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BXEEHE  Study on Photo-regulation of Duplex
Formation and Dissociation by SNA
modified with Photo-responsive
Nucleobases
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BRI ETHERINTVDS, UTICEEOBEEEZTT,

Chapter 1. General Introduction

ARETIX, AREIT O ChTm> THET AMRICOVTR L, XTHIT DNA Ok
BB . BIUF <=7 Y 7L LTODNA OfgRfF] & BB A DOV TR T2, RIT,
DNA O#iE(t% B8 LBR SN EMmEE - REUEESNIZOWTE L DT, I BT,
INE TR SN -AREN 2B RIER A TR XNA O ERBERIZ OV TR L,

Chapter 2. Development of photo-crosslinkable nucleobase analogue for photo-controlling
hybridization ability of SNA

AETIE, SNA O EHHUAR & EHIET 5 720 O R EREIEE OBRIZ >\ TR Lz,
WHFZE=E TlX., Azobenzene F5E{A (Azo) % D-Threoninol V > —% 4 L C ZEHIZF K
WCEA L, ZEHWNT cis-trans HLEMELSE 2 Z & T, DNA °° RNA O Bk - fFhf
ERFEHTDZ LITHRIIL TS, LHL, Azo & SNA OFHITEA L72HAEITIX, Azo D
EMALREBIZF 57 SNA O —EHFERASRE IS Z 13, ZEHFERES DI
ECIIEL 2D o7, ZHITH L, T IR RIS EEOERZ 3T T SNA ([Zi#E
L7251 LW IEHIENE O BIFE 2 38 T, —RICEEEAEE Adenine @ 8 AL ~DEMIII _EHDE
ENECHEICREREELEZ VW EBMONTWS, £Z T, ZOEAMICAI#HRIZ
BERE M FIBE7R Pyrenylvinyl EZE A L7={EfHEE PVA: 8-Pyrenylvinyl adenine % #Ft L7z
(Figure. 2a) , PVA % Adenine D> ¥ 1T 2 ZREE A U 7-EAf SNA L AR L # “EHPR
TR RE TR 455 nm QAR E BT 5 & VA BRERTAENTEE ([2+2] Rk
HINERE) L. SNA $HoMENTETeZ & TLESHNMEET 5, & 5T, FiF T 340 nm D%
AN E BERETIUE, VA OZRBERBER L, EAPBEIND ZE TTEHRHERT H&
#THB (Figure. 2b),

Photo-cycloaddition

O (Cycloreversion)

0P residues

Photo-regulation of duplex formation

Figure 2. (a) Chemical structures of 8-pyrenylvinyl adenine (*YA). (b) Scheme and illustration of reversible
photo-regulation of duplex formation via photo-crosslinking of PYAs in the SNA strand. Irradiation with 455 nm blue
light induces dissociation of the duplex through [2 + 2] photo-cycloaddition, whereas irradiation with 340 nm UV
light causes reformation of the duplex via cycloreversion.

2/5



SNA [ZEBA ST VA ORIGHEZRIET D729 Table. 1 Sequences of Synthesized SNAs

IZ. SNA-P2P (Table. 1) (2%t L C—AGLRRETH] Sequence (SNA)
BWAZRE Lz, FHR. VA ORIUIEECHIZH SNA-P2P (S)-GCPYATTPYAGC-(R)

A U, 350 nm (T IZ 2RI IT xS 35 Alkylpyrene  SNA-P1P (S)-TCGPYATPVAGA-(R)
BROWIN 23B1417= (Figure. 3 (a) green line), =6 SATIP (BFECTFATATOEAR)

