
Introduction: Stimuli-responsive fluorescent probes

Summary

We have successfully developed a new class of turn-on fluorescent probes for an esterase: (1) a flexible

linker between substrate and fluorophore accelerating the enzymatic reaction, (2) no by-products, preventing

undesired biological response. The esterase-mediated formation of a carboxylate efficiently induces

fluorescence activation through mercapto group-detachment.
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✔ This work: activator-induce quencher detachment (AiQd) process

OFF
stimulus

OFF ON

quenched probe emissive probe

cleavage of

masking group

OFF

quenched probe

self-immolative
linker

stimulus
OFF

quenched probe

cleavage of

self-immolative
linker

ON

emissive probe

✔ Conventional turn-on probe (2): self-immolative process

✔ Conventional turn-on probe (1): substrate–dye conjugates

[1] longer distance between substrate and dye, accelerating enzymatic reaction  
[2] no by-product, avoiding undesired biological response
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T. Nagano, Y. Urano, et al. J. Am. Chem. Soc. 2013, 135, 409.

- Example of conventional probe (1)

- Example of conventional probe (2)
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L. Feng, X. Ma, et al. J. Am. Chem. Soc. 2019, 141, 1126.

enzyme

- bulky fluorophore may prevent the enzyme approach.

- by-product from self-immolation process may affect on biological response.
M. Oe, K. Miki, K. Ohe, Org. Biomol. Chem. doi: 10.1039/d0ob00899k.

X = NH

X = O

X = S

pKa = 8.1

pKa = 6.1

pKa = 4.3

pKa basicity

7pH 3 7 3 7 3 7 3 3 77

0

1

pH-responsiveness

P
L 

in
te

n
si

ty
 (

8
0

0
 n

m
)

cf. 

Edward, J. D. et al. Mol. Cancer Ther. 2014, 13, 2157.

in vitro
imaging

Ravindra, K. P. et al. Theranostics 2013, 9. 692.

in vivo
imaging

labeling agent

contrast agent

– H+

+ H+

closed-ring form (non-emissive) open-ring form (emissive)

300
0

0.4

500 700 900

0.8

pH

high

low

X = S

pH = 7.4
pH = 5.8
pH = 5.0

wavelength (nm)

ab
so

rb
an

ce

K. Miki, K. Ohe, et al. Chem. Commun. 2017, 53, 7792.

Our previous results: pH-responsive cyanine dyes
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Probe design: esterase-responsive probe

Similar cyanine dyes having nucleophiles have been applied to
bioimaging without considering pH-responsiveness.

Esterase-responsive fluorescent Cy5 dye
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in vitro cell experiments for detection of acidic organelle

UV-vis absorbance and fluorescence spectra of 1 and 2
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Normalized FL intensity against pH FL intensity change during esterase treatment

2.0

1.5

1.0

0.5

0FL
 in

te
n

si
ty

 (
×

1
0

5
 c

p
s)

650 750700
wavelength (nm)

0

0.01

0.025

0.05

0.1

0.5

1.0

0.25

inhibitor (mM)

675 725

1-C

red channel bright field

0.250.50 0.11.0
1-C
4-C

esterase (U/mL)

4-C
0

1

0 60 9030

time (min)

0.5

0.25

0.75

F/
F 1

U
m

ax

1-C
+

AEBSF

Esterase-responsiveness of 1

Energy-minimized structure of 2-O and plausible ring-opening mechanism
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(1) stabilization of 
open-ring form

(2) carboxylic acid-assisted ring-opening
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Effect of linker length on enzyme-responsiveness

esterase: porcine liver esterase (PLE)
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