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A: adenosine (for nucleotide) or adenine
Ac: acetyl

ATP: adenosine 5-triphosphate

Aszeo: absorption at 260 nm

BNA: bridged nucleic acid

BPB: bromophenol blue

BSA: bovine serum albumin

C: cytidine (for nucleotide) or cytosine
CN: cyano

CNVK: 3-cyanovinylcarbazole

CRISPR-Cas9: clustered regularly
interspaced short palindromic repeats-

CRISPR associated proteins

CTP: cytidine 5'-triphosphate

dA: deoxyadenosine

dATP: deoxyadenosine 5-triphosphate
DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene
dC: deoxycytidine

DCM: dichloromethane

dCTP: deoxycytidine 5’-triphosphate

dG: deoxyguanosine

dGTP: deoxyguanosine 5-triphosphate
DNA: deoxyribonucleic acid

d"B"MUTP: 5-nitrobenzyloxymethyl-2 -
deoxyuridine 5’-triphosphate

d"BW: N1-nitrobenzyl-2 -deoxypseudouridine

d"BWTP: N1-nitrobenzyl-2 -

deoxypseudouridine 5’-triphosphate

dVPoMY: N11-{[1-(6-nitro-1,3-benzodioxol-5-
yl)ethoxy]methyl}-2’-deoxypseudouridine

dVPOMYTP: N1-{[1-(6-nitro-1,3-benzodioxol-
5-yl)ethoxy]methyl}-2 -deoxypseudouridine
5’-triphosphate

dNTP: deoxynucleoside 5’-triphosphate
DMF: N, N-dimethylformamide

DMSO: dimethyl sulfoxide

DMTr: 4,4’-dimethoxytrityl

dsDNA: double-stranded DNA

DTT: dithiothreitol

dXTP: thymidine 5’-triphosphate mimic

dW: deoxypseudouridine

EDTA: ethylenediaminetetraacetic acid

ESI: electrospray ionization



Et: ethyl

exp: exponential function

F: fluoro

FAM: 5" 6-FAM

FANA: fluoro arabino nucleic acid

Fig.: figure

G: guanosine (for nucleotide) or guanine
GTP: guanosine 5’-triphosphate

h: hour

HFIP: hexafluoroisopropyl alcohol

HMBC: heteronuclear multiple bond

coherence

HMQC: heteronuclear multiple quantum

correlation
HNA: 1,5-anhydrohexitol nucleic acid

HPLC: high performance liquid chromato
graphy

i-motif: intercalated motif
iPr: isopropyl

k: reaction rate constant
K: equilibrium constant
Kf: Klenow Fragment

Kf™: Klenow Fragment exo-

lac: lactose

In: natural logarithm
LNA: locked nucleic acid
M: molar, mol per litter

MALDI: matrix assisted laser desorption

ionization

Me: methyl

min: minute

MOE: methoxyethyl

MRNA: messenger RNA

n: nano

NB: 2-nitrobenzyl

nm: nanometer

NMR: nuclear magnetic resonance
NPOM: 6-nitropiperonyloxymethyl
NTP: nucleoside 5’-triphosphate
ODN: oligodeoxynucleotide

OMe: methoxy

p: pico

PAGE: polyacrylamide gel electrophoresis
PCR: polymerase chain reaction

PDB: protein data bank



PEX: primer extension

PG: protecting group

Ph: phenyl

pH: potential of hydrogen

PPG: photo-cleavable protecting group
Pr: propyl

PS: phosphorothioate

r.t.: room temperature

RNA: ribonucleic acid

RNAP: RNA polymerase

RP: reverse phase

SELEX: systematic evolution of ligands by

exponential enrichment

T: thymidine (for nucleotide) or thymine
TBE: tris-borate-EDTA

TBS: tert-butyldimethylsilyl

TEA: triethylamine

TFA: trifluoroacetic acid

TFO: triplex forming oligonucleotide

THF: tetrahydrofuran

TIPDS: 1,1,3,3-tetraisopropyldisiloxane-1,3-

diyl

Tm: melting temperature

TNA: threose nucleic acid

TOF: time of flight

Tris: tris(hydroxymethyl)Jaminomethane
tRNA: transfer RNA

TTP: thymidine 5’-triphosphate

U: uridine

Ugem: 2-O-alkylcarbamoyluridine

Ugem TP: 2°-O-alkylcarbamoyluridine 5'-
triphosphate

UTP: uridine 5'-triphosphate
UV: ultraviolet

V: velocity

w/v: weight per volume

°C: degree Celsius

M: micro

W: pseudouridine (for nucleotide) or

pseudouracil
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A ERFEREC IO © AR SN TS, 20X DNA ORERECREE &AM DD
HIH T 22 81350 T AW R 725y T — VOIS /T SA AD RIS 2 L kR %
7253 B COIS D HIR SIS, EHIZ EFEDIEY pH JSER/ Ny DOIRIND 5 CHES | i
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RONRTFRRE DT G3F- L 0 EIRE Dy F O, BRI X8 E O ELR) 727l
W7 E Rk 2 2 AN R 3% DNA OWFFEA BT Tub, &7 FlZ, SasMH g
[ZHWDZ LIS L B 720 | SNSRI D ON/OFF ZALE DX A7 THIE A%
TENTELIT TS SEIRESEL 2 22 B I HIEIS RTRE TH 2,

DNA OBEREZ AR T L PRSI LS THITL 7Bl &L Tl M OER 5 K 1% - F
% 2 RdD, ZOFETIIRIISE T DG K F 286 L PRI TRES T2
T, FE T 286 F OGRS IOHE T 52808 TED, £O—F T, Bla L%
W FIEZE WD Z L2 HISBE Ay 7% DNA 18 AL L22EAf DNA ZHWTC,
DNA OREBEZE RIS 7= 616 23S STV D, Bl IS T AT 2 B A5
T RUB U FHERE DNA IS8 ATHZET, DNA O ZEHE SR G2 HlE L7
] 0, JEHRI T REA LA T DT /e = AN — L CVK)VEFIH LT, eI
Lo T ARD DNA A fEAIC L TREASELH] 728855, (Fig. 1-1-1) SHITEHRE
2L TR ES D SE 0 Rt A 35 (PPG; photo-cleavable protecting group)z3& A L7=
DNA(7—>R DNAYZHWT, SERURZ K-> TR G0E R, BB AS° DNA-Z /7'
FAEAERZ2EZHIEL-6 " 45D,

CN

N e o v i
0T

azobenzene derivative CNVK

Fig. 1-1-1 i B S IR 1 DNA Off i

ARBFZETIE—Y R DNALZHE B Uiz, 77— K DNA XKD DNA K LAHINIIC PPG
EREATHIETARTHIENATRETH D720, PPG 2B L% ICRARIL LU TN
([ZHARILTZ DNA 5 P22 N T i A LB BUS O~ F A S L
%, PPG 1% DNA D B Dl 0w H T, VB OR8N T DT LN ATRET
HY M EITITEIETIZ PPG 2B ALTZHINZRESN TS, BARRIZIZTFI D N3 L
2O TR0 R D NAL 12N 22 T =D NO(L B T =D N1 AL, NP, O 2%
24,25\ 2 A 23 %, ZIUBEE A LT DNA OBE BRI BREESE 12 LAWK, HL<i3 DNA &
BRER L OFER IR B NHIEL 612385, Lh Bk <77 —T K DNA [I#E I Eovhy
YOV IR E AT B IR T EIZ PPG BEASIVTWD T8 | BElE A RRESR CIE A K T
T RARB T IZ A W BER G RO H 8 A REL 72 5 TUND,
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— 5T, R G T —UR DNA 25 L7261 234 50 <00 D, Zitbdr—T K DNA
IZBWWTE, PPG XT3 v b DTN 70y I Bkt R E L 72y C5 (b 71—
AL CTEAISN TS, £T PPGEZHALIZINOT IV TAF TV =V ail

AL, DNA ARYAZ—EIZ& 5T DNA i ~EE AT 5, ZOFETIE C5 b h
—Z%ZN LT PPG ZEATHILET, RKRDO T X C OUN 7V 7 R &7 L
DNARYAZ—BIZZNHEDOXIL AT R =V s TIP 7 e/ b L3 dCTP 7 rs/ e LT
DNA SH~EEATHZENAEELR D, ZNETOHRETHOLNLTWAY I—ELLTIE b
RE s AFVEEZRE BB, BERARLT2—F DNA (X, B85 O JLil i 20, HiBREE
FEIEDOFEHIEE 2729 DNA > —r 2 —~OFH 3% DNA OFRAMER 2 7L 125 S

N C&7, (Fig. 1-1-2)
0 inker.  ©

X
1* DNA pol T LY oo (X
polymerase N0 uv N~o

-]
(o]

|;O: N
7~ 7~
0
e
X= 4 PPG‘O,Y linker=" Y Ho™Y

HO. ,0. ,O~

O'UO
O'DO

0
p
0

HO

Fig. 1-1-2 i EICHE SN BEFE G R ATEEZR 77— N DNA O iE

ZO—JT, ZNHDr—U R DNA 1T, HHRFRIZTF I DOATF VLR L TH REW
= DEBRIENF S TLEIEVOMEDRH D, DTk~ T=V s I — oy D Ak
(Fig. 1-1-2 O linker DA% 1) 7S DNA #E B2 NIBE DA ZILEL TLEIZEL EZHND,
FIARIRE L CREFR A I T RE e — VR XV LAY R =D gL, BIfEETIC 4 fifEl
RO TWDTD | ZERIEIZZ L AFRIZISC THE W T AZENTER N ST L H
Do

FCARBIZE T, FiT/e B eG4 —VRXIVA VR ZU LT N1-7r—V R T
FH v a—RoUrr =0 dPPCWTP (1a, 1b) 283422807, (Fig. 1-1-3)
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G I PPG, J| 2
\N NH T N” NH “T™ HN" "NH
© o o DNAponmerase “o-p:0 (LK uv oo MU
HO.}-O~}-O0~}0 N S oy
1] 1 1] (o]
o O O
HO ] 0
0\

o
PPG =
O,N o O,N 0
o N*NH o o™ N N o
o o o X 0. 0 _ o S O,N II‘O
HO.}.0.5.0.1.0 O  HO.;.0...0.5.0 o 2
p-opohp o pop P @/& (0 Nobl
0 0 0 0 0 O
1a 1b NB NPOM

Fig. 1-1-3 A CTRR T 57—V RXILA TR =V B S

AT 5 PPG LLTIE, 365 nm DYtz § 52 L Thr arage 2-=hr 2L EK(NB
B)BLOY 6-=rab Ra= LA AF L H(NPOM  H0)Z4 L. NB A A L=/ 4
UREVUFE 1a BN NPOM 28 A L7 XL AR =V 1b 2T/ — K DNA
ERERAT HIEEE 2T, (Fig. 1-1-3) 4 EIFZET 5 1a, 1b 1Z DNA IZEVIAEN =D
ORI BRI L TT A F v a— RO ~L BT 2, (Fig. 1-1-3) 22 CF4%y
Y a =RV OO F ER M E N HIREEND,

FT 0 BT, W BICHE SN BER A A ATREZR 77— K DNA Tl AF/VEEE LT
KEWI D —F DO BEBIEDRFES> TLEIEVI BN D ST2D, TAF v a—Royo
TTFIVUD 5 ALY T HENKBIRTF LINFFC T A — 7 — T AN RS 7R i
BEERISIRNETHD, ZHUZEY DNA DAV v —7 L —TA1%38i#% 3% DNA fEG2 73
B OFEBREDIGMEICEEEE 5.2 SO DD TR i EIR S NS,

TOHIE, TAX VT a— R AT N1 DA T e 2R 9528 T, DNA O =
FUERLZ2E RIN DNA (ZIEAATREZR Sy FRIFH EAE M 2 B 200 28N TEH IR TH D, ¥ 4
[EIBH5 9% 1a, 1b 1% N1 Ll PPG 2 7570 SEMSANCIE = HEELP AL ELSND
— T, MR RZIET AT v a—RoUP O N1 LOAI )7 e by MRS IV ETR =
HBEDNERSND L7 —EEFHEEDSGHIEN B IR 2 5 LS,

=D BIE, TAF T a—RUUT T DNA BERESR ThDHU 73 L DNA 7 a5 —E0
HELROFEGESNDN, RIROT AX oIV LF BV RENRESNTHEEG 72 LR
FHRTHD, *° ZOMEEFIHT UL, SERHANZIZYZ3 0 DNA 72y 7 —EB 0@z %
PR, LR ITT T L DNA 7Vl 7 —BIChE G L CEOREZE T 21970k
JSEMED I ERZ S — VU N E O CRIFE TED b LV,
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CNOOMEZQIAI, RETIE, Hic B e 405 — VROV AV R =00 1ak
W 1b DILFEA K EZ B2 DNA RUAZT—BZ V-7 — R DNA OFEFE G RICHRFL
Too FIBER AL —YF DNA W T, I ESORB IO = BEEIE RO SGHI &
AIRED DL ELT,
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o dBYTP, dNPOMWTP L O dNBWTP, dVPOMW 74 A R DAk
ARETHWELIZ G2 AT 57 —UF DNA 2R AR T A0 LB
dBWTP(1a) B LN dVOMWTP(Ib) D LA kA ks 270 o7-, F£7- 1a 35100 1b 23 DNA H1iZ
HWASNTTES—IF DNA ZRIRILEA R T H7-ITR AR T X A b=y hOfL
BRbLBIoT,

1-2-1 d"BWTP, dVPOMWTP (b4 B L OB VIR AR B D[R E
WEIZHEDHD 3% 5-0-DMTr-2-F4FL v a—RuUPr((bEY 22 H3sEEEL
T.Scheme 1-2-1 ITiE>THBIDO XL F VR =D fBaa LT,

2 PPG 2 PPG 2
HN)LNH ‘NJLNH ‘NJLNH
N S TBSCl 1.5eq
DMT, O PPGX 14eq pMTIO o - DMTrO o
r0 o DBU 1.0eq o imidazole 3.0 eq o 5% TFA
DCM DMF, CH,Cl,,
HO rt,2h HO rt,3h TBSO r.t., 5 min
2 3a: 73% 4a: 94%
3b: 24% 4b: 88%
PPG. 31 +  ppG_ 1 + PPG. 3
N 3(Et;NH 3N N
N” “NH _BELNHT PR _oha NPONH
S . (o] (o] o S 100mM glycine-HCI o] o o X
HO O  Eckstein 1 1 Lo (o] 1 1_o.l.0 (o)
o method HO\P,0~Pa0 P o buffer (pH 2.5) HO\P,O\PzO P o
_— it f 1l _ i 1l il
o O O 25°C, 4 h o O O
TBSO TBSO HO
. Q79 - - 5 steps 1a:25%

Scheme 1-2-1 1a. 1b D{LEE Y

bAM 2 126, #iFEE LT DBU Z AW T 2-=ha_U L7 BIR A UGS E, Yo fiftt
PRIEITHD NB OB AZ BV ML EY) 3a 2457, 2 OHFIEIZIX, N1 (L3O N3
LD 2 FEFTDOAI 7 a b BTFEEL NB ZEAYH O N1 LS8 AS7z7% NMR JIEIC
THERTHZEE LT, 9 HMQC JIEIZ LIRS CE LD [k FE D NMR E— 2% [A E L7,
(Fig. 1-2-1)
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inN

1 (ppm)

correlatio =& v

Wi

6.0
2 (ppm)

Fig. 1-2-1 3a ® HMQC

Fig. 1-2-1 O L0, C6 M DKFIZH T OFFEAD C TRTE—rLbhotz, ZZ TR
(2. HMBC lliEx2 3272952 L L L7z, HMBC Tlddho/KZ R 1 b RT3 /A HETORFE
JR-EOFH BB S NARETE THD, 2T N1 ALIZ NB FEAEASFLTOILIR, C6 i
DIRFRLN D IALOKFFHBERBND T2, N1 fL~EASNIZZ LR ATRE ThD,

H
A | W '\liﬂ NM\,XMiftilh Jkg)\/\iﬂ A

DMTrNBdpU_CDCI3_HMBC !

— . 3
_ bt
— 4 "
—_— -8
—_— * R
—_— . *i - 4 -
—‘7 (4 . * b % - » i
— A > correlation
R H ’_ . : :
S ]

vvvvvvvvvvvvvvvvvvvv

Fig. 1-2-2 3a ® HMBC
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Fig. 1-2-2 OFE R LD, C6 (LD RFE (D C) LUV NALD K FEFR D HIH B E L
72728, 3a 1X NB JEA3 N1 ALIZE A S HE LT IE THHZ LN b -T2,

ot T 37K HEZ TBS TRz LD H I (4a), TFAZIKME FIZ/EHSESZLT5-DMTr
HEONR#EE B2 ba ~EFFE LT, Eckstein H5O#E 3 (26E\V, Ba (IZ YU FLrmmik
A7 AN OSSETOBIT, e CERY RO, S0 FE b2 B 2700 3-TBS (RS
N =V iR EZ G LTz, ZHHD R RIRICKIL T, EALOHE © 25512 pH 2.5
DIV AR Ny 77— 25 °C TAFaX—hL, TBS EOMifR#EEZ B2V B ET
% 1a DA A ER LIz,

1b 2OV TiE, 1 A7 Y7 H TNB EDHVIZNPOM 41438 AL | 1a L[AAEIZ Scheme
1-2-1 IZ0E> TR I, £7- NPOM JE25 N1 (ZISEASNTWAHZEE, 5b D
HMQC #ll7E(Fig. 1-2-3)I2&Y C6 (o R F i F %A EL . HMBC HIE(Fig. 1-2-4)/>5 C6
(LD [R5 LY IETRA S HATHFE B LT R FE DT T NATFHBE N o~ 7= 2 &SR LT,

(o] -\ 60
(o} o
80 é
02N HH 90 =

w Bl

4.5 4.0
f2 (ppm)

Fig. 1-2-3 6b ® HMQC
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(I TN

H
) 10
- - 5 o4 ° 20
o F40
il
) & -
H |

i X - € ° ;
80
- ° R ® ° ) 100
o O N NH [e
/C

cod
- N2

. correlation Ol
& 140
Eo L2 150

) = 160

T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f2 (bom)

Fig. 1-2-4 5b ® HMBC

BRRLIEXZVA TR =V 1a BN 1b 13RMEN m <AKFIK DR ENKEETH L7290,
HH OLF A RRFARRICE & K DIEROF M FHE LV, 2T 1a BLO 1b &[EUH A A
1o 3, 5ELR#ED XL 4 R (6a, 6b)a Scheme 1-2-2 IZIEWVAKL ., Bk LIZXI7LA
~(6a, 6b) % 0.1% DMSO /KIAEHK THIRL | £k & 727 B IR U7 AR D W ' B 20 E 4
5HZET, 260 nm TOENRSLEREHE LT, (Fig. 1-2-5)

PPG 2 PPG 2
‘N)L NH ‘NJLNH
NS NS
DMTrO o o HO o
o 5% TFA o
CHzclz,
HO rt., 5 min HO
3a 6a: 91%
3b 6b: 92%

Scheme 1-2-2 6a, 6b DL FE
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6a
6b
1.5 -
<
0.5 - 7S
0
0 0.00002 0.00004 0.00006 0.00008 0.0001 0.00012

Concentration (M)

Fig. 1-2-5 6a, 6b DE/LWEARE D H H
Fig. 1-2-5 J0 757 Offixi15, 6a OF /A HAE4(260 nm)iE 14070 M~ -cm™, 6b O E
VAR ER(260 nm)ix 10140 M7 -em™ L SNz, FA B R COENAR AR E T 0

vhLTzEZ A, Fig. 1-2-6 DS o7=,

16000 -

12000 -

8000

Absorptivity (M-Tscm-1)

4000 -

220 240 260 280 300 320 340 360 380
Wavelength (nm)

Fig. 1-2-6 6a. 6b ™ UV WLILITE

Fig1-2-6 J¥. 6a 3311 6b (I3 E HSE koD 260 nm R OWIIZHNZ . 300 nm
PLEOFHIZHWIN A DD EN DD, ZiUux PPG ThdH NB ££X° NPOM Z Hi ke DI
W RTEEBZ DI, EBHIT 365 nm IZWINBBHHZEND, KM R#EIZIIH WIS 365 nm
DFEPEDMEH FTRE THAHZ LNV RS LTz, £/o, 6aL6b % b4 5L, 300 nm LL =D PPG
H SR EADIDRIEEEDS 6b DR KENZ LR DD, Zid 6b D> NPOM T 6a
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H D NB HDONREBVBRIZSHIZATFL U A AEiRN M- TEY, =hafEDAX (LB L
OSTNCE G ERNFEL TS, =ha XU iFlRIic BN T= e o /R FA0IC A
ey A E OB TG ENFET DL, =ha OB GICIVEREEL 7R H2EM
FNHILTEY 28 NPOM #t NB (2~ T 300 nm LL EDORINN KELIpoT=DiZ2 L5
ZHND,

ZZ7T6akt1a,. 6b L 1b (ZF1E4 260 nm DI R IN A FF SR IR XN PPG D%
ERE—ThHoHI0, 1a OFELRHARED Ao = 14070, 1b DE/LWIEARID Asso =
10140 72 XRE LTz, WOLED DR T =V B ERIGIB L OWE TBS EEDOIGI#EIL ba b
LLIZ Bb 2250 5 277 T 25%(1a). 13%(1b)EFH H L7,

1-2-2 d"¥W B L dVOMY A& AL 7= DNA DOfLSEA K

d"BW F LN dVPOMW 3 A X417 DNA ZAL G 3572912, Scheme1-2-3 IZ4EV, 2-
LT ITF N NNNN-FRTAY T EE AR ARE DT I A M INC T IF A b=k Ta,
7b G kLT,

PPG 2 PPG 2
‘NJLNH ‘NJLNH
~ [(i-Pr),N],P(OCE) 1.4 eq ~
DMTrO o (i-Pr))NH  0.7eq  DMTrO o
fo) 1H-tetrazole 0.7 eq fo)
CH,CI,
HO rt,3h

P

N'P‘o/\/CN

3a 7a: 83%

3b 7b: 45%
Scheme 1-2-3 7a. 7Tb D{LFE R

ZHOLTHRLT Ta, Thb 2 TR B B & RlBl2 XD | 6a 35K 10 6b #757» DNA(ODN1a,

ODN1b, ODN8a, ODN8b, ODN16)% & ik L7z (Fig. 1-2-7), ZOfh, AR THWL AT
DNA DEe% Fig. 1-2-7 127R7
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ODN1a 5-d(CCAGAA6aGGTAC)-3’
ODN1b 5-d(CCAGAABbGGTAC)-3’
FAM-P1 5-FAM-d(CGCGCGAAGACCGGTTAC)-3’
ODN2 5-d(TCTGTCAGTAACCGGTCTTCGCGCG)-3’
ODN3 5-d(TCTGTCGGTAACCGGTCTTCGCGCG)-3’
ODN4 5-d(TCTGTCTGTAACCGGTCTTCGCGCG)-3’
ODN5 5-d(TCTGTCCGTAACCGGTCTTCGCGCG)-3’
ODN6 5-d(CCAGAATGGTAC)-3’
ODN7 5-d(GTACCATTCTGG)-3’
ODN8a 5-d(TCTGTC6aGTAACCGGTCTTCGCGCG)-3’
ODN8b 5-d(TCTGTC6bGTAACCGGTCTTCGCGCG)-3°
FAM-P2 5-FAM-d(CATGGGCGGCATGGG)-3’
ODN9 5-d(TTCGTCGTCGGTACGCCCATGCCGCCCATG)-3’
ODN10 5-d(TTCGTCGTCGGTACCCCCATGCCGCCCATG)-3’
ODN11 5-d(TTCGTCGTCCAGCTGCCCATGCCGCCCATG)-3°
FAM-P3 5-FAM-d(AGCACAGACAACCACCC)-3’
P3  5-d(AGCACAGACAACCACCC)-3’
ODN12 5-d(ATAATACGACTCACTATAGGGTGGTTGTCTGTGCT)-3’
ODN13 5-d(GCGGCTTCTTCTTCTATTCTTTTGGGTGGTTGTCTGTGCT)-3’
ODN14 5-d(GCGGCTTCTTATTCTATTATTTTGGGTGGTTGTCTGTGCT)-3"
ODN15 5-d(GCGGCTTATTATTATATTATTTTGGGTGGTTGTCTGTGCT)-3’
ODN16 5-d(CAAAAAAGABbAGAAACTTTTGTTTCTATCTTTTTTG)-3’
TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3’
TFO2 5-d(TTTTTTCTCTCTTT)-3'

Fig. 1-2-7 AFETH % DNA Bl
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55 3 Fi dVPW, dVPOMW oD I PR B

AREITIE, dVPW BEOY dVCOMW IZE END R IR FE L (PPG) S KU Z o TR
ESNDIERRETT DT L E LTz, FIOMMRFERISDISE=RIT PPG O D BREEIZ L -
THERRLZENTHINLTZD  X7LF TR (6a, 6b)eA V= X714 F N (ODN1a, ODN1b)if]
T OWTHRTT2Z&E LTz,

FTXILA TR 6a, 6b 12DV T, 8 UM DIKIEHRAFHEL 25 °C € 365 nm D UV & & [f
BIRSTL . RP-HPLC T4 #TL7=, (Fig. 1-3-1)

6a 6b
no UV no UV A

UV 5sec UV 5 sec
J JL - Am P

UV 30 sec UV 30 sec

4,.,J N _ h

0 10 20 30 40 0 10 20 30 40
min min

Fig. 1-3-1 PPG A3 2X7L4 K 6a, 6b DI IRt

Fig. 1-3-1 (BB MLR#ERT LB #EZ O — 7 HFEN D PPG OFEfFREZF LT, (Fig.
1-3-2) ZOFERMNG, XTLATRIZEWT NB £ 8313 5.8 7. NPOM £ =831
1.1 B L0 NPOM JE0 5 M BLRGE R S N2 b o Tz, JeRRE 23270 -7 365
nm OWYEEE T Fig. 1-2-6 2355355912, 6a (23T 6b D52 E N7 NPOM Fod
I SRR SO N R T o 7= 8B 2 Hivd, Fi2. NPOM R TR DAL AT VI INTETE
TH20 HARHED TR L THELD DTGV INEENSNAZ LB ThHDH L
BEzoib,
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100

80
70 O 6a
60

50 L1 6b
40

30

20 ~

~

10 T
0 5 8 —
20

0 10 30
Time(sec)

Fig. 1-3-2 X714 /K 6a, 6b DY LG DR AL

Residual caged nucleoside(%

RIZAVT XL A4 FF(ODN1a, ODN1b)IZ- OV T, 3 uM KIEHRIZTRHEEL | [FIRR I Bif%
HI AR I RP-HPLC (2T L7~ (Fig. 1-3-3)

ODN 1a ODN 1b

no UV j\ no UV

UV 1sec UV 1 sec
-~ /\j\_ o . , A )

UV 30 sec UV 30 sec

]\J\ e
A - S
0 10 20 30 40 0 10 20 30 40
min min

Fig. 1-3-3 PPG & f 324 U= X714 K ODN1a, ODN1b O lii R i

Fig. 1-3-3 OfEFEMN D, PPG OFEFRE ST ELHIC T vy hLTZ, (Fig. 1-3-4) ZOfE
RINHAVIXILAFRIZENT NB O HIE 4.8 #, NPOM Eo-#1% 0.9 #&
D, AV X7 AF R THXIL AR LR OME CROSAHEITL, 72 NPOM Fo
J7 DR EE S BN b oTe, FEINHDOERND, PPG OLR#EIL 3 /DY
WaRBIRALTER T HDIEN 30Tl 4B OFEFRTIIAREDERIZIT 3 /3D UV
JEEL DS Nt Nl By it

27



100
90
80
70
60
50
40
30
20
10

O ODN1a
[] ODN1b

Residual caged ODN (%)

0 10 20 30
Time(sec)

Fig. 1-3-4 A U=X7L7F K ODN1a, ODN1b D[t {73 K i DRRIFZE{ L
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%4 dBWTP BL O dVPOMWTP % F - — i i R SO

N PPG A7 5X/L 4L R =Yg 1a 3508 1b 78 DNA RUAT—B OB L
THI DNA DT 7 /3 AR IRV IA ED0s, —H M ERISICE>TRB el
Teo Ele—HEMBESUCOR AL HEZF T 528T, PPG DFFED DNA RUAT—E
DIRVIAIM G2 DB EBIICH~DZ L LT,

1-4-1 —H MRS
— MBS E B0, 8L ThD FAM 246795 18-mer O 7 4~—DNA T
%% FAM-P1 (Fig. 1-2-7 3108 Fig. 1-4-1), N FAM-P1 SARMHRZ:B0 5% 3 R8T
AL, 3R HE 2T 19 A (Fig. 1-4-1 IZBITD Y OALE)RNETNZEI A, G, T, C L7
5771 —hk DNA Téh% ODN2, 3, 4, 5 (Fig. 1-2-7 3L Fig. 1-4-1) 2 HE L7, FAM-
P1 &4 ODN2-5 #4- %< JRAL 90 °C IZMAL/=OBICHIRETHAITHILTH _HifHA
JERL ., 355 =Xy X/ 7 —BiEMEZ KIESE 72 DNA RUAZ—EThD Klenow
Fragment exo—(KIM)ZL2 MM E K ISEBI8o7-, FIRE 0.1 pM (ZFR&EL7- —EH
DNA 510810 pM O RIL AR = fig(a b L< 1% 1b)% 37 7—(50 mM NaCl, 10 mM
Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT)#C 0.02 unit/pL (ZFH#L 7= Kf"& 37 °C T
10 AV Fa_X—FLUNS T2, A F 2 _X—MEITE IR EL T 10 M urea, 20 mM
EDTA, 0.05% (w/v) BPB Uik EF &N 1 57 90 °C TIMEALEESR PG A5 1S
., 55 °CITIEAL 722 PAGE THHTL, 7 VT F 74 F—I2 X0 FAM OOt & L7z,
(Fig. 1-4-1)
) /-dXTP )
FAM-P1 5-FAM-d(CGCGCGAAGACCGGTTAC )-3

ODNZ2,3, 4,5 3-d(GCGCGCTTCTGGCCAATGYCTGTCT)-5’
dXTP= dNBYTP (1a) dNPOMWTP (1b)

Y= A G T C A G T C

lanes 1 2 3 4 5 6 7 8 9 10

Fig. 1-4-1 1a, 1b Z H\ o — R E
AR T : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT

Fig1-4-1 [ZBW T, L—2 1 BL0V6 1L FAM-P1 2L CTEY., K& 18-mer DNA &
INUREIRSTNG, L—r 2-5 [T 1a 2 W T EMERICERB ISR THY . Y D
L&D A 2722577 L —h DNA(ODN2)% AV izL—2 2 TOF 19-mer DR FEM DN
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VRSN, Y OAED G, T, C 72577 L—k DNA Z v izL—> 3, 4, 5 TIER
FE0 18-mer DNA OB SN2, ZOZEM5 1a 1d DNA RUAT—F DO IEE L7220,
TTP Oy 7L LT A IS L CEIRINICIVIAEN S Z 03D o7, Flzb—2 7-10 1% 1b
EROWT IR EBI /2o Tk R0 1a ZHWEIGA LRI Y 23 A O5E
(L —> DR THEEMDPHERINTZZED D, 1b b DNA RV AT —EDFLE L) TTP @
X7 LT AL GRERIIZEDIAEN D Z &N -T2,

1-4-2 DNA RV AZ—BDEIAI IS D T AT 4> 7 fgHr

Fig. 1-4-1 OEFRIY 1a ° 1b 23 TTP D3Iy 7L LT DNA RUAT—E DI HNDHZ L
INFRETHHZEZHLMNICLIZ, D —T 1a X° 1b DXL HERiZ A THAIL A
R=ZUUERIE, RIRD TTP LML CRESE UG DRSNS ENE 2 b, £ T
DNA RUAZ—ETHD KIS 1a ° 1b ZHIATeHEAFIM D2 LE LTz, TEEL TR,
B ENZIERRDACFAAER XL A R =V RO IA BB AR LT 4 © 225,
5 FEDERDHBEDOXIVA TR =V @EHWT, —HEMRSE— MBI,
19-mer OHEEMLE 18-mer ORMED DNA DFIELEF VEKKENCEYRD,
Hanes-Woolf plot |Z XA fET 2B 2720, Vi BE DN Kn Z23RDDHZEELT,

£ TTP © A ~DHVIALNHIT Kn = 0.088 - 2.8 uM FEE THD 44 LIRS TND
DT, ZDEESHZIZLT TIP % 0.025 — 0.2 uyM OFiPH TZE{LEE T, TTP & FAM-
P1(0.25 pM): ODN2(0.25 pM)& Kf(0.005 Unit/uL) v iz —Ha B R SUs 2 1B 27
-7, (Fig. 1-4-2)

Lane 1 2 3 4 5
TTP 0.02 0.06 0.1 0.14 0.18

Fig. 1-4-2 KIREEIZEITH TTP & - —H B R SO
[ #% E77 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgClz, 1 mM DTT

Fig. 1-4-2 O b &1 Image-J IZL DT 23 2720 U RO HOEIRE A R -7,
ZZT19-mer DIEEYE 18-mer DA E D DNA DIFELLZZENE P18(%). P19(%)
ELTERRZ R SISOPRE VIZIROINTRODDHZENTED, “

100 x P19

1

P18 + 7 X P19
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ZOFELY, FRETOYIHE V (%/min)kRdi=, ZOMES &I, B EL B R
[SI(UM). HEHEZ[S)/VEM-min/%) %7y hL | EERFA A2 D 2% 52 F1Z<\V Y * Hanes-Woolf
plot IZ LA fiEMT A+ 278 o7z, (Fig. 1-4-3)

[SIV (UM*min/%)

-0.2 -0.1 0 0.1 0.2

Fig. 1-4-3 TTP % H\ 7= Hanes-Woolf plot fi##T

Hanes-Woolf plot OfEHTIZINT, [S]. V. K Vinax DRENZIZR O XD S,
5] 1 Km

v Vmax ST+ Vmax

T 7205, Fig. 1-4-3 DX DHHING Vinax 23K O, FIZ X BT E Vinax 225 Ky 23K
HIENHREE /2D, ZOEBREMNIL T 3 BT, ZNHDFESN G Hanes-Woolf plot
(XA A BT IS T RE R, TTP O KFIZ LA EVIAZI L, K = 0.073 £ 0.023 PM., Vinax =
21 + 3.5%/min L3R Eo7-, ZOMEITIEEDO RS Y LKL TH R Y 7ETHD,

ZORERELEIC 1a O— WM ESONZBIT D IART A7 AZROHZEZLIZN, Zih
DRIVAVR ZU O AREEE VL TTP LU TRV | BERIREZ TTP O
AFRT 47 AD TR V= 0.005 unit/uL O Tld iR EEW 3 55319 Image-
JIZLDNT R Ch o7, 22 C KEOREZEEZ 0.02 unit/uL 2L, #IEE V 25 1%
U453 D—IZHiET DI ETHEEMD 7121554 Hanes-Woolf plot fiiiiz 36 27252 &3
7=, (Fig. 1-4-4)
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Lane 1 2 3 4 5
dNBWTP 4 6 8 10 12

[SIV (UM*min/%)

-20 -10 0 10 20
-0.1

[S] (uM)
Fig. 1-4-4 1a % [\ 7= Hanes-Woolf plot fZ#T
AR : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT

Fig. 1-4-4 OFE RS, Kn =19 + 0.32 M, Vipax = 2.7 £ 0.17% LR FEo72, ZZTTIP O
EELEHR U= T, K 28 260 {5 REL, KEEOFFMEDME FLCWBZEN RS-, £
Vinax \ZBELTIEL 7 5/ E<7e o> THY, —HEREMEUSOME B ABIKTLTWDHIENR
MESATz, ZhUE 1a 23 NB FEbm W EHL R AR I A LTI | ZDSIIRBEE D R L
OB — M R OCEPLEL-ZENE 2 61D,

F72 NPOM A I T2 1b DIART 47 AL, BERIREZ 0.01 unit/pL &L, ¥
BV AEF % /5 O—IZHIEL Hanes-Woolf plot fi#t % 35272 >7=, (Fig. 1-4-5)

0.08
Lane 1 2 3 4 5 0.07

0.06
d\NPOMYTP 0.4 0.8 1.2 1.6 2.0 0.05
0.04
0.03

0.02

Rt

[SIV (uMemin/%)

-
o
-
N
w

Fig. 1-4-5 1b % f]\ 7= Hanes-Woolf plot fi##r
IR : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT

Fig. 1-4-5 O k)5, Km = 0.75 + 0.13 UM, Vinax = 20 + 2.3% LK Eo72, ZZTTIP O
EE R LTZRFIZ K Y 26 fi5 REL, 1b DGES KEEOBFIMEPME T L TWDHTEAVRIES
2o — 5 C Vi lZBAL T, FIRREE D L2 > TND, ZHUT 1b 25, KE OTEMEHOITHE A
L7251 2h NPOM B IR RTEME A PR E L7272 TRV e B 2 b5,
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ZZCTIP, 1a, 1b @ K, Vinaxs FTZHIABINZHRDOIRIEESIND Vinax /K ZE LD 5 & Fig.
1-4-6 DIEVIZ/25,

K V, Viaxl K
dxTP (pl\r;]l) (%/rrr;:)i(n) (°A;/rr:\aixn°pmM)
TTP 0.073+0.023 2143.5 290
1a 19.3+0.32 2.740.2 0.14
1b 0.75+0.13 20+2.3 27

