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Fluorescein As a Useful Platform for Fluorescence Probes

<#®Rx70-—-78#E L TOFluorescein®iFR>
D RiEREHEHLTHE (HBICEAZFA—UHDEN)
@ KRBEPTHEVEFNFEEZLD R R

Fi#EFluoresceinFFBFENDE A EFINE

xmax (nm) <I)ﬂ
COOH  COOH o, COOH 490
HOOC™ N’ o o “N~cooH HOOCANJ/ 0\—N)©\ O COOH 490
: e g M NH, 486 0.015
cl (A Cl  CH; \ N 490
HOOO ‘rllo‘(r?’ HO O o O o 490
Fluo-3 for Ca?* CoroNa Red for Na* 490
cn;cﬂ‘ aﬁa’m 0-NO,PhCONH 492 0.044
KREMGEKE 20— 20, - (? HORKEENDSNT mNOPhCONH | 492 |  0.224
BEHiBO BiEHEES HN 2 L))N/\/H ® LBOHTH-IE, p p-NO,PhCONH | 492 0.015
#FH-TLID COOH COOH
; ;; ) Heesl & (MERE. BERE) BELES. B (BTRE)

DAF-2 for NO ZnAF-2 for an*‘ E' 1' TJ“'«rﬂ.’.Ef 6 °
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Y CcooH Relationships between d, and H DPeT DonorBF BEEHARFIRELOBIFR
1ol IJCL,  the HOMO level of PeT donor REEMERG >
AX (BFH5E) COOH e PeTD. HOMO level ¢
HOMO level B ] €1 DoNor a3 vp, hartrees) fl
3 . nm HN,
-0.19374 0.005
g 0.003 o e (&%) HO o o ) 1 @COOH m
*AL 019374 0,005 N &
"COOH -0.20422 0.015 H‘
NH, "COOH )
@ 020422 0015 &
NX o (a) PeTAEEZIBE (b) PeTHEZSLLMBE Qe 0 222 | I
. 12 020498 | 0.003 | H'f.h.H_OQ.“‘"oO o emaes
X. max : nm . 00 '
Em.max: 512nm (: L.)?T .................................... e : KN/LO:VOJ\NJ;O
Dy: 0.89 ® 1 O O\LO©
1 ]
com -0.22744 | 0.89 o / C, & o
o’ () (o8

@ 023159 079 Fluo-3
"COOH

Fluorescein e HNEHFICE) MWVENERI D
@ -0.2605  0.92
'COOH

Ex. max: 490 nm
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Reactive Oxygen Species (ROS)
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02 —- 07 — > H0; ——OH = He0
NO
N _
/ \ / clo
ONOO ‘ Metal oxygen complex ‘ EX. max : 492 nm Ex. max : 492 nm
Em. max : 517 nm Em. max: 515 nm
@5 : 0.015 @5 : 0.81

RENAFRAAZEMA. RREEN ORBRNG0,HKX 20— 20MRICRKIILE.

JACS 2001, 123, 2530-2536




Reactive Oxygen Species (ROS)

| LOO- LO- LOOH |
ud AN

o o,

/ _
302 p Oz = H202 pe -OH p= Hzo
NO
/ \ / X o
ONOO~ ‘ Metal oxygen complex ‘

BATO-T7 ORBAERERE #2

Designing Strategy #2

oo e

Fluorophore

No more
PeT Donor
—
Specific bond-scission

Strongly fluorescent

Fluorophore

Almost non-fluorescent

Ipso-Substitution Reaction of Aryloxyphenols and Aryloxyanilines Are
Mediated Only by Highly Reactive Oxygen Species (hROS)

High
HOMO
Energy .
~_hROS i 5 .
/
Fﬁ J (X=OorNH)

Fluorophore 5

+hROS can mediate this reaction.
» Other ROS cannot.
- Mere irradiation of light does not proceed.

Fluorophore

By using this reaction as a detection principle, we can distinguish hROS
from other ROS (especially HoO3), and we can evade light-induced
autoxidation.

BODIPY-based NO*7 @ —7MAMBO & B $

MAMBO-T
(Pf =0.47)

(®q < 0.001)
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Wavelength (nm)

MAMBO 5 pMI=NOC13ZEML7=RED

pH 7.4, 0.1 MUVERSF -+ LB Ei#R
TOHKBEEE.

