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Ƕɷ.ɮð 

 

 

pnJ{H 650��	
 	
 ����(^<
d)�
Yw{H
05�96 )&7�9I�kmR	�CF[

ROS ZNufa�(Reactive oxygen species)
H2O2 ruCVf�(Hydrogen peroxide)
CyBA /78u=|-,!3#89-'8eh>N�8�9AK

JS-R h>G@�/58u�@B�
h>N�8�9AK (JoSai-Red)
B-NgF .�f�cfx
t:gF

HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
Fru D-+6�%9� (D-Fructose)
Glc D-�6�9� (D-Glucose)
Gal D-�4�%9� (D-Galactose)
Man D-18(9� (D-Mannose)
Fuc L-+�9� (L-Fucose)
Sor D- 6*%96 (D-Sorbitol)
Neu5Ac N--�#6(�428u� (N-Acetylneuraminic acid)
Neu5Gc ���5�56(�428u�(N-Glycolylneuraminic acid)
CA �$�96 (Catechol)
JS-R/CA JS-R�CA
]\0�$6kF<
JS-R/Fru JS-R�Fru
]\0�$6kF<
NMR T`U?~�(Nuclear magnetic resonance)
FAB-MS }qEKiOX�mvAS (Fast atom bombardment-mass spectrometry)
EI-MS zK��8CX�mvAS (Electron ionization-mass spectrometry)
DFT LMWymX (Density functional theory)
HOMO n}jDos (Highest occupied molecular orbital)
LUMO n;bos (Lowest unoccupied molecular orbital)
4IQBA 4-� �(58/78u��4-Isoquinolineboronic acid)
GOx �6�9���9"9��(Glucose oxidase)
PVA 05*'6-6�96�(Polyvinyl alcohol)
DMSO Dimethyl sulfoxide
PBS Phosphate buffered saline

_l

λabs ������

λex ����

λem ������

Φ ���	��

K ��



k ����
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ȸɻ3ʤ 

ȹɫ 

 

� ɗÂǕĩ4
ƺʌȀ˕ţň1ĩŝ�Bĩʬ;-ÐǲîɃ-�C
ɗÂM��^�W

ɠȾ3ʘƷ..?1ư�0ɗÂy��x�ʲǾ�E,�&�¢ƈ;-
�{�Ýɳɕ

@ɗÂŝa�[�ÍĤȠ3ɗÂy��x4
ǱǮĦȀƴɃ3ɪƋ@ƫƤȠ1ʪɤ0ő

ÔHŮ),�&�ǱýȕĦÍʫ-ǲ�BEDɗÂŝa�[�ÍĤ4
$3ÐǲȅȀ1

ś &ư�0ŝʂ�ƾ>BED (Table 1)�ɗÂŝa�[�ÍĤ3ɯɬ4
Table 11

ȑ�&Å,3ŝʂHǖ&!Śɤ40�
ȅȀ1ś &ŝʂHÐǲ!D�.-
a�[

�.�,ƴɃ!D�.�ƙŒ-�D� 

 
� ʏŅ-4
in vivoɗÂM��^�W1ʴ!DΦȚ�ĚƀĒú�E,�D 1,2� Ǳ­

3ȝ.ü5EDʏʄęˌď (650-900 nm) 3Â4
Ǳ­ƯŨŨÍ-�Dƽ@z�W�

u�Ƞ1ADøë@ɊĭɗÂ3ŐˊHí�1��
ȳȽʒʛŝ�˕�.��ǨŘ��

D (Figure 1)3� �3ǨŘ4
in vivoɗÂM��^�W73Ðǲ1ƕƗ.�E,�D�

$3�.�B
ʏʄęˌď1øë.ɗÂHȑ!ɗÂɏȯ3˄ɤ�˕;),�D�Ǩĩ

ˌď3 pH 1śȢ!DŝʂHƕ!D�.-
pH ŲȑɕȠ73Ðǲ1ƙŒ-�D 4,5�

�Ɔ
pHĘÝ1ĳ�,ħĩ�&ɗÂǨŝHȑ!�.-
pH�ĘÝ!Dǯĕ�1��

,Ǩĩ3ÍĤɵɿ73ʞǲ�ƙŒ-�D 6� ;&
Ǩĩ3ÍĤ@MQ�.ȵó!DÑ

Table 1. Desired properties of fluorescent sensor molecules. 

G#6� �!$-�8����6J

m	G#M-'=�B
�

<0�9NO*�#.<6�B
�(LK,O* (?"�CO*): 650�	
 ������7��	�)
<0�O*�pH�5D
��
2	pHE)�/0��G#43�B
�
<0�$-��	09� �1��<@A�F(
��

<0�$-HI�
	�G#43+&�B
�

<0�$-HI�
	�G#9N+&�B
�

;>&.A�/06�m	�

<0�%:���/06�+&
��
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ǛśȢĐHɗÂɏȯ1ĶÄ!D�.-
ÍĤ@MQ�.3ȵó1AC
ɗÂĘÝHȑ

!a�[�ÍĤ.�,ƴɃ!D 7,8�ƒ1
Ǩĩ3ÑǛ1ACǧǮÝĦȀħĩŝ�ĘÝ

!DŝʂHƕ!DɗÂɏȯ4
ħĩŝ3ĘÝ1ª�ɗÂĘÝHÐǲ�&ɗÂŝa�[

�ÍĤ.�,3ʞǲ?ƙŒ-�D� 

 

� ~��ʩƸĐ4
ÑǛśȢĐ3�*.�,ǄȅHˁ>,�D�~��ʩɶĶ­4


ȪȠ�ƕ!Dɢƀ3tl�T]Đ (��Q��) .îʑȀ1ǯǩP_i�ȵóHŎŨ

!D�.�ȊBE,�D (Scheme 1)9,10� ;&
wOn�~��ʩɶĶ­4
ʛʩÝ

ƽȯ (H2O2) Ƞ3ǈŝʩȯȘ (Reactive oxygen species: ROS) .3êś1AC
�îʑ

Ȁ0~��ʩƸĐ3Ʌ˂�Ǳ 
wOp��ɶĶ­7.ĘŸ�ED (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. 

B
OH

R
OH

OH-

H+

OH OH

Sugar

B- OHR
OH
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OB-
O

R
OH

Sugar
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� ƜΦȚ-4
}NȯHa�]�Wʤ«.!D 2Șˏ3ƅɥɗÂŝa�[�ÍĤHj

\M��
$3śǲ1ʴ!DƫɭHɚ)&�ȟ 1Ȟ-4
ʏʄęˌď1ÂĦǨŝHȑ

!ɗÂć1~��ʩʤ«HÝĦȀ1·˒�
ƅɥɗÂŝa�[�ÍĤ (Figure 2, 

CyBA) Hŕ&�ȟ 2 Ȟ-4
ɗÂćÇ1}NȯHĶÄ�&ƅɥɗÂŝa�[�ÍĤ 

(Figure 2, JoSai-Red: JS-R) HóŨ�&�$�,
ȟ 3Ȟ-4ȟ 1Ȟé6ȟ 2Ȟ-ŕB

E&ƅɥɗÂŝa�[�ÍĤ3śǲ1ʴ!DƫɭHɚ)&� 

 

 
 

  

JS-RCyBA

B-N N+

OHOH
Cl-

N

NN+

B
OH

OH
H

Scheme 2. Reaction of phenylboronic acid pinacol ester and H2O2. 

B
-

O
OO

OHB
O O

O
- O

H

O
B
O

O OH

Figure 2. Structures of new fluorescent dyes. 
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ȟ 1 Ȟ: ʏʄęˌď (650�900 nm) 1ÂĦǨŝHȑ!~��ʩ·˒]Kn�ȫɗÂ

y��x (CyBA) 3ÍĤj\M� 

 

ȟ 1Ȥ� ķȹɫ 

� Yoon B1A),
ɗÂŝȪÝĦa�[�.�,ƴɃ!DK�k�a�~��ʩ�

1992 Ņ1Ēú�E& 14�$E¦Ơ
Shinkai . James H×ř.�&Ě�3ΦȚW��

y1A),
~��ʩʤ«Hű*ɗÂŝȪÝĦa�[�ÍĤ�Ēú�E,�&

15,16,17,18,19�JinB�Ēú�&mwd�M�lHɗÂć.�&~��ʩɶĶ­ 1 (Figure 

3) 4
493 nm-3Ùʆ1AC
567 nm1ɗÂƭěHȑ!�;&
w�Vk�_ (Fru) 

ǜň3�Ɗ1ª�
ɗÂŌň3Ėěé6
550 nm 73ɗÂƭě3ȋǃʰĘÝHȑ!

18� 

 

� ���0�B
500 nm ¤ʏ3îɦÂ4
Ǳ­3ȝ3ȥĈę-�C
Ǳ­ŨÍ1A

DĠĬHí�@!��.�ŧŜ�ED��EB3ɹˍHÃƖ!D&>14
ʏʄęˌ

ď1øëé6ɗÂǨŝHȑ!ÍĤɯɬ�ƕƗ-�D� 

� ɁƴɃƫƤɕ.�,ƜĊ-ūɵ�E,�DM�l]Kn�W��� (^KWpW

���®; ȟ��Æƥŋ©Ȓ) 4
ɗÂć.�,zyd�f�]Kn�˔ƧHƕ�
ʏ

ʄęˌď1ÂĦǨŝ (λabs ca. 775 nm, λem ca. 820 nm) Hȑ!�.�ȊBE,�D 

(Figure 4, left)20��E;-1
ʏʄęˌď-ƴɃ!Dzyd�f�]Kn�˔ƧHƕ

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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!Dư�0ɗÂy��x�Ēú�E,�& 21,22� zyd�f�]Kn�HĐƜ˔Ƨ.

�&Ýóǧ3�*.�,
IR-780�ų�BED (Figure 4, right)�IR-780?ʏʄęˌď

1ÂĦǨŝ (λabs ca. 780 nm, λem ca. 820 nm) Hȑ! 2323,24� 

� ƜȞ-4
~��ʩʤ«H IR-780 1ÝĦ·˒�
ʏʄęˌď-ƴɃ!DɗÂŝa

�[�ÍĤ (Figure 2, CyBA) HóŨ�
$3ÝĦȀǨŘ3ɺƤ.��Q��ȵóŝé

6 H2O2êśŝHɺƤ�&� 

 

 

 

  

N+ N SO3
-NaO3S

Cl

NN+

Figure 4. Structures of indocyanine green (left) and IR-780 (right). 
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ȟ 2 Ȥ� ʏʄęˌď1ÂĦǨŝHȑ!~��ʩ·˒]Kn�ȫɗÂɏȯ (CyBA) 3

óŨ 

2-1� CyBA3óŨ.Ưʕǁĩ 

� CyBAHŕD&>1
Á"~��ʩʤ«-�D 2-(aminomethyl)phenylboronic acid3

óŨHɚ)&�2-(bromomethyl)phenylboronic acidHêśÌǾÝóǧ.�,
2ƹʼ3

êśHȴ, 2-(aminomethyl)phenylboronic acid hydrochlorideH 24.2%3ëǫ-ŕ&�ȷ

�,
�EHN,N-dimethylformamideé6 triethylamine×-
IR-780 iodide.êś�#


CyBAH24.1%3ëǫ-ŕ& (Scheme 3)�CyBA4
ƦȐƼÆ˖ (NMR)
ʂʬÍƢ (MS)


ÀȯÍƢACƯʕǁĩHɚ)& (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� CyBA3ÂĦǨŝɺƤ 

� CyBA4
10 mM HEPES÷ƕ methanol/water (1/1, v/v, pH 7.4) ×1��,
659 nm

1øëƭěHȑ�
��øÂ´ƀ4 1.1×105 M-1cm-1-�)&�;&
659 nm-3Ù

ʆ1AC 726 nm 1ɗÂƭěHȑ�&�¦�3ɺƤ�B
CyBA 4
ʏʄęˌď1ø

ë.ɗÂHȑ!�.�ƋB�.0)& (Figure 7)�;&
methanol ×1��D CyBA

3ɗÂʬĤëǫ (	) 4
3.8×10-3-�)&� 

 

 

 

 

  

0
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1
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N
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m
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d	
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rb
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ce
	a
nd

	
flu

or
es
ce
nc
e	
in
te
ns
ity

Wavelength	/	nm

Absorption

Fluorescence	
(excited	by	659	nm)

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� CyBA3 pH²ĥŝɺƤ 

� Ɯˋ14
ò pH (pH 4.0-12.0) 1��D CyBA3ɗÂ_|Vk�3ǕĩȵƣHȑ!�

CyBA 4
pH 3�Ɗ1ª�
ɗÂŌň3Ėěé6ɗÂƭěǃʰ3ȋǃʰĘÝHȑ�

&�;&
ò pH.$3 pH1��D 700 nm3ɗÂŌň3y�gkHǲ�,ȣÌ�&

CyBA3}Nȯ3 pKa4
9.52-�)& (Figure 8)��3�.�B
CyBA4
}Nȯ

1ƽʩÝǧMQ��ʦ«!D�.-
ɗÂŌň3Ėě.ɗÂƭě3ȋǃʰĘÝHȑ!

