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650 	 	 ( )
9 m

ROS (Reactive oxygen species)
H2O2 (Hydrogen peroxide)
CyBA 9-

JS-R  (JoSai-Red)
B-N
HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
Fru D-  (D-Fructose)
Glc D-  (D-Glucose)
Gal D-  (D-Galactose)
Man D-  (D-Mannose)
Fuc L-  (L-Fucose)
Sor D-  (D-Sorbitol)
Neu5Ac N--  (N-Acetylneuraminic acid)
Neu5Gc � (N-Glycolylneuraminic acid)
CA  (Catechol)
JS-R/CA JS-R CA 0

JS-R/Fru JS-R Fru 0

NMR (Nuclear magnetic resonance)
FAB-MS  (Fast atom bombardment-mass spectrometry)
EI-MS  (Electron ionization-mass spectrometry)
DFT m  (Density functional theory)
HOMO n  (Highest occupied molecular orbital)
LUMO n  (Lowest unoccupied molecular orbital)
4IQBA 4- ��4-Isoquinolineboronic acid)
GOx 9 (Glucose oxidase)
PVA - �(Polyvinyl alcohol)
DMSO Dimethyl sulfoxide
PBS Phosphate buffered saline

λabs ������

λex ����

λem ������

Φ ���	��

K ��


k ����


��
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 (Table 1) Table 1

 

 
in vivo Φ 1,2  

 (650-900 nm) 

 (Figure 1)3  in vivo

pH pH 4,5

pH pH

6  

Table 1. Desired properties of fluorescent sensor molecules. 
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7,8

 

 

 ( ) 

 (Scheme 1)9,10  

 (H2O2)  (Reactive oxygen species: ROS) 

 (Scheme 2)11,12,13  

 

Figure 1. Absorption spectra with the biogenic substance and optical window3. 

Scheme 1. Equilibrium of boronic acid derivatives and a sugar. 
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Φ 2

1

 (Figure 2, 

CyBA) 2  

(Figure 2, JoSai-Red: JS-R) 3 1 2

 

 

 
 

  

JS-RCyBA

B-N N+

OHOH
Cl-

N

NN+

B
OH

OH
H

Scheme 2. Reaction of phenylboronic acid pinacol ester and H2O2. 
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O
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Figure 2. Structures of new fluorescent dyes. 
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1 :  (650 900 nm) 

 (CyBA)  

 

1  

Yoon

1992 14 Shinkai James × Φ

15,16,17,18,19 Jin  1 (Figure 

3) 493 nm 567 nm  (Fru) 

550 nm

18  

 

500 nm

 

 (

®; ) 

 (λabs ca. 775 nm, λem ca. 820 nm)  

(Figure 4, left)20

N

HN

B
OH

OH

OO

λex 493	nm,	λem 567	nm λex 493	nm,	λem 550	nm

N

NH

B-
O

O

OO

OH

Sugar

1

OH OH

Sugar
D-Fructose
0	– 500	mM

Wavelength	/	nmFl
uo

re
sc
en

ce
	in
te
ns
ity

	/	
a.
u.

Figure 3. Suggested structural change and fluorescence spectra of 1 (50 µM) upon 
addition of D-fructose (Fru) in 100 mM phosphate buffer at pH 7.4, λex 493 nm18. 
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21,22  

IR-780  (Figure 4, right) IR-780

 (λabs ca. 780 nm, λem ca. 820 nm) 2323,24  

IR-780

 (Figure 2, CyBA) 

H2O2  

 

 

 

  

N+ N SO3
-NaO3S

Cl

NN+

Figure 4. Structures of indocyanine green (left) and IR-780 (right). 
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2  (CyBA) 

 

2-1 CyBA  

CyBA 2-(aminomethyl)phenylboronic acid

2-(bromomethyl)phenylboronic acid 2

2-(aminomethyl)phenylboronic acid hydrochloride 24.2%

N,N-dimethylformamide triethylamine× IR-780 iodide

CyBA 24.1%  (Scheme 3) CyBA  (NMR)  (MS)

 (Figures 5 and 6)  

 
 

 

 

 

Scheme 3. Synthesis of CyBA. 

NH3
+

B
OH

OH
Cl-

NH3
+

B
OH

OH
Cl-

CyBA,	Yield	:	24.1%

2-(Aminomethyl)phenylboronic
acid hydrochloride,	
Yield	:	24.2%	(2	steps)

Br

B
OH

OH
N

B
OH

OH

N+
N-

Cl

NN+

I-

Triethylamine, Dimethylformamide, 
r.t., 15 hr Cl-

N

NN+

B
OH

OH
H

P

1)  Methanol, 80oC, 1.5 hr
2) 36% HCl aq

N- N+ N-Na+

Tetrahydrofuran/ water,
 65oC, 1.5 hr
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Figure 5. 1H NMR spectrum of CyBA in methanol-d4. 

Figure 6. FAB-MS (positive mode) and structure of CyBA glycerin complex. 
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2-2 CyBA  

CyBA 10 mM HEPES methanol/water (1/1, v/v, pH 7.4) × 659 nm

1.1×105 M-1cm-1 659 nm

726 nm CyBA

 (Figure 7) methanol × CyBA

 (	) 3.8×10-3  
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Figure 7. Absorption and fluorescence (λex 659 nm) spectra of CyBA in methanol/water 
(1/1, v/v) containing HEPES (10 mM) solution at pH 7.4. 
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2-3 CyBA pH  

pH (pH 4.0-12.0) CyBA

CyBA pH

pH pH 700 nm

CyBA pKa 9.52  (Figure 8) CyBA
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Figure 8. (a) Fluorescence spectra of 2.0 µM CyBA (pH 4.0-12.0) and (b) pH profile of 
the fluorescence intensity at 700 nm of 2.0 µM CyBA. All samples were measured in 
methanol/water (1/1, v/v) containing 10 mM HEPES solution, λex 659 nm. The pKa value 
of CyBA was 9.52. 
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3 CyBA  

CyBA 50 mM Fru pH (pH 4.0-12.0) 

Fru pH

50 mM Fru CyBA pKa 6.38

 (Figure 9)  

 

Figure 9 (b) CyBA ×

× Fru  (0, 1, 2, 5, 10, 20, 50, 

100 mM) CyBA Fru

700 nm  (Figure 10)

Fru pKa

×

 

Figure 9. (a) Fluorescence spectra of 2.0 µM CyBA with 50 mM Fru. (b) pH profile of the 
fluorescence intensity at 700 nm of 2.0 µM CyBA in the absence and presence of 50 mM 
Fru. All samples were measured in methanol/water (1/1, v/v) containing 10 mM HEPES 
solution, λex 659 nm. The pKa value of CyBA with 50 mM Fru was 6.38. 
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Fru  (Glu)  (Gal)  (Man)  (Fuc)

 (Sor) N-  (Neu5Ac) 

 (Figure 11) Neu5Ac

× Fru Glu

Gal Man Fuc Sor Neu5Ac

K  (Figure 12, Table 2) Fru Sor

Neu5Ac CyBA Fru Sor Neu5Ac
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Figure 10. Fluorescence spectra of 2.0 µM CyBA upon addition of Fru (0-100 mM) in 
methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, λex 659 nm. 

