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Development of controllable chemiluminescence detection methods based on
labeling with photo-responsive ROS generator
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In the present study, we attempted to develop a novel chemiluminescence
assay by quinone labeling reagent using their reactive oxygen generating capability. Firstly, we
developed an HPLC with chemiluminescence detection system couBIed with an on-line photoreactor for
the determination of amines including phenethylamine after labeling with anthraquinone-2-carbonyl
chloride. This chemiluminescence method was based on generation of reactive oxygen species from
anthraquinone labeled amine by on-line photo-irradiation, and then detected via luminol reaction.
The chemiluminescence signal disappeared when the on-line photoreactor was switched off. Secondly,
we synthesized biotinylated anthraquinone as a labeling reagent for antibody. The biotinylated
anthraquinone provided significant chemiluminescence by photo-irradiation in the presence of
luminol. Therefore, the biotinylated quinone should be useful to develop a novel and effective
non-enzymatic chemuluminescence immunoassay.

HPLC



(HPLC)

horseradish peroxidase (HRP)
dithiothreitol (DTT)

(@) HPLC
tryptamine phenethylamine
Tryptamine
phenethylamine

anthraquinone-2-carbonyl chloride
10

(Fig- 1) ODS
(10 W, 254 nm)

o o
cl
+
H,N
o

Anthrquinone—2-
carbonylchloride

— il

Phenethylamine

HPLC
Fig. 1. Anthraquinone-2-carbonylchloride
HPLC 1 menadione
HPLC
Cysteine
menadione

HEPES

10



(Fig. 2 oDS
DTT
0
N X
NH, *
0
Cysteine Menadione
o)
CH,
— L o
S
Fig. 2. Menadione
2
9,10- 14
(Biotin-AQ)
(Biotin-NQ) (Fig. 3)

o)
o o o HN—(
H
NH
N
N/W\H/ \NM
H H
o S
o

Biotin-AQ
Biotin—-NQ
Fig. 3. Biotin-AQ Biotin-NQ
(€] HPLC
Anthraguinone-2-carbonyl chloride
HPLC
tryptamine phenethylamine
13 15
(Fig. 4A)
(Fig. 4B)

HPLC
HPLC
tryptamine
phenethylamine (SN =3
124 nM 84 nM
tryptamine phenethylamine
tryptamine
phenethylamine
(Fig. 5)
(A) 2 Phenethylamine
£
3
2
2 ,
o Tryptamine
-E \
=
E
1
O
0 10 20
Retention time, min
B >
[2]
g
£
3
5]
a
£
E
S
€
2
(&)
_\_n_,-u-‘u-—"'_-_-_._._u-_“‘_"
I 1 1
0 10 20
Retention time, min
Fig. 4.
(A) (B)
Q‘ Phenethylamine
[7]
8
c
‘© Tryptamine
o
8
?
e
€
=
E
£
(&)

Fig. 5.

1
0 10 20
Retention time, min



Cysteine menadione
Michael
DTT
4 (cysteine
honocysteine N-acetylcysteine
glutathione) 12-40
(S/N=3) 0.02-0.08
nM HPLC
(Fig. 6)
menadione
Cysteine Mt;nadione

2 I

8 ]

e l

® Homocysteine

|

8 Glutathione |

2

€

2

€

5 .

0 25 50
Retention time, min

Fig. 6.
(2)
Bioin-AQ Biotin-NQ
biotin-AQ
biotin-NQ
DTT
biotin-NQ
biotin-HRP
pH
biotin-NQ
0.2-0.8 uM
0.943
(blank + 3 SD)
34.8 nM

16

[1] Elgawish MS, Kishikawa N, Kuroda N:
Redox-based chemiluminescence assay of
aminothiols in human urine: A fundamental study.
Talanta 164: 116-120, 2017. DOLI:
10.1016/j.talanta.2016.11.042 [ ]

[2] Higashi A, Kishikawa N, Ohyama K, Kuroda
N: A simple and highly selective fluorescent

sensor for palladium based on
benzofuran-2-boronic acid. Tetrahedron Letters
58: 2774-2778, 2017. DOI:
10.1016/j.tetlet.2017.06.005 [ ]

[3] Fukuda M, El-Maghrabey MH, Kishikawa N,
Ikemoto K, Kuroda N: Ultrasensitive
determination of pyrroloquinoline quinone in
human plasma by HPLC with
chemiluminescence detection using the redox
cycle of quinone. Journal of Pharmaceutical and
Biomedical Analysis 145: 814-820, 2017. DOI:
10.1016/j.jpba.2017.08.008 [ ]

[4] Miyamoto A, Nakano S, Nagai K, Kishikawa
N, Ohyama K, Aoyama T, Matsumoto Y, Kuroda
N: Development of an evaluation method for
hydroxyl radical scavenging activities using

sequential injection analysis with
chemiluminescence detection. Analytical
Sciences 33: 697-701, 2017. DOI:
10.2116/analsci.33.697 [ ]

