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WFZe RO EE (9530) @ In this project, the developments of the molecular MR probes were
aimed for quantitative analysis of bio—functions. By using the perfluorinated dendrimers
as 19F MR probes, several detection systems were established. In addition, the
applicability of the probes for the tumor detection was also investigated. Initially,
the nanoparticle-based probes were prepared with the target-responsive
molecular-releasing mechanism. Consequently, the bimodal evaluation for the enzymatic
activity was accomplished using the synthetic probes. Next, to present the practical
demonstration, the 19F MR probes for monitoring the glutathione reductase activity were
prepared. Finally, the quantitative detection of the target enzyme can be achieved. These
results indicate that the purposes of this project can be fully accomplished.

AR ERA
(EEHAL : 1)
[ERESE MEESET & &t
201 0 1, 500, 000 450, 000 1, 950, 000
201 1% 1, 600, 000 480, 000 2, 080, 000
FHE
FHE
FHE
&t 3, 100, 000 930, 000 4, 030, 000

WH7Eo e - ks
BFE DR - MIE - HALY - moFes
¥—U—F:F7a—7 - 19F WRI - i

1. AFZEBRAA 4 A DY =

AERNOYE LR E T 5 2 &
IXIERERF TR0 D BRI IR OB, ERIRZ W 72
E. AW A ICHEARERE S 2 TN
Do BT, ERSITSE L T EEZ S

DR —7 L LTENORIGED T L
NNDIEREG ZTIND, iz, HLWHHI
ERE Ty 7 VOB E R TWEIL, 4 F
TLRUIYDORRLIEREG ZTIND
AN D, Lo T, Hilloaic ik



S F T u—T OBFITEEMENFE,

MRI 1%, FHZHEE, U 7% A AITHEIEN AT
BET. HIEEENSWE VI EAFLTWY
bHe HFTu—THHNT, MRI O 7 F L
DOFI R ZRER T2 2 LT, WEREL Lo
ERIEROTI A TRE L 20 5 LI CTX B,
YR NMR X, R TIHMORNLARDNTFAER T,
HERE 1T 'H NMR OF) 80% L . A% NMR & L
TIERRE L WO RS 2>, /%o
RN CORBIC AW LA, Bic7
YR PIZEAVEFE LN Enn, AN
I T TR A XKD, 5T, 9F MRI
TIEEEA Lo 7 » FIR %2 BEE S
L2, BEOKEBICAES THDH, Zhnb
OEHNG., HE, 7vBRTEEHE LA
EMEA A= T T a—T L LTHWT
e x2179 “F MRI MEHZHED TV,

2. WHEOHEM
—ODAER I E B D o OWETFIE
TEBHT2Z ENTEIE, BEWO Y7 )
NEALZ T 5 Z L1k - T, [EWMOIER
PErmbEsErZEnTEs, #H, FHD
HIE FIETIIRHEAEHE L WIGmIcB N ThH,
HLORFOV T AEBHT S L THIE
R 5 b TEx D, TIT, wOtkIEY
TFENVOBEDOEEBABES TH D, FFiT,
INEN LSV D EBR B AT O W IE R bR IR

HEHIEDOOESTH D, & I TARFIETIE,

YF NMR 7 v m R E — D DEER K
JGETCRIFIBR 2 Z & C, BRI
BEZRHERETE MRI IERZAI DRI o7’ D L 5
21z, LTED- T, AL TIE, “FMRI 2 H
WTC, MERIGEERET DI ENATRERS T
Tu—7 ORKEHE Lz, R, #EIET
b S NVE LR RIFFCERT D Z & T
WO IEMEMEE B DA A O BFE I ELY fH
T2, LUF. Ta—7 0@ ERM, AEF5ET
1T o T B fE & EBRFER IOV TR 5,