Figure 11. Structures of D-fructose (Fru), D-glucose (Glc), D-galactose (Gal), D-mannose 
(Man), L-fucose (Fuc), D-sorbitol (Sor) and N-acetylneuraminic acid (Neu5Ac). 
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CyBA Jin

1 (Figure 3) 1

1

 (B-N ) 

pKa

B-N B-N

 (Figure 3)18

CyBA 1

0
0.5
1

1.5
2

2.5
3

3.5

0 20 40 60 80 100Re
la
tiv

e	
flu

or
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ce
nc
e	
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te
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ity

	
at
	7
00
	n
m

Concentration	of	sugar	/	mM

Fru

Glc

Gal

Man

Fuc

Sor

Neu5Ac

Sugars Binding constans K  (M-1)
Fru 173.2
Glc 4.0
Gal 35.6
Man 11.1
Fuc 12.0
Sor 317.0

Neu5Ac 135.4

Table 2. Binding constants (K) of CyBA to sugars. 

Figure 12. Titration curve of fluorescence intensity at 700 nm of 2.0 µM CyBA 
(methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, λex 659 nm) 
against sugar concentration. 
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1

 (Scheme 4)  

 
  

Scheme 4. Proposed mechanism for polyol induced fluorescence change of CyBA. 
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4 CyBA  (H2O2)  

H2O2

 (Scheme 5)11,12   

 

CyBA H2O2

CyBA

H2O2  (Figure 13) 50 mM Fru

CyBA H2O2

 (Figure 14) H2O2

CyBA H2O2

CyBA B-N

H2O2

700 nm  (Figure 14b)

CyBA H2O2

CyBA B-N

H2O2

CyBA H2O2

 (Scheme 6)  

O

O

BO

O
B
O

O

O

H2O2

O

COOH

OHO

Non	fluorescent Highly	 fluorescent

Scheme 5. Boronate modified fluorescent probe for detection of H2O2. 
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Figure 13. Time dependence of fluorescent spectral changes for 2.0 µM CyBA 
without polyol upon addition of 1.0 mM H2O2 (0-15 min), measured in 
methanol/water (1/1, v/v) containing 10 mM HEPES buffer at pH 7.4, λex 659 nm. 
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Figure 14. (a) Time dependence of fluorescence spectral changes of 2.0 µM CyBA with 50 
mM Fru upon addition of 1.0 mM H2O2 addition (0-90 min). (b) Plot of fluorescence 
intensity at 700 nm upon addition of 1.0 mM H2O2. All samples were measured in 
methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, λex 659 nm. 
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Scheme 6. Proposed structural change of CyBA cyclic ester form reacted with H2O2. 
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5  

IR-780

CyBA

Table 3 CyBA  (λabs 659 nm, λem 726 nm) 

pH 9 pH 6 pH

Neu5Ac

B-N

CyBA H2O2

H2O2  

 

 

  

CyBA
(λex 659 nm, λem 726 nm) 	 

pH 9 pH 6 	 

Fru Sor Neu5Ac 	 

	 

	 

H2O2 	 

Table 3. Characters as fluorescent dye of CyBA. 
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2 :  ( )  

(JoSai-Red: JS-R)  

 

1  

25

26,27,28,29,30

Φ  (Table 4)6,31,32  

 
 [R2B(OH)2]- 

 (Figure 15)

1 CyBA

Structure λabs (nm) λem (nm) Φ Structure λabs (nm) λem (nm) Φ

O-Pyronine

547 562 0.40

C-Rhodamine

610 637 0.46

Si-Pyronine

634 648 0.42

Sulfone-Rhodamine

701 733 0.70

O-Rhodamine

549 569 0.35

Phosphorus-Rhodamine

688 702 0.36

Si-Rhodamine

646 660 0.31

NN+

S NN+

O O

P NN+

O

Si NN+

O NN+

SiN N+

ON N+

Table 4. Structures and optical properties of pyronines and rhodamines. 
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B-N

33

 (Figure 16)  

 

H2O2

 

 

  

ON N+ B-N N+

OHOH

B- OHR
R

OH

Borinate

Figure 15. Strategy of new fluorescent sensor molecule design. 

Figure 16. A typical structure and the new structure of fluorescent 
sensors containing boron. 

Fluorophore

Receptor
Fluorophore Receptor

Typical	structure New	structure



 20 

2  (JS-R) 34 

X

X

Φ    

JoSai-Red (JS-R)  

 

2-1 JS-R  

3-(N,N-Dimethylamino)phenylboronic acid folmaldehyde 37wt% solution ×

JS-R  (Scheme 8) JS-R NMR EI-MS

 (Figure 17)  

 

 
 

B-N N+

OHOH

O

H H

Acetic	acid,	85oC,	2	hr

B

N

OH
OH

Scheme 8. Synthesis of JS-R. 
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methanol× JS-R  (CA) 48

JS-R/CA  (JS-R/CA)  (Scheme 9)

JS-R/CA X CA

 (Figure 18)  

 

Figure 17. 1H NMR spectrum of JS-R in 25 mM phosphatebuffer/methanol-d4 (2/1, v/v) 
at pD 7.4. 

Scheme 9. Crystallization of JS-R/CA complex. 

B-N N+

OHOH

OH

OH

MeOH B-
O O

N N+
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Figure 18. Crystal structure of JS-R/CA. 

complex. 
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2-2 JS-R  

JS-R 10 mM HEPES buffer (pH 7.4) × 611 nm

1.3×105 M-1cm-1 611 nm 630 nm

JS-R Si-pyronine O-pyronine

 (Figure 19) methanol×

JS-R Φ 0.59 O-pyronine Si-pyronine  (Table 5)26  
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Figure 19. Absorption and fluorescence spectra (λex 611 nm) of JS-R in 
10 mM HEPES buffer at pH 7.4. 
 

