT11

tgtaacgcac—tgc-cag-cgg-( (sp)c-gaa—atctetetegt

Lower cases letters:

RNA; NY: UNA; (sp): C3 spacer;

DNA residues; Upper case letters: RNA residues; N-: LNA;
: 2'-F DNA; N™: 2'-MOE RNA; “5”: 5-methylcytidine; “*":

: 2-OMe

phosphorothioate (PS) bonds. Blue font: DNA at the catalytic core of 8-17 DNAzyme. Red

font: cleavage site of the substrate, or a critical mutation for 817 DNAzyme.
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FH T v T v AREEEGHICE D WG T — L D&

8-17 DNAzyme % i \» T, i L ~ v © RNA Y& 2R 4 & 9 s o il & Ml ic
BIF2LEWET 572010, RIC Dz36 DG T — L DEMIBETICEF L 72, Frimcih~7z
WY, FEET —LD%ENL ASO LB > TW3B ERELT, T7abb, Wlrg—v4—
N—THETH ZMHAMHEICHEAET 2 2L L. MIENTED ISR s LR R EES
TeERTz, 22T, ASO TINICITONBERIT A vABHAL T Z&ic Lz,
Fig. 1c iCn L7 X 51, ASO (E 5'L 3D A i S ke 2 i F U . AXIE 0 il 3 1
X B & HEHEA~ DR E B T v b, RIFFE Tk % oMtk & L <. 8L < A
WH LS LNA Z EICHET L7226, £72. ASO 1ZIZITETDHO PO(Y VY = AT\ e %
PS (FxFuFAT—1 ) fEAICERLTWS, PS fEAld. PO WA DOHBRIRT % iR
TEEZEbOTHY, KB RESRMEE KiECm ET2 27, b, KECHEHL -
DNAzyme & & "% OIE I D W THdd| 7 & o REfllIE. AREiHKE D Table 3 12/ L 7z,

¥ 9. Dz36 DA T — L ITH LT LNA & PS Of&fii%E A L. DNAzyme it o 34l %
fTo7zo AKX —VIZASO L[HIL X 912 LNA Z[fiKim 3 2 F2EA L, 12I1FTXTPS

B L 72 (Fig. 6a), Zcd. Ml a 7 IXEMOEANEH L 22572720, fillii= 7 b X
RZ DEFEOREET — LI REM e L T2 GEMIZE B ctkil), HIFFL 728D . LNA
& PS #E AL 72H%] (Dz36-Inps) i KMERT D236 & RO # /R L, (EAFE A AEE T
5:&ﬁ%6#wtotGM6abm13k—fﬂﬁPS%@%@A%?KUM@&%@

a C
G=—G
???/I\GI/I\G/IAGIAT G— GGTGCGTTACA HEEEN i R
oo rrrrrrl _— —_—
TGCTCTCTCTA CACGCAATGT
VVVVVVVVYV VVVVVVVV

Cleave
- a substrate

$ Base @I Turnover
0 3 G
0 oS Bind to — \
O'P\o another substrate
, O

B -,

0o

¥ LNA  PSbond

shown as “»”
o TEILLLLLE

/ACGAGAGAGAT— G—G-GTGCGTTACA FESFFSEF LT PP
LTINS e e S

VVVVV VvV VYV : ------—----- Dz-Ds (23 nt)

a J T ———— -~ Cleaved (12 nt)

cleavage
efficacy [%]

Fig. 6 Optimizing the binding arms of Dz36, using modifications generally used for ASO
design. (a) ASO-based design of the binding arms using LNA and PS modifications for
binding affinity and biostability. (b) Activity of the 8—-17 DNAzymes with modified binding
arms. The ASO-based design and the length of the binding arms were tested under the
cleavage condition shown in Fig. 4. (c) Image of DNAzyme-mediated catalytic turnover.

57 36 47 51 61 60 74 44 3 0 O
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fi L 72 b @ (Dz36-In) IXiEEANRES L 7= (Fig. 6b, lane 2),

EHICEWIEREEZBR A 7201, #iEB 7T — 20K XICHEH L7z, DNAzyme (ZAHH##E % U]k
L7214, Z oUWl 2> HaeBE L. #7218 D RNA &f5G - VI3 2 2 — v A — "= X
> CiEMEZ R T (Fig. 6¢)o RNA & OFESTIIARIZ A Y SR O ILR ICHE T 2 720,
ASO TIHHEHRREZZZ2 2L TRNA LDOFiANTBIVO LA —v A — =% L TE,
DNAzyme Dfi&r 7 — LD W ThH Z OIEAIGH TR 2 & & 2 72, Z OMEED 72 %, Dz36-
Inps DA% 1 35H 3 2% < L 72 DNAzyme % {Eik L 7z (Dz34-Inps, Dz32-Inps.....Dz20-
Inps), Z A5 ZFH L 724558, arm £ X 25 < 372 1t » TiHMEA A L L. Dz28-Inps Tt
KiGt<Td 3 74%DYIWER %/~ L, Dz36-Inps D 47% % H#EL LT 57% b i&tEA [ L+ 3
Z & BB 27 o 7= (Fig. 6b, lanes 3—-11),

Fig. 6 THGT L 7245 R ICD W T, MHAifH L ot L Uk & o2 R 720, &%
DNAzyme & MH#i#H & 0 —EHO B L EME (Ta)IC OV CGHER EMEL 72 (Fig. 7). Z Dff
R, Tmfl (purple plot) (X Fig. 7 i</ L 7z UJWri& 1 (greenbar) &#MHEA S 2 2 L 238H & 2>
Kiaotz, 2D LT, AT — 2% T2 2L THEFIE~OREATIMET L, 2—v A4
— N —REFESNYINEEOR LI oRR o EER LTS, b, AT — L%
Dz26-Inps £V < §2 &, Tmflix 37°C % Flul Y UIWHEM: D AT 2 2 L2395 - 7=,
A4 DNA (Dz-Ds)DYIWHE1E 37°C 4fFCEFli L T2 3 2 & 2> 5. Dz24-Inps. Dz22-
Inps. ¥ X U8 Dz20-Inps (343 ic “EHEK T & o7z, T7&b D Fig. 6¢ O _Lfilic/Rd
L) AR & O “HEARE ISR TE L o220, HEHEVIN BT 2 e o7z 8%
WCE D, ULoRRIE, Tn fHATE SRV FHEREAE, 272 L 20U ETH D e

14 ¢ 650
[ ]

12 | | 600
N ™
> L i
Z10 o ® 650 _
8 &,

08 | 500 =&
> =
% 150 2

06 | 450 E
() =
) 5
()
204 | | 400 2
© he]
o £
o2 | ° | 350 @

Oo}ooee@@o)@:o)o)_mo

N
SETIST T I I
Q'Q' Q' Q' Q" Q" Q" Q' Q

Fig. 7 Relationship between the cleavage activity and binding affinity (Tm value).
Cleavage activity (green bar) was calculated relative to that of Dz36 (based on the results
in Fig. 6b). Purple dots: Tm values.
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YELWweT RT3 % B, /i, Dz36-In D Tt Dz36-Inps £ Y H 5°C &

WZERHL D E R T2, TORERED . Dz36-In D & DB ENE A F L, A

Lo —vIA—n"—METFL7720IC, Dz36-Inps X W bIEWEHZ R Lz E 2 BN 5,
/2. 2O TmfHD X, LNA 2 HsE L oS 21 B3 2 —7., PSHEAITL T2 IcK

T2l oHiHTE 2 230, Fhbb, Dz36-nps 13 PS A DEAIC X 5T LNA I

X% Tmfl LR ZERL 72,

Table 3. DNAzymes and substrates (oligonucleotides) used in this section (1-2).

Oligonucleotide
Sequence (5'-3")
Name
tgtaacgcac—tgc-cag-cgg-cte-gaa—atctetetegt
(Numbering) 1-3 13-15
4-6 10-12
Dz36 tgtaacgcac—tgccageggcetcgaa—atetetctegt
Dz-Ds (8'-FITC) acgagagagatGggtgcgttaca
Dz-Ds- T acgagagagatgggtgcgttaca
Binding arm modification
Dz36-ps_full thghthataieigierate M g e ehat g e g g e e ghatat aM A e A e e e gt
Dz36-ps thgithatate g hac—tgecageggetegaa—at e Mt e M e M e g
Dz36-In T"“G"T"aacgcac-tgccageggctegaa—atetetets G T
Dz36-Inps TG T araNe g ehac—tgecageggcetegaa—at e A MM S AGEATE
Dz34-Inps GMTIAAL N Mg ehac—tgecageggetegaa—at e MAc N AT ASAGE
Dz32-Inps TIAAMA AN A g eNac—tgecageggetegaa—at e MACMASEATIASE
Dz30-Inps AMMALASLAGA M ac—tgccageggetegaa—at e MACA TLASEATE
Dz28-Inps AMNSLAGIAchac—tgecageggetcgaa—at e MASIATLASE
Dz26-Inps SLAGMASM ac—tgecageggctegaa—at AT ASIATE
Dz24-Inps G5 ALe—tgecageggetegaa—at S ATIASE
Dz22-Inps SLAALSLtoccageggetcgaa—aTHASMATE
Dz20-Inps ALSt-Tlgccageggetegaa— ALTIASE
Dz36-om aacgcac—tgccagecggcetcgaa—atctctet
Lower cases letters: DNA residues; Upper case letters: RNA residues; N-: LNA; 11': 2'-OMe