3. WOk

— R E 7w AL XA~ O PR AR D
B, —F., SEEORHZIT I ITITEFD
WSl e 7 v BIRF &2 — 0 FHICERE L2
TIE SR, 20 L— RE7EROfiE
Ro=wlc, WI® LB AL XY
(POSS) L WH T KU =—T5T 5t L,
WChU g aTreFLErEA LS T
vFEbEMEER L (K1), 207 v
FMb POSS ILmWWWKEEZ R L, 7 v RIEF
B TFNICETDHZ NG, BEFED F
MRIIEFAIL U b 10 f5FRREE BV TR HE 3
HHECTH -T2, I HIZ, pH BT uT 7 —
PHRIMZBWTliEEZ /R L, IMiEH T I
REER ENE ST D, R
NHLLRELTCY T AVERETDHZ LN
ARETHDEEZXLND, KRIZ, T2 THED

R \s#o s
-Si —Si - N 4
“ei=% 1 4i-0 R= % NH,Cl
| ol o
o | 0 o
| 0-Si+0x=Si PPN
i—0/-si—° i N°CFy x4
R R}

X1 7 vk P0OSS DA

iz 7 v FE{l POSS I[ZAA v F4S T HEAT
52 & T RN OER 2 72 2L O F XTI
L7 a—7 %R+ 562 2HE LT,
DN AU IR Bk DR U RNk 4y
fREHENDBREIREI L TWD 2 ENmESH
TW5b, L7ehRo T, U BRINKS RIS
PEAERTEIIE, 2 AMNE O BRI R
SO EZOND, XoT, AIZETIZY A
B N 7K 43 fiR % 38 0D 1 1 0D o B Y 72 ) E 12
FFTREZR “F NMR/#YE A £ —H T n—7
DOERREHBE Lz, NMR HIEICHB VT, [H
RIRRECIE, AIRIRREICZ LR, L7 b D
HEENEE SN T, £/, RS OR
BT L - T T2 BB IR S v, BRE K
IR T4 5, FxIXINFETONIET, =
DS EFIM LT, U HF R FEEICT
v REHCEMEEENR L, EE 2 E AR
ReZIEV T Z & T, MR ¥ 7 Lol %
179 PIEEHE L (K2), F /7 ki1F£iE
WCEE SN 7 v FEERILEWIL,. F NMR
HEICBWTEREMET L, 7 Aanit
N7V, AERNKIGE EOREDORKIZ X
S TH /RFFREIMPOKPICHBEIND Z
LIk T, FEEBERILL, v
B Ens Lok s, 22T, Voh—
ERERT A FE LT UV —Y N7
TNF LA R, WS AEET 5K
ez U VB 2T LIZ L VBT 5 L A
ErtEE R T AL T, Tt LA
A ORGOEFE T oD, U U
AR REZO@ME LD 2 nNbD ) Vg
TAFTIVERBREEND L. T b DR
WD, BRWEDERENBIl S D, L2

Silica
nanoparticle

NOPS Ep— f’]ll;j
0,
&~ o

Phospha;e-caged F-POSS
fluorescein ’F NMR OFF
Fluorescence OFF

‘ Alkaline phosphatase
Releasing \ Fluorescence
from surface F-POSS
} B\ F NMR ON