λabs (nm) λem (nm) Φ
O-Pyronine26 547 562 0.40
Si-Pyronine26 634 648 0.42

JS-R 611 630 0.59

Table 5. Photophysical properties of pyronines. 
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2-3 JS-R pH  

pH (pH 2.0-13.0) JS-R

JS-R pH 5.5 pH 11.0 pH  

(Figures 20, 21) JS-R pH

pH JS-R 11B NMR

11B NMR sp2

30-60 ppm sp3 0 ppm

35 JS-R × 11B NMR -0.81 ppm

 (Figure 22) JS-R × sp3

pH 5.5

pH JS-R

pH 4 JS-R pKa 3.99  

(Figure 21)  
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Figure 20. Fluorescence spectra of 6.3 µM JS-R (pH 5.5-11.0) in 10 mM HEPES 
buffer, λex 611 nm. 
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Figure 21. pH profile of the fluorescence intensity at 630 nm of 6.3 µM JS-R in 10 mM 
HEPES buffer, λex 611 nm. The pKa value of JS-R’s borinic acid was 3.99. 
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Figure 22. 11B NMR spectrum of JS-R in 25 mM phosphate buffer/methanol-d4  
(2/1, v/v) at pD 7.4. Boron trifluoride diethyl etherate (BF3•OEt2) in chloroform-d 
was used as an external standard (0 ppm) for the 11B NMR. 
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3 JS-R 34 

JS-R 50 mM Fru pH (pH 2.0-13.0) 

50 mM Fru JS-R pH 5.5 pH 11 pH

 (Figure 23)  

 

 

1 CyBA pKa

× JS-R pKa 4

pH 5.5 pH 11.0 pH pKa

 (Figure 24)  

0
20
40
60
80
100
120

550 600 650 700 750

Fl
uo
re
sc
en
ce
	in

te
ns
ity

	/	
a.
u.

Wavelength	/	nm

pH	6.5

0
20
40
60
80
100
120

550 600 650 700 750

Fl
uo
re
sc
en
ce
	in

te
ns
ity

	/	
a.
u.

Wavelength	/	nm

pH	8.0

0
20
40
60
80
100
120

550 600 650 700 750

Fl
uo
re
sc
en
ce
	in

te
ns
ity

	/	
a.
u.

Wavelength	/	nm

pH	9.5

0
20
40
60
80
100
120

550 600 650 700 750

Fl
uo
re
sc
en
ce
	in

te
ns
ity

	/a
.u
.

Wavelength	/	nm

pH	11.0

0
20
40
60
80
100
120

550 600 650 700 750

Fl
uo
re
sc
en
ce
	in

te
ns
ity

	/	
a.
u.

Wavelength	/	nm

pH	5.5

Figure 23. Fluorescence spectra of JS-R (6.3 µM in 10 mM HEPES buffer, λex 611 nm) 
in various pH without sugar (blue solid line) and with 50 mM Fru (red dotted line).  
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 Figure 24 (b) pKa JS-R

Fru  (0, 1, 2, 5, 10, 20, 50, 100 mM) JS-R

× JS-R 611 nm

Fru 630 nm JS-R

611 nm Fru

 (Figure 25)  

 

Figure 24. pH profile of the fluorescence intensity, ( ) without sugar, (□) with 50 mM 
Fru. (a) 2.0 µM CyBA in methanol/water (1/1, v/v) containing 10 mM HEPES solution, λex 
659 nm. (b) 6.3 µM JS-R in 10 mM HEPES buffer, λex 611 nm.  
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Figure 25. (a) Absorption spectra and (b) fluorescence spectra (λex 611 nm) of 6.3 µM JS-R 
in 10 mM HEPES buffer at pH 7.4. The effect of concentration Fru (0-100 mM). 
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JS-R

 (Gaussian 09)  (Density functional theory: DFT, 

B3LYP/6-311G++(d)) 36 JS-R JS-R  

(JS-R/Fru)  (Highest occupied molecular orbital: HOMO) 

 (Lowest unoccupied molecular orbital: LUMO) JS-R JS-R/Fru

JS-R/Fru LUMO

JS-R

LUMO (-2.83 eV)  (-2.90 eV) 

JS-R LUMO

LUMO HOMO-LUMO

HOMO-LUMO

JS-R Fru

HOMO-LUMO

 (Figure 26)  

Scheme 10. Equilibrium of JS-R and Fru and aqueous buffered solutions (10 mM HEPES, 
pH 7.4) irradiated by 532 nm laser, the left containing 6.3 µM JS-R and the right 
containing 6.3 µM JS-R with 100 mM Fru. 

B- N+N
OO

O

HOH

H
H

OH
OH

OH OH

Sugar
O OH

H

OH

OH

H
H

OH

OH

B-N N+

OHOH



 29 

 

 

 

×  (Figure 11; Fru, Glu, Gal, Man, Fuc, Sor, 

Neu5Ac) JS-R

 (Figure 27, Table 6)

JS-R Fru  
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Energy	gap
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Figure 26. Calculated molecular orbitals and their energy level of JS-R and JS-R/Fru 
complex in water, DFT (B3LYP/6-311+G(d)). 
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Table 6. Binding constants of JS-R to sugars. 

Sugars Binding constans K  (M-1)
Fru 112.1
Glc 3.3
Gal 2.3
Man 4.2
Fuc 2.4
Sor 43.3

Neu5Ac 11.2
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Glc
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Man

Fuc

Sor

Neu5Ac

Figure 27. Titration curve of relative fluorescence intensity at 628 nm of JS-R (5.0 
µM in 10 mM HEPES buffer at pH 7.4, λex 611 nm) against sugar concentration. 



 31 

4 JS-R H2O2  

4-1 H2O2  

JS-R H2O2

JS-R pH 7.4 × 611 nm

100 µM H2O2 564 nm

 (Figure 28)  

 
Fru JS-R 50 mM Fru

JS-R 1.0 mM H2O2

H2O2 564 nm

JS-R Fru H2O2 584 nm

Fru 30 Fru 45

JS-R Fru  (Figure 29a, b) JS-R

630 nm H2O2 584 nm

 (F.I.584 nm/F.I.630 nm) Figure 29c, d

Fru 300 Fru

1800

Figure 28. (a) Absorption spectra of 5.0 µM JS-R in the absence and the presence of 
100 µM H2O2, measured in 10 mM HEPES buffer at pH 7.4. (b) Photograph of JS-R 
solution in the absence and presence of 100 µM H2O2. 
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JS-R JS-R H2O2

 

 

H2O2 JS-R H2O2

H2O2 15 JS-R H2O2

584 nm 630 nm

H2O2 0 µM 100 µM H2O2

 (Figure 30)  
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Figure 29. Time dependence of fluorescence spectral changes of 5.0 µM JS-R upon 
adding 1.0 mM H2O2, (a) JS-R without Fru, (b) JS-R with 50 mM Fru. Plots of 
fluorescence intensity ratio of 584 nm/630 nm of 5.0 µM JS-R upon addition of 1.0 mM 
H2O2, (c) JS-R without Fru, (d) JS-R with 50 mM Fru. All samples were measured in 10 
mM HEPES solution at pH 7.4, λex 564 nm. 
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Figure 30. Fluorescence spectra (a) and titration curve concentration of H2O2 vs. 
fluorescence intensity ratio of 584 nm/630 nm (b) of 5.0 µM JS-R without Fru 15 minutes 
after H2O2 addition, measured in 10 mM HEPES buffer at pH 7.4, λex 564 nm. 
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4-2 H2O2  

