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Deve lopment of fluorescent probes —dendr imer conjugates and their
application for cell and in vivo imaging
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TR OB E (30) : In this study, we discovered that introduction of amino groups to
BODIPY resulted in remarkable alternation of its absorption and fluorescence spectra, and
based on this finding, succeeded in the development of several fluorescent probes.
Furthermore, we synthesized conjugates of BDOIPYs and Fréchet type dendrimers for
fluorescence imaging applications. Also, we found that some luminescent lanthanide
complexes with near-infrared emission could be introduced to live cells, depending on the
structure of their antenna moiety.

SEAF IR E R
(BRAHAL - 1)
ELEEREFY RiEERE & @t
2009 £ 2,600, 000 180, 000 3, 380, 000
2010 £ 1,000, 000 300, 000 1, 300, 000
FIE
FIE
FIE
o dk 3, 600, 000 1, 080, 000 4,680, 000

WF7E5r 8 - b
FHIFZE O - B - AT - BB EALS:
FoU—Rird— EHA AV T TR~

1. WHZERRAR S DT & ToE A TEROWALR: Y m—7 L

W T —T L, BERST E RRRITR
It U CE OE R E Pk - BRI b
T AR SO L Th D, HHTe—T
X, B T ORBEN CTOERDHR LT,
AR RSB (I 1A T I B D T RRAL R IS
S LTHIEFITHEHTHY, T E TiZCazt
BRI ET DA RAEBIEES FICRT S
Ta—T7OREMTbN T,

BAERLHIRL TWDEE T a—7 % Kl

Wy R B ERWEBR T r—T LI
SIFohd, 20 b, ALFETu—T3ER
FEAEPANETH Y RUSHTR O #EOEEN
REVWEWIHSHR AR L TWDH—F, 4kt
FHEOWEIZER T H2HEN b RIED
HIEE S EE Lo ) RIER A2 T g, il
EARER 22 DL E O —fFTh 5
BODIPY (boron dipyrromethene) ¥Hi%., %
DREEMED 13 & 2 HARIEN O NIE R/ 'E



(TNVIR, EEZ E) ITERBLLT L,
MR E I HFET DBRCA A 2B E L
t7m—7%%%?5ﬁA %, BENT
IXAE VIR Y K RE ZH 75 D5 TR~
LA LSS ﬁ% T ERISTER
W, W) r— xﬂ FELUIERZ T oD,
BT, RefA iR S BRI L D muvy SIN T
DI & " HE & T DA LR A RS R e
EOKBEMEEX T o —T E2HANWBEEICD,
Za—7 A EZ B TE RN dIis A
A= T ~DOISANRGIREND Z N
Mol

2. WMHEOBE™
%@@%%ﬁ%m&ﬁé LM TENL,
b7 a—7 00N kv BHIZITX
HEHThY, EREMEEETSH T 0 —T
DOBRIZORND L EZ BND, & Z TSR
RFEF L, RENMEE 72055 Ekodt
ﬁ%%wkﬁkﬁ7m~7@%%%ﬁ5&
rTnoorya—7%5 R <—%0D
:"\?rérr’r*/\éﬁéﬂéﬁtfiﬁi{ﬁ X o CHl
JE A PMECHIAE N JR7E 2 fil i L, Afeds L O
B EE DA A — 0 IS T2 ik
BEta1TH> 2 L2 B E LTHFZERTT - 72,
HAKHIIC1Z, BODIPY % JEACE# &4 2 #i-
IR e — T OB, ITARIMER ISR
BT 8T/ BREmEit 7 a—7 0%, 7

VFUV%'%%H@%W®%%&%%Jﬁ\

D 3 FIZHDOW TR 2 i L 7=,

3. WgEDHk
(1) BODIPY % FEARE# & 5 Fii= et
7a—7 DBA%

BODIPY (2%} L TEED DX = b
nE TIE ROTAFALT I EEE
ALTESELAY (K1A) 26, £
A Z BT DUt « d e AT MV EJIE
Lz. £72. &BA AN HENEEE
THEBMEZEA LAY (X1B) L&
L. Bk i a@ A UAFEE RSB B HIE
EiToT-, B L7 — 70— Mia A
A=V T~ A L, R A
%wtﬁ@%ﬁ%%ﬁbto
A.

