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Fluorescein As a Useful Platform for Fluorescence Probes 
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R �max (nm) �fl

H 490 0.85

NH2 486 0.015

PhCONH 490 0.79

CH2CHCONH 490 0.76

p-MeOPhCONH 490 0.88

o-NO2PhCONH 492 0.044

m-NO2PhCONH 492 0.224

p-NO2PhCONH 492 0.015

SCN 490 0.76

Munkholm et al.   J. Am. Chem. Soc.  112, 2608-2612 (1990)

All the data were collected in 100 mM phosphate buffer, pH 7.5.
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Reactive Oxygen Species (ROS) 
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JACS 2001, 123, 2530-2536 



Reactive Oxygen Species (ROS) 
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Yu Gabe, Yasuteru Urano, Tetsuo Nagano et al. J. Am. Chem. Soc., 126, 3357- 3367 (2004).  
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Fluorophore Specific bond-scission 
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No more 
PeT Donor 

Designing Strategy #2 

Reactive Oxygen Species (ROS) 

•OH H2O

NO

ONOO–

O2
– H2O23O2

1O2

LOO• , LO• , LOOH

e– e– e–e–

Metal oxygen complex
ClO-

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

High 
HOMO 
Energy e- 
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Reactivity of HPF, APF and DCFH with ROS 
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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  JACS 2006, 128, 10640-10641  

JACS 2007, 129, 7313-7318  JBC 2003, 278, 3170-3175  

 
 

 
 

 
 

Johann Friedrich Wilhelm 
Adolf von Baeyer 

(1835-1917) 
Received Nobel Prize in 1905. 
Discovered Flurescein in 1871. 

Fluorescein Was Firstly Developed in 19th Century 

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

OHO O
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OHO O
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� �

Is the Carboxylic Group of Fluorescein Indispensable for Being Highly 
Fluorescent?    
     → Answer is NO! 
     →  Breaking Out the Traditional Fluorescein Sructure (TokyoGreens) 
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Fluorescence Probes 

Designing Strategy #3 
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M. Kamiya, Y. Urano, N. Ebata, M. Yamamoto, J. Kosuge, T. Nagano, Angewandte Chemie Int. Ed. 2005, 44, 5439.  
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Caged TokyoGreen Fluorescent TokyoGreen
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uncaging

T. Kobayashi, Y.  Urano, T. Nagano et al., J. Am. Chem. Soc., 129, 6696-6697 (2007). 
 

(A) TG-NPE 
AM 

(B) BisCMNB-
FL AM Merge DIC UV light 

0sec irr  10sec irr 

Merge DIC UV light 

0sec irr 10sec irr 

500 250 500 250 

Cell (HeLa) application  of (A) TG-NPE AM and (B) BisCMNB-FL AM. Differential interference contrast (DIC), 
fluorescence images before (0 sec) and after (10 sec) irradiation, and merge. Selected cells were irradiated with a 100 
W  h i g h - p r e s s u r e  m e r c u r y  l a m p  v i a  a  3 3 0 - 3 8 5  n m  b a n d - p a s s  f i l t e r  t h r o u g h  a n  
objective lens. 

From Chemical Biology  

to 

Chemical Medicine 

Cultured cells 
Tissue slices 

Human 

in vitro 

in vivo 

MRI, PET, non-activatable fluorescence 

Activatable fluorescence 
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Fluorescence Images for pH Profiles of pH Probes 
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“Always-on” 
fluorescence 

Trastuzumab 

(IgG) 

Labeling pH Probes to Trastuzumab 

Labeled 

Trastuzumab 
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- 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: 
 Labeled Trastuzumab was readily purified by a gel 
 filtration column. 
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Dimerization 
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Endocytosis 

Early endosome 

(~neutral pH) 
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Cancer cell 

Imaging Strategy - Ligand-Receptor System - 

Trastuzumab 

pH probes 

Fluorescence Imaging of NIH3T3/HER2 Cells 
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Final concentration: 50 nM BDP-labeled Trastuzumab     Scale bar = 20 �m

Fluorescence in vivo Imaging 

DiEtNBDP-Trastuzumab 
(pH activatable) 

or
PhBDP-Trastuzumab 

(“always-on”)

Lung cancer metastasis 
mouse model 

Spectral fluorescence imaging after 
thoracotomy a day postinjection 

Tail-vein injection 



3T3/Her with 100μg  Herceptin-
nonactivatable  BDP and 200μg Herceptin

VS
3T3/Her with 300μg Herceptin-activatable BDP 

Nonactivatable probe 
(Always fluorescent) 

Activatable probe 
(Fluorescent only 

under acidic condition) 

Nonactivatable probe 
(Always fluorescent) 

Activatable probe 
(Fluorescent only 

under acidic condition) 

Nonactivatable probe 
(Always fluorescent) 

Activatable probe 
(Fluorescent only 

under acidic condition) 

White light image RG spectrum image 

Composite image

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).
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Highly fluorescent
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Targeting Ligand
(antibody etc.)

pH probes

Target
receptor

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

Lectin 

Glyco- 
protein 

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). 

Selective in vivo tumor imaging 
with pH-activatable fluorescence probes In vivo endoscopic imaging of peritoneally disseminated 

tiny tumor sites in living mice 
with pH-activatable fluorescence probes 

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 tumor 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 diagnose tumor sites 
intraoperatively with fluorescence endoscopes. 