RNA; NY: UNA; (sp): C3 spacer; N™: 2'-F DNA; N™: 2-MOE RNA; “5”: 5-methylcytidine; “M":
phosphorothioate (PS) bonds. Blue font: DNA at the catalytic core of 8—-17 DNAzyme. Red

font: cleavage site of the substrate, or a critical mutation for 817 DNAzyme.
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Fpe —= St

=M 156 8—17 DNAzyme D FE 2w it

Hficimita 7, BEITIREEA T — Lok L CBRifRET 2 L. 2 F R cEE
7 8-17 DNAzmye %135 Z LI L7z, —J7 T, T E TOFHli:—FE i coUIWnNG
HEZFE L 720 ATH Y . X 5EMl 2 s BRI 25l 3 R L T i o 72, 2 2T, (B
HOEMTH % Dz36-omC10, I L U Dz28-Inps 122\ THEREURTERY ., JEFE AR 7o U1
MRS 2 2 ik ), RIERDz36 25 o ERREFEL FHiT 5 2 LT L7z,

Tk g © e M UFHiZMT 1. 3. 5. 10, 15, 30 /3% D HE Dz-Ds YIWi% % 5Fifl
T2 kT, REHKRER 2 UIWHE A R L 72 (Fig. 8). Z OfEH. 55— R L 72 il
a7 ® C10 iC 2-OMe %#3E A L 72 Dz36-omC10 (%, Dz36 1% L ThH 2 1B EE R (Kobs)
A EF 5 2 BB S A7 5 7 (Fig. 8a), M MicRINLAMEAT —20EMiz, X
% 15 E T kovs 5L (0.12—0.45min")L T3 0 . YIWHELEAS I LT 5 2 & 480 5 0 & 75
> 72 (Fig. 8b), DAL ofats 6. R L 721&ffi 8—-17 DNAzymes |33 & awII i i 351> C
bEIEETH B T BRI T,

a 3 Base b $ Base
_ o . ° o,,S
catalytic core 0 binding arm o 5
'\
Y = O o,
g H
LN PS bond
100 1007 K,ps 0.45 min-!
Kops: 0.17 min-' N N
§ 80 g 80
£ 60 % 60 Kops: 0.12 min-1
2 4o- Kops: 0.12 mint - Dz36 %40_ -e- Dz36
g & Dz36-omC10 § —— Dz28-Inps
S 207 O 20+
0 04

0 10 20 30 0 10 20 30
Time [min] Time [min]

Fig. 8 Time-dependent cleavage analysis of Dz36, Dz36-omC10, and Dz28-Inps. The
observed pseudo first-order rate constant (kobs) is shown. These results were tested under
the standard cleavage condition shown in Fig. 4, but the incubation time was changed.
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8-17 DNAzyme ~DIEARE AT X 2 3G Fic oW -CHlEE RN R ZE R 2 ittw % -0, Dz-
Ds IBEZAH L 72 & & OYIAVIBLEE (Vo)ZiHiiL, I ATV AA v 7 v IE Kn
. keatfEZHH L7 (Fig. 9). 9. il a7 2 &4 L 72 Dz36-0omC10 13 keat 2% Dz36
CHRThT i EL, Knfli2MET L7722 & 205, BHfilc X - T Dz-Ds X9 2 B
BLOUIMEN: (2 —vA—~—) BALLEZEEZONS, THiC, AT — L %EHiL
7z Dz28-Inps 1 Keat EAMIC LR T 2.3 f5LA LD K& 22572, Thix, Dz-Ds & OfEG 1%
T L L CHE LA — v A —A"—PRALLEDEEZ LN, AT (Tn ) %%
TEIART 7u—FREMTH B L 2RTHERTH B,

-o- Dz36
607 -= Dz36-omC10
~A~ Dz28-Inps A
“c 40 A
£ .
z
= 20 -» K, [nM] Keoe [Min'] R square
5l
> Dz36 1091 2.56 0.94
0 ® Dz36-omC10 514 2.44 0.92
......... T
0 500 1000 | Dz28-Inps 206.3 5.91 0.93

Dz-Ds [nM]

Fig. 9 Michaelis—Menten curves of Dz36, Dz36-omC10, and Dz28-Inps. Each curve
reflects the initial velocity (Vo) plotted against the DNA substrate (Dz-Ds) concentration. The
Michaelis—Menten constant (Km) and kcat of each DNAzyme were calculated from the plot
and showed in table.
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Puffi {EAfi 8-17 DNAzyme o SR 14 AT-ifl

%—E’“i TlX DNA ZE (VWAL o 4 RNA) o YIRS % #&Gm L € & 72203, EF~o)b
M%E 2705, KRR EXFET 2HIIENTRETH 2 2 L HIFFICEHETH 5,
Z T TRIT, fEHi L 72 8-17 DNAzyme D BRI IC D W CiHili 2 1T - 720 IR R &
DYIMBAE LR T W &, BHioBEABOB R L. #ET — LI/ % 1T > 72 Dz36-
Inps % EICHRET L 72 (Fig. 10a). 50% 7 v IREIE (FBS)DE#iH £ 7212 3-=F Vv X7 L
7 —=% (crotalus adamanteus venom phopsphodiesterase (CAVP)) H < —E RfEULEE L 7=
%, T 35842 K D DNAzyme D& % SYBR gold ¥:tfic X v ZFffi L 7= (Fig. 10b), HKi&
fifi> Dz36 1 30 732 i21F & A E 23R L 72— C. Dz36-Inps 1E 120 73R ICHD KETH
h. ASO L [EEkD LNA B XU PS i O L EME %M L X425 Z EABHL Ik -
Teo T AT —LORIZEL T 52 LT, G 4 FE5RER L L 72 Dz28-Inps 12D\
T [AEDOMET Z 1T\, Dz36-Inps 1L~ THERHETT L 7223, K&l Dz36 & Ml L T
oI BRIt % R C & 2 L 72 (Fig. 10¢).

Dz36 Dz36-Inps
a b (unmodified) (LNA+PS)

ACGAGAGAGAT—-G—G- GTGCGTTACA incubation time [min] 0 30 60 120 0 30 60 120
[ L e
TVGVCVTVCVTVC\:/TCTA CA vaGva'L\vAvTvaT v .‘T;N‘,‘AO " 36 nt

50% FBS ‘ zyme (36 nf)

n e (DMEM) —= 20 nt
$ Base (] iiae iR
0 . 0 10 30 60
o oS g
P & 40 nt
~0 L 0, CAVP ' DNAzyme (36 nt)
' A PSbond 2oramt g =20t
LNA Fo bond 5
shown as “’
) ) ) )
c RN SRS
© ] & © © e
O'{'b Q{’b 04(’» O'{’b Q{P Q{’b
incubation time [min] 0 30 0 30 0 30 0 60 0 60 0 60

40 nt
DNAzyme (36 nt)
DNAzyme (28 nt)

20 nt

CAVP 2.5 ug/mL 50% FBS (DMEM)

Fig. 10 Biostability of Dz36, Dz36-Inps and Dz28-Inps. (a) The design of Dz36-Inps. Dz28-
Inps was only shortened the binding arm from Dz36-Inps. (b) Time-dependent biostability of
Dz36 and Dz36-Inps in 50% FBS (top) or 2.5 ug/mL Crotalus adamanteus venom
phosphodiesterase (CAVP) (bottom). (c) Additional biostability assay to clarify the biostability
of Dz28-Inps. Dz36-Inps and Dz28-Inps, exhibited substantially improved stability in 50%
FBS or in the presence of CAVP. However, the fluorescence intensity of Dz28-Inps after
incubation was slightly lower than that of Dz36-Inps, potentially owing to insufficient staining
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with SYBR Gold, as Dz28-Inps is shorter. SYBR Gold stains DNA via DNA intercalation.