Yu Gabe, Yasuteru Urano, Tetsuo Nagano et al. J. Am. Chem. Soc., 126, 3357- 3367 (2004).

Reactive Oxygen Species (ROS)
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Reactivity of HPF, APF and DCFH with ROS

Fluorescence Increase upon
Reaction with Various ROS

<Reaction Condition=

ROS HPE APF DCFH [dye]=10 uM (0.1 % DMF as a cosolvent) OH &
.y X 24+ -
‘OH 730 1200 7400 OHL: [Fa=71=100 yM; and (Ha04]=1 mb @ )
e i én! - Beh ONOO™: [ONOO|=3 uM T o X
& ~OCI: ["OCI]=3 uM 9P LI
od 6 3800 86 0, [KO,=100 M [ coon
Ce 8 6 67 10,: [EP-1]=100 1M I
o, 5 9 26 Ha03: [Ho05}=100 uM HPF APF
ROO': [AAPH]=100 uM oH
H:0; 2 <1 190
22 17 B i NO: [NOC13]=100 M O‘O
ROO Autoxidation: Dye solutions were placed under a O
,,,,NQ,,,,,,,,,,,,,,,”S‘I ,,,,,, 1 ,59,” fluorescent lamp for 2.5 h.
Autoxidation <1 <1 2000 DCFH
HPF and APF

are not autoxidized at all.

can reliably detect hnROS and/or “OCI with a distinction from other ROS.
can distinguish ONOCO™ with NO.

K. Setsukinai, Y. Urano, K. Kakinuma, H. J. Majima, T. Nagano, J. Biol. Chem., 278, 3170-3175 (2003).
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JACS 2001, 123, 2530-2536

NiSPY-3
([F1Fmas)

240 VEHEEHE TR (hROS) 0031 % R tid 20— 7HPF, APFORIRE

e g\ Q.. HohlyROS -
HX N > >,
QO O 0’ O 0 ) o 0

HPF(X=0), APF(X=NH) Fluorescein
(FIFHEH) (€309
- <HPF, APFOIE>
_BEROSICHIBRABHMOB o= nuL s onrosons @iiase
ROS __ HPF__APF_ DCFH S B RN
> M—AHOBRRMITHE

OH 730 1200 7400
ONOO~ 120 560 6600
-oci 6 3600 86
T3 8 6 67
0, 5 9 26
Hz0, 2 <1 190
ROO" 17 2 70

NO 6 <1 150 APFZ L V=, PMARURIC S
K=

3
Autoxidation <1 <1 2000 str

JBC 2003, 278, 3170-3175

HySOx
FRIRIRAS (Ma%)

ZhOMER AL 1R 20— 2NiSPYFROMA

JACS 2006, 128, 10640-10641

JACS 2007, 129, 7313-7318
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Fluorescein Was Firstly Developed in 19" Century

Johann Friedrich Wihelm
Adolf von Baeyer

leh bin mit der Fortsstzung der Ustervachang bn disser Richtung

(1835-1917) beschifiigt

Received Nobel Prize in 1905.
Discovered Fluregcein in 1871.

164. Adolf Basyer: Usber eine neus Kissse von Farbrtoffen.
v vou Vert

Ber. 4, 555 (1871)

The chemical structure of fluorescein has been almost unchanged for over 100 years.

Is the Carboxylic Group of Fluorescein Indispensable for Being Highly

Fluorescent?
— Answer is NO!

— Breaking Out the Traditional Fluorescein Sructure (TokyoGreens)

I COOH
CLC
HO O O HO

O o}
Fluorescein Hydroxyphenylfluorone
¢ =0.85 ¢ =0.20
( Known Compound ) ( Known Compound )

Y. Urano, M. Kamiya, K. Kanda, T. Ueno, K. Hirose, T. Nagano, J. Am. Chem. Soc., 2005, 127, 4888-4894.

okyoGree,

Me

CLUC
HO (0] 0
2-Me Fluorescein Deriv.
¢ =0.84

\ ( Novel Compound! ) /

HO2EHHOLBALRRETTHRILT S
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HRfE>TM?
EICENMDEL

ZNFLELDANEXD NEZ

ZhF LA OBREFEICHDALERDL?