.ȿ�BED� 
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en

ce
	in
te
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ity

	
at
	7
00
	n
m
	/	
a.
u.

pH

(a) (b)

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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ȟ 3Ȥ� CyBA3��Q��ȵóŝ3ɲ³ 

� CyBA1 50 mM FruHǑ×�
ò pH (pH 4.0-12.0) 1��DɗÂ_|Vk�HǕĩ

�&�FruÆĥ�1��,?
pH3�Ɗ1ª�
ɗÂŌň3Ėě.ɗÂƭě3ȋǃʰ

ĘÝHȑ�&�;&
50 mM FruÆĥ�1��,
CyBA3}Nȯ3 pKa4
6.381

¬��& (Figure 9)� 

 

� Figure 9 (b) �B
CyBA4×ŝƟ¨�-��Q��ȵó1ª�ɗÂĘÝ�Ɠě-�

D�.�G�)&�$�-
×ŝƟ¨�1��,
òȘ Fruǜň (0, 1, 2, 5, 10, 20, 50, 

100 mM) 1��D CyBA3ɗÂ_|Vk�HǕĩ�&�Fruǜň3�Ɗ1ª�
ɗÂ

Ōň3Ėěé6ɗÂƭě3 700 nm73ȋǃʰĘÝHȑ�& (Figure 10)��E4
~

��ʩƸĐ73 Fru3ȵó1ACǯǩP_i�HŎŨ�
}Nȯ3 pKa�¬��&�

.-
×ŝƟ¨�-}Nȯ1ƽʩÝǧMQ��ʦ«�
ɗÂĘÝH?&B�&.ȿ�

BED� 

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
W�Z�_ (Glu)
S�Vk�_ (Gal)
��p�_ (Man)
wZ�_ (Fuc)


c�uk�� (Sor)
N-Kaf�pM���ʩ (Neu5Ac) 4
¥ɝȀ0Ǳ­ƯŨȪʂ

-�D (Figure 11)�Ǩ1
Neu5Ac4¥ɝȀ0]K�ʩ-�C
ǱǮƴɃ1ʴ��,

�C
rMQa�]�W3d�Ygk.0CŕD�$�-
×ŝƟ¨�- Fru
Glu


Gal
Man
Fuc
Sor
Neu5AcHǑ×�&.�3ɗÂŌň1Đ+�,òȘȪˏ1ĳ!

Dȵóĩƀ KHȣÌ�
��Q��ȵóŝHɲ³�& (Figure 12, Table 2)�Fru
Sor


Neu5Ac3ȵóĩƀ4
ƺʌȀ˕�ºHȑ�&�.�B
CyBA4 Fru
Sor
Neu5Ac

1ĳ�,˕�ɧþŝHȑ!.ȿ�BED� 
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0	mM
fructose

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�
ɗÂĘÝ1AD��Q��śȢŝHȑ�&�Rn`�1*�,
JinB�

Ēú�& 1 (Figure 3) 3śȢ�Rn`�HĐ1ȿĲ�&�14
Ȫǜň3�Ɗ1ª)

,
ɗÂŌň3Ėě.ɗÂƭě3ȋǃʰĘÝHȑ!�Ȫ�Č�3 14
}Nȯ.ʏŶ

!DK�pĐ3Ȝȯ�ʦ«ȵó (B-N ȵó) HŎŨ�,�D��Ɔ
ȪÆĥ�-~�

�ʩƸĐ�Ȫ.ǯǩP_i�HŎŨ!D.
}Nȯ3 pKa�¬��
ƽʩÝǧMQ�

�}Nȯ1ʦ«�, B-N ȵó�ÎƄ�ED��3 B-N ȵó3ʲɟ�
ɗÂƭě3ȋ

ǃʰĘÝ.ɗÂŌň3ĖěH?&B!.�E,�D (Figure 3)18�ƜȞ-óŨ�&

CyBA? 1.ôư1
��Q��ǜň3�Ɗ1ª),
ɗÂŌň3Ėě.ɗÂƭě3

0
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	7
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	n
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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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ȋǃʰĘÝHȑ�&�$3�.�B
1.ôư3��Q��śȢ�Rn`�-�D.

ŷĲ�ED (Scheme 4)� 

 
  

Scheme 4. Proposed mechanism for polyol induced fluorescence change of CyBA. 
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ȟ 4Ȥ� CyBA3ʛʩÝƽȯ (H2O2) êśŝ3ɺƤ 

� ~��ʩƸĐHű*ɗÂɏȯ4
H2O2 .3êś1AC
~��ʩƸĐ.tl�T

]Đ3 Ÿ�ʆ�C
ɗÂĘÝHȑ! (Scheme 5)11,12�  

 

� CyBA ? H2O2.3êś1AD~��ʩƸĐ.tl�T]Đ3ȾŸ�Ǳ 
ɗÂĘ

ÝHȑ!.�Š�E&����0�B
ǯǩP_i�HŎŨ�,�0� CyBA 4


H2O2HǑ×�,?ɗÂĘÝHȑ�0�)& (Figure 13)��Ɔ
50 mM FruÆĥ�-ǯ

ǩP_i�HŎŨ�& CyBA 4
H2O23Ǒ×1AC
ȶƍȀ0_|Vk�ĘÝHȑ

�& (Figure 14)��3ɗÂĘÝ4
H2O2 .3êś1AC~��ʩƸĐ�tl�T]

Đ1ĘŸ�E&&>-�D.ȿ�BED��3�.�B
ǯǩP_i�HŎŨ�,�

0� CyBA 4
H2O21AD~��ʩƸĐ3ȾŸêś�ʆ�B0�îɃŝ�ȑĂ�E

&��E4
ǯǩP_i�HŎŨ�,�0� CyBA �
B-N ȵóHŎŨ!D�.-


H2O2 1AD}Nȯ73¤×êś�ʆ�C1��0)&&>-�D.ŷĲ�ED�;

&
�ĩƍʳȴʛœ3 700 nm3ɗÂŌň��ĩ.0)& (Figure 14b)��3ƍ
ǯǩ

P_i�HŎŨ�& CyBA . H2O2.3êś�Ȳ��&?3.ŷĲ�ED��3êś

4
CyBA�ǯǩP_i�3ŎŨ.ƽʩÝǧMQ�3ʦ«1AC
B-Nȵó�ʲɟ�

&�.-
H2O2 3}Nȯ73¤×�Įƌ10)&&>1Ǳ &.ŷĲ�ED�¦�

3�.�B
CyBA4
ǯǩP_i�HŎŨ!D�.-
H2O2êśŝ�˕;D.ȿ�

BED (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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ȟ 5Ȥ� ķŰ 

� ƜȞ-4
zyd�f�]Kn�˔ƧHƕ!D IR-780 1~��ʩʤ«HÝĦȀ1

·˒!D�.-
ƅɥɗÂŝa�[�ÍĤ CyBAHŕD�.�-�&�$3ǨŘ3ɤ

ȬH Table 31ȑ!�CyBA4
ʏʄęˌď1ÂĦǨŝ (λabs 659 nm, λem 726 nm) Hȑ

�
Ȫ�Č�é6Æĥ�1��,
$E%E pH 9¦�é6 pH 6¦�3 pHƟ¨�-

ɗÂĘÝHȑ�&�;&
Neu5Ac Ƞ1˕�ȵóŝHȑ�
ǯǩP_i�HŎŨ!D

�.-ɗÂŌň3Ėě.ɗÂƭě3ȋǃʰĘÝHȑ�&��E4
ǯǩP_i�3ƕ

Ǡ1AD B-Nȵó3ŎŨ.ʲɟ1Đ+�ƯʕĘÝ�
ɗÂĘÝH?&B�&.ŷĲ�

ED�ƒ1
CyBA 4
ǯǩP_i�3ƕǠ1AC
H2O21ĳ!Dêśŝ�Ƿ0C


ǯǩP_i�HŎŨ!D�.- H2O2êśŝ�˕;D.ȿ�BED� 

 

 

  

CyBA�<�;9
���-=
?>$A!�(λex 659 nm, λem 726 nm)���'3-�7�	
 
8� �	
pH 9���8�&�	
pH 6��	<�#���	
 
Fru�Sor�Neu5Ac�B�:�-�7�	
 
54�����,.����<�+*�"%��	
 

54�����,.����<�0%�61@#���	
 

54����,./�H2O22����()-�#���	
 

Table 3. Characters as fluorescent dye of CyBA. 
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ȟ 2 Ȟ: }Nȯ÷ƕƅɥ˔Ƨ (~��ʩ÷ƕT[�i�˔Ƨ) 1ADɗÂy��x 

(JoSai-Red: JS-R) 3ÍĤj\M� 

 

ȟ 1Ȥ� ķȹɫ 

� ��e��ɶĶ­1¥ɝ�EDT[�i�ȫɗÂɏȯ4
ǧǮÝĦȀ1ħĩŝ�˕

�
ɗÂʬĤëǫ�˕��.�ȊBE,�D 25�ʏŅ-4
��e��ɶĶ­3ɗÂ

ć-�Dv�n�ƯʕÇ3ʩȯæĤHǞȯ
XMȯ
��
Ȏ˗Ƞ1ȾŸ�&ɗÂɏ

ȯ4
ʏʄęˌď¤ʏ3ʰǃʰîɦˌď1øë.ɗÂHȑ�
˕�ɗÂʬĤëǫHȑ

!�.�Ēú�E,�D 26,27,28,29,30�Ɠʏ-4
v�n�ʩȯæĤHȾŸ�&ɗÂɏȯ

Hśǲ�&ɗÂy��xʲǾȠ3ΦȚ�ȃI1ɚGE,�D (Table 4)6,31,32�$�-
 

 
�EB.ôư1
v�n�ƯʕÇ3ʩȯæĤH~��ʩKnQ� [R2B(OH)2]- 1ĘŸ

!D�.-
ɗÂćÇ1ÍĤɵɿʤ«.�,}NȯHĶÄ�&ƅ&0ɗÂɏȯHŕB

ED.ȿ�& (Figure 15)��3A�1
ɗÂćÇ1~��ʩHĶÄ!D�.4
a�

[�ÍĤɯɬ3ƅ��Ky��f.�,ƙŒ-�D�ȟ 1Ȟ-ŕ& CyBAH÷>


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. 



 19 

 

ŔƠƯʕ3~��ʩ·˒ɗÂŝa�[�ÍĤ4
ɗÂć.~��ʩʤ«H*0�
~

��ʩ.��Q��3ȵó1ʾ�,
B-Nȵó3ŎŨ.ʲɟȠ3ÕȀ0ƯʕĘÝHÐ

ǲ�,]Wm�ĘÝHȑ�,�& 33��Ɔ
ɗÂćÇ1~��ʩKnQ�HÇÜ�&

ƅɥƯʕ4
��Q��3a�]�W1ÕȀ0ƯʕĘÝHŚɤ.�0�ɗÂŝa�[

�ÍĤ10CŕD.ƙŒ�ED (Figure 16)� 

 
� ƜȞ-4
v�n�ƯʕÇ3ʩȯæĤH~��ʩKnQ�1ȾŸ�&ƅɥɗÂŝa

�[�ÍĤHóŨ�
$3ÝĦȀǨŘ3ɺƤ.��Q��ȵóŝé6 H2O2êśŝ3

ɲ³Hɚ)&� 

 

  

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
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ȟ 2Ȥ� ~��ʩƸĐHɗÂŝ˔ƧÇ1ƕ!DƅɥɗÂɏȯ (JS-R) 3óŨ 34 

� ƜȞ-óŨ�&~��ʩHɗÂćÇ1ƕ!DƅɥɗÂŝa�[�ÍĤ4
ãȵƎ X

ȺƯʕɪƢ1A),
$3ƯʕHƋB�1!D�.�-�&�ãȵƎ XȺƯʕɪƢ4


đǬěĦěĦʹǮŀĦΦȚȕǧʂÝĦʤʱǧʂƴɃˌď ÉſŴ Ȍ�ˀě ÁǱ3Ŗ

ŲĶé6ŖâÖ3�-ĪƇ�&�;&
�3Ýóǧ3ƽǙǌ4
ʄɏɗÂHǾ!D�

$�-
�3Ýóǧ1*�,
ĎɣěĦ.đǬěĦ
ʄɏɗÂ�BõÒHìC


JoSai-Red (JS-R) .ýõ�&� 

 

2-1� JS-R3óŨ.Ưʕǁĩ 

� 3-(N,N-Dimethylamino)phenylboronic acid. folmaldehyde 37wt% solutionHʧʩ×-

êś�#D�.- JS-RHŕ& (Scheme 8)�ŕBE& JS-R4
NMR
EI-MS
ÀȯÍ

Ƣ1,ôĩHɚ)& (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×1Ǚɪ�& JS-R1RiZ�� (CA) HǑ×�
īǔ�- 48ƍʳ

ˆȾ!D�.- JS-R/CA ɢó­ (JS-R/CA) 3ȵƎHŕ& (Scheme 9)�ŕBE&

JS-R/CA3ȵƎ4
ãȵƎ XȺƯʕɪƢHɚ)&.�F
~��ʩKnQ�� CA.