1 CyBA H2O2

 (Figure 31a)

JS-R H2O2

 (Figure 31b)  

 

 JS-R H2O2

JS-R H2O2 Fru

 (Figure 32a) 1.0 mM H2O2 JS-R

Fru

 (Figure 32b) JS-R H2O2

EI-MS (

)  (267.1498 m/z) 

O-pyronine (λex 547 nm, λem 562 nm)  (267.1497 m/z) 

 (Figure 33) JS-R H2O2 O-pyronine

 (Scheme 11)

 

B-N N+

OHOH

H2O2

NH

NN+

B-O
OH

OSugar

Cl-

NH

NN+

OH

Cl-

H2O2

(a)

(b)

?
Figure 31. (a) Proposed structural change of CyBA cyclic ester by H2O2. (b) 
Unknown structural change of JS-R reacted with H2O2. 
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Figure 32. Fluorescence spectra of JS-R (5.0 µM in 10 mM HEPES buffer at pH 7.4) in 
the absence and presence of 50 mM Fru. (a) JS-R without addition of H2O2, λex 611 nm. 
(b) JS-R pretreated with 1.0 mM H2O2 (15 minutes after H2O2 addition), λex 564 nm. 

m/z

O-pyronine

267

m/z	267

ON N+

Figure 33. EI-MS of JS-R treated with H2O2. 

B-N N+

OHOH
ON N+

H2O2

Scheme 11. Proposed structural change of JS-R reacted with H2O2.  
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5  

JS-R Table 7

JS-R Φ 0.59 pH

 (λabs 611 nm, λem 630 nm) JS-R pH

Fru

LUMO

HOMO-LUMO

JS-R H2O2  

 
 

  

JS-R
	 (Φ 0.59)

(λex 611 nm, λem 630 nm) 	 

pH 4 pH 12 pH 	 

pH 5.5 pH 11 	 

Fru 	 

	 

	 

H2O2 	 

Table 7. Characters as fluorescent dye of JS-R. 
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3 : CyBA JS-R  

 

1  

×

37,38,39

 

Glc  (GOx) 

H2O2  (Scheme 12)40,41

GOx

H2O2 Glc 42,43  

 

44

 

 (HbA1c) 3

2 41 α

O

OH
H

H
H

OH
OH

H OH

H

OH

Glucose

Glucose	oxidase (GOx)

Gluconic acid

H2O2

COOH
OH

OH

OH
OH

OH

O2

Scheme 12. Reaction scheme of Glc and GOx. 
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45,46  

CyBA JS-R   
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2 CyBA JS-R H2O2  

2-1  

CyBA JS-R

CyBA JS-R Fru Glc Neu5Ac

4-isoquinolineboronic acid (4IQBA)  (Figure 34)47

Fru CyBA Neu5Ac

4IQBA JS-R  (Table 8)

Glc Neu5Ac Fru

CyBA Neu5Ac

 (Neu5Ac/Fru) 4IQBA 16 JS-R 8  (Table 

9)  

 

 

 

 

4-Isoquinolineboronic	
acid	(4IQBA)

JS-RCyBA

N

B
OHOH

B-N N+

OHOH
Cl-

N

NN+

B
OH

OH
H

Figure 34. Chemical structures of 4IQBA, CyBA and JS-R. 

4IQBA CyBA JS-R
Fru 1794.1 173.2 112.1
Glc 207.5 4.0 3.3
Neu5Ac 87.0 135.4 11.2

Table 8. Binding constants K (M-1) of 4IQBA, CyBA and JS-R. 

Table 9. The ratios of binding constant in Table 8. 

4IQBA CyBA JS-R
Glc/Fru 0.1157 0.023 0.029
Neu5Ac/Fru 0.0485 0.78 0.10
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2-2 H2O2  

JS-R CyBA H2O2 H2O2

Figure 29c, d Figure 14b

 (k) JS-R Fru

JS-R 584 nm 630 nm  (FR) 

 (FRlim)  (FRlim - FR) 

 (Figure 35a, b) [JS-R] << [H2O2] 

(5.0 µM JS-R, 1.0 mM H2O2) 1 k 

(s-1) ( 1, 2, Table 10) 

!" = !"$%&(1 − *+,-)  ( 1) 

ln	(!"$%& −!") = −23 + ln!"$%&  ( 2) 

FR; 584 nm 630 nm  (F.I.584 nm/F.I.630 nm) FRlim;  

(F.I.584 nm/F.I.630 nm) k;  (s-1) t; H2O2  (s) 

 

Fru CyBA 700 nm  (F.I.700 nm)

 (Figure 35c)  

[CyBA] << [H2O2] (2.0 µM CyBA, 1.0 mM H2O2) 1

k (s-1)  ( 3, 4, Table 10)  

!. 6. = !. 6.7 *+,-  ( 3) 

89!. 6. = −23 + ln!. 6.	7  ( 4) 

F.I.; 700 nm F.I.0; H2O2 0 700 nm k; 

 (s-1) t; H2O2  (s) 

 

Fru JS-R

JS-R H2O2  
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CyBA Neu5Ac

JS-R H2O2

H2O2  (Table 11, Figure 30)

3 4

 

Figure 35. Kinetic plots of fluorescence intensity or fluorescence intensity ratio of the 
pseudo-first order reaction of new fluorescent sensors to H2O2 (1.0 mM). (a) JS-R (5.0 
µM) without Fru, (b) JS-R (5.0 µM) with Fru (50 mM) and (c) CyBA (2.0 µM) with Fru 
(50 mM). 
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(a) (b) (c)

CyBA without Fru -
CyBA with 50 mM Fru 1.50×10-3

JS-R without Fru 1.11×10-2

JS-R with 50 mM Fru 1.90×10-3

Reaction constants k (s-1)

Table 10. Reaction rate constants k (s-1) of 4IQBA, CyBA and JS-R with H2O2. 
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Table 11. Summary of CyBA and JS-R properties. 