Fig. 1-4-6 — LR KIGIZ 5155 TTP. 1a. 1b DA X7 /%

Fig. 1-4-6 (235172 Vinax /Km DILELNE, TTP M2 DA —2 KR EL IVIALZNRIMEN
TNBZENDHID, £7- TTP LH#EL T 1a, 1b 13224 2000 %, 11 5 H0IA Z 23R
BHZENDND, EUIT Kn DIE~DRZEN R Z N MBI HTT~0 & @\ O (B A 1T
sk EDOBIFMEA IR TR ENRIBENTZ, TD— T TEIREZLIZ, 1a D NB Jkt
B OERELTHD NPOM HEHAL TS 1b (%, 1a Ll L CTHIA R ZhRAH) 190 1%
BN TVDIENDI-T,

1-4-3 T HSH Al AR B (Trm) I E

AT 47 AN B TIE, NPOM FEA2FF> 1b 23 NB KA FF2 1a L0 W ED A A
BIRERL CWDIEEABINC LT, ZOREREMIRT 57201 dVPW LU dV¥POMY & %
DM IE THLT 7 =2 LD IKT O 22 8 M A — SRR L (To)ll E 2 B e o7,

FF AT dVBW HLL<IE dVYOMY Z 52 12-mer DNA Té% ODN1a & ODN1b (Fig.
1-2-7 BLOFig. 1-4-7) B L7z, F2 dBW LT dVYOMY D RH0IZ T 24 4% ODNG
tHarha—LELTHEL, 72 ODN1a, ODN1b, ODN6 DO fH#fifH~-L T ODN7 =&
L. ODN1a/ODN7. ODN1b/ODN7. ODN6/ODN7 o 3 ffi¥H —H#H DNA 2% 7=, =
T4 T HEH DNA % 2.0 uM (27255912 10 mM U R R SRR IZHfRL . 90 °C 2>
55 °C £T 0.5 °C/min T FESE7=05, 5°C 725 90 °C £T 0.5 °C/min T A& %
JELETO UV IO Z R 7-, ZOfEZ Igor Pro 12T, AL— 227 LT UV WIRAEDZE
AL DORERAG D — B SRR (T 23R D 7=, (Fig. 1-4-7)
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14  ODNG6/ODN7 45+1.1°C

13 5-d(CCAGAATGGTAC)-3’
3-d(GGTCTTACCATG)-5

1.2
1.1

0.9

0 20 40 60 80 100
°C

4 ODN 1a/ODN7 35+0.6 °C

13 5.d(CCAGAA6aGGTAC)-3’
12  3-d(GGTCTTA CCATG)-5'

0 20 40 60 80 100
°C

14~ ODN 1b/ODN7 41+1.1°C

13 5-d(CCAGAABbGGTAC)-3’
3-d(GGTCTTA CCATG)-5

1.2
1.1

0.9
0 10 20 30 40 50 60 70 80 90 100

°C

Fig. 1-4-7 d"®W  d"POMW 475 ¢p DNA 0O — F 84 g I B0
(10 mM U fgFRUr A 100 mM #i{kFRJw A 0.1 mM EDTA, pH 7.0)

Fig. 1-4-7 JV, £ TRRDHF THEES - ODNG/ODNT 73 i\ Y 45 °C O T 208
FTIENDIoTZ, 2T dVBW-A L L E dVYOMY-A B SR ErEE L C L T-A e A S e
HEENIV L ERI LA R LTS, ODN1a/ODN7, ODN1b/ODN7 @ T,,i3, 35°C & 41°C
720, dNBW-A (TR AT dVPOMW-A 2 e DNA DIFHN L —EBA TR T 52 4R
T\ "%, ODN1a/ODN7 & ODN1b/ODN7 Ti% PPG 7% NB & NPOM L\ )5E L7
W B2, T PPG HZU N o 7V I B SN TR N DIZH B BT T 736 °C #7200 |
NB FEMR HEHHE A REICL TCNDLIENDND, ZOJRREELZ T Hizw, BW-A KT
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IZBWWT NB EEEERHI XL CED X7 8% 5.2 1557, T-A HHxIat L1 BW-A
W% 2 ERR L . Gaussian (M06-2X/6-31+G(d,p)) & HW CL e/ i iE& 7 H L7, (Fig 1-
4-8)

Fig. 1-4-8 "CW-A I Fxti#§i&E D Gaussian (L2555

FHAEOFMER BW L AL T & A LU TYN 2D 7 IR TR S AL, MBW & A D
HHRNTR— i EICFET 2803 0ol D — 5T, NB FEDO B BRI I
MEERL TNDZEN DD, BICRBUBREY TV RRORINER - (RFBLOWESR
JR ) — DA ERNWATF LU —TEDROZIRMEN DI N2 ea B 258 NB 551X 57
FREIL I FIROXIL AT REDMIC R EFEZF [ SEIL, ZHEHORZENLA K TS
TWDDTIHRONEE ZBND, — 7T, WPOMY 125 E15 NPOM T EFBREY TL LT
HNHEF T (RBBLOMBEI 1) = DDDRDAT NAFT VAT NI 71— TEMNRY | ZeliftE
INHLT=DIZ NPOM EED BRI 5 BN SO BN AN —ATIAETE, ZHEHHD
LEMERIR DI ST B 2 N5,

Fiz KFIZEDBIAZZN KL T ORNDHHBET L2000, LTFOIINITHELE L, 370
H, XIL AR ZU D DNA RY AT —BI2L0D DNA gE~EEAENAERIZIE, X744
VR EVUEEOM R ML DT T L — MEOH RIS E A RN TR RS 2D
VE RS D, ZDTOHEERZTE R LTZERIC, NB BT T A~ —0 3K & DM CAL Rk
MWAELHZET, 1a X 1b KOS EWIAZINHE DMK T LIZD TIFRV W EE 2 biLd, ZDOTEN
B, RIAT—BIZEVIAENDLAEM XL AT R =V A BR%ET DBRCIX, D LI
KEEEZ AT OEE, DFORIIEEZ RV I —CREA T2tz ikit 52
ISINEETE N ATREME DS RIS T,
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58 TSI~ —MENPEX)IZELD 7 — K DNA DA

HTEICIE 1a 3350 1b 723 DNA RYAG— B O I L7220 FBFHSE T O 7 F =2 Dmn il
IZTTP M3y 72 LT DNA $HICHDIAFNDZEZ AL LTz, T2 TAREICIE, 1la BI W
1b 73 DNA SHICHDAFNT-DOBIZ, ZOMD IV AV R ZV A ERIAEN, 52 2EET
RIAZT— VOGS HEIT T D00 %, 7714~ — i EGPEX)IZL> T~ 1aBL O 1b &
WTH—UR DNA 2R G AT RED T~ H 2Ll LT,

1-5-1 Kf% Hu 7= PEX

FDEFTHZ FAM-P1 & ODN2 (Fig. 1-2-7 X0 Fig. 1-5-1)0 — & #liA /v 77—
P ARSE, FRIREE0.1 uMICHHEE L7 —HEH DNA, 10 u(M DXZLA R =V dNTPs
(dATP. dGTP LT dCTP)EB LT 10 uM DXZLA LR =V B dXTP (TTP HLLiT 1a b
L<IE 1b)Z 3y 77— H1C 0.02 unit/pL (ZFRFE L7 KfL 37 °C T 60 /3 F=a~X—hL
OGS HT2, AFa_"—MEIFAZIEEREL T 10 M urea, 20 mM EDTA, 0.05% (w/v)
BPB AUt ENN A 1 431 90 °C TMENS 52 & TR b 245 Ik S, 55 °C LT
BT PAGE TOMrL., 7 VT FIA4 % —(28) FAM o & L7, (Fig. 1-5-1)

dNYPs (N= A, G, C)
dXTP

FAM-P1 5-FAM-d(CGCGCGAAGACCGGTTAC 4 )-3°
ODN2 3-d(GCGCGCTTCTGGCCAATGACTGTCT)-5

X=_T 1a 1b -

—-uﬂ

lanes 1 2 3 4 5 6

Fig. 1-5-1 Kf"& [\ /= PEX
BT #% : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT

Fig. 1-5-1 ([ZB W\ T, L—2 1 3R ED 18-mer DNA TH25 FAM-P1, L—> 2 |3
L7z 25-mer ® DNA DR RTHY | A X~—H—E L TkEIL 72, L—2 31X dNTPs (N =
A G, CINIIMATAXTP ELCTTP ZHWTRY 747 arba—/LEL TPEX #8272 > T
D3, L= 2 LRIEL 25-mer D DNA 23 iS22 86, PEX D3 5ERITHEITLIZZ LN
D05, F7- 25-mer @ DNA DO/ RO FIZEW SRR TEH2Y, ZHHIEL DNA ARY A
T—EBNTVAREAGTDHXIVA TR =V Wa ol 1 G2 @ Thh e
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BEzob, L—r 4 TIE TP oYz 1a ZHWT PEX 232725 TW %703, 25-mer @D
DNA O/ RBFER TE 1aZ W T PEX NEBI R 252t bnole, £D—F T, L—
4 1213 —> 3 TIFR S TR 19-mer D DNA H3REE 2 HN5H /3 R4 18-mer D
KIEANURD IR TED, ZHITIE 0B N E 2515, —o T 1a BNEVIAE
NI % B D dGTP OEVALZFAE L2012, —HEDOAHEL 19-mer Tk
Foro e, — o I 1a OOV ANTP (N = A, G, ) EIAENIE KL 232~
> F IR 3% H O dGTP OBVIAL AR EL 72 /Rt Th D, L —2 5 TIE TTP O
KRHVIZ 1b 2 VT PEX 2B Z72>TW503, 25-mer @ DNA O/ RNER T, 1b &
HAWTH PEX NEBEIRZHZENDI -T2, SBIZL—2 4 EL—2 5 354, 19-mer
DNURRL—2 5 TRHIEEAE TS R, ZAUTRTEI O —HEHO L EMEOH Ciginl
7238Y, 1b ® NPOM 213 6a D NB F:L b T Eiitd LUTHTT-ICHIA D XY
VA TFRESIRREEZBZUICNW D, i< dGTP ORVIAZZIAEFE LR ST-DTIEe0
MEBZBIND, Elzl—r 6 TIL TTIP Oy 7 ThH dXTP &< 12 PEX 282725
TWAHH, 19-mer TlEEST2NURBEIRHSITND, ZiuE dXTP 2 FTELRN 2 —
I BIZIARIABZ DB, i< dGTP OEWIAL B ES N2 T20722F 2 55,

ZNBOFERD, AR LEZ 1a BXLO 1b 1T KFZ U= PEX 12 TTP OftHhELT
IS A RE CTHDHIENDI T, ZDO—J7T, 1a ZHAWTZEICIE PEX 8@ ClhkE-TLE
HAREMEL BASNI LTz, ZZ TEBIEZRE - 19mer DAEIE IOV CEEIZR G 57-012, K
SRDRXIVALR Z) gk FAM-P1 & ODN2 O "B % f\ - — RSB 27
ZllLTe, i TR IR — MR UGEFRU IR 0.1 uM ISR L 7= —HE 8K
DNA 5LV 10 pM DXZLA TR =D dNTP %23y 77— H7C 0.02 unit/uL [IZFRF&L7-
Kf& 37 °C T 10 A F 2 — LU EEE72, (Fig. 1-5-2)

dNTP

FAM-P1 5'-FAM-d(CGCGCGAAGACCGGTTAC/ )-3°

ODN2 3-d(GCGCGCTTCTGGCCAATGACTGTCT)-5
N = T C A G
_—_—-—a

-
lanes 1 2 3 4 5 6

Fig. 1-5-2 RIKDRIVLA VR =V Uil F - — R R SOG
A% 7 - 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
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Fig. 1-5-2 |23\ T, L—> 1 % 18-mer ® DNA Té% FAM-P1, L — 2 (I 19-mer ®
DNA YA A~—H—L L TIkEILTZ, L—2 31370 7L —hD A LFIMRZR TTP 2 H W

—HERME RS E B> TR MEEW THS 19-mer O/ RARHETZ, L—r
4-6 TiE A L3R~y TR THXIVA TR ZV e WM E RS2
otz 2 TCOHA THEEW BTSN, it —H MRSV DNA KA
F—F KFITIIIETE D22 2012, TTP LT 2 LG DD IR A B A Z 57280
Thd, Flzl—r 5 O dATP Z# HWE5A IR RED R L 2 LD T, dATP O—
WM ESUGDO DA FT 47 A F N LIZE TS, K = 6.2 £ 0.78 UM, Vinax = 4.2 + 0.68%.
Vimax / Km = 0.70%/uM L7257, KR, BDIABSHHROFEFELI2D Vinax / Km1X 1@ D 0.14 X
DHRERETHD, ZDI=0 Fig. 1-5-1 DL—>1 4 DIHZ 1a 77E FTh, SREVIAZREL
T dATP SEDIAEIT PEX 23 1k F5 ATREMEA RIS L7, £ D— 77T Fig. 1-5-1 DL —
6 DI, IABIAHRNE I ST E T Z OB OB ENESINTODZEND, Fig. 1-
5-1 DL — 4TI dATP ITHAT 1a 2MESEL THRVIAEALT, 25-mer OB R FEY %
HERLTIZEEZBND, ZOREFIE 1@ D Vinax / K 23 0.14, dATP D Vipax / K 73 0.70 &0
STEHIAFHNROFER LRI > TEY, ZIUIXIV AR =V DEBGTET DRI AT
—BRUEFig. 1-5-1) XL AT R =V 1 FEFAE T DR AT — B RIG(IA FT AV A
D5 HERR) CIIEER OB A BTG VE N B2 H1-0 12 B 2 Hb, DFOXILA VR =Y
BRNEHAFAETHEAITIET 7L —b DNA O7 F =2 b=y FRUN ) I ik &
TERLATREZR 1a DEG RN TT 7 = EHEEERTERL . 774~ —DNA ~EiAEN=L%
ZHID,

1-5-2 KIEJEMEZ A 5 DNA U AZ—E % 7z PEX

Fig.1-5-1 THAGNZLZEY, 1a BL O 1b (L Kf 2 H W 2 PEX IZRIH AIRE TH D, ZivE
THW KfE 3 =5 =% Y X/ 7 — B2 JIE S TV DEEE ThHh, — 7 PCR %1%
CHETHEH DNA OB RRA~DISHES 2 TR EIEEZ2H 95 DNA RV AT —E%
HWAZEL 0, 22T, DNA IZEVIAENZ 1a BLO 1b B ETEHEICIVERESH D)
HHARDIZOIT, 35 XY X7V T —BIEWEZ AT 5 DNA RUATZ—ETHS Klenow
Fragment (Kf)35 0OV KOD Dash # VT PEX 23527292 LTz,

F9 Kf & V= PEX 078, Zh £ CLAEE FAM-P1 (Fig. 1-2-7)#X10' ODN2 (Fig. 1-
2-NVae Xy 7 7—HTT ==V 7L, IEE 0.1 pM [ZFHZE L7 —EH DNA, 10 uM DX~
LAY R ZU M dNTPs (dATP, dGTP LT dCTP)B LT 10 pM D XILA TR =V fig
dXTP (TTP $ L<IL 1a bLLIZ 1b)AZ /3y 7 7—HT 0.02 unit/uL (ZFHFEL 72 Kf &£ 37 °C T
60 s A Fa_X—hL SIS /72, (Fig. 1-5-3)
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dNYPs (N= A, G, C)
dXTP

FAM-P1 5-FAM-d(CGCGCGAAGACCGGTTAC s )-3°
ODN2 3-d(GCGCGCTTCTGGCCAATGACTGTCT)-5
X= T 1a 1b -

- b~ |

lanes 1 2 3 4 5 6

Fig. 1-5-3 Kf & H\ 7= PEX
FOSETEE : 10 mM Tris-HCI (pH 7.5), 7 mM MgClz, 0.1 mM DTT

Fig. 1-5-3 2BV T, L' —2 1 [ZRGD 18-mer DNA Ths FAM-P1, L —2 2 (3N
L7 25-mer & DNA D3 RThY, YA R~ —H—EL L TIKBILT, L—2 3 13 dNTPs (N =
A G, CNIIMATAXTP ELCTTP ZHWTRY 747 arba—/LEL TPEX #8272 > T
L0, L—r 2 E[EICL 25-mer @ DNA 23S ivic, L—2 4 T TTP vz 1a # H
WT PEX 232725 TWV 523, 25-mer @ DNA O/ RAERTE, 1a # T PEX 238
TRZBZENDIT, £2 Fig.1-5-1 OL—2 4 TRHILZ 19-mer @ DNA /S R2METR
LTCWAZEND, 19-mer @ DNA N R dATP OIZRRIASRIZI>TAL, A RIDEHIZ
BIETEMEZH 75 DNA RIAT—EBEHWALZETNRURDBE R LI EEZ 2B, L —
¥ 5 TIXTTP VT 1b Z W T PEX 2582725 TW\475, 25-mer @ DNA D/ R
R C&ET, L—2 6 TIiX TTP DIy 7 Thh dXTP 22<x T2 PEX 23272572735,
18, 19-mer O/NURREHE Iz, ZhuT—H I B IZIABVIA LT 19-mer D/ R
&L KE OV XIL T —BIEMEIZED 18-mer [ZRS T2/ U RN H DT T2 2 B
Do

RIZ KOD Dash 38X OEDOHESE Sy 77— v ELAMNE ERLERIUSEC PEX &3
=/o7= (Fig. 1-5-4)
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dNYPs (N = A, G, C)

/rdXTP
FAM-P1 5-FAM-d(CGCGCGAAGACCGGTTAC )-3°
ODN2 3-d(GCGCGCTTCTGGCCAATGACTGTCT)-5
X=T 1a 1b -
- e» W W
. L .

lanes 1 2 3 4 5 6

Fig. 1-5-4 KOD Dash % v 7= PEX
FOSETEE : 20 mM Tris-HCI (pH 7.9), 8 mM MgCl,, 7.5 mM DTT

Fig. 1-5-4 [ZB\\ T, L—2 1 3R G 18-mer DNA TH25 FAM-P1, L—> 2 [ 3 A
L7z 25-mer ® DNA DX R Tdhb, L—>2 312 dNTPs (N = A, G, C)iZix T dXTP &L T
TP Z[HWeAR Y Ty 7 arba— /L Thd, L—r 4 T TIP Of00IZ 1a Z VT PEX
ZIIIeoTWDH, 25-mer D DNA D/ RH3EERT& | 1a Z T KOD Dash #HW T
H PEX BNEBIRZHZENDN ST, ED—T7T 18-mer LRLIVHNURBRIRD XTIV A
=V ez vzl —2 3 L <R T& 5, ZiuE 1a RN HIA EN-EIC, #i<
dGTP DIVIAZHEIME T L, dGTP AHVIAENDH LV B X7L T — BRI LD dVPW
DFRENEE, 18-mer IZEST272D TRV WInEE 2 HD, L—2 5 TiE TTP OfUhoic
1b Z T PEX 252725 C5 703, 25-mer @ DNA O/ RERR T T, Flcl—> 4
LB LT, 18-mer D/ RV &b, NB £:20E NPOM ZEDIEI NE DD
F R ZV RO AR Z A FE LURWIEDNRBIL, L—2 6 TiX TIP Oy 7 ThD
dXTP %2z 9N PEX B2 57278, 18-mer DN RO B )Mg &7z, Kf 2 H =
Fig. 1-5-3 DL—2 6 TliX 19-mer DN Rb g & 722 L&k LT, KOD Dash (% Kf X
DEWXIL T —BIESEEHR L, SARMDIARIZESTAELTE 19-mer D /S RASEHNIZIHE AR
LIzDiZEE 265,

1-5-3 PEX PEW)DE EIHTIZ L OMEAT

AHITIE, XZLT —BIEEDR KEO, X7V 7 —BiEMZ A 9% Kf 550 KOD Dash
ZHWT PEX 2BV ERMRENZEL LI LT, TZTILLOMERENIZHE
BRI 6a 0 6b 3HIA N T EE AT IR T 228,
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%7° 6a & FAM-P1, ODN2, Kf %\ T PEX 28I\, e EEWZ 7 IV ERIKE)
XL 7=, AEICINE TR IAR->TE 72 PEX Tl 0.1 y(MDNA O 52 B L T
0, SERMREENE I Z<EIGT572912, 0.2 UM DNA OFMHICEE L, i-iaik &% 20
mL {29 5ZET 4 nmol D5E R EEYORINA B L2, 0.2 yM IZFH%E L7 B H{ DNA
BIRI10O UM o7 4R =V dNTPs (N = A, G, CO)BLTN10 uyM @ 1a /3y 77—
G 0.02 unit/pL ([ZFHFEL 7= KfE 37 °C T 60 A aX—hL S E i, FLVESR
KEIKZB 7272t BROERMEENZ FAM O®EYIZE> THERLZ VL THIY
MU TIVRZAE U BT LZIVBRELIZOL | =8 ) — VikBa BT >7, #3547 DNA
DEIE UV BRI B9 600 pmol kDB L7z, Ziuidk ESI-TOF-MS OB EIC AR +43725
72728, 125 pmol TlllE AT EE72 MALDI-TOF-MS C/#rd25Z&& L7, (Fig. 1-5-5)

M+H++G NB
M+HG-0

| M+H*+G

M+H*-O ‘

M+H*-NB M+H*

Fig. 1-5-5 1a % 72 PEX O'E &453 4T

Fig. 1-5-5 OfEENE. ARILLE 1a BHAF TEZAMEL DNA 23M+H Gl
i, PEXORELEL T1a BBVIAENDZ LA &0 CORER TETo, Flos2 M EEY
7273, MALDI-TOF-MS O#IEIZHWD 340 nm DOFEFEL —H—T NB ERD RSN =F2
PP L=~ FI L7 V522 E DNA (M+H-0)X°, ZEHFEL —H#—IZL->TNB
FEPPLRE L2 2R DNA (M+H-NB)bL R S 7z, F7-. 25-mer D5EREFEYIZ
TT ) N IEAINL 72 DNA (M+H*+G, M+H*+G-0O, M+H*+G-NB)b i S, &
X Fig. 1-5-1 THEHIS = 26-mer @ DNA ThoHEE 2 HND,

LT, 1b 25 B0 2 PEX OB &0 a2 7/29Z 812Uz, 5 3 HiTid, NB Jizkb_T
NPOM FED iR LA N LA LI L TS, D72 MALDI-TOF-MS T/t

41



5B NPOM B3 52 I REL CLEIZENE 2 572720, MALDI-TOF-MS kvt
PPG DOifR#ENEZVIZ\ ESI-TOF-MS Totri52 &b L7, £ —J57C ESI-TOF-MS
(213 1 nmol D FANKELR2 D728 . PEX D 4% 0.2 pM DNA 75 1 uM DNA ~&
ZEHE L1 nmol ML EDOSE MR FEDOESGZ HiEd 2Lz, JellAfk, PEX Kikhese4
EARYORERZ B 272200, % 8.0 nmol @ DNA %4537-, ESI-TOF-MS O/ E R TH5 1
nmol JW %< B T& 7D T, ESI-TOF-MS T4 4L 7=, (Fig. 1-5-6)

x1043 -MS, 0.4-0.9min #(12-26), Smoothed (0.20,1,GA)
] 6- (A
153 nuates  ODN2 [M-6H-NPOMI> N
] [M-6H]
103 e
: 1373.4082 6- (E) 51/
0.57 1410.61
1 12547105 13256600 13548162
0.0“‘l"“l""l"’TAJI\f'LA"'I'"'I""I'J\"AA/\"‘I,\’\'*"'I"
1250 1275 1300 1325 1350 1375 1400 1425 1450 miz

Fig. 1-5-6 1b %\ 7= PEX D& &34

Fig. 1-5-6 D& RS, BRELTZ 1b 2SEVIA TN Tre 2 EL7= DNA 23 [M-6H]* T
Ef, PEX OIEFEEL T 1b SVAENHZ LA E B CHRERR T& /-, £7- ESI-TOF-MS
TH NPOM ARG it &=, 512, Fig. 1-5-5 ORI SN -=7 0 7L —
~ DNA (ODN2) i HHE 7228, se i EEY D ODN2 1, 25-mer O DNA Thh7-Hiz, 7
IV SRVKBNRF VWL S RMFAEL TRV IR ALIZB D72 EE 2 B5,
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Fof dBW, dVOMY 2 FH T 57 7L — e H W AR AT —F K

%5 [Tt RROEREE 57 7L —h DNA &, PPG 2 HT5X7L4 R =V R
1a. 1b ZHW\ T, RUAT—EBRIGTHL M ERIGB LD PEX 282720\, 771
—hDOT T AT U TGERIRIZ 1a, 1b BEIAFNAZ EEH LN LIz, REICIXT v
7L —h DNA [ZX7V AT RS 6a, 6b 2FTEL TWHERIZ, DNA R AT —ERE DRIX
WRAFTDHRXIVF VR =V a0 IAT ) — MR RISH IO PEX TR+ 528
Ll

1-6-1 6a, 6b A 957 7L —k DNA & = Hh R ROG

6a LU 6b 235771 —hk DNA LT, 25-mer > ODN8a, ODN8b (Fig. 1-2-7
BLOFig. 1-6-1) &AL A R LT=, 2507 71—k DNA I 18-mer ® FAM-P1 L5284
(AR EL S % 3 R I A L, 3K bz T193% H 12 6a (ODN8a)t, L <X 6b (ODN8b)
ZF§>, £ZC FAM-P1 - ODN8a, ODN8b % H\\ T E It E B 720, 6a HLL
1L 6b IZX L TEDXILA TR =V dANTP (N =T, C, A, G EVIAENL G~ LE
L7z,

FAM-P1 & ODN8a F/=/Z ODN8b %# 7 =—VU 7L, #&EE 0.1 uM [ZFH#EE L7 HEH
DNA 5XE0 10 uM OXIZLA TR =V dNTP (N = T, C, A, G)& /3y 77—H1T 0.02
unit/uL IZFFHFE 7= Kf & 37 °C T 10 A F o _X—RLEUR S BTz, AF 2 — M IHE
1E¥EZEL T 10 M urea, 20 mM EDTA, 0.05% (w/v) BPB Z itz 1 45 i
90 °C TMENT BT L CRER UG AS (EESH, 55 °C ([TMEAL 7= PAGE THtrL., 7 v
TFIA Y —12X0 FAM Ot &L=, (Fig. 1-6-1)

dNTP

FAM-P1 5" -FAM-d(CGCGCGAAGACCGGTTAC ;< )-3’
ODN8a, b 3"-d(GCGCGCTTCTGGCCAATGXCTGTCT)-5
X= 6a (ODN8a) 6b (ODN8b)
N= T CAG T CAG

[ — [CS— - -—

lanes 1 2 3 4 5 6 7 8 9 10

Fig. 1-6-1 6a, 6b 249 %771 —h DNA % I\ /- —Hi Hefih 5 5O
I i ite : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT

Fig. 1-6-1 {28\ T, L —21, 6L 18-mer ® DNA TéH% FAM-P1, L-—-2-5/3 ODN8a
W R RS, L—27-10 13X ODN8b % F\ /- — i i & IS 2 B vk Eh &1
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72 L—22-5 IZBWWCTAATP Z WL — 2 4 T B B SRS 23 3 20 . 19-mer @ DNA
D/NRP 18-mer DNURO EFRICHR ISV, ZOZEns, 77—k DNA 1D 6a b
DNA RVAZ—ETHDH KFIZED T LTRSS TV AZEN D)7, £72 dGTP Z V-
L—2 5 TH R E LI AU R ERSIAD, ZHUT Fig. 1-5-2 THERIN-IIIC, 2
A IATMZESTHELTNUREEE 2 BIVD, L—2 7-10 TH dATP Z W elb—2 9 T
— AR RSB0, 19-mer @ DNA D23 K78 18-mer D3RO FEC ST~

ZDZENSL, T 7L —h DNA H D 6b 1 DNA RUAZT—EBTHS KIIZID T LU TGRS
TWAZENboTz,

1-6-2 6a, 6b #7577 —h DNA % [ 7= PEX

6a 3L 6b X7 7L —hk DNA HCH T £L T DNA RUAT—BIZL > TRk bl
% Fig. 1-6-2 THLZLIZD T, KIADXIL AR =V EE(dATP, dGTP, TTP, dCTP)%
ETMAT, ZNLSMIFTHEFRICSRME T PEX 282720, B2 EEMESRLINDDFH
HZrElLIz, (Fig. 1-6-2)

dNTPs
(N=A,G,T,C)
FAM-P1 5 -FAM-d(CGCGCGAAGACCGGTTAC ¥ )-3'
ODNB8a, b 3'-d(GCGCGCTTCTGGCCAATGXCTGTCT)-5

or ODN5 X= T 6a 6b

lanes 1 2 3 4

Fig. 1-6-2 6a, 6b #3257 7L —k DNA & HV 7= PEX
O #% : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT

Fig. 1-6-2 [ZBW T, L'—2 1| 18-mer ® DNA TH% FAM-P1 ZikEL THY, RihE
D DNA 7T A~ —%R"T, L—2 2 TET U T L—hD X DALEN T 7252 TRIROIGHE
M 5725 ODNS 2771 —k DNA L THWTERY, RyT 7 arba— L L L TR E
FEMD /R RERL TV, L—2 3 T, X OfLEIZ 6a 2517 7L —hk DNA THD
ODN8a % JH\\C PEX 2327/ o7ohy, IRV T 47 ar hr— /L ThhHL—r 2 LRICALEIZA
VRAHERENTWAZEND, 6aZ G ieT 7L —hDNAZHWTE PEX 3B 2054
FEMIDRFONDZ DT, L—2 4 Tk, X DALEIZ 6b 25127 7L —h DNA Th
% ODN8b % T PEX #8272 ~7-03, AR T 47 ar ba— L ThoHL—r 2 LIRICALEIC
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INURMMBHERIINTNDIEND, 6b & Te 7 7L —h DNA ZFHWTH PEX 28272252
LMool

ZNHORERIG, PPG 235 6a L0100 6b (X771 —FDNA 1 CH TELTDNAR
AT —RICL > TR, T2 PEX 2RI/ BTIT e & MEEMNELNHZ LN
o7z,
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7 HT BERAKLTZ—K DNA % W -E55 0 Y il i

AEITIE, 1a BEO 1b ZHWTEEE G LT — K DNA ZHW\T, RNA RY AT —E8
ICEDERED WA Z B2 Z L LT, B EIIAERNOBAE FRBUCBE b > TV D EE
FEFR UL THY , E72 DNA 725 RNA ~DZEHLLHIE DY 6 272 2 D720 BAR T [E 05 Al AR
Y72 b BIRFS LD, i BICEESR A ST — U R DNA % W TR G2 Y HI L 72
1 2 CI, E. coli RNA RV 27— Dl G R T-Ofti &% PPG DA HEIZ > THIBIL Tz
23, AL CTIFER B K 12 H O 3712 RNA ARU AT —F AER Y 1t —F —Bls &Gt A D 2
EDTESL T7 RNA RUAT—BEH WL LT, ©FY, T7 7'u'—4#—E 42 T7 RNA
RUAT—PRFEATHIEE PPG OFBEIZL > OLRIET 522N LT, 5O HI# %
BIRHIZEEHELE,

1-7-1 T7 72E—4#—IZ PPG #H 357 — K DNA OFFE Gk

T7 BRNA RV AT —B & W IR GOl 238 272579, #6H FAM ZFH L 17-mer O
7'Z7A4~—DNA ThH2% FAM-P3 &, FAM-P3 LHHMf#ZRE AR LN T7 7 't —& —El4(Fig.
1-7-1 TR %A 3% 35-mer O7 71—k DNA Téh2 ODN12 # &L 7=, ODN12 |Z
IZ. FAM-P3 & " EHJER L2 VEIKIC A 728 8 EFTIE/EL., 1a <° 1b 78 8 A £h
LB, £9° FAM-P3 & ODN12 %\ 7= PEX Tra i EEM IGO0 TR
HZEELTZ, ZHD DNA &Ry 77— CT=—U 7L, $IRE 0.25 uM 1% L7 &
# DNA, 10 uM D X714 R ZJ % dNTPs (dATP, dGTP 35100 dCTP)35L T 100 uM
DRIV R ZV M dXTP (TTP b LLIE 1a HLLIT 1b)Z2 3y 7 7—HT 0.02 unit/uL 12
B LT- KFE 37 °C T 30 A FaX—hU &t PEX 23827857, A2 Fa—h
%I IR E LT 10 M urea, 20 mM EDTA, 0.05% (w/v) BPB % 10 pL fiiz.. 1 45
90 °C THIENT B L TR G A Ik &SE T2, K9 7 V13 55 °CITINEL -2 PAGE
THML. FIT FIAP =280 FAM O a# H L=, (Fig. 1-7-1)
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FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

\LdNTPs (N=A, G, C), dXTP

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAX XAX)-3
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

X= T 1a 1_b

—_ D - 34
H — 32

27 : “

2% : 26

23 22

20
19
—

lanes 1 2 3 4 5
*Fig. 1-7-2& R L7V

Fig. 1-7-1 1a <> 1b 7% 8 fEHTIVIAENAESITD PEX
BSOS HETEE : 40 mM Tris-HCI (pH 8.0), 8 mM MgCl,, 2 mM spermidine, 5 mM DTT

Fig. 1-7-1 {ZB W T, b—> 1 [TRKGD 17-mer DNA ThH5 FAM-P3, L — 2 [T
dNTPs (N = A, G, C)I2 iz T dXTP LLT TTP # W\ TRV T 47 au ha—L LT PEX %
BI72->THY 35-mer ® DNA MBkHiEniz, L—r 3 TiX TTP ooz 1a ZHWNT
PEX 232725 T A0, 35-mer @ DNA O/ RAFEGR TE TR C PEX M IEE->TWD
ZEDHERI NI, L—2 4 TIE TTP OfH0IZ 1b ZHWT PEX 28272 > T\ 573, 35-
mer @ DNA O/ RRFERCE -, L—r 5 TlEA X ~—F—EL T, dXTP 23 EA SIS

EATTHD, 19, 22, 26, 29, 31, 32, 34-mer @ FAM 2345 L7= DNA Z{b AL Tt L
Teo ETTNDNURBRIZEWTHLE L, EDONCROBEIEREZRT, L—r 83 DR
IZEHL, L—2 5 OV AR~ —I—%TTICEDERI T PEX DL ESTWANEMER T 5,
18, 20, 23, 26, 27-mer O/ R FITHERS NIz, 22T, 26-mer Tl ES7e/ U RTE0,
ZhuT 1a BEWIAENASERTT PEX B IEESTNDI LD I/RIBI LS, 1a DHIABSZRIT
KIRD TTP R4 RIBHFE LT 1a L~ 100 5L ARV 2 &% Fig. 1-4-6 [IZTHBEIZL T
%, ¥ 1a PNEASNLE ZHENPARLENTHIEE T 22507 THY, 26-mer £T
PEX AT 54 4 T 1a BNEVIAEN TSI, 7 FA~—8HD 3 KEGD /T
HEDLEMNREAE 2D, FHITHRVIAAZROE 1a 2 PEX THRVIAD 2 >72D
TRV EE ZBD, IRIZ 18, 20, 23, 27-mer |E, ZHEiv1a p—>, —H>, =5
SOEVAEN T, ZOWRDIEIEDNEIA TN TN RS, 22T Fig. 1-5-1 OFEFRT
1%, 1a DfHOVIZ dATP BEVIAFILT PEX 23 I EA A BEMER L ON, 1a EIA 1412
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DIV AR =V RO T IABZNHESIL PEX 2 IEEDRIEEMZ/RIBL TV, 22T
ARIDOERTHENOLOH NS PEX D IEEST-O TRV EE ZHND, Zhbl—2 3

DFERD 1a TR SEVIAEND FIREMEDRHHN, TERHEEMEZGFLNRNIEN D
Molo, — T 1a IDHLIVIALZROEND 1b ZH W ZGA121X, 35-mer EB 25D
N R LRSI, 1b IFEHIIA T ZENFRE THHZ LRI BN/ ~T,

WIZ, 1a DEASNT-ELRE7—UR DNA 2R G T 5288, Fig. 1-7-1 OL—>2 3
IZTRFTIEEST2 U RIT 1a B ASTIEEST200y dATP N ASTIEEST2O0 G T5
72 Fig. 1-7-1 ® 30 /5[ PEX 12 TTP Z¥RINL . PEX X512 30 /32725284

— H PEX 23ME 1172 30 731212 TTP ZiE T TN 228 T, SO L& DL OAL
B2 1a Of0IZ TTP 2EVIAELL, fEREL TEAIILE 1a OEEITHi> TR0
DD, 1a H 0-4 HEVIAENT=5ELE S —T R DNA A RETZ &5 2 7=,
JeLRICARMET 30 43D PEX 4. k% 10 uL 972 2 %45 Lz, — 2 BI3E IR &N
Z RS E LS, o HOWEHRIZ 100 uM @ TTP &k % 1 uL iz, 30 Sy HEHIC
A2 Fa_X—hKTz, TNOD SO AR %7 VB S IKEN TN LT, (Fig. 1-7-2)

FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

\LdNTPs (N=A, G, C), dXTP

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAX XAX)-3
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

X= T 1a 1b

additonof TTP _ _ 4+ _ &+
after 30 min
— v -_— 34
—— 32
30 g;
- % 27 26
23 22
20 .
18
-_—
lanes 1 2 3 4 5 6 7

Fig. 1-7-2 &9 T TTP #1725 PEX (2&57— K DNA D&%
FOGHEERR : 40 mM Tris-HCI (pH 8.0), 8 mM MgCl,, 2 mM spermidine, 5 mM DTT