T:J; Lj Fluorescein ’9; NMR

Fluorescence ON

> RO
X 2 7ua—7 Ouh/EE
ST, U BRI RSN UV BE RN %

Intensity




B s 52 & T, &7 v# b POSS &7 v
T A COBENRREFFICEZSZ &b,
YF NMR 7L Ea RO & L CREE
ERICERIETA2ZenTE D EEZLN
D,
Ta—T7DOERITAFT—L 1D K HITTT
ST ETVFAT TR A K —/1 800 mL
K OVEERE 135 m Z AN CTIRE L. £
=TI /7 hFT T 100l
RIS U7, 2of%, =T 72 FEHE
MLz A, AN ER LT, 20
WEEABL, A /) —LEdF Lo —F
IVTHEETDHZ EITE D, A #7773 / POSS
DOYEFRYE 21572 (18.8 g, IR 30%), [EE 1L,
IH - C « #Si NMR TATV, %2 2°Si NMR T-66
ppm{l — AP ELND Z L TI8HETH D
ZEEMER LT, b L. DITOEENATES
TV T ) —BNE-S>TWBEE, -57 ppm fif
W=7 PNEllsns, BESIMIYe F
oXVERERE~NY v A LELT
MALDI-TOF-MS {Z & W lliE L7z, TS~
N 7 ATIEHEVEE L E—2 MR8
Mol b b, A RORNKRDT
WDIZBHESh7-v— 27 BIRb 5L T,
IHBHDANT MVRIE DRSS L0 A
TR S e o T, oA s 27 o F
= L POSSIZHF L, 4 4EED MY 7 Al
MrxFNa AL /) —nLHp, RUZF LT IV
{FE T2 C 3 I UG S ' 72, "H NMR (2 &
D POSS D 2 (DT hoDI T "B T
R EAEREZRM L, RIGHKE L &
BHER LT, WA RETH TR Y vH
Bk e v =F LT I R DRE
WEEl-, iz, -7 /e ko k
XTI T NI NRVTU T EH
J—)VHR TR T KEMBEE LT, YL
— VIS EAT, REIWCT I /ERE2HT D
UL F IR ERER L, Tt Lk Ay
BRI EO AT ALY RN A, 1 RN
ORI LT-, MUNRE BB L%, 71
RV LIRS, Y 2 FT I UIFEE
T. ERoo7 v F#El POSS & nEHE, &
DGR ET 2 7 R snizv )
I WRLAIZER &7, U T ki o
7 u RV AR RE T, 1 R L
2%, BOILE ST, Zoakibh, K,
AH )= NVIZEABEICEY BT v —
T E5 T,
Bon-m 7 v#Eb POSS Efis U T/
K 1IKICE W2 R Lz, £72. Gl
R FIEMSEOEE XY | ki ER E
ZIEEAERZ ST ARWNWZ ERRENT,
F7-. kA E F NMR THIELZ & 2 A,

o 0
= Cl=F-0-fu-0-B-Ci
| Cl
3

Ry 2 Rygz Ria2
Rio2y <Si-/05:Si [*] o
SI'“OgSI' L 4 nu—k-o-vm—mg-r-woss
o 10 | —_— =0, _/—/ OH OH
| 0-$i-| Og=Si, —0-8i
SI=0~Si— ‘R +0 0 0
/'R / \ 1or2 a o
Rio7 Rioe2 Riwia HN—P -O-fly-0-P-OH
0 OH OH
Ry:Ry=4:4 o~s.-/_/
cu)\ F-POSS flu=1:58
R \/\/\"j/ CFy siica NPs
e ¢
Ry= Y " N-P-0-flu-0-P-Cl
Hé Ci

Reagents: (a) ethyl trifluoroacetate,

triethylamine, methanol, 83%; (b)
fluorescein, phosphorus
oxytrichloride, triethylamine,
chloroform, quant. ; (c) F-POSS,

chloroform; (d) amino—modified silica

nanoparticles, chloroform.
AX—N1 F IR TEIT v —T7 OERL

T FADBBRENR 0T, FT2. AR
MHITIEE A EEIEFENITRE S D)o
72o 5 M OKEEILT N Y T LKEIRTY Y H
FORA T EIAREES L. UFNR HIEICE
VT, —T75 ppm Tzl B — 27 38 S
2o ZDZENDL, m7vET R v —
B R EICEANSTZIREE TR, o
FAIHE S, WR 7 F ANk T 5 &
MR SN T-, E£7-. 490 nm DY % &4 2
L 515 nm IZE—7 b v T RO IEN
Bonl, Zhblx, m7yF T R~
— DRI SN D Z & T, Sy EEN
EE L, "FNMR & 27L& LCHBBITE S
LE. TINFLEBEALUDOBENREZ 5722 &
BEWT S, YU BT RA D LRS-
WD F NMR D> 7 FIVBREMNS, 7 v
R ORELZFHAEL, m7 vH#bT v R~
—DHEABEZHTELZEZ A, 8l nmol/mg &
RS bz, RIERIC, ERRR ORI AT,
IWARZ R XD, ZLFLEBA L DOEAR
1% 471 nmol/mg THH Z &Aool



200 UfmL

-
(=1
o

@
o

£ 60
b=l
@
> 40

20

0

0 4 8 12 16 20 24 28

Reaction time (h)

b

100 200 U/mL
80 s /,_,/_.,
V.