X 50
AL \(@
\_N_ s N<(2 M

FF FF

B 1. AR L7(kEY (—&)

(2) ARSI Z A DT R
MHOL T 7 — 7 D%

Yb3+oNd3+ & W o 724 @ R A A 1
AR I 2 R o WoEH (777 7)

MH ORI —BENZ L0 TRV
RTZERHLNTWS, #Z TBODIPY &
Bz 1 (DTPA) ZEfs L7k &z kit -
L. i LEESRA 4 LR SR
(X2), FIZ, 2N TONXFHLETZHE)
(PeT) 2L 2FCHmERIEZ B L, 8N
T VI TUR LT I R AEAL
ER 4 AR LT, AR LTE8E ROV TE
AT MAVHIEZAT 5 LT, MifaA A —
VT BRI,

8

TN \ NH {AWh\meo
\B/ g/\‘ coo COO

Nd3*
3

B 2. BAFE L7-ghfk 3 DS

(3) TV RU~— -« gMAEEEROBI L
FEREREA

Kl Fex i s LzFn U
IAREREZH T 55 3 X Fréchet % 4 77
v RU~—%A L. RS & OfEE
iTolz, £ LT, KinEREOMEIZ LD
KIEMEDOEA 7 RFE S &3, 7 a1
A=V T B To Tz, W ARHEB X LA
B o BRIEK & IECTHEh L 7=,

4. WFZERR

(1) BODIPY % BEAEH &3 287 70k
Zu—7 DOBA%

BODIPY @ 2 (Ll = b v R4 A L7-1k
EWIBUL e LB LT E 2 R LT —
FFC, VEFAT I EEEA LAY L
IZBWTIRIE EORERE Y 7 b et
B|IRO KIERE FRBIE S, L,
[ S L QSRS -/ Ny s I N2 | ¥ W e
G TR B N RN T L, w0t
MELHEALZ (X3), b, 2—=7 /1%L
7 X 7 BODIPY (ZWIY « @t 5 3 224k
9% pHAERIEE U CHpET D Z B L
2o FET2Z O - B ELITKER P 72T
T, Ta btk T e hotEMbDT
kR 2 72 B RETRIEER CRIBRICBIZE S vz, FEf
ﬁ%%LowTiT%T%é# VARE - T/E
5O FNERBEINEESL L T2 fEedk
ﬁ%z%hé

WITAEY 2 ODMEEIC W TR 2 A,
CUZHEIRAJIZIRIL A~ [ LS AIfipgs &
T RTHZERSoT (M4), ZOEnE
WIRCH B miETh D Z Lk, ﬁ%
v OfEE A mIE & U CREE s
B WCHH LIRSS,

%I, b7 r—7 O/MaNRTEIC



DONWTHRILZE Z A, —fi%B97: BODIPY
8 & RERICINIE R/ NS B RIET 2 2 &
RIE X T,

Absorption spectra

0.08

0.07

0.06

0.05

0.04

Abs.

0.03

0.02

0.01

0 L L
400 450 500 550 600 650

Wavelength (nm)

Emission spectra
2000

—pH7.0
—DpH 6.5
1500 |

1000 |
—pH 35
—pH 3.0
—pH 2.0

F. 1. (au.)

500 [

01 A
450 500 550 600 650
Wavelength (nm)

X 3. {tE&® 1 oRIX (k) BL U (F)
AT bV

(U EEFEMER Y. 490 nm JEhiEd)

/

0.25

— 2only

02 — 2+Cu®

0.05

0 1 1
400 450 500 550 600 650

Wavelength [nm]

4. fLEW 2 DRIRART b v
(DMSO % & Te /KA )