ǯǩP_i�HŎŨ�&ÍĤƯʕ-�D�.�G�)& (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-R3ÂĦǨŝɺƤ 

� JS-R4
10 mM HEPES buffer (pH 7.4) ×1��,
611 nm1øëƭěHȑ�
�

�øÂ´ƀ4 1.3×105 M-1cm-1-�)&�;&
611 nm-3Ùʆ1AC 630 nm1ɗÂ

ƭěHȑ�&��3�.�B JS-R4
Si-pyronineôư1Q�^m�-�D O-pyronine

ACʰǃʰˌď1øëé6ɗÂǨŝHȑ�& (Figure 19)�ƒ1
methanol×1��D

JS-R3 Φ4 0.59-�C
O-pyronine@ Si-pyronineAC˕ºHȑ�& (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-R3 pH²ĥŝɺƤ 

� Ɯˋ14
ò pH (pH 2.0-13.0) 1��D JS-R3ɗÂ_|Vk�3ǕĩȵƣHȑ!�

JS-R4
pH 5.5�B pH 11.03ņȥĈ pHƟ¨�1��,
�ĩ3ɗÂǨŝHȑ�& 

(Figures 20, 21)�$3&>
JS-R4 pHĘÝ1ĳ�,ħĩ-�D.ɫ�D��3ņȥ

Ĉ pHƟ¨�-ħĩ�&ɗÂǨŝHȑ! JS-R3ƯʕHǮɪ!D&>1
11B NMRHǕ

ĩ�&�11B NMRǕĩ4
}Nȯ3ǐŨǩŤHȿĲîɃ-�D��ɍȀ1 sp2ǐŨʊ

ʜ3~��ʩ}Nȯ4 30-60 ppm¤ʏ
sp3ǐŨʊʜ3}Nȯ4 0 ppm¤ʏ1]Wm

��ɨĲ�ED 35�JS-R4
×ŝƟ¨�-3 11B NMR_|Vk�1��,
-0.81 ppm

1]Wm�Hȑ�& (Figure 22)��&�),
JS-R3}Nȯ4×ŝƟ¨�- sp3ǐŨ

ʊʜ3~��ʩKnQ�.�,ĥČ�,�D.ȿ�BED�¦�3ɺƤ�B
pH 5.5

¦�3pHƟ¨�- JS-R3}Nȯ4
~��ʩKnQ�.�,ĥČ!D.ȿ�BED�

;&
pH 4¤ʏ3ɗÂŌňĘÝ�BȣÌ�& JS-R3}Nȯ3 pKa4
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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ȟ 3Ȥ� JS-R3��Q��ȵóŝé6ÂĦĘÝ�Rn`�3ɺƤ 34 

� JS-R1 50 mM FruHǑ×�
ò pH (pH 2.0-13.0) 1��DɗÂ_|Vk�HǕĩ�

&�50 mM FruÆĥ�3 JS-R4
pH 5.5�B pH 113ņȥĈ pHƟ¨�-
�ĩ�&

ɗÂ_|Vk�Hȑ�& (Figure 23)� 

 

 

� ȟ 1Ȟ-ŕBE& CyBA4
��Q��.ȵó!D�.-Ǳ D}Nȯ3 pKaĘÝ

1AC
×ŝ¤ʏ-3ɗÂĘÝHȑ�&��Ɔ
JS-R4}Nȯ3 pKa� 4¤ʏ-�C


pH 5.5�B pH 11.03 pHȥĈ-
Ȫ3ƕǠ1ACǱ &�ĩ�&ɗÂĘÝH pKa-ɸ

Ƌ!D�.�-�0� (Figure 24)� 
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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).  



 27 

 � Figure 24 (b) 1ȑ!A�0Ȫ3ƕǠ1AD pKaˇ²ĥȀ0 JS-R3ɗÂĘÝ3ʝ�

HɺƤ!D&>1
òȘ Fruǜň (0, 1, 2, 5, 10, 20, 50, 100 mM) 1��D JS-R3øë

é6ɗÂ_|Vk�HǕĩ�&�×ŝƟ¨�1��, JS-R4
611 nm1øëƭěH

ȑ�
Fruǜň3�Ɗ1ª�
630 nm73øëƭě3ʰǃʰĘÝHȑ�&�;&
JS-R

4
611 nm3ÙʆÂ�- Fruǜň3�Ɗ1ª�
ɗÂƭěǃʰ3ʰǃʰĘÝHª)&

ɗÂŌň3ǒĸHȑ�& (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-R3��Q��ȵó1ª�ÂĦĘÝ�Rn`�HȿĲ!D&>1
ʬĤÝĦɬȣ

y�W�� (Gaussian 09) Hǲ�&įňƿʴƀǂ (Density functional theory: DFT, 

B3LYP/6-311G++(d)) 1ADɬȣHɚ)& 36�JS-R é6 JS-R w�Vk�_ɢó­ 

(JS-R/Fru) 3Ɠ˕ɞäʊʜ (Highest occupied molecular orbital: HOMO) 4
9:ô�3

ÍĤʊʜ-�C
$3Po�U��{�?9.I/ĘÝ�0��.�ɬȣ�E&��

Ɔ
Ɠ¬țʊʜ (Lowest unoccupied molecular orbital: LUMO) 4
JS-Ré6 JS-R/Fru

ʳ3ʊʜé6Po�U��{��Ƿ0Dɬȣȵƣ�ŕBE&�JS-R/Fru 3 LUMO -

4
}NȯHʉ�A�1ʊʜ�*0�),�C
$3Po�U��{�4
JS-R 3

LUMO (-2.83 eV) AC¬º (-2.90 eV) -�D�.�ɬȣ�E&�¦�3�.�B


JS-R 4
w�Vk�_ɢó­ŎŨ1ª�
LUMO 3ħĩÝ�Ǳ &.ȿ�BED�

�3 LUMO3ħĩÝ1AC
HOMO-LUMOʳ3Po�U�U�gy�ǒĸ!Dɬȣ

ȵƣ�ŕBE&��ɍȀ1
HOMO-LUMO ʳ3Po�U�U�gy�ķ��9/


ʰǃʰ¼1øëé6ɗÂƭěHȑ!�¦�3�.�B
JS-R4
Fru.ǯǩP_i�

ɢó­HŎŨ!D�.-
HOMO-LUMO ʳ3Po�U�U�gy�ǒĸ�
øëƭ

ěé6ɗÂƭěǃʰ3ʰǃʰȗÛHȑ�&.ȿ�BED (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. 
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� ;&
×ŝƟ¨�1��,
òȘ��Q�� (Figure 11; Fru, Glu, Gal, Man, Fuc, Sor, 

Neu5Ac) ǜň1��D JS-R 3ɗÂ_|Vk�HǕĩ�
òȘ��Q��1ĳ!Dȵ

óĩƀHȣÌ�& (Figure 27, Table 6)�òȘ��Q��Ýóǧ1ĳ!Dȵóĩƀ3ƺ

ʌ�B
JS-R4 Fru1˕�ɧþŝHȑ!.ȿ�BED� 

 

 

HOMO

LUMO

HOMO

LUMO

HOMO

LUMO

Excited	fluorophore Excited	fluorophore

HOMO

LUMO

Shorter	wavelength Longer	wavelength

-2.83	eV

-5.47	eV

-2.90	eV

-5.48	eV

Energy	gap
2.64	eV

Energy	gap
2.57	eV

B-N N+

OHOH
B- N+N
OO

O

HOH

H
H

OH
OH

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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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. 
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ȟ 4Ȥ� JS-R3 H2O2êśŝ3ɺƤ 

4-1� H2O2êśŝ3ɺƤ 

� ɗÂŝ~��ʩɶĶ­.ôư
JS-R 1��,?
H2O23ƕǠ1ACƯʕĘÝ1Đ

+�&ɗÂĘÝHȑ!.�Š�&�JS-R4
pH 7.43ȼɜǌ×- 611 nm1øëƭě

Hȑ�
100 µM H2O2HǑ×!D�.-
564 nm7øëƭě�ȋǃʰĘÝ�
$3Ǚ

ǌ4˅ɏ�Bƨɏ7ĘÝ�& (Figure 28)� 

 
� ;&
FruH÷;0� JS-RǙǌ.�> 50 mM FruHǑ×�
ǯǩP_i�HŎŨ�

#& JS-RǙǌ1
$E%E 1.0 mM H2O2HǑ×�
ɗÂ_|Vk�HǕĩ�&�ɗ

Â_|Vk�4
H2O2Æĥ�3øëƭěǃʰ-�D 564 nmHÙʆǃʰ.�,Ǖĩ�

&�JS-R 4
Fru 3ƕǠ1AB"
H2O2Æĥ�1��,
584 nm 1ɗÂƭěHȑ�

&�Fru ˇĥČ�-4 30 Í;-
Fru ĥČ�-4 45 Í;-ȶƍȀ1ɗÂ_|Vk�

HǕĩ!D.
JS-R4 FruˇĥČ�3Ɔ�ʔ@�0ĘÝHȑ�& (Figure 29a, b)�JS-R

3ɗÂƭěǃʰ-�D 630 nm. H2O2Æĥ�3ɗÂƭěǃʰ-�D 584 nm1��D

ɗÂŌňHƺ (F.I.584 nm/F.I.630 nm).�,
ƍʳ1ĳ�,y�gk!D.
Figure 29c, d

3A�10)&�Fru ˇĥČ�-4 300 Ȗ-ɗÂĘÝ��ĩ.0C
Fru ĥČ�-4

ƍʳ1²ĥ�&ɗÂĘÝHȑ�
1800Ȗ-ɗÂĘÝ��ĩ.0)&�ɗÂĘÝ��ĩ

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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10)&ƍ
JS-Ré6ǯǩP_i�HŎŨ�& JS-R. H2O2.3êś�Ȳ��&.ȿ

�BED� 

 

� H2O2.ȯƉ�êś�&ǯǩP_i�HŎŨ�,�0� JS-R 1*�,
òȘ H2O2

ǜň1��DɗÂ_|Vk�H H2O2Ǒ× 15 Íœ1Ǖĩ�&�JS-R 4
H2O2ǜň3

�Ɗ1ª�
ɗÂƭě3ȋǃʰĘÝHȑ�&�;&
584 nm. 630 nm3ɗÂŌňƺ

H H2O2ǜň1ĳ�,y�gk!D.
0 µM�B 100 µM H2O2ǜňȥĈ-
ȆȺŝH

ȑ!�.�G�)& (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� H2O2.3êśœ3ǱŨǧ3ɺƤ 

� ȟ 1 Ȟ3ɺƤ1AC
ǯǩP_i�HŎŨ�& CyBA 4
H2O2.3êś1AC


~��ʩƸĐ.tl�T]Đ3ȾŸêś�Ǳ &.�Ǖ�ED (Figure 31a)��Ɔ


JS-R1 H2O2HǑ×�&ʾ3ɗÂ_|Vk�ĘÝ4
ƯʕĘÝ1Đ+�&?3.ŷĲ

�ED�
$3êśǱŨǧ3Ưʕ4�Ƌ-�D (Figure 31b)� 

 

 $�-
JS-R. H2O2.3êśǱŨǧ�
��Q��ȵóɃH¶ű�,�D�ö�H

ƫɭ�&�JS-R4
H2O2�Č�1��,
Fru.ȵó!D�.-
ɗÂŌň3ǒĸ.