0 U/mL

@D
o

Yield (%)

£
(=}

n
o

12 16 20 24 28
Reaction time (h)

X3 (a)EED F NMR & 7 F /LR fE L
(b) HARNBEOREFZELEINIE-
FEDFMEbD 7 Z 7

PBS #EfEET (pH = 7.4) T. U EIK
IREEZEIFIET, 37° C T —7 2GS
W7, 1 %I °F MR ZHIE L= 2 A,
—75 ppm fHTIZH—O B — 27 BNEH S iz,
— . EEBEEMZA o754, MR O 7
FRBIE SN2 Do T2, BOETREIZOWNT
b [FEREIC, BEETINC X0 FOEIRE N L
7o, BEEZEFRVRENLIIKIGHTH
HBHITIFEA /TN o1z, ZORERIX
7 a— 7N CERINK Y R EE SR A R AT RE
ThAHZEEEKRLTWD, 6|2, BEEE
BRI SR, V7L OB HE & ik L
7= (M3), #t& “F NMR O 7 CHrESE
DERLEEBIT, VT FAMEKEE LML
Too RREICEERIREE, MElhlH OHE A 7' e
v T EEBEBEBEASE LN (IX4), 2
DEMERERE LT, BERMORE O
HENESTDHZ LT, AFFEETARK LIz 1
— T OHIVEDOKEE AT - 17,

HeLa #lfc OMERE B O U 2 EBRINK ) Rl
BOEEE(ToT-, T, pr=bu7==/b
U RO MK R L 0 iEtEEZ RO D L& 95 £
9U/mL ThH-oTz, WIT, LT EEFERICT =
—7 RV, KaE{ToT=, FInbEbh
FEEX4CT T 47T HTET, R
NMR 7>50% 97 U/mL, 2 GHREE DN 51X
98 U/mL EWIHENEH SNz, Yoz &
Mo, AIFFE TR L7 0 —7 1 —>2DK
JtnZ YF NMR &8t CRIFFEAIN FTEETH 5
ZEDHRELT, ENENDFIETEENA]
BETHDHZ EIRENT,

0
0 4 8

80

y =0.286 x 103

2 =
60 R“=0.9838
<
°
E
=
20
96.9 U/mL
00 50 100 150 200 250
Volume activity (U/mL)
b
160

y =0.767 x 10
120 R?=0.9680
A

80}

v; (nmol/h)

40

97.5 U/mL

0 50 100 150 200 250
Volume activity (U/mL)

X4 [X3OFRLVELN (a)"F IR,
(b) HEIEFEICIT I T D R SR 1l e i
BNSDMEBE 74 v T 4 v 788
(S S

4. FFZEECE

ARl U UK RIS AR & L, v
U 3 BRI 1 & RS REME ) 72 K D AEAR L
72 D&E WA Z & T F NMR/H 6/ A F—
ENTa—TORKEToT-, Fohiz7nm
—TEHWL EENTENOKRBTFETY v
ALK R OEE A2 EETHZ LN T
X7, 2B =TI R A
R AA~OICHBIIFCE 5, E6I2, K
FIEERIE X ) v h — 2K 2 H LT
Bk 2 22 R R RS R ZLIZ OV T b &
TXhEEZLNDZ NG, WA 0
— T ORI ORND EHRE SN,

0

5. FreRFiHLE
(WFgEf . IR o8 R ONBHERFIE 8 1
VLR

UdEssamse (Bwif)) GEH1 844)

@D Synthesis of m—Conjugated Polymers
Containing
Aminoquinoline-Borafluorene
Complexes in the Main—Chain
Tokoro, Y.; Nagai, A.; Tanaka, K. ;
Chujo, Y.

Macromol. Rapid Commun. in press. DOI:
10. 1002/marc. 201100773

@ Advanced Functional Materials Based
on Polyhedral Oligomeric
Silsesquioxane (POSS)

Tanaka, K.; Chujo, Y.