CyBA JS-R
- Φ  0.59

λabs 659 nm, λem 726 nm  ( : 650-900 nm) -
- pH -
- pH pH 5.5	 pH 11

Neu5Ac -

- -
- H2O2
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3 CyBA in vivo   

Φ

Neu5Ac N-

 (Neu5Gc)  (Figure 36) 50

Neu5Ac

44,48

Φ 44,49,50  

 

CyBA Neu5Ac

CyBA in vivo

 

Neu5Ac

 (Figures 1 and 37)

300-600 nm  (300 W) CyBA Neu5Ac

 (Scheme 13)  

 

Figure 36. Structures of major sialic acids (Neu5Ac and N-glycolylneuraminic 
acid: Neu5Gc). 
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Neu5Ac CyBA 30 mM Neu5Ac

CyBA  (Figure 38)
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Figure 37. Transmission spectrum of 660 nm band pass filter. 

CyBA
without	
Neu5Ac

CyBA
with	

Neu5Ac

300	W	Xe
lamp	

(300-600	nm)

300	W	Xe
lamp	

(300-600	nm)

λem 726	nm

λem 700	nm

em 660	nm

Band	pass	filter	
(λ 660	nm±10	nm)

Band	pass	filter	
(λ 660	nm±10	nm)

(a)

(b)

Scheme 13. Evaluation system of fluorescence image of JS-R (10 µM in PBS containing 
50% DMSO solution at pH 7.4) in the absence (a) and presence (b) of 30 mM Neu5Ac, 
using band pass filter (660 nm ± 10 nm). 
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polyvinyl alcohol (PVA) CyBA

Scheme 14

660 nm

× PVA × Neu5Ac CyBA

Neu5Ac CyBA  (Figure 39)

CyBA Neu5Ac in 

vivo  

 

CyBAwithout	
Neu5Ac

CyBAwith	
30	mM Neu5Ac

Figure 38. Fluorescence image of 10 µM CyBA in PBS containing 50% DMSO 
solution, (left) CyBA without Neu5Ac, (right) CyBA with 30 mM Neu5Ac. 

Scheme 14. Preparation of 5% polyvinyl alcohol (PVA) gel containing 10 µM CyBA 
without and with 30 mM Neu5Ac in PBS containing 50% DMSO solution at pH 7.4 (a). 
Evaluation system of fluorescence image of 10 µM CyBA without and with 30 mM Neu5Ac 
in 5% PVA gel, using band pass optical filter (660 nm ± 10 nm) (b). 

10	µM	CyBA in	
DMSO/PBS	(1/1),	20	µL	

CyBAwithout	
Neu5Ac

CyBAwith	
30	mM Neu5Ac

CyBAwithout	
Neu5Ac

CyBAwith	
30	mM Neu5Ac

300	W	Xe lamp	
(300-600	nm)

Band	pass	filter	
(λ 660	nm±10	nm)

(a) (b)



 46 

 

 

  

CyBAwithout	
Neu5Ac

CyBAwith	
30	mM Neu5Ac

Figure 39. Fluorescence image of 10 µM CyBA in the absence and presence of 30 
mM Neu5Ac in 5% PVA gel. 
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4 JS-R GOx  

2 4 3 2 JS-R H2O2

JS-R H2O2

JS-R

 (GOx) H2O2

 (Scheme 12)  

Glc GOx JS-R

JS-R Glc GOx

 (Figure 40) JS-R GOx

 

 

Glc  (0, 1, 2, 5, 10, 20 mM) GOx JS-R

Glc 15 Glc

JS-R 629 nm 584 nm  (Figure 41)

JS-R H2O2  

(Figure 28, Scheme 11) Figure 41

Glc GOx H2O2 JS-R O-pyronine

Figure 40. Fluorescence spectra of 5.0 µM JS-R without Glc solution in the absence and 
presence of 10 µg/mL GOx, measured in 10 mM HEPES buffer at pH 7.4, λex 564 nm. 
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584 nm 1.0-20 mM Glc

 (F.I.584 nm/F.I.630 nm) 11  (Figure 42)

JS-R Glc 1.0 mM H2O2

Glc H2O2 JS-R

O-pyronine  (Scheme 15)  

GOx Glc 1 2 GOx

Glc 1-33 mM (20-600 mg/dL) 

GOx 10 µg/mL 1

JS-R JS-R 5 µM Glc

Glc Glc JS-R

GOx × Glc JS-R GOx

 

 

Figure 41. Fluorescence spectra of 5.0 µM JS-R containing 10 µg/mL GOx solution 
upon addition of Glc (0, 1, 2, 5, 10, 20 mM) in 10 mM HEPES buffer at pH 7.4, λex 564 
nm.  
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Figure 42. Fluorescence intensity ratio of 584 nm/630 nm vs. concentration of Glc 
(0-20 mM) plot, measured in 5.0 µM JS-R containing 10 µg/mL solution in the 10 
mM HEPES buffer at pH 7.4, λex 564 nm. 

Scheme 15. Fluorescent Glc sensing system based on detection of H2O2 by using structural 
change from JS-R to O-pyronine. 
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5  

CyBA Neu5Ac

JS-R H2O2

H2O2  

CyBA × 5.0% PVA

Neu5Ac 660 nm

CyBA

in vivo

CyBA

 

JS-R GOx 1.0 mM Glc H2O2

JS-R O-pyronine H2O2

Glc JS-R

Glc 1.0-20 mM Glc

JS-R GOx

JS-R

in vivo
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Φ 1 2 2

 (CyBA JS-R) 

H2O2 3

 

CyBA Neu5Ac

1 3 3 3 ×

Neu5Ac

CyBA Neu5Ac in vivo 

 

JS-R  (Φ=0.59) H2O2

2 JS-R

H2O2

2 3 JS-R H2O2

O-pyronine H2O2

3 4

JS-R GOx H2O2

JS-R ROS H2O2 O-pyronine

H2O2

H2O2 ROS in vivo
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Φ

CyBA

JS-R ROS
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Φ Φ

 

Φ Φ
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Φ  

Φ Φ

 

Φ X
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Φ Φ
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  Boron trifluoride diethyl etherate liquid(BF3•OEt2), 3-(N,N-dimethylamino)phenylboronic 

acid, dimethylsulfoxide-d6 (DMSO-d6), formaldehyde 37 wt% solution ACS reagent, glucose 

oxidase from Aspergillus Niger, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 

IR-780 iodide, 4-isoquinolineboronic acid, D-sorbitol

 ( ) Acetic acid ( ), chloroform ( ), 

dichloromethane ( ), N,N-dimethylformamide ( , ), disodium 

hydrogenphosphate ( ), D-fructose ( ), D-glucose ( ), hydrogen 

chloride ( ), hydrogen peroxide ( ), magnesium sulfate anhydrous (

), methanol (HPLC ), methanol-d4 containing 0.05% TMS (NMR), polyvinyl alchol 

2,000 ( ), sodium azide ( ), sodium chloride ( ), sodium 

dihydrogenphosphate ( ), sodium oxide ( ), tetrahydrofuran ( , 

), triethylamine ( )  ( )