Fig. 1-7-2 IZBI1F5, L—r 1-3 BIOL—2 5,7 1d Fig. 1-7-2 I CREICRRALZ, L—2 4
Tid1a ZHW o PEX&IZ TTP 22 72b D, L—r 6 Tik 1b Z vz PEX#%IZ TTP %
MZT=bDThHDH, L—2 4 Tk 1a ZH\W 2 PEXRIC TTP #2725 PEX 23 272> T
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WHH, laned LI ER R THD 35-mer O/NURDBERES I, D — 5T, 27, 30-
mer TILESTNAHNRUREZTLLNSD, ZHUE 1a BNESEVIAENIZZET, 7 F A4~ —8H
D I KD ZHEHDOZEMENRIL DN RKIROXIL AR ZV U Bhfi->TOLICH B s
T PEX DHESNTLES T /ed 2B 2 g, £/cb—2 3 THR.DLLC 18, 20, 23-mer
D/NCRIE, TP ZMAE6IZ PEX 2B 272 oTzL—r 4 TIEALIVZRV, 22T dATP 7834
<~y T THVIAENTZG AT PEX XL ESTLEIZENDLE, L—2 3 TIEE->TWVH N
Rix 1a BEIAEIN I ES>TWZ e o oTc, FEARIRELIE, TP 2 ismn+ %5
EEZHWASZET, 1a 28 0-4 L LT 1b 28 8 fEIIAE N2 — K DNA DOFEFRE G R
LT,

WIT, KT XL 7 —BIEEEH 95 DNA RUAT—ETHDH Kf 2 W CHEEED3E
WA BT, (Fig. 1-7-3)

FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

\LdNTPs (N=A, G, C), dXTP

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAX XAX)-3
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

X= T 1a 1b

additonof TTP _ _ 4+ _ &+
after 30 min __ - A &
- 2
D9
26 26
222 22
19
18
- 17
lanes 1 2 3 4 5 6 7

Fig. 1-7-3 Kf /= T7 7'mE&—¥—E 4 TD PEX
FOSHETEE : 40 mM Tris-HCI (pH 8.0), 8 mM MgClz, 2 mM spermidine, 5 mM DTT

Fig. 1-7-3 {ZB W\ T, b—> 1 [TRKHD 17-mer DNA ThHDH FAM-P3, L —2 2 [T
dNTPs (N = A, G, O\l T dXTP LLC TTP & TRV T 47 2 ba— L b LT PEX %
BI2-TEY 35-mer @ DNA 2MEHESNZ, L—2 3 Tk TTP OfHYIiZ 1a Z VT
PEX #3272 CEY, L—>r 4 Tid 1a #HW\W= PEX £ TTP iz 7=bD, L—2 5T
L TTP D8PV 1b ZHWT PEX 238272 > THEY, L—r 6 Tl 1b ZH 2 PEX 11

49



TTP ZMA 726D, L—2 7 Tk dXTP 2MEASNDERTTHD, 19, 22, 26, 29, 31, 32,
34-mer O FAM 23 EAL7- DNA 2 A AL Tk LT-,

L—2 3 TlE PEX 2SR TlEE-TVW5 17, 18, 22, 23, 26-mer D/ R HHEN T,
NSO KE A2V Fig. 1-7-2 DL —1 3 TRENE I E 0LV E L7 -
THY, BIAHZNROIEN 1a IFTVIAENA KLEXIL 7 —BIEMETEI HEIA KB DS
DD EDIRIBES NG, ZDT7H 1a BPERVIAENS FRID 17, 22, 26-mer 3 %< A5
nTH5,

L —r 4ICEHTHE RILT BRI E R T KE Z WA TH, TTP OFINIC
LR EREY ~E PEX SNZ2E080n5, ZOMER%E KiZ =z Fig. 1-7-2 DL— 4
LT AL KFTl 27, 30-mer TIEE - TWA AU RAH ST, Kf Z2HW=4
[BE TTP @& IE Tk Eo7e U R SN2 o7, ZHUTIREEEDH S Kf %
W22 8T dATP OIRIAH DR ES NI Z LR ENERTZEE 2 Hid,

L—2 5 T, 522 RE THD 35-mer Tl 8 CIEE-7z 34-mer DFEY) 13 %< Abi
7o ZAUT—R DNA NIZ 7 5T 1b SEIAENDHZE T, ELIE7Z714~—DNA D 3
Kl —EFHOZEMED DI, 35 F H DALEA~D 1b OEVIAZEE MR T LIZZ
ENEZBND, —FT TIP ZHMLIZL—2 6 Tk, 1b VL IRVIALBI RO E W TTP A
FAET 57212, 35 % HIZ TTP AEWIAENSE M EEMHBFHNT,

SHIZXIL T —BIEME A 95 KOD Dash %W CRIERIZ PEX &R I7e->7-, (Fig.
1-7-4)
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FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

\LdNTPs (N=A G, C), dXTP

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAX XAX)-3

ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5’
X= T 1a 1b
additonof TTP _ _ 4+ _ &+
after 30 min  __ o S
31 32
29 29 S o9
26 26
22
19 s 19
- - 47
lanes 1 2 3 4 5 6 7

Fig. 1-7-4 KOD Dash # /= T7 7’ vt —4%—E5I TP PEX
PO HETEE : 40 mM Tris-HCI (pH 8.0), 8 mM MgCl,, 2 mM spermidine, 5 mM DTT

Fig. 1-7-4 128\ C, L—2 1 1ZRUED 17-mer DNA To% FAM-P3, L —> 2 X dNTPs
(N = A, G, OITINZTAXTP LLTTTP ZHW TRV T 7 ar bo—/L LT PEX 238274
STHY 35-mer @ DNA 2 tiEN T, L—2 3 TL TTP »fhviz 1a T PEX 23
Tl TRY, L—r 4 Tid 1a W PEX &I TTP 2z 72b 0, L—2 5 T TTP @
RHVIZ1b ZHWT PEX 28272 ->TEY, L—r 6 TiX 1b 2\ 7= PEX #(2 TTP A0
ZI2bD, L= 7 TIE dXTP NEASNDERTTHS, 19, 22, 26, 29, 31, 32, 34-mer D
FAM 723454 L7= DNA ZikEh L 7=,

L—2 3 TlE PEX 2SI Tl £~ TV 17,19, 26, 29-mer DU RMRHHENTZ, Zh
HOALEIL 1a BEVIAEND FRIIC/e>TEY, BiAEN: 1a X7V T —BIEME
TN =0iE LB 2 b5,

F-L—r 4125 A58, KOD Dash Z W =34 Th., TTP OFINC LY 522 EFEY ~
& PEX SNT=Z e omd, ZORERIL Kf 2\ 7z Fig. 1-7-3 DL — 4 LRI TH D,
1b 2 -L—2 5 T, 588K THD 35-mer Tl A TIEFE-72 29, 31, 34-mer
DEEMN L AHNTZ, 2T KOD Dash X717 —BEMEN Kf Ll i, Kf 2
W Fig. 1-7-3 DL—2 5 JOB B ER NERL COD T L5 2 Hb, £ TTP 21N
L7zL—r 6 TiE, 1b KDL EALZNROE TTP AMFAET 572012, 35 HHIZ TTP 3
A ENTERMEEDN RN,
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Fig. 1-7-2, Fig. 1-7-3, Fig. 1-7-4 OfER L0, X7V 7 —BIEMEM72 DNA RY AT —E T
HXIL T —BIEMEEH T5 DNA ARIAZ—ETH, @I TTP wminERBI/29287T, PPG
DEBIIAENT—V R DNA 2R AR CELIEN DT, Fiz, D DNA RUAZ
—ETH 1a kb 1b ORIV EZLIVIAENASZEN DN, ZHUT ~EHO R Z e
OB DIAHNFEOE D HHRASID, £z KIS 1a 8L 1b ZHEbHViATeZ
LINTES DNA RIAT—B THHZENDIN-T,

Fig. 1-7-2 E£E AL — K DNA % F\ 85500 Sl 4E

FAM-P3 L[FUEAIT FAM ZAERNWFF74~—DNA ® P3 (Fig. 1-2-3)47> 7L —h
DNA @ ODN12 /Ny 77 —HCTTr=—U 7L, #8820 pL (2725 IR E 0.25 uM
WZRHEEL ., SO 30 70 TTP 2z % 2 50D PEX 23272 o7, PEX #IIMEUZ LY Kf
OGS, WikE 11yl 72 2 E5 LTz,

— O HDOERIT RN 2B 27012, T7 RNA KU AT —F (40 unit), 3104 80 nmol
URRILA LR =Y B ATP, GTP, UTP, CTP % 9 uL O3y 77— IZ¥EfRSE TN, 37 °C
T60 51 FaX—F T,

O H OEHRIT 365 nm @ UV B4 3 73fflds 2w, RARICER G RIS A B 272 -7, (Fig.
1-7-5)

P3 5" -d(AGCACAGACAACCACCC )-3°
ODN12 3"-d(TCGTGTCTGTTGGTGGGATATCAC TCAGCATAATA)-5

\LdNTPs (N=A, G, C), dXTP

P3 5-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAXXAX)-3"
ODN12 3-d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

transcription reaction
with or without UV

RNA product 5-r(GGGTGGTTGTCTGTGCT)-3
X= T 1a 1b 0.96 fold
&Y

_ _ _ 100 11fold 2.4 fold
uv * * * 80 ~
60
40
=== = | 2
- dxTp= TTP 1a 1b
lanes 1 2 3 4 5 6 7 uw - + - + - 4

Fig. 1-7-5 B#E AL 727 — K DNA % RV =85 500 S i 1)
PO HETEE : 40 mM Tris-HCI (pH 8.0), 8 mM MgCl,, 2 mM spermidine, 5 mM DTT
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Fig. 1-7-5 12\ T, L—y 1 [ TR FEY O S RAL B A iR T D720 kD 35-bp D —
FH DNA Z VT 17-mer ® RNA ZE5 L7 —THY, HEOMMA THENZ T
DDONUR PR EFEY) T D, L —> 2 1% dXTP LLT TTP V2 PEX 23272 > Cis’s.
RSz FBII->TEY, L—>2 3 TIE dXTP LLT TTP 2 Uz PEX #8272 >7=0 52 UV
% 3 4RI L O BIR B G A B8 27807z, L—2 4 TILdXTP &L T 1a - PEX O
BICHR TS 2B 22> TRY, L—> 5 Tid dXTP LT 1a 2V iz PEX 2827720
HIZ UV % 3 AL O DR GRS E B2 e o7, L—2 6 TIL dXTP LT 1b Z AW
72 PEX 2B 272> TG MG E B I8->CTEY, L—>r 7 TIE dXTP £LT 1b 2\ 7= PEX
RIS TeDBHIZ UV % 3 IR L OPOIE G RIS E BTz, A0 7713
— 2 DERFFEY) &% 100 L LTI DO R CORBEY) &4~ L TEY, KR OF1#% T
LG ENENTETEDDNER N TND, F-ZOEE BTN L7z =[O EBROFHTH
0, =7 — "L =IO FEBROIEERZETHD,

ARAWZELFITIL, 17-mer ® RNA &SN L05, L—r 1 Tl Z#EH{ DNA
ZFHWTWADIZH DS THEEEEMIC DDAV RARBIS, ZHUuT T7 BNA RYAT—
COREEETHEC 1 ARSI ThD, ' L—r 2 L 3 3oL, gt
A% CIR G EOZ{KIT 0.96 5L, JERS BARITHR G251 TN 2 e 005,
L—r 4 L —2 b i 5L LIRS THER G EOEWE 1.1 52 b7 M
DD, ZZTL—2 4 Tl KIRO DNA Z HW TR E (L — 2)& bl LT 5 HIDHR S &L
725 TED NB OB RICIVER TN HESIVTWD ATREME S RIBE LT,

— TR % OL—2 5 T NB AR R#ESI TODDICH DG T KIKD DNA %
W HRE (L —r 2)EHEE L T 5 EOfi G B L7 > TWD, Ziud, KIRD DNA OF I
DNLEBIZHD ATV A FREILN, INT AL T a— R ~EEEHRD > TS0 TH
HEEZLND, BEICDNAHHP OFT IV 2T ATV AZERRL T T7 RNA RY AT —
BEHWIRE SN I o7-84E 2 Cld, ZOBEBICIVER G R T 52 L3 H
HEEINTND, ZIUTTIVY 5 MLOATF VI T7 e —X—Elko " &EH DNA & T7
RNA ARUAZ —E R T D EIRO LR EMECHEE CTH LD 2 LR RHTUS,

L—r Bl — 7 HHRT DL RS RI% T 2.4 515 &M 2 TWHDIEN DD,
L—> 6 TlE, KD DNA ZHWZEiRE (L — 2)Ei LT 2 Bl G E L/~ TR,
NPOM FED R IVIRE N LES N TWNAZEN Tz, 1laZ iz —2 4 Tix 5 H|
FREECThoT-Z et 358, 1b Zffio7-L—2 6 TIEPHEZ RN KEL > TWD, 2T
T = ODOFREMENE 2 HND, —2 HiZ NB FE~T NPOM &3 i\ 72h 12 T7 RNA
RIAZT—RBLOEARIE R ZIVILEL - /R THDH, ~ D HIL, Fig. 1-7-2 O ERBRI G
1b D7 1a LhH2< DNA SHHICEIAEITEY, 77— R DNA IZfF(ET 5 PPG Off
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BN O E&EFEL CTWAIEEMN Th D, ZOHH W T LD B )N IEAEH 6
T2\, Ll DNA R AT —BIZ LD VA ABNZ R’ m <, dEmv o PPG 28 T7 RNA RU A
T —R OGSO KA CIIEE THLERB ST, —F TERE#ZOL— 7 T,
NPOM 3 LRSI TODDITHED BT, KIKD DNA Z Wi B (L — 2)& bl L
T 4 BIOERE R L2 > TS, ZHUTL—2 5 Oft BREFFEE THY, SRR %ICAELST A
XLV a— Ry T aE— X —(ZFFD DNA D OITER B RNME T 95720 ThH EE 2
Lo,

ZNHOFERID 1b W TEER AL 72— K DNA Z 152 LT, T7 RNA RUAZ
—PBOWERISE LY 2 (FRREMEEHZ LRI LT, 20— TR %A
KT DT AFL T a— RV EE T DNA DOOIRE BN KIROT IV %5 T DNA D
DLITRES Yl ot ({ON Q] U s AN 3Y SV eV el

Fig. 1-7-3 NeMMQUTP 2 I\ V=85 50D Y il i

Fig. 1-7-5 ®FEER T 1a B3I 1b ZHWTEESR AL —Y K DNA Z WA ZE T, T7
RNA RY AT — RO E s E Y L7, Z ORI KT 2 FRE ThoTo, TOH
ML, SERRERTOER G BN 2 BNEEFRDOITNZ T, IR ORE B3 KIKD DNA Lt
LT 5 BETIR T T2 ThAH, 2T 1a BLW 1b OEBRED LD T-DIZ, B EIZ
WEOHL T —VReRaX VAT LT AX U =Y AV UTP) 2 W TR O 325k
ZRIIoTz, dVBMUTP 13 DNA SHICEIAEN, KRS T 5L 5-ERaX I AT LT A F T
USAZIRY B AL AT NIEEH TEF IV ATV 72D, (Fig. 1-7-6) T4 F v a—
ROV D ZDOEEDIEVD, T7 RNA RUAT —EE WGBS LR ORE &
(ZE DI DI~z

00 O leii*o 38, UV 680, N0
S 000 " o} ] o
SRR ° E—’ e
HO welaone ol
d\NBhmyTP dNBhMY 7 S B B 2 LA 2R L

Fig. 1-7-6 d"®"™UTP DOt 35 LU I KoM &2 b

2T dB™UTP % VT PEX I2LD T7 7ot —&—Ei 5% & Te/r— R DNA 254
R CEDDFHNDZEL LT, FAM-P3 & ODN12 %3y 7 7 —H 7 == 7L, KR
0.25 pM (ZFRHEL 7= " E 84 DNA, 10 pM DXL AR =V % dNTPs (dATP, dGTP 35k
W ACTR) B LN 10 UM DX L-A TR =V dXTP (TTP 6 L<1E d""™UTP) %3y 77—
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€ 0.02 unit/uL IZFFEL 7= Kf & 37 °C T 30 43l Ao FaX—h LGS PEX 282705
72 A2 F 2 —MEITZ (10 M urea, 20 mM EDTA, 0.05% (w/v) BPB)% 10 pL
Mz 1 531 90 °C TMEAT HZ L CRER G AT IESH T, KW 7 L1d 65 °CITINEL
72 PAGE Tl Z v 7 o749 —I28) FAM O e a iU, (Fig. 1-7-7)

FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5

\LdNTPs (N=A, G, C), dXTP

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAX XAX)-3

ODN12 3 -d(TCGTGTCTGTTGGTGGGATATCACTCAGCATAATA)-5’
X= T NmaU
—— e
lanes 1 2 3

Fig. 1-7-7 d"®"™UTP % Jil\ /= PEX
PO HETER : 40 mM Tris-HCI (pH 8.0), 8 mM MgCl,, 2 mM spermidine, 5 mM DTT

Fig. 1-7-7 IZBWTC, L—> 1 [ZREED 17-mer DNA TH% FAM-P3, L —> 2 |&
dNTPs (N = A, G, C) (ZA T dXTP LT TTP 2V TRY T 7= hr—/ L &L T PEX
B TEY KEZM-725, 36-mer ® DNA 23 HIEL TV, L—2 8 TIL TTP @
iz dNB™UTP % T PEX 238827257273, 35-mer @ DNA O/ R ARSIz, =

DOFERLID, dB"™UTP 1E 8 FATIIAZN CNAIEND, 1b ERIZELL EDRIA B3 =%
HLTWBZERDISTZ, ZZTHRVIABZZNZHEOEN 1a &, BIAHZNROEND 1b BX
O dNBMUTP Z i 24, 1a 13 PPG P B L L AVER i 1-(f5¢ ?%ioctmﬁzs?%%
F)—=ODRIERAF L I H—TREAL TS5, 1b BL d"™UTP (L &5 (5%
BLUOMHBIFT) =00 SRDEMRATF NA XL AF NI —THEA L TWD, ZIEDD
BT —IZE > TREALTWAZET, PPG 78 DNA “E#{H TN THAN—R|ZRE S
. ZHEEDPARLESNRRD | BIABNZREDBMENDLD TII/eW B 2 b5,

wIZ dVBMUTP ZHWCEER G LT=7— R DNA # W TR GO Y filila B2 &8
L7, P83 & ODN12 /Ny 77— T7 ==V 7L, PEX LRERGE B /2-T-, (Fig. 1-
7-8)
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P3 5"-d(AGCACAGACAACCACCC )-3’
ODN12 3"-d(TCGTGTCTGTTGGTGGGATATCAC TCAGCATAATA)-5

\LdNTPs (N=A, G, C), dXTP

P3 5-d(AGCACAGACAACCACCCXAXAGXGAGXCGXAXXAX)-3"
ODN12 3-d(TCGTGTCTGTTGGTGGGATATCAC TCAGCATAATA)-5

transcription reaction
with or without UV

RNA product 5-r(GGGTGGTTGTCTGTGCT)-3’
X= T dNBhm(y
- - 100 1.2 fold
uv * ' S
60
3 |
— 20
| dXTP= TTP dNBmUTP
lanes 1 2 3 uv - -+

Fig. 1-7-8 d"B""UTP % F\\CEEE Ak L7247 — R DNA (2L 5855 0 Y il )
PEX [itE &% : 40 mM Tris-HCI (pH 8.0), 8 mM MgClz, 2 mM spermidine, 5 mM DTT

Fig. 1-7-8 IZB W T, L—> 11X dXTP &L C TTP 2V = PEX 2827 » CHR G i &

BIlroTe,
L—2 2 T dXTP LT dYB™UTP % Uz PEX 2B 27 » TR G UG A B 2 e~ TR,
L—> 3 T dXTP LLC dV8"UTP % F\ 2 PEX 2B 272 >7=DHIZ UV % 3 4IRS L
TR G S E R T8 o7, -2 OB BIIMN LIz =B OEBROFHETHY, =F7—
—I X = RO EROIEHEFZE TH D,

ZOFERNE, dVEMUTP % W CHER G RSO W A X ATEE(RIX 1.2 (5 Th o7, -
FRRER (L —2 R XV AT VENHFIEL TODTZDIZERE &S TTP Wzl —r
1 LEFREECREIETHZ AR, THINCK L CIEGEITL —2 1 O REETL
EE L7 o7z, ZOFERNDBERBX L AT VIO E &S T7 RNA RUAZT—EDOIEMEE
FLEL CUOAZEIRIBES N, &bIC1a Z V= Fig. 1-7-5 DL—> 4, 5 Libik458,
FREATS RN BB IR G &SRR ThHZ LMD, ZiuTA BV dV¥™UTP ¢ 1a
126 PPG LT NB EDNEAIITEY, Ay — 7 ) —7 AN E O & & SO EL, T7
RNA RUAT—BEFERRICBEL 2O TRV EE ZHNS, £2 dB™UTP 2T E
coli RNA 7RV A7 —B DR G S iz el L7241 28 Tl A a3 E &2 1 BILLF £
TREZIL T, A EHWE T7 RNA R AT —EB CIRER B E L 4 BlE T2k Eo72,
ZOFERNOHELRTHE E. coli RNA RVAZ—B TIHIRE R 1- Tho V7~ R OFE &M
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NB ik KELEEND., T7 RNA RUAT—EDOHA1L NB EDOIFELE T T RNA R
VA —B N T7-7 0T —ZDOBEITFE S THT-0 4 BIFLE LRGN ESN )T D7
LEzZHND,
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& 8 i WEEARLT=— UK DNA % iV = = B8 il

REITIE, BEEAKLIZ7— R DNA 2 W C RS E % 5 oehls His s
L7z, DNA O =EHHITVRF A LT 7 o~ — 72 E R R @ g 2 352 L CHEREA %
T 2R 1\ RBEE CRONDIEE 5 ThD, D720 | A ERICb b0
Bk TG L7 o TV, —HEHRNE TSR EEHH DNA oo U R 7V 78 B2 n
., 5= ThDH = EEREZRA(TFO)AS ZHH O DT — 7 AT ¢ G E R %5
LTRA LB T 5, 22T, TFO 2B LAV EHA T — 8. TFO 2ME AT A8 %55 44T
O, TFO &85 {0 5-3' D FMMRICHDE/ T L = EHH, TFO L5 8D 5-3' D)
INELDZET L F/RFL L ZEEHEIES, (Fig. 1-8-1) FKARDIGIEN S22 = HEHREE T
X, 7= AT 4 IR T T AT DI STV L7e)  RTL L =ZEHEH TR AT
HEFERHZ XL CTFO @ T 23(T:A-T =# L%}, G-C HF%HI AL T TFO o7 mh Ak
C 23(C*G-C =M Hxt)y7 —7 AT g WIS AR L TR &9 %, (Fig. 1-8-1)

5T,F05'|||||||||||||||||||||||| 3 A, gFO3"||||||||||||||||||||||||5' A,
3'Y 5 3'Y 5
Parallel triplex Antiparallel triplex
/(N X /(N,j
A A H
04:'-‘19 e T'q H
E N-H-0 rﬁ -
(- 7 N-H-N" N
\N~Z/_<N - N;—§ \N N=(N H N;'}
% HN-H-o >
T:A-T C+G-C

Fig. 1-8-1 DNA = B}

— HTIREICE I AN THIETHLT AL v a— RV 2B AT5HE, W-A )
Wz LTTFO @ C 3, 7 —7 AT A HR 2B L(C: W-A =S 352 8D
WESH TN, ®(Fig. 1-8-2) Z0 =HIEHHIBWT, TFO @ C 1T W & N1 Bkt O?
AR CD, ARFFECRIZE L7247 —Y R DNA 1X N1 {712 PPG ZfiE A8 T\ A7,
JEHRSTRIIC PPG 23 = H A THE 320 TIERnhEHIfFS b, (Fig. 1-8-2)
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— H
l—N’_)—N
N H H
O H O0-H-N
N ‘.

< o
\%‘N-H"NQN)/
o]
C:W-A

Fig. 1-8-2 C:W-A =M ki

ZICARBIETEFE L. 1a BEO 1b D5 BIABNE N &< HEME I IATeZ &M
AIRE7: 1b Z W T —UR DNA ZEEsEGRL ., YRR Lo C = B Ak E 0O 22 E M2
WIorZlxHET LT, —EHBEEOZEMEZHIE TEIX, FIZITT 7~ —I1tk
WIS AR E 2 CHIE T REL 72D,

1-8-1 EAMESRME T Co =B O Yl

S HHOKHEE B9, 7T/~ —DNA TH5 FAM-P3 LAHfii7aflyI% 3 K
Fibo1b 23 1,3, 5 HATRVAENSLH7e7 7L —k DNA TH% ODN13, ODN14,
ODN15 % f&EL7-, (Fig. 1-2-7) %£7= 18-mer ® TFO1 % =B ERD=DICHEL
7=, (Fig. 1-2-7 :3JX U\ Fig. 1-8-3, Fig. 1-8-4, Fig. 1-8-5) Z1H& W T PEX 252720, 1b
21, 3,5 FEFTEAINIZ —U R DNA ZFEE G L, SERU AR TO = HEHO R ENEE
AW VERUKEN CRHMli 22L& LT, ZEHDOERITIT M O T ah AL
FTHDLH, —HERRBIOT VESKIKENTT T pH 5.2 OFFE Ay 7—HTEZ
ANt By

F9° FAM-P3 £ ODN13 % /37 7 —H1CT7 =—Ur 7 L, $RED 70 uL 12725 KHITHEIR
0.1 M [ZFHFEL7= —H 84 DNA, 10 uM O XZL-A LR =V dNTPs (dATP, dGTP £k
O dCTP)IB LT 10 pM @D 1b %3y 77 —HIC 0.02 unit/L ([ZF#EL 7= Kf & 37 °C T 60
S RA 2 _— UGS E PEX 238278572, PEX #ITINENCEY Ki 2 RIESH, IR
Z10 L 92U 7 FH L. Rt EA BT LB KUKE CRIT LT,

— O HOWIRIZEDEET NVEXIKINIT +— 957202, fF1R#ELT 30 L & BPB
Wiz Nz 7= (lane 1),

OB OB 2B, 1 MEO TFO1 2513y 77—k 10 pL &0
27 =—VUr7L. 20 uL ® BPB i&ikZ % 7= (lane 2).,

=D H ORI 220312, 2 Y&D TFO1 2513y 77—k 10 pL &0
27 =—U7L, 20 yL ® BPB &% Nz 7= (lane 3) ,
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1> B OBIRITE R 23203, 5 Y& TFO1 2513y 77 —¥ 10 pL 2Nz
7 ==L, 20 uyL @ BPB ik % Nz 7= (lane 4).

o H ORI 365 nm OGRS Z 3 /3 fIsZev 1 M ED TFO1 2581/ Sy 77 — ¥
W10 uL 2Nz 7 =—Y>27L. 20 yL ® BPB &% % 7- (lane 5),

AN HOEHKIT 365 nm DR A 3 43I Ty, 2 HED TFO1 25T\ 77—
W10 uL 2Nz 7 ==Y, 20 yL ® BPB &% % 7- (lane 6),

£ H DRI 365 nm OGRS Z 3 s3I Zevy, 5 & TFO1 25T/ Sy 77 — ¥
W10 uL 2Nz 7 =—Y>7L, 20 yL ® BPB &% %7~ (lane 7).,

BH LT NE 25 °C (25 + 3 °C)IZff~7= native PAGE T/o#TL. FAM Ot Y%7 /v 7 )
FAY—THHrL7=, (Fig. 1-8-3)

FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN13 3 -d(TCGTGTCTGTTGGTGGGTTTTCTTATCTTCTTCTTCGGCG)-5

\LdNTPs (N=A, G, C), 1b

UV, TFO1

TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3
FAM-P3 5" -FAM-d(AGCACAGACAACCACCCAAAAGAABBAGAAGAAGAAGCCGC)-37
ODN13 3 -d(TCGTGTCTGTTGGTGGGTTTTCTTATCTTCTTCTTCGGCG)-5

uv _
TFO1(eq) - 1 2 5 1 2 5

—~~—-~

lanes 1 2 3 4 5 6 7
Fig. 1-8-3 — 2 1b 2AEVIA EALHELHIT D = HEEHD L E M FEAT
PEX Kt #2717 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
= E AR FH AR 7 : 40 mM sodium acetate-acetic acid pH 5.2, 10 mM Mg(OAc).

Fig. 1-8-3 {28\ T, L'—2 1 [X TFO1 IS TV ZEHHO /R Eleo>TND,
— 2-4 TS E BTN 1,2, 5 YED TFO1 ZMx7=bD, L— 5-7 [T
ERIRN, 2, 5 Y BED TFO1 2 T-bOZERIKEILT-, ZIHORE Rz T, TFO1
MR T2AETOL—2 T, TFO1 O &Y HATHZ IR ZHEO AU RBHAL =5
PO NURN ZHEEHO RO _BICHERS N, ARV 1b 23 1 EETE AShD X7
STWAH)3, 18-mer D TFO1 ZH W15 = EH#H A 2 E T NPOM 2 — D TII AL ELDI A+
5y Choloiz | KR RT T L ER ZEHATERL . ZEHO N RO LR HERSNTZD
TIEZRVIINEHE 2 BID,
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FICEEHHOLEENTIRNETIEINS 1b 28 3 fH T8 A IS L5780 ClRlkk
DFEEREFZ/HZLE LT, FAM-P3 » ODN14 % Fig. 1-8-3 LRI CREFE RIS, Skt
BEOTFO1 LD A2 Far—ar%B/o7=, (Fig. 1-8-4)

FAM-P3 5 -FAM-d(AGCACAGACAACCACCC )-37

ODN14 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATCTTA TTCTTCGGCG)-5
dNTPs (N=A, G, C), 1b

iuv, TFO1

TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3
FAM-P3 5" -FAM-d(AGCACAGACAACCACCCAAAABbAABDAGAABb AAGAAGCCGC)-3
ODN14 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATCTTATTCTTCGGCG)-5

uv _
TFO1(eq) - 1 2 5 1 2 5

-

lanes 1 2 3 4 5 6 7

Fig. 1-8-4 =2 1b 2EVIA AL HELHIT O = EEHD L E M FEAT
PEX Kt #2712 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
—EPHI AR FH AR R : 40 mM sodium acetate-acetic acid pH 5.2, 10 mM Mg(OAc).

Fig. 1-8-4 [ZB T, L — 11X TFO1 RIS TV W ZHEHO N RER> TN, L

— 2-4 [TNIHER b 1,2, 5 ¥ &ED TFO1 #Nx7-b 0, L—r 5-7 I3k B4
BRIV, 2,5 48D TFO1 2 Nx-bD a2 BERIKEN LI,
ZNHOFERICBWT, TFO1 2 A -2 THOL—2 T EmEHO S RN EEOANVRD |
(RS Iz, FIOERRSTRIIC TFO1 2 1 M\ 72— 2 BRI OG22 TFO1 % 1
BEANZI2L—2 5 TlE, ZEHBHDO N R TR EHBEDO VRS — iz, 4
FWT2BLF Tl Fig. 1-8-3 THUWWZELFILELERL T, B AZ A2 6b 73 1 TS 3 & TS
ANIZHE 2 G 4 &G 2 B ETISES TWVD, EHUCE) —EHHOZEMEMETL, 1 Y&
DI TFO1 2Nz 7-L—2 2, 5 TlI = EHHDMREEL —FEEHER T U RSN =072
EEZBND, LUARIREL T HHOREMEN EL, SRS RiI% COREMEDE LA
TERPpoT=DT, ZEEHOLENE R TSI LM ERHLIEL DT,

ZICRIZEZEBEHOLEEDNMR T 5L TINS5 EHT 1b BAEVIAENDES A T
EBRAE B eHZLELT-, FAM-P3 & ODN15 % Fig. 1-8-3, Fig. 1-8-4 L[RIf:CREFR I
Jin, KRFBELOTFO1 LA FaX—ar w2827 -7, (Fig. 1-8-5)
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FAM-P3 5 -FAM-d(AGCACAGACAACCACCC )-3"
ODN15 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATATTATT AT TCGGCG)-5'
dNTPs (N=A, G, C), 1b

i UV, TFO1

TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3
FAM-P3 5" -FAM-d(AGCACAGACAACCACCCAAAABbAABbABbAABD AABBAAGCCGC)-3°
ODN15 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATATTATTATTCGGCG)-5

uv _ +
TFO1(eq) - 1 2 5 1 2 5

S - P

lanes 1 2 3 4 5 6 7

Fig. 1-8-5 1.2 1b 2AEVIA EALHELHIT O = EEHD L E M FEAT
PEX Kt #2717 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
= EPHI AR S FH AR 7 : 40 mM sodium acetate-acetic acid pH 5.2, 10 mM Mg(OAc).

Fig. 1-8-5 IR\ T, L—> 113 TFO1 SIS TV Ve “HEHDO AR TH D,
L= 2-7T OFERIZE B T5L, TFO1 21,2, 5 Y &MA TWHOIHLEDLT, &2 TL—
21 LRIUK BB SR RS TD, ZAUTA TN EIFI T, 6b 723 5 fEFTEASH
=T KR CHG-C ZHEERE — b &R SEBEOREMNS REUR T Lz
PEEZLND, £2 CW-A | TFO1 OV RO 7 ah ALz LEEL TR, pH
5.2 DERMETIE—HOU M AR T mb ALV, —HEPRE IO TIIR e
26D,

1-8-2 HIMESME T Co = EHHO SEH

AT CIE, pH 5.2 O C =B DO L EMZFML | 6b 23 5 FEATE AS/ZELST
= EHDO AR EHERTDHIENTE -T2, 22T C:W-A =1 Hshd TFO1 D b
HIROT M ALELBELL TUWVRNO T CHG-C ZHi Rk 28 £\ Z EHEERO1E,
PG TR BRI D R EMED B BRI EN A fEL 2 HEH5 2 12, 2T 1b % 5 T
A EH 5729512 FAM-P3 £ ODN15 % /3y 7 7—HT7=—U> 7L, &) 30 pL 1272
LI PEX #8270 o7-, PEX #1%, Wik 10 L 372 3 4Lz, — > H O%HkIE 30
HL ® BPB &k &N A T, > H ORI 2B 20T 12 1 48D TFO1 25 e
77— 10 pL 227 =—V> 7L, 20 yL ® BPB Ik & A 7=, =5 H DEHLIE 365
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nm DGR A 3 32720 1 HED TFO1 23T/ \y 77—k 10 pL M2 7 =—
7L, 20 yL @ BPB &k &N A7z, (Fig. 1-8-6)

FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3’
ODN15 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATATTATTATTCGGCG)-5
dNTPs (N=A,G, C), 1b

iuv, TFO1

TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCAAAABbAABbABbAABD AABLAAGCCGC)-3°
ODN15 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATATTATTATTCGGCG)-5

uw - -+ %100
TFO1 - g 8o
(eq) 1 1 £ &
o 40

- - 8 20 .