2 340 nm DEANEERBET S L VA ORIRHE T or-d(SEA-GCTHATATGC-(R)
D TEHEANCEIE L7z (Figure. 3 (a) blue line), ZDZ &7 6 PVA ZZEITER L 72 AR 722
BRERICEREZTZERALNE 2ol RIRBOEITIZ HPLC, HHEART ML OFERH
bbLHEREIN, ORGSR EZHEDLTIZI0 A ZVIThizo THRVIRLETT A2 L
WRENTZ, —F. SNA-P2P & ZDZEKIIED THRWEREEMZA L, SNA g0 VA
AR L CORISETDZ LR INT, T 2EBEO VA 0BAMBEEXT
LIRISHEIIRES B LN L bR I Nz, BT VA 28 TEA L7z SNA-POP
(Table. 1) I3ERRHBNCIIFAME RNA L ZEICZEHEMR L (Th=35.1°C). VA DEA
BEN_EFEOLEEEL KEIELERNVI L E CD A7 MVORRN LR SN, —
HBHEZPRHRLZKETS SNA-POP ORBRIGIINEMICEIT L, LRFEROD
SNA-POP/RNA —EHEHOMARE ZHIE L7I-fER. FIREREEZ IV 7EA FARBISHh
T, ITEREIC EHIMREEL T D Z AR Sz (Fig.3 (b) green line), —JF., &4+
NRRRBE IR AR RART L FEE DY /B4 Fafis, —EHIFERL WD
LN RENT- (Fig3 (b) blue line, Tm = 362 °C), KRugIZHNEBFR Cy3 LHEXA Q
Anthraquinone %3 A L 7z SNA-POP-Q / RNA-Cy3 —E#HIZx L CRIEDORBEH 21T 5 Z & T,
ZEAE - BRI RE 5 —EEHARRE - R E . Cy3 ORMBEDOEIC X - TRAIHL T2 Z
BB LTz, (Figure. 3 (c). MMZ T, PVA A SNA DR %Z SNA 72 EOIERIRTIA
THBICEZ -HBAIS _EHEEROLHIENFARETHD Z L bHER L,

(a) (b) (c)
0.3 1 80
—Before

~——455 nm 0.98
——340 nm ‘ ® ! ] .
0.2 g 0.96 r ! ] ]
1 /] !
N k-] L 1 ] !
N 1 ' ]
s —Before 1 y) 1
01 F E o092 —455 nm P\ h '
E —340 nm ! 1 ]
0.9 1 1
0 A 1 1 + - -
300 350 400 450 500 0 10 20 30 40 50 60 0 1 2 3

Wavelength / nm Temperature / °C Cycles

(=2}
o

340 nm

455 nm
———————>

Abs.
ze:
o
©
S
Duplex Ratio / %

N
o

[N
o

Figure 3. (a) UV-Vis spectra of SNA-P2P (b) Melting profiles of SNA-POP/RNA duplex (c) Duplex ratio after
multiple photo-switching cycles calculated from fluorescence intensity of Cy3. Conditions: 100 mM NaCl, 10 mM
phosphate buffer (pH 7.0), 20 °C. [Oligonucleotide] = 5.0 pM.

UED X SIT, VA OFIHHRNEERIGE VT, SNA O ZESIAL - AR 2 ZhREH
ORHRNZHIET B Z LTk LTz,
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Chapter 3. Orthogonal photo-control of SNA/RNA duplexes by dual crosslink type

photo-switches

ARETIL, 2 DOBBRIEAAF ZFIFHLTZ SNA/RNA —EHFEROERHIEIZ OV TERRLT,
VA IVLEREMICRIRER TAEMEBEE VA .

8-Naphtylvinyladenine Z#7721Z3% - ARk L (Figure. 4) .2 & '_\_< e

D NVA ZEALM SNA B2FI (SNN) & 1 ZRED VA L NWVA %

AL SNA EZ%l (SPN) Z&FKL7z (Table. 2), SNN & YA

DRI S5 405-340 nm DR D N TEEL, SNN D ‘?