ɗÂƭě3ʰǃʰĘÝHȑ! (Figure 32a)��Ɔ
�> 1.0 mM H2O2-ËǮ�& JS-R

4
Fru HǑ×�&ʾ1
ɗÂŌň3ǒĸ.ɗÂƭě3ʰǃʰĘÝHȏɵ-�0�)

& (Figure 32b)��3�.�B
JS-R. H2O2.3êśǱŨǧ4
��Q��ȵóɃH

ğ),�D.ŷĲ�ED�$�-
êśǱŨǧ3Ưʕ1*�,
EI-MS (˕ÍɪɃʂ

ʬÍƢ) 1ADƯʕɪƢHĪƇ�&�êśǱŨǧ3ÍĤMQ�v�V (267.1498 m/z) 

4
O-pyronine (λex 547 nm, λem 562 nm) 3ÍĤMQ�v�VǮɻº (267.1497 m/z) .

�ɋ�& (Figure 33)��3�.�B
JS-R4 H2O2.êś!D�.-
O-pyronine1

ĘŸ�E&.ȿ�BED (Scheme 11)�!0G(
�3ƯʕĘÝ�ɗÂƭě3ȋǃʰ

ĘÝH?&B�&.ȿ�BED� 

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. 
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Figure 33. EI-MS of JS-R treated with H2O2. 
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Scheme 11. Proposed structural change of JS-R reacted with H2O2.  
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ȟ 5Ȥ� ķŰ 

� ƜȞ-4
��e��ˏ3ɗÂć-�Dv�n�ƯʕÇ3ʩȯæĤH~��ʩKn

Q�1Ę�&ƅɥɗÂŝa�[�ÍĤ JS-RHŕD�.�-�&�Table 71$3ǨŘ

3ɤȬHȑ!�JS-R4
Φ� 0.59.˕ºHȑ�
ņȥĈ3 pHƟ¨�-ħĩ�&ÂĦ

Ǩŝ (λabs 611 nm, λem 630 nm) Hȑ�&��3�.�B
JS-R4ɐń3 pHĘÝ�Ǳ

 Dǯĕ�-?
ɗÂŝa�[�.�,3śȢ�ƙŒ-�D�;&
Fru 1ĳ�,˕

�ȵóŝHȑ�
ǯǩP_i�3ŎŨ1ACɗÂŌň3ǒĸ.ɗÂƭě3ʰǃʰĘÝ

Hȑ�&��E4
ǯǩP_i�HŎŨ!D�.-
LUMO3Po�U��{��¬

��
$E1ª), HOMO-LUMOʳ3Po�U�U�gy�ǒĸ!D�.-
øë

ƭěé6ɗÂƭě3ʰǃʰĘÝH?&B�&.ɬȣȵƣ�BȿĲ�E&�;&
ǯǩ

P_i�ŎŨƍ3ɗÂŌň3ǒĸ4
ɗÂʬĤëǫ3¬�1AD?3.ȿ�BED�

ƒ1
JS-R4
ǯǩP_i�ŎŨ3ƕǠ1AB"
H2O21ĳ!DêśŝHȑ�&� 

 
 

  

JS-R�G�FD
���5I
O�G�K+$@�B�	
 (Φ 0.59)
L:L%HN(�(λex 611 nm, λem 630 nm)���,>5�B�	
 
pH 4�J"�pH 12�J�pH8���G�)!��	
 
pH 5.5��pH 11�0C'�-.�
G�)!�B�	
 
Fru�O�E&5�B�	
 
A?�����36����G�21�;/��	
 

A?�����36����G�9*�L:L)!��	
 

A?�����7=�M��	�H2O2� <���#45�B�	
 

Table 7. Characters as fluorescent dye of JS-R. 
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ȟ 3Ȟ: CyBAé6 JS-R3ʞǲ1ʴ!Dƫɭ 

 

ȟ 1Ȥ� ķȹɫ 

� ư�0ÇȀé6ęȀɤĆ1AC
Ǳ­ÇʩÝ_k�_3ɔș��ʘ!D.
ȪĹǹ

@$E1ª�ɇƴɃ3¬�@ɦȔȴ
ƛƪȔȴʿĬ3ó¯Ǻ
řȡƩē@Ɇá×0/

3ŗǯĄǸŞ
ɵȊǺ
ǽ3ǾǺ�_V�˕;D 37,38,39��EB3ǸŞ1ª�
Ǳ­

ÇW�Z�_ǜň3�Ɗ
ȱɂ3ȪʯóŨ3ĘÝ
é6d�sVʂ3ȪÝêś�ʘ�

Ǳ D��EB4
Ȫ3ĥČHȆŶȀ1ƫÌ!D�
�D�4Ȫ�ʴGDǱÝĦêś

HʳŶȀ1ƫÌ-�DɗÂŝa�[�ÍĤHǲ�D�.-ɺƤîɃ10D.ƙŒ�

ED� 

� Glc4
ʩȯÆĥ�-W�Z�_QT]e�b (GOx) .ǨǷȀ1êś�
W�Z

�ʩ. H2O2HǱŨ!D (Scheme 12)40,41��3A�0ʨȯêś4
˃ƼÝĦȀƆǂ@

ùɏǂ1ADW�Z�_a�[�1Ðǲ�E,�&�GOx3ʨȯêś-ǱŨ�ED

H2O2Hɵɿ!D�.1AD Glcǜň3ɗÂǕĩ?ɚGE,�& 42,43� 

 

� şŝɈǻ-4
]K�ʩ3ȸʬ�Ė×�
Ȫʯ3ȵóưŋ3ĘÝ�ˎɒ1ʆ�D 44�

$3&>
]K�ʩHɵɿ!D�.4
ǽȱɂƫÌ1ƕǲ-�D.ȿ�BED� 

� ;&
ȪÝêśHí�&d�sVʂ3�ʤ4
ƫƤé6ɱƄ3��R�.�,Ðǲ

�ED�±.�,
ȪÝz�W�u� (HbA1c) @ȪÝK�x��4
$E%E 3�Ɣ

é6 2ʗʳ3əȪǩŤHȊD�.�-�D 41�;&
ȪÝd�sVʂ3�*-�D 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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wOky�iM�4Ɂǽ3ɱƄ��R�.�,ȊBE,�D 45,46� 

� ƜȞ-4
CyBA. JS-R3ǨŘHĐ1
ʞǲ1ʴ!DƫɭHɚ)&�  
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ȟ 2Ȥ� CyBA
JS-R3��Q��ȵóǨŝé6 H2O2êśŝ3ƺʌ 

2-1� ȪʠŬŝ3ƺʌ 

� Ɯˋ14
CyBAé6 JS-R3Ȫȵóŝé6ȪʠŬŝHƺʌ!D&>1
ƺʌĳǢɳ

ɕ
CyBA
JS-R 3 Fru
Glc
Neu5Ac 1ĳ!Dȵóĩƀ3ƺʌHȑ!�ƺʌĳǢɳ

ɕ.�,4
ɗÂĘÝ1ADȪśȢŝHȑ!~��ʩɶĶ­.�,Ēú�E,�D

4-isoquinolineboronic acid (4IQBA) Hǲ�& (Figure 34)47��"E3ɗÂŝÍĤ1��

,? Fru 1ĳ�,˕�ȵóĩƀHȑ�&�ɌûǏ��.1
CyBA 4
Neu5Ac 1ĳ

!Dȵóĩƀ� 4IQBAé6 JS-R.ƺʌ�,˕��.�G�)& (Table 8)�$�-


òȘɗÂŝÍĤ3 Glc 1ĳ!Dȵóĩƀ. Neu5Ac 1ĳ!DȵóĩƀH$E%E Fru

1ĳ!Dȵóĩƀ-ƺH.C
ȪʠŬŝ3ƺʌHɚ)&�CyBA 4
Neu5Ac 1ĳ!

DʠŬŝ (Neu5Ac/Fru) � 4IQBA3Ȭ 16¸
JS-R3Ȭ 8¸˕��.�G�)& (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� H2O2êśŝ3ƺʌ 

� Ɯˋ14
JS-Ré6 CyBA3 H2O21ĳ!Dêśŝ3ƺʌHȑ!�H2O2êśŝHƺ

ʌ!D&>1
Figure 29c, dé6 Figure 14b3Ī˓ȵƣHĐ1ǥĳƀy�gkH®Ũ

�
êśʔňĩƀ (k)HȣÌ�&�ǯǩP_i�HŎŨ�,�0� JS-Ré6 Fru.ǯ

ǩP_i�HŎŨ�& JS-R4
584 nm. 630 nm3ɗÂŌňƺ (FR) Hƾ>
ɗÂŌ

ňƺ3Ɠěº (FRlim) �BŁ (FRlim - FR) HȣÌ�
�EHɊǡĳƀ.�
ƍʳ1ĳ�

,ǥĳƀy�gkH.D�.-ȆȺÝ�& (Figure 35a, b)��3ƍ
[JS-R] << [H2O2] 

(5.0 µM JS-R, 1.0 mM H2O2) -�D�.�B
ż 1Ƶêś.<0�,ȆȺ3½��B k 

(s-1)HȣÌ�&�(ŋ 1, 2, Table 10) 

!" = !"$%&(1 − *+,-) ��� (ŋ 1) 

ln	(!"$%& −!") = −23 + ln!"$%& ��� (ŋ 2) 

FR; 584 nm. 630 nm�Bƾ>&ɗÂŌňƺ (F.I.584 nm/F.I.630 nm)
FRlim; ɗÂŌňƺ 

(F.I.584 nm/F.I.630 nm) 3Ɠěº
k; êśʔňĩƀ (s-1)
t; H2O2Ǒ×œ3ȴʛƍʳ (s) 

 

� ;&
Fru.ǯǩP_i�HŎŨ�& CyBA4
700 nm3ɗÂŌň (F.I.700 nm)HɊ

ǡĳƀ.�
ƍʳ1ĳ�,ǥĳƀy�gkH.C
ȆȺÝ�& (Figure 35c)��3ƍ
 

[CyBA] << [H2O2] (2.0 µM CyBA, 1.0 mM H2O2) -�D�.�B
ż 1Ƶêś.<0�

,ȆȺ3½��Bêśʔňĩƀ k (s-1) HȣÌ�& (ŋ 3, 4, Table 10)� 

!. 6. = !. 6.7 *+,- ��� (ŋ 3) 

89!. 6. = −23 + ln!. 6.	7 ��� (ŋ 4) 

� F.I.; 700 nm1��DɗÂŌň
F.I.0; H2O2Ǒ× 0Í3 700 nm1��DɗÂŌň
k; 

êśʔňĩƀ (s-1)
t; H2O2Ǒ×œ3ȴʛƍʳ (s) 

 

� FruˇĥČ�1��D JS-R3êśʔňĩƀ�Ɠ?˕�ºHȑ�&�.�B
ǯǩP

_i�HŎŨ�,�0� JS-R4
H2O21ĳ!Dêśŝ�˕��.�G�)&� 
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� �E;-3ƫɭ�B
CyBA4 Neu5Ac1ĳ!DʠŬŝ�˕�
ʏʄęˌď-ÂĦ

ǨŝĘÝHȑ!ǨŘHƕ!D�.�G�)&�;&
JS-R4 H2O2.ȯƉ�êś�


˕ţň1 H2O2 3ƫÌ�îɃ-�D�.�G�)& (Table 11, Figure 30)�$�-
Ɯ

Ȟȟ 3Ȥé6ȟ 4Ȥ-4
�EB3ǨŘHĐ1
òɗÂŝa�[�ÍĤ3ʞǲ1*�

,ƫɭ�&ȵƣ1*�,ɻʐ!D� 

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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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 A�/�����&�1����/D JS-R
- K�A�H&�7�=�� Φ  0.59

λabs 659 nm, λem 726 nm FE$J! (9�
>:�650-900 nm)���'6/�=�� -
- 6)
pHJ!�A�#��=�� -
- ,�pH? �()�	A�6/�=�� pH 5.5	
 pH 11

Neu5Ac�G0/K 6)
�&�*�
6:;�@���� -
A�"% 6)
�&BC���
A�.-#��=�� A�3+

<2I#� 6)
�&BC���
A�2I#��=�� I2I#�

- 58�';�()/�K�� -
- 6)
�4���()/�#���� H2O2
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ȟ 3Ȥ� CyBA3 in vivoɗÂM��^�W73ʞǲ3ƫɭ  

� ¢ƈ;-3ȪʯΦȚ1AC
ɢóȪʂ
Ȫd�sVʂ
ȪɄʂȠ�Ěŏ0ǱǮĦȀ

ƴɃ1ʪɤ0őÔHŮ),�D�.�ƋB�1�E,�&�]K�ʩ4
ȪʯƴɃ3

ÕȀ0ĘÝ1ʴG),�D�ǭČ-4
Ɠ?¥ɝȀ0]K�ʩ-�D Neu5Ac @ N-

W�Z��pM���ʩ (Neu5Gc) H4 > (Figure 36)
50 Ș¦�3]K�ʩwJ

����ȊBE,�D�Neu5Ac 4
ěʤÍ3]K�ʩ3ÆʓƯʕ-�C
ȱɂɝˈ

1ĥČ!DɢóȪʂ
Ȫd�sVʂ
ȪɄʂ3Ȫʯ1÷;E,�D 44,48��ʤ3ǽȱ

ɂ-4
]K�ʩHʛÓ1Ǿǭ�,�D�.�ȊBE,�C
]K�ʩɵɿHÐǲ�

&ǽȱɂM��^�W@ǽȱɂd�YiL�W1ʴ!DΦȚ�Ēú�E,�D 44,49,50� 

 

� CyBA4 Neu5Ac1ĳ!DʠŬŝ�˕�
ʏʄęˌď-ÂĦǨŝĘÝHȑ!ǨŘH

ƕ!D�$3&>
CyBA4ȱɂ3Ȫʯɵɿ1Đ+� in vivoɗÂM��^�W73ʞ

ǲ�ƙŒ�ED� 

� ƜȤ-4
ȪʯHƯŨ!Dʪɤ0Ȫˏ-�D Neu5Ac3ɗÂM��^�W1ʴ!D

ƫɭHɚ)&�$3ƫɭ1ʾ�,
Ǳ­3ȝ3ǃʰˌď1ʒʛǨŝHȑ!r�ls_

wL�d�H°ǲ�
ɗÂ¾HŕDĪ˓ȫHƯȦ�& (Figures 1 and 37)��3Ī˓ȫ

-4
300-600 nm3ÂHǾ!DTap�ÂǗ (300 W) H CyBAǙǌ1ǢĴ�
Neu5Ac

3ƕǠ-Z�k�_k3Ƿ0DɗÂ¾�
r�ls_wL�d�H£�,ɨĲ-�D

.�Š�ED (Scheme 13)� 

 

Figure 36. Structures of major sialic acids (Neu5Ac and N-glycolylneuraminic 
acid: Neu5Gc). 
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� Neu5Ac�Č�3 CyBAǙǌ4
ɗÂ4ȏɵ-�0�)&��Ɔ
30 mM Neu5Ac

Æĥ�3 CyBAǙǌ-4
Ƌȉ0ɗÂ¾�ɨĲ�E& (Figure 38)��3�.�B
r

�ls_wL�d�H£�,ɗÂ¾HɨĲ!D�3Ī˓ȫ3ƕÚŝHȏɵ-�&� 
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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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� Ƶ1
polyvinyl alcohol (PVA) Y�HƲżȀ0ȳȽ.�
ȳȽÇ1ǄÄ�& CyBA

3ɗÂ¾1*�,
Scheme 141ȑ!Ī˓ȫHǲ�,ɨĲ�&��3Ī˓ȫ1��,

?
660 nm1ʠŬȀ0ʒʛǨŝHȑ!r�ls_wL�d�Hǲ�,ɲ³Hɚ)&�

Ǚǌ×.ôư1
PVAY�×1��,?Neu5Ac�Č�1��D CyBA3ǠɗÂ¾.


