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Development of Capillary Electrophoresis/Dynamic Frontal Analysis

TAKAYANAGI, Toshio
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A novel analysis method of “ capillary electrophoresis/dynamic frontal
analysis (CE/DFA)” was developed for the kinetic analysis of enzymes, based on the separation
mechanism of capillary electrophoresis. When the reaction rate is constant under pseudo-first order
reaction, the formation rate of the product is constant, and the product is promptly resolved from
the substrate zone. The formation rate is constant, and a plateau response is expected in CE/DFA
with such constant rate. The CE/DFA was successfully demonstrated with hydrolysis of phosphate ester

with alkaline phosphatase, inhibition analysis with theophylline, competitive reaction with
galactosidase, reversal direction analysis with creatine kinase, and two-steps oxidation of
L-tyrosine with tyrosinase.



FA

DFA

oy
CE/DFA

2
CE/DFA

©)
CE
s1

(4)

(5) 2

CE/DFA CE

0 CE/DFA
CE 0
CE/DFA
0
CE/DFA
CE/DFA
0
CE/DFA
CE
CE/DFA
P1 S2 P2
PL P2
S1
CE/DFA S2 S1
S1
S P1 P1

2 CE/DFA



(6)

)
CE/DFA
1(a)
1(b)
P
NPP
NP 2(c) (d)
CE/DFA
A4
(@) El$|EEEEEEEEEEEEE
EOF
—_— T > ) 4
(b) @EEE;EEEEEEEEEEE@
R | P
1 CE/DFA
2
3(a)
S |
3(b)
4
2
Z AV4 A4
@ E[:J:::IEI%EEEEEEEEEEE
EOF
______ oF . v
®) @EEEEEE|:[:: EEEEEEE@
ATt P
3 CE/DFA
©)
2 o --D-
PNPG

CE/DFA
S
P
=]
MO =
NPP 8
(@) < '] q °
W‘O—J\—-‘—h—-
£ MOI np
c
o
b
S | s -
8 ¥
= MO NPP
2 TSh— @
8 (c) s /’—N\-
Ke) <
< L
MO \p NPP
75— [
d
(d) a S
v 1 1 1 )
0 2 4 6 8 10
Migration time / min
2 CE/DFA
(0] o
£ o
= =z
E s| 0§
3 2| F
S g
8 © Inhibition
8 1
IS
2
< NP formed
2 3 4 5 6 7
Migration time / min
4 CE/DFA
ONPG p- -p-D-



ONPG -}
2 5(b) PNPG §|
6 é = \,/./\J\\ g
£ I S
§ % ONP ifhf
g t
v v 8 e
@ 5 g1 k.
Em] E E E E E EEEEETEEE 5 +
S ®
QO
<
(@)
| N Z>Vs1 ,  __EQF., v
() [P 3 4 5 6 7
E E EL,‘—P-—r‘ul E E EEEEEEEE
S Migration time / min
Ver Ve
6 CE/DFA
5 2 CE/DFA 2
4
ATP ADP
ADP ATP
CE/DFA
7A ATP ADP
ATP ADP 7B
ADP ATP ADP
ATP
A - B - ADP
< <
— S = ®
E S E 8 ATP
o | (© © ) ©
g/ tmsessppictns . 8 ) A
3 3 '
_CZE (bh) + A § (e)
5 i B A A*.
[%2) [%2)
O O
< <
@, . (@) N
0 2 4 6 8 0 2 4 6 8 10
Migration time / min Migration time / min
7 A ATP ADP B
ADP ATP
(52
L- L- L- L-
L- CE/DFA L-
CE/DFA 2
(6)

MATLAB



14 14 0 6

TAKAYANAGI Toshio

43

Development of Novel Analysis and Characterization Methods Utilizing Reaction Dynamics in a 2022

Separation Capillary

CHROMATOGRAPHY 1 14
DOl

10.15583/jpchrom.2021.022

Mine Masanori Mizuguchi Hitoshi Takayanagi Toshio 49

Inhibition Assay of Theophylline by Capillary Electrophoresis/Dynamic Frontal Analysis on the 2020

Hydrolysis of p-Nitrophenyl Phosphate with Alkaline Phosphatase

Chemistry Letters 681 684
DOl

10.1246/cl.200130

TAKAYANAGI Toshio IWASAKI Sota MORITA Kotaro HIRAYAMA Naoki MIZUGUCHI Hitoshi 41

Capillary Electrophoretic Characterization of Carbon Nanodots Prepared from Glutamic Acid in an 2020