Fig. 10 "Gl FBS % 7= 1% CAVP 757E T C 30~120 JMILEE L 7= 5 % o L 72 2%, i & 72 1%
Y cofHiizE 278 &, I HICRRBOLEERRD O D, £ TRIC, &K 24
W E ¢ FBS G L 72 3%l 2 520 L 7= (Fig. 11a) » % D#55E. Dz36 (% 6 Bififkic i35
EITHK L 72—75 T, Dz36-Inps 1& 30%IREHEKA L TV b L BHL TR o7z, T HIT,

Fig. 10b 5 X U Fig. 11a iR 2 EE L T 7 u v + L. FBS hoEEIK{HI 72 DNAzyme
DLEM%Z Fig. 11b IT/R L 72, Dz36 iIcxf L, E#i%E A L 7= Dz36-Inps 138 & 2> ic &E M

2 E LT Y, MR TO RNAVIBHEMEZ BT 2 2 & 23 ifF 3 7z,

120
a Dz36 Dz36-Inps b
(unmodified)  (LNA+PS) 100 ."\ -e-Dz36
X e
incubation time[h] 0 6 24 0 24 o 80 F -e-Dz36-Inps
RUEA — 50 nt E 1.
M 3 | \
& DNAzyme %ﬁ 60 1 v
50% FBS | . == 20nt g 40 ¢
(DMEM) £ ' ..
£ 20 B S
o) ! Te-—al
' I )
x 0 h"“*~-_.,,,,4_______________-::--zi
0 5 10 15 20 25

Incubation time [h]

Fig. 11 Expansion of biostability in FBS. (a) Biostability assays for unmodified Dz36 and
Dz36-Inps. The incubation time was extended to 6 h or 24 h in 50% FBS and DMEM solution
at 37 °C. The samples were analyzed using urea-PAGE followed by SYBR Gold staining. (b)
Time-dependent biostability in 50% FBS, showing relative levels of remaining Dz36 and
Dz36-Inps. The results are based on data shown in Fig. 10b and Fig. 11a. Dz36 had
decomposed completely within 1 h, whereas 30% of the Dz36-Inps was remaining after 6 h.
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% 8-17 DNAzyme Dl ~ Dt rREVERE

—fii &JEA A4 v LS (DNA/RNA)DE N IC X % 8-17 DNAzyme & It~ o g2

H—F Tl 8-17 DNAzyme Ofiili 2 7 L& T — L ZNENITEMIT 7'vn —F Z ML .
Bl & 7 AR 2 — v % R L 72, iSO VIBHETE., B X OBERIMNEO B S ik +aric
M < D EERES 2 C L 3 AfF S L5, & T CHIAIN T D RNA YVIBHE LI I e b &
BRICEE L 325 RNA BB, 5 X OVERNIC—ERBGFET @B A 4+ v ThH 5 Mg?' = Zn?*
FETICEWT LGB N2 — v AT E 200035 2 & b L (BB X Hufh i
TEICHED V72 DNA FLE - P FErE S CaTHiMf),

BT, Pb?* 2 b Mg? & 72 13 Zn? 7 TE F DSFICZE 2 72 & & OiE LI D v CETHiffi &
fT- 7= (Fig. 12; green bar: Pb?*, blue bar: Zn?*, red bar: Mg?*), fillit=a 7 IC{ERfi%EA L 7=
B, 2-OMe (BHiDIGAICR > TII /A 4 v 2 EH L T EWidtE & #iF L 72—J5 <.
HIDMEAT (LNA, UNA, C3 spacer) COWTIIIEME T L. FRIC M2 &t Tida L < ifE
BETL, &FAAvYDENICX 2T L2HL IR > 72 (Fig. 12a), SCfTHIFE T
1T, Mg £ 7213 Zn* DTFAE FTl3 8-17DNAzyme 2 X Wi v B Eha v 37 + iz
L2 ERMEINTHSE 332 co e Tz 5 e, ERdkERIZ Mg? £ 7213 Zn? fFE T
Tl a7 AV B END Z & T, POPELE T CHUS X e X B e & 1357 5 3724k
WG L 72 o 7272901, Fig. 4 THRET L 720 X A SEIE I B D W COE A L 7 B iR D —&
BHFBEINRLS o eE2LND,

a Dz-Ds (DNA substrate) b
, 3

— uPb mZn mMg
51.0 ;1.2
2 2 10
O 08 ]
(3] ©
[} D08
(o)) (o))
g 06 g
© @® 0.6
[} (]
O 04 ©
2
® 0.2 ‘ES'
oy = 0.2
0.0 0.0
) N Q> © ©
&@O@Oo\’\"é’ \QQ\«*Q@Q\«*Q\@Q\OQQ@Q\QQ
Qooé‘ow\é‘ O/\'fb‘bb“b‘b‘ﬁ"l?ﬂy‘b‘bg
R S I A <1 b I S 4
&&%@o&&& ISERVARVERVERVEIRVERVI ARV
F M QS

Fig. 12 The effect of metal ions on Dz36 modification for (a) catalytic core, (b) binding arm.
Substrate-cleavage reactions were performed under standard condition with either Pb?*: 0.25
mM pb(OAc)2, 10 min; Zn?*: 2.5 mM ZnClz, 20 min; Mg?*: 2.5 mM MgClz, 60 min. Cleavage
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activity was normalized by setting the activity of Dz36 to 1.0. The results for Pb?*" were
analyzed using the data in Figs. 4b, ¢, and Fig. 6b.

fifit = 7 LIRS, FET —L~0EHfilzeEA A v ORERIZLALRZITRN
Y 93537r 572 (Fig. 12b) o LNA 5 X UFPSERiDEA, X & ICHEA T — L DG b Pb2
ZMELFECMEEITH Y, WTFNOEEA F v ITB VT Dz28-Inps 23 RKiEtE %R L 72,

RiT, PSERiDEAE, B X OHET — L1108 A T 2 B8R O FEIC > W-CB s
#11- 7= (Fig. 13), BEEMME%2E D 372010k, itz 7o L<d PS BhizEAT 3
DBLEF LA, 7T PS fEAICER: L 72 Dz36-ps_full Tlx Mg?*. Zn?*{#7E T CifitEns
K% CWER L7 (Fig.13,lane2), PS &6 1E PO S5 ICH~THUKIITH U . F 7= X
W& 2> 5 8-17 DNAzyme [ @ PO #E& 13AMEl OKID iICiiil Twb 2 &h b, PSAEAICL
TBRICiE o 7 3IAREICR S LEEI NS 6 X5 Mg¥® Zn?HE T oga. 8-17
DNAzyme 2TV BE 23 2 & » 5. Dz36-ps_full 1x, 7z & 2 IEAENCE T T PS #Eé& & @
BOKMEMAERDBEL 2 EIc X 0 iEEEZ R IEE TR o & E R t’oh%o —J T,
AT —LDHRITEA LTz Dz36-ps W TFNDOEMTDH Dz36 IS W ikEE/RL7ZZ & »
5. PSEMiIZHEAT —LDRICEALED ORAVT LS (Fig.13, lane3), 7. AT
— L% LNA 25 2-OMe 122 2 T ikt M4 2 < & bR L 7= (Fig.13, lane 4), Afff
Tt LY EREIESAE W E SNE INAZERFAL W5,

X
a b § .
© Q)'Q@ Q)’Q(obp&b'\o QD\(Q
Modification Q,\‘/bo,{,b Q,“/b Q,{/b Q'{’b Q'{’b
Catalytic core | Binding arm
Dz36 - - S S e e W W D7 Ds (23 nt)
Dz36-ps_full | PS bond PS bond Pb2*
Dz36-ps - PS bond e e W Clooyed (12 nt)
Dz36-om - 2'-OMe
Dz36-In ~ LNA - e S = D, Do (03 nf)
Dz36-Inps - LNA/PS bond
ZnZ*
- W Cloaved (12 nt)
W e e we o e  Dz-Ds (23 nt)
Mg2*

o = s w Cleaved (12 nt)

Fig. 13 Effect of PS and LNA/2'-OMe modifications on the binding arm. (a) Modifications of
assessed samples. The detailed sequences are summarized in Table 2. b) Cleavage activity
in the presence of divalent metal ions (Pb%*, Zn?*, or Mg?"). For Dz36-ps_full, the PS
modifications for all nucleotides, including the catalytic core, exhibited reduced activity under
Zn?* and Mg?* conditions; however, PS modifications at only the binding arm (Dz36-ps) was
tolerated, as were other modified species, such as those with LNA and PS (Dz36-Inps). We
chose LNA/PS as the binding arm modification, based on its expected high stability against
nucleases. PS modification alone at the catalytic core was not used for further investigations.
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The cleavage assay was conducted under the same conditions as in Fig. 12.