2-(Bromomethyl)phenylboronic acid Combi Blocks (Inc., CA, USA) 

D-Galactose, D-mannose  ( ) 

5-Acetylneuraminic acid  ( ) Sodium 

sulfate  ( ) L-Fucose  (

) Cresyl Violet (for fluorescence standard reference) 

 ( ) CHROMATOREX DIOL 75/100MB-200 (

)  ( ) 

PTFE, OMNIPORE  (25 mm, pore size 0.2 µm) 

 ( ) 660 nm

 ( )  
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JMS-700 ( , ) NMR

Varian 400 MR (Varian Inc., CA, USA) CHN

 MT-6 ( , ) 

 JASCO V560, ETC 505T ( , ) 1 1 4 cm

2 25

 RF-5300PC ( , ) 1 1 4 cm 4

 (

M , ) Smart flash AI-580S ( , ) 

X APEX  CCD (Burker Inc, MA, USA) 

WinmostarTM ( , ) 

Gaussian 09 ver. 5.02 (Gaussian Inc., CT, USA) 

MAX-303,  UV-VIS (300-600 nm) ( , ) 
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1  

 

1.  

1-1. 2-(Aminomethyl)phenylboronic acid hydrochloride  

Sodium azide 390 mg (6.00 mmol) 14 mL

2-(Bromomethyl)phenylboronic acid 859 mg (4.00 mmol) tetrahydrofuran 3.0 mL

sodium azide 65 90

90 ethyl acetate (20 mL × 2) 

magnesium sulfate anhydrous (MgSO4)

MgSO4 2-(azidomethyl)phenylboronic acid

2-(azidomethyl)phenylboronic acid methanol 10 mL

triphenylphosphine 1.58 g (6.02 mmol) 80 90

90

10 mL 36% HCl aq 1.0 mL chloroform 10 mL

90 90 30 mL chloroform 30 mL

chloroform (20 mL×3) 

2-(aminomethyl)phenylboronic acid 

hydrochloride  (  181 mg,  24.2%)  

FAB-MS (positive mode, glycerol matrix), 208 m/z, [M-Cl+glycerol-2H2O]+. 

1H NMR (400 MHz, DMSO-d6): δ 8.44 (s, 2H), 8.04-8.03 (s, 3H), 7.77-7.74 (d, 1H), 

7.44-7.33 (m, 3H), 4.18-4.14 (s, 2H). 

 

1−2. CyBA  

 IR-780 iodide 335 mg (0.502 mmol) 2-(aminomethyl)phenylboronic acid hydrochloride 

143 mg (0.764 mmol) N,N-dimethylformamide ( ) 5.00 mL
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triethylamine 500 µL N2 16

16 -

 (chloroform/methanol = 20/1→5/1) 

CyBA

CyBA  (  94.0 mg, 24.1%)  

FAB-MS (positive mode, glycerol matrix), 710.5 m/z, [M-Cl+glycerol-2H2O]+. 1H NMR 

(400 MHz, methanol-d4): δ 7.63 (d, 2H), 7.51-7.40 (m, 4H), 7.34-7.29 (m, 4H), 7.10-7.06 (m, 

4H), 5.87 (d, 2H), 4.90 (s, 2H), 3.92 (t, 4H), 2.56 (t, 4H), 1.88 (t, 2H), 1.80 (m, 4H), 1.45 (s, 

12H), 1.01, (t, 6H). 13C NMR (100 MHz, methanol-d4): δ 168.58, 167.89, 143.02, 141.28, 

139.99, 139.74, 132.88, 129.70, 128.27, 127.95, 127.11, 122.75, 121.59, 120.34, 108.92, 

94.97, 54.79, 44.09, 27.42, 24.51, 21.61, 19.76, 10.31. Elemental analysis, calculated for 

C43H55N3O3BCl [CyBA•H2O]: C, 73.01; H, 7.84; N, 5.94. Found: C, 73.21; H, 7.65; N, 

5.92%. 

 

2.  

2-1. 2-(Aminomethyl)phenylboronic acid CyBA  

FAB-MS  (positive mode) glycerin methanol

 (Figures 6, 43)  

CyBA FAB-MS Figure 6  
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2-2.  2-(Aminomethyl)phenylboronic acid hydrochloride CyBA NMR  

(Figures 5, 44, 45) 

 

CyBA 1H NMR Figure 5  

B
O

O

OH

NH3
+

m/z!208�

Figure 43. FAB-MS (positive mode) and structure of 2-(aminomethyl)phenylboronic 
acid glycerin complex. 

Figure 44. 1H NMR spectrum of 2-(aminomethyl)phenylboronic acid hydrochloride in 

DMSO-d6. 
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3. CyBA  

3-1.  

HEPES (10 mM) methanol/water (1/1, v/v)  (pH 7.4) 4.0 µM CyBA

CyBA CyBA

 (λabs) 659 nm 1.1×105 M-1cm-1  

 

3-2.  

HEPES (10 mM) methanol/water (1/1, v/v)  (pH 7.4) 2.0 µM CyBA

CyBA

 (  (λex) 659 nm, 

 450-900 nm,  Fast,  1.0 nm,  10 nm 

10 nm,  Low) CyBA  (λem) 726 nm  

 

Figure 45. 13C NMR spectrum of CyBA in methanol-d4. 
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3-3.  (Φ)  

600 nm 0.02 CyBA (0.20 µM) 

Cresyl Violet (0.20 µM) methanol 600 nm

 (CyBA =0.0113, Cresyl Violet =0.00756)

 

(λex 659 nm,  450-900 nm,  Fast,  0.2 nm, 

 1.5 nm 5 nm,  High)  (

) F

 (CyBA F=54.9, Cresyl Violet F=5201)  (Cresyl Violet) 

methanol× 600 nm  (Φst) = 0.54 

51 CyBA Cresyl Violet

Cresyl Violet Φst = 0.54 CyBA  (Φsm) 

5,26,52  

:;&
<=>?=>@=A
?=A@=>

  ( 5) 

Φsm : Φst : Asm : 600 

nm Ast : 600 nm Fsm : 

Fst : 

 

Methanol× CyBA Φsm 3.8×10-3  

 

4. CyBA pH pKa  

HEPES (10 mM) methanol/water (1/1, v/v)  (pH 7.4) 2.0 µM CyBA

1 M NaOH aq 1 M HCl aq pH 0.5

pH (pH 4.0-12.0) 

 (λex 659 nm,  550-900 nm, 
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 Fast,  1.0 nm,  10 nm 10 nm,  Low)

pH CyBA 700 nm pH Kaleidagraph

CyBA pKa

53,54  

!B =
@CDE@CFGAHI[KL]