- e N
= / *
lanes 1 2 3 § §

Fig. 1-8-6 5 &7 1b 23HVIA ARSI TO HPESA T O = BEHHD L E M7
PEX Kt #2717 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
= B AR S P AR 7 : 250 mM tris-glycine buffer, 10 mM Mg(OAc):

Fig. 1-8-6 (28T, L— 1 L TFO1 3RSV TR W ZEHHO SR L—2 21308
A Z B3I 1 HED TFO1 22X -0, L—r 3 TR R0 1 4 ED
TFO1 # N 7=b D& EXIKEN L=,

L= 2 b= BIZRWCHMERIFIC T AZETHINEL - ZEHO NN R a5 L
INTET, FA FOWY T3 RAROFEERE 4 B IRW RIS VESVKEICh 7L
ZUKBIL = FBEHO N R OFIEL O L EZ RO TR, =7 —/3—1F 4 O EBROFEHE(R
7eLTe o TG, ZOFERNDIEIRG AT T = HEHOIFAE LA 3 5T INL TRy, AL
L7c = EHHOZEZ NI Lo THIE 22 LA/ LT,

RS CO = EEHOZEMED SR 72D T, [FAERD FEFR A 1b 23 1 HETHVIA
FNHEHITHRATZLE L7, FAM-P3 ~ ODN13 % Fig. 1-8-6 L[RIS:fE CRER LU, JEPR
FBIOTFO1 LA FaX—al a2 B0z, %37 1E 20 °C (20 + 2 °C)H LT
10 °C (10 = 2 °C)iZf&~7= native PAGE (250 mM tris-glycine buffer, 10 mM Mg(OAc),) T
IHTL, FAM OEEE 7 VT F 743 —Totr L=, (Fig. 1-8-7)
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FAM-P3 5" -FAM-d(AGCACAGACAACCACCC )-3
ODN13 3 -d(TCGTGTCTGTTGGTGGGTTTTCTTATCTTCTTCTTCGGCG)-5

i/dNTPs (N=A, G, C), 1b

UV, TFO1

TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3

FAM-P3 5" -FAM-d(AGCACAGACAACCACCCAAAAGAABbAGAAGAAGAAGCCGC)-3’
ODN13 3 -d(TCGTGTCTGTTGGTGGGTTTTCTTATCTTCTTCTTCGGCG)-5

20 °C PAGE 10 °C PAGE

lanes

Fig. 1-8-7 1 &7 1b 23HVIA ARSI TO HPESA T O = BEHH DL E M T
PEX Kt #2717 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
= B AR S P AR 7 : 250 mM tris-glycine buffer, 10 mM Mg(OAc):

Fig. 1-8-7 25\ T, L—21-3 (320 °C TH IV ERIKEI Z BT~ T-fEH, L —2 4-6 1L
10 °C THIVERIKENZ B I olofi KL/ s, 7 VERVkEIZ 20 °C 8L 10 °C TEH
HTRIZ>TH ZBHEHDONURIIB IS -7, ZhuE pH 7.0 T VESRIKEIZRZ
120727280 TFO DY b AR T m AL T BdFIHIC 4 fEpTE £ C:G-C =ik
KIFEIEN N LZE THDHID ThHHEBZZHLND,

FIRAERIT 1b 25 3 & FATE A £ DALY THEl3Z&& L7, FAM-P3 £ ODN14 % Fig. 1-
8-6. Fig. 1-8-7 LIRS CRER S, R BIONTFO1 DAL FaX—Ta a5
7. (Fig. 1-8-8)
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FAM-P3 5 -FAM-d(AGCACAGACAACCACCC )3
ODN14 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATCTTA TTCTTCGGCG)-5
\LdNTPs (N=A, G, C), 1b

i UV, TFO1

TFO1 5-d(TTTTCTTCTCTTCTTCTT)-3
FAM-P3 5" -FAM-d(AGCACAGACAACCACCCAAAABbAABDAGAABD AAGAAGCCGC)-3°
ODN14 3 -d(TCGTGTCTGTTGGTGGGTTTTATTATCTTATTCTTCGGCG)-5

20 °C PAGE 10 °C PAGE
uv - - o+ - -+
TFO1(eq) - 1 1 - 1 1

— -~
1 2 3

4 5 6

lanes

Fig. 1-8-8 3 &7 1b 23HLVIA £ HESTOHPESA T O = BEHHD L E M T
PEX Kt #2717 : 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,, 1 mM DTT
= B AR S P AR 7 : 250 mM tris-glycine buffer, 10 mM Mg(OAc):

Fig. 1-8-8 IZBW\\ T, L —21-3 (% 20 °C TH/IVERIKEIZB I/ R, L—2 4-6 1%
10 °C T NVERIKENZ B e TR e D, L—2 1, 4 13 TFO1 3RS ILTU VR —
HEHONUR L= 2 5L E B IR0 TIC 1 M &ED TFO1 21 7=b D, L— 3,
6 IIEMHAZ B2 1 Y ED TFO1 X I-b DA B RKEIL 72, 7 /VESKE % 20 °C
TRIZRSTBRIE =HEHEO AU RIIM ST, 10 °C T /VESRKEIZBZ720 TFO1
ZIMATL—2 5.6 TIEAATIRO ZHEHHREALNLD /SR ZHBHD /SN O EITHE
RENTz, ZIUL pH 7.0 TYLVERIKENIZ B2V TFO1 OV h o RN T mhA kS
MoT=ns, CHG-C = FRM#EE N 2 FET LAWY= 1Z, Fig. 1-8-7 O3k L Lhig € =
PREE N LB L, BRI AAT IR ET W Z AR HE =L E 2505, L L CHG-
C =2 H &7\ Fig. 1-8-6 OfE R L5 L = EHO L EVEIME LT, 20 °C
T =EHO IR RSN -Te B 25,

1-8-3 Rl IR I8 (Tm) & O 2 = E8H O SEHI i O FEAm

ZNE T IVESRIKENE W B O L E MO SCHIHA 3 2> TEIA LS A%
TREICEORE ZHEEN/ALELSNTODFHl 52 813, 7 IVESKEI O X
20 = 3 °C L 6 °C DIREMENDHY KA — IR TRWeO L, /2, F/VEKIKEIOD
TRE S TR I S HHDO I R LIREEN S DD IO e FlFNZ G T2 LB EEL W, 22
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T, ZHPERR OB L ENEE LUK T2 2L D CEDRMRIR (T 2 HIET 52 L
ELTz, RAFBT I AN Th Z T 6b 25 r ODN16 (b &Lz, &Rkl 7= ODN16
IZAESTHTFO2 ZHE L., pH 5.2 BX O pH 7.0 DM FCZEMED T 2HELZ ENME
Dz 2ZLE LTz,

ZHEO Th 2 HET 572512, ODN16, TFO2 2 F 121 2 uM 127255912 pH 5.2 DA
AV T 7\ TIRRS T, DY 7 T 365 nm D YEIREZE 3 4y R,
NPOM M fiffi#z 3522 ~7-, 25D DNA ##i4 90 °C 725 5 °C £T 0.5 °C/min T
TS5, 5 °C 75 90 °C £T 0.5 °C/min T_EF-&, FRETO UV WILDEE
Ko, ZOEEAL— 7 LT UV WIAE D ZEAL DO RRARAE A6 — B SRl A IR B (Trm) 25K
Wiz, (Fig. 1-8-9)

TFO2 5 -d(TTTTTTCTCTCTTT)-3
ODN16 5 -d(CAAAAAAGABbAGAAAC T T
3-d(GTTTTTTCTATCTTTGTT

0.95 T,, of triplex T, of duplex _— UV-
0.9 40.1+1.1°C 73.0£ 0.7 °C UV +
0.85 49.5+ 0.7 °C 72.7+ 0.5 °C )
0.8
0.75
0.7

0.65
0 20 40 60 80 100

Temperature (°C)

Fig. 1-8-9 B&MESAETO =D T JIE
10 mM sodium cacodylate (pH 5.2), 500 mM NaCl, 10 mM MgCl,

Fig. 1-8-9 OfEEA D, UV HAS Ri(SR 0 #hi#R)3 L0 365 nm @ 3 73D UV FRE#%(k
BOHB)TE LH OOV BARNMAEAGDEILO7% 2 FANC iS4 5 iR
ZrR LT ARIRAR D22 im0 = B EHOMERE, mii 028 it £i7Y ODN16 o B E DR
BED Tn 2R L TND, F2/ T7IHFCHRRLIE T DAL 3 FEOMSI LT FEBRD -2l
MERD | EAERZED 3 ORISR, UV IR ATX = EEHD T OfEA 40.1°C T
BHoT-DIZRIL, UV B LD NPOM B i #5528 C T DfEA 49.5 °C £T EAL
72z &b, —20 NPOM JEI2XD 9.4 °C & —HEMEN AL ESI, HHHIZEY
NPOM EEZMiIRGETHIETRESEDLEMD M LT HIEEI NI LT, FI RS
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%CEHBHO T FEAEZELL TV RN E0 S NPOM B —EH#HARZELL TR
WZEb o7,

FAETIIZ VELRIKBIOFETR LD, @H DNA O = EHFMERTHOORDEEMED
77— W RMESETH ZEHBER T A LI HNIL TR, WOk EA H
W2 T JIE CHHFPESMA TR 9 28U, ODN16, TFO2 ZZ 414 2 pM 1272549
[ZPH 7.0 DIV IR N7 7 — LIRS T, WOV 7 0 365 nm O YRk 3 4y
#2720, NPOM DO fRi#EZ 27257, ZitbD DNA &% 90 °C 725 5 °C £ T
0.5°C/min T FEESE7=0%H, 5°C 75 90 °C £T 0.5 °C/min T_EF-&+, £iRE To 254
nm @ UV WL DA RS T-, ZOfE% Igor Pro (2T, AL— 07 LT UV RIUEDZEL D
R ARAB D — BESHRARIR L (T2 2R 872, (Fig. 1-8-10)

TFO2 5 -d(TTTTTTCTCTCTTT)-3

ODN16 5"-d(CAAAAAAGABbAGAAAC T T
3-d(GTTTTTTCTATCTTTGTT

1.1

1 T,, of triplex T, of duplex uv -
n.d.(<5 °C) 76.3£ 0.7 °C UV +
09 | 20.2+1.7°C 76.8+ 0.5 °C
0.8 - L
07—
0.6
0 20 40 60 80 100

Temperature (°C)

Fig. 1-8-10 TELMETO ZEHD T JIE
10 mM sodium cacodylate (pH 7.0), 500 mM NaCl, 10 mM MgCl,

Fig.1-8-10 D#E5, UV BUNAT(HRAO M) TIX ZEHD Ty OAMERIIL, —HHHD T
DIEDFER TERWNNEERIR ThHo7=DIZx L, UV BGHZ LY NPOM A fifRi#E 9524 T
(KD HIHR) T DEAS 20.2 °C £TEHLIZZE05, —2D NPOM #1280 15°C LI kL
=S EHREENAR L ELS I, BRI LY NPOM Bz it 52 L T e 452
EDRENTE,

1-8-5 —EHDEHIEIDEZL
AETIT1b AW TEEE SR LT — R DNAZ H W TH VESIKENC LD —EH D%
EMER T AL, 7Tb Z W TR A R L2 — K DNA 2 W= T llE T = F 8N
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DL EMZFHEL . 4 EIBHFE L7z 6b 13 DNA H C=EHHOZEMDO R E B2 528
BN UT, FFIZ 1 T 6b 23HIA F 72 DNA Z W T T llliEZ BT e~ To R 5. pH
5.2 (28T 9.4 °C, pH 7.0 (28T 15 °C LI EL B AR TEL 352 Em B, N1 (L
D NPOM EiFREL —HEHO L EW LD I EHZ N Do Tz, Fo, pH5.2 KV pH7.0
DI HIEIREF RO ZHEHD Tn 2N RKEWE B EL T, C:W-A =M TlL TFO O b
Y pH 7.0 TETBRALINRNEDIZ, SEHERZICALD CW-A =IO ZENED
HAIIL . REREL TR AT E DX DR EL RS T=D TIFRVINEE 2D ID,

F7o, FOVBRIKENC LD Z“HEBEOLEEOFEAM T, YIRS RTCH ZEBHO SR
BENTWD, EBERTTH ZEHAIE D80T Fig. 1-8-9, 1-8-10 ¢ UV ki ph i
HHIALTHY, 2T, NPOM N BUBRBLION=badk, AFL U4 g
TR ICTFAEL, PR EE LD ZENTED, o “EHOAT ¥ —7 L —7 1
IZIFAET D NPOM JEA% TFO O RERNIC A Z—HL—FL, NPOM FENFEL TV TH =
FHHEDER TEXT=OTIIRVINEE 2 HND,

AR TITEI DDV I — %l K72 RSIZERETHZET NPOM HDLH7e & m
PPG T DNA RUAT—EDIE L7252 L BNIZL TV, Bl 21X NPOM Ho
FRRICKIL Tt 7 F NV ED LIRS oFx o o U ET DL BRI AT AN T 52T, A
— AL —MERREL, SRR ZHEEHOZEMEAR TS, ZHEHOZEMEDLHIEA L
DREREACIZT DI EMMA[REIZ LB 2 B,
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F10 8 5B 1 =S

AREETIE, BRI 4 FILDBIRSNTOVRD T2, TTP O 7L TRVIAEN S —UR
XIVA VR ZVURREL T, FITC N1 —U R T A v a—R o)y =V i 1a, 1b %
BTDHZETH LTz, ZNBEDRILAT R ZVERIEL DNA RUAT—FICkD TTP LL TR
WS, 7 —UK DNA OFEFEARICTHEH T, $le— MBSO DA XTI ADE
HIZED, 1a D NB E£LDHKEWV NPOM % 1b 136 T25DI2003) b7, O EIA A
BRER T HIEN DI T, ZHUF ZESHEAREEREN S R OLEMDR 1b OFF
M, HEH{ DNA £ DNA RUAT—E L 1b MR THESKRICB W TIb &7 7L —h
DNA & A Ol Z EEHO R EM NI IA BB 52 LA BN LT, SHIC
PEX OB 5, 1a IFBVAEN/%S “HHA AN L ENTHZET, TDHRDIXILVA TR
=“UUBORIABZLETHZEEZHGNCL, 1b OIS “HEE AN LE LN XTIV
TR=VERE W NRVIA S DM RS RE ST EEIV AT IO B S 2 IV TH
—UR DNA 2R G CELZEN DT, FIVIALLROE 1a &, VALK
DEND 1b LU dBUTP O i L7-FFZ, 1a 1% PPG DU BU BRI
—ODEJFTNHIRDAT LV I —TRHEGL TS T, 1b BLO dB¥"UTP 1ZHJH
T =MD AT NAF VAT NI I —THEG L TRY, K0V I —R kA2 AL T
%o FKHRIEDBHHY T — IS TREAL TQNDHIET, mE PPG TH DNA & C©%E
WTHAN— TR ES, ZHEP AL EMINRLIRSTeDIEEB 2 HID, ZIHD A
ANBEYIV D 5 (2 PPG #4257 —YRXIV AT R ZV A HT-IC R T05 5
I21%, PPG O F5 F B LI A TR — CREA S DT ENEEZ LWV F LR E
DFEEHE LT HIEN T,

FER AL —V R DNA Z WG HEL T, T7 RNA RUAT—BIZ L D85, =
PO ZEMEL o7 2 FAOKERZ BT DR RED JEH AR FIL 72, T7 RNA R AT —
VIZEDEEED WA B 2o 7= EBR T, 1b 2V TEEFR G L7 — K DNA (240
FRRFHC I AT 2 TG BENSELI LN T, 1a VTR R LIy —VR
DNA OG- AIZIFER G BN S TR EA EELL 2 o722 DD, PPG O i i S 03 B
ATORRERHEIZR 5L CWDIEELMNIC LT, FRIROTF IV %5 Te DNAZ WA
BELELT, 1a BEO 1b OWREZICAELEFT A% a— R 44T DNA %
WG B TR T 352 L2 LML, 2L T7 RNA R AT —E R T7
7'aE—4—DNA ZiBiT DB, Ay — T N —T PNNLE T DT IV D AT VIR AH
VLT RBUKME DB BB ZH S TSR LB 2 b, TDTD AT v—
TN =T NATF N IEEEFF T RS X TR L, A 7 AT RV BUKEYI > T
WBT A XL a— Ry TR E &N LT85 265,
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—HHOZEMNEF LI ERTIE, ARIBAFE L —2F DNA O =FEHDZEME
HIE 22 LIZAEIL  F VSRR TN I KOO EEA 2 T J1E CREA 972 Z &2 RN L
720 T HITEDFKE 235, NPOM 3% pH 5.2 T 9.4 °C, pH 7.0 T15 °C Ll k= E\E#H&E %
AL JEHREHC Lo CEEHBME N EIRREANERD LWV STl 2 B 28 o7z, Fiz
VRS VKENE O BTl R A LTZ7—YF DNA Z W T = EHO L EMEE )
D THHIEIL7=F1L720  DNAzyme °7 74~ —7e EIER G IS KO BRSO EERE T A
ADSHIRDIEREIC 5 C&EZEWV 2D,

INDHOFEFRIVATE TR LI 1a BLO 1b 1L, BEFE G ATRE 27— DNA 524k
BRL7Z7Z T2 1a BL T 1b WA LT =EHHO L EMED Yk LW 7l BT
NI FEE AR ATRE 27— K DNA TIESEBL CER EREZ HIEI 5 2 LTz,
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o 2
2°-O-T LX)V AN EA )L UTP ORISR
F1E 7

L AHE MR IR OBEE BRI 0 B TIRA~-I9IC, 772~ —LUR YA LD BAFE, mRNA
SV oT- BRELHEMi IR ~D G DS IR S LD, B RNA 772~ —% B85 3 D81
F2729 SELEX i “2(Fig. 2-1-1) Tid. DNA 747 TV = BALHERI XL AV R =V %
HWTEIRE G Z B MERESiZ A 35 BRNA 747 TV —%Ek 35, £ DH%RITIER Y
TN, WHRFIZ LD DNA ~DZEH PCR ICEDIIRE ST A 7V A A0S
ZET, EICHRL K AT BLEHER RNA 77 Z~— NG AT REL 2D, 22 TIRAERIR Y
LAV R ZVU A VR SELEX B TRONET 74~ —J0b L HEMixsL AT R =D
VEE A SELEX THRLIDT 74~ —0 J5 )% SELEX #& T REIZIX BV A BEC /0 fiinit
WEBHTHEADROLZENDLALFEMXIL AT R =V E W TG N A B 2 4
HZEORFITRENES 25, *°

Tanscrpton 4\
ranscription (\/.

with

2-modified NTP M’ Selection
RNA pool

OO A A

dsDNAs ssRNAs

PC‘R\ N 4/ Reverse

ssDNAs transcription

Fig. 2-1-1 RNA 7 7" 2~ —% lif§ 3 %72 SELEX 4

LINLFR A AR TR0 720 213, B THLHEAEM AT L AT R =V RINRY AT —
PIZLRRESND B ED D0 HIERI IR LW T2 IZRY AT — RIS o b
BEiXI VAT R =V BROWEFNIROI TS, g EHEHP TAVy—7 L —T7 I Th
HEVIV D SR TVUERD TN EFROT, FRITHEERCU BRI~ AR X /LA K
=V OHEBNIRHILTVD, — 77T RNA IZBWTHFEMES, &0l 27K~k
FERIT AL AHEMI I DRI OEAGTT TR BERR Sy RIS (2 0 Sy R D 1)
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B EmSEIEO R EREIREbLIEN MBIV TEY, PP RNA T A~ — DT D
SELEX {£72L Cld, FEEC 2L AHEMZ A T2 X7V AT N =V W4 FV TR AHE AR
IR DFER A DRI HENALFHERTT 7 2~ — PR S TE T, o2

FO—FT, EFEL7=10Y RNA ARV AT —V 255 2MEfi X7V A R =V BRI Tk L
<, BRGSOGIZ SRR FTREL 70D 2 MBI X VLA R =V FiE, RIRT RNA RY AT —
Vel 5 i, 2o 0 TN BAE N L CHIA AR 3R A 1) _ESE7-28 B RNA R
A7 —BEZHWTH 7 fILHESIL TR, (Fig. 2-1-2)

- - - -1 - -
F NH, SH O on NN Oy

N o

NH,

Fig. 2-1-2 i EITH A Sz RNA R AT —PIE8ikEn D 2 b & ff

BARINZIZ— 2O EFF(RFEBIOMEIRL )05 7I/H B 7tk B F4—
VY TOOFEFANOIRDANTIE S ERaX U AT VL Z OO B A NLRETY
RIS OEF 75705 2-0-J1VNEA)LH B R EICHRESN WD, T4 —
NVEELERBFR AT VHLIZE R RNA RUAT— B o WD BN HY 1418 Flo AR
FEET VR HL KR RNA ARY A7 —E Tl 1 ”ﬁﬂuT@H&Di&\ﬁ?ﬁ%f‘wﬁm\:&%i&i 1

INTWD, Bl 21X SELEX IZZNHDAEHERG XL A R Z D % FHOWABRIC 2P
DR SNE 26D,
— DO HMN, BIABLZNROEBEMEAREM X7V AT R Z) e V= 54121X. RNA 1

T IV —HIZZDE DD INEFNIN S ERFSHL, BFIASAT AN 30> TLEW, BlFI%
BRI RN TLEIZETHD,

TOHIFZE RS RNA RUAT— BT EIE S R L g U CRL, @k z Eie L
VLR BZ UL OELSID RNA T4 7 F) =28 FAUKL e o> TLEIZEN B A BID, —F
TEREEE KT 28BN ET 74~ —IZl L TWDHD T, fEREL TEED ENT
H~—HBELIZLR5 2 TH D,

= 5HIX RNA @ 20F “EHEO~AF—T N —T D INTHBIKR 7y MIBLE S 1L, BiK
PEDENZ L E R EAE T ABICITZ O BUKER RO BN, Bt L= EHoDfb5:
ERRIT KR IEIC U M IEE LD | BKPEICZ LN ETHD,

P92 BiZ, RIZICW SO AER LR G FOGIZ#S TE T, 2D b AHEfiH KA

VBRI B LS| S K CHEFUT- (R FE B L O EF 1)U 255 L@ I O34 X3
HFEVRELIL ZHEMEICZ LR THD, OO T 528 DEVIY AL LR
MEL, KA RNA RYAT—B TIRES L, BUKA CTRERBERILEEZG T 2L EAX
JUF VR ZV R BFEES ALAUL, SELEX IEIZRY @V EMEZ RS RNA 77 4~ — 356
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AIREIZ 2D eI S ND, FI2ZDII7 ML FERMIX /L AV R =D o ensBAs S hiuid, b
Effi RNAzyme <>{bHEAf mRNA OB, b P Ak iz A L TR WIFFEREBI T
HR G CEEOBSN O FEAT RNA DESE T REL /2 D70 K kR 2 7208 IS W RE& 725,

AETITREICHRHEDSHD, GRS LS TRIAENDLAHEM X IV AR =D R
DIBIH RERBEHFLTHD 2-0O-TNRTA)VFRTHE B U2, IR EAIVFEDO R H
JRFIEBED T VRNV A E A RETHY, flx OT VX NVEEHTDH 2-0-7 V¥ /710
WEANEEXIVF VR ZVBANEHAFRETHD, T TTAFNIELL TATFVE, =
FUE Fa L HEE AL AT VL ANEALE ZF L ANANRNEA LI Far Ll
NWSEANFEZ TV =V FRD 2OKBEEEANLE A LT 2-0-T VXV REANT YD
=V (Urem TP: 1a-c)2 5 kL. RNA 7R AT —BIZL DA AL ERGTT D2 &E LT,
(Fig. 2-1-3)

0
Ho.g_o.g.o.g_o N"~0
666 89 T THOTH T
HO \n« 2 \n« ~ \rr ~N \nr ~
o) o) o o)
Urem TP U TP 1a 1b 1c

Fig. 2-1-3 2-O-7 VX )V NSEANT YT = A BRORE IS
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H 2 Hi UremTP DILFE AR
2-2-1 3-O-TBS-Upcm TP DL

Bk

Urem TP 5T A28 9013 57KEREED =V M b aiER AL LT, 3-O-TBS-Ugem X771
#3K 8a-c # Scheme 2-2-1 |2t~ TERR LT,

(0]
ﬁLNH
LA
\(_,O N“~0 phenyl chloroformate 1.2 eq
7’?‘ koj pyridine 12eq
o,
SI,Q OH toluene, r.t., 2 h

triethylamine-3HF 1.5eq HO
triethylamine 3.0eq (o}
THF, r.t, 15 h H
T HO O__N.
hig
(o}
5a-c
NH
LA
TBS-CI 1.5eq DMTrO N0
imidazole 3.0eq
THF, r.t., 24 h H
TBSO o‘n’N'R
(o]

7a (R = Me: 71%)
7b (R = Et: 69%)
7c (R = Pr: 49%)
(3 steps)

DMTrCI
pyridine, r.t., 2 h

15¢eq

5% TFA
DCM, 0 °C, 10 min

(o]
fLNH
N ™0

k—#

s|—0 O

_RNH, 12eq }SI

pyridine, r.t., 14 h

4a (R = Me: 87%)
4b (R = Et: 95%)
4c (R = Pr: 88%)
(2 steps)

H

H
TBSO O__N.
hig
(o]
8a (R = Me: 94%)
8b (R = Et: quant)
8c (R = Pr: 86%)
(3 steps)

R

Scheme 2-2-1 3"-O-TBS-Ugem DA AEAT — A

3, SRS ey U 2 2B UBHC 7 a7 = = W2 S 2% Ry T AT )L ~&

EHLT=D B

Z@). VAR R TT NI AT I OGS E 2-0-T VF )L NS EA NI

VBEIR 4a-c HE LT, AW T 271 EL TEAT DT VRV ILE L TRBE 1
2.3 LB AT NVE, =T VI e VAR LT, 4a-¢c D 3, 5N =TT 3 Ty

LKt ThifrEL (5a-c). 5

57 KMEIED DMTY 1% %572\ (Ba-c), 3% TBS JTHR#

THZET 3, 5MEH#ESIZ 2-O-T VX LN REA LT FHEK Ta-c A LT,

7a-c ® DMTr 530K T TFA Ol

ZEopitRES L, BRIEL

3-0O-TBS-Ugem X714 K 8a-¢ DA IR LT,
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2-2-2 Upen TP DA
Scheme 2-2-2 |25tV ), 3-O-TBS-Upem X714 K 8a-c¢ |2 Eckstein HO i 1 2HEV .,

HUFIL TR AT 7 A M S BT-0OBI2, FEOTE R U BRO RN, avFEB A2 B2
W 373 TBS RS- =V e AR 9a-c #&8 Rk LT-,

[o]

1.
o o o o)
1.1
NH ©\)L P 9 3TEAH NH 3N NH
I 0" ~cCl Y — Y
N N0
0

HO '&0 2. tributylammonium H0.0,0.0,0~0,0 N“~0 100 mM glycine-HCI H0~0_0~o,0~0_0
(o] pyrophosphate 1.5 eq PTURTTR (o] buffer (pH 3.0) PTPTTR
0 0 O 0 0 O H
o 1 L
TBSO °\,f" . 3. 1% l, in pyridine-H,0 TBSO o*n’N’R 25°C,16 h HO oij R
o 4. NaHSO;aq o)
8a-c 9a-c 1a (R = Me): 40%
1b (R = Et): 27%
1c (R = nPr): 36%
(5 steps)

Scheme 2-2-2 Upen TP D& AT — 4

ZHNBPRRIZHL T, IERLOIE B A2 EIZ pH 3.0 D7V gy 77— 25 °C
TAYFaX—hkL, TBS DO ifri#ELZ BT/ HFIP /Ny 77 —(8 mM HFIP, 0.1 M TEA)- X
% ) — &z RP-HPLC ([Z TR L | b/ A o4 "H-NMR TREHTL72&
AT IFINHNREANVIEN 3NLITENL L= RIS BSOS 6 (o7 ah v )

VMBS, (Fig. 2-2-1)

3-O-methylcarbamoyl i [ 2-O-methylcarbamoyl

J L
" . . . : : . ! . )
00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.
f1 (ppm)

Fig. 2-2-1 B3 k&7 1a DS 6 2D 'H-NMR A~ L

TIVF IV TIVSTANFEOENLT 3TKIEFE D REER BTV 570 RS T T
I A2 &N TSNS, RP-HPLC THW= HFIP /Sy 757 —1% pH 7% 8.0 ThHT-8H
HPLC B8 Z 7 L )L L R EA )L FED BRI Z 72D TR EE 277,

ZZTETIE RP-HPLC HH#UZH WA Ny 77 —% pH 7.0 ® 0.1 M TEAA o7 7—|T%
B3p2llllz, Z2HHEHWT HPLC ML, A OEA R LT 2A | BRI &<
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ZLlC R EILT, (Fig. 2-2-2)

M 2"-O-methylcarbamoyl

W \4
Vit A Ao oot e A ! VAt NI AN A e AR A A v

7.95 7.90 7.85 7.80 7.75 7.70 7.65
f1 (ppm)

Fig. 2-2-2 TEAA Ny 77 —% T HPLC ##IL 7= 1a DIF L 6 2 'TH-NMR A7 kL

0.1 MTEAA Ny 7 7 —% WD Z LTI 3712 1a-¢ & HPLC /L C& 7oy, o
X TEAA /X7 7 —% W T2 DI N 2T L 7 B =0 M L 7e > TD, &2 CHRE L
BT R D 1a-¢ 2D BEDAY ) — /WIS, 50 {5 &0 0.6 M iE RN LDT
TR ARIREINZHZETHFN Y AEA~LETL, 7R NACRELLTZ 1a-¢ ZE DT 58
IZEDIEE L CEILL, B O 1a-c OF R Y L2 40, 27, 36% CTHHZ LN TET,
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/ﬁ% 3 E/ﬁ URcmTP @1’[2%%‘@’5@%471%
AKEITIE, AL FEERLTIZXIL AR =V Thsd 1a-c DALFRIE L LT, Bk
EHEN SOSIZ DWW TR 52 8 E LT,

2-3-1 Urem TP DBR/K M D FAfl

AEIBAFELZ 1a-c (TN NEANDEREFIIATF VI, = F)VEL T e Vi noiz
BOK2 T VR NIRERTTHO T, RRBIDOX LAV R Z )l el UC, Bk D A E
LIEPIRFSND, KRR XL AT REEEA RNA [E AT 2L TEIUE, RNA OF
WAE GRS HIZIZ RNA 27 7 2~ —L L THW B A OER L O A e Y 2 E %
HIEMTEDLEZBND, TZTAHREIBIFR L 1a-c BXOUE Elc#@Eshiz 2-F-UTP
(UFTP)& 2-OMe-UTP (Uome TP)& Uen TP (Fig. 2-3-1)% RP-HPLC % VN CER K D FEf &
BTN 52 80T,

o)
- 0 o E‘LNH I I |
Ho.q,o.q,o.q,o N’L\o X= F o O._NH,
A A o)
O 0O O (o}
HO X UTP UoweTP U, TP

Flg 2-3-1 UFTP & UOMeTP & UcmTP @*%ii%
72T UTP & K(UTP., 1a-c. U TP, 2-F-UTP, 2-OMe-UTP)DF N A% . 10

nmol 3°-> RP-HPLC (0 to 10% acetonitrile in 0.1 M TEAA buffer, 25 °C)% I Tor#rL
72, (Fig. 2-3-2)
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UTP  _ » , JLM

UTP _k

UOMeTP A~ —J\
\
UCmTP A _ [\ _
1 A
a .
1b \
1c A \
0 10 20 30 40

Time (min)

Fig. 2-3-2 RP-HPLC % f\ = B K P D FEA

Fig. 2-3-2 D FAZF VT, HPLC ORFFIFRHIA R WS DIZEBUKMER @2 2R L TE
0. KIKD UTP Ll L TR T HES UTP 2BRKIMEN mWZERbo Tz, ot DH
TR BT L2 Uom TP I3 Ecb B PEAMEKL , UTP IZIDWWVRFFRE I &72 o Cnd, RIS
HEINT 2-F-UTP & 2'-OMe-UTP [3RFFIF 2NT LA EEDLRN T EN D, [ DBRK
PEEF L COWDIENRIBEN, FIATNVEER TS 1a bRIFBEOBUKIETHDHZ EAVRIEE
Niz, = TZFLIESLT e L EAE AL 1b, 1¢ TiE, 2°-F-UTP %° 2'-OMe-UTP LIt
L CIRFFREFI NS HIZRL MW BUKMEE AL CODZERHLMNICR o7, o 1b & 1c %
BT BE 1 DS BBKPER BRI IULT VXL D IREED T B IV IED RN -8
72EBZHND, ZIHLORERLV A BIFR L7 1a-c 13 BTl S S b AHERi X /L A4
=Vl bt U, A1 LL R OBUK M2 2471 :ﬁbfv O EDR DT,

2-3-2 G9HEEEME ST CORANL SUS DR

1a-c /% 2, - AVA— /UG THLOHEBI AR —AD 20K EAZT VxRV TN SEA)AE
iz L CRY, 3TKIMEED RIZHEBEIZLD T VX VI SEA VIR 3IKEEFIZHRAL§ 5,
FZERIZ pH 8.0 @ HFIP /Ny 7 7—% T HPLC KA 35 2 72 7= BRI T BN DO A T2 e
STz, 22T, AMFFED B B ET D b ER RNA ZEEE B AT 2DV RNA 7RY A
F—BIE—MXIT pH 8.0 (T2 Fi# pH ZFF272 | RS U T AF NN SEA )V FE
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WEENLTHZEB B ZHID, £ZC 300 nmol D 1a-¢ BL, il BRGNS EA
LVHEEH TS U TP %. pH 8.0 ® T7 RNA FUAT—F DK/ 77 —(pH 8.0, 40 mM
tris-HCI, 10 mM MgCl, 2 mM spermidine) 750 pL #C 37 °C TA > F=~X—hRL, (LD
#17% "H-NMR I THITEL, 5 (D> 7 F /LD i 3-0-T VX LIV SEA UARDIFLE
AR L7, (Fig. 2-3-3)

N W
o o

100
<90
= 80
£ 70 ou,TP
Ko}
& 60 ®1a
O
250 1b
T
3 40 1c
I
©
2
T
o

—
o O

0 30 60 90 120 150 180 210 240
Time (min)
Fig. 2-3-3 pH 8.0 TO T /L)L 1L SE A )L FEDERAL SO
FOGAEEE: pH 8.0, 40 mM tris-HCI, 10 mM MgCl,, 2 mM spermidine

Fig. 2-3-3 Ot Fb, 1a-¢ BE N Uen TP DETIZB W TERN SRS V-, 72, HRAT
B X, T VEOESHE D UanTP, 1a, 1b, 1c DIETHEWZ b7, ZHUET
RNV EDREWNEDIZENAREE LB GIED L WAR= L O REIRFORKEFE
PME T L2072 8E 26D, FINbORK 4 R OA FaX—a T, 7%
AN SFANVFERBBEL | UTP ~EZEHS 2 D1E NMR D7 F /L ClIfERS au7ei»

7,
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% 4 81 Upem DRI KOV RIZ DUV T OREMZe G
25 3 HIDOMEHE R0, Upem TP DL/ STA NVEEDE IS 7 C 37K FEI TR 35
ZED Tz, TT RNARY AT —BIZEHHDIAZSOEE pH 8.0 DIENESAT T TR
SDIN— R CID, . B STEALEDEE L T7 RNA KU 25— 1252 Unen TP O
DIAB OGO NI R ES BT HZENTRRIND, LT, Hx OFEER T TOANE
ANVFEDFENT SEZ . "TH-NMR LB O\ HPLC & W C RO R R L=,

2-4-1 Uen TP % W 2R K OV B

[ZUDIT Uen TP(4 mM)Z T7 RNA 7RY A5 —F D E# /S 77— (pH 8.0, 40 mM tris-HCl,
10 mM MgCl,, 2 mM spermidine)lZ¥&fiEL . 37 °C T 4 B A F =2 X—hL7z, KIS%IE
10 f#IZK THIRL RP-HPLC T4 #rL7=, (Fig. 2-4-1)

U, TP L
incubation 4 h 2 F}\L/ 3-O-carbamoyl

UTtpP A¥

0 10 20 30 40
Time (min)

Fig. 2-4-1 Uem TP % F BRI L OV R S
FOGAEEE: pH 8.0, 40 mM tris-HCI, 10 mM MgCl,, 2 mM spermidine

Fig. 2-4-1 OFERND, A FaX—Tal Gl LIRS ToE—2 08 Usn TP KOS VR
HHRENCBLIS L7, 24U Fig. 2-3-3 THHERIIE 3KV SEA VDL L
TALEWTE LB 2D, Fo U TP OERNIIETF /NS e — 7RISz, ZHHI30]
WOIHTLT UTP OE R LT N2 E35, UTP Tho alREMEAVRIBS N, — 5, — /%1
(CXIVF VR =D BRI 3 2 52T T fRL AV AR ZY i /EL D28 b T
B, ZHELHXILA VR ZVUBOY — 7 DEFTIOE IR THHZen b, 4 BT L BLHI
NI =T RUTP 72D RZI VAR VOB 52 EN R EECH -7,
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2-4-2 Ueom X7 AL R % AW TERAL 36 L OV R OIS

Fig.2-4-1 DFEBRIZB W T, RS TAETTZE =20 UTP 2207 Uen D U MBI T
7o TZHH LT, UTP & U TP O BRI RP-HPLC DR HFERI AT 2 & UTP
MU AR 2 B ) S 2 A T HZEN RTINS, T TUVD L LB PER TR
DD ZVRREE A ST Ueem DRIV AR Bb & W TR sz BB L=, (Fig. 2-
4-2)

5b

ﬂ

incubation 1 h t

|

v 3’-0O-ethylcarbamoyl

incubation 2 h

incubation 4 h

incubation 24 h

incubation 48 h

% Uridine
AN

0 10

|
|
|
|

|
|
|
|
|

30 40
Time (min)

Fig. 2-4-2 5b % FW - HaAL B K OV R
FOGAE R pH 8.0, 40 mM tris-HCI, 10 mM MgCl,, 2 mM spermidine

Fig. 2-8-2 OfE RN D, Bb DT LAV /ST A NVIEBERNL LT AR S 21 53 OFR R
e —2% 5.2 Fi2 24 Bt DT —HIBED LRI 2-O-=F )V A1)V EA VR 37-O-
TF VNN TEANART 41: B9 LIRDZEnibonoiz, FloA v FaX—MEMIZEFIL TR
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HBAAGEOK 7 RIS 28— 7 BIHIS AL, BRI LTeD Y D% R & —E
FTHIEND, ZF VN SEANVIERBBEL CTECTD I THHI LM yhoT, —fRIC
Fe BT IRE G LT T VSV LS A )V S BB~ A I I X R ORI St S LT
IRFNZR S COMBEIE N-T 2 AR E & hii T BN D 20 53, TN LT pH 8.0 &\
STERFZRGAETYIV L O 2KFEIITFE A LTI T VX I SEA VIR BB SN D2 L%
BADMNICULTZ, 23T 27, 3 -V AU — U D pKa ¥ 13 L— %1727 va—)L D pK, TH
% 15 Xhb/haL mWIBEREZ A LICoDIZEB 2 bivd, 22 TArFaX—Ta Rfic
xt9% 2-0-=F NNINNEAR, 3-0-=F VI /L 3EAAR, Uridine D bhEREZE—7
RN SEIL Y F7 e 7y LTz, (Fig. 2-4-3)

100 ()
90

80 O 2"-O-Ethylcarbamoyl
70
60

O O 3’-0-Ethylcarbamoyl
O
50 8
O

O Uridine

Ratio (%)
O

w| O o
30
20
10

0 ([T —
0 10 20 30 40 50
Time (h)

Fig. 2-4-3 5b % I\ \=#a0L 3 K OV i SO O RE 2281k

TZ 7B L L2 2°-O-Ethylcarbamoyl R DE| 4 72580 L . 3-O-Ethylcarbamoy! &
DENGN—E EFHLTZOBIZE L TWAZER GRSz, ZIUTE TR NEX-0OBIC
TTF VAN NFANVFEOBBEN DTV AR ISNT 2O T2 B 2 HiD, £k L
HIZVVTOFIE N, 48 FFEZIZITHK 18%DTVIV U ELTHLI LN DT,
FI2TTIMOINNFA NV FEDEANLIZ LR TN SE ANV FEO BB IARD TENZEH D
molo, ZZTENENDOCDREFERZ RDDHZEE LT, £T 2-0-=F LI/ NEA )L
% AL 3-O-=F WINNEANVARE B, VI % C LT HEROKIEA T/ RTIENTE
Do

&=

ﬁ(;s>
n<}m

I TIHEETEEL Ky ko 12T Koy ko 13 H0I2/ SN T L& AEEREALD ks = ke 3T

86



PIL, RO IH 72 S RUTE XL 5D,

n(§>
&=
O«

ZZTENENDIRELLEZAL [B]. [ClEE L RO ER AT,

% = - ky[A]+ & [B]- k;[A]
= -(k+ k) [A]+[B]

B 4 1o [A]-ko[B]- ks [B]
Ukt k) [BI+K[A]

A — kA +k 8]
= k([AT+[B)

ZZ AL [Bl. [CIIRE LR TH D=8, IRAD Y D,
[A]+[B]+[C] =1
ZNHID[CNIRD IR ES,

4 - ka-1en
[C] = 1-exp(-k)

[ClDfER B, [AlL [BIOAFHIRD LI R TR LN TES,
[A]+[B] = exp(-4t)

ZZTIAIL[BID HLRE[A LB LEL L [ATTROA A2
[A*]+[B*] =1

d|A*
dt

aAY
dt

ZOWG HTRRAEMESZEID | (AT, [BUTRDISITKED,

1= k,+k, exp(-(k,+k,)t)
k,+k,

—

= ~k[A*]+15[B*]

=-(fa+k)[A*]+k,

[A*

_ kyk, exp(-(k,+k)t)

*
[B ] k,+k,

ZZTAY. BUEAIEBID AR L TSI EE, [AIL[B]DAEEDS exp(-kat) T HIEND,
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_ k,+k, exp(-(k,+k)t)

[A] = b ol

exp(-4k;t)

k,-k, -(k,+k,)t
[B] = e)jcpl(+k2 ) exp(-k;t)

LN NDBEE IR AR IO B L TR T TEACE T, ZORRE HPLC F—470%
ROIEEBEOHRE A NDZET, ky = 0.471 (W), ke = 0.326 (h7), ks = 0.00410 (h7")&sk
DB, FZFEBRIT ki, ke EHEEL T ks 3 “HT/NSWETHDHZEDN DY | ks = ks ELTZITEL
WEM ThHDHTENRENT, FFERIETO ki, ke DLLERIT 24 BRIH DT — 2% FNT
W3, A ke ke DA BT 288121 8 R ETOT —HE V-, ZOHHBIL T,
PHIER K 28O TBRIC K BED ke 3R R & 723 720 T 5,

—

Ax]
= K= =
1 [B+]..