I COOH
O
HO O (0]

Fluorescein EEIRk
¢ = 0.85 6 = 0.20

(EEFEEa) (EEF{E &)

TokyoGreenfild. BEN DBRINEICERETIETH S

T R
tBuLi or M F
. kil SN
TBDMSO (o] OTBDMS
Br

R

R

®

QO
HO' (o) o

high yield

1 ® O
.
J@\ . _Meat H” COOH - COOH
HO OH o N N
d HO 0 0 HO o )

mixture, relatively low yield
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(A) Fluorescein-based probes

@ COO" Hydrolase _ ° o, =3
S = ’ )
o[‘iolgio bl‘DOIGiO
ﬁ%l& -

E5RaluBBelieale R (B) 2-Me-4-OMe TokyoGreen-based probes
OCH, OCHs

,Lh JL 'L tw_ -l L. O CH3 Hydrolase O CHs
— A T N
RO 9] (9] o O 0]

[F 3 mek Eead

Reduction Potential

=-1.21vssce

Acidic Condition (pH=3.4)

Reduchon Potendlal

-0

Basic to Neutral Condition

BAT O -7 ORENEERE 3
WMHB-HF7 b 4—EBETO—T (TG-BGal)

OCH;,

@

CH,

0

H

Designing Strategy #3
No more
:
[>Fluorophore _[>> Fluorophore
Specific reaction

|1—Gaaalas|dass

TG-pGal
lilggﬁﬁ gﬁ‘ \ﬁ%;&%a— 5 (almost non-fluorescent, dy = 0.002)
HABMTHIFH > T ROBTEUNRIGEITETAE<SRESZEEHAL.
EEMKRRERG EICHT 3AMEOREL\ 20— 2585k EILE.
T6-RGalIC L BEMBTOBR-HF I MY 4 —HFERIXA—F T #7=1:ALP7 O — 7 (TG-Phos ) FAH

TG- B Gal / /acZ(+) GP2934liAa TG- BGal / /acZ(- )GPZQSWIIE

Me Me
O, L,
0 P (o)

FDG / /acZ(+) GP293#HAa TG-Phos 2-Me-4-OMe TG
e =0.011, g45, = 3.0x10* =0.84, g4, = 9.0x10*

M. Kamiya, Y. Urano, N. Ebata, M. Yamamoto, J. Kosuge, T. Nagano, Angewandte Chemie Int. Ed. 2005, 44, 5439.

<BBRAF—L>

[

n& . n’i nﬁ.i FMNG / /2cZ(+) GP293HRa
TGEG;I FDG rms 4 Me (EtO)ZPOCI TEA Me TMS 1 Me
e i - i N N
- y T oo, ‘ cnzm2
Q.. 5 3 ; NOGSH B0 0l 2,

;
OEt

£230000
©:035

y. quant. y.27%




Caged TokyoGreen Caged TokyoGreen®4E iR D& A

®a0c0 A) TG-NPE B) BisCMNB-

UV light & .
uncaging (< L &

() g "0
©\)N\07Cag d Toky« Fluorescent TokyoGreen

° (®<0.001) (® = 0.86) SEC 10sec irr sec 10sec irr

= GEMAEERL R 27 577 R OmE = IR DIAE
(PRPG:i‘t"ﬁZ TERER)

250 500
Cell (HeLa) of (A) TG-NPE AM and (B NB-FL AM. Differe: ntrast (DIC),

d merge. Sel d with a 100
re mercury lamp via a 3 385 nm band-pass filter through an

IEBRMRRRICH TR R RITE S ENERKTE

T. Kobayashi, Y. Urano, T. Nagano et al., J. Am. Chem. Soc., 129, 6696-6697 (2007).
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Input Output Objective
' ; % . Ko S
From Chemical Biology o

Cultured cells
Tissue slices

t P'6) in vitro

in vivo

Cliemical Medicine

N N % [ SO B
% X Aammm
Challenges:
HABGLEIRMEARINIEE
RIRITIHEATO-T DR
ABIRIA A~ T - -
() 70-7 ORELERBETBAA—I2 5 «+ «C, BAEHZEESN >THKSEIN?
> BRI2%, i, (e EAL 12— 9 T0- T OB
MRT, PET non- ac’rlva’rable fluorescence @rafegy} \
** w X K g K
* % * % MABRAQR— 1« T 1 - 17 HEHERRLT
ERE _ .
(b) =TS 55 WO FiHl ERBET A4~ 5 (RRF =il - 2> RKIRINZEF)
> IO-THRET BB B L
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HRMBRIERBR LR T O — T ORR Fluorescence Images for pH Profiles of pH Probes

High electron

density pK,=3.8

BODIPY
(Intrinsically fluorescent)

+

Almost non-fluorescent \H

Low electron density.