Neu5Ac�ȵó�& CyBA3ɗÂ¾HɨĲ!D�.�-�& (Figure 39)�¦�3�.

�B
CyBA4ȱɂȪʯ3 Neu5Ac73ȵó.
$E�?&B!ɗÂĖě1Đ+� in 

vivoɗÂM��^�W73ʞǲ�ƙŒ-�D� 

 

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)
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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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ȟ 4Ȥ� JS-R3 GOxHȳ<óG#&W�Z�_a�[�73ʞǲ3ƫɭ 

� ȟ 2Ȟȟ 4Ȥé6
ȟ 3Ȟȟ 2Ȥ-
ǯǩP_i�HŎŨ�,�0� JS-R4
H2O2

.3êśŝ1¿E,�D�.Hȑ�&��3�.4
JS-R� H2O2HƫÌ!D�.1

Đ+�rMQa�]�W73ʞǲHƙŒ�#D�ƜȤ14
JS-RHǲ�,
W�Z�

_QT]e�b (GOx) 3ʨȯêś-ǱŨ�ED H2O2 HƫÌ!D�.1Đ+�&W

�Z�_a�[�73ʞǲHƫɭ�&ȵƣHȑ! (Scheme 12)� 

� Z�k���.�,
Glc�Č�1��, GOx3ƕǠ- JS-R3ɗÂ_|Vk�H

Ǖĩ�&�JS-R4
Glc�Č�1��,
GOxǑ×1ª�ɗÂ_|Vk�ĘÝHȑ�

0��.�ȏɵ�E& (Figure 40)��&�),
JS-R4 GOx.ȆŶêś�0��.

�ȏɵ-�&� 

 

� Ƶ1
òȘ Glcǜň (0, 1, 2, 5, 10, 20 mM) 1��D GOxÆĥ�3 JS-R3ɗÂ_|

Vk�HǕĩ�&�ɗÂ_|Vk�Ǖĩ4
GlcǑ× 15Íœ1ɚ)&�Glc3Ǒ×1

AC
JS-R3ɗÂƭě� 629 nm�B 584 nm7ȋǃʰĘÝHȑ�& (Figure 41)��

3ĘÝ4
JS-R 1ȆŶ H2O2 HǑ×�&ʾ.ôư3ɗÂ_|Vk�ĘÝ-�)& 

(Figure 28, Scheme 11)��&�),
Figure 41-ɨĲ�E&ɗÂ_|Vk�ĘÝ4


Glc. GOx.3êś1ACǱŨ�& H2O2. JS-R�êś�
O-pyronine1ƯʕĘÝ�

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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&�.1AD.ȿ�BED�584 nm3ɗÂŌň4
1.0-20 mM3 Glcǜň-9:�ĩ

3ŌňHȑ�
ɗÂŌňƺ (F.I.584 nm/F.I.630 nm) 4Ȭ 11-�ĩºHȑ�& (Figure 42)�

�E4
JS-R� Glc 1.0 mM3¬ǜňƟ¨�-�),? H2O2H˕ţň1ƫÌ-�D�

.Hȑ�,�D�!0G(
¬ǜň3 Glc�BǱŨ�E& H2O21A), JS-R�Å,

Íɪ�E
O-pyronine1ĘŸ�E&.ȿ�BED (Scheme 15)� 

� GOx HÐǲ�&�ɍȀ0 Glc ǕĩTgk4
1 ã«�D�4 2 ã«3 GOx �÷;

E,�C
Glcǜň 1-33 mM (20-600 mg/dL) 3ǜňȥĈ-ǕĩîɃ-�D�ƜȤ-ǲ

�& GOx3ǜň 10 µg/mL4
Ʈ2 1ã«1ȇō�,�C
ʨȯʬ.�,ßÍ-�D

.ȿ�BED�;&
JS-Rǜň1��,4
JS-Rǜň 5 µM- Glc3˕ţňƫÌ�î

Ƀ-�D�
ɉŇ-Ðǲ�ED GlcǜňȥĈÇ-3 GlcǜňǕĩ14ʞ�0��JS-R

. GOxHȳ<óG#,ə× GlcǜňǕĩHɚ�&>14
JS-Rǜňé6 GOxǜňȠ

3ƓʞÝHɚ�Śɤ��D.ȿ�BED� 

 

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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ȟ 5Ȥ� ķŰ 

� CyBA 4
ʏʄęˌď1ÂĦǨŝHȑ�
Neu5Ac ʠŬŝ�ƺʌȀ˕�ǨŘHƕ!

D�;&
ǯǩP_i�HŎŨ�,�0� JS-R4
H2O21ĳ!Dêś�ȯƉ�
˕

ţň0 H2O23ƫÌ�îɃ-�D� 

� CyBA4
Ǚǌ×é6
5.0% PVAY�HƲżȀ0ȳȽ.�,
Y�Ç1ǄÄ�&ʾ


Neu5Ac.ȵó!D�.-
ɗÂŌň�Ėě�
660 nmr�ls_wL�d�H£�

,
$3ɗÂHɨĲ!D�.�-�&�CyBA 4
ɗÂʬĤëǫ3ˈ-ɹˍ��C


�EHžă!DÍĤɯɬHɚ��.-
ĵƠȀ1 in vivo ɗÂM��^�W73ʞǲ

�ƙŒ�ED�$3śǲ.�,4
CyBA3A�1]K�ʩ.ʠŬȀ1ȵó!DɗÂ

ŝa�[�ÍĤ-�E5
]K�ʩHʛÓ1Ǿǭ�&ɈǻȳȽ7ˁș�
ɗÂM��

^�WHÐǲ�&Ɉǻʤ«3îɦÝ73ʞǲ�ƙŒ-�D� 

� JS-R4
GOxÆĥ�1��, 1.0 mM3¬ǜň Glc-ǱŨ�E& H2O2.êś�,

JS-R �Å, O-pyronine 1ĘŸ�E&.ȿ�BED��3�.4
H2O2ƫÌ1Đ+�

& Glc3˕ţňɗÂǕĩ73ʞǲ�ƙŒ-�D�JS-RHĵƠȀ1W�Z�_a�[�

.�,Ðǲ!D&>14
ɉŇ1��D Glcǜň3ǕĩȥĈ-�D
1.0-20 mM3 Glc

ǜňHǕĩ-�D�.�ƾ>BED��EHɪǁ!D&>14
JS-Ré6 GOxǜň

3ƓʞÝHɚ��.�Śɤ-�D�JS-R3A�0ɗÂŝa�[�ÍĤ4
ɗÂǕĩ1

ADW�Z�_a�]�Wh��3�ʤ.�,ƕƗ-�C
ŵə@ŵĹ1AD­ęɱ

Ƅ1ʸB"
ȁ�ȳȽ73ǵȾ1AD in vivo -3əȪǩŤ3�nd��W73ʞǲ

?ƙŒ-�D� 
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ȸŰ 

 

� ƜΦȚȟ 1Ȟé6ȟ 2Ȟ-
a�]�Wʤ«.�,}NȯHƕ!D 2*3ƅɥɗÂ

ŝa�[�ÍĤ (CyBAé6 JS-R) HóŨ�
$3ÝĦȀǨŘ
��Q��ȵóŝé

6 H2O2êśŝH$E%EɺƤ�&ȵƣHʐ8&�;&
ȟ 3 Ȟ-4
òȘƅɥɗÂ

ŝa�[�ÍĤ3ǨŘHȿť�&ʞǲ1ʴ!DƫɭHɚ)&ȵƣHɮʐ�&� 

� CyBA 4
ʏʄęˌď1øë.ɗÂǨŝHȑ�
Neu5Ac 1ĳ!DʠŬŝ�˕��

.�ȟ 1Ȟé6ȟ 3Ȟ�BƋB�.0)&�;&
ȟ 3Ȟ 3Ȥ3ƫɭ-
Ǚǌ×é6

ȳȽHƲ¹�&Y�Ç-
Neu5Ac .3ȵó1ACɗÂ�Ėě!D�.HƋB�1�

&�¦�3ƫɭ�B
CyBA4
ȱɂȪʯ1÷;ED Neu5Acɵɿ1Đ+�& in vivo ɗ

ÂM��^�W73ʞǲ�ƙŒ�ED� 

� JS-R 4
˕�ɗÂʬĤëǫ (Φ=0.59) Hȑ�
��Q��ȵóŝ. H2O2êśŝH

ȑ!�.�ȟ 2Ȟ3ƫɭ�BƋB�10)&�$3�.�B
JS-R4ȆŶȀ0��Q

��ǜňǕĩ. H2O2HÐǲ�&rMQa�]�W3�ɀ1ƕǲ-�D�.�ȑĂ�

E&�Òɀ4
Ș���Q��.3ȵó1AC
ɗÂŌň3ǒĸ.ɗÂƭě3ʰǃʰ

ĘÝȑ!ǨŘHƕ!D�.�B
��Q��Æĥ�-
�ǃʰ3ɗÂŌňƺHǲ�D

�]QǕĩHɚ��.-
��Q��HţňɎ�ƫÌîɃ0ɳɕ.�,3ʞǲ�ƙŒ

-�D�œɀ1*�,4
ȟ 2Ȟé6ȟ 3Ȟ-ƫɭHɚ�
JS-R4 H2O2.ȯƉ�ê

ś�
O-pyronine 73ƯʕĘÝ.$E1ª)&ɗÂĘÝHȑ�
˕ţň1 H2O2Hƫ

ÌîɃ-�D�.�G�)&��3�.1Đ+�
ȟ 3Ȟ 4Ȥ-W�Z�_a�]�

W1ʴ!DƫɭHɚ)&�$3ȵƣ JS-R4
GOx1ADʨȯêś-ǱŨ�ED H2O2

H˕ţň1ƫÌ!D�.HÐǲ�&
W�Z�_a�]�W73ʞǲ�ƙŒ-�D�

;&ƒ1
JS-R 4 ROS 3�Ș-�D H2O2.êś�
O-pyronine 73ƯʕĘÝ1ª

�ɗÂĘÝHȑ�
˕ţň1 H2O2HƫÌîɃ-�)&�.�B
ȳȽÇ@ȱɂÇ-

ĺũȀ1ǾǱ!D H2O2H÷>& ROS 1ĳ!D in vivo a�[�.�,3ʞǲ?ƙŒ
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-�D� 

� ƜΦȚ-}NȯHa�]�Wʤ«.!DƅɥɗÂŝa�[�ÍĤHj\M�!D

�.-
ʏʄęˌď1ÂĦǨŝHȑ! CyBA.˕�ɗÂʬĤëǫHȑ!~��ʩɶĶ

­-�D JS-RH$E%EŕD�.�-�&��EB4
��Q��@ ROS3ȆŶȀ

0ƫÌ@ʨȯêśȠHÐǲ�&rMQa�]�W73ʞǲ�ƙŒ-�D�¢œ
ÍĤ

žɎé6ǕĩƟ¨3ƓʞÝHɚ��.-
ĵƠȀ1Ǹǹ3ɱƄ@ÛŤɪƢ3ƅ&0h

��.�,śǲîɃ10D.ƙŒ!D� 
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ɾʎ 

 