In((14+K)[A*]-K) = -k, (1+K)t

R‘LIPC'

ZNBIVEE IR O X7 A=,

[A+]-[A+],,

¥-K=

ZZ T e R AR L - BRI A S A AT SE BRI 0Y 0 1SSV TLEN,
ZDTDO[ADREZEN I T 7B N TRELIR>TLED), ZO72D I ER K 2 3KD DR
(W 24 BEE#% OT — 2T O T ki ke DEZEF LT, 2RO FIEE AW TEE
L7z ki, ko. ks 2 FHWTIALL [B. [CIORRIZE LA FHR L 7y hLTEZ A FERIEE TV MEZ
EHTEMG A EE U B EROEIL D RIS Z R E TODIENRENT, (Fig. 2-4-

4)
100 ()
90
80 () 2-O-Ethylcarbamoy!
70 () 3’-O-Ethylcarbamoy!
S 60
3 Uridine
S 50
k) — 2'-O-Ethylcarbamoyl (calculated)
40 — O O
30 — 3’-0-Ethylcarbamoyl (calculated)
20 Uridine (calculated)
10
0 (O—2
0 10 20 30 40 50

Time (h)

Fig. 2-4-4 5b Z H\W 2ERAL IS KOV AR RS O IR 2L 3 J O I fE

Fig. 2-4-4 7 Z7128\C, BHILTZ ki, ko\ ks Z VW TEHRLL 72 2°-O-Ethylcarbamoyl
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{A. 3-O-Ethylcarbamoyl {&, 77U OEIE O T IRIME(E SRR #HR) I BRI (F A FL)2
70D7}‘éﬂfi:&f)‘%%)\ J:%E@ ki, ko. K3 @%Hﬂiﬁ‘%%f&)éi&ﬁi@ ki, ko. K3 @1ﬁﬁ§
ELWZ D RS I,

2-4-3 Flix D/ 77— U)K W TZERAL IS KOV iR RO
Ueem XZL-A R Bb & T7 RNA ARV AT —B D i N 7 7 —% T 0 R SO RITEO F
ECHEEBD R WTREZR 2L D) o7z, 22T T7 RNA RUAT—B DG Sy 77—
'pH 8.0, 40 mM tris-HCI, 10 mM MgCl,, 2 mM spermidine | £V > 7=/ RIZ /2 > TERY | 1
HMEDNRIZ T TR T R DAT L RAAIVIV U IMEEL . 2SS 36 L OMEAT
(BT DA REMEN B 2 bz, £ZC, pH, EORE, 2 flif4r OFE, Z-LIT 0D
HIE Ny T 7 — DR E AT L, & & 53R BOSPERNL UGS E D K72 5 B 5 2 57>
D EEUT, ARTZRMTLL T DB Th D,
-pH 8.0, 40 mM tris-HCI, , 8 mM MgCl,, 2 mM spermidine (Figure 2-4-4 THu 7z)
*pH 8.0, 40 mM tris-HCI
*pH 8.0, 40 mM tris-HCI, 8 mM MgCl.
*pH 8.0, 40 mM tris-HCI, 2 mM spermidine
‘pH 8.0, 40 mM U g )KL
‘pH 7.4, 40 mM Tris-HCI
‘pH 7.4, 40 mM U g )KL
*pH 6.8, 40 mM tris-HCI, , 8 mM MgCl,, 2 mM spermidine
F72 Urem DIEIEDIEN D3 fif LERNL OB LT -2 D5 B %~ 572912, TpH 8.0, 40
mM tris-HCI, , 8 MM MgClz, 2 mM spermidine | D414 C Uem, 5a, 5¢, 1b (22O T [RIEE
(R TER AR,
PLEDFERZ R —2 0 Table 2-4-1 [ZF D72,
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Table 2-4-1 #AVAMOTE 2 OFEEIR P CTO S IHEE

1

2

3

4

5 6 7

8

Uecm
(T7)

Uecm
(Tris)

Uecm
(+Mg)

Uecm
(+SPD)

Uecm Uecm Uecm
(Pi) (Tris™) (Pi™)

Uecm
a7*)

ki

0.471

0.225

0.231

0.227

0.345 10.0282 |0.0919

0.0113

k>

0.326

0.156

0.162

0.159

0.241 0.0197 ]0.0644

0.00879

ks

0.00410

0.00209

0.00210

0.00209

0.00181 |0.000260 |0.000264

0.000162

9

10

11

12

Ucm
(T7)

Umcm
(T7)

Upcm
(T7)

Ueemm TP
(T7)

ki

2.95

0.540

0.302

0.224

k>

1.85

0.367

0.214

0.188

ks

0.0235

0.00963

0.00190

0.00253

T7: pH 8.0, 40 mM tris-HCI, 10 mM MgCl,, 2 mM spermidine
Tris: pH 8.0, 40 mM tris-HCI

+Mg: pH 8.0, 40 mM tris-HCI, 8 mM MgCl,

+SPD: pH 8.0, 40 mM tris-HCI, 2 mM spermidine

Pi: pH 8.0, 40 mM sodium phosphate

Tris*: pH 7.4, 40 mM tris-HCI

Pi*: pH 7.4, 40 mM sodium phosphate

T7**: pH 6.8, 40 mM tris-HCI, 10 mM MgCl, 2 mM spermidine

ZNHDFRERIZONWTLL FDOIHNTELZELT-,
Tris-HCI |2

BiF5 Mg* & spermidine D %h 5

511,2,3,4 b %L Tris-HCI (2 Mg** & spermidine O] 5N Z 72511 O

SN

WIS LI G EBRNF 2, 3, 4 LEGERL Tk, ko, ks D3NN THRELRD, — 7, 51l 2,
3, 4 CHEEHITE TRV, LA > T Mg?*E spermidine (X2 603545854128

O TGO

VXA IV SFA L EEDEENT 35 OV R

EETDUERDDLEN G312,
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IWRAEFL, ZNHOW I %E&Te T7 RNA polymerase < )i/ N7 7—HT




Tris-HCI LV Ny 7 7 —@ Hriig

B2 55 b L Vw77 —% W F 5 Tl ki, ko 1351 2 120~ K9 1.5 {51
HINL TS — T BBERUSD ks IXFRREE THDHZ L DT, VAR 7 7 =123
FH LTI NID LT PFAET D03, WIS IETHD VAR =)L LTV IE Th 5
F R BAF U EARPER B L R DMEESNT=D TIIRWDNEB 2D, ZOFERMNE, 17
EBVUR N T 7— LD I EBNTUE, Tris-HCI AR 1T, /473 FA )V FEDS FLER AR AT
BEOGIELUIZSWRIE TH D 20357,

Tris-HCI ® pH 2L 5%

512, 6 5L Tris-HCl Xy 77 —D pH % 8.0 105 7.4 LIK TEEHE ki, ko, ks T
H 1A —F—F /ST, ZOFERNG, IV STA NV FEOEN R i I 72 55
A pH 2K FEEDZEBH B THHIEARIBITZ,

T7 307 7—0 pH IZX D%

51,8 #tb~5& T7 /X7 7—(40 mM tris-HCI, 10 mM MgCl,, 2 mM spermidine)® pH
#8.070°5 6.8 LIK FSEDL Ky, ko, ks VT 4D 2 A —F —FD/N&poTe, ZORRND,
Mg* & spermidine 3 FAEL TV T, pH DMK T35 &L N EA )L FEDHRAL 045 i TN
SNAHZ LRI,

UL e/ 7 7—D pH IZLD 5%

B 5,7 e _BEV 77— pH % 8.0 )5 7.4 [TIK TSHDHE ky, koy ks W T HUH /1
SLpoTe, FIZFIL pH 7.4 @ Tris-HCI Ny 77— D SR (F1] 6) LV N D LSy 77 —D
FERG TV a i 28, Vg7 7 —0 RN E N R EL EEl>THDZED 005,
ZAUL Trsi-HCl Ny 77— F A L TEENDHN AR BX T I/ A7 (pKa: 7.72,
37 °C) 73, pH 7.4 TIRFZEAER I F A ALESNTEY, NUAERaX LTI/ AZ )3 ik L
TRISEARMET DN TERD ST EE 2D,

ANISNEANFEOIEIE S 2 5B

F11, 10, 11 OHEND, ki, Koo ks 1ZT7 LV F VOB RSO RELHITIK FL TN ERN
DNDL, ZOMHBELT, TAXNVEPERTHZETT R NVEOE TG EmL, 7
VXL TV IRTEANVFEF DNV R=IVDRFEDRKEFPEIME F L7202, VR =/ R
FANDOREBEPEL LKL IR0 72 B 2605, FT-MBEOELL TiX, I E
ANVEED NH OFabhy D5 ZHREEERELIAEBELEZ 2 OND0, THLDOETHLT V¥
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IWENERTHETT VRNV EOEFHEENENEML . NH O pKa 2322 & TG
HEMET 722082060, TAXNIENRAT NLIENL T B L EEALHIR 358 #5(7
DFJE TERC Ky ko 1359 B0% DR F 92 DIZR L, BB B EI ks 1359 20% DIEIZ
K TLTWBIENDDD, 2, BBESSIE5FINTE T TR FH L THATZ0,
TN IO A G TR TR RO B ESICE KRS T OB ORI
REUERTU, BBEEE N REED LT B2 LD, ZTIHDFE RN, IV SEA LD
HANL RO RSB 72 555 51 T7 RNA AR AT — B A T NI W Tl mn 77 L
NG ANTHZEDNH B THHEN D o7,

S5ND =V DR %

FI1 LFN12 2T 28, BN =V MEA T AT HIEITEY | BEALH S I B S K>
LT TS, ZIUTABMERTH IV FEOREET 2, -V AV A — /LD pKa
D EFH U TEMEDN B 2515, FT2 Ueem DXZL AR Bb Z HWZEEBRTlX, Eoy 77
—HFHWCHEHNRIETD 2-O-F /LI REAURE 3-O-TF )L IV SEAARD L
FL 41:59 THSTDIZXKL T, 4 EID 1b Z A FEERTIL 46:54 Lotz ZiuT =V
R ERAL O 8 B SRR ME DT 3-O-TF )L AN NTA RO EME DB 72 b =207
EFZ 25, T7T RNA RUAZ—EBD RN D Upem TP DAV /NEANVFRIIX IV AR
Urem DIV SFA NV FE LI L ENAFAET DTED 30072,

LIF, ERRodE ek oB BIc W=7 77 (FEE: A, THME: ER)E2S 50
T, ZNDMD, D7t 4 REETIX 2060035 3N A~D AT A NV FEOENL T HEIT
BHOD, TV ~OSFRITIFIEEITL TORWIENS DD, LU EORERICIESE K
TIXEERIZ Upem TP % T7 RNA R AT — 8% VT RNAIZEIA T SRS I DUV TR LT,

92



() 2-O-Ethylcarbamoyl

() 3-O-Ethylcarbamoyl

—(— () Uridine

— 2-O-Ethylcarbamoy! (calculated)

Ratio (%)

0
y

— 3™-O-Ethylcarbamoyl (calculated)

— Uridine (calculated)

0 RDO=0—
0 10 20 30 0 %
Time (h)

Fig. 2-4-5 Tris-HCI /37 7—(pH 8.0)% F\ /= Bb D#in(ir 33 L OV iR SOt D BF I 28 b 36 KOVl

Tris-HCI buffer (pH 8.0) with 8 mM MgCl,

100 O
() 2-O-Ethylcarbamoyl
() 3"-O-Ethylcarbamoyl
X O— ® () Uridine
i)
T — 2"-O-Ethylcarbamoyl (calculated)
14 O
—O —0
— 3-0-Ethylcarbamoyl (calculated)
— Uridine (calculated)
- S \A‘
A———
30 40 50
Time (h)

Tris-HCI buffer (pH 8.0) with 2 mM spermidine

100 ®
(O 2-O-Ethylcarbamoyl
() 3"-O-Ethylcarbamoyl
2\;, —0O— - () Uridine
5 — 2"-O-Ethylcarbamoyl (calculated)
o
g Y— :
— 3'-0-Ethylcarbamoyl (calculated)
— Uridine (calculated)
e O — ~
20 30 40 50
Time (h)

Fig. 2-4-6 77 —H O~ T X AT BIOARILID U DOED Lk
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(O 2-O-Ethylcarbamoyl
() 3-O-Ethylcarbamoyl

e ~ PR

< () Uridine

o N —O O

3] — 2-O-Ethylcarbamoy! (calculated

1d —O— - Yy vl ( )
— 3-O-Ethylcarbamoyl (calculated)

- Uridine (calculated)
R g
20 30 40 50
Time (h)

Fig. 2-4-7 V37 7—(pH 8.0)& FV /= Bb DBRAT I3 X OV iR S ORE I 28 b 38 L OV T M

Tris-HCI buffer (pH 7.4)

100 O

Ratio (%)

Phosphate buffer (pH 7.4)

20

30 40

Time (h)

100 O

Ratio (%)

40

Time (h)

50

(O 2-O-Ethylcarbamoyl

() 3"-O-Ethylcarbamoyl

() Uridine

— 2"-O-Ethylcarbamoy! (calculated)
— 3-0-Ethylcarbamoyl (calculated)

— Uridine (calculated)

(O 2™-O-Ethylcarbamoyl

() 3"-O-Ethylcarbamoyl

() Uridine

— 2-O-Ethylcarbamoy! (calculated)
— 3"-0O-Ethylcarbamoyl (calculated)

— Uridine (calculated)

Fig. 2-4-8 pH 7.4 DXy 7 7 —% MW Iz Bb DAL I KOV BUG ORI 22 b3 LUV PRI
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Ratio (%)

Ratio (%)

0o ‘ 50 100
Time (h)

150

() 2-O-Ethylcarbamoy!

() 3-O-Ethylcarbamoyl

() Uridine

— 2"-O-Ethylcarbamoyl (calculated)
— 3™-O-Ethylcarbamoyl (calculated)

— Uridine (calculated)

Fig. 2-4-9 pH 6.8 D3y 7 7—% H\ 7= Bb OIENT 38 X OV R RGO R b3 SOV

100

20 30
Time (h)

50

(O 2-O-Ethylcarbamoyl

() 3"-O-Ethylcarbamoy!

() Uridine

— 2"-O-Ethylcarbamoyl (calculated)
— 3"-O-Ethylcarbamoyl (calculated)

— Uridine (calculated)

Fig. 2-4-10 T7 /Ny 77 —Z /2 1b DERALIS KOV RES D RFRIZ b3 KOV HIME
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UmXZL AR
100

90
80 () 2-O-Carbamoyl
70 () 3-O-Carbamoyl
< 60
o< T
8 Uridine
S 50 O
e 40 — 2"-O-Carbamoyl (calculated)
30 - 3’-O-Carbamoyl (calculated)
ey — Uridine (calculated)
10
0
0 10 20 30 40 50
Time (h)
5a
100
90
80 (O 2-O-Methylcarbamoyl
70 () 3™-O-Methylcarbamoyl
3 60
P e
0% Uridine
o 50 O
& 40 — 2-O-Methylcarbamoyl (calculated)
30 — 3’-O-Methylcarbamoyl (calculated)
20 — Uridine (calculated)
10
0
Time (h)
5c
100 ()
90
80 () 2™-O-Propylcarbamoyl
70 () 3"-O-Propylcarbamoyl
< 60 -
X e : () Uridine
% %0 \—/Z'OF’ Icarb: | (calculated
— 2"-O-Propylcarbamoyl (calculate:
40 —O— Py yl( )
30 — 3-0-Propylcarbamoyl (calculated)
20 — Uridine (calculated)
10 Ve
-~ O
0 (COO==L
0 10 20 30 40 50
Time (h)

Fig. 2-4-11 T7 /Ny 77 —Z& FIWe & X7V A RO I L OV RS DIF 2 b 36 KOV T HIME
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58 T7 RNA RUAT—PIZLD Upen TP 2 W2 HE 5
AHITIEL Upem TP TS 1a-c ZHWT, AL T DL HEST RNA OFFEE A RRDTH K
SR T7 RNA RY AT —BICE DR G OGEMRFT 52 e Uiz, FoinG 3504, b7
ABRETIE A RN R R R THD 99-mer @ Spinach RNA 7 7 #~— DAL,
Spinach RNA 7 7% ~—%a—RL, T7 70E—&—(FHia A 15 _5E8 DNA Tho
T7 dsDNA % 17 L(Fig. 2-5-1), T7 dsDNA & 1a-c Z W TH GRS 2R IR LE LTz,
Sequence of T7 dsDNA

5-d(GCGTCAATGGTAAAGGCGTCAAGT TCGAGCTGTATAATACGACTCACTA TAGGGAGACGCGACCGAAATGGTGAA
3-d(CGCAGTTACCAT TTCCGCAGT TCAAGCT CGACATATTATGCTGAGTGATA TC CCTCTG CGCTGGCTT TACCACT T

GCT GCCCAGGTCACGAAGCCGTGACAAC TCAT CTCACACT CGAGGCATTGACCAGCGCAGT TTGCGT TTGCGT TT)-5
CGACGGGTCCAGTGCT TCGGCACTGT TGAGTAGAGTGTGAGCT CCGTAACT GGTCGCGTCAAACGCAAACGCAAA)-3’

Sequence of Spinach RNA

40
5-(GGGAGACGCGACCGAAAUGGUGAAGGACGGGUCCAGUGCUUCGGCACUG
UUGAGUAGAGUGUGAGCUCCGUAACUGGUCGCGUCAAACGCAAACGCAAA)-3
50

Fig. 2-5-1 T7 dsDNA 2 1* Spinach RNA D%

2-5-1 T7 RNA RV AZ—EZ W BR G s

Ny 77— T7 == 17 1.0 yM T7 dsDNA, 4 mM UTP #FHERUTP. U TP, 1a.
1b. 1c. UrTP. UomeTP). 2 mM NTPs (ATP, GTP 3310 CTP). 4 unit/uL T7 RNA KU AZ
—E% 10 UL DL N7 7—H1C 37 °C T 4 FEF G S W72, SUG#1E 10 unit © DNasel
ZURINL 37 °C T 30 A FaX—hT5ZL T HIH DNA 20fRL7-, A F2~—h
%1345 I3 (10 M urea, 20 mM EDTA, 0.05% (w/v) BPB)% 10 uL iz, 1 43 90 °C
TINEAS D2 L CRER UG A5 Ik S T2, £92 7 11T 60 °C IS 725 PAGE T4#T
L. SYBR Green |l TYL7=DOHIZ, FNNT F I — |2 L8 a2t L=, (Fig. 2-5-2)

UTP derivative = U U, 1a 1b 1c Ug Ugye —
100-mer —— — —r ]99-mer RNA

50-mer
40-mer

30-mer

20-mer

lanes 1 2 3 4 5 6 7 8 9

Fig. 2-5-2 1a-¢ % =855 S
HE 5 AR ET . 40 mM Tris-HCI (pH 8.0), 8 mM MgClz, 2 mM spermidine and 5 mM DTT

Fig. 2-5-2 [ZBW T, L— 1 [ RNA O A X~—F—&L T 20, 30, 40, 50, 100-mer
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® RNA ZUkEIL T2,

L—2 2 X UTP #FE(ALL T UTP 2 W TRY, RIRDXIL AR =V RO % V-
ROT 4T arba— L7,

L—2 3 TlE WZBHFELTE Uem TP 2 W BR G L7 > TR, L—2 4-6 [I45 FIBHFR L
1a-c ZHWWTHER G L7 iR &7 D,

L—2 7, 8 IR OO E T ES N UTP #5358 T UrTP, Uowe TP & FV 2H5
BOFERTHY, L—r 9 TIRAT 47 20 ba—/L LT UTP B8 A2 RINE 4 ICiz 5%
BT,

UTP 38 RAIRINLTI-L— 2-8 (28T, 2 TOL—2 T 99-mer DEREFEY) D /SR
DRIz, MG HEN O BT RIRD X7V AT R =V fia FW - —0 2 Db <,
AR LT 1a-¢ ZH WA ITR BB LT VXV AR/ U TP &2 VW

o LOGIRGREY &)V DRl ol 1a-c ZH\W-L—2 4-6 THlg 358, L —2 4,5,
6 DNECTHEEPEW) BN D0 o1, , T2 1a-¢c ZH WL —2 4-6 TiX 40 XL 50-mer T
GG FEAS TN RN BBz, FZONURITHEEEEY E1 D720 Uome TP %
WL —2 8 THhiERENS, ZZ T Fig. 2-5-1 ® Spinach RNA OEZFI[IZ#E H 4 5&., 40-
41 FHPBLO50-51 FHIZ U B OTIBHHIEN 0035, Uome TP IXRKIAD UTP
EHIE U CTHIA B SRS NI, I BED 77 TR G SRS L E ST D T2k
BEzoib,

ZZC, IEEEY R E 'R 5720, [AEROFERRE 3 Bl IS EYEE
Image-J ([ZTHEH LT, SHIZEDVEEENGER G522k | F2 3 BIOFEBRNHIEHE(R
ZbHE ML, (Fig. 2-5-3)

100
100 = 86

I, 67
I 61
43 I

[ 27

I

(o]
o

[«2]
o

N
o

Transcription intensity (%)
N
o

4 1

o

U U, 1a 1b 1c U Ugye —
Fig. 2-5-3 1a-¢ %\ \ 72855 G0 8 B AR EAT

Fig. 2-5-3 1345 FZRICIITHRAD UTP & W BR DR SE #% 100 LT, 4% UTP
M B OB G REM DR e 77 BIUWY 77 LOTFITERL, 27—
— IR ZEZ KT, U P, 1a, 1b, 1c ZHET 5L, SV EKKEIOR)»HH DT
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Y, TRV EORESITIEC TG ED EDBBD L TWDLZENEEMICHD ST, &6
(ZRATT 47 arha—LThdH UTP R 7802 >7-b DT 1% LU T O GEY) RS
7o, ZAUE CTP OIS 4 (DT EDNKFTT 7IR—ar 3528 TUTP AL,
TRV EIRLTZTED 2 ThHEEZ ZTUD,

L EOFERND, 1a-¢ 13 UTP 5K T T7 RNA RUAT—BDRE L7220 | AL HE A
RNA OFEF AR WSS ATREME S RSV, D — T, & 3 HiTHLNILELD
12, 1a-¢ 1 T7 RNA RV AT —F DR i/ X7 7—Tdh D pH 8.0 DAL T Tliafr 4572
EEEFE L 4 mM 101 2-0-T L F LB L SEA AR PEFE B L COBIENE 2D
5, ZZCUTP FFERORELZIOICHELSTHIET, BT EY ENSH KT 20 TIIRV)
EFEZ, 2587058 mM @ UTP 8 (KA W CHR B KRR A2 252 L& LTZ, (Fig. 2-5-4)

UTP derivative = U U, 1a 1b 1c Ug Ugye —
100-mer —— o — e — - — 199-mer RNA

50-mer
40-mer

30-mer

20-mer

lanes 1 2 3 4 5 6 7 8 9

Fig. 2-5-4 FRED 1a-c & AV RS
HE 5 AR & 40 mM Tris-HCI (pH 8.0), 8 mM MgClz, 2 mM spermidine and 5 mM DTT

UTP #5ER% 8 mM ECTHEREICL THRERSERGIIHEITL . 99-mer DERBFEY) D /N
VRAHERS N, F2 4mM 0 UTP #3ik% Fl\\CIE S RS A 35 2 7~ 7= Fig. 2-4-2 D
Reig3 58 1a-c ZHWL—2 4-6 DIEGREEM D/ SRR T2Z e D5, E
72 UTP #FiE RO E A 8 mM 1252 LT, Fig. 2-5-2 TR.Z TV =, 40 BL X 50-mer T
HR AN I E 72 R AMEI L 7=, 22T Fig. 2-5-4 DL G REY) B % E B4 57-0
[FEEDFEERE 3 [\, xS EM B % Image-J [ CHEH LTz, EHIZFDEEN Hiin
FihEpaRD | F7- 3 Bl DO EER)OEAER Z=H F L=, (Fig. 2-5-5)
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100

oIIII I

m 1a 1b 1c Ug UOMe -

N A O @
o O o o

Transcription intensity (%)

Fig. 2-5-5 =il £ D UTP 5538 A VB2 5 KOG O E S REA

Fig. 2-5-5 (X Fig. 2-5-3 L[AIERICE EBRIZIIT L RIRD UTP % WV OHR G REY) B4
100 &L C, & UTP 8K E W BROERB REY) B DN 77 B LU 77 Fo¥
FACEL, =7 —— (T 3 BIOEHE(F 242K T, 4 mM O UTP #FE (R Cliz5 L7z Fig. 2-5-
3 DR LI T HE, HELE U TP ZHWWEREEY S TIEEAEE ST, 1a-c, UFTP,
Uome TP Z W= BRICITHR B B3 BN 7= Z &b otz
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%6 i T3 3L SP6 RNA RYATFT—E % V- 855 &

% 5 HiTlE, T7 RNA RUAT—B % HW T, S5 Y RNA B EL07-720, T7 RNA 7ZRY
AZ7—B LIS D T3 RNA RV A7 —F B L SP6 RNA FRY AT — B2 HWTHER G NS E B2
IRZDRET T HZEE LT, £ CT3 7' —4—(T#iER). SP6 7o —X—( Tl aa
L. 99-mer @ Spinach ##x 53 % " #H i DNA T2 T3 dsDNA, SP6 dsDNA # & L7,
(Fig. 2-6-1)

Sequence of T3 dsDNA

5-d(AATTAACCCTCACTAAAGGGAGACGCGACCGAAATGGTGAAGCT GCCCAGGTCACGA
3-d(TTAATTGGGAGTGATTTC CCTCTG CGCTGGCTT TACCACT TCGACGGGTCCAGTGCT

AGCCGTGACAAC TCAT CTCACACT CGAGGCATTGACCAGCGCAGT TTGCGT TTGCGT TT)-5
TCGGCACTGT TGAGTAGAGTGTGAGCT CCGTAACT GGTCGCGTCAAACGCAAACGCAAA)-3

Sequence of SP6 dsDNA

5-d(ATTTAGGTGACACTATAGGGAGACGCGACCGAAATGGTGAAGCT GCCCAGGTCACGA
3-d(TAAATCCACTGTGATATC CCTCTG CGCTGGCTT TACCACT TCGACGGGTCCAGTGCT

AGCCGTGACAAC TCAT CTCACACT CGAGGCATTGACCAGCGCAGT TTGCGT TTGCGT TT)-5
TCGGCACTGT TGAGTAGAGTGTGAGCT CCGTAACT GGTCGCGTCAAACGCAAACGCAAA)-3

Sequence of Spinach RNA

40
5-(GGGAGACGCGACCGAAAUGGUGAAGGACGGGUCCAGUGCUUCGGCACUG
UUGAGUAGAGUGUGAGCUCCGUAACUGGUCGCGUCAAACGCAAACGCAAA)-3
50

Fig. 2-6-1 T3 dsDNA ¥ 1 U* SP6 dsDNA DEL4 |

F9° T3 RNA RUAT—EBZHWTIEGEA B I/57-012, R DX IV AR =V Wl
HAWTOE@EREZRETHILELZ, Ny T 7—FTT=—71L722.0 uM T3 dsDNA,
8.4.2.1mMUTP, 4,2, 1, 0.5 mM NTPs (ATP, GTP 33X U} CTP). 4 unit/uL T3 RNA 7~
UAZ—%% 10 UL OGSy 77 —H1T 37 °C T 4 B FUGSE 72, BOS%IZ 10 unit O
DNasel ##s/NL 37 °C T 30 ZrffA v FaX—h524T & DNA 20 L7, 1%
2~ —MEIIE I EAHE(10 M urea, 20 mM EDTA, 0.05% (w/v) BPB)% 10 pL fiiz., 1 43
[ 90 °C THIEA T 52 & CRER UL 28 Ik SE 72, K2 7L 55 °C ITIMEL 7225
PAGE T/#7L. SYBR Gold THtLI=DOBIZ, FILT I —IcIdiam L,
(Fig. 2-6-2)
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UTPmM) 8 4 2 1
NTPs (mM) 4 2 1 05

|~ — —— 199-mer RNA

lanes 1 2 3 4

Fig. 2-6-2 T3 RNA KU A7 —E % I\ oz 550G O et
T SOSHEERL: 40 mM Tris-HCI (pH 7.9), 6 mM MgClz, 2 mM spermidine and 10 mM NaCl

Fig. 2-6-2 12350 T, UTP & NTPs O E (mM)ASL — 1 TIE(8. 4). L—> 2 TiE@. 2).
L—> 3 TIE. ). L—r 4 T, 05):->T\%, AUROESHE, UTP % 2 mM,
NTPs % 1 mM D4l AEE R SITEL TS T SR BN L ~7, 22T, 2.0 uM T3
dsDNA. 2 mM UTP #EKUTP. U TP, 1a. 1b, 1c). 1 mM NTPs (ATP, GTP BL W
CTP). 4 unit/uL T3 RNA "RU 27— % 10 pyL D i N7 7—H1 T 37 °C T 4 BRSO S
7z, (Fig. 2-6-3)

UTP derivative = U - U, 1a 1b 1c
100-mer e = 199-mer RNA

50-mer
40-mer =

30-mer =

20-Mer
lanes 1 2 3 4 5 6 7
Fig. 2-6-3 T3 RNA RU AT —FIZ L2 Upem TP % FAIV R G S
HE 5 IO ER: 40 mM Tris-HCI (pH 7.9), 6 mM MgCl,, 2 mM spermidine and 10 mM NaCl

Fig. 2-6-3 OfEHR T, L—2 113 20, 30, 40, 50, 100-mer OH 1A~ —77—RNA Z{KH)
LTCW5, L—r 2 [FRIRDOXIVA VR =V a7 o7 avba— bl b—r
3 TCIIAHT 47y br—)L LT UTP SR E RIS G A2 ro7, L—r 413
Uen TP ZH WS L —2 5-7 (X 1a-¢ ZHWTHRB LT, 2 TOL— B WTHRG
WIDHEREN, 72 1a-¢ ZHWTHEEBLIZL—> 5-7 Tld, T7 RNA RU AT —E & V-
(Fig. 2-4-2 DL —> 4-6)L LR LU CHR B EW) B DB LTS, ZAUE T7 RNA R AT —8
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ZHWZBRIZIE 1a-¢ 2 8 mM TNz 7273, T3 RNA RUAZ—EZ2 HW =4 2 mM S
BIETHoIID THHEEZDND, DT BID 99-mer TR LIZEY TlERL,
40 BLU50-mer TIEIELTZ AU RDNELBHENT=E 2 b5,

KIZ SP6 RNA RUAT—LE WG A LT, £, RRUIZLA TR U O
B AR E LT, Ny 77— T7 ==/ L7= 2.0 M SP6 dsDNA, 8, 4. 2.1 mM
UTP. 4. 2. 1, 0.5 mM NTPs (ATP, GTP #XL 0 CTP). 4 unit/uL SP6 RNA KU AT —F%
10 pL DNy 7 7—H T 37 °C T 4 B S8 7=, (Fig. 2-6-4)

UTP(mM) 8 4 2 1
NTPs(mM) 4 2 1 05
- — ——]99-mer RNA

lanes 1 2 3 4

Fig. 2-6-4 SP6 RNA R 47— B & W= G O S
855 SSHE R 40 mM Tris-HCI (pH 7.5), 6 mM MgCl,, 2 mM spermidine, 10 mM DTT, 0.01%
BSA

Fig. 2-6-4 |28\ T, UTP & NTPs O EMM)IEL—> 1 TIX(8. 4), L—r 2 TiX@.
2), L—> 3 TIE@. 1), L—r 4 T, 0.5)&720, G FEM DU ROHRS)HE, UTP % 2
mM., NTPs % 1 mM LTS3 Gl 72 S DD e oz, 22 TRy 77— HTT ==
L7-2.0 uM SP6 RNA KU 25—+ dsDNA, 2 mM UTP #%:44(UTP, UnTP. 1a. 1b. 1c).
1 mM NTPs (ATP. GTP 33X 18 CTP). 4 unit/uL SP6 RNA KU A5 —+¥% 10 pL D&y
77 —HT37 °C T4 WL SE T2, OBIZ, F AT FHIA4 P =2k atzmit L=, (Fig.
2-6-5)

103



UTP derivative = U - U, 1a 1b 1c
100-mer == mg - mg 199-mer RNA

50-mer
40-mer ——

30-mer w—

20-mer ___
lanes 1 2 3 4 5 6 7
Fig. 2-6-5 SP6 RNA 7R A7 —FIZLD Uren TP & FV 55 S
R 5 ROHRERIE: 40 mM Tris-HCI (pH 7.5), 6 mM MgCl, 2 mM spermidine, 10 mM DTT, 0.01%
BSA

Fig. 2-6-5 DFEHE T, L—>2 1 13 A RX~—H—RNA ZikBIL7-, L—> 2 [T RRD XL
AR ZVE WA T 7 arvba— vl L= 3 TlERH 747 arba—L e LT
UTP S8 A IR I IR G A 3 20 o7, L—r 4 TIE Un TP Z V2R L —2 5-7
I% 1a-¢ ZAWTERE LA K705, T3 RNA RUAT—VBZ2 WA LEBEIC, 1a-¢ &
Hielb—2 5-7 TOREG 8N T7 RNA R AT —BZ W56 LU TR LT,

104



57 i RGOS ORE R DB L L R RET

%5 5 HiBL U 6 Hi T, Uren TP 1a-c Z T, flix O RNA 7RY AT —B(Z LA HE F i
ZRBIIRVIEGEEY D RNA 21552 L3 T& T, £72 UTP S8 ROREL mIREIC T8
TG EM BN T 2280, T7 RNA RUAT —BIEXI LAV R 2V iR 7 5k
TG E B IR ZHIE T, WG HEWE Z<IGHI LN TELZELBLNITLIE,

ZZT1a-c ZHWTIRG LA B IR -7 BEIC RNA EEM RSO0 IT 3 BE 2O
s,

#—12, 1a-¢ 73 2-O-7 VX NI SEANLARELT RNA RY AT — BTSNV IR E L7
VEREPEMICIDA EN CTOB ATRENETH D, (Fig. 2-7-1 O A) ZOHAT AT NIEOHK
RBKPED M) FIZED RNA RYAT—EBDOEDAL YA ML T, L&/ W EREE A
T2 1b X° 1c DIRVIARLRPME T LIZZENEZHND,

%12 1a-c DT VK ILANANEANVEDNERIELIZ 3-0-7 )LF /LI 3EAVARDOED R
SRDOXIV AR ZV U BRERIUL 2NWNKEEFEDIREET RNA RY AT —B 58S RNA
~ETIAEIL, RNA O 3K ECHUHEL 58T 2-0-7 VX /LI /NEA AR~ ER
0. 3TKEEEDNFE M TDHZETIROXIVA TR ZV U BOFEE PEZD LN ST ATREME Th D,
(Fig. 2-7-1 @ B) ZOHEIIIIAHZHROENNFERNL OB KT T 5L TS D, H-
NMR 3 L OV HPLC fif#f#T T 7 /LS L D /NS T L3 L 1 LS T A )L FEIE B R 7330
ZEEHBINILTERY, 2HoL ERE REAHEN B D,