DiMeNBDP ) pK,=4.3

EtMeNBDP S » PK, =5.2
\H/ HO FF oH 5 ‘
Ney - ] »

pH Activatable probes

DIEtNBDP PK, =6.0

S/N > 750

“Always-on”
fluorescence

Highly fluorescent

Labeling pH Probes to Trastuzumab Imaging Strategy - Ligand-Receptor System -

Autophos _ Trastuzumab

S . °
4 .Dlmerlzatlon ® @ phorylation 4 . 4> PH probes
e — ‘
o ® C Endocytosis
pH Probe 5 .
Trastuzumab  succinimidyl ester Labeled or

(IgG) Trastuzumab pH Probe
succinimidyl ester

Early endosome
s (=neutral pH)
- Labeling site: |
Lysine residues on proteins at random
- Moderate reaction condition:
Labeling in PBS (pH 8.4) at r.t. for 1 hr in the dark
- Easy purification: / Late endosome
Labeled Trastuzumab was readily purified by a gel o ," or lysosome
filtration column. i @l . _ - _(acidic pH)

Fluorescence Imaging of NIH3T3/HER2 Cells Fluorescence in vivo Imaging

24 hr

Tail-vein injection

“Always-on”
PhBDP

DIEtNBDP-Trastuzumab =2
(pH activatable)

2hr - , - Lung cancer metastasis
5 - 3 PhBDP-Trastuzumab mouse model
(“always-on”) U
A

Spectral fluorescence imaging after
thoracotomy a day postinjection

“pH Activatable” probes
DIiEtNBDP EtMeNBDP DiMeNBDP

Final concentration: 50 nM BDP-labeled Trastuzumab  Scale bar = 20 um




Nma’iﬁ/atal_)“f@e y Activajagle probe | “aﬁvatable probe
|

Activatable probe
(Fluorescent only
under acidic condition)

S fluorescent)

A

e RG spectrum image

3T3/Her with 100ug Herceptin-
nonactivatable BDP and 200ug Herceptin
VS
3T3/Her with 300pg Herceptin-activatable BDP

Y. Urano, D. Asanuma, Y. Hama, Y. Koyama, T. Barret, M. Kamiya,
T. Nagano, T. Watanabe, A. Hasegawa, P. L. Choyke, H. Kobayashi,
Nat. Med., 15, 104 109 (2009).

Selective /n vivo tumor imaging
with pH-activatable fluorescence probes

White Light Fluorescence (Spectra Unmixed)

Mouse: SHIN3-intraperitoneally disseminated, Probe: DIEtNBDP-GSA, ip

Y. Urano, D. Asanuma, H. Kobayashi, et al., Nat. Med. 15, 104-109 (2009).

Take Home Messages

Rational and flexible design strategies for
fluorescence probes could be established based on
the concept of PeT and spirocyclization.

Novel and highly activatable fluorescence probes for
ROS, H* and various enzymes could be developed.

Combination of tfumor specific targeting and
fluorescence activation enables highly specific cancer
imaging.

Rapid and sensitive detection of tiny tumors in vivo
could be achieved by using novel small molecule-based
probes, which would enable us to diaghose tumor sites
intraoperatively with fluorescence endoscopes.

"pH-activatable" strategy is versatile and applicable to
a wide range of receptor-ligand systems

Glyco-
protein g

Autophos-

i H probes
Targeting phorylation z PL‘ p
igand
> > (antibody etc.)
‘ 4, Endocytosis
[rurs]

Target @ X\X ¥ ; Early
receptor endosome
O % © f' (pH ~7)

_ X =

g =
Tumor celr/ '{ \ \

Highly fluorescent

Late endosome
or lysosome
(pH 5~6)

In vivo endoscopic imaging of peritoneally disseminated
tiny tumor sites in living mice
with pH-activatable fluorescence probes
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