(2) ERNEIRIC IS L2 BT D8 e kR
ot 7 — 7 DRSS

B LT8R 3 Ic W T, KB B LV
HREEREEH CNA3* D F N A7 b v (b
£ 500nm) ZHEIEL-E Z A, Fae—4Fe
W NI AF 30— 4F 112 B2 1 HE R -5, 880 nm
L 1060 nmDFE B — 7 BR Gz (K 5),
FEARTZ MAVOFRNE . T OFEND
BODIPY» 6 D=k L F—BEh2 N L
DTHDHZ EWrINT, FiZ, 8L~ ¥
VERICTVRNT 2 HRAEA LA 40T
DUV TpHIZ X 23 NERE D2 b 2 i~ 7 &
A, HERB LU TRz EAL
FNNBER SN oT-— T, BMEERET
ITHRWEADN RGN, ZOZ Lk, 3%k
L3 D NAHEIR DR FRE A PeTIC L Y
HEHTEDLZLZRLTWD, 2B, HxD
FHRY 41 INds % FLa R & 2103
MpHE o —Th 5, 4%, 7TAFALT I
ICEEX TR A BRE R BAT 5 Z LT X
0. SRy TREEENET 57 e —T DR
BNHAEND,

L Z AT, 3 L[AEEIC BODIPY & DTPA
EREG SEEREla~r— KLz L 2
A PARICE U TN 2> S 50\ V6 3B 82
ST, —kIC, A DA RSERIT KN
= A~ DBEANEE L E STV B D3,
TEOMZETIX, 7o 7+ b L IFEM O
HEEMERN B WG AR EERMEZH LTS5
HBlTiTMiam~ L BEAIN L0 H RS T
W5, ARIOEEIZE . BODIPY #4) O iR
PRI R~ 25 SZEARUC L 0 g~ &8
ASNTWDHZ ENEZLND, ZOFED
—HMEIZE L CIEE R DAL ETH D
D, LRIV E B T D A TSESE R ORI
AN BRI ORIR &S 25,

1500

1000

L. L. (a.u)

500

850 900 950 1000 1050 1100 1150
Wavelength (nm)

X 5. & 38 DFEHEANZT b

(3) 7v KU ~— - BOLHIEA KON &
BRI

B L= B QRO BAREIZ DU T L
fol 2B, A FRk o VI R S T
VWBF Y R —E AR 0%



ETHDHOITK L, b R VR
S NTEARITKIERIC bR Lz, Fiz.
HeLa Mz Wiz A A — 0 T OFERNG
b e AR RE SN EAE R, 90k
FORRIAEMED & S A2 b b B3 s
MWHETHZ ENHIH L, ZofRIT, T
N ~—2%0mEna 2R+ &2k
WO IZIN S 77 v —7 O R TEH
HNARETHDH I L ERLTWVDET, KiF
ROBMICHE S bDOEF 2D, Sk, KiE
RERL AR 2 (OB 5 2 & T, HIBRNORE
DINRE~NE T 0 — T ZRETH 2 L N3]
BEIZAR AL D LS NS,

5. EARFEHRGILE
(BFFERERAE . WFTE R S QN A JE 4 |2
L))

UEEEsm=) (B efh)
ETHEHHY

(1) ”“Design and Synthesis of a Novel
Fluorescence Probe for Zn*' Based on the
Spirolactam Ring—opening Process of
Rhodamine Derivatives” Hiromi Sasaki,
Kenjiro Hanaoka, Yasuteru Urano, Takuya

Terai and Tetsuo Nagano, Bioorg. Med.
Chem., 19, 1072-1078 (2011).

(2) “Hypoxia—sensitive Fluorescent Probes
for in vivo Real-time Fluorescence Imaging
of Acute Ischemia” Kazuki Kiyose, Kenjiro
Hanaoka, Daihi Oushiki, Tomomi Nakamura,
Mayumi Kajimura, Makoto Suematsu, Hiroaki
Nishimatsu, Takehiro Yamane, Takuya Terai,
Yasunobu Hirata and Tetsuo Nagano, J. Am.
Chem. Soc., 132, 15846-15848 (2010).