AT VRN REA VIR BE LA U 72 KIRD UTP 23 EE LU THRDIAE I RIRTY
RNA 23 TETWAATREME TH B, (Fig. 2-7-1 D C) % 3 fi<°% 4 #iTld pH 8.0 ™ T7 RNA
RIAZ =B RNy T 7 —TDOArFaX— % 4 FHBIR->TEY, 'H-NMR LW
HPLC ##Hr Tl UTP IXIEEA E AR L TV o7z, LinL —HH DNA 28 1.0 uM 72dDiz
LT, UTP 38R 4 HLLIE 8 mM Iz TEY, 'H-NMR TR TX72\W\ 1%L D5y
REPEM) CHREBEIC RS2 b B 2 DD,
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(A) 2-O-T VX IV IS FA ARSI L 12D 556

(o] [o] (o]
o | NH e f NH e 1 NH
Ho.g_o.g_o.g_o o nSo RNAP 'o.g_o o nSo RNAP ogo o nSo
588\ =4 R
HO O\'rNR HO O\H,N.R _(’)._O\n,NR
(o] (o] o
(B) 3"-0- 7/1/-%/1/}7/1//\%/(/1/{4:7’;)}( (L2056
O [o]
NH NH
- - ’g . . l»& - I»&
Ho.g,o.g_o.g,o o N OMQ%H g,o.g_mg_o o N Om_o.g,o o NS0
0O O o H 0 0 OH OH
HO O\IrN.R R‘N\n,() OH R.NTrO OH
(o] (o] [o]
[o] (o]
e i NH b 1 NH
Migration _o\g_o o nSo  RNAP ‘og,o . NSo
SRR =0
HO O\n,N‘R _?__o‘n’NR
(o] o
(C) SfiRLCUTPZ AL T A A
[o] o}
o EKNH {NH -
H0.9.0.2.0.2.0 NS  Degradation.. Ho.g,og,o.g,o NS  RNAP _ 0%
56 6 &oF A >
HO o‘[fNR HO OH
(o]
(o]
- 1 NH
RNAP oo, N"So
(o]
O OH
Fig. 2-7-1 Upem TP & N2 B85S D B IA T AT) = R LD 52

io‘i(ﬁ@/z@ﬁﬁﬂ‘é%ﬁiﬁ%%& A BBEREZ DN THEETHIEELT,

2-7-1 T7 RNA RV AZ—B O EEIC L DB 5

RNA RU 47— % RNA $4fii £, DNA " EHEHBLOMHEF D RNA L =FHAEKEE
FRLTRY, ZICHICBIAENDLX IV ALV R VAT T 5 2 L THEE AR~
1792, ZOWNEBEEEEEICBN T, XZLA VR ZV RO 24671 T7 RNA R AT —E T
1639 HHDOTF v LN XTI LAT U H L ORI IE DR T 28k L CWADZEN
FNHITUWD, 2(Fig. 2-7-2 PDB:1s0v) D72 YB39F LV iz, Ful v a7 == 7 7=
NIERFTDHIET, RBREBEI LT ilika Ko T2 8 T7 RNA ARYAZ— B3 2" &
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RIVA VR ZVARO B A RN R [0 ESELT LRI TND,

Fig. 2-7-2 T7 RNA ZRU AT —E NI4T R =V A T IA T B O (PDB: 1s0v)

B)BLNC)D A=A LTHEVIAFIVTWDIGAITIL, 200K ERIE THHT=0, ZOUHE
BERTOFT aLNZLD 2N ORBERAEZ T HIENATREL /2> TD, — T TA)YDAH =R
LTHD 2-0-T VTN ANASEANAREL TIRVIAEITWDRBIEL, I /SEAILDIIILR
ZNVDORFBIO 2N OBE PRSI TODIENE Z LD, T 2-C-H IV /EA )L
{Efiiz A 3% UTP'(Fig. 2-6-3)3 &S 7278 T7 RNA ARU AT —EB D IE L7 b7l o7-2
ELESNTEY, 2Ol bb 2N OEFR OB 513 E 2515,

Fig. 2-7-3 2'-C- 71 /L /N EA /L UTP O
Fio, XIVATR =V RNA S AEIRIAENT-OBIZIE, O T7 RNA RUAT—

PHEARIIEEEZ LS, 2002 425 FHOT X =2 811 HHDOLAF Vv 812 &
HOT ARTGR DI LT L9715 %2 LD, *°(Fig. 2-7-4 PDB: 1gln)

107



Fig. 2-7-4 T7 RNA iRU A7 —E NI4T R =) R T IA AT 1 O & (PDB:1qln)

ZOREEIZBWT, (C)DAN =R LD IHIZ UTP L THIAEN TWDZBIZRIERL T/
FeiR DR A2 T D, — T TA)RB)D A=A LTILE @ 2-0-T /L IV TV RFEA )L
HEFGLTWDEN, HEMET I THLT NF 2 ReAT VU VAR = VO R FE RT3
FEAMEHL, Fig. 2-7-4 OREEIZIB T DM T T /L VBB 5280138 2 b,
ZZ T, Fig. 2-7-4 OEEIZHWCHIERTT I T B AMFIEL 7R WZER L 2> TnD T2
TIVFNVIEBRYAT —E LS5 0omBZ L SR EE LWL B 2 Hivd,

2-7-2  Ugrem TP % H\W 7= R RE [ D5 B

# 6 HiEF T TRIR> CWEIETINT 4 A F 2 _X—hL TWAH72DIs, KGR H T
AINISEANVEEDHEAL T DL, MBED LD ATRENVEDN B 2 HiLD, ZZ TR ERIGE 5 47
MDAHFIe 21X, 5 3 H#idD Fig. 2-3-3 DFERRHE 4 HiOFERI R TH#ITIZEAL 3-0-
T IFR NI STAPARSOEN R E TG IS E B IRIZENTELESZ R T, £
g D728, T7 RNA R AT —E D EjiE /77— (pH 8.0, 40 mM tris-HCI, 10 mM MgCls,
2 mM spermidine, 5 mM DTT)H'"C T7 RNA RV AT —E 2N 2 5 A1IZ 1a-¢ % 4 B
=2~ —hL(Pre-incubation), 3-O-7 /L% /L I )L RFA JUARZ 43T AL SBT21212 5 45 oD
RGO E R 200 FEBRb B2 72 o7, (Fig. 2-7-5)
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Pre-incubation - +
UTP derivative= U U,,1a 1b 1¢ U U,, 1a 1b 1c

Transcribed RNA= 100 49 15 15 10 110 97 88 50 72
00-MEF G g S | 199-mer RNA

50-mer
40-mer

30-mer

20-mer

lanes 1 2 3 4 65 6 7 8 9 10 11

Fig. 2-7-5 5 73 M D#RG S
W55 AR E L 40 mM Tris-HCI (pH 8.0), 8 mM MgCl, 2 mM spermidine and 5 mM DTT

Fig. 2-7-5 {28\ T, L—2 113 20, 30, 40, 50, 100-mer O A X ~—71—RNA % {KE)
LT\, L—> 2-6 134 UTP #FE (k% T 5 RO G KGR 2T fE R ThHY,
L— 7T-11 I TFRNCXI VAV R =V g% 3y 7 7— T 37 °C T 4 FFfHA v FaX—h
(Pre-incubation) L7142 5 /IO B G E B /e~ TR Th D, L—r 2, 7 1T RIKRD
XIVHA VR =V NIRRT 47 ar ha— b, L—2 3, 8 13 U TP Z V2R
H.L—r 4-6 BLW 9-11 X 1a-¢c ZHWTERGELZAE R L5, ARG EY &
(Transcribed RNA)IZL—2 2 DRV T 47 ar ba— L OFERE 100 LLTHL—r DfE%
Image-d Z W CHEHLIZ, L—2 2 L —2 7 2Ll 5E, UTP % 37 °C T 4 Il %
2_X—2ar L THIEEA CIRE BB DNZENRDND, Flzl—r 3-6 & 8-11 &Lk
THE, FHANCA L T 2= al BRI 7> TSR G EY BN I Q0 D, i
FHIINY T 7—HTA L FaX—1a T HIETT ATV SEAN OIS LT
BN B ZVER G REY) DN LT 72072 8B 2 Hivb,

2-7-3 pH 6.8 D3y 77 —% W= G
Fig. 2-6-5 OFE D, BIABD A=A LL 3-0O-T VLI STA AR L THIA

FNTWDHB). HLLIT L TELD UTP BEWVIAEILTWS(C)RIREMERH D EE 2 iz,
FIH 4 BORFDNG, GRS THWD Ny 77 —pH % 8.0 )"0 6.8 IZEETHZET, T
VXV TN ST A )V FEDFA O AARIRN 52 LN TE | IR EY D HA) D AT =K I
0. (B)FEUL(C)D AN =R LI DPRFN TEDEE X T, ZDTeHZNETITHN TV T7
RNA RUAZ—E DGy 77— pH % 6.8 IZZE B L7237 7—(pH 6.8, 40 mM tris-
HCI, 10 mM MgCl,, 2 mM spermidine, 5 mM DTT)Z & L7, 2Oy 77 —Tl3H 4 &

109



DFGERNEL3 D180 ZILVETHWZ pH 8.0 D73y 77— ELRilig U CTHAN DMK 40 %, i
DI 25 [FEL IR D 2L > TN,

ZFZ TRy T —H 7 == 7 L72 1.0 yM T7 dsDNA, 4 mM UTP #FHEAR(UTP. Uen TP,
1a. 1b. 1c. UFTP. UomeTP). 2 mM NTPs (ATP. GTP 33X} CTP). 4 unit/uL T7 RNA RV
A7—E% 10 yL DGy 7 7—H1C 37 °C T 4 B G S87-,  (Fig. 2-7-6)

UTP derivative= U U,, 1a 1b 1¢c Ug Ugye —
B 199-mer RNA

50-mer
40-mer

30-mer

20-mer

lanes 1 2 3 4 5 6 7 8 9

100

1000 -
<
> 80.0 49
e
£ 60.0 38
S 40.0 I
8
S 20.0 13 24
& 1.1 1.2 7 0.5
= 00 -— - T -

U U, 1a 1b 1c U Ugye —

Fig. 2-7-6 pH 6.8 D/ Ny 7 7 —% VBB
W55 AR ET . 40 mM Tris-HCI (pH 6.8), 8 mM MgClz, 2 mM spermidine and 5 mM DTT

Fig. 2-7-6 |23\ T, L—2 1 1% 20, 30, 40, 50, 100-mer OH A X ~—7%—RNA % k)
LTW5, L= 2 [IRIRDOXIVA VR =V e W AR T 7 arka— ke, L—
> 3 TlE U TP ZHWE S L—2 4-6 13 1a-¢c VTR G LI/ L7 n, L—2 7,
8 1% UrTP, Uome TP ZH W\ ZEZBEDOFERERD L—2 9 TIERIT 473 ha— LT
UTP 8 ARZ I FICHiR G2 I 270 o 70, FIAARIHER G EY &ix UTP 2 Ve —r
2 DG REY) E4 100 £L T, Image-Jd # W TR LTz,

UTP Z /- Lane 2 OHRG &% 100 &3 58, UenTP Z N2 Lane3 OFH % HYER G &1
38 ThH~-7z, —J5, Figure 2-5-3 THI/RL7=EIT pHB.0 TiX Uen TP & W \2355 OFE %}
WIEE S Bix UTP Z W =564 100 L9758 84 THY, MEERAFEIEIZ T 52T, U TP
Z W25 A OFXTIER G RN LD REAE FTLTWDZEN 303D, E72, 1a-¢ BLU UFTP
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ZRHOW5AY pH 8.0 DAICIE X, pH 6.8 DM TIIFx R G &AL T D, —
J77C, pH 8.0 LEbH U CHLEED K 25 [51E<7/25 pH 6.8 DNy 77— HTH 1a V=L —
VA THERGHEW LN TET,

INDDFERDPDLL T DOZEN 303D, T 70006 T7 RNARY AT —B D I8V TR EIR
% pH 8.0 15 pH 6.8 1T F & W7-BRTHR G &AM 58 Foid, RIEL UTP L, 2'-&
fifi UTP Z W\ 23558 I8 CTh D, F7-. laned-6 & lane? # b5 L Urem TP D575 UFTP
J0H pH DO RERFBLEZTD, F72, Upen TP IZBIL Tl pH DT Uen TP, 1a, 1b, 1c
DNETKREL, Figure 2-3-3 TRLIZIIL/SEAVIEDERNL OB E LFHRAL TV, LU EE#R
AMNCHEZDE, ARIEBI-7= 1a-¢ 22 T7 RNA ARUAT—BSIZB W T, A
PECTHALIND I N STA NV FEREENL T B (B)D A =R LETNTHNSEA L DRBiEET5(C)
DA =X LR G L TWBATREMDHHEE 2 HILD,
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% 8 Hi 2 EARKE

RETIEACPEMXIL AR ZV O SARMALFE DT | 2RI BHAK ARG T 5T
VEVUEERERE LT, 2-0-T XA I ANEANLTID L =) 8 Upan TP (1a. 1b, 1¢)D
b E B o7, 1450072 Upen TP DB7K A RP-HPLC (2L 0 HTL i BT ES
N7z 2-OMe-v Vv =V figl b L C 1a lX[FRRE, 1b, 1c iZSLIZm WK A R LTz,
ZOZENBATE RE LT 2NAZBUKIEEZ A T 20 =D iR BAR D BHFE A LTz,

FI2 2°-0-T IVH NN ST A NI TIE NS T Tl 37562 8% 1a, 1b, 1c ZHV=
NMR (ZEAMFHT THOMNIZL, EORRNLEE X7 VL O ESITGNC TERDZEL D
D727z,

SbiZ1a, 1b, 1c OXILF VR ThD 5a, 5b, 5¢ %\ T pH 8.0 DI/ 77—
TALFaX—RLTc A BN EURTE T TR VRV TN STA L EED B RS b RS
AU, RERIFRR OB & SOSERRE SOGTE L TH T 2T, AL SO 3 ZOVBLBHE G 03 B
EBOR IR LT, — IS v — WAL= T Vv J v REA LB, pH 8.0 D
FERCR SR TIIMBEL 72 W ZER SN TNDD 2, Ty SV B IO HE S
L7=T VLTIV SEALIED pH 8.0 DI S CTHIBEST 22 220D THLMNZL
72o ZHUT 27, 3V AU A — AEED KEEIED pKa 23 13 &— %9727 )L —/1 D pKa T
HD 15 K0/ IS, BBERED A EL TWBZENBIEL TOBO TIIRVDNEB 2 DID, S5
(ZT VNIV RFANVFEO BUBERE S T VX L RO BESITISEUTELSRDZEL NI
Too ey T77—pH LU TERLUIZFERND, 7T TN SEA NV IROER L 3
F OB FE 13 pH TS U TRELARDZEN DT, ZHUTEER SO0 BB RS Tk
FEBLOKOREBENRBE G L TERY, HIEMED A KEEIEC/KO RN B2 5757
EEZBND, FTMiBER S O E BB R LTS T A F A1 0 SFA )V ELD P
Uem DRXZLA TR T 30 i, 5a Tid 72 K, 5b Tk 169 FEf, 5¢ Tid 365 KL T
NNV EERE LT Z2 LS TR ENTER, TOTOT X7 HRE
iz 372 Bt A b — LU, TRV S EA VIO Sy i E S R
H—/VR[RELIRY | S AVA — WAEE T D IR ORI DG ~DIS b E A HND, B
RNLXIVF IR RIVAFRPIT AN AL LU TS TODEANIT T AT A — 4
1% > Remdesivir®*, Galidesivir®, MK-6082° <> NITD008% 722380 . BILETA R IR # -
ENDHTART MBS HER, AT AN AR E DIRIRIRE L TR S LD, BT A LV AIK T
AN AZSERITHIRSEDH72DIZ, 1 B 1 I, Bor A UL ERWIRIZHhT>TIRIT 528
MEZNR, 1 H ORI 2 HERIEL SN BE PR DT ELHBILTND, 2 22T
WHNEIC T IREHE 2RO TEE, IRELENDBELHDL, UANLAIKELT
DIRICFETELHEEZ NS,
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1a, 1b, 1¢c ZHW-EE S TIE, 3 FiiHD RNA RUAZ—E(T7 RNA HRUAZ—F T3
RNA 7RUAZ7—8 | SP6 RNA RU AT —R)NZLVERBFEM N A LD EN D -7, 22T 1a,
1b. 1c (% pH 8.0 D/ 77— T 4 RFELANICEERE 23 ST 22850, 4 I Tl
EAEEITLIRWS DD BBERGHE DT LD 0> TSI | BR G FEMINE O Ko7k
THER LT EMER T DEBREBI/o72, pH 8.0 THESKE LUGCHLBER S AT LA E ST
LZpNWEeE 2 b 5 HOEREnE B 8o72L2 5, UTP DG &I~ 1a, 1b, 1c
Z =B O R S B D LTz, 2028051 1a, 1b, 1 Z WG G2 3R
B B SO B 5L Cnb 25, EIZ 1a, 1b, 1¢ % pH 8.0 D3y 77 —HTH
AZ 4 A F 2= TB 5 DRGNS AR TR 212 L 2 A FRIA L Fa—
N7/ T 56 L U CRRT AR B BN BN 7228225, pH 8.0 D3y 77— T
ENDIERE SO BBEROG S B 5L QD Z DV RSN, 220 A S A RIS HREET
LTI, ISy 7 7—0 pH % 6.8 MR TSR G G Z B I72o7cL2A, UTP OfRE
(2T 1a, 1b, 1c ZHW\ RO E &5, pH 8.0 ®FERRIZFIT5 1a, 1b, 1c
Z W BR O X ER T B L X T NSKRD e LN 8o T, ZOZ L) b 1a, 1b, 1c
Z BRGSO IR SOOI SOG3 B - LTl o3 iiilEihd pH 6.8 @
Ny 77— PTG & LT L F 2D, £72—77T pH 8.0 &El L CTIRED K
25 (#i#<72% pH 6.8 DXy 77 —H T 1la Z VL — 4 THERGEMESHLIEN TE
Teo ZNODTENOERGEM 2 E R omHT OB R DRI LD ARIZR I IV FRIE T 52 L
INEELNEBZ 2D,
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STHIEICT 2— 7 N THM CEDMRGRIEICHE B L, E-IFER G ISR
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Bri- 7ol TG RIS FTREZ LB X/ L AU R U RO BsE B R LT,

H1 BETIE, B AT 4 FELOBESN TR, 77— R DNA OSSR H
WHNDT—UR TTP FERIREL T N1-7r— VR T Ao v a— R oy =R
(dPPOWTP)Z B 322 LT L7, BRFEL7Z dPPCWTP 1IHifFL7-@mh, TTP %A
FIARELTDNA R AZ—EBDIE L0, 77— K DNA OfEFE G Rk IZHE H /T HETH
HZEewRUTC, Fo 1 M ERISO AT 1o 7 EHIZED =V R XTIV F TR
=V BEO D IA B FRIT TS H & o iRt AR ZE(PPG) D S B BR & it 5D o T
—DJFF D =DLL ETHHTENEETE LN LT, ZOH RITH &S 0 2k M
IZZ LW = R XTIV F R = BB E T TSR G T DB D a1 L7020 | I3
5 MHERE VIV IV AT R =V BORREHILEH TELA ERLHD TH
%o B ZIE A BIBHFE LT NPOM 3= D/ TIALEAZLI AT L A F v 3%
BT D0, ZOWNEICAN T A HT5H PPG (X, 700 nm LW o= B E EﬂZT
D A I Z Z DR FED FTRE THHZEN IO TS, S EIDOH A2 &I
ARF T =ha_ B EBER F(RBBIOBERIR )3 DLl ETlESE PPG 726
SIE, TAF v a— Ry ZU gL AL TH, DNA RUAT—BDOREEIZ
L AREMEDS < AERE R MO O RIRR TR ATREZR 77— R DNA M%zw
FCRTREEZRY | AERN TOISHB FIBEEL 72D D TIIZR W EIFFEE D,

FI-ARETIL, T7 BRNA RY AT —B % W RGO il 2784 . PPG &L C
NPOM JE& W =BRIC, WA ICLD 2.2 FOHRERIGOIEMEIICREI LT, 72

FlogEIN dVBUTP & W CER GRS OfE FE LT, T7 RNA RUAZ
—Jz@ﬁﬂsa X PPG O @S2 BEFRL COEHERIL 7=, £ Z T4 IV 2 NPOM £&

EREEREL, mEWERLEZIDIZE AL PPG T 528 T, JOEhERMIZER
BOIEHIE, E7-HIIREEFE° UDG LV 7= DNA FEA X 77 OSEHIEIA 7T HEIC
RHEMFFEND,
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Flo ZEHHOLZEMRICBWTL, FIVERUKINZ LD HTIC B W T ZEEHE AL
T HEIGIERRFHNCIY 3 fE NS E5Z Ll _EBZIJJULO ZAUTRER AR LT — R
DNA Z F 7 el ﬁﬂkbf%ﬂ&bfk 12N TEIANEE 70D, FT-Z T DONT
PG T 2720 Te ICLD T BTz 2 A BEMEDIRIEL /2D T fEA
15 °C %ﬂ‘n%%ﬂ“ﬁﬁ?ﬁfwﬁoé EBRALINNT Iz Te, ZOZENLT T —RU R A
LD XH7e = EEREIEE A T DM+ O K H A RS D,

52 I, B EIC 7 FEELOHREF DR 2MEAT ) U RO S ERMEL TS
D= WED 2 flgﬁfﬁ'?)‘// VI REHUKMED @ MERiEE AR | 2°-0-
7/1/%/1/7311//\{*411/'7) =V Upen TP DAL AR B2 72 -7, RP-HPLC
SIHTIZEY Upen TP 1T EIZBAFES Iz 2B YV =V iR L [R5 LA E D BK M
A TAZLNHLINNC ST, FET AT IANEA NI 2, 3T ATF— L
EZBWTHRNL T HZEN THISNDTZ0, T7 RNA R AZ—EB DO EjE pH 8.0 128
WTHEAL T 5703% "TH-NMR THOMTL., 7LF /LD KRE XIS U TIRE E MK T
TAHZEEPENILT, EIZ, TAFAREEL TT NV EEZ AT HXIL AR Ueom &
HHNT, FlEx DRy T7 7 —H TR K 168 K]/ F 2~X—kL, RP-HPLC (2L5%y
MBIl B SRR T 100 fFZEBWHDOD T ILF LI LT A
JVIEDIRFN72 G CRLBET 52 LA BB LT, ZOFEBRITR W T, IO EfED
FOGREEIZIE pH 23R E&BNZL ., pH 6.8 Tid pH 8.0 5Ltk T
HENLN 40 i, BLBEDS 25 5E</2DZ EH BN LTz, FI2AKKN pH TH% pH 7.4
DERAETET NFNTNNEANVEDRBRET 52BN LIz, 2], 3T AY
T —WHEE LA T DRIV A L REFEOIRIE~DIS AR SN D,

A EIBAFE LT Urem TP & UTP OO VI W TR B UG A I 7o oAb B R B pE
MEFLHZENTET, Upem TP & HWCHR G S OBREE Rl 9572012 5 5[l
HLERB L pH 6.8 DNy 77 —HORRE A I /e~ T fE R S5 SO I TR <2 it
BB 5L QWD Z e BT oo T, FMBESIZEA D %iﬁb\ pH 6.8 D3y
77— TH, TAFNELTATFNVELZHTD Unem TP Z WA ITITIE G EY
DEOLNDHZEEIBMNI LTz, 51%I1E pH 6.8 T“ﬁ%ﬂéiﬁ&?%@%’i—éﬁﬁ%ﬁ%
?‘%%ﬁtrkb\ot RO BIND, EHITHERBFEPN~E Upem TP 23 HDIAFILTNVD
7251, SELEX {E~CifL ., 212 m< BRI E L2 H 35 RNA 77 4~—
DRAFE~DISHR IS ND,
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fg d"PCWTP, 2(LICBKEZ A T HEMELE A T2 HEM XL AV R =D g
Urem TP ZBHIE T 22 L T ALFEMMEIRORER G RIEIZBIT LRI AT—B D EH
EIRDACFAERM XL AT R =V RO ZERMENZ L | & o T [ RE A D TR % 5 2
72, dPPOWTP (2T, B E DR A ATRE R — UK DNA TIXB ez 7o
72 DNA = H % f%@)‘l:ﬁﬁﬂﬁﬂ%%@%b\ Urem TP IZEB W T, i Bz Sz 2
LB X IL AR = yﬁz@&tbi&bf%m&%&%&%.ﬁjé@@fﬁbto NS
RPD B EIZBIRZ RS THERRD B BN L FIMEE O 542 JL 8L
N ALFEMX IV AT R =V BO SRR IL R T DI LTI L2825, ET
LAAEERZ R OB FE A BIEI ., B2 B B G 2 A L TR ZE s T FE i
AIRETHHT-D | ZARMEOILFIC LY | AL FE MR & s A 9% 26 3%
BRI AL T8V D, F AU L > TRER A LT AL SHE B k% 18 D s A A
TENBIIRDI, FTelp A — R0 B OB R EICFH G TELEMFFLT
[AvSN
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—HRATR R Ae B R
B O RS, ATV I
FIGHIRE T3, LR T3, BISRILE, 7~ T ARy FOb %ALY,

VBTN G e~ TT 41—

Kieselgel 60 F-254 (Merck)Z iV /=, BEBHIREEIZIE, ~F VU /W= F L%, P rnn Ay
VAR ) — VR E e W ABE I ORHIZIE, UV(254 nm), HAOWFFEERIEEL T =
AV BWRREEAY ) — VESHR, F0 R E % AV,

SVNGTNHTLIa~v N FT 41—

Wakogel C-200 F7-i% Wakogel C-300 (FnXtifidk T.2£), > U457 /L 60N (B b7)% H
WORRILT, IWHIAN I, Z7aadL b-A4 ) — )V R ~FH-raak bk, ~F
-FEE =T LRI E A N,

UYA27/V5r B HPLC

LC-9021R (H A3 A T3) (25 ARk Hi &% S-8110 A ke L TH W o, T Al
JAIGEL GS-310 (H A3 #r L3) & v e, HIEH 9.9 mI/min T, SEIZITT7ER=F
IV Tz,

"H-NMR A~ KL
Varian AS500 (500 MHz) Z W CHRIEL 7, I T, flEmEichk a8 — 272N
ERAEYE L L C H VW 2, (d6-DMS0:2.50 ppm, CDCl::7.26 ppm, D20:4.79 ppm, d4-

methanol:3.31ppm)

BC-NMR A~Z ML

Varian AS500 % L</% BRUKER AVANCE Il HD (126 MHz)% W CHIE L 7=, {EEH C
EL EE ST A — 2 AN ERE L L C V2, (d6-DMSO0:39.5 ppm, CDCls:77.0
ppm)
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SIP-NMR A~/ KL
Varian AS500 (203 MHz) % VW CHIELT-, 85% 1LV A= YEL L CHV -,

ESI-TOF-MASS
TIMT BT B2 —I4KFEL | bruker ££:0 micrOTOFINZ CHRIE L=,

MALDI-TOF-MASS
FTITDT BT R 2 —IKFHL . B HERERTO AXIMA-CFR plus (2 CHRIELT-,

DNA [ 8 & plii

DNA 4 i1 Oligonucleotides Synthesizer nS-8ll (Gene Design, Inc.)& i L7, K&
BIARARE T I A 2=y M LD OV FE7223FK T, Glen Reserch Inc.JWlEALTZ,
AR BN THEFE R R LR AR T IF A b=y NI KT R =R/L (0.1 M) IZEEL
DNA B #& s m L7z,

DNA A V=~ —
DNA AVa~— I3 7 ~T AR F v NS TA T A AFERH L
INTEGRATED DNA TECHNOLOGIES Inc. L0l AL TH -,

[FEa

AKFEETIE, T7 RNA KU AF7—+ (TaKaRa). T3 RNA KUA7—+ (Promega). SP6 RNA
RV AZ—+E (TaKaRa), DNAsel (invitrogen), KF~ ( New England Bio Labs), KF* (Takara),
KOD Dash (TOYOBO)%Z H\ /=,

M

DNA AV =~ — DR EAREL
Integrated DNA Technologies #1:® OligoAnalyzer 3. (https://sg.idtdna.com/analyzer/)
([CTRIALT, Fo [BfiX7L AT ROWEREL (260 nm)iE, FIV U EHELWERELT,

=R T
ATTO @ BIO-MINI UV MONITOR AC-5200 L (Z, Pharamacia ¢ LKB Pump P-1 %%
L CHW =, 17 .03 Sep-Pak C18 Plus Short Cartridge (Waters £1:) & F\ 7=,
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WA R Ry o~ b T T 4 —

Waters 2690, 996 & L<IL H AR Jtc##%2 H\ o, W7 2A01% X bridge C18 5 um
4.6*150mm (Waters)Z 7z, BT LIRIE 25 °C 2BV T, IRHIAREEL T 30 mM  FifigT
EZD LK (PH 7.0) HL<IX 0.1 M FEREN) =F LT =0 LKIEEIRIZT E =KL
2N 2 P A B A7 T Tt LTz,

UV e
Fru 8o LED 7' (ZUV-C20H, 500 mW)z W Tl e-o7z,

7V R UKE)

A7 7 ERUKENEEE NA-1110 (A R=A R —40) 123U —H%7"F 4L T myPOWER 500
AE-8150 %£7-13/ 80 —<2 2 ™ HV(Bio RAD) &L TV V=, Sv =22 Ry 77— LT,
Tris-acetate EDTA (40 mM Tris, 40 mM EEf%, 1 mM EDTA) %721 Tris-borate EDTA (89
mM Tris, 89 mM A7, 2 mM EDTA) & v 7z,

HOEHE

T NFaA A= T FZ4%— (Typhoon FLA-9500) (280 B8 -7=,

HOV SR EE D AT
VO SEERE O i3, Image-J & IV TRET L2,

1Ly BfERE
Ty RNV 751D Centrifuge 5430R % H iz,

[IRERES /Y

VRX7L7—F¥ (RNase) 7V —DE Xy hF o7 Fa—Tw2HW\W, Fi-, TR E X
RNase AWAY 2 7L — (MBP £t) Z W Coeig LT~
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55 1 BRI
N1-Nitrobenzyl-5"-0-(4,4 -dimethoxytrityl)-2-deoxy-pseudouridine  (3a).

Compound 2 (550 mg, 1.04 mmol) was coevaporated three times each with
pyridine and toluene. The residue was dissolved in dichloromethane (10.4 mL),
and 2-nitrobenzylbromide (314 mg, 1.46 mmol, 1.4 eq) and DBU (157 mg, 1.04
mmol, 1.0 eq) were added. The mixture was stirred at room temperature for 2
hours, and the solvent was removed under reduced pressure. The crude product
was purified by chromatography on a column of silica gel (60N, 30 g), eluting
with a gradient from 0 to 5% methanol in dichloromethane, to obtain 500 mg of
white foam (73%). '"H NMR (500 MHz, CDCls) 6 10.14 (s, 1H), 8.06 (d, J = 7.7 Hz,
1H), 7.46 (s, 1H), 7.41-7.32 (m, 4H), 7.24-7.12 (m, 7H), 7.08 (d, J = 7.5 Hz, 1H),
6.73 (d, J = 7.6 Hz, 4H), 5.26 (d, J = 17.6 Hz, 1H), 5.14 (dd, J = 6.1, 9.0 Hz, 1H),
4.94 (d, J = 17.3 Hz, 1H), 4.42 (s, 1H), 4.08 (s, 1H), 3.74 (s, 6H), 3.24-3.15 (m,
2H), 3.09 (s, 1H), 2.54 (dd, J = 5.2, 12.2 Hz, 1H), 1.99-1.90 (m, 1H). °*C NMR (126
MHz, CDCls) 6 163.28, 158.67, 151.15, 147.61, 144.92, 140.78, 135.99, 134.50,
131.63, 130.19, 128.95, 128.26, 128.19, 127.09, 125.77, 117.05, 113.30, 86.39,
85.99, 74.45, 73.68, 73.64, 64.33, 55.45, 55.43, 49.82, 42.11. ESI-TOF-MS:

calculated for Cs;H3sNsNaOs* [M+Na]* 688.2266, found 688.2249.

N1-{[1-(6-Nitro-1,3-benzodioxol-5-yl)ethoxy]methyl}-5°-0-(4,4"-
dimethoxytrityl)-2"-deoxypseudouridine (3b). Compound 2 (781 mg, 1.47

mmol) was coevaporated three times each with pyridine and toluene. The
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residue was dissolved in dichloromethane (7.3 mL) and DBU (224 mg, 1.47 mmol,
1.0 eq) were added. To this solution, 5-[1-(chloromethoxy)ethyl]-6-nitro-1,3-
benzodioxole (535 mg, 2.06 mmol, 1.4 eq) in 7.3 mL dichloromethane was added
at 0 °C and reaction mixture was stirred under argon atmosphere at room
temperature for 2 hours. Then, the solvent was removed under reduced pressure.
The crude product was purified by chromatography on a column of silica gel
(60N, 30 g), eluting with a gradient from 0 to 5% methanol in DCM, to obtain 269
mg of white foam (24%). '"H NMR (500 MHz, CDCls) & 8.45-8.42 (m, 1H), 7.45-
7.20 (m, 11H), 7.00-6.90 (m, 1H), 6.85-6.83 (m, 4H), 6.07-6.02 (m, 2H), 5.26-5.16
(m, 1H), 5.04-4.58 (m, 3H), 4.46-4.42 (m, 1H), 4.03-4.00 (m, 1H), 3.79-3.77 (m,
6H), 3.35-3.24 (m, 2H), 2.46-2.41 (m, 1H), 2.04-2.02 (m, 1H), 1.97-1.90 (m, 1H),
1.45-1.40 (m, 3H). *C NMR (126 MHz, CDCl,) d 225.13, 219.37, 219.33, 208.24,
207.90, 205.03, 204.99, 199.39, 195.40, 195.26, 190.88, 190.53, 185.45, 185.27,
180.53, 180.47,179.81,179.74, 179.68, 169.68, 169.63, 166.27, 166.24, 165.89,
164.20, 164.15, 146.47, 146.32, 140.22, 128.55, 128.08, 126.07, 125.89, 122.62,
122.46, 93.36, 91.89, 75.34, 75.05, 72.02, 71.84, 70.71, 70.48, 70.36, 54.44,
54.25, 39.17, 15.51, 15.45, -16.24. ESI-TOF-MS: calculated for CsHssNsNaO+,*

[M+Na]* 776.2431, found 776.2431.

N1-Nitrobenzyl-3°-O-(tert-butyldimethylsilyl)-5°-0-(4,4 -dimethoxytrityl)-

2’-deoxypseudouridine (4a). Compound 3a (160 mg, 0.24 mmol) was

123



coevaporated three times each with pyridine and toluene. The residue was
dissolved in DMF (0.96 mL), and imidazole (47.5 mg, 0.72 mmol, 3.0 eq) and tert-
butyldimethylsilyl chloride (54.2 mg, 0.36 mmol, 1.5 eq) were added at 0 °C. The
mixture was stirred at room temperature for 3 hours. The reaction mixture was
quenched with 5 mL methanol. After evaporation of solvents, the residue was
dissolved in hexane-ethyl acetate (10 mL, 1:4, v/v). The organic layer was
washed with 10 mL of water, saturated agq. NaHCO; and brine. The organic
phase was dried over Na,SO,, filtrated and concentrated under reduced
pressure. The crude product was purified by chromatography on a column of
silica gel (60N, 10 g), eluting with a gradient from 0 to 60% ethyl acetate in
hexane, to obtain 176 mg of white foam (94%). 'H NMR (500 MHz, CDCls) 6 9.65
(s, 1H), 8.07 (d, J = 8.1 Hz, 1H), 7.50 (s, 1H), 7.49-7.31 (m, 4H), 7.28-7.07 (m, 8H),
6.74(d, J = 8.0 Hz, 4H), 5.30 (d, J = 17.2 Hz, 1H), 5.13 (t, J = 7.2 Hz, 1H), 4.81 (d,
J =17.4 Hz, 1H), 4.39-4.30 (m, 1H), 3.99-3.91 (m, 1H), 3.77 (s, 6H), 3.25-3.14 (m,
2H), 2.45-2.35 (m, 1H), 1.96-1.86 (m, 1H), 0.84 (s, 9H), 0.03 (s, 3H), -0.02 (s, 3H).
*C NMR (126 MHz, CDCls) 6 162.83, 158.73, 158.71, 151.20, 147.70, 144.82,
140.63, 136.01, 135.99, 134.38, 131.63, 130.19, 130.16, 129.00, 128.31, 127.99,
127.12,125.81,117.67,113.27, 86.32, 86.12, 73.71, 73.50, 73.47, 63.64, 55.44,
55.42, 49.71, 41.89, 26.03, 18.23, -4.32, -4.60. ESI-TOF-MS: calculated for

CasHaeNsNaOeSi* [M+Na]* 802.3130, found 802.3107.
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N1-{[1-(6-Nitro-1,3-benzodioxol-5-yl)ethoxy]methyl}-3"-O-(tert-
butyldimethylsilyl)-5"-0-(4,4"-dimethoxytrityl)-2"-deoxy-pseudouridine (4b).
Compound 3b (220 mg, 0.292 mmol) was coevaporated three times each with
pyridine and toluene. The residue was dissolved in DMF (1.2 mL), and imidazole
(57.9 mg, 0.876 mmol, 3.0 eq) and tert-butyldimethylsilyl chloride (66 mg, 0.438
mmol, 1.5 eq) were added at 0 °C. The mixture was stirred at room temperature
for 3 hours. The reaction mixture was quenched by adding 5 mL methanol. After
evaporation of solvents, the residue was dissolved in hexane: ethyl acetate (10
mL, 1:1, v/v). The organic layer was washed with 10 mL of water, saturated agq.
NaHCO; and brine. The organic phase was dried over Na,SO., filtrated and
concentrated under reduced pressure. The crude product was purified by
chromatography on a column of silica gel (60N, 10 g), eluting with a gradient
from 0 to 2% methanol in dichloromethane, to obtain 223 mg of white foam
(88%). 'H NMR (500 MHz, CDCls) 6 8.03-8.01 (m, 1H), 7.49-7.20 (m, 11H), 7.00-
6.82 (m, 5H), 6.12-6.02 (m, 2H), 5.23-5.08 (m, 1H), 5.02-4.58 (m, 4H), 3.95-3.91
(m, 1H), 3.79-3.78 (m, 6H), 3.32-3.20 (m, 1H), 2.34-2.29 (m, 1H), 1.90-1.84 (m,
1H), 1.45-1.39 (m, 3H), 0.84-0.83 (m, 9H), 0.02-0.03 (M, 6H). *C NMR (126 MHz,
CDCls) 6 161.64, 158.60, 158.57, 152.22, 152.05, 150.34, 150.30, 147.13, 144.85,
144.74,142.29, 142.00, 139.20, 139.08, 136.35, 136.27, 135.95, 135.93, 135.88,
135.85, 130.15, 130.13, 130.11, 128.25, 128.22, 127.88, 127.86, 126.95, 126.90,
117.40, 117.26, 113.15, 106.52, 106.22, 105.11, 104.96, 103.07, 102.95, 86.22,

86.20, 85.91,85.81, 75.73, 75.70, 73.42, 73.24, 73.11, 73.09, 73.06, 73.03, 63.39,
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63.15, 55.25, 55.23, 41.60, 41.52, 25.78, 23.46, 17.99, -4.56, -4.82, -4.85. ESI-

TOF-MS: calculated for CssHssNsNaO1.Si* [M+Na]* 890.3296, found 890.3283.