AR © RNA YIWGEM: %753 729 12 12, 8-17 DNAzyme 1% DNA 28 T it 7 < RNA %

HHYIWi+ 2 4505 %, 22T, RNAKE (Dz-Rs) DEIWHENEIC DT Mg? e F T
i L 72 (Fig. 14a, b), 7=, Mg ldAEMIEHIC RO S S HEET 2B/ A v Dz
B (FmM) | HIREEHIICTE L WS LTCEREL T3, &4 4 v 2 &L X 47 Fig.
12 DGE L FRGE, fillt 2 7 <l 2-OMe &ffizs, % L TG 7 — L OfEHf - FE#E{L D DNA
B LFAMRICEEZ TS T2 C L R CEARRECTH 572, IHIC, AT —LICO0TIiE
Dz-Rs Z 723540 Tl % HE L 72 (Fig. 15), —HIOENLEN (TnflH) & RNAY]
WG IZ . RAEME % 7R3 Dz28-Inps 12\ Tt L Tk Y . Dz-Ds DI (Fig. 7) &
FIREDOMEAITH 2 Z & ISR - 72,

a Dz-Rs (RNA substrate) b
ACGAGAGAGAU—G—G-GUGCGUUACA ACGAGAGAGAU—G—G-GUGCGUUACA
FLrrrrrrrnrni [} L I O O I I I | | I I A I | | | I I I I I |
TGCTCTCTCTA CACGCAATGT |::>CTCTCTA CACGCA
VVVvVVvVyVv V'V Vv
9 L HL L L S L 9 L
o o o8 S oS S S
¥ D NN N N T - - S - 1 ) U A A A L )2
SO
LS LD F & I S M
O O O L L L L
057 07 057 05 05 0 05 0 duplex -
Q’\/ Q’\/ Q’\/ Q’\/ Q'\/ Q’V S’\/ Q’\/

.".“.. Dz-Rs (23 nt) W S o S e e e W W W D2 Rs (23nt)

- - - Cleaved (12 nt) G - Cleaved (12 nt)

Sondty 45 38 31 40 17 4 8 6 Sonedy) 55 50*39 33 39 46 53 41 7 4 2

efficacy [

Fig. 14 The cleavage assay used an RNA substrate in the presence of 2.5 mM MgCla.
Modifications at (c) the catalytic core and (d) the binding arms were applied to the RNA
substrate. Dz36-In cleavage activity was used as the reference value (represented by *)
because of its insufficient dissociation of the duplex. Dz-Rs: RNA substrate. Cleavage
reaction conditions: 0.025 yM DNAzyme, 0.1 yM RNA substrate in 100 mM HEPES buffer
(pH 7.3) with 2.5 mM MgClz, 400 mM KCI, and 100 mM NaCl. The solution was incubated

for 60 min at 37 °C.
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Fig. 15 The association between cleavage activity and binding affinity for the RNA
substrates. The effect of modification and length on cleavage activity is shown for RNA
substrates, analyzed using the data in Fig. 14b (bar). The dots indicate binding affinity (Tm).
For the LNA modifications without PS (Dz36-In), the cleavage activity represents the
reference value, owing to insufficient duplex dissociation (represented by *).
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55 f 158 8-17 DNAzyme I X 2 K81 RNA D Y)WiE e

HEN <D 8-17 DNAzyme ® RNA UIWEE A /R 3720, ASO ise CILAMICH S 1L
% non-coding RNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT-1)
ncRNA ¥ X U scavenger receptor B1 (SRB1) mRNA # 12 RNA & L TGEIRL., zhZh

IR 3 % 8-17 DNAzyme Dikit %47 - 72 (Fig. 16, 17) 3334, 8-17 DNAzyme VIl 3 2% &
X7 VLAFFD GG /13 A-G DL XFICHRKNEEZ R T Lhb, FTTICHEINTY
% ASO DIERHTH Y, o LY X7 LA F FE2ETHEPTNICH LT 8-17 DNAzyme

HEEF L 72 %, b, AHiTHE - BiET 21T - 72 DNAzyme & X 8% O ILE O ECHIEHR I3 A
ik 2 Table 4 1IC/~ L 7z,

MALAT-1 ncRNA iC2 W T, 31 21 KO RNA FE (M-Rs-1) 53X U 5L 3D
iR L7z 70 HHEE DO M-Rs-2 Z{EK L7z, L W EWEEETH 2 M-Rs-2 133X %
e L. X EEZ & D T It MIER TOERRNAICK VIV D EEZ LS,
Fig.6a & [AERICHS &7 — 200 L€ LNA & PSEffi % fiti L 7z M34-3 Zi%at L, 7 — L4 KX
R L7z M32-3, M30-3 b [AERICERET L M-Rs-1 %)ﬂ“f?ﬁﬂﬂbf: & A, M34-3 Dk
D ENEETH D X KRS ERE LG S N RS 13 L 27 — s RE R A s 2 LR
BH S 221272 o 7= (Fig. 16b, left gel). Z#uix, HEREYIF D G, C RO LFIC X - THER
RNA & DFEE TR 2720, EME2NEY & A2 HERD B Ao T izzntEx LN
(G-C i K FE B35\ = D IEA I D), X 510, M34-3 Oflit = 7 125 LT C10
T 2-OMe (&% A L 72 M34-2 133G S Hicim B3 2 2 & L Ak - 72 (Fig.
16b, right gel, lane 2)

T ZTM34-2 DiEGT — 2%, LNA & 2-OMe & A G b 72 M34-1 72 ICEEF L
7= (Fig. 16c), T C £ CTOfEAT — LDHEF (Fig. 6a) (XAIMIC LNA ZHA L, &Y 12 PS
ERiD A TH o770, ASO L [RIFKICHIIZN D RNase H1 ICREE&R I T T v F & v X5 R
ELTORNAYIMIZAEL 2BE08H o7 B, 22T, INADEZES L, bV
OMe % ZH.ICHI 2, RNase H1 ICREF& & 115 X 9 7eaife L 7- DNA B4 Z [mldEd- 2 2 L ic L
72T A VB M34-1TH5, b, LNAIZ1208AT S L Thilidds k% 4-6°C LRI 3
TEPHEINTEY, 2-OMe 1 05-15 °C LHTHE Z L5, LNA EHiz 1 DL
L. 2-OMe % 3 2OMA 2 T HA v HRY L EZ T 23, ZOTF¥ 4 v I M34-1 Dif

. TEED M34-3. M34-2 OUINHEMEE KE b b AnC Lo bAIC A -7 (Fig.
16b, right gel, lanes 1-3), ¥ 7-. M34-1 3 70 EEE D M-Rs-2 iIcxHf LT, L 35 A-

NI RNA YIS 2 © & 2R L 72 (Fig. 16d),

X b, MEHEicH V3 A AT 4 73y b r—n e LT, Chaput b & EKEICHEE 2 7
DEH| D 5-3'% Wific X 7= b D (M34-1_inv). 3 X U8 Holliger & & [FIREIC. filtlit = 7 1 25 7
FEALEEZHEAS LA T4 72y br—b (M34-1_mut) ZHEL =, 817
DNAzyme (¥ 2 DZZRZMZ 5 Z & THEWEDBHAT 2 2 eAMEINTEY . 2hH 200D
ZH A M34-1_mut ICEA L7z 5, M34-1_inv 5 X TN M34-1_mut (W91 b BXRIKE)TDFE

23



fii < RNA U3 8Ll X 19°, DNAzyme i&ER A H T4 7a v b — e UCHRRET
% Z L &ER L 72 (Fig. 16b, right gel, lanes 4, 5).

a MALAT-1 RNA substrate 21 nt MALAT-1 RNA substrate 70 nt
(M-Rs-1) (M-Rs-2)
cleavage site 5. AGUGCA
5’—AGUGCAUUCA1GUGAACUAGG A-3' UUCAGUGAAC %,AGGA
& &
b 5 o o 5 9 N NN
FEE FEFLE
fme 5 MRST 3 e o - VRS (21 0)
BWTAZ()/;S - Cleaved (10 nt)
Sosedcyy 15 14 8 15 24 17 0 0
c

TCACGTAAGAA T ACTTGATCCT
’VVVVVV G VVVVVVVV’

3 9 77 C 5
R C /
"N: 2-OMe =T GG’CA
N:LNA | cG
" - PS bond | N

d incubation time 1h 6h
’ ’ conditon m S m S
FITC 5 3
M-Rs-2
24nt L 25nt - o W & V-Rs-2 (70 nt)
M34-1

W % W Cleaved (34 nt)

Fig. 16 8-17 DNAzyme mediated MALAT-1 ncRNA partial sequence cleavage. (a) MALAT-
1 ncRNA partial sequence was used for the assay. Fluorescein isothiocyanate (FITC) was
conjugated to its 5’ end. RNA substrates of 21 nt and 70 nt were prepared. The cleavage site
is indicated in red. (b) Cleavage assay. The binding arm was modified with LNA and PS
bonds, and its length gradually reduced from both ends (M34-3, M32-3, and M30-3; left gel
image). We next modified OMe-C10 in the catalytic core (M34-2) and altered the design of
the binding arm (LNA and 2'-OMe modified, termed M34-1) to avoid RNase H recognition.
Both designs worked well for the MALAT-1 ncRNA partial sequence, M-Rs-21nt (right gel
image, lanes 2 and 3), while the negative controls (M34-1_inv and M34-1_mut) did not exhibit
cleavage activity. (c) The detailed design of M34-1. (d) Cleavage assay using 8—17 DNAzyme
against the longer substrate (70 nt, termed M-Rs-70nt). A site-specific cleavage product (34
nt) was clearly observed under both multiple-turnover (m) and single-turnover (s) conditions.
The cleavage assay was conducted under the same conditions as those mentioned in Fig.
14 but with a different 8-17 DNAzyme concentration under single-turnover (0.2 yM 8-17
DNAzyme was incubated with 0.1 uM substrate).
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KT, SRBTmMRNA I LT b Ak DIET % Efi L 72o MALAT-1ncRNA & [FIERIC, %
RNA HE (S-Rs-1)& 70 #ELICffE L 72 RNA BEE (S-Rs-2)% 2%t L 7= (Fig. 17a), 7z 5.
SRB1 mRNA (¥ ASO 23Fi) & 3% RNA El5IEZIC G-G (site 1) & A-G (site )23 fFEE L T
Wiz7e® ZNZ AT 8-17 DNAzyme % &%al LT %, 4l MALAT-1 ncRNA T R4
REMER L7z M34-1 DA T — AKX LA L S34-1 & S34-2 DA% %aF L, itED 1R
HBER TN YINTEEEH T 5 2 & % S-Rs-1 Z I\ THEZE L 72 (Fig. 17b, lanes 1, 3),
n¥B, AT — LOBHIZEIRD@EY LNA & 2-OMe Z#lABDbELELDTH B, £7-.
FHTA4Tav b —ATHs S34-1_mut, S34-2 mut 1ZiEHEEERTE 2L bEEL -
(Fig. 17b, lanes 2, 4), X bic, 4 [IHEFL 72 S34-1 5 X 18 S34-2 (3, 70 ¥ E D S-Rs-2
X LT o UIbiEtEE b o 2 & bR S Lz (Fig. 17¢). T 7ab b, 2 KifhdE% B
T2 L9 EHRNA K L COESEEFRI>C &2 6, MildNTH RNA UIWESE 2R3 C
EBHRR I LT,