NEHI[KL]
  ( 6) 

FI: FI0: FIlim: Ka: [H+] : 

 (M) 

CyBA pKa 9.52  

2.0 µM CyBA 50 mM Fru

CyBA pKa Fru (50 mM) CyBA pKa

6.38  

 

5. CyBA K  

HEPES (10 mM) methanol/water (1/1, v/v)  (pH 7.4) 2.0 µM CyBA

Table 12  

 (λex 659 nm,  550-900 nm,  

Fast,  1.0 nm,  10 nm 10 nm,  Low)

CyBA 705 nm CyBA

1:1 Kaleidagraph

K  (Table 12)53,54  

!B =
@CDE@CFGAH[O]

NEH[O]
  ( 7) 

FI: FI0: FIlim: K:  (M-1) [C] : 

 (M) 
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6. CyBA H2O2  

6-1. CyBA H2O2  

HEPES (10 mM) methanol/water (1/1, v/v)  (pH 7.4) 2.0 µM CyBA

H2O2 0

2.0 µM CyBA 1.0 mM H2O2

5 10 15

 (λex 659 nm, 

 550-900 nm,  Fast,  1.0 nm,  10 

nm 10 nm,  Low)  

 

6-2. Fru CyBA H2O2

 

2.0 µM CyBA 50 mM Fru  (2.0 µM CyBA containing 50 

mM Fru) H2O2

0 2.0 µM CyBA containing 50 mM Fru 1.0 mM 

H2O2 5 10

15 20 25 30 45 60 90

Table 12. Concentration (mM) of polyol for fluorescence measurement and calculation of 
binding constants K (M-1). 

Binding constans K  (M-1)
Fru 0 1 2 5 10 20 50 100 173.2
Glc 0 10 20 50 100 200 500 1000 4.0
Gal 0 1 2 5 10 20 50 100 200 35.6
Man 0 1 2 5 10 20 50 100 200 11.1
Fuc 0 1 2 5 10 20 50 100 200 12.0
Sor 0 1 2 5 10 20 50 100 317.0

Neu5Ac 0 0.1 0.2 0.5 1 2 5 10 20 30 135.4

Concentration of polyol (mM)
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2  

 

1.  

1-1. JS-R  (Scheme 15) 

3-(N,N-Dimethylamino)phenylboronic acid 3.00 g (18.2 mmol) acetic acid 15 mL

formaldehyde 37% solution 6.8 mL (91 mmol) 85 2

×

dichloromethane (100 mL × 3) 

sodium sulfate (Na2SO4) Na2SO4

 (

dichloromethane/methanol = 100/0 → 0/100) crude JS-R

crude JS-R pH 2 HCl aq 1 M NaOH aq

pH 3 1 M HCl aq pH 

2 sodium chloride 5

JS-R (borinic acid form)  (  39.0 mg, 

63.5%)  

EI-MS: 279 (M+ without Cl-), 1H NMR (400 MHz, methanol-d4): δ 7.76 (s, 1H), 7.58 (d, 

2H), 7.24 (s, 2H), 6.83 (d, 2H), 3.34 (s, 12H). 13C NMR (100 MHz, methanol-d4): δ 161.06, 

157.53, 142.73, 130.22, 119.12, 113.74, 40.87. Elemental analysis, calculated for 

C17H24N2BO3Na2.5Cl3.5 [JS-R (borinic acid form) •5/2NaCl•2H2O]: C 41.09, H 4.87, N 5.64%, 

found: C 41.26, H 5.00, N 5.44%. 

 
Scheme 15. Synthesis of JS-R and JS-R (borinic acid form). 

Cl-

BN N+

OH
HCl	aq,	NaCl,	r.t.,	5	hrB-N N+

OHOH

O

H H

Acetic	acid,	85oC,	2	hr

B

N

OH
OH

JS-R JS-R	(borinic acid	form)
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1-2. JS-R/CA complex  

Crude JS-R 48.9 mg methanol 5 mL CA 92.9 mg

48 JS-R/CA PTFE

 (  11.4 mg)  

 

2.  

2-1. MS  

JS-R (borinic acid form) EI-MS  (Figure 46)  

 

 

2-2. NMR  

JS-R (borinic acid form) 1H NMR 13C NMR  (Figures 47, 48)

11B NMR boron trifluorodiethyl etherate (BF3•OEt2) chloroform-d×

 (0 ppm) JS-R 11B NMR JS-R (bornic acid form) 

25 mM phosphate buffer/methanol-d4 (pD 7.4)  JS R  

(Figure 22)  

Figure 46. EI-MS of JS-R (borinic acid form). 



 66 

 

 

 

 

Figure 47. 1H NMR spectrum of JS-R (borinic acid form) in methanol-d4. 

Figure 48. 13C NMR spectrum of JS-R (borinic acid form) in methanol-d4. 
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2-4. X  

APEX  CCD (Burker, MA USA)  

 

3. JS-R  

3-1.  

HEPES  (10 mM, pH 7.4) 6.3 µM JS-R

JS-R λabs 611 nm 1.3×105 M-1cm-1  

 

3-2.  

 (λex 611 nm,  500-800 nm,  Fast, 

 1.0 nm,   3 nm  3 nm,  Low) JS-R λem 630 nm

 

 

3-3. Φ  

600 nm 0.02 JS-R (0.20 µM)

methanol 600 nm  (JS-R  = 0.0175)

 (λex 600 nm,  450-900 nm,  Fast,  0.2 

nm,   3 nm  3 nm,  High)  (

) F

 (JS-R F = 10508) JS-R

1 3-3. Cresyl Violet  ( 5) JS-R Φsm

5,26,52  

Methanol× JS-R Φsm 0.59  
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4. pH JS-R pKa  

HEPES  (10 mM, pH 7.4) 6.3 µM JS-R

1 M NaOH aq 1 M HCl aq pH 0.5 pH (pH 2.0-13) 

 (λex 611 nm,  500-800 nm,  Fast,  1.0 

nm,   3 nm  3 nm,  Low) pH JS-R 630 nm

pH 1

Kaleidagraph JS-R

pKa  

JS-R pKa 3.99  

6.3 µM JS-R 50 mM Fru

CyBA pKa 50 mM Fru JS-R pKa

3.22  

 

5.  