J. Mater. Chem. 2012, 22, 1733-1746
DOI: 10.1039/c1jml14231c
Enhancements of Optical Properties of
Dyes for Bioprobes by Freezing Effect
of Molecular Motion using POSS-core
Dendrimers

Tanaka, K.; Jeon, J.-H.; Inafuku, K.;
Chujo, Y.

Bioorg. Med. Chem. 2012, 20, 915-919.
DOI: 10.1039/c10b06630g

Heavy Metal-Free “F NMR Probes for
Quantitative Measurements of
Glutathione Reductase Activity Using
Silica Nanoparticles as a Signal
Quencher

Tanaka, K.; Kitamura, N.; Chujo, Y.
Bioorg. Med. Chem. 2012, 20, 96-100.
DOI: 10.1016/j. bme. 2011. 11. 026
Enhancement of Affinity in Molecular
Recognition via Hydrogen Bonds by
POSS-Core Dendrimer and Its
Application for Selective Complex
Formation between Guanosine
Triphosphate and 1, 8-Naphthyridine
Derivatives

Tanaka, K. ; Murakami, M. ; Jeon, J.-H.;
Chujo, Y.

Org. Biomol. Chem. 2012, 10, 90-95
DOT: 10.1039/c10b06630g

Tuning of Interparticle Distances
between Imidazolium—Modified Gold
Nanoparticles in Dispersive Clusters
via Anion Exchange
Miyoshi, E.; Naka, K.;
Narita, A.; Chujo, Y.
Colloids Surf., A 2011, 390, 126-133
DOI: 10.1016/]j. colsurfa. 2011. 09. 016
Thermodynamic Study of POSS—Based
Tonic Liquids with Various Numbers of
Ion Pairs

Tanaka, K.; Ishiguro, F.; Chujo, V.

Tanaka, K. ;

Polym. J. 2011, 43, 708-713. DOI:
10. 1038/pj. 2011. 54
Reductive Glutathione—Responsive

Molecular Release Using Water—Soluble
POSS Network Polymers

Tanaka, K.; Ohashi, W.; Kitamura, N.;
Chujo, Y.

Bull. Chem. Soc. Jpn 2011, 84, 612-
616. DOI: 10.1246/bcsj. 20110032
Conductivity Regulation of  the
Mixed-Valence Tetrathiafulvalene
Nanowire/Poly (methyl methacrylate)
Composites Using Heterogeneous
Tetrathiafulvalene Derivatives
Tanaka, K.; Matsumoto, T.; Ishiguro

F.; Chujo, Y.

J. Mater. Chem. 2011, 21, 9603-9607.
DOT: 10.1039/c1jml1161b

Arsonic Acid-Presenting
Superparamagnetic Iron Oxide for
pH-Responsive Aggregation under

Slight Acidic Conditions

Minehara, H.; Naka, K.; Tanaka, K.;
Narita, A.; Chujo, V.

Bioorg. Med. Chem. 2011, 19, 2282-2286.
DOI: 10.1016/j. bme. 2011. 02. 027
Bi-Modal Quantitative Monitoring for
Enzymatic Activity with Simultaneous
Signal Increases in “F NMR and
Fluorescence Using Silica
Nanoparticle—-Based Molecular Probes
Tanaka, K.; Kitamura, N.; Chujo, VY.
Bioconjugate Chem. 2011, 22, 1484-
1490. DOI: 10.1021/bc100381x

POSS Tonic Liquid

Tanaka, K.; Ishiguro, F.; Chujo, Y.
J. Am. Chem. Soc. 2010, 132, 17649-
17651. DOI: 10.1021/jal05631]
Side—Chain Effect of Octa—Substituted
POSS Fillers on Refraction in Polymer

Composites

Tanaka, K.; Adachi, S.; Chujo, Y.

J. Polym. Sci. Part A: Polym. Chem.

2010, 48, 5712-5717. DOI:
10. 1002/pola. 24370

Biodegradable Main—Chain
Phosphate—-Caged Fluorescein Polymers
for the Evaluation of Enzymatic
Activity

Tanaka, K.; Kitamura, N.; Chujo, Y.