A  SRB1RNA substrate 24 nt SRB1 RNA substrate 70 nt
(S-Rs-1) (S-Rs-2)
site 1 site 2
5'- CUUUUGAA
5-CUUUUGAAAG GAAGUCAUGA CUGA-3' AGGAAGUCAU GACUGA
-3
b & &
b\:\ y\/b?/ ﬂ'/
Eo 5 SRl 3 PP S
L S-Rs-1 (24 nt)
8-17 DNAzyme :
»& "~ Cleaved (site 2, 13 nt)
Cleaved (site 1, 10 nt)
C
S34-1 S34-2
incubation time 1h 6h 1h 6h
conditon m s m s m s m s
5 EITC

S-Rs-2

22~25nt Z i 217240t o v - o ) W e  S-Rs-2 (70 nt)
$34-1, 534-2

- W . w» Cleaved (site 2, 35 nt)
> Cleaved (site 1, 32 nt)

Fig. 177 SRB1 mRNA cleavage assay analyzed using Urea-PAGE. a) SRB1 mRNA partial
sequences used for the assay. RNA substrates of 24 nt and 70 nt were prepared to confirm
the site-specific cleavage and the effects of the more structured substrate (secondary
structure). FITC was conjugated to its 5’ end. Cleavage sites are shown in red And green. b)
8-17 DNAzyme cleavage assay. S34-1 and S34-2 cleaved the substrate, indicated by the
cleaved products (10 and 13 nt), as expected. For the negative controls (S34-1_mut and
S34-2_mut), cleaved products were not observed. c) Cleavage assay of 8-17 DNAzyme
against the longer substrate (70 nt). Site-specific cleavage products (32 nt and 35 nt) were
clearly observed under both multiple-turnover (m) and single-turnover (s) conditions. The
cleavage assay was conducted under the same conditions as in Fig. 16.
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Table 4. DNAzymes and substrates (oligonucleotides) used in this section (2-2).

Oligonucleotide
N Sequence (5-3")
mouse MALAT-1 targeting DNAzyme (M)
M34-1 TEASEACAT Y A GYAMAT Y Acatgecagegg CV tegaag A Man TV AghC Y ranstATE
M34-1_inv TEASACAT Y A GYAMA TV Acaaageteggegacegtg A an TV AghC Y ranstATE
M34-1_mut TEASACAT A GYAMAT Y Acatgecaacgg C Vttgaag A Man TV AghC Y ranstATE
M34-2 ThAsiAsEAt arg A catgecagegg( tegaagaa™i g e ANS AT
M34-2 inv ThA5EASEAtarg A caaageteggegacegtgaa™ i g e A AS AT
M34-3 ThA5EASEAtarg A catgecageggetegaagaa™ i g e A AS AT
M32-3 ShastaTEAaAg A catgecageggetegaagaa i g S A A NS
M30-3 SEATIAAAg A catgecageggetegaagaa N G S A AL
ASO-M SLATLAALAGMAtACAGACAt g NN T AGLAS!
M-Rs-1 (5'-FITC) AGUGCAUUCAGUGAACUAGGA
(5'-FITC)
M-Rs-2 GCAGCUGACCCAGGUCUACACAGAAGUGCAUUCAGUGAACUA

GGAAGACAGGAGCGGCAGACAGGAGUCC

mouse SRBI targeting DNAzyme (S)

S34-1 GIATMAAA MG manC Y ttgecagegg C itegaat T AC Aan A Y AarAAGE
S34-1_mut GIATIAAA MG "anC Y Mttgecaacgg C ttgaat T AC AanA M arAAGE
S34-2 TIASM NG MACY 2N T Agatgecagegg C M tegaat CY e AT VATV ACAALAAL
S34-2 mut TIASE AN GYMAC Y 7an T Y Agatgecaacgg C ttgaatC Y e TV AN T VAN ALAAL
ASO-S GUNASPATMAT™ASM g N g MASNaMt g anSMAT M ASIAS AT AT™

S-Rs-1 (5'-FITC) CUUUUGAAAGGAAGUCAUGACUGA

(5'-FITC)
S-Rs-2 ACUGGAAGAGAAAUUUUAUCAUCUUUUGAAAGGAAGUCAUG

ACUGAAGCAAUAAACCUUUUCACUGAUUC

Lower cases letters: DNA residues; Upper case letters: RNA residues; N-: LNA;

RNA; NY: UNA; (sp): C3 spacer; N™: 2'-F DNA; N™ 2-MOE RNA; “5”: 5-methylcytidine; “*":

phosphorothioate (PS) bonds. Blue font: DNA at the catalytic core of 8—17 DNAzyme.

font: cleavage site of the substrate, or a critical mutation for 817 DNAzyme.
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55 =i &8 8-17 DNAzyme IZ X 2 fllig 4 @ 7E RNA YIBE STl

8-17 DNAzyme Dffifii N RNA YVIWHEM: % /R 97728 Hepalcic? #ifid % > T MALAT-1
ncRNA D YIWHEMEREM 21T - 720 55 fio M34-1 B X UA AT 4 7avbu—n, 5T
MALAT-1 ncRNA %121 & 3 % ASO fithll (ASO-M) %M~k 5 v 27 =2+ av L,
RT-gPCR 2 X - T RNA UJlf (FBIRE )% 85 L7 (Fig. 18a) » RNA EiticH 71D .
GAPDHmMRNA # "7 2 ¥ — v v 78T & LT, AACtIEIC X - T MALAT-1 ncRNA D ¥
HEZFARTCWE ., E7 . AT T4 72 bar—1 ASO DEA X % Fig. 18b ICFL#H L 72,

HIREN T D MALAT-1 ncRNA YIS G-l o 5 8 % Fig. 18c IC/R L 7z, 8-17 DNAzyme
(M34-1) (ZREMRTFHI 7 MALAT-1 ncRNA OYIRTICEKII L, I HIcAH T4 7av b a—
NEIRLCHBEEL DL Z L bE»O LNz, — /T, AHT47av bu— (M34-
1_inv. M34-1_mut) % 100nM Tlz—E D RNA UKl X -, 2hiZT v F & v 2%
RICX Y RNaseH 22 RNAYIKiZ L7zdb D eEZ b5, T7hbbH, M34-1 O RNA YIIE
PEH . DNAzyme DIEHEICIA T, —EDT v F 2V AR EALL DD LRI NS,

a b
8-17 DNA:
Transfection zyme Gapmer (ASO)
A —— RT-qPCR
Hepaicic7 cell L % _inv _mut

(35’ inverted catalytic core) (critical mutation)

S 'Y ﬁ

c d
—_ —10 4
o — M34-1
8 1.5 g
D 5084 o~ ASO-M;
1] %] a £
o o }
o o
& 1.0 X 06 - {
2 2 ¢
k5] T 04 %
2 0.54 [
~ ~
K K 0.2 i
3 3
S 0.0- S 00 T T T T S
S 0 10 20 30 40 50
& Time [h]
%
v.