 WinmostarTM JS-R JS-R/Fru

Gaussian 09 

ver. 5.02

 (DFT, B3LYP/6-311++(d), solvent water)36  

(Polarizable continuum model: PCM)  

HOMO LUMO  (a.u.) eV  (1 Hartree (a.u.) = 27.2114 

eV)  

JS-R: (HOMO -5.47 eV, LUMO -2.83 eV), JS-R/Fru: (HOMO -5.48 eV, LUMO -2.90 eV) 
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6. K  

HEPES  (10 mM, pH 7.4) 5.0 µM JS-R

 (Table 

13)  (λex 611 nm,  

550-800 nm,  Fast,  1.0 nm,   3 nm  3 

nm,  Low)  JS-R 630 nm

1 Kaleidagraph

K  (Table 

13)  

 
 

7. JS-R H2O2  

7-1.  

HEPES  (10 mM, pH 7.4) 5.0 µM JS-R

0 µM H2O2 5.0 µM JS-R

100 µM H2O2 15

 

 

7-2. JS-R H2O2  

Table 13. Concentration (mM) of polyol for fluorescence measurement and calculation of 
binding constants K (M-1). 

Binding constans K  (M-1)
Fru 0 1 2 5 10 20 50 100 112.1
Glc 0 5 10 20 50 100 200 500 1000 3.3
Gal 0 5 10 20 50 100 200 500 2.3
Man 0 5 10 20 50 100 200 500 1000 4.2
Fuc 0 2 5 10 20 50 100 200 500 2.4
Sor 0 1 2 5 10 20 50 100 43.3

Neu5Ac 0 0.1 0.2 0.5 1 2 5 10 20 11.2

Concentration of polyol (mM)
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HEPES  (10 mM, pH 7.4) 5.0 µM JS-R

H2O2 0 5.0 µM JS-R

1.0 mM H2O2

5 10 15 20 25 30

(λex 564 nm,  550-800 nm, 

 Fast,  1.0 nm,  3 nm 3 nm,  Low) 

 

7-3. Fru JS-R H2O2

 

5.0 µM JS-R 50 mM Fru  (5.0 µM JS-R containing 50 

mM Fru) H2O2

0 5.0 µM JS-R containing 50 mM Fru 1.0 mM 

H2O2 5 10

15 20 25 30 45

2 7-2  

 

7-4.  JS-R H2O2  

HEPES  (10 mM, pH 7.4) 5.0 µM JS-R

0 µM H2O2 5.0 µM JS-R

H2O2  (1, 2, 5, 10, 20, 50, 100, 200 µM) 

15 2

7-2  

 

7-5. JS-R H2O2  

HEPES  (10 mM, pH 7.4) 5 µM JS-R
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1.0 mM H2O2 15

15 50 mM Fru

2 6-2  

 

8. JS-R H2O2  

JS-R (borinic acid) 1.30 mg methanol 500 µL 30% H2O2  1.00 µL

15 JS-R

H2O2  (EI-MS) 

 (Figure 33)  

Calc. for C17H19N2O; 267.1497 m/z, found; 267.1498 m/z. 
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3  

 

1. 4-Isoquinolineboronic acid (4IQBA) Fru Glc Neu5Ac K

 

HEPES  (10 mM, pH 7.4) 10 µM 4IQBA

 

(Table 14) (λex 331 nm, 

 300-550 nm,  Fast,  1.0 nm,   10 nm 

 10 nm,  Low) 4IQBA 371 nm

1 Kaleidagraph

K  

(Table 14)  

 

 

2. CyBA JS-R H2O2 k  

2-1. CyBA H2O2 k  

[CyBA] << [H2O2] (2.0 µM CyBA, 1.0 mM H2O2) 1

k (s-1)  

1 6-2. 700 nm

k

 

Table 14. Concentration (mM) of polyol for fluorescence measurement and calculation of 
binding constants K (M-1). 

Binding constans K  (M-1)
Fru 0 1 2 5 10 20 50 100 1794.1
Glc 0 10 20 50 100 200 500 1000 207.5

Neu5Ac 0 0.1 0.2 0.5 1 2 5 10 20 30 87.0

Concentration of polyol (mM)
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!. 6. = !. 6.7 *+,-  ( 8) 

89!. 6. = −23 + ln!. 6.	7  ( 9) 

F.I.; 700 nm F.I.0; H2O2 0 700 nm k; 

 (s-1) t; H2O2  (s) 

 

2-2. JS-R H2O2 k  

[JS-R] << [H2O2] (5.0 µM JS-R, 1.0 mM H2O2) 1

k (s-1)  

2 7-2. 7-3. 584 nm 630 

nm  FR (F.I.584 nm/F.I.630 nm) 

 (FRlim)  (FR)  (FRlim - FR) 

k

 

!" = !"$%&(1 − *+,-)  ( 10) 

ln	(!"$%& −!") = −23 + ln!"$%&  ( 11) 

FR; 584 nm 630 nm  (F.I.584 nm/F.I.630 nm) FRlim;  

(F.I.584 nm/F.I.630 nm) k;  (s-1) t; H2O2  (s) 

 

3. CyBA  

3-1.  

DMSO (50%) PBS 10 µM CyBA  (CyBA without Neu5Ac) 

30 mM Neu5Ac  (CyBA with 30 mM Neu5Ac) 
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3-2.  

 ( 3 3-1) CyBA without Neu5Ac CyBA with 

30 mM Neu5Ac 660 nm

 (660 nm±10 nm)  (300 W, 

300-600 nm) 15 cm  (Scheme 16)  

 

 

3-3. PVA (5%)  

PVA  (5%) 5% PVA

3 3-1 CyBA without Neu5Ac CyBA with 30 mM Neu5Ac

20 µL  

(660 nm±10 nm)  (300 W, 300-600 nm) 

 6 cm  60°  (Scheme 17)  

Scheme 16. Evaluation system for fluorescence image of JS-R solution using Xe lamp 
(300 W, 300-600 nm) and band pass filter (660 nm±10 nm). 

Band	pass	filter	
(λ 660	nm±10	nm)

15	cm300	W	Xe lamp
(300-600	nm)

CyBAwithout	
Neu5Ac

CyBAwith	
30	mM Neu5Ac
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4. JS-R H2O2  

4-1. Glc GOx JS-R  

HEPES  (10 mM, pH 7.4) 5.0 µM JS-R  (JS-R without GOx and Glc)

10 µg/mL GOx  (JS-R with GOx, without Glc) 

(λex 564 nm,  550-800 nm,  Fast,  1.0 nm, 

 3 nm 3 nm,  Low)  

 

4-2. GOx JS-R Glc  

HEPES  (10 mM, pH 7.4) 5.0 µM JS-R 10 

µg/mL GOx  (JS-R with GOx) JS-R 

with GOx Glc  (0, 1, 2, 5, 10, 20 mM) 

15 Glc

 

 

  

Scheme 17. Evaluation system for fluorescence image of PVA gel containing JS-R using 
Xe lamp (300 W, 300-600 nm) and band pass filter (660 nm ± 10 nm). 
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