ZEEIAIT 300 nm L FOWEEDK THRET B LBEIFSND, iy

—F. VA & NA ZETe SPN | 465405 nm DY T~71  of 8-naphthylvinyl adenine

Figure 4. Chemical structures

NV
B RETER L. ZOEBAIT 340 nm LT (VA).
DEEDONEBRETHZLETHRAETIEEZT, Table2 Sequences of Synthesized SNAs
72, 4 FRAOPER (465 nm, 405 nm, 340 Sequence (SNA)
nm, 300 nm) DIEZEVFITHZET, SNN/RNA SNN (S)-GCTNWANATGC-(R)
SPN (S)-GCTPVANATGC-(R)

& SPN/RNA D _EHTAL - ARBEZ B A1l
HTEHE TR (Figure. 5),

K&ffi SNA/RNA —HHOBMABEZRELIER, COOLREICTEERTHI L0 D)
D (Twm> 39 °C) , (EAREEDOE AR —EHEPREFAE L2V EBFERINIZ, SNN/RNA ZHEH
IZ 405 nm DOXEFRHFLIZEZA NVA ORIPIITHERL ., BB RIS OHEST I RSN T (Figure. 6a
black lines), %tiJ T 300 nm D Y& FRF T 2L, TEOWRIIIEIE U722 &M bIRERHZRS DHETT

bHERENTL, —F, SNN/RNA SPN/RNA

SPN/RNA —EH4IT 465 \ k

im0 A L BRI, LT

PVA L NVA (ZHR TR State1

A FEIZTHEHEKL.,

Alkylpyrene £k M W& I 23 A05:am 300 nm 405 nm 0,

HE L7z (Figure. 6a, gray 300 nm 0| i

lines) , 24U SPN H o

NVA L VA EFEEARE e UJQDUBJU HJUUUUHJ I
3 Y S E

EMCORERRSHE \ /' statez ;\\

ZLBEIEERBL TS, %H i

TTIT300 nm KEBEF HHH @7%@ P %%@ BHH HHd

% & T & i B D R U A3 S L T 1000001) State4

EIEL7=ZEnD, SPN .

- gy — Figure 5. Illustration of controlled hybridization of two SNA/RNA duplexes.
RBEORELRES Four possible states of SNA/RNA duplexes can be realized by irradiating with
Nz, #FnEho¥xse four different wavelengths of light (465 nm, 405 nm, 340 nm, and 300 nm).
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& - AU IR R USRI T A2 L MRS U, Fiz. RE RS 14 ORARIR B 2 I E
L7zHER EHODFR TS Tn< 10 °C L7220 ZESHDMRBEN RIHU2, BT, 300 nm RS IC
SRR B LA BT AR E L TEBEL (Tn > 37 °C) . NVANVA 2 PVANVA D2E4E - BRZ%
AWTH ZEHE R B LRI TE AT Rm"EINTZ,
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Figure 6. (a) Relationship between the wavelength of photo-irradiation and absorption spectra of SNN and SPN
before and after crosslinking. (b) Relationship between the percent of crosslinked chromophores of SNN (black)
and SPN (red) and irradiation wavelength. Open circles are percent crosslinking of chromophores in SNN and
SPN first irradiated with 405 nm light and then with the indicated light of wavelength. Solution conditions were
5.0 uM oligonucleotide, 100 mM NaCl, 10 mM phosphate buffer (pH 7.0).

BT, 2548 - RS O BRI 2 T ~5725 12 SNN/RNA, SPN/RNA, BLUEEEAEIC
RTUAR 2 7 R ONERRE L, 22485 LB L7~ (Figure. 6b) , fEHR. MECHIL 405 nm Y TG
L. MZEEAIT 300 nm L FOWR DN THRET 2L bhoT, —75 . 340 nm JEid SNN D
RAVZ2ZEAEL SPN 2B EOBRIRMZRBAR A 51 &I, MALFIZ 465 nm Dt ERIFLIZERIC
{% SPN 2% SNN UL EBEMICEBINDZ LN RSN, T7bh, ZhbD 4 EOKEHE S
THZETTREED SNA/RNA —EHHDO AR BIRAYICHIE TEHZ LRI,

F7-. EBIZ (Figure. 5 1R T 1) 250D SNA/RNA “EHZEALZIREET, 4 BEONE
Bz RIETREALIZEAITH, SNN & SPN DJZE4E - B RS IR IRANEIT 52 &b I A
~Z7MVE HPLC OfsRMHHALANE 20T,

UEDISNZ, Z oD EORBRIG AT AT5ZL T, SNA/RNA O _EHUHREE
RENHIE T DT LTI,
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