Macromolecules 2010, 43, 6180-6184.
DOI: 10.1021/mal009066

Preparation for Highly-Sensitive MRI
Contrast Agents Using Core/Shell Type
Nanoparticles Consisted of Multiple
SPIO Cores with Thin Silica Coating
Tanaka, K.; Narita, A.; Kitamura, N.;

Uchiyama, W.; Morita, M.; Inubushi,
T.; Chujo, Y.

Langmuir 2010, 26, 11759-11762. DOI:
10.1021/1a1015077
Environment—Responsive Upconversion
Based on Dendrimer—Supported
Efficient Triplet-Triplet
Annihilation in Aqueous Media
Tanaka, K.; Inafuku, K.; Chujo, Y.
Chem. Commun. 2010, 46, 4378-4380.
DOI: 10.1039/c0cc00266f

Facile Preparation of
Concentration—-Gradient Materials
with  Radical Cation and  the
Mixed-Valence State of
Tetrathiafulvalene in Conventional



(5
)

Polymer Films

Tanaka, K.; Ishiguro, F.; Chujo, Y.

Langmuir 2010, 26, 10254-10258. DOI:
10.1021/1a100431k

Photo—Induced Radical Generation and
Self-Assembly of TTF into the
Mixed-Valence State in the Poly (vinyl
chloride) Film under UV Irradiation
Tanaka, K.; Ishiguro, F.; Chujo, Y.

Langmuir 2010, 26, 1152-1156. DOI:
10. 1021/1a9022467

rRFER] GE8 )

2011410 A 18 H
MR E R L L2 EER MRL/
F7a—T7 O

B —A - g, e deim At 7 BA 38 3L
B7a /5 "Nano" A A= 7 « &
VIRT T I A RRE R A AR IE T
201189 H 7H

Construction of POSS—-based functional
materials for monitoring biological
events

Kazuo Tanaka * Yoshiki Chujo. %8 14 [A]
T UTAbF S (14th ACC), # A
201146 H 10 H

ma TR E R L L7 EER MRT/ St
TR —T7 Doy ke

HH—A4 - PiRER. % 27 [MI A A DDS
FRTPIES, HEKT

201145 H 26 H

POSS % Kk & U 72 B BUBERE L A4 B
DIEEE

Development of Functional Optical
Materials Based on POSS

B —A4 - PiRER 2 60 [FIE S5
SRR, KR
201143 H 28 H
Construction of
biomaterials for
biological events
Kazuo Tanaka. # 91 [B]H R({LFEEFESE
ERTUTHEEEY VR Y T A ik
201153 H 17 H

Construction of functional molecular

POSS-based
monitoring

imaging probes for quantitative
analysis of biological events

Kazuo Tanaka, Yoshiki Chujo,
International Conference on
Biomaterials Science 2011 (ICBS2011)
HLIK

20104~ 12 A 18 H

Construction of MRI contrast agents
using nanobuilding blocks, dendrimers,
polymers, and nanoparticles, for the
quantitative analysis of biological

(XF)

)

@

events

Kazuo Tanaka . Yoshiki Chujo .
PACIFICHEM2010, Hawaii. USA
201047 H 16 H
FIENT T Tay wiEE L
TS A A= v THRIO SRS
Rational Designing for Molecular
Imaging Probes Based on Nanobuilding
Blocks

B A - PEES, 5 56 [Blm sy -at
ZeHREKE (MF), A

Gra21h)

B2 - s, o— o A — HIRR
T B IR OREZIE D LT Bk re ks
B, IR e AR A A
L 7-#&retEpr Bl 2010, 124
http://www. cmcbooks. co. jp/products/
detail. php?product_id=3295

B —4 i, ek i, A EL.,
JeAbFOFH, R Y = DY b, 2012,
FIRIT &

http://www. asakura. co. jp/

(Z Dfth)

R—

Dt

http://chujo. synchem. kyoto—u. ac. jp/inde
x. cgi?page=%C5%C4%C3%E6%BO%ECHCO%BS%BD%
F5%B6%B5%A4%CE%B6%C8%C0%D3%A5%EA%A5%B9%
AB%C8

6. WFZEAREE
(D) AFTEf s

A
TR « RFBE TR - Bha

—4  (TANAKA KAZUO)

T B’ 5 1 90435660