N1-Nitrobenzyl-3°-O-(tert-butyldimethylsilyl)-2°-deoxy-pseudouridine (5a).
Compound 4a (176 mg, 0.23 mmol) was dissolved in dichloromethane (10 mL),
and trifluoroacetic acid (1480 mg, 13.0 mmol, 57 eq) in 9 mL dichloromethane
was added at 0 °C. The mixture was stirred at 0 °C for 5 min. The reaction mixture
was quenched by adding 10 mL methanol and 10 mL pyridine. After evaporation
of the solvents, the residue was dissolved in 10 mL of dichloromethane and the
organic layer was washed with 10 mL of saturated ag. NaHCO; and brine. The
organic phase was dried over Na,SQO,, filtrated and concentrated under reduced
pressure. The crude product was purified by chromatography on a column of
silica gel (60N, 10 g), eluting with a gradient from 0 to 6% methanol in
dichloromethane, obtaining 98 mg of white foam (97%). '"H NMR (500 MHz,
CDCls) 6 9.48 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 7.4 Hz, 1H), 7.51 (t, J
=7.6 Hz, 1H), 7.42 (s, 1H), 7.36(d, J = 7.7 Hz, 1H), 5.34 (d, J = 16.6 Hz, 1H), 5.26
(d,J=16.5Hz, 1H), 4.86 (dd, J=5.7,10.3 Hz, 1H), 4.44 (d, J = 5.2 Hz, 1H), 3.95
(s, 1H), 3.77 (d, J = 11.1 Hz, 1H), 3.69 (s, 1H), 3.61 (d, J = 11.2 Hz, 1H), 2.41-
2.31 (m, 1H), 1.96 (dd, J = 5.5, 12.5 Hz, 1H), 0.87 (s, 9H), -0.02 (d, J = 3.0 Hz,
6H). ®C NMR (126 MHz, CDCls) & 163.10, 150.89, 148.14, 143.18, 134.49,

130.94, 129.86, 129.55, 125.77, 113.98, 89.06, 76.93, 74.93, 63.49, 49.21, 41.15,
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26.03, 18.24, -4.43, -4.56. ESI-TOF-MS: calculated for Ca2:H3z1NsNaO-Si*

[M+Na]* 500.1823, found 500.1810.

N1-{[1-(6-Nitro-1,3-benzodioxol-5-yl)ethoxy]methyl}-3°-O-(tert-
butyldimethylsilyl)-2°-deoxy pseudouridine (5b). Compound 4b (120 mg,
0.138 mmol) was dissolved in dichloromethane (5 mL), and trifluoroacetic acid
(749 mg, 6.50 mmol, 47 eq) in 4.5 mL dichloromethane was added at 0 °C. The
mixture was stirred at 0 °C for 5 min. The reaction mixture was quenched by
adding 5 mL methanol and 5 mL pyridine. After evaporation of the solvents, the
residue was dissolved in 10 mL of dichloromethane and the organic layer was
washed with 10 mL of sat. ag. NaHCO; and brine. The organic phase was dried
over Na,SO,, filtrated and concentrated under reduced pressure. The crude
product was purified by chromatography on a column of silica gel (60N, 10 g),
eluting with a gradient from 0 to 6% methanol in dichloromethane, obtaining 76
mg of white foam (97%). '"H NMR (500 MHz, CDCls) 6 8.39 (s, 1H), 7.44-7.43 (m,
1H), 7.31-7.29 (m, 1H), 7.07-7.05 (m, 1H), 6.14-6.09 (m, 2H), 5.32-5.26 (m, 1H),
5.08-5.00 (m, 2H), 4.86-4.81 (m, 1H), 4.46-4.44 (m, 1H), 3.97-3.94 (m, 1H), 3.82-
3.77 (m, 1H), 3.64-3.54 (m, 2H), 2.36-2.28 (m, 1H), 1.99-1.95 (m, 1H), 1.54-1.52
(m, 3H), 0.92-0.90 (m, 9H), 0.08-0.07 (m, 6H). *C NMR (126 MHz, CDCl;) &
162.30, 162.25, 152.33, 152.20, 150.24, 150.21, 147.32, 147.28, 142.27, 142.15,

141.43, 141.38, 136.08, 135.88, 114.03, 106.25, 105.18, 105.09, 103.14, 103.10,
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88.76, 88.66, 76.57, 76.38, 76.08, 75.82, 74.67, 74.57, 73.29, 73.16, 63.28, 63.24,
41.01, 40.95, 25.81, 23.49, 23.45, 18.02, -4.63, —4.75, -4.77. ESI-TOF-MS:

calculated for CasHssN3sNaO10Si* [M+Na]* 588.1989, found 588.1982.

N1-Nitrobenzyl-2’-deoxypseudouridine 5’-triphosphate (1a). Compound
5a (44.5 mg, 0.10 mmol) was coevaporated three times with pyridine. The
residue was dissolved in 100 pL pyridine and 300 pL 1,4-dioxane. To this solution,
2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one (22.3 mg, 0.11 mmol, 1.1 eq) in
110 pL dioxane was added, and the reaction mixture was stirred under argon
atmosphere. After 10 min, tetra(tri-n-butylamine)pyrophosphate (83 mg, 0.15
mmol, 1.5 eq) in 300 uL DMF and 100 pL tributylamine were added. After 10 min,
a solution of iodine (30 mg, 0.121 mmol) in 3 mL pyridine containing water (0.06
mL) was added. After 15 min, aq. 5% NaHSO; (5 mL) was added and stirred for
30 min. After removal of pyridine and 1,4-dioxane under reduced pressure, the
crude product was purified by chromatography on a column of silica gel (RP, 10
g), eluting with a gradient from 0 to 60% acetonitrile in 0.2 M TEAA buffer. After
removing MeCN by centrifugal evaporator and being freeze-dried, the purified
compound was dissolved in 3 mL of 100 mM glycine-HCI buffer (pH 2.5). After
being incubated at 25 °C for 4 h, 3 mL of 2 M TEAA buffer was added. The crude
product was purified by C18 cartridge column, eluting with a gradient from 0 to

50% acetonitrile in 0.2 M TEAA buffer. After concentration, the crude product

128



was purified by RP-HPLC, eluting with a gradient from 0 to 45% acetonitrile in
0.2 M TEAA buffer. After concentration, purified product was dissolved in
methanol (1 mL). To the solution, 0.6 M NaClOs-acetone solution (12 mL) was
added. The resulting mixture was centrifuged (7830 rpm, 15 min, at 4 °C) and
the supernatant liquid was removed by pipetting. Acetone (12 mL) was added to
the precipitates, and the suspension was subjected to centrifugation (7830 rpm,
30 min, at 4 °C), then the supernatant was removed by pipetting. This process
was repeated three times. Then, the residual liquid was evaporated to yield the
product (5 steps 25 %). '"H NMR (500 MHz, D:0) 6 8.01 (d, J = 7.4 Hz, 1H), 7.66
(s, 1H), 7.55 (t, J =7.5Hz, 1H), 7.41 (t, J = 7.7 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H),
5.31-5.13 (m, 2H), 4.93 (dd, J = 6.9, 9.7 Hz, 1H), 4.36 (t, J = 2.8 Hz, 1H), 4.00-
3.74 (m, 3H), 2.19-2.01 (m, 1H), 2.00-1.88 (m, 1H). *'P NMR (202 MHz, D.O) 6 -
4.71, -4.81, -9.75, -9.85, -20.52, -20.62, —20.71. ESI-TOF-MS: calculated for

C16H19N3O16P5* [M+Na]+ 601.9984, found 601.9987.

N1-{[1-(6-Nitro-1,3-benzodioxol-5-yl)ethoxy]methyl}-2’-
deoxypseudouridine 5’-triphosphate (1b). Compound 5b (57 mg, 0.10 mmol)
was coevaporated three times with pyridine. The residue was dissolved in 100
puL pyridine and 300 pL dioxane. To  this solution, 2-chloro-4H-1,3,2-
benzodioxaphosphorin-4-one (22.3 mg, 0.11 mmol, 1.1 eq) in 110 pL dioxane

was added, and the reaction mixture was stirred under argon atmosphere. After
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10 min, tetra(tri-n-butylamine)pyrophosphate (83 mg, 0.15 mmol, 1.5 eq) in 300
puL DMF and 100 pL tributylamine. After 10 min, a solution of iodine (30 mg, 0.121
mmol) in 3 mL pyridine containing water (0.06 mL) was added. After 15 min, 5%
NaHSO; aq. (5 mL) was added and stirred for 30 min. After being evaporated,
the crude product was purified by chromatography on a column of silica gel (RP,
10 g), eluting with a gradient from 0 to 100% acetonitrile in 0.2 M TEAA buffer.
After removing MeCN by centrifugal evaporator and being freeze-dried, the
purified compound was dissolved in 3 mL of 100 mM glycine-HCI buffer (pH 2.5).
After incubated at 25 °C for 4 h, 3 mL of 2 M TEAA buffer was added. The crude
product was washed with hexane. After concentration of water layer, the crude
product was purified by RP-HPLC, eluting with a gradient from 0 to 60%
methanol in 0.1 M hexafluoroisopropyl alcohol — 8 mM triethylamine buffer. After
concentration, the purified product was dissolved in methanol (1 mL). To the
solution, 0.6 M NaClOs-acetone solution (12 mL) was added. The resulting
mixture was centrifuged (7830 rpm, 30 min, at 4 °C) and the supernatant liquid
was removed by pipetting. Acetone (12 mL) was added to the precipitates, and
the suspension was subjected to centrifugation (7830 rpm, 30 min, at 4 °C), then
the supernatant was removed by pipetting. This process was repeated three
times. The residual liquid was evaporated to yield the product (5 steps 13 %). 'H
NMR (500 MHz, D.0O) & 7.61-7.59 (m, 1H), 7.48 (m, 1H), 7.02-7.00 (m, 1H), 6.16-
6.05 (m, 2H), 5.39-5.22 (m, 3H), 4.94-4.84 (m, 1H), 4.50-4.46 (m, 1H), 4.12-4.02

(m, 3H), 2.23-2.16 (m, 1H), 2.09-1.94 (m, 1H), 1.54-1.52 (m, 3H). P NMR (202
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MHz, D:0O) 6 -9.12, -9.21, -10.08, -10.18, -21.71, -21.81, -21.91. ESI-TOF-MS:

calculated for C1sH23N3019Ps~ [M-H]™ 690.0139, found 690.0129.

N1-Nitrobenzyl-2’-deoxypseudouridine (6a). Comound 3a (100 mg, 0.15
mmol) was dissolved in dichloromethane (5 mL), and trifluoroacetic acid (148 mg,
1.3 mmol, 8.7 eq) in 4.9 mL dichloromethane was added at 0 °C. The mixture
was stirred at 0 °C for 5 min. The reaction mixture was quenched by adding 5
mL methanol and 5 mL pyridine. After evaporation of the solvents, the crude
product was purified by chromatography on a column of silica gel (60N, 10 g),
eluting with a gradient from 0 to 10% methanol in dichloromethane, to obtain 50
mg of white powder (91%). '"H NMR (500 MHz, DMSO-ds) 6 11.49 (s, 1H), 8.11
(d,J=8.0Hz, 1H), 7.74 (t, = 7.4 Hz, 1H), 7.69 (s, 1H), 7.57 (t, J = 7.7 Hz, 1H),
7.21(d, J = 7.8 Hz, 1H), 5.28-5.13 (m, 2H), 4.98 (s, 1H), 4.81 (dd, J = 9.1, 5.7 Hz,
1H), 4.63 (s, 1H), 4.10 (s, 1H), 3.70-3.62 (m, 1H), 3.39-3.34 (m, 2H), 2.11-1.99 (m,
1H), 1.81-1.68 (m, 1H). *C NMR (126 MHz, DMSO-d6) 6 163.77, 151.61, 148.22,
141.81, 135.08, 132.99, 129.36, 128.50, 125.77, 115.62, 87.82, 73.93, 73.85,
72.75,72.66, 62.83, 48.93, 41.47. €260 = 14200 cm™'M™". ESI-TOF-MS: calculated

for C16H17NsO7Na* [M+Na]* 386.0964, found 386.0954.

N1-{[1-(6-Nitro-1,3-benzodioxol-5-yl)ethoxy]methyl}-2’-

deoxypseudouridine (6b). Compound 3b (100 mg, 0.133 mmol) was dissolved
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in dichloromethane (2.5 mL), and trifluoroacetic acid (74 mg, 0.65 mmol, 4.9 eq)
in 2.5 mL dichloromethane was added at 0 °C. The mixture was stirred at 0 °C
for 5 min. The reaction mixture was quenched by adding 2.5 mL methanol and
2.5 mL pyridine. After evaporation of the solvents, the crude product was purified
by chromatography on a column of silica gel (60N, 30 g), eluting with a gradient
from 0 to 10% methanol in dichloromethane, to obtain 55 mg of white powder
(92%). 'H NMR (500 MHz, DMSO-de) 6 11.24 (s, 1H), 7.56-7.54 (m, 2H), 7.05 (s,
1H), 6.22 (s, 1H), 6.10 (s, 1H), 5.21-5.16 (m, 1H), 5.11-4.67 (m, 5H), 4.13-4.09 (m,
1H), 3.70-3.67 (m, 1H), 3.42-3.38 (m, 2H), 2.04-1.97 (m, 1H), 1.70-1.64 (m, 1H),
1.43 (m, 3H). *C NMR (126 MHz, DMSO-ds) d 162.51, 162.43, 151.95, 151.85,
150.70, 150.67, 146.76, 146.72, 141.30, 141.24, 140.07, 139.98, 136.67, 136.55,
114.89, 114.68, 106.11, 106.02, 104.60, 103.33, 103.29, 87.16, 87.12, 75.80,
73.02,72.94,72.78,72.65, 72.08, 72.00, 62.22, 62.13, 40.68, 40.50, 40.02, 39.85,
39.69, 39.52, 39.35, 39.19, 39.02, 30.70, 23.45, 23.37. €260 = 10137 cm™'M™". ESI-

TOF-MS: calculated for C1sH21N3sO1oNa* [M+Na]* 474.1125, found 474.1119.

N1-Nitrobenzyl-5-0-(4,4 -dimethoxytrityl)-2 -deoxy-pseudouridine 3"-(2-
cyanoethyl N, N'-diisopropylphosphoramidite) (7a). Compound 3a (200 mg,
0.30 mmol) was coevaporated three times each with pyridine and toluene. The
residue was dissolved in dichloromethane (3 mL), and N,N-diisopropylamine

(21.3 mg, 0.21 mmol, 0.7 eq), 1H-tetrazole (14.7 mg, 0.21 mmol, 0.7 eq), and 2-
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cyanoethyl N,N,N’,N’-tetraisopropylphosphorodiamidite (126 mg, 0.42 mmol,
1.4 eq) were added. The mixture was stirred at room temperature for 3 h and
then diluted with 20 mL ethylacetate. After being washed with 20 mL of saturated
ag. NaHCO; and brine, the organic layer was dried over Na,SO, and filtered.
After the removal of the solvents with evaporation, the residue was separated
over the recycling preparative HPLC (JAIGEL-GS310) with an eluent of
acetonitrile to afford 218 mg of a white foam (83%). '"H NMR (500 MHz, CDCls)
6 9.94 (s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.55-7.31 (m, 5H), 7.27-7.14 (m, 7H), 7.13-
7.07 (m, 1H), 6.77-6.68 (m, 4H), 5.36-5.23 (m, 1H), 5.13 (t, J = 7.5 Hz, 1H), 4.94-
4.77 (m, 1H), 4.60-4.44 (m, 1H), 4.24-4.06 (m, 1H), 3.87-3.53 (m, 10H), 3.31-3.16
(m, 2H), 2.63 (t, J = 6.2, 1H), 2.62-2.54 (m, 1H), 2.45 (t, J = 6.4 Hz, 1H), 2.05-1.93
(m, 1H), 1.34-1.09 (m, 10H), 1.07 (d, J = 6.8 Hz, 2H). *C NMR (126 MHz, CDCls)
6 163.13, 162.96, 158.72, 151.25, 151.19, 147.65, 144.83, 140.81, 140.76,
140.74,135.93, 134.45, 131.66, 130.28, 130.17, 129.01, 128.97, 128.30, 128.13,
128.11,128.06, 127.94,127.19, 127.13,127.11, 125.87, 125.75, 118.07, 117.82,
117.16, 117.03, 113.35, 113.20, 86.37, 85.38, 85.35, 85.21, 85.05, 77.53, 75.68,
75.57,75.53,75.21,75.08,73.92, 73.84, 73.73, 73.65, 64.00, 63.84, 63.76, 63.63,
63.49, 58.76, 58.65, 58.58, 58.53, 58.51, 58.47, 58.43, 58.40, 55.58, 55.56, 55.49,
55.47,55.40, 55.38, 55.31,49.89, 49.79, 49.72, 49.63, 43.52, 43.44,43.42, 43.34,
41.13, 40.86, 40.78, 24.91, *'P NMR (202 MHz, CDCls) 6 149.35, 148.95. ESI-

TOF-MS: calculated for CssHs2NsNaO1oP* [M+Na]* 888.3344, found 888.3334.

133



N1-{[1-(6-Nitro-1,3-benzodioxol-5-yl)ethoxy]methyl}-5°-0-(4,4"-
dimethoxytrityl)-2’-deoxy-pseudouridine 3’-(2-cyanoethyl N,N’-
diisopropylphosphoramidite) (7b). Compound 2b (220 mg, 0.292 mmol) was
coevaporated with pyridine and toluene. The residue was dissolved in
dichloromethane (3 mL) and N,N-diisopropylamine (20.7 mg, 0.204 mmol, 0.7
eq) and 1H-tetrazole (70.1 mg, 0.204 mmol, 0.7 eq), 2-cyanoethoxy-N,N,N",N -
tetraisopropylphosphorodiamidite (123 mg, 0.41 mmol, 1.4 eq) were added.
The mixture was stirred at room temperature for 3 h and then diluted with 20 mL
ethyl acetate. After washing with sat. ag. NaHCO; and brine, the organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The
residue was separated over the recycling preparative HPLC with an eluent of
acetonitrile to afford 128 mg of a white foam (45%). '"H NMR (500 MHz, CDCl5)
6 8.28 (s, 1H), 7.49-7.39 (m, 4H), 7.36-7.19 (m, 7H), 7.01-6.88 (m, 1H), 6.85-6.82
(m, 4H), 6.07-6.02 (m, 2H), 5.25-5.12 (m, 1H), 5.02-4.89 (m, 2H), 4.56-4.50 (m,
1H), 4.14-4.12 (m, 1H), 3.94-3.78 (m, 6H), 3.68-3.53 (m, 3H),3.24-3.34(m, 2H),
2.63 (t, J = 6.0 Hz, 1H), 2.60-2.48 (m, 1H), 2.45 (t, J = 6.5 Hz, 1H), 1.98-1.90 (m,
1H), 1.70-1.55 (m, 1H), 1.44-1.36 (m, 3H), 1.28-1.12 (m, 11H), 1.08-0.83 (m, 2H).
*C NMR (126 MHz, CDCl;) 6 0.9, 20.3, 20.4, 20.5, 20.6, 22.6, 23.6, 24.6, 24.6,
24.6, 24.7, 24.7, 24.8, 24.8, 29.8, 40.5, 43.3, 43.4, 43.4, 55.4, 55.4, 55.4, 58.3,
58.4, 58.4, 58.5, 63.3, 63.5, 63.6, 63.8, 73.2, 73.4, 73.4, 73.4, 73.5, 74.6, 74.8,
74.9,75.1,75.2,75.3,75.9,76.0,76.9, 77.2,77.2, 77.4,77.4, 85.1, 85.2, 86.3,

86.4, 86.4, 103.1, 103.2, 103.2, 105.1, 105.2, 106.4, 106.7, 113.3, 113.3, 116.8,
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116.9,117.0,117.6,117.8,127.0,127.1,128.0, 128.0, 128.3, 128.3, 128.4, 128.4,
130.3,130.3,135.9, 136.0, 136.0, 136.4, 136.5, 139.2, 139.3, 139.3, 139.4, 142.1,
142.1,142.4,142.4,144.9,145.0, 147.3, 150.5, 150.5, 152.2, 152.3, 152.3, 158.7,
158.7, 161.9, 161.9, 162.0, 162.0. *'P NMR (202 MHz, CDCls) & 149.48, 148.31,
148.97, 148.87. ESI-TOF-MS: calculated for CssHssNsNaO+13:P* [M+Na]* 976.3504,

found 976.3580.

DNA synthesis and purification. Solid phase synthesis of oligonucleotides
was accomplished on an nS-8 Il DNA/RNA synthesizer. The oligonucleotides
(ODN1a, ODN1b, ODN8a, ODN8b and ODN16) were synthesized using
standard synthesis protocols in DMTr-on mode. Deprotection was performed
with 28% NH.OH aqg. for 2 h at room temperature. After evaporation of the
solvents, the crude product was diluted with 0.1 M NH,OAc aq. and placed on
a C18 cartridge column. The failure sequences were removed using 10%
acetonitrile in 0.1 M NH,OAc aq. After washing with 0.1 M NH,OAc aqg. and water,
the column was treated with 2% TFA aq. to remove the DMTr group and further
washed with water. The target ODN was eluted using 30% acetonitrile in water.
After concentration, the residue was purified by a RP-HPLC (0.03 M NH.OAc
buffer-acetonitrile, 1.0 min/min, 0 to 10% acetonitrile within 40 min for ODN1a)
or a RP-HPLC (0.1 M HFIP-8 mM TEA buffer-methanol, 1.0 min/min, 0 to 20%

methanol within 40 min for ODN1b, ODN8a, ODN8b and ODN16).
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UV irradiations. UV irradiation at 365 nm was performed with 500 mW LED
lamp (ZUV-C20H). Each sample was analyzed by a RP-HPLC (0.03 M NH,OAc
buffer-acetonitrile, 1.0 min/min, 0 to 10% acetonitrile within 20 min at 25 °C) for
nucleoside 6a and 6b, RP-HPLC (0.03 M NH.OAc buffer-acetonitrile, 1.0
min/min, 0 to 20% acetonitrile within 40 min at 25 °C) for ODN1a or RP-HPLC
(0.1 M HFIP-8 mM TEA buffer-methanol, 1.0 min/min, 0 to 20% methanol within
40 min at 40 °C) for ODN1b. Amount of the residual caged nucleoside was

calculated by using the areas of caged nucleoside’s peak.

Measurement of melting temperatures (T.) for duplexes. The T,
measurements were performed with 2.0 pM each oligodeoxynucleotides
dissolved in a buffer containing 10 mM sodium phosphate (pH 7.0), 100 mM
NaCl, 0.1 mM EDTA. The solution was placed in a quartz cells (10 mm) and
incubated at 90 °C. After 10 min, the solution was cooled at a rate of 0.5 °C/min
to 5 °C then heated to 90 °C at the same rate. The absorption at 260 nm was
recorded and used to draw UV-melting curves. The UV-melting curve was
smoothed by the Savitzky-Golay method. Melting temperatures were calculated
as the temperature that gave the maximum of the first derivation of the UV-

melting curves.
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Single nucleoside insertion with Kf". Primer extension reaction mixture (20
pL) containing 0.1 uM 18-mer primer DNA (FAM-P1), 0.1 pM 25-mer template
DNA (ODN2, ODN3, ODN4, ODN5, ODN8a or ODN8b), 10 uM dXTP (X =T, "W
or "POMY) or 10 uM dNTP (N = C, A or G), 0.4 unit of Kf, 50 mM NaCl, 10 mM
Tris-HCI (pH 7.9), 10 mM MgCl, and 1 mM DTT was incubated at 37 °C for 10
min, and then the reactions were quenched by adding a 20 pL of stop solution
(10 M urea, 20 mM EDTA, 0.05% (w/v) BPB). The samples were analyzed by
electrophoresis with 20% denaturing polyacrylamide gel containing 7 M urea

electrophoresis (< 40 W, 55 °C, 60 min) and visualized in a fluoroimage analyser.

Single nucleoside insertion for estimation of kinetic parameters. Primer
extension reaction mixture (20 pL) containing 0.1 yM 18-mer primer DNA (FAM-
P1), 0.1 upM 25-mer template DNA (ODN2), 10 uM dXTP (X = T, "W or "WOMY) or
10 uM dNTP (N = A), 0.1 unit of Kf", 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10
mM MgCl, and 1 mM DTT was incubated at 37 °C for 1 min, and then the
reactions were quenched by adding a 20 pL of stop solution (10 M urea, 20 mM
EDTA, 0.05% (w/v) BPB), and heated at 90 °C for 1 min. The samples were
analyzed by electrophoresis with 20% denaturing polyacrylamide gel containing
7 M urea electrophoresis (< 40 W, 55 °C, 60 min) and visualized in a fluoroimage

analyser. The kinetic parameters were estimated by Hanes-Woolf plot.
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Primer extension with Kf. Primer extension reaction mixture (20 pL)
containing 0.1 pM 18-mer primer DNA (FAM-P1) and 0.1 pM 25-mer template
DNA (ODN2, ODN8a or ODN8b) or 0.1 pM 17-mer primer DNA (FAM-P3) and
0.1 pM 35-mer template DNA (ODN12), 10 (for ODN2, ODN8a and ODNS8b) or
100 (for ODN12) uM dXTP (T, "*W or "*°MW), 10 uM dNTPs (dATP, dGTP and
dCTP), 0.4 unit of Kf", 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10 mM MgCl. and
1 mM DTT was incubated at 37 °C for 60 min, and then the reactions were
quenched by adding a 20 pL of stop solution (10 M urea, 20 mM EDTA, 0.05%
(w/v) BPB), and heated at 90 °C for 1 min. The samples were analyzed by
electrophoresis with 20% denaturing polyacrylamide gel containing 7 M urea

electrophoresis (< 40 W, 55 °C, 60 min) and visualized in a fluoroimage analyser.

Primer extension with Kf. Primer extension reaction mixture (20 pL)
containing 0.1 uM 18-mer primer DNA (FAM-P1), 0.1 uM 25-mer template DNA
(ODN2, ODN8a or ODN8b) or 0.1 pM 17-mer primer DNA (FAM-P3) and 0.1
UM 35-mer template DNA (ODN12), 10 (for ODN2, ODN8a and ODN8b) or 100
(for ODN12) uM dXTP (T, "W or ""oMW), 10 uM dNTPs (dATP, dGTP and dCTP),
0.4 unit of Kf, 10 mM Tris-HCI (pH 7.5), 7 mM MgCl, and 0.1 mM DTT was
incubated at 37 °C for 60 min, and then the reactions were quenched by adding
a 20 pL of stop solution (10 M urea, 20 mM EDTA, 0.05% (w/v) BPB), and heated

at 90 °C for 1 min. The samples were analyzed by electrophoresis with 20%
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denaturing polyacrylamide gel containing 7 M urea electrophoresis (< 40 W,

55 °C, 60 min) and visualized in a fluoroimage analyser.

Primer extension with KOD Dash. Primer extension reaction mixture (20 pL)
containing 0.1 uM 18-mer primer DNA (FAM-P1), 0.1 uM 25-mer template DNA
(ODN2, ODN8a or ODN8b) or 0.1 pM 17-mer primer DNA (FAM-P3) and 0.1
UM 35-mer template DNA (ODN12), 10 (for ODN2, ODN8a and ODN8b) or 100
(for ODN12) uM dXTP (T, "W or ""oMy), 10 uM dNTPs (dATP, dGTP and dCTP),
0.4 unit of KOD Dash, 20 mM Tris-HCI (pH 7.9), 8 mM MgCl, and 7.5 mM DTT
was incubated at 37 °C for 60 min, and then the reactions were quenched by
adding a 20 pL of stop solution (10 M urea, 20 mM EDTA, 0.05% (w/v) BPB), and
heated at 90 °C for 1 min. The samples were analyzed by electrophoresis with
20% denaturing polyacrylamide gel containing 7 M urea electrophoresis (< 40 W,

55 °C, 60 min) and visualized in a fluoroimage analyser.

T7 RNA polymerase transcription reaction of enzymatically synthesized
photo-caged DNA. Primer extension reaction mixture (20 yL) containing 0.25
UM 17-mer primer DNA (P3), 0.25 pM 35-mer template (ODN12), 100 uM dXTP
(T, "W or NPOMY), 10 uM dNTPs (dATP, dGTP and dCTP), 0.4 unit of Kf", 40 mM
Tris-HCI (pH 8.0), 8 MM MgCl. and 2 mM spermidine was incubated at 37 °C for

30 min. After incubation, the reaction mixtures were added 200 pmol of TTP in
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2 uL of a buffer (40 mM Tris-HCI (pH 8.0), 8 mM MgCl, and 2 mM spermidine)
and incubated at 37 °C for 30 min. The reactions were quenched by heating at
95 °C for 3 min, and annealed the duplexes. After the annealing, the mixture was
divided into two equal portions (11 pL). The first portion was added 40 unit T7
RNA polymerase, 5 nmol of NTPs (N = A, G, C, U), 100 nmol of DTT in 5 yL of a
buffer (40 mM Tris-HCI (pH 8.0), 8 mM MgCl. and 2 mM spermidine) and
incubated at 37 °C for 60 min. After the reaction, 20 pL of quenching solution
(10 M urea, 0.05% (w/v) bromo phenol blue, TBE buffer) was added and heated
at 90 °C for 1 min. The second portion was irradiated at 365 nm UV light for 3
min, and added 40 unit T7 RNA polymerase, 80 nmol of NTPs (N = A, G, C, U),
100 nmol of DTT in 5 pL of a buffer (40 mM Tris-HCI (pH 8.0), 8 mM MgCl. and
2 mM spermidine). The reaction mixture was incubated at 37 °C for 60 min. After
the reaction, 20 pL of quenching solution (10 M urea, 0.05% (w/v) bromo phenol
blue, TBE buffer) was added and heated at 90 °C for 1 min. The samples were
analyzed by electrophoresis with 20% denaturing polyacrylamide gel containing
7 M urea electrophoresis (40 W, 55 °C, 60 min) and visualized in fluoroimage
analyzer (FUJIFILM FLA-9500). The transcription intensities were quantified by

Image-J. Error bars represent standard deviations (n = 3).

The photo-control of the triplex stability in an acidic buffer. Primer

extension reaction mixture (70 pL) containing 0.1 yM 17-mer primer DNA (FAM-
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P3), 0.1 uM 40-mer template DNA (ODN13, ODN14 or ODN15), 10 uM d"*MWTP,
dATP, dGTP and dCTP, 0.6 unit of Kf, 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10
mM MgCl. and 1 mM DTT was incubated at 37 °C for 60 min, and then the
reactions were quenched by heating at 90 °C for 1 min. After the annealing, the
mixture was divided into seven equally portions (10 pL). The first one was added
a 30 pL of BPB solution (40 mM sodium acetate-acetic acid pH 5.2, 10 mM

Mg(OAc)., 40% glycerol, 0.05% BPB).

The second portion was added 10 pL of 0.1 pM TFO1 in 80 mM sodium
acetate-acetic acid buffer (pH 5.2) containing 20 mM Mg(OAc). and heated at
90 °C for 1 min. After annealing the mixture, a 20 yL of BPB solution (40 mM
sodium acetate-acetic acid pH 5.2, 10 mM Mg(OAc)., 40% glycerol, 0.05% BPB)
was added. The third portion was added 10 yL of 0.2 yM TFO1 in 80 mM sodium
acetate-acetic acid buffer (pH 5.2) containing 20 mM Mg(OAc). and heated at
90 °C for 1 min. After annealing the mixture, a 20 yL of BPB solution (40 mM
sodium acetate-acetic acid pH 5.2, 10 mM Mg(OAc)., 40% glycerol, 0.05% BPB)
was added. The fourth portion was added 10 pL of 0.5 pM TFO1 in 80 mM
sodium acetate-acetic acid buffer (pH 5.2) containing 20 mM Mg(OAc). and
heated at 90 °C for 1 min. After annealing the mixture, a 20 pL of BPB solution
(40 mM sodium acetate-acetic acid pH 5.2, 10 mM Mg(OAc)., 40% glycerol,

0.05% BPB) was added.
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The fifth portion was added 10 pL of 0.1 pM TFO1 in 80 mM sodium acetate-
acetic acid buffer (pH 5.2) containing 20 mM Mg(OAc). and irradiated at 365 nm
for 3 min. After irradiation, the reaction mixture was heated at 90 °C for 1 min.
After annealing the mixture, a 20 pL of BPB solution (40 mM sodium acetate-
acetic acid pH 5.2, 10 mM Mg(OAc)., 40% glycerol, 0.05% BPB) was added.
The sixth portion was added 10 pL of 0.2 yM TFO1 in 80 mM sodium acetate-
acetic acid buffer (pH 5.2) containing 20 mM Mg(OAc). and irradiated at 365 nm
for 3 min. After irradiation, the reaction mixture was heated at 90 °C for 1 min.
After annealing the mixture, a 20 pL of BPB solution (40 mM sodium acetate-
acetic acid pH 5.2, 10 mM Mg(OAc)., 40% glycerol, 0.05% BPB) was added.
The seventh portion was added 10 pL of 0.5 uM TFO1 in 80 mM sodium acetate-
acetic acid buffer (pH 5.2) containing 20 mM Mg(OAc). and irradiated at 365 nm
for 3 min. After irradiation, the reaction mixture was heated at 90 °C for 1 min.
After annealing the mixture, a 20 pL of BPB solution (40 mM sodium acetate-
acetic acid pH 5.2, 10 mM Mg(OAc)., 40% glycerol, 0.05% BPB) was added.
The samples were analyzed by electrophoresis with native polyacrylamide gel

electrophoresis (< 40 W, 20 °C, 240 min) and visualized in a fluoroimage analyzer.

The photo-control of the triplex stability in a neutral buffer. Primer
extension reaction mixture (30 pL) containing 0.1 yM 17-mer primer DNA (FAM-

P3), 0.1 M 40-mer template DNA (ODN13, ODN14 or ODN15), 10 uM dV"MWTP,
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dATP, dGTP and dCTP, 0.6 unit of Kf-, 50 mM NaCl, 10 mM Tris-HCI (pH 7.9), 10
mM MgCl, and 1 mM DTT was incubated at 37 °C for 60 min, and then the
reactions were quenched by heating at 90 °C for 1 min. After the annealing, the
mixture was divided into three equally portions (10 pL). The first one was added
a 30 pL of BPB solution (0.25 M TG buffer (pH 7.0), 10 mM MgCl,, 0.05% (w/v)

BPB).

The second portion was added 10 pyL of 0.1 pM TFO1 in 0.5 M TG buffer (pH
7.0) containing 20 mM MgCl. and heated at 90 °C for 1 min. After annealing the
mixture, a 20 pL of BPB solution (0.25 M TG buffer (pH 7.0), 10 mM MgCl,, 0.05%

(w/v) BPB) was added.

The third portion was added 10 pL of 0.1 uM TFO1 in 0.5 M TG buffer (pH 7.0)
containing 20 mM MgCl. and irradiated at 365 nm for 3 min. After irradiation, the
reaction mixture was heated at 90 °C for 1 min. After annealing the mixture, a 20
uL of BPB solution (0.25 M TG buffer (pH 7.0), 10 mM MgCl., 0.05% (w/v) BPB)
was added. The samples were analyzed by electrophoresis with native
polyacrylamide gel electrophoresis (< 40 W, 10 or 20 °C, 360 min) and visualized
in a fluoroimage analyzer. The ratio of triplex was quantified by Image-J. Error

bars represent standard deviations (n = 4).