[5] Ohyama K, Yoshimi H, Aibara N, Nakamura
Y, Miyata Y, Sakai H, Fujita F, Imaizumi Y,
Chauhan AK, Kishikawa N, Kuroda N: Immune
complexome analysis reveals the specific and
frequent presence of immune complex antigens
in lung cancer patients: A pilot study.
International Journal of Cancer 140(2): 370-380,
2017. DOI: 10.1002/ijc.30455 [ ]

ey

46(4): 299-304
2017.[ ]

[7] El-Maghrabey MH, Kishikawa N, Kuroda N:
9,10-Phenanthrenequinone as a mass-tagging
reagent for ultra-sensitive liquid
chromatography—tandem mass spectrometry
assay of aliphatic aldehydes in human serum.
Journal of Chromatography A 1462: 80-89, 2016.
DOI: 10.1016/j.chroma.2016.07.082 [ ]

[8] Funasaka K, Asakawa D, Oku Y, Kishikawa



N, Deguchi Y, Sera N, Seiyama T, Horasaki K,
Arashidani K, Toriba A, Hayakawa K, Watanabe
M, Kataoka H, Yamaguchi T, Ikemori F, Inaba Y,
Tonokura K, Akiyama M, Kokunai O, Coulibaly
S, Hasei T, Watanabe T: Spatial correlativity of
atmospheric particulate components
simultaneously collected in Japan. Environmental
Monitoring and Assessment 188(2): 1-14, 2016.
DOI: 10.1007/s10661-015-5029-x [ ]

or__
7:267-274 2016. [ ]

[10] Elgawish MS, Kishikawa N, Kuroda N:
Quinones as novel chemiluminescent probes for
the sensitive and selective determination of
biothiols in biological fluids. Analyst 140:
8148-8156, 2015. DOI: 10.1039/c5an01604e [

]

[11] Imazato T, Kanematsu M, Kishikawa N,
Ohyama K, Hino T, Ueki Y, Machata E, Kuroda
N: Determination of acrolein in serum by
high-performance liquid chromatography with
fluorescence  detection  after  pre-column
fluorogenic derivatization using
1,2-diamino-4,5-dimethoxybenzene, Biomedical
Chromatography 29: 1304-1308, 2015. DOI:
10.1002/bmc.3422 [ ]

[12] El-Maghrabey MH, Kishikawa N, Ohyama
K, Imazato T, Ueki Y, Kuroda N: Determination
of human serum semicarbazide-sensitive amine
oxidase activity via flow injection analysis with
fluorescence detection after online derivatization
of the enzymatically produced benzaldehyde with
1,2-diaminoanthraquinone. Analytica Chimica

Acta 881: 139-147, 2015. DOLI:
10.1016/j.aca.2015.04.006 [ ]

[13]

135(2): 191-126, 2015. DOLI:
10.1248/yakushi.14-00213-1 [ ]

[14] Elgawish MS, Kishikawa N, Helal MA,
Ohyama K, Kuroda N: Molecular modeling and
spectroscopic study of quinone-protein adducts:
insight into toxicity, selectivity, and reversibility.
Toxicology Research 4: 843-847, 2015. DOI:
10.1039/C5TX00098J [ ]

[15] Elgawish MS, Kishikawa N, Ohyama K,
Kuroda N: Characterization of quinone derived
protein adducts and their selective identification
using redox cycling based chemiluminescence
assay. Journal of Chromatography A 1403:
96-103, 2015. DOI:
10.1016/j.chroma.2015.05.033 [ ]

[16]

HPLC
64:
581-587, 2015. DOI:
10.2116/bunsekikagaku.64.581 [ ]
22
1.
HPLC-
138
2018
2.
138 2018
3.
29
2018
4. -
Sonogashira coupling
HPLC 34
2017
5.
HPLC
57
2017
6. Mahmoud.H.
El-Maghrabey
HPLC-
15
(PPF2017) 2017
7.
15
(PPF2017) 2017
8. Mahmoud Hamed
El-Maghrabey
/
HPLC 30

(BMAS2017) 2017



10.

11.

12.

13.

14.

15.

16.

17.

137 2017
Naoya Kishikawa: Development of
selective chemiluminescence

determination methods for quinones based
on the redox reaction cycle of quinone,
XVII  International Symposium on
Luminescence Spectrometry (ISLS2016),
2016

Naoya Kishikawa, Sameh Abdel-Raouf
Ahmed, Naotaka Kuroda: Selective
determination of quinones in biological
and environmental samples by HPLC
with photo-induced chemiluminescence
detection, XVII International Symposium
on Luminescence Spectrometry
(ISLS2016) 2016

Mahmoud El-Maghrabey

1,2-Diaminoanthraquinone

FIA semicarbazide-sensitive
amine oxidase 53
2016

29

(BMAS2016) 2016

35 2016
136 2016
HPLC
136 2016
Sonogashira coupling
Suzuki
coupling 32

2015

18.

55
2015

19.

HPLC-
28

(BMAS2015) 2015

20. Mahmoud El-Maghrabey .
Development of an ultrasensitive assay

for pyrroloquinoline quinone in human
plasma by HPLC-CL 28

2015

21.

13

(PPF2015) 2015

22.

HPLC-
34 2015
o) 1
6233834

2017 11 2

http://www.ph.nagasaki-u.ac.jp/lab/analysis/inde
x-j.html

M
KISHIKAWA, Naoya

90336181