� ƜΦȚ1ʾ�
ȲġŖŦȧ0DŖŲĶé6ŖˉŻHʁC;�&ĎɣěĦěĦʹɕĦ

ΦȚȕɕÿǧǮÝĦɽŉſŴ� ʵµƐ� ÁǱ1Ǐǰ0DɾšHɝ�;!� 

� ƜΦȚ1ʴ�,
ŖŲĶ�61ŖØɫHʁC;�&ĎɣěĦěĦʹɕĦΦȚȕÞɕ

ÿÝĦɽŉſŴ� čƜƶï� ÁǱ1Ǐɾ3šHɝ�;!� 

� ƜΦȚ1ʴ�,
ŖŲĶ�61ŖØɫHʁC;�&ĎɣěĦěĦʹɕĦΦȚȕ� Þ

ɕÿħÅŝɽŉſŴ� ʭƜʢǴ� ÁǱ1Ǐɾ3šHɝ�;!� 

� ƜΦȚ1ʾ�
ȲġŖŲĶ�61Ěě0DŖØɫHʁC;�&ĎɣěĦěĦʹɕĦ

ΦȚȕɕÿǧǮÝĦɽŉÉſŴ� ǀĿȓĀ� ÁǱ1Ǐɾ3šHɝ�;!� 

� ƜΦȚ1ʾ�
ȲġƕȂ0ŖØɫHʁC;�&ĎɣěĦěĦʹɕĦΦȚȕɕÿǧǮ

ÝĦɽŉØŪ� �ƚǍĜʣ� ÁǱ1Ǐɾ3šHɝ�;!� 

� ƜΦȚ3ãȵƎ XȺƯʕɪƢ1ʴ�,
ŖâÖé6ŖŲĶHʁC;�&đǬěĦě

ĦʹǮŀĦΦȚȕǧʂȕĦʤʱǧʂƴɃˌď� ÉſŴ� Ȍ�ˀě� ÁǱ�61đǬ

ěĦȕĦÍƢŽŹa�d�ÉſŴ� ɖæʻñ� ÁǱ1Ǐɾ3šHɝ�;!� 

� Ɠœ1
ƜΦȚ3ʙɚ1�&C
ŖâÖH�&'�;�&ĎɣěĦěĦʹɕĦΦȚ

ȕɕÿǧǮÝĦɽŉɼƻ�61
ĎɣěĦɕĦʤɕÿǧǮÝĦΦȚīɼƻ1ţɾɋ�

;!� 
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Ī˓3ʤ 

ɳɕé6Ɲƃ 

  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-sorbitol4
]W�K�l�gf^�s�ó

ô©Ȓ  (ơ¡ ) �BʃÄ�&�Acetic acid (ɳɕǨȮ ), chloroform (ɳɕǨȮ ), 

dichloromethane (ɳɕǨȮ), N,N-dimethylformamide (ƕƴóŨǲ, ʇɅƽ), disodium 

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

chloride (ǨȮɳɕ), hydrogen peroxide (ɳɕǨȮ), magnesium sulfate anhydrous (ɳɕǨ

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

2,000 (ɳɕ ), sodium azide (ǨȮɳɕ ), sodium chloride (ɳɕǨȮ ), sodium 

dihydrogenphosphate (ɳɕǨȮ), sodium oxide (ǨȮɳɕ), tetrahydrofuran (ƕƴóŨǲ, 

ʇɅƽ), triethylamine (ǨȮɳɕ) 4þÂȭɕŀƬƥŋ©Ȓ (ěʷ)�BʃÄ�&�

2-(Bromomethyl)phenylboronic acid4
Combi Blocks (Inc., CA, USA) �BʃÄ�&�

D-Galactose, D-mannose 4
ơ¡ÝŨƥŋ©Ȓ  (ơ¡ ) �BʃÄ�&�

5-Acetylneuraminic acid 4
ʰɎ[MP�_ƥŋ©Ȓ (Ľʶ) �BʃÄ�&�Sodium 

sulfate4
ɹ ơÝĦƥŋ©Ȓ (ơ¡) �BʃÄ�&�L-Fucose4
mR�Mi_V (¡

ʥ) �BʃÄ�&�Cresyl Violet (for fluorescence standard reference) 4
Z_��rM

Qƥŋ©Ȓ (ơ¡) �BʃÄ�&�CHROMATOREX DIOL 75/100MB-200 (^Q��]

�R) 4
İė]�]KÝĦƥŋ©Ȓ (ŢȊ) �BʃÄ�&���x��wL�d�

4
ɧƽŝ PTFE, OMNIPORE��x��wL�d� (25 mm, pore size 0.2 µm) ��V

ƥŋ©Ȓ (ơ¡) �BʃÄ�&�660 nmr�ls_wL�d�4
a�igV^�s

�ƥŋ©Ȓ (ʰʫ) �BʃÄ�&� 

 



 55 

°ǲƴĄ 

� òȘʂʬÍƢ4
JMS-700 (ƈƜ˃Ĥƥŋ©Ȓ, ơ¡) H°ǲ�&�òȘ NMR_|

Vk�4
Varian 400 MR (Varian Inc., CA, USA) -Ǖĩ�&�ÀȯÍƢ4
CHNZ�

e� MT-6 (ƥŋ©ȒKmigV��mZ, ¡ʥ) H°ǲ�&�òȘøë_|Vk�4


ȰęîɦÍÂÂňɬ JASCO V560, ETC 505T (ƈƜÍÂƥŋ©Ȓ, ơ¡)
1�1�4 cm

3 2 ˈʒƋȌɑa�H°ǲ�
25�Ɵ¨�-Ǖĩ�&�òȘɗÂ_|Vk�Ǖĩ4


ɗÂÂňɬ RF-5300PC (ľǇɡ®ũƥŋ©Ȓ, ¡ʥ)
1�1�4 cm3 4ˈʒƋȌɑa�

H°ǲ�&�w�g]�V��kW�wL�4
]�RY�R�� (M�^OVkR

��M[M`, ļăƥŋ©Ȓ)
Smart flash AI-580S (ļăƥŋ©Ȓ, ěʷ) H°ǲ�&�

ãȵƎ XȺƯʕɪƢ4
đǬěĦ1, APEX� CCD (Burker Inc, MA, USA) H°ǲ�

&�ÍĤ�j��W4
WinmostarTM (ƥŋ©ȒV�_Ku�iL, ơ¡) H°ǲ�&�

ʬĤÝĦɬȣ4
Gaussian 09 ver. 5.02 (Gaussian Inc., CT, USA) H°ǲ�&�Tap�

ÂǗ4
MAX-303, ����^��� UV-VIS (300-600 nm) (ƘƈÍÂƥŋ©Ȓ, ơ¡) 

H°ǲ�&� 
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ȟ 1Ȟ 

 

1.� óŨ 

1-1.� 2-(Aminomethyl)phenylboronic acid hydrochloride3óŨ 

� Sodium azide 390 mg (6.00 mmol) H ɓ ǵ ƽ 14 mL 1 Ǚ ɪ � # & �

2-(Bromomethyl)phenylboronic acid 859 mg (4.00 mmol)H tetrahydrofuran 3.0 mL1Ǚɪ

�#
sodium azide ƽǙǌ1ǚ�-×�&�ǐóǧH 65�QM�r_Ç- 90 Íʳ×

ǣ�&�êśʲġ 90Íœ
êśǙǌHīǔ;-Èå�
ethyl acetate (20 mL × 2) -ŭ

Ì�&�ƕƴĻHˑþːĔƽ-ǆǊ�&œ
magnesium sulfate anhydrous (MgSO4)-Ʌ

ƽ�&�MgSO4 Hʺç�&œ
ǙģHǒċǵç�
2-(azidomethyl)phenylboronic acid

.�,ǎ˗ɏĉ­Hŕ&�ȷ�,
2-(azidomethyl)phenylboronic acidH methanol 10 mL

1Ǚɪ�#
triphenylphosphine 1.58 g (6.02 mmol) H×�, 80�QM�r_Ç- 90Í

ʳʡǉ�&�êśʲġ 90 Íœ
êśǙǌHīǔ;-Èå�
ǙģHǒċǵç�&�

ŕBE&ƸǓ1ɓǵƽ 10 mL
36% HCl aq 1.0 mL
chloroform 10 mLH×�
īǔ�

- 90Íʳźů�&�êśʲġ 90Íœ
êśǙǌ1ɓǵƽ 30 mL. chloroform 30 mL

H×�
ƽĻ.ƕƴĻHÍ˂�&�ƽĻH chloroform (20 mL×3) -ǆǊ�&œ
ƽȇ

�BǙģHǒċǵç�&�$3ƸǓHȈț�Ǥ�
2-(aminomethyl)phenylboronic acid 

hydrochloride.�,
ǿɏĉ­Hŕ& (ëʬ 181 mg, ëǫ 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.� CyBA3óŨ 

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

143 mg (0.764 mmol)H N,N-dimethylformamide (ʇɅƽ ) 5.00 mL 1Ǚɪ�#




 57 

triethylamine 500 µLH×�&�w�_ZÇH N2ȾŸ�&œ
ʟÂīǔ�- 16ƍʳź

ů�&�êśʲġ 16ƍʳœ
ǙģHǒċǵç�
ŕBE&ƸǓH^Q��]�R-R

��V��kW�wL� (chloroform/methanol = 20/1→5/1) -ȩɡ�&�Ǚ˂�&

CyBAǙǌ�BǙģHǒċǵç�
ƸǓHȈț�Ǥ!D�.1AC
ǜ˅ɏĉ­.�

, CyBAHŕ& (ëʬ 94.0 mg, ëǫ 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.� ƯʕɪƢ 

2-1.� 2-(Aminomethyl)phenylboronic acidé6 CyBA3ʂʬÍƢ 

� FAB-MS_|Vk� (positive mode) 4
glycerinH�k�gV_
methanolHǙģ

.�,
ǕĩHɚ)& (Figures 6, 43)� 

� CyBA3 FAB-MSH
Figure 61ȑ!� 
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2-2.�  2-(Aminomethyl)phenylboronic acid hydrochloride é6 CyBA 3 NMR Ǖĩ 

(Figures 5, 44, 45) 

 

� CyBA3 1H NMR_|Vk�H
Figure 51ȑ!� 

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.� CyBA3ÂĦǨŝɺƤ 

3-1.� øë_|Vk�Ǖĩ 

� HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 4.0 µM CyBAǙǌ

HǕĩ3Òƈ1ɺɡ�&��3 CyBAǙǌ3øë_|Vk�ǕĩHɚ)&�CyBA3

øëƭěǃʰ (λabs) 4 659 nm
��øÂ´ƀ4 1.1×105 M-1cm-1-�)&� 

 

3-2.� ɗÂ_|Vk�Ǖĩ 

� HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ

HǕĩ3Òƈ1ɺɡ�&��3 CyBA Ǚǌ3ɗÂ_|Vk�4
īǔ�-Ǖĩ�&�

ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-�D (Ùʆǃʰ (λex) 659 nm, Ǖĩǃʰȥ

Ĉ 450-900 nm, ʅƤʔň Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 10 nm ǾÂ

10 nm, ţň Low)�CyBA3ɗÂƭěǃʰ (λem) 4
726 nm-�)&� 

 

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

� ǃʰ 600 nm1��DøÂň� 0.02¦�10DA�0ǜň3 CyBA (0.20 µM) é6

Cresyl Violet (0.20 µM) 3 methanolǙǌHɺɡ�
�Ǚǌ3 600 nm3øÂňHǕĩ�

& (CyBA 3øÂň=0.0113, Cresyl Violet 3øÂň=0.00756)�Ƶ1
ôǙǌHǲ�,

ò�3ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-�D 

(λex 659 nm, ǕĩǃʰȥĈ 450-900 nm, ʅƤʔň Fast, [�y��Wʳʽ 0.2 nm, r

�lŃ Ùʆ 1.5 nm ǾÂ 5 nm, ţň High)�òȘɗÂ_|Vk�3àºŃ (ɗÂŌň

º�ƓěɗÂŌňº3àÍ10Dǟ3Ƴʋ3Ń) Hǲ�,ɬȣ�&ˈșHF.�,ȣ

Ì�& (CyBA3 F=54.9, Cresyl Violet3 F=5201)�Ʊǘɳɕ (Cresyl Violet) 3ɗÂʬ

Ĥëǫ4
methanol×-Ùʆǃʰ 600 nm1��DɗÂʬĤëǫ (Φst) = 0.54 Hǲ�&

51��ɮ-ƾ>& CyBAé6 Cresyl Violet3øÂň
ɗÂ_|Vk�3àºŃˈș


Cresyl Violet3 Φst = 0.54 H¦�3ŋ1¥Ä�
CyBA3ȇĳȀɗÂʬĤëǫ (Φsm) H

ȣÌ�& 5,26,52� 

:;&˘
<=>?=>@=A
?=A@=>

 ��� (ŋ 5) 

Φsm : Ǖĩɳƃ3ɗÂʬĤëǫ
Φst : Ʊǘɳƃ3ɗÂʬĤëǫ
Asm : Ǖĩɳƃ3 600 

nm1��DøÂň
Ast : Ʊǘɳƃ3 600 nm1��DøÂň
Fsm : Ǖĩɳƃ3ɗÂ

ƭěǃʰ3àºŃ1��DɗÂŌňˈș
Fst : Ʊǘɳƃ3ɗÂƭěǃʰ3àºŃ1�

�DɗÂŌňˈș 

� Methanol×1��D CyBA3 Φsm4
3.8×10-3-�)&� 

 