Electric Furnace

CHROMATOGRAPHY 103 107
DOl

10.15583/jpchrom.2020.010

TAKAYANAGI Toshio MINE Masanori MIZUGUCHI Hitoshi 36

Capillary Electrophoresis/Dynamic Frontal Analysis for the Enzyme Assay of 4-Nitrophenyl 2020

Phosphate with Alkaline Phosphatase

Analytical Sciences 829 834

Dol
10.2116/analsci.19P471




Tanikami Yuki Tagami Takuma Sakamoto Mayu Arakawa Yukihiro Mizuguchi Hitoshi Imada 41

Yasushi Takayanagi Toshio

Determination of acid dissociation constants of flavin analogues by capillary zone 2020

electrophoresis

ELECTROPHORESIS 1316 1325
DOl

10.1002/elps.202000066

TAKAYANAGI Toshio IWASAKI Sota BECCHAKU Yuta YABE Shun MORITA Kotaro MIZUGUCHI Hitoshi 36

HIRAYAMA Naoki

Capillary Electrophoretic Characterization of Water-soluble Carbon Nanodots Formed from 2020

Glutamic Acid and Boric Acid under Microwave Irradiation

Analytical Sciences 941 946
DOl

10.2116/analsci.19P484

Mine Masanori Mizuguchi Hitoshi Takayanagi Toshio 188

Kinetic analysis of substrate competition in enzymatic reactions with B -D-galactosidase by 2020

capillary electrophoresis / dynamic frontal analysis

Journal of Pharmaceutical and Biomedical Analysis

113390 113390

DOl
10.1016/j . jpba.2020.113390

Mine Masanori Matsumoto Naoya Mizuguchi Hitoshi Takayanagi Toshio 12

Kinetic analysis of an enzymatic hydrolysis of p-nitrophenyl acetate with carboxylesterase by 2020
pressure-assisted capillary electrophoresis/dynamic frontal analysis

Analytical Methods 5846 5851

DOl
10.1039/D0AY01736A




TANTKAMI Yuki  MIZUGUCHI Hitoshi TAKAYANAGI Toshio 42

Determination of Two-Steps Acid Dissociation Constants of L-Ascorbic Acid by Capillary Zone 2021

Electrophoresis

CHROMATOGRAPHY 49 54
DOl

10.15583/jpchrom.2020.024

Mine Masanori Mizuguchi Hitoshi Takayanagi Toshio 413

Kinetic analysis of the transphosphorylation with creatine kinase by pressure-assisted 2021

capillary electrophoresis/dynamic frontal analysis

Analytical and Bioanalytical Chemistry 1453 1460
DOl

10.1007/s00216-020-03110-9

Takayanagi Toshio Miyake Koji Iwasaki Sohta Uehara Daiki Mizuguchi Hitoshi Okabe 38

Hirotaka Matsuda Naoki

Highly stable gold nanoparticles in an aqueous solution without any stabilizer prepared by a 2022

solution plasma process evaluated through capillary zone electrophoresis

Analytical Sciences 1199 1206
DOl

10.1007/s44211-022-00149-9

Mine Masanori Mizuguchi Hitoshi Takayanagi Toshio 655

Kinetic analyses of two-steps oxidation from I-tyrosine to I-dopaquinone with tyrosinase by 2022

capillary electrophoresis/dynamic frontal analysis

Analytical Biochemistry

114856 114856

DOl
10.1016/j .ab.2022.114856




Takayanagi Toshio Miyake Koji Seto Minamo Mizuguchi Hitoshi Okabe Hirotaka Matsuda Naoki 39

Conjugation monitoring of gold nanoparticles with alkanedithiols by capillary zone 2023

electrophoresis

Analytical Sciences -
DOl

10.1007/s44211-023-00299-4

TAKAYANAGI Toshio SHIMIZU Hiroya MINE Masanori MIZUGUCHI Hitoshi 44

Kinetic Analyses of Two-Steps Enzymatic Oxidation from Hypoxanthine to Uric Acid with Xanthine 2023

Oxidase by Capillary Electrophoresis/Dynamic Frontal Analysis

CHROMATOGRAPHY

DOl
10.15583/jpchrom.2023.009

16 2 0

28

2021

28

2021




70

2021
SP
2021
2021
2021
2021
32

2021




80

2020

80

2020

27

2020

27

2020




31

2020

40

2020

40

2020

29

2022




29

2022

71

2022

B-1

https://ww.chem.tokushima-u.ac.jp/Bl/index.html

(MIZUGUCHI Hitoshi)

(30333991)

(16101)