Measurement of melting temperatures (T.) for triplexes. The Tn
measurements were performed with 2.0 pM each oligodeoxynucleotides

(ODN16 and TFO2) dissolved in an acidic buffer containing 10 mM sodium
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cacodylate (pH 5.2), 500 mM NaCl, 10 mM MgCl. or an neutral buffer containing
10 mM sodium cacodylate (pH 7.0), 500 mM NaCl, 10 mM MgCl,. The solution
was placed in a quartz cells (10 mm) and incubated at 90 °C. After 10 min, the
solution was cooled at a rate of 0.5 °C/min to 5 °C then heated to 90 °C at the
same rate. The absorption at 260 nm was recorded and used to draw UV-melting
curves. The UV-melting curve was smoothed by the Savitzky-Golay method.
Melting temperatures were calculated as the temperature that gave the

maximum of the first derivation of the UV-melting curves.
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55 2 T BRI
2°-0-(N-Methylcarbamoyl)-3",5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-

diyl)-uridine (4a). Compound 2 (4.004 g, 8.23 mmol) was dissolved in
anhydrous toluene (82 mL) followed by addition of pyridine (793 pL, 9.871 mmol).
Next, phenyl chloroformate (1240 uL, 9.871 mmol) was added dropwise, and the
resulting mixture was stirred at ambient temperature for 3 h. The reaction mixture
was diluted with ethyl acetate (100 mL). The organic layer was washed with
saturated aq. NaHCO; and brine. The organic layer was dried over Na,SO.,
filtered, and evaporated under reduced pressure to give a crude compound. The
residue was dissolved in pyridine (82 mL), and 2 M MeNH. in EtOH solution (10.3
mL, 20.6 mmol) was added. The reaction mixture was stirred at ambient
temperature for 17 h. The reaction mixture was evaporated under reduced
pressure. The residue was purified by chromatography on a column of silica gel
(C300, 180 g) using hexane-ethyl acetate (80:20-30:70, v/v) to give 4a (3.91 g,
87%).

'"H-NMR (500 MHz, CDCls) for 85:15 mixture of rotamers: § 0.99-1.09 (m, 28H),
2.82 (s, 3H), 3.95-4.00 (m, 2H), 4.17-4.19 (m, 1H), 4.38 (dd, 1H, J = 5.5 Hz, 9.0
Hz), 4.78 (m, 1H), 5.26 (d, 1H, J = 5.0 Hz), 5.69 (d, 1H, J = 8.0 Hz), 5.81 (s, 1H),
7.63 (d, 1H, J =8.0 Hz), 8.45 (br, 1H). ®*C-NMR (126 MHz, CDCls) 6 163.11, 155.40,
149.77, 139.68, 102.38, 88.92, 82.32, 75.88, 68.26, 60.06, 27.77, 17.58, 17.49,
17.42,17.37,17.03, 16.95, 13.52, 13.05, 13.04, 12.75. ESI-TOF mass: calcd. for

C23H41NsNaOsSi. [M+Na]* 566.2324, found 556.2318.
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2°-0-(N-Ethylcarbamoyl)-3°,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-
diyl)-uridine (4b). Compound 2 (2.433 g, 5.00 mmol) was dissolved in
anhydrous toluene (50 mL) followed by addition of pyridine (6 mmol). Next,
phenyl chloroformate (6 mmol) was added dropwise, and the resulting mixture
was stirred at ambient temperature for 2 h. The reaction mixture was diluted with
ethyl acetate (100 mL). The organic layer was washed with saturated aq.
NaHCO; and brine. The organic layer was dried over Na.SQO., filtered, and
evaporated under reduced pressure to give a crude compound. The residue was
dissolved in pyridine (50 mL), and 2 M EtNH. in THF solution (12.5 mmol) was
added. The reaction mixture was stirred at ambient temperature for 16 h. The
reaction mixture was evaporated under reduced pressure. The residue was
purified by chromatography on a column of silica gel (C300, 100 g) using

hexane—ethyl acetate (100:0-40:60, v/v) to give 4b (2.65 g, 95%).

"H-NMR (500 MHz, CDCIs) for 85:15 mixture of rotamers: 6 0.92-1.10 (m, 28H),
1.25 (t, 3H, J = 5.0 Hz), 3.18-3.27 (m, 2H), 3.95-4.01 (m, 2H), 4.18 (d, 1H, J =
13.0 Hz), 4.38 (dd, 1H, J = 5.0 Hz, 9.0 Hz), 4.81 (t, 1H, J = 3.0 Hz), 5.26 (d, 1H, J
=5.5Hz), 5.69 (d, 1H, J = 8.0), 5.82 (s, 1H), 7.62 (d, 1H, J =8.0 Hz), 8.42 (br, 1H).
®C-NMR (126 MHz, CDCls) 6 162.97, 154.61, 149.69, 139.69, 102.36, 88.93,

82.33, 75.74,68.25, 60.01, 36.13, 29.84, 17.59, 17.50, 17.43,17.37,17.06, 16.99,
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16.96, 16.94, 15.30, 13.57, 13.06, 13.04, 12.77. ESI-TOF mass: calcd. for

C22H4sNsNaOsSi. [M+Na]* 580.2481, found 580.2469.

2°-0-(N-Propylcarbamoyl)-3°,5"-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-
diyl)-uridine (4c). Compound 2 (4.004 g, 8.23 mmol) was dissolved in
anhydrous toluene (82 mL) followed by addition of pyridine (793 pL, 9.871 mmol).
Next, phenyl chloroformate (1240 uL, 9.871 mmol) was added dropwise, and the
resulting mixture was stirred at ambient temperature for 4 h. The reaction mixture
was diluted with ethyl acetate (120 mL). The organic layer was washed with
saturated aq. NaHCO; and brine. The organic layer was dried over Na,SO.,
filtered, and evaporated under reduced pressure to give a crude compound. The
residue was dissolved in pyridine (50 mL), and PrNH: (20.6 mmol) was added.
The reaction mixture was stirred at ambient temperature for 16 h. The reaction
mixture was evaporated under reduced pressure. The residue was purified by
chromatography on a column of silica gel (C300, 200 g) using hexane—ethyl

acetate (80:20-40:60, v/v) to give 4c (4.38 g, 88%).

'"H-NMR (500 MHz, CDCIs) for 85:15 mixture of rotamers: 6 0.91 (t, 3H, J = 5.0
Hz), 0.99-1.08 (m, 28H), 1.48-1.54 (m, 2H), 3.07-3.21 (M, 2H), 3.95-4.00 (M, 2H),
418 (d, 1H, J = 12.5 Hz), 4.37 (dd, 1H, J = 5.0 Hz, 8.5 Hz), 4.88 (t, 1H, J = 4.3
Hz), 5.25 (d, 1H, J = 5.0 Hz), 5.69 (d, 1H, J = 8.0), 5.83 (s, 1H), 7.62 (d, 1H, J =8.0

Hz), 8.91 (br, 1H). *C-NMR (126 MHz, CDCls) 6 162.91, 154.50, 149.52, 139.41,
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102.10, 88.61, 82.05, 75.44, 67.99, 59.74, 42.70, 22.95, 17.33, 17.23, 17.17,
17.11, 16.78, 16.70, 16.66, 13.30, 12.80, 12.78, 12.47, 11.05. ESI-TOF mass:

calcd. for CasHasNsNaOsSi> [M+Na]* 594.2638, found 594.2640.

2°-0-(N-Methylcarbamoyl)-3’-O-(tert-butyldimethylsilyl)-5"-O-(4,4 -
dimethoxytrityl)-uridine (7a). 4a (375 mg, 0.69 mmol) was dissolved in
anhydrous THF (7 mL). To the solution were added triethylamine (2.1 mmol) and
triethylamine trihydrofluoride (1.4 mmol). The reaction mixture was stirred at
ambient temperature for 15 h. After addition of trimethylethoxysilane, the
reaction mixture was stirred for 4 h. The solvents were removed under reduced
pressure. The residue was coevaporated with pyridine and dissolved with
pyridine (7 mL), and 4,4’-dimethoxytrityl chloride (1.05 mmol) was added. The
reaction mixture was stirred at ambient temperature for 2 h. After the reaction, a
solution (methanol: pyridine 1:1, v/v) was added to reaction mixture and stirred
for 1 h. After removal of solvent under reduced pressure, the residue was
dissolved in 50 mL ethyl acetate and washed with 50 mL saturated aq. NaHCO;
and brine. The organic layer was dried over Na,SO., filtered and evaporated
under reduced pressure. The crude mixture was co-evaporated with pyridine,
toluene, and dissolved in anhydrous DMF (5 mL). To this solution were added
imidazole (2.1 mmol) and tert-buthyldimethylsilyl chloride (1.05 mmol). The

reaction mixture was stirred at ambient temperature for 24 h. The reaction

148



mixture was diluted with ethyl acetate (80 mL). The organic layer was washed
with water and brine. The organic layer was dried over Na,SO., filtered, and
evaporated under reduced pressure. The residue was purified by
chromatography on a column of silica gel (60N, 12 g) using hexane—ethyl acetate
(90:10-60:40, v/v) to give 7a (337 mg, 71%).

"H-NMR (500 MHz, CDCls) for 88:12 mixture of rotamers: & —0.05 (s, 3H), 0.04
(s, 3H), 0.82 (s, 9H), 2.80 (d, 3H, J = 5.0 Hz), 3.35-3.37 (m, 1H), 3.46-3.49 (m, 1H),
3.79 (s, 6H), 4.06-4.09 (m, 1H), 4.52 (t, 1H, J = 4.0 Hz), 4.93 (dd, 1H, J = 4.0 Hz,
8.5 Hz),5.19 (t, 1H, J = 5.5 Hz), 5.38 (d, 1H, J = 8.5 Hz), 6.19 (d, 1H, J = 6.0 Hz),
6.84 (d, 4H, J = 9.0 Hz), 7.22-7.32 (m, 7H), 7.39 (d, 2H, J = 7.5 Hz), 7.74 (d, 1H,
J = 8.5 Hz), 8.83 (br, 1H). *C NMR (126 MHz, CDCl) 6 163.02, 158.84, 155.66,
150.59, 144.06, 140.23, 135.29, 135.08, 130.30, 128.38, 128.16, 127.31, 113.43,
102.94, 87.39, 86.28, 85.58, 75.79, 71.05, 62.85, 55.39, 27.70, 25.71, 18.13, -
4.88, -4.96. ESI-TOF mass: calcd. for CssHs7NsNaOeSi* [M+Na]* 740.2974, found

740.2959.

2°-0-(N-Ethylcarbamoyl)-3"-O-(tert-butyldimethylsilyl)-5"-O-(4,4 -
dimethoxytrityl)-uridine (7b). 4b (2231 mg, 4 mmol) was dissolved in anhydrous
THF (40 mL). To the solution were added triethylamine (12 mmol) and
triethylamine trihydrofluoride (6 mmol). The reaction mixture was stirred at

ambient temperature for 15 h. After addition of trimethylethoxysilane, the
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reaction mixture was stirred for 4 h. The solvents were removed under reduced
pressure. The residue was coevaporated with pyridine and dissolved with
pyridine (20 mL), and 4,4’-dimethoxytrityl chloride (6.0 mmol) was added. The
reaction mixture was stirred at ambient temperature for 2 h. After the reaction, a
solution (methanol: pyridine 1:1, v/v) was added to reaction mixture and stirred
for 1 h. After removal of solvent under reduced pressure, the residue was
dissolved in 80 mL ethyl acetate and washed with 80 mL saturated aq. NaHCO;
and brine. The organic layer was dried over Na,SO., filtered and evaporated
under reduced pressure. The crude mixture was co-evaporated with pyridine,
toluene, and the residue was dissolved in anhydrous DMF (8 mL). To this solution
were added imidazole (12 mmol) and tert-buthyldimethylsilyl chloride (6 mmol).
The reaction mixture was stirred at ambient temperature for 24 h. The reaction
mixture was diluted with ethyl acetate (80 mL). The organic layer was washed
with saturated aq. NaHCO;, water and brine. The organic layer was dried over
Na.SO., filtered, and evaporated under reduced pressure. The residue was
purified by chromatography on a column of silica gel (60N, 60 g) using hexane—

ethyl acetate (100:0-40:60, v/v) to give 7b (2032 mg, 69%).

'"H-NMR (500 MHz, CDCls) for 88:12 mixture of rotamers: & —0.05 (s, 3H), 0.04
(s, 3H), 0.83 (s, 9H), 1.14 (t, 3H, J = 7.0 Hz), 3.19-3.28 (m, 2H), 3.34-3.37 (m, 1H),
3.46-3.49 (m, 1H), 3.79 (s, 6H), 4.05-4.06 (m, 1H), 4.52 (t, 1H, J = 3.5 Hz), 4.92
(t, 1H, J = 5.5 Hz), 5.18 (t, 1H, J = 5.5 Hz), 5.37 (dd, 1H, J = 2.0 Hz, 10.0 Hz),

6.19 (d, 1H, J = 6.0 Hz), 6.84 (d, 4H, J = 8.5 Hz), 7.22-7.32 (m, 7H), 7.39 (d, 2H,
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J=7.5Hz),7.73 (d, 1H, J = 8.0 Hz), 8.71 (br, 1H). '*C NMR (126 MHz, CDCls) &
162.97, 158.85, 154.88, 150.54, 144.07, 140.25, 135.29, 135.08, 130.32, 130.31,
128.39, 128.16, 127.31, 113.43, 102.93, 87.39, 86.27, 85.59, 75.65, 71.05, 62.85,
55.39, 36.12, 25.75, 18.14, 15.22, -4.84, -4.93. ESI-TOF mass: calcd. for

CagH49N3NaOoSi* [M+Na]+ 754.3130, found 754.3118.

2°-0-(N-Propylcarbamoyl)-3’-O-(tert-butyldimethylsilyl)-5-O-(4,4 -
dimethoxytrityl)-uridine (7c). 4c (2 g, 3.50 mmol) was dissolved in anhydrous
THF (17.5 mL). To the solution were added triethylamine (10.5 mmol) and
triethylamine trihydrofluoride (5.25 mmol). The reaction mixture was stirred at
ambient temperature for 15 h. After addition of trimethylethoxysilane, the
reaction mixture was stirred for 4 h. The solvents were removed under reduced
pressure. The residue was coevaporated with pyridine and dissolved with
pyridine (17.5 mL), and 4,4’-dimethoxytrityl chloride (5.25 mmol) was added. The
reaction mixture was stirred at ambient temperature for 2 h. After the reaction, a
solution (methanol: pyridine 1:1, v/v) was added to reaction mixture and stirred
for 0.5 h. After removal of solvent under reduced pressure, the residue was
dissolved in 80 mL ethyl acetate and washed with 80 mL saturated aq. NaHCO;
and brine. The organic layer was dried over Na,SO., filtered and evaporated
under reduced pressure. The crude mixture was co-evaporated with pyridine,

toluene, and the residue was dissolved in anhydrous DMF (7 mL). To this solution
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were added imidazole (10.5 mmol) and tert-buthyldimethylsilyl chloride (5.25
mmol). The reaction mixture was stirred at ambient temperature for 24 h. The
reaction mixture was diluted with ethyl acetate (70 mL) and hexane (20 mL). The
organic layer was washed with saturated ag. NaHCO;, water and brine. The
organic layer was dried over Na,SO., filtered, and evaporated under reduced
pressure. The residue was purified by chromatography on a column of silica gel
(60N, 130 g) using hexane-ethyl acetate (80:20-40:60, v/v) to give 7c (1713 mg,
49%).

'"H-NMR (500 MHz, CDCls) for 88:12 mixture of rotamers: & —0.05 (s, 3H), 0.04
(s, 3H), 0.83 (s, 9H), 0.93 (t, 3H, J = 7.5 Hz), 1.53 (d, 2H, J = 7.0 Hz, 14.5 Hz),
3.11-3.19 (m, 2H), 3.34-3.37 (m, 1H), 3.46-3.49 (m, 1H), 3.80 (s, 6H), 4.05-4.07
(m, 1H), 4.51-4.52 (m, 1H), 4.88 (t, 1H, J = 6.0 Hz), 5.20 (t, 1H, J = 5.5 Hz), 5.36
(d, 1H, J = 8.0 Hz), 6.18 (d, 1H, J = 6.0 Hz), 6.84 (d, 4H, J = 8.5 Hz), 7.23-7.32
(m, 7H), 7.39 (d, 2H, J = 7.5 Hz), 7.74 (d, 1H, J = 8.5 Hz), 8.07 (br, 1H). *C NMR
(126 MHz, CDCls;) 6 162.66, 158.87, 155.03, 150.33, 144.08, 140.33, 135.29,
135.09, 130.33, 128.41, 128.18, 127.34, 113.45, 102.88, 87.42, 86.34, 85.57,
75.58, 71.05, 62.85, 55.41, 43.07, 25.76, 23.17, 18.16, 11.38, —4.81, —4.91. ESI-

TOF mass: calcd. for C4Hs1NsNaOoSi* [M+Na]* 768.3287, found 768.3278.

2°-0-(N-Methylcarbamoyl)-3"-O-(tert-butyldimethyisilyl)-uridine (8a).

Compound 7a (295 mg, 0.41 mmol) was dissolved in in CH.Cl, solution (3.8 mL)
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and added 200 pL of trifluoroacetic acid at 0 °C. After being stirred for 10 min at
0 °C, the reaction mixture was added 4 mL of pyridine-methanol (1:1, v/v)
solution. After being stirred for 10 min at room temperature, the resulting mixture
was evaporated under reduced pressure. The residue was dissolved in 50 mL of
ethyl acetate-hexane and washed with saturated ag. NaHCO; and brine. The
organic phase was dried over Na,SQO,, filtrated and concentrated under reduced
pressure. The crude product was purified by chromatography on a column of
silica gel (60N, 22 @), eluting with a gradient from 0 to 50% ethyl acetate in

hexane, to obtain 115 mg of 8a (94%).

'"H-NMR (500 MHz, DMSO-d6) for 88:12 mixture of rotamers: & 0.05 (s, 3H),
0.06 (s, 3H), 0.86 (s, 9H), 2.53 (d, 3H, J = 4.5 Hz), 3.53-3.56 (m, 1H), 3.64-3.67
(m, 1H), 3.86-3.88 (m, 1H), 4.38 (dd, 1H, J = 4.0 Hz, 5.5 Hz), 5.05 (t, 1H, J = 6.0
Hz), 5.25 (br, 1H), 5.68 (d, 1H, J = 8.0 Hz), 5.94 (d, 2H, J = 6.0 Hz), 7.21-7.24 (m,
1H), 7.90 (d, 1H, J = 8.0 Hz), 11.37 (br, 1H). *C NMR (126 MHz, DMSO) 6 162.99,
155.37, 154.78, 150.59, 140.56, 102.32, 86.04, 85.82, 85.52, 74.31, 74.14, 70.40,
60.41, 27.51, 26.97, 17.77, -5.13, -5.20. ESI-TOF mass: calcd. for

C17H20NsNaO-Si* [M+Na]" 438.1667, found 438.1666.

2°-0-(N-Ethylcarbamoyl)-3"-O-(tert-butyldimethylsilyl)-uridine (8b).
Compound 7b (732 mg, 1 mmol) was dissolved in in CH.ClI. solution (9.5 mL)

and added 500 pL of trifluoroacetic acid at 0 °C. After being stirred for 10 min at
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0 °C, the reaction mixture was added 100 mL of pyridine-methanol (1:1, v/v)
solution. After being stirred for 10 min at room temperature, the resulting mixture
was evaporated under reduced pressure. The residue was dissolved in 50 mL of
ethyl acetate-hexane and washed with saturated ag. NaHCO; and brine. The
organic phase was dried over Na,SQO,, filtrated and concentrated under reduced
pressure. The crude product was purified by chromatography on a column of
silica gel (60N, 22 g), eluting with a gradient from 20 to 1000% ethyl acetate in
hexane, to obtain 432 mg of 8b (quant).

'H-NMR (500 MHz, DMSO-d6) § 0.06 (s, 3H), 0.07 (s, 3H), 0.86 (s, 9H), 1.00 (t,
3H, J = 7.0 Hz), 2.92-3.04 (m, 2H), 3.53-3.56 (m, 1H), 3.64-3.67 (m, 1H), 3.86-
3.88 (m, 1H), 4.39 (dd, 1H, J = 3.5 Hz, 5.0 Hz), 5.04 (t, 1H, J = 5.5 Hz), 5.26 (br,
1H), 5.68 (d, 1H, J = 8.0 Hz), 5.95 (d, 1H, J = 6.5 Hz), 7.35 (t, 1H, J = 5.5 Hz),
7.90 (d, 1H, J = 8.5 Hz), 11.38 (br, 1H). *C NMR (126 MHz, DMSO) 6 163.02,
154.67,154.32, 150.62, 140.56, 102.37, 85.88, 85.46, 74.26, 73.99, 70.44, 60.45,
35.13, 25.67, 17.80, 15.33, 14.88, -5.09. ESI-TOF mass: calcd. for

C1sH31NsNaO-,Si* [M+Na]" 452.1823, found 452.1831.

2°-0-(N-Propylcarbamoyl)-3"-O-(tert-butyldimethylsilyl)-uridine (8c).
Compound 7c¢ (746.0 mg, 1 mmol) was dissolved in in CH.Cl. solution (9.5 mL)
and added 500 pL of trifluoroacetic acid at 0 °C. After being stirred for 10 min at

0 °C, the reaction mixture was added 10 mL of pyridine-methanol (1:1, v/v)
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solution. After being stirred for 10 min at room temperature, the resulting mixture
was evaporated under reduced pressure. The residue was dissolved in 50 mL of
ethyl acetate-hexane and washed with saturated ag. NaHCO; and brine. The
organic phase was dried over Na,SQO,, filtrated and concentrated under reduced
pressure. The crude product was purified by chromatography on a column of
silica gel (60N, 22 q), eluting with a gradient from 33 to 100% ethyl acetate in
hexane, to obtain 379.5 mg of 8c (86%).

'H-NMR (500 MHz, DMSO-d6) 6 0.06 (s, 3H), 0.07 (s, 3H), 0.80 (t, 3H, J = 7.5
Hz), 0.86 (s, 9H), 1.34-1.42 (m, 2H), 2.83-2.96 (m, 2H), 3.53-3.57 (m, 1H), 3.63-
3.67 (m, 1H), 3.86-3.88 (m, 1H), 4.38 (dd, 1H, J = 3.5 Hz, 5.0 Hz), 5.06 (t, 1H, J
= 5.5 Hz), 5.25 (t, 1H, J = 4.5 Hz), 5.68 (d, 1H, J = 8.0 Hz), 5.95 (d, 1H, J = 6.0
Hz), 7.37 (t, 1H, J = 5.5 Hz), 7.89 (d, 1H, J = 8.0 Hz), 11.38 (br, 1H). *C NMR (126
MHz, DMSO) 6 163.01, 154.87, 150.62, 140.58, 102.36, 85.86, 85.46, 73.92,
70.45, 60.46, 42.18, 25.67, 22.45, 17.80, 11.23, -5.07, -5.16. ESI-TOF mass:

calcd. for C1sH33NsNaO-Si* [M+Na]* 466.1980, found 466.1979.

2°-0-(N-Methylcarbamoyl)-uridine 5°-triphosphate (1a). Compound 8a
(74.8 mg, 0.18 mmol) was coevaporated with pyridine and dissolved in
anhydrous pyridine-1,4-dioxane (1:3, v/v, 720 pL). To the solution, 2-chloro-4H-
1,3,2-benzodioxaphosphorin-4-one (40.1 mg, 0.20 mmol) in 1,4-dioxane (198

puL) was added. After being stirred for 10 min, tributylamine (180 pL) and
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pyrophosphate tributylammonium salt (149 mg, 0.27 mmol) in DMF (540 pL)
solution was added to the reaction mixture. After additional 10 min, 1% iodine
pyridine-H,O solution (98:2, v/v, 3 mL) was added. After being stirred for 15min,
the reaction mixture was quenched with 5% NaHSO; (3 mL). After 30 min, the
reaction mixture was evaporated under reduced pressure. The crude product
was purified by reverse phase column chromatography (100 mM
triethylammonium acetate buffer-MeCN, 95:5-50:50, v/v). After removal of
MeCN under reduced pressure, triethylammonium acetate salt was removed on
reverse phase column chromatography (0 to 50% MeCN in H.O). The purified
product was dissolved in 100 mM glycine-HCI buffer (pH 3.0). After incubated
at 25 °C for 16 h, the crude product was washed with ethyl acetate and hexane.
After the concentration, the crude product was purified by RP-HPLC (eluted by
a linear gradient of 0 to 10% MeCN in 0.1 M TEAA buffer) to give the product 1a
(40%).

'H-NMR (500 MHz, D.O) & 2.68 (s, 3H), 4.20-4.31 (m, 3H), 4.53 (t, 1H, J = 5.5
Hz), 5.18 (t, 1H, J = 5.0 Hz), 5.94 (d, 1H, J = 8.5 Hz), 6.01 (d, 1H, J = 4.0 Hz), 7.89
(d, 1H, J = 8.0 Hz). *'P-NMR (162 Hz, D.O) 6 -23.3 (t, J = 15.4 Hz), -11.6 (d, J =

16.2 Hz), -11.0 (d, J = 14.6 Hz)

ESI-TOF mass: calcd. for C11H17NsO+1sPs~ [M—-H]™ 539.9827, found 539.9825.

156



3’-0-(N-Ethylcarbamoyl)-uridine 5 -triphosphate (1b). Compound 8b (86
mg, 0.2 mmol) was coevaporated with pyridine and dissolved in anhydrous
pyridine-1,4-dioxane (1:3, v/v, 800 pL). To the solution, 2-chloro-4H-1,3,2-
benzodioxaphosphorin-4-one (44.5 mg, 0.22 mmol) in 1,4-dioxane (220 pL) was
added. After being stirred for 10 min, tributylamine (200 yL) and pyrophosphate
tributylammonium salt (165 mg, 0.3 mmol) in DMF (600 pL) solution was added
to the reaction mixture. After additional 10 min, 1% iodine pyridine-H.O solution
(98:2, v/v, 3 mL) was added. After being stirred for 15min, the reaction mixture
was quenched with 5% NaHSO; (3 mL). After 30 min, the reaction mixture was
evaporated under reduced pressure. The crude product was purified by reverse
phase column chromatography (100 mM triethylammonium acetate buffer—
MeCN, 95:5-50:50, v/v). After removal of MeCN under reduced pressure,
triethylammonium acetate salt was removed on reverse phase column
chromatography (0 to 50% MeCN in H.O). The purified product was dissolved
in 100 mM glycine-HCI buffer (pH 3.0). After incubated at 25 °C for 16 h, the
crude product was washed with ethyl acetate and hexane. After the
concentration, the crude product was purified by RP-HPLC (eluted by a linear
gradient of 0 to 10% MeCN in 0.1 M TEAA buffer) to give the product 1b (27%).

'H-NMR (500 MHz, D-O) 6 1.10 (t, 3H, J = 7.5 Hz), 3.14 (dd, 2H, J = 7.0 Hz,
14.5 Hz) 4.28-4.35 (m, 3H), 4.59 (t, 1H, J = 6.0 Hz), 5.21 (t, 1H, J = 5.0 Hz), 5.97

(d, 1H, J = 8.0 Hz), 6.04 (d, 1H, J = 4.0 Hz), 7.94 (d, 1H, J = 8.0 Hz). *'P-NMR
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(162 Hz, D;0) 6 —22.30 (t, J = 14.1 Hz), =11.30 (d, J = 15.6 Hz), —7.19 (br). ESI-

TOF mass: calcd. for C12H1sN3O16P5s~ [M—-H]™ 553.9984, found 553.9970.

2°-0-(N-Propylcarbamoyl)-uridine 5’-triphosphate (1c). Compound 8c
(88.6 mg, 0.2 mmol) was coevaporated with pyridine and dissolved in anhydrous
pyridine-1,4-dioxane (1:3, v/v, 800 pL). To the solution, 2-chloro-4H-1,3,2-
benzodioxaphosphorin-4-one (44.5 mg, 0.22 mmol) in 1,4-dioxane (220 pL) was
added. After being stirred for 10 min, tributylamine (200 yL) and pyrophosphate
tributylammonium salt (165 mg, 0.3 mmol) in DMF (600 pL) solution was added
to the reaction mixture. After additional 10 min, 1% iodine pyridine-H.O solution
(98:2, v/v, 3 mL) was added. After being stirred for 15min, the reaction mixture
was quenched with 5% NaHSO; (3 mL). After 30 min, the reaction mixture was
evaporated under reduced pressure. The crude product was purified by reverse
phase column chromatography (100 mM triethylammonium acetate buffer—
MeCN, 95:5-50:50, v/v). After removal of MeCN under reduced pressure,
triethylammonium acetate salt was removed on reverse phase column
chromatography (0 to 50% MeCN in H,O). The purified product was dissolved
in 100 mM glycine-HCI buffer (pH 3.0). After incubated at 25 °C for 16 h, the
crude product was washed with ethyl acetate and hexane. After the
concentration, the crude product was purified by RP-HPLC (eluted by a linear

gradient of 0 to 10% MeCN in 0.1 M TEAA buffer) to give the product 1¢ (36%).
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"H-NMR (500 MHz, D,0) 6 0.88 (t, 3H, J = 7.0 Hz), 1.46-1.53 (m, 2H), 3.06-3.11
(m, 2H), 4.26-4.35 (m, 3H), 4.56 (t, 1H, J = 5.5 Hz), 5.21 (t, 1H, J = 5.0 Hz), 5.98
(d, 1H, J = 8.0 Hz), 6.05 (d, 1H, J = 4.0 Hz), 7.93 (d, 1H, J = 8.0 Hz). *’P-NMR
(162 Hz, D,0) 6 —22.81 (t, J = 15.7 Hz), =11.41 (d, J = 15.4 Hz), —9.66 (br). ESI-

TOF mass: calcd. for C13H21N3016P5s~ [M-H]™ 568.0140, found 568.0136.

HPLC analysis of the hydrophobicity of UTP analogs. Each UTP analog (100
uM) was analyzed by RP-HPLC (eluted by a linear gradient of 0 to 10% MeCN

in 0.1 M TEAA buffer).

NMR analysis of the migration of Ug.mTP. Each 300 nmol of Ugen TP (1a-1c¢)
was diluted with 750 pL T7 RNA polymerase reaction buffer (40 mM Tris-HCI, 8
mM MgCl., 2 mM spermidine, D,O, pH 8.0). The Urem TP solution was incubated
at 37 °C in NMR apparatus and analyzed 'H NMR spectra at each time. "Time"
was determined from the median between the start time of the measurement
and the finish time of the measurement. "The ratio of 3™-alkylcarbamoyl" was

determined from the C5 proton ratio of 3"-alkylcarbamoyl in all C5 proton.

Migration and degradation of Ur.m derivatives in buffer. The 4 mM of Ugcm
derivatives (U.m, 5a, 5b, 5¢, 1b) were incubated in each buffer at 37 °C, and then

diluted by 0.1 M TEAA buffer and analyzed by RP-HPLC (0 to 10% MeCN in 0.1
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M TEAA buffer or 0 to 20% MeCN in 0.1 M TEAA buffer). The ratio of 2™-
alkylcarbamoyl, 3’-alkylcarbamoyl and U were determined from the peak areas

of HPLC chart.

Transcription reaction by T7 RNA polymerase in T7 RNA polymerase
reaction buffer. The reaction mixture (10 pL) containing 1 uM T7 dsDNA, 4 or 8
mM U, TP (UTP, Ucn TR, 1a, 1b, 1c, UrTP or UoweTP), 2 mM NTPs (N = A, G, C),
40 unit T7 RNA polymerase, 40 mM Tris-HCI (pH 8.0), 8 mM MgCl,, 2 mM
spermidine and 5 mM DTT was incubated at 37 °C for 240 min. After the reaction,
10 unit DNasel (2 pyL) was added and incubated at 37 °C for 30 min. After the
incubation, 28 pL of quenching solution (10 M urea, 20 mM EDTA, 0.05% (w/v)
bromophenol blue, TBE buffer) was added and heated at 90 °C for 1 min. The
samples were analyzed by electrophoresis with 20% denaturing polyacrylamide
gel containing 7 M urea electrophoresis (60 W, 60 °C, 60 min) and stained by
SYBR Greenll. The stained gel was visualized in fluoroimage analyzer (FUJIFILM
FLA-9500). The transcription intensities were quantified by Image-J. Error bars

represent standard deviations (n = 3).

Transcription reaction by T3 RNA polymerase. The reaction mixture (10 pL)
containing 2 uM T3 dsDNA, 2 mM U,TP (UTP, Ucn TP, 1a, 1b, 1c, UFTP or Uowe TP),

40 unit T3 RNA polymerase, 1 mM NTPs (N = A, G, C), 40 mM Tris-HCI (pH 7.9),
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6 mM MgCl,, 2 mM spermidine and 10 mM NaCl was incubated at 37 °C for 240
min. After the reaction, 10 unit DNasel (2 yL) was added and incubated at 37 °C
for 30 min. After the incubation, 28 pL of quenching solution (10 M urea, 20 mM
EDTA, 0.05% (w/v) bromophenol blue, TBE buffer) was added and heated at
90 °C for 1 min. The samples were analyzed by electrophoresis with 20%
denaturing polyacrylamide gel containing 7 M urea electrophoresis (60 W, 60 °C,
60 min) and stained by SYBR Greenll. The stained gel was visualized in

fluoroimage analyzer (FUJIFILM FLA-9500).

Transcription reaction by SP6 RNA polymerase. The reaction mixture (10 pL)
containing 2 uM SP6 dsDNA, 2 mM U,TP (UTP, UsnTP, 1a, 1b, 1c, UTP or
Uome TP), 40 unit SP6 RNA polymerase, 1 mM NTPs (N = A, G, C), 40 mM Tris-
HCI (pH 7.5), 6 mM MgCl,, 2 mM spermidine, 10 mM DTT, 0.01% BSA was
incubated at 37 °C for 240 min. After the reaction, 10 unit DNasel (2 pL) was
added and incubated at 37 °C for 30 min. After the incubation, 28 pL of
quenching solution (10 M urea, 0.05% (w/v) bromophenol blue, TBE buffer) was
added and heated at 90 °C for 1 min. The samples were analyzed by
electrophoresis with 20% denaturing polyacrylamide gel containing 7 M urea
electrophoresis (60 W, 60 °C, 60 min) and stained by SYBR Greenll. The stained

gel was visualized in fluoroimage analyzer (FUJIFILM FLA-9500).
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Transcription reaction for determination of initial velocities. The reaction
mixture (10 pL) containing 1 pM T7 dsDNA, 4 mM U,TP (UTP, UswTP, 1a, 1b or
1c), 2 MM NTPs (N = A, G, C), 8 unit T7 RNA polymerase, 40 mM Tris-HCI (pH
8.0), 8 mM MgCl, and 2 mM spermidine 5 mM DTT was incubated at 37 °C for
5 min. After the reaction, the reaction mixtures were incubated at 90 °C for 1 min
and then cooled to 37 °C. To the mixtures, 10 unit DNasel (2 pL) was added and
incubated at 37 °C for 30 min. After the incubation, 28 uL of quenching solution
(10 M urea, 0.05% (w/v) bromophenol blue, TBE buffer) was added and heated
at 90 °C for 1 min. The samples were analyzed by electrophoresis with 20%
denaturing polyacrylamide gel containing 7 M urea electrophoresis (60 W, 60 °C,
60 min) and stained by SYBR Greenll. The stained gel was visualized in
fluoroimage analyzer (FUJIFILM FLA-9500). The transcription intensities were

quantified by Image-J.

Transcription reaction with incubated Ug.TP for determination of initial
velocities. Before the transcription reaction, U TP solution (8 pL) containing 1.25
UM T7 dsDNA, 5 mM U, TP (UTP, Ucn TP, 1a, 1b or 1¢), 2.5 mM NTPs (N = A, G,
C), 50 mM Tris-HCI (pH 8.0), 10 mM MgCl, and 2.5 mM spermidine was
incubated at 37 °C for 4 h. After the incubation, T7 RNA polymerase solution (2
bL) containing 8 unit of T7 RNA polymerase and 50 nmol of DTT was added, and

incubated at 37 °C for 5 min. After the reaction, the reaction mixtures were
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incubated at 90 °C for 1 min and then cooled to 37 °C. To the mixtures, 10 unit
DNasel (2 pL) was added and incubated at 37 °C for 30 min. After the incubation,
28 L of quenching solution (10 M urea, 0.05% (w/v) bromophenol blue, TBE
buffer) was added and heated at 90 °C for 1 min. The samples were analyzed by
electrophoresis with 20% denaturing polyacrylamide gel containing 7 M urea
electrophoresis (60 W, 60 °C, 60 min) and stained by SYBR Greenll. The stained
gel was visualized in fluoroimage analyzer (FUJIFILM FLA-9500). The

transcription intensities were quantified by Image-J.

Transcription reaction by T7 RNA polymerase in an acidic buffer. The
reaction mixture (10 pyL) containing 1 uM T7 dsDNA, 4 mM U,TP (UTP, U:n TP, 1a,
1b, 1c, UFTP or UomeTP), 2 mM NTPs (N = A, G, C), 8 unit T7 RNA polymerase,
40 mM Tris-HCI (pH 6.8), 8 mM MgCl. and 2 mM spermidine 5 mM DTT was
incubated at 37 °C for 240 min. After the reaction, 10 unit DNasel (2 pL) was
added and incubated at 37 °C for 30 min. After the incubation, 28 pL of
quenching solution (10 M urea, 0.05% (w/v) bromophenol blue, TBE buffer) was
added and heated at 90 °C for 1 min. The samples were analyzed by
electrophoresis with 20% denaturing polyacrylamide gel containing 7 M urea
electrophoresis (60 W, 60 °C, 60 min) and stained by SYBR Greenll. The stained
gel was visualized in fluoroimage analyzer (FUJIFILM FLA-9500). The

transcription intensities were quantified by Image-J.
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