(3) “A Time—Resolved Fluorescence Probe
for Dipeptidyl Peptidase 4 and its

Application for Inhibitor Screening”
Mitsuyasu Kawaguchi, Takayoshi
Okabe, Takuya Terai, Kenjiro Hanaoka,

Hirotatsu Kojima, Izumi Minegishi and
Tetsuo Nagano, Chem. FEur. J., 16,
13479-13486 (2010).

(4) "Development of Luciferin Analogues
Bearing an Amino Group and Their
Application as BRET Donors” Hideo Takakura,
Kiyoshi Sasakura, Tasuku Ueno, Yasuteru
Urano, Takuya Terai, Kenjiro Hanaoka,
Takashi Tsuboi and Tetsuo Nagano, Chenm.
Asian J., 5, 2053-2061 (2010).

(5) ”Sensitive Detection of Acrolein in
Serum Using Time-resolved Luminescence”
Masataka Togashi, Yasuteru Urano,

Hirotatsu Kojima, Takuya Terai, Kejiro
Hanaoka, Kazuei Igarashi, Yasunobu Hirata

and Tetsuo Nagano, Org. Lett., 12,
1704-1707 (2010).

(6) “Development of
2, 6-Carboxy—Substituted Boron
Dipyrromethene (BODIPY) as a Novel
Scaffold of Ratiometric Fluorescent

Probes for Live Cell Imaging” Toru Komatsu,
Yasuteru Urano, Yuuta Fujikawa,
Kobayashi, Hirotatsu
Kojima, Takuya Terai, Kenjiro Hanaoka and
Tetsuo Nagano, Chem. Commun., 7015-7017
(2009).

Tomonori

(3R] (BF 25 14)
TELRLODOLETH

(1) FFHEM, DB FBoic X 55 s
BEHADINHBE L & —~DIEH ], 2010 4
el ataa, 2010429 H 10 A, T3

(2) Takuya Terai, “Quenching of infrared

luminescent lanthanide complexes by
intramolecular photoinduced electron
transfer” , 23rd IUPAC symposium in
photochemistry, July 13, 2010, Ferrara
(Ttaly)

(3) PR, TERMEBREE & 3Bk 9~ 2 TRt
R LGB OB ). BAREER
B 130 44, 2010 4E 3 H 29 A, [l

(4) FHHEM, TAEME~OSHEBIEL
i T e —T 0%, BARLFES F 90
FEFES, 201043 A 26 H, KB

(5) Takuya Terai, “Development of
fluorescent probes for HTS” , Screening
Europe 2010, February 11, 2010, Barcelona
(Spain)

(6) FHHEM, FRAERICE N E/T D8
KR ARSI, 5 91A
SRR, 200949 A 25 H, Rl

(7) Takuya Terai, “A Novel Screening
Method of Protein Kinase Inhibitors Based
on Fluorescent Probes” , 25th Naito
Conference on Chemical Biology, September
10, 2009, Sapporo (Japan)

(8) Takuya Terai, “Development of
functional luminescent lanthanide
complexes for medical and pharmaceutical
applications” , 7th AFMC International
Medicinal Chemistry Symposium, August 26,



2009, Cairns (Australia)

(9) FHEHEM, IRAEBICRE S E /T 5
FRA PEARSARDOBRE . BAF I L
NA Fuv—"pa 4RSS, 2009 45 H
19 H, #fF

(10) SFHBM, NIRSMEICEL 2 AT 5
i PR RE RO, AAD A A=Y
U 4 BIETEE S 2009 4F 5 15
H. H

(3] (BHofh)

(PEZEY PERE)
ORI (B0 )
OBAFIRIL (B0 )

(Z Dfh)

AR i
http://www. f. u—tokyo. ac. jp/ tlong/Ja
panese/top. html

6. WFFTkHR

(D) WFgef s

FH Hih (TERAI TAKUYA)
HORURS: « KRBTSR 50R - Bh#
FFeE &5 : 00508145