Fig. 18 Assay of endogenous MALAT-1 ncRNA knockdown by 8-17 DNAzymes. (c)
Scheme of an endogenous RNA knockdown assay. (d) Images of 8-17 DNAzymes and their
negative controls “inv” and “mut”, and of the ASO gapmer. (c) Endogenous MALAT-1 ncRNA
knockdown assay, 12 h after transfection, using one-way ANOVA and Dunnett's test (**P <
0.01, ****P < 0.0001). Error bars: mean * standard deviation for n = 3 independent samples.
(d) Time-dependent knockdown activity of M34-1 from 6 to 48 h post-transfection. The
knockdown assay results of ASO-M (10 nM) and M34-1 (100 nM) were shown.
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T HIT, M34-1 OHIAEN RNA UJBHEE L, BRI AR 2213855 22 2 & S
278 o 7= (Fig. 18d) » Z 41l 817 DNAzyme DA ELZ KL 72 D & ER I 3,
FERRICBUTOREGEHT. RIEMIC R TRIBICZEREZLEL 2D 0D, FBS W 24 il T
HIE LA BRI T2 (Fig. 1) & OREMORERIE, il 2 71 L<ld PS #dr
FEATETCWARWEZDIC, TV FXIZLT Xl Xo a7 o0 iz
Eibhd, kb, £RICPSEMEZEAL 7 ASO-M IZREIRFMICHEMEA [ EL Tw 3
e h b,

F 72, M34-1 & [FERIC M34-2 12D T b Al T D RNA YIBTEM: % 5 L 7z, LNA &
PS % TASO LRI L X 9 ICHEH T — L 2R L 72 M34-2 (X, RNase H1 I X > TREak X
ned v PSEiioADREVDNAEEZAE L T2 (Fig. 19a), % DFEHE, M34-1 X v i@
W RNA YIS AR L7225, A4 T 4 72y b ar—i (M34-2_inv) & HEED DD 7 i
Behb, ZoiEMHIL RNase H1 ICX 27 v F v Vv AER KL Z HD 5 2 LAREN
7z (Fig. 19b), 3 7xbbH. LNA & 2-OMe %A A b7z M34-1 D%, RNase H i X

2 R & K L. DNAzyme iIZ X 2 RNAVIWiZ /R L IclkLzeE 2 b5,

a b
M34-2 possible RNase H o
recogniton site c 1.57
9 *kkk ns
3 TCACGTAAGAA T AGTTGATCCTS ?
VVVVVV G VVVV VVVyVY 9 l
G o] o
QT G//C é 1.0
c A ]
cG =
M34-1 B
E 05_
3 TCACGTAAGAA T ACTTGATCCTYS ~ )
VVVVVyV G VVVV VVVyV l\l
G e <
QT G/ C ~
,,,,,,,,,,,,,, g A Y
:2'-OMe RNA | cG = 0.0-
N: LNA & N
":PSbond | & ST @ SO
””””””” a9 N Q
W ¢

Fig. 19 MALAT-1 ncRNA knockdown assay of 8—-17 DNAzymes. a) The binding arm was
designed similarly to the gapmer structure of ASOs (M34-2). As a reference, M34-1 (used in
Fig. 18) is shown. M34-2 was long enough to recruit RNase H (red bar). b) The result of the
knockdown assay using Hepailcic cells. M34-2 and its negative control (M34-2_inv)
exhibited comparable knockdown activity, indicating that mainly RNase H-mediated
knockdown (antisense effect) occurred. The results of the experiment were analyzed using
one-way ANOVA and Dunnett's test (ns, not significant, **** P < 0.0001).
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Kiz, SRBTmRNA % Vs T, 8-17 DNAzyme i< X 2 HIHEP RNA YIWriE M o — ikt % R
FZ LT L7z, MIBETETEREG 12 MALAT-1 ncRNA & [EIEED /575 % AT SRBT mRNA @
HHEXTEREL, S34-1, S34-2 BXUAHT 4 7avbu—i&, SRBT mRNA EHD
ASO (ASO-S)% Ml (N C3Tfili L 7= (Fig. 20a) » % D5, S34-1 & S342 DLFhb ICH
W TR TF 72 SRBT mRNA YT 2381l X 7z, & S 2 EA R % il L 72 S34-1_mut,
S34-2 mut IZFIHEBETHIZ L ALK E TE ST, MALAT-1 ncRNA iZxf L CTE%EHL 72 8-
17 DNAzyme LA Lic, DNAzyme iC X %2 RNA UM Z BREIC R 3 C L 3T & 7=, F 72, Rl
IRIFHEIC D W T b FHli 2 TV, S34-1 (XM L 72 &P (8—18 KFf) TGtk ERAAR b1
7223, S34-2 ¥ 18 K CiEMHE T L T3 2 &5 5, Fig. 18d D fE & [k 8-17
DNAzyme A3EERT M ICERE Z FF> 2 & 2R X 7= (Fig. 20b),
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Fig. 20 Assay of endogenous SRB7 mRNA knockdown by 8-17 DNAzymes. (a)
Endogenous SRB1 mRNA knockdown assay at 12 h post-transfection, via one-way ANOVA
and Tukey's test (****P < 0.0001). (b) Time-dependent knockdown of SRB71 mRNA in
Hepalci1c? cells. The relative expression of SRBT mRNA was calculated via the AACt
method with GAPDH mRNA as a housekeeping gene. The figures show changes in
knockdown activity of 8—17 DNAzymes for SRB71 mRNA (S34-1 and S34-2, at 100 nM each)
and ASO targeting SRBT mRNA (ASO-S, at 10 nM) with the incubation time after transfection.
(a, b) Error bars: mean % standard deviation for n = 3 independent samples.
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SEPUf & 8—17 DNAzyme IC X % IN7E RNA YT o #% fig bt
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¥ 9 MALAT-1 ncRNA %) DNAzyme O F7E . 70 Hi K © M-Rs-2 %3 RNase H1 I X
o CYIWF X N3 2% 1T -7 (Fig. 21a), M34-1 DHier. DNAzyme 12 & 3 RNA G
v F % RNase H1 5 #I1CBib 6 97 40 nt (i ICEH < 7z (Fig. 21b, lanes 2, 3), —/7 T,
RNase H1 DTF{ELIED &, M-Rs2 ©F & F (5070 nt)ic b -8 K 2387 (lane 3), -
VFEEICEEDHLZDDD, M34-1_mut IEWTHFRELCANY FAREHI 7z (lane 7). &
DEERA 5. M34-1 & M34-1_mut (& RNA HETH 2 M-Rs-2 DFIOEATIcA 7 X —7 v
FELCEHEAFRL, £ D45 T RNase H1 IcYIWr & 7z gtk 23 RIE X u7- (Fig.
21c, blue filled square), 7z 5. Fig. 18 i< 3 F 2 ML PIYI i PEEEAT © D M34-1 D&t
. DNAzyme I X 5 RNA YJiT &, RNase H1 IC X 2 RNA UIKi 23 &b & - 721G E 2 8l L
TWw3EEZLN, ¥k, M34-1_inv D5E. RNase H1 f£7E T C DNAzyme 1 X 2 Y]
WRASE (40 nt) 1oo8 v FASERZ (Fig. 21b, lane 5) o« Uik, it 7 o sl & 255 L

(\c} bf\ b"\> V'\/
S & o o3
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Fig. 21 RNase H-mediated cleavage of MALAT-1 ncRNA in the presence of 8-17
DNAzymes and their negative controls. (a) 8—17 DNAzymes and long substrates (M-Rs-
2) were used in this study. (b) Human RNase H1 assay with MALAT-1 ncRNA targeting 8—
17 DNAzymes and their substrate. (c) We hypothesize that M34-1 and M34-1_mut were
bound to the different site of the substrate via their catalytic-core sequence (upper figure,
off-target effect) and that M34-1_inv was canonically bound to the cleavage site (lower
figure, via A-T base-pairing caused by sequence inversion). Blue filled squares: potential
RNase H recognition sites.
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T3 RNase H1 DH#ICER 53 DNAzyme I X % RNA Y-~ K28 30—-40 nt {0z i &1l
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Bl N7z, T OfEFIZ. DNAzyme I X 2 YIWHERL D G 28 T & ALIE 0 b I % T
X (wobble pair) L. RNase H1 23:2i#% - RNAbYIic& =72 ¢ &z b3 (Fig. 22¢c), —
75 ¢, MRS T ik, S34-1_mut & S34-2 mut IZiEHEIEEA LR LTELT
(Fig. 20). RNase H1 12 X 2 UJWiAs4: U 72 = o5 & —3 L 75\, AFTIIC {7 L 7 RNase
H1 i3, AREPN CRUE S 2B (0.5-2.5 ng/ul) X i LT 4 UL EDEEICR>T w5
72% (10 ng/uL). X b RNAYIBIBE LT hoz b EEKL T
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S-Rs-2 (70 nt) > %

kol il il

5 (FITC) 3

G
. C
S34-1 g
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Fig. 22 RNase H-mediated cleavage of SRB7 mRNA in the presence of 8—17 DNAzymes
and their negative controls. (a) 8-17 DNAzymes and long substrates (S-Rs-2) were used in
this study. (b) Human RNase H1 assay with SRB7 mRNA targeting 8—-17 DNAzymes and
their substrate. (c) We hypothesized that S34-1 and S34-2, and their negative controls, were
recognized by RNase H at DNAzyme-mediated cleavage sites with G—T wobble base-pairing
(blue square). Importantly, the difference in RNase-mediated bond cleavage between 8-17
DNAzymes and their negative controls were negligible.
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Materials

The oligonucleotide sequences used in the study are shown in Table 5 (end of this section).
The DNA and RNA oligonucleotides (including DNA primers and complementary strands)
were manufactured by GeneDesign Inc. (Osaka, Japan) or Hokkaido System Science Co.,
Ltd. (Sapporo, Japan). The oligonucleotides were synthesized through standard S -
cyanoethyl phosphoramidite chemistry using an oligonucleotide-auto synthesizer in a 0.2 or
1.0 umol scale. The oligonucleotides were purified using a reverse-phase LC system, and
the products were analyzed by a liquid chromatography or by gel electrophoresis; their
molecular mass was determined by MALDI-ToF MS or ESI MS (described in Table 5).

