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Design of smart drugs that are activated upon X-irradiation
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We have designed a novel aggregate of DNA amphiphiles (DAM) that is sensitive to
X-irradiation or photoirradiation. The DAM consists of alkyl chain as a hydrophobic unit and
oligodeoxynucleotides as a hydrophilic unit, which are linked to a radiation-sensitive azobenzen
derivative (DAM-Azo). The DAM-Azo self-assembled efficiently to form aggregates that encapsulated small
molecules such as pyrene. X-irradiation could then induce reductive degradation of the DAM-Azo aggregates
via degradation of the azobenzene unit to release guest molecules. We also prepared photo-responsive
a?gregate using photoreactive nitrobenzene unit. The nitrobenzene unit was introduced into
oligonucleotide (P-ODN), whose reaction was characterized. P-ODN showed a proper function as
photosensitive drug carrier.




Q Q

/OI\I‘—L‘

FSws%+Y7 m:Drug

(15 X

DNA

DAM-Azo Figure 1 DNA

DNA

mHREMEHEEY
o/ \/ - )

0
11
o O-P-0-5-d(TTTy3
N H ©
°N L

H
N okt
L 10

BUKH

Figure 1. DAM-AzoD#&1&

DAM-Azo

DAM-Azo
Scheme 1 1

3
4 5

10
11 DNA
DAM-Azo

N
9 9
1) EDCI, HOBY, Hexylamine, ON’ 8%
MF, 86% a
/@)%H oWE O)Ku/\(\/\g
OaN 2 AcOH

1 2)8n, HC, EtOH, 01% M2V

9
o ~_OTEDPS
N, 1) NaOH, EtOH, 85% N
H v — Moy
oTEOPS
© EDCI, HOBY, DMF, 79% 2z
3 o

Scheme 1

4

H
u/\/c 1) 2:Cyancethyl Diisopropyl Chioro Phosphoramicie,
N PrNEL, Dry OH:Ck
w
—

2) Automated DNA synthesis

TBAF, ACOH, 59%

N
o Ren 2 .
{

WI/Q/s

St
i
ey
4
!
ey YO/
o

DAM-AZO

DNA

DAM-nol



DAM-Azo

373 nm
384 nm
373 nm
1 384 nm I3
14/13
DAM-Azo
Figure
2
DAM-Azo 11/13
DAM-Azo
1.415 100 puM
DAM-Azo 11/1 0.851
DAM-Azo
DAM-Azo
DAM-Azo

(Dynamic Light
Scattering, DLS)
DAM-Azo 208.1+ 15.9 nm

250

200 t

150 ¢

100 ¢+

Fluorescence intencity

50 L

330 380 430 480 530
Wavelength (nm)

Figure 2. EL > ZRa L f-DAN-AzoD & HF 5
DAM-Azo
X HPLC

DAM-Azo

179.0 nmol/J

G 19.6 nmol/J DAM-Azo

DAM-Azo
DNA
DAM-nol
X G
85.0 nmol/J
DAM-Azo
DAM-Azo
X DAM-AZzo
X
Figure2 DAM-Azo0
100Gy X
X
I1
DAM-Azo X
250
2
2 200
(0]
IS
o 150
[&]
[
(O]
@ 100
o
S
Z 50
0

330 380 430 480
Wavelength (nm)

530

Figure 3. EL > AEDAN-Azo~D X #R BB 5T

&)

P-ODN (Figure 4)



P-ODN Amine-ODN

° / \/\<— DNAC )
™~ ( )
Figure 4. DNA
DNA P-ODN
(Scheme 2) 1
tert- TBS
3
DNA P-ODN
P-ODN 5
P-ODN 10 P-ODN
HPLC MALDI-TOF
MS
2 T/\/OTBS TBAF  AcOH ’ T/\/OH N.N-diisopropythylamine

o
automated DNA synthesis I
—_—

P-ODN

500-600 nm 600-700

nm

Figure 4 P-ODN5 10

-
o

Fluorescence intensity
O = N WO & OO N © O

550 650 750
Wavelength[nm]
Figure 5. P-ODN

P-ODN P-ODN 5
P-ODN 10

P-ODN 10
650 nm

P-ODN10

(critical aggregation
concentration,CAC)

P-ODN5 CAC 92.8uM P-ODN

10 CAC 495 uM 10
CAC 15.6uM P-ODN
10 P-ODN 5 10
P-ODN
373 nm I
384nm Is
365nm 0 30 60 90
120
Ii/13
P-ODN 5 P-ODN 10
Li/1s
P-ODN
Figure 6
350
a SDG ] ——{0min
c
E 250 — 30min
o 200 &0min
g )
3 15n | A0min
——120min
® 100 - S
S 50 |
T8
n T L L] L] L]
350 450

Wavelength[nm]
Figure 6. YtBE5t L 1=P-ODNFEF TOE L > D&

6
Phosphorescent  Ruthenium Complexes with
Nitroimidazole Unit that Image Oxygen
Fluctuation in Tumor Tissue, Son, A.; Kawasaki,
A.; Hara, D.; lto, T.; Tanabe, K. Chem. Eur. J.
2015, 21, 2527-2536. ( )

Hypoxic X-irradiation as an external stimulus for
conformational change of oligodeoxynucleotides



that possess disulfide bond and regulation of
DNAzyme function. Tanabe, K.; Okada, K.
Sugiura, M.; Ito, T.; Nishimoto, S. Bioorg. Med.
Chem. Lett. 2015, 25, 310-312.  ( )

Controlling localization and excretion of
nanoparticles by click modification of the surface
chemical structures inside living cells. Ito, T.;
Nakamura, T.; Kusaka, E.; Kurihara, R.; Tanabe,
K. ChemPlusChem, 2015, 80, 796-799.  (

)

Water-soluble phosphorescent ruthenium
complex with a fluorescent coumarin unit for
ratiometric sensing of oxygen levels in living
cells. Hara, D.; Komatsu, H.; Son, A.; Nishimoto,
S.; Tanabe, K. Bioconjugate Chem. 2015, 26,
645-649. ( )

Synthesis of meso-(4’-cyanophenyl)porphyrins:
efficient photocytotoxicity against A549 cancer
cells and their DNA interactions Kumar, D.;
Mishra, B.; Chandrashekar, K. P.; Khandagale, S.
B.; Tantak, M. P.; Kumar, A.; Akamatsu, K ;
Kusaka, E.; Tanabe, K.; Ito, T. RSC advances
2015, 5, 53618-53622.  ( )

Synthesis of meso-(4’-cyanophenyl)porphyrins:
efficient photocytotoxicity against A549 cancer
cells and their DNA interactions Kumar, D.;
Mishra, B.; Chandrashekar, K. P.; Khandagale, S.
B.; Tantak, M. P.; Kumar, A.; Akamatsu, K ;
Kusaka, E.; Tanabe, K.; Ito, T. RSC advances

2015, 5, 53618-53622.  ( )

3
Monitoring of oxygen levels in tumor
tissue by phosphorescent  ruthenium

complexes with hydrophobic ligands
Kazuhito Tanabe

The 7% Asia and Oceania Conference of
Photobiology

2015 11

2015 7

27

2015 7

Drug Delivery System

DDS pp-

446-453
o 0
o 0

http://tanabe-lab.parallel.jp/

o

Kazuhito Tanabe

40346086