4.� CyBA3ò pH1��DɗÂ_|Vk�Ǖĩ. pKa3ȣÌ 

� HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ

HǕĩ3Òƈ1ɺɡ�&��E1 1 M NaOH aq�D�4 1 M HCl aqHǑ×�
pH 0.5

ʳʽ-òȘ pH (pH 4.0-12.0) 1ɺƁ�
$3ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ

3ǕĩƟ¨ɯĩ4¦�3ʓC-�D (λex 659 nm, ǕĩǃʰȥĈ 550-900 nm, ʅƤʔ
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ň Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 10 nm ǾÂ 10 nm, ţň Low)�ò

Ș pH1��D CyBA3 700 nm3ɗÂŌňH pH1ĳ�,y�gk�&�Kaleidagraph

Hǲ�,R�xwLgiL�WHɚ�
ąłƑȺ�B CyBA3}Nȯ3 pKaHƾ>&

53,54� 

!B =
@CDE@CFGAHI[KL]

NEHI[KL]
 ��� (ŋ 6) 

FI: ɗÂŌň
FI0: ɗÂŌňÏƙº
FIlim: ɗÂŌňƓěº
Ka: ʩɪ˂ĩƀ
[H+] : y

�k�ǜň (M) 

� CyBA3}Nȯ3 pKaº4
9.52-�)&� 

� ;&
2.0 µM CyBAǙǌHǲ�, 50 mM Fru.0DǙǌHǕĩ3Òƈ1ɺɡ�
ô

ư3Ɔǂ- CyBA3}Nȯ3 pKaHƾ>&�Fru (50 mM) Æĥ�3 CyBA}Nȯ3 pKa

º4
6.38-�)&� 

 

5.� CyBA3òȘȪǜň1��DɗÂ_|Vk�Ǖĩ.ȵóĩƀ K3ȣÌ 

� HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ

Hɺɡ�&��3ǙǌHǲ�,
òȘȪˏ3ȪǜňǙǌHǕĩ3Òƈ1ɺɡ�
$3

ɗÂ_|Vk�HǕĩ�&�òȘȪˏ3Ȫǜň4
Table 121ȑ�&� ɗÂÂňɬ3

ǕĩƟ¨ɯĩ4¦�3ʓC-�D (λex 659 nm, ǕĩǃʰȥĈ 550-900 nm, ʅƤʔň 

Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 10 nm ǾÂ 10 nm, ţň Low)�òȘ

Ȫǜň1��D CyBA 3 705 nm 3ɗÂŌňHȪǜň1ĳ�,y�gk�&�CyBA

.Ȫ� 1:1 3ɢó­HŎŨ!D�.H§ĩ�
Kaleidagraph Hǲ�,R�xwLgi

L�WHɚ�
ąłƑȺ�BòȘȪˏ1ĳ!Dȵóĩƀ KHƾ>& (Table 12)53,54� 

!B =
@CDE@CFGAH[O]

NEH[O]
 ��� (ŋ 7) 

FI: ɗÂŌň
FI0: ɗÂŌňÏƙº
FIlim: ɗÂŌňƓěº
K: ȵóĩƀ (M-1)
[C] : 

��Q��Ýóǧǜň (M) 
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6.� CyBA3 H2O2êśŝ3ɺƤ 

6-1.� ǯǩP_i�ǠŎŨ3 CyBA73 H2O2Ǒ×ƍ3ȶƍȀɗÂ_|Vk�Ǖĩ 

� HEPES (10 mM) H÷=methanol/water (1/1, v/v) Ǚǌ (pH 7.4) - 2.0 µM CyBAǙǌ

HǕĩ3Òƈ1ɺɡ�&�Ǖĩōƈ1
�3Ǚǌ3ɗÂ_|Vk�H H2O2Ǒ× 0 Í

.�,Ǖĩ�&�ƒ1
2.0 µM CyBAǙǌHǲ�,
1.0 mM H2O2.0DǙǌHɺɡ

�&��3Ǚǌ4
�_KgyȲ�ƍ�BƍʳHɬC
5
10
15Íȴʛƍ3ɗÂ_

|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-�D (λex 659 nm, Ǖ

ĩǃʰȥĈ 550-900 nm, ʅƤʔň Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 10 

nm ǾÂ 10 nm, ţň Low)� 

 

6-2.� Fru.ǯǩP_i�HŎŨ�& CyBA73 H2O2Ǒ×ƍ3ȶƍȀɗÂ_|Vk�

Ǖĩ 

� �ɮ 2.0 µM CyBAǙǌHǲ�,
50 mM Fru.0DǙǌ (2.0 µM CyBA containing 50 

mM Fru) HǕĩ3Òƈ1ɺɡ�&�Ǖĩōƈ1
�3Ǚǌ3ɗÂ_|Vk�H H2O2

Ǒ× 0Í.�,Ǖĩ�&�ƒ1
2.0 µM CyBA containing 50 mM FruHǲ�,
1.0 mM 

H2O2.0DǙǌHɺɡ�&��3Ǚǌ4
�_KgyȲ�ƍ�BƍʳHɬC
5
10


15
20
25
30
45
60
90Íȴʛƍ3ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3Ǖ

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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ĩƟ¨4
�ɮĪ˓.ô�Ɵ¨Hɯĩ�
ɗÂ_|Vk�ǕĩHɚ)&� 
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ȟ 2Ȟ 

 

1.� óŨ 

1-1.� JS-R3óŨ (Scheme 15) 

� 3-(N,N-Dimethylamino)phenylboronic acid 3.00 g (18.2 mmol)H acetic acid 15 mL1Ǚ

ɪ�#
formaldehyde 37% solution 6.8 mL (91 mmol) H×�, 85�QM�r_Ç- 2

ƍʳźů�&�êśǐóǧHīǔ;-Èå�
ˑ þǞʩƽȯmk�N�ƽ-×þ�&�

ǐóǧH dichloromethane (100 mL × 3) -ŭÌ�&�ƒ1
ƕƴĻHˑþːĔƽ-ǆǊ

�
sodium sulfate (Na2SO4) -Ʌƽ�&œ
Na2SO4Hʺç�
ǙģHǒċǵç�&�

ŕBE&ƸǓH]�RY�R��1ADw�g]�V��kW�wL� (ȗÛȇ

dichloromethane/methanol = 100/0 → 0/100) -Ȩȩɡ�
crude JS-R.�,˅ɏĉ­H

ŕ&�ȷ�,
crude JS-RH pH 23 HCl aq1ĨÅ1Ǚɪ�#&œ
1 M NaOH aqH

×�, pH 31ɺƁ�&�ǝʛHɚ�
ǋʚǧHʺç�&œ
1 M HCl aqH×�, pH 

21ɺƁ�&�$3œ
ˑþǜň¤ʏ;- sodium chlorideH×�
īǔ�- 5ƍʳź

ů�&�ƢÌ�&˅ɏĉ­H JS-R (borinic acid form) .�,ǝì�& (ëʬ 39.0 mg, 

÷ʬ 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 complexȵƎÝ 

� Crude JS-R 48.9 mgH methanol 5 mL1Ǚɪ�
CA 92.9 mgH×�&�ǐóǙǌHī

ǔ�- 48 ƍʳˆȾ�&�ƢÌ�& JS-R/CA ɢó­3ȵƎH PTFE ��x��wL�

d�-ǝì�
ŕBE&ȵƎHȈț�Ǥ�& (ëʬ 11.4 mg)� 

 

2.� ƯʕɪƢ 

2-1.� MSǕĩ 

� JS-R (borinic acid form) 3 EI-MSHǕĩ�& (Figure 46)� 

 

 

2-2.� NMRǕĩ 

� JS-R (borinic acid form) 3 1H NMR
13C NMR_|Vk�HǕĩ�& (Figures 47, 48)�

11B NMR4
boron trifluorodiethyl etherate (BF3•OEt2) H chloroform-d×-Ǖĩ�
Đ

ǘv�V (0 ppm) .�&�JS-R3 11B NMR_|Vk�4
JS-R (bornic acid form) H

25 mM phosphate buffer/methanol-d4 (pD 7.4) 1Ǚɪ�#,
 JS�R.�,ǕĩHɚ)& 

(Figure 22)� 

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

� đǬěĦ1,
APEX� CCD (Burker, MA USA) Hǲ�,
ƯʕɪƢHɚ)&� 

 

3.� JS-R3ÂĦǨŝɺƤ 

3-1.� øë_|Vk�Ǖĩ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 6.3 µM JS-RǙǌHɺɡ�
øë_|Vk�HǕ

ĩ�&�JS-R3 λabs4 611 nm
��øÂ´ƀ4 1.3×105 M-1cm-1-�)&� 

 

3-2.� ɗÂ_|Vk�Ǖĩ 

� �ɮĪ˓.ô Ǚǌ3ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦

�3ʓC-�D (λex 611 nm, ǕĩǃʰȥĈ 500-800 nm, ʅƤʔň Fast, [�y��

Wʳʽ 1.0 nm, r�lŃ Ùʆ 3 nm ǾÂ 3 nm, ţň Low)�JS-R3 λem4
630 nm

-�)&� 

 

3-3.� ɗÂʬĤëǫ Φ3ȣÌ 

� ǃʰ 600 nm 1��DøÂň� 0.02 ¦�10DA�0ǜň3 JS-R (0.20 µM)3

methanolǙǌHɺɡ�
600 nm3øÂňHǕĩ�& (JS-R3øÂň = 0.0175)�Ƶ1


ôǙǌHǲ�,ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC

-�D (λex 600 nm, ǕĩǃʰȥĈ 450-900 nm, ʅƤʔň Fast, [�y��Wʳʽ 0.2 

nm, r�lŃ Ùʆ 3 nm ǾÂ 3 nm, ţň High)�ɗÂ_|Vk�3àºŃ (ɗÂŌ

ňº�ƓěɗÂŌňº3àÍ10Dǟ3Ƴʋ3Ń) Hǲ�,ɬȣ�&ˈșHF.�,

ȣÌ�& (JS-R3 F = 10508)��ɮ-ƾ>& JS-R3øÂň
ɗÂ_|Vk�3àºŃ

ˈș
ȟ 1Ȟ 3-3.1ȑ�& Cresyl Violet3ºH (ŋ 5) 1¥Ä�
JS-R3 ΦsmHȣÌ�

& 5,26,52� 

� Methanol×1��D JS-R3 Φsm4
0.59-�)&� 
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4.� òȘ pH1��D JS-R3ɗÂ_|Vk�Ǖĩé6
pKa3ȣÌ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 6.3 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ�&��E

1 1 M NaOH aq�D�4 1 M HCl aqHǑ×�
pH 0.5ʳʽ-òȘ pH (pH 2.0-13) 1

ɺƁ�
$3ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-

�D (λex 611 nm, ǕĩǃʰȥĈ 500-800 nm, ʅƤʔň Fast, [�y��Wʳʽ 1.0 

nm, r�lŃ Ùʆ 3 nm ǾÂ 3 nm, ţň Low)�òȘ pH1��D JS-R3 630 nm3

ɗÂŌňH pH 1ĳ�,y�gk�&�ŕBE&y�gkHĐ1
ȟ 1 Ȟ.ôư1

Kaleidagraph Hǲ�,R�xwLgiL�WHɚ�
ąłƑȺ�B JS-R 3}Nȯ3

pKaHƾ>&� 

� JS-R3}Nȯ3 pKaº4
3.99-�)&� 

� ;&
6.3 µM JS-RǙǌHǲ�, 50 mM Fru.0DǙǌHǕĩ3Òƈ1ɺɡ�
ô

ư3Ɔǂ- CyBA 3}Nȯ3 pKaHƾ>&�50 mM Fru Æĥ�3 JS-R }Nȯ3 pKa

º4
3.22-�)&� 

 

5.� ʬĤÝĦɬȣ 

� ÍĤ�j��Wcwk WinmostarTMHǲ�,
JS-R é6 JS-R/Fru 3ÍĤƯʕH®

Ũ�&�®Ũ�&òÍĤƯʕHÏƙƯʕ.�,
ʬĤÝĦɬȣy�W�� Gaussian 09 

ver. 5.02Hǲ�,
ƯʕƓʞÝHɚ)&�ƓʞÝ1ǲ�&ɬȣƟ¨4
¦�3ʓC-

�D  (DFT, B3LYP/6-311++(d), solvent water)36�ǙģÚƣ4
ʖȷɶ˃­�j� 

(Polarizable continuum model: PCM) Hǲ�,ɬȣ�&� ƓʞÝ�E&òȘƯʕ3

HOMOé6 LUMO3Po�U� (a.u.) H eV1Ÿȣ�& (1 Hartree (a.u.) = 27.2114 

eV)�òȘʊʜ3Po�U�3ɬȣȵƣH¦�1ȑ!� 

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.� ȵóĩƀ K3ȣÌ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHɺɡ�&��3ǙǌHǲ�,