DNAzyme activity in vitro

Each DNAzyme was first annealed to its 5-FITC labeled complementary strand (substrate)
for 3 min at 90 °C in 100 mM Hepes buffer (pH 7.2) and gradually cooled to 26 °C for 2 h.
DNAzyme cleavage assay was performed in 100 mM Hepes buffer (pH 7.3) containing 400
mM KCI, 100 mM NaCl, and 0.25 mM Pb(OAc)z (or 2.5 mM ZnClz, or 2.5 mM MgClz) at 37 °C.
The cleavage reaction was quenched by adding loading buffer (90% formamide, 40 mM
EDTA, 0.01% xylene cyanol) at each time-point and was heated for 3 min at 95 °C. For the
determination of the pseudo first-order rate constant, multiple time points (0, 1, 3, 5, 10,15,
30 min) were collected by quenching 5 uL of the reaction using 5 uL (1 equiv., v/v) of the
loading buffer and was heated for 3 min at 95 °C. The samples were analyzed using 4 M
urea and 15% PAGE in 0.5x TBE buffer. The FITC-labeled substrates were visualized using
the iBright FL1500 imaging system (Thermo Fisher Scientific, Waltham, MA) and quantified
using ImagedJ 1.53 (National Institutes of Health, Bethesda, MD). For the DNA substrate (in
which the cleavage site was substituted with an RNA substrate), the DNAzyme concentration
was 10 nM and 25 nM in the case of the RNA substrate. In each case, 100 nM of substrate
was used. kobs Was calculated by fitting the amount of cleaved substrate as the percentage
of the total substrate and the reaction time (min), using the Prism 9.5.0 (GraphPad Software,
San Diego, CA) (equation 1):

R=R.(1—e fbshy (1)

where Rt is the percentage of the cleaved substrate at time t and R~ is the apparent reaction

plateau.
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Sugar puckering assessment
Sugar puckering was calculated based on the reported X-ray crystal structure27 using Pymol
2.4.0 (Schrodinger, New York, NY). Pseudorotation phase angle (P) and vmax were calculated
using equations 2 and 3, respectively:

(Va+vy)-(V3+vp) 2)
2v,(sin36° +sin72°)

Vmax = Va/cosP  (3)

tanP =

where w, v1, 12, v3, and w are the endocyclic torsion angles of the five-membered ring (sugar
structure of the nucleotide) defined as follows:

Vo: C4-04'-C1-C2

v;:04-C1'-C2-C3'

v: C1'-C2'-C3'-C4

v3:C2-C3-C4-04

v,: C3-C4-04-C1

Tm analysis

Tm was measured using the UV-1650PC and UV-1800 spectrometers (Shimadzu, Kyoto,
Japan) equipped with a Tm analysis accessory. Each DNAzyme and its complementary DNA
(acgagagagatgggtgcgttaca) or RNA (ACGAGAGAGAUgGGUGCGUUACA) strand (lower
case: DNA, upper case: RNA) was dissolved in 100 mM Hepes buffer (pH 7.3) containing
400 mM KCI and 100 mM NaCl to a final concentration of 2 uM. Absorbance was measured
at 260 nm from 20 to 95 °C at a scan rate of 0.5 °C/min. Tm was obtained from the melting

curve as the temperature of the half-dissociation of the formed duplexes.

Biostability assay

Each DNAzyme (1 uM) was incubated in 50% FBS and Dulbecco’s modified Eagle medium
(DMEM) solution at 37 °C and was collected 2 uL at each time-point (0.5, 1, 2, 6, and 24 h)
by quenching with 18 uL of stop and loading buffers (9 equiv. v/v) (90% formamide, 40 mM
EDTA, and 0.01% xylene cyanol), followed by denaturing for 5 min at 95 °C. The samples
were analyzed using 15% denaturing PAGE with urea, and the gels were stained using SYBR
Gold (Thermo Fisher Scientific), as per the manufacturer's instructions. The stained gels
were visualized using the iBright FL1500 system. For the nuclease stability assay, each
DNAzyme (1 uM) was dissolved in 50 mM Tris-HCI buffer (pH 8.0) containing 10 mM MgCl:
and 2.5 ug/mL Crotalus adamanteus venom phosphodiesterase at 37 °C; the same

procedure was followed as for the 50% FBS experiment.
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Cell culture and 8-17 DNAzyme transfection

Hepalci1c? cells (ATCC, Manassas, VA) were cultured in low-glucose DMEM (WAKO
Chemicals, Osaka, Japan) containing 10% FBS and 1x antibiotic—antimycotic solution for
cell culture and were maintained in a 5% COz2 incubator at 37 °C. For 8-17 DNAzyme
transfection, the cells were seeded 1 day before transfection, at a density of 5,000 to 12,000
cells/well in Iwaki 96-well plates (AGC Techno Glass, Shizuoka, Japan), depending on the
incubation time. After 24 h, the cells were transfected with 8-17 DNAzymes or ASOs, using
Lipofectamine 3000, as per the manufacturer’s instructions, and were further grown in high-
glucose DMEM containing 10% FBS and 1x antibiotic—antimycotic solution. After transfection

and incubation, the cells were harvested and used for assays.

Quantification of MALAT-1 ncRNA

After 8-17 DNAzyme transfection for each time-period, total RNA was isolated from the
samples using the SuperPrep Il Cell Lysis Kit (Toyobo, Osaka, Japan), according to the
manufacturer’s instructions. Next, total RNA was reverse transcribed using the SuperPrep Il
RT Kit (Toyobo). For gRT-PCR, the obtained cDNA and specific primer sets were used, along
with the PowerTrack SYBR Green Master Mix (Thermo Fisher Scientific). gRT-PCR was
performed using StepOnePlus (Applied Biosystems; Thermo Fisher Scientific), and the
amplification specificity of the PCR products was assessed by analyzing the melting
temperature curve of the qRT-PCR products. The forward and reverse primers for MALAT-1
NcRNA were 5-ACATTCCTTGAGGTCGGCAA-3' and 5-CACCCGCAAAGGCCTACATA-3/,
respectively. The housekeeping gene GAPDH mRNA was used as an internal control. The
forward and reverse primers for GAPDH mRNA were 5-TCACCACCATGGAGAAGGC-3'
and 5-GCTAAGCAGTTGGTGGTGCA, respectively. For each experimental sample, three
replicates were performed. The fold reduction of MALAT-1 was calculated using AACt with
GAPDH copy number. Data were statistically analyzed using Prism 9.5.0 (GraphPad

Software).

Quantification of SRBT mRNA

After 8-17 DNAzyme transfection for each time-period, SRB1 mRNA was assessed using
the same procedure as for MALAT-1 RNA estimation. Next, the obtained cDNA and specific
TagMan primer sets were mixed with the TagMan Fast Advanced Master Mix (Applied
Biosystems; Thermo Fisher Scientific), followed by gRT-PCR. The TagMan probes for
GAPDH mRNA (Mm99999915 g1) and SRB71 mRNA (Mm00450234_m1) were purchased
from Thermo Fisher Scientific. For each experimental sample, three replicates were

performed. The fold reduction of SRB71 was calculated using AACt with GAPDH copy number.
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Data were statistically analyzed using Prism 9.5.0 (GraphPad Software).

Initial velocity determination for Michaelis—Menten curve
The Michaelis—Menten curves for DNAzyme were determined by determining the initial
velocity (Vo [nM/min]). Vo was calculated from a linear fit of the DNAzyme-mediated cleavage
reaction within the 10-25% cleavage range, using equation 4:
(Yr — Yo)[So] @)

(¢s — to)
where Yt is the percent cleavage at time tf in the 10-25% cleavage range, Yo is the percent

Vo=

cleavage at to, and [So] is the initial substrate concentration (in nM). Values of Vo were
obtained at five concentrations of Dz-Ds (the DNA substrate) (25, 50, 250, 500, and 1000
nM) ([S]) with 10 nM DNAzyme ([Eo]) in the presence of 0.25 mM Pb(OAc)2. Km and kcat were
then calculated by fitting Vo and [S], using Prism 9.5.0 (GraphPad software) (equations 5 and
6):

_ VmaX[S] 5
" R 11

k... = @ (6)
cat [EO]

RNase H1 assays

Co-annealed 0.13 uM 8-17 DNAzymes and 0.13 uM long substrate (70 nt) was incubated
with 0.01 pg/ul human RNase H1 (Abcam, Cambridge, UK) in 100 mM Hepes buffer (pH
7.3) containing 400 mM KCI, 100 mM NaCl, and 1 mM MgClzfor 1 h at 37 °C. The reactions
were quenched by adding an excess of loading buffer (90% formamide, 40 mM EDTA, 0.01%
xylene cyanol) and heating for 5 min at 95 °C. The samples were analyzed using 4 M urea
and 15% PAGE in 0.5x TBE buffer. The FITC-labeled substrates were visualized using the
iBright FL1500 imaging system.
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Table 5. DNAzymes and substrates (oligonucleotides) used in this study.

Oligonucleotide [M-H] [M-H]
Sequence (5'-3")
Name Calcd. found
tgtaacgcac—tge-cag-cgg-cte-gaa—atetetctegt
(Numbering) 1-3 13-15
10-12
Reported 8-17 DNAzyme X-ray crystal structure sequence' (Dz)
Dz36 tgtaacgcac—tgccageggctcgaa—atctetetegt 10972.15 | 10970.36
Dz-Ds (5'-FITC) acgagagagatGggtgcgttaca 7760.21 | 7758.85
Dy.Rs (5'-FITC) 8026.39 | 8027.72
ACGAGAGAGAUGGGUGCGUUACA
Dz-Ds- T acgagagagatgggtgcgttaca 717774 | 7178.26
Dz-Rs- T ACGAGAGAGAUgGGUGCGUUACA 7472.93 | 7472.94
Catalytic core modification
Dz36-omG2 tgtaacgcac—t(. 'c-cag-cgg-ctc-gaa—atctctetegt 11002.17 | 11002.00
Dz36-omG6 tgtaacgcac—tge-cal, '-cgg-cte-gaa—atctetctegt 11002.17 | 11002.73
Dz36-omG9 tgtaacgcac—tgc-cag-cg(: ' -ctc-gaa—atctetctegt 11002.17 | 11004.66
Dz36-omC10 tgtaacgcac—tgc-cag-cgg-( 'tc-gaa—atctetctegt 11002.18 | 11005.03
Dz36-omT11 tgtaacgcac—tgc-cag-cgg-c | c-gaa—atctctctegt 11002.18 | 11003.00
Dz36-1nG2 tgtaacgcac—tGlc-cag-cgg-cte-gaa—atctetetegt 11000.14 | 11000.00
Dz36-1nG6 tgtaacgcac—tgc-caGl-cgg-cte-gaa—atctetetegt 11000.14 | 11003.64
Dz36-1nG9 tgtaacgcac—tgc-cag-cgGr-cte-gaa—atctetetegt 11000.14 | 10999.56
Dz36-InC10 tgtaacgcac—tgc-cag-cgg-5ttc-gaa—atctetetegt 11014.18 | 11014.23
Dz36-InT11 tgtaacgcac—tgc-cag-cgg-cTlc-gaa—atctctetegt 11000.15 | 11000.00
Dz36-unC7 tgtaacgcac—tgc-cag-CYgg-cte-gaa—atctetetegt 11014.20 | 11011.88
Dz36-unT11 tgtaacgcac—tgc-cag-cgg-cTVc-gaa—atctetetegt 10999.18 | 10996.88
Dz36-spC7 tgtaacgcac—tgc-cag-(sp)gg-cte-gaa—atctetctegt 10821.03 | 10820.12
Dz36-spT11 tgtaacgcac—tgc-cag-cgg-c(sp)c-gaa—atctetetegt 10806.01 | 10805.64
Dz36-f1C10 tgtaacgcac—tgc-cag-cgg-C'tc-gaa—atctctetegt 10990.15 | 10992.36
Dz36-moC10 tgtaacgcac—tgc-cag-cgg-5™tc-gaa—atctetctegt 11060.26 | 11063.27
Dz36-omG9-omC10 tgtaacgcac—tge-cag-cg(- - tc-gaa—atctctetegt 11032.20 | 11033.91
Dz36-f1G9-omC10 tgtaacgcac—tgc-cag-cgG - te-gaa—atctctctegt 11020.17 | 11024.51
Dz36-omC10-unT11 tgtaacgcac—tge-cag-cgg-( TV c-gaa—atctetetegt 11005.18 | 11010.47
Dz36-omC10-spT11 tgtaacgcac—tgc-cag-cgg-( ' (sp)c-gaa—atctctctegt 10836.04 | 10837.56
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Table 5—-Continued

Reported 8-17 DNAzyme X-ray crystal structure sequence' (Dz)

Binding arm modification

CAGUGAACUAGGAAGACAGGAGCGGCAGACAG
GAGUCC

Dz36- 11534.60 | 11535.18
A PaNIA A AR g g A g g e g e e e A AMAA g

ps_full

Dz36-ps thg thatae g e ac—tgecageggctegaa—at e M A M e g 11245.34 | 11244.59
Dz36-In TYG Tl aacgeac—tgccageggctegaa—atetetets“ GETY 11182.15 | 11176.15
Dz36-Inps | TG T ata e g ac—tgecageggetegaa—at e A M5 AGH AT 11427.35 | 11428.85
Dz34-Inps | GATHAAlarchghchac—tgecagoggetogaa-at e A e THASAGE 10786.81 | 10783.57
Dz32-Inps | T'"AMAlAcAg chac-tgecageggetcgan—at e A cANSATIASL 10110.30 | 10107.77
Dz30-Inps | AMALASIAg chac-tgecageggetcgan-at e e THASLATE 9484.78 | 9483.83
Dz28-Inps | A5G crac-tgceageggetogaa—at e M5 AT ASH 8849.25 | 8849.48
Dz26-Inps | 5'°G'*5'%ac—tgccageggetcgaa-at e T A5 AT" 8214.72 8215.16
Dz24-Inps | G"*5'"A'c—tgecageggetegaa—at’5' AT A5" 7589.20 7592.51
Dz22-Inps | 5" A'5"—tgecageggetegaa—aT AT 6938.68 6937.57
Dz20-Inps | A"5"-T"gecageggetegaa— AVT' 5" 6299.13 6299.96
Dz36-om aacgcac—tgccageggctegaa—atetetet 11152.31 | 11155.61

mouse MALAT-1 targeting DNAzyme (M)
M34-1 TEASUACAT IAgA G AT VncatgecageggC tegaagh an T nghC nanstATE | 10978.04 | 10980.48
M34-1_inv | T5en T nan AT Aeanageteggegacegtg t an T Mg Aans AT 10948.01 | 10947.80
M34-1_mut | THASHAcAT haAC AT Acatgecancga itgaag 4 at T AghC St TE | 10977.06 | 10976.00
M34-2 TIASIASLAargA A Acatgecagegg C Vicgaagaa g A ALASLATY 10867.90 | 10869.66
M34-2 inv | T'5"5" ang "t caaageteggegacegtgaa ™t g e AAS AT 10837.87 | 10840.21
M34-3 TIASIASLAaAgA A ACatgecageggctogaagaa g A A LASLATY 10198.32 | 10198.63
M32-3 5LASLATIAg At A catgecageggetegaagaait g 5 A AT ASY 9572.79 | 9571.91
M30-3 5LATIAALAgAtA A catgecageggctegaagaat G NS A AT 8933.23 | 8932.16
ASO-M SIATIAALAgMAACr N A g e T AG AT 5288.50 | 5293.00
M-Rs-1 (5'-FITC) AGUGCAUUCAGUGAACUAGGA 7296.76 | 7298.55
(5'-FITC) 2325493 | —

M.Rs.2 GCAGCUGACCCAGGUCUACACAGAAGUGCAUU
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Table 5—-Continued

mouse SRBI targeting DNAzyme (S)

S34-1 GIATIACA A VAAG V hanC Y ntttgecagegg C tegaat TV IAC  han A Aar ALAGE 10986.98 | 10987.00
S34-1 mut | G"T"er AN Rand ttgecaacggCitgaat | AT a4 Mt AIAGH 10986.00 | 10985.00
S34-2 THASEAGAC IMAC AT Vngatgccagege VicgaatC AT AN TAAALAAL | 10939.00 | 10939.00
S34-2 mut | TSN AN han T Agatgecaacgg itgaat. N AT AAMAL | 10938.02 | 10937.00
ASO-S GASATAT A AQAGAMAS A A g AN SMAT AT AS AT AT™ 7164.28 | 7163.00
S-Rs-1 (5'-FITC) CUUUUGAAAGGAAGUCAUGACUGA 8237.97 | 8240.07
(5'-FITC) 2293732 | —
S-Rs2 ACUGGAAGAGAAAUUUUAUCAUCUUUUGAAAG
GAAGUCAUGACUGAAGCAAUAAACCUUUUCAC
UGAUUC
Lower cases letters: DNA residues; Upper case letters: RNA residues; N-: LNA; 11': 2'-OMe

RNA; NY: UNA; (sp): C3 spacer;
phosphorothioate (PS) bonds. Blue font: DNA at the catalytic core of 8—17 DNAzyme.

font: cleavage site of the substrate, or a critical mutation for 817 DNAzyme.
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: 2'-F DNA; N™: 2'-MOE RNA; “5”: 5-methylcytidine; “*":
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