òȘȪˏ3ȪǜňǙǌHǕĩ3Òƈ1ɺɡ�
$3ɗÂ_|Vk�HǕĩ�& (Table 

13)�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-�D (λex 611 nm, ǕĩǃʰȥĈ 

550-800 nm, ʅƤʔň Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 3 nm ǾÂ 3 

nm, ţň Low)� òȘȪǜň1��D JS-R3 630 nm3ɗÂŌňHȪǜň1ĳ�,y

�gk�&�ŕBE&y�gkHĐ1
ȟ 1Ȟ.ôư1 KaleidagraphHǲ�,R�x

wLgiL�WHɚ�
ąłƑȺ�BòȘȪˏ1ĳ!Dȵóĩƀ K Hƾ>& (Table 

13)� 

 
 

7.� JS-R73 H2O2Ǒ×Ī˓ 

7-1.� øë_|Vk�Ǖĩ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ�&�Ǖĩ

ōƈ1
�3Ǚǌ3øë_|Vk�H 0 µM H2O2.�,Ǖĩ�&�ƒ1
5.0 µM JS-R

ǙǌHǲ�,
100 µM H2O23ǙǌHɺɡ�&�ɺɡ�B 15Íȴʛœ1øë_|Vk

�HǕĩ�&� 

 

7-2.� ǯǩP_i�ǠŎŨ3 JS-R73 H2O2Ǒ×ƍ3ȶƍȀɗÂ_|Vk�Ǖĩ 

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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� HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ�&�Ǖĩ

ōƈ1
�3Ǚǌ3ɗÂ_|Vk�HH2O2Ǒ×0Í.�,Ǖĩ�&�ƒ1
5.0 µM JS-R

ǙǌHǲ�,
1.0 mM H2O2.0DǙǌHɺɡ�&��3Ǚǌ4
�_KgyȲ�ƍ

�BƍʳHɬC
5
10
15
20
25
30Íȴʛƍ3ɗÂ_|Vk�HǕĩ�&�ɗ

ÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-�D�(λex 564 nm, ǕĩǃʰȥĈ 550-800 nm, 

ʅƤʔň Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 3 nm ǾÂ 3 nm, ţň Low) 

 

7-3.� Fru.ǯǩP_i�HŎŨ�& JS-R73H2O2Ǒ×ƍ3ȶƍȀɗÂ_|Vk�Ǖ

ĩ 

� �ɮ 5.0 µM JS-RǙǌHǲ�,
50 mM Fru.0DǙǌ (5.0 µM JS-R containing 50 

mM Fru) HǕĩ3Òƈ1ɺɡ�&�Ǖĩōƈ1
�3Ǚǌ3ɗÂ_|Vk�H H2O2

Ǒ× 0Í.�,Ǖĩ�&�ƒ1
5.0 µM JS-R containing 50 mM FruHǲ�,
1.0 mM 

H2O2.0DǙǌHɺɡ�&��3Ǚǌ4
�_KgyȲ�ƍ�BƍʳHɬC
5
10


15
20
25
30
45Íȴʛƍ3ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯ

ĩ4
ȟ 2Ȟ 7-2.ô�Ɵ¨Hɯĩ�
ɗÂ_|Vk�ǕĩHɚ)&� 

 

7-4.�  ǯǩP_i�ǠŎŨ3 JS-R3òȘ H2O2ǜň1��DɗÂ_|Vk�Ǖĩ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ�&�Ǖĩ

ōƈ1
�3Ǚǌ3ɗÂ_|Vk�H 0 µM H2O2.�,Ǖĩ�&�ƒ1
5.0 µM JS-R

ǙǌHǲ�,
òȘ H2O2ǜň (1, 2, 5, 10, 20, 50, 100, 200 µM) 3ǙǌHɺɡ�&�ɺ

ɡ�B 15Íȴʛœ1ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4
ȟ 2

Ȟ 7-2.ô�Ɵ¨Hɯĩ�
ɗÂ_|Vk�ǕĩHɚ)&� 

 

7-5.� JS-R. H2O2.3êśǱŨǧ3��Q��ȵóɃ3ɺƤ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 5 µM JS-RǙǌHǕĩ3Òƈ1ɺɡ�&�Ǖĩō
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ƈ1
ôǙǌHǲ�,
1.0 mM H2O23ǙǌHɺɡ�&�ɺɡ�B 15Íȴʛœ1
ɗ

Â_|Vk�HǕĩ�&�;&
ɺɡ�B 15Íȴʛœ3ôǙǌHǲ�,
50 mM Fru

.0DǙǌHɺɡ�
ɗÂ_|Vk�HǕĩ�&�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4
ȟ

2Ȟ 6-2.ô�Ɵ¨Hɯĩ�
ɗÂ_|Vk�ǕĩHɚ)&� 

 

8.� JS-R. H2O2.3êśǱŨǧ3ƯʕɪƢ 

� JS-R (borinic acid) 1.30 mgH methanol 500 µL1Ǚɪ�#
30% H2O2H 1.00 µLǑ×

�,īǔ�- 15ÍʳˆȾ�&�$3œ
ǙģHǒċǵç�
ƸǓHȈț�Ǥ�, JS-R

.H2O23êśǱŨǧHĉ­.�,ŕ&�ŕBE&êśǱŨǧ4
ʂʬÍƢ (EI-MS) H

ɚ)& (Figure 33)�ƒ1
˕ÍɪɃʂʬÍƢHɚ�
$3ȳŨŋHƾ>&� 

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

 

1.� 4-Isoquinolineboronic acid (4IQBA) 3 Fru
Glcé6
Neu5Ac1ĳ!Dȵóĩƀ K

3ȣÌ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 10 µM 4IQBAǙǌHɺɡ�&��3ǙǌHǲ�

,
òȘȪˏ3ȪǜňǙǌHǕĩ3Òƈ1ɺɡ�
$3ɗÂ_|Vk�HǕĩ�& 

(Table 14)�ɗÂÂňɬ3ǕĩƟ¨ɯĩ4¦�3ʓC-�D�(λex 331 nm, Ǖĩǃʰȥ

Ĉ 300-550 nm, ʅƤʔň Fast, [�y��Wʳʽ 1.0 nm, r�lŃ Ùʆ 10 nm Ǿ

Â 10 nm, ţň Low) òȘȪǜň1��D 4IQBA3 371 nm3ɗÂŌňHȪǜň1ĳ

�,y�gk�&�ŕBE&y�gkHĐ1
ȟ 1Ȟ.ôư1 KaleidagraphHǲ�,

R�xwLgiL�WHɚ�
ąłƑȺ�BòȘȪˏ1ĳ!Dȵóĩƀ K Hƾ>& 

(Table 14)� 

 

 

2.� CyBAé6 JS-R3 H2O21ĳ!Dêśʔňĩƀ k3ȣÌ 

2-1.� ǯǩP_i�HŎŨ�& CyBA3 H2O21ĳ!D k3ȣÌ 

� [CyBA] << [H2O2] (2.0 µM CyBA, 1.0 mM H2O2) -�D�.�B
ż 1Ƶêś.<0

�, k (s-1)HȣÌ�&� 

� Ī˓3ʤȟ 1Ȟ 6-2.-ŕBE&
òƍʳ1��D 700 nm3ɗÂŌňHɊǡĳƀ.

�
ƍʳ1ĳ�,ǥĳƀy�gk�,ȆȺÝHɚ)&�ŕBE&ȆȺ3½��B kH

ƾ>&� 

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 *+,- ��� (ŋ 8) 

89!. 6. = −23 + ln!. 6.	7 ��� (ŋ 9) 

� F.I.; 700 nm1��DɗÂŌň
F.I.0; H2O2Ǒ× 0Í3 700 nm1��DɗÂŌň
k; 

êśʔňĩƀ (s-1)
t; H2O2Ǒ×œ3ȴʛƍʳ (s) 

 

2-2.� ǯǩP_i�ǠŎŨé6ŎŨ�1��D JS-R3 H2O21ĳ!D k3ȣÌ 

� [JS-R] << [H2O2] (5.0 µM JS-R, 1.0 mM H2O2) -�D�.�B
ż 1Ƶêś.<0�

, k (s-1)HȣÌ�&� 

� Ī˓3ʤȟ 2Ȟ 7-2.é6 7-3.-ŕBE&
òƍʳ1��D 584 nm3ɗÂŌňH 630 

nm3ɗÂŌň-ʺ�,ɗÂŌňƺ FR (F.I.584 nm/F.I.630 nm) Hƾ>&�ɗÂŌňƺƓě

º (FRlim) �BòɗÂŌňƺ (FR) 3Ł (FRlim - FR) Hƾ>
�3ŁHɊǡĳƀ.�


ƍʳ1ĳ�,ǥĳƀy�gk�,ȆȺÝHɚ)&�ŕBE&ȆȺ3½��B kHƾ>

&� 

!" = !"$%&(1 − *+,-) ��� (ŋ 10) 

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

� FR; 584 nm. 630 nm�Bƾ>&ɗÂŌňƺ (F.I.584 nm/F.I.630 nm)
FRlim; ɗÂŌňƺ 

(F.I.584 nm/F.I.630 nm) 3Ɠěº
k; êśʔňĩƀ (s-1)
t; H2O2Ǒ×œ3ȴʛƍʳ (s) 

 

3.� CyBA3ɗÂM��^�W73ʞǲHȿť�&Ī˓ 

3-1.� [�y�Ǚǌɺɡ 

� DMSO (50%) H÷= PBSǙǌ-
10 µM CyBAǙǌ (CyBA without Neu5Ac) Hɺɡ

�&�ôǙǌHǲ�,
30 mM Neu5Ac.0DǙǌ (CyBA with 30 mM Neu5Ac) Hɺ

ɡ�&� 
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3-2.� ǙǌHǲ�&ɗÂM��^�W3Ī˓ 

� ƏīÇ1
�ɮĪ˓ (ȟ 3Ȟ 3-1) -ɺɡ�& CyBA without Neu5Acé6 CyBA with 

30 mM Neu5AcHɯȾ�&�;&
660 nm3ÂHʠŬȀ1ʒʛ!Dr�ls_wL�

d� (660 nm±10 nm) HƏī¼ˈ1ìC¤�&�Əī�ʤ�BTap�ÂǗ (300 W, 

300-600 nm) H 15 cm3ǢĴʈ˂-ǢĴ�& (Scheme 16)� 

 

 

3-3.� PVA (5%) Y�HƲżȀ0ȳȽ.�,ǲ�&ɗÂM��^�W3Ī˓ 

� PVAǙǌ (5%) Hɺɡ�
Êȵɘɪǂ1ACY�ÝHɚ)&��3 5% PVAY�Ç

1Ī˓3ʤȟ3Ȟ3-1-ɺɡ�&CyBA without Neu5Acé6
CyBA with 30 mM Neu5Ac

H$E%E 20 µL"*ǄÄ�
ƏīÇ1ɯȾ�&�Əī�ʤ1r�ls_wL�d� 

(660 nm±10 nm) HìC¤�&�Əī¼ʤ�BTap�ÂǗ (300 W, 300-600 nm) HǢ

Ĵʈ˂ Ȭ 6 cm
ǢĴɩň Ȭ 60°-ǢĴ�& (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-R3 H2O2ƫÌ1Đ+�W�Z�_a�]�W1ʴ!DĪ˓ 

4-1.� Glc�Č�1��D GOx3ƕǠ1AD JS-R3ɗÂ_|Vk�Ǖĩ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌ (JS-R without GOx and Glc)Hɺ

ɡ�&�ôǙǌHǲ�, 10 µg/mL GOx.0DǙǌ (JS-R with GOx, without Glc) HǕ

ĩ3Òƈ1ɺɡ�&��Ǚǌ3ɗÂ_|Vk�4
¦�3ɗÂÂňɬƟ¨-Ǖĩ�&�

(λex 564 nm, ǕĩǃʰȥĈ 550-800 nm, ʅƤʔň Fast, [�y��Wʳʽ 1.0 nm, r

�lŃ Ùʆ 3 nm ǾÂ 3 nm, ţň Low)  

 

4-2.� GOxÆĥ�3 JS-R73 GlcǑ×Ī˓ 

� HEPESȼɜǌ (10 mM, pH 7.4) - 5.0 µM JS-RǙǌHɺɡ�
ôǙǌHǲ�, 10 

µg/mL GOx .0DǙǌ (JS-R with GOx) HǕĩ3Òƈ1ɺɡ�&�Ǖĩōƈ
JS-R 

with GOxHǲ�,
òȘ Glcǜň3Ǚǌ (0, 1, 2, 5, 10, 20 mM) Hɺɡ�&�Ǚǌɺɡ

�B 15 Íȴʛƍ1
òȘ Glc ǜň3Ǚǌ3ɗÂ_|Vk�H�ɮ3ɗÂÂňɬƟ¨

-Ǖĩ�&� 

 